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INTRODUCTION 

 

The Jordan Journal of Pharmaceutical Sciences (JJPS) is a peer-reviewed Journal, which publishes 

original research work that contributes significantly to further the scientific knowledge in 

pharmaceutical sciences' fields including pharmaceutical/medicinal chemistry, drug design and 

microbiology, biotechnology and industrial pharmacy, instrumental analysis, phytochemistry, 

biopharmaceutics and Pharmacokinetics, clinical pharmacy and pharmaceutical care, 

pharmacogenomics, bioinformatics, and also JJPS is welcoming submissions in pharmaceutical 

business domain such as pharmacoeconomics, pharmaceutical marketing, and management. Intellectual 

property rights for pharmaceuticals, regulations and legislations are also interesting topics welcomed 

from our colleagues in Schools of Law. 

On a current topic in Pharmaceutical Sciences are also considered for publication by the Journal. 

JJPS is indexed in SCOPUS (Q3). It’s a journal that publishes 4 issues per year since 2021 in (March, 

June, September, December). The Editorial Team wishes to thank all colleagues who have submitted 

their work to JJPS). If you have any comments or constructive criticism, please do not hesitate to contact 

us at jjps@ju.edu.jo.  We hope that your comments will help us to constantly develop JJPS as it would 

be appealing to all our readers. 

 

 

 

Prof Ibrahim Alabbadi 

Editor-in-Chief 

School of Pharmacy- The University of Jordan 

Amman 11942- Jordan 
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Letter from the Editor-in-Chief                                                                       

 

Life is about demand and supply. While this may sound like a business-related phrase, it is 

embedded in every stage of human life. The foundation of this concept is value—no one will 

buy something they perceive as worthless. However, value is subjective and depends on the 

buyer’s perspective. For example, what is valuable to Hanan may not be valuable to Najah, 

even though they share the same environment and culture. The key factor here is perception—

a term that highlights how people assess value based on their personal needs rather than through 

an objective and accurate evaluation. This subjectivity is also evident in research articles and 

submissions to the Jordan Journal of Pharmaceutical Sciences (JJPS). Sometimes, two 

referees provide widely differing opinions on the same paper, making the decision process extremely challenging, 

even with a third opinion. As a result, some researchers feel discouraged when JJPS declines their submission. 

However, such decisions are never taken lightly. We strive to be as scientific, transparent, and logical as possible 

in our evaluations. 

I am sharing this brief introduction to emphasize that all editorial board members, including myself, always strive 

to be as objective as possible when making decisions about accepting or rejecting submitted articles. As I write 

my final introduction for this year's volume of JJPS, I encourage all researchers to accept and understand both 

the outcomes that bring them joy and those that may disappoint them. After six years of continuous dedication 

and teamwork with my colleagues, this September I am stepping down from my position, hopeful that we will 

achieve a SCOPUS Q2 ranking this year.  

Over the past five years, we have made significant progress: increasing the number of issues per year from three 

to four, expanding the number of articles per issue from 5 to 20, and raising the total number of published articles 

from 15 per year to 80 in 2024, providing researchers with greater flexibility to have their valuable work published 

sooner. The average waiting time from submission to decision has been drastically reduced, dropping from 28 

weeks to just 2.78 weeks in 2024. We have also broadened the journal’s scope, ensuring a balanced and logical 

distribution of research across various pharmaceutical fields, including but not limited to medicinal chemistry 

and instrumental analysis, pharmacognosy and phytochemistry, pharmaceutics and industrial pharmacy, 

pharmacokinetics and pharmacodynamics, clinical pharmacy and pharmaceutical care, as well as pharmaceutical 

business, including pharmacoeconomics and pharmaceutical marketing. I am grateful for this journey and for the 

opportunity to contribute to the growth and success of JJPS, and I extend my sincere thanks to my colleagues 

and all researchers who have been part of this endeavor. 

Submissions have increased dramatically, rising more than fivefold (e.g., 446 submissions in 2024) with an 

acceptance rate of 28.7% in the same year. Furthermore, we have received a wider diversification of submissions 

from countries including the USA, Canada, Australia, Europe, Iran, India, Pakistan, Bangladesh, Malaysia, 

Indonesia, Vietnam, Singapore, Morocco, Algeria, Tunisia, Egypt, Libya, Saudi Arabia and Gulf countries, 

Yemen, Lebanon, Iraq, Syria, and Jordan, submitted by researchers from both governmental and private 

universities, as well as scientific research institutes. 

As a final note, I would like to express my sincere gratitude to my colleagues—the editorial board members, 

advisory board members, our dedicated editorial secretary, and the team responsible for English language editing 

and production. I wish them all the best, along with JJPS, for even greater achievements in the years to come. 

 

Best regards 

 

 

Prof Ibrahim Alabbadi 

Editor-in-Chief                                                
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ABSTRACT 
The synthesis of sulfonated hydroxyxanthones (4a and 4b) was streamlined into a single sequence to reduce steps 

and enhance efficiency. This study also investigated the molecular docking of these synthesized compounds as 

potential anti-TB agents. Using AutoDock Vina, the docking results indicated that compounds 4a and 4b exhibit 

promising anti-TB activity by effectively binding to the DHPS enzyme. This enzyme, crucial for Mycobacterium 

tuberculosis growth, was specifically targeted in the study, underscoring the compounds' potential to inhibit DHPS 

and their suitability as anti-TB drugs. 

Keywords: Hydroxyxanthone, Sulfonated, Docking, anti-TB. 

 

INTRODUCTION 

The multidrug resistance in pathogenic bacteria, 

particularly Mycobacterium tuberculosis (Mtb), has 

become the major problem that causes this disease to be 

difficult to cure and increases mortality [1]. Commercial 

anti-TB drugs such as Rifabutin (RBT), Rifapentine 

(RPT), Rifampicin (RIF), Isoniazid (INH), Pyrazinamide 

(PZA), Ethambutol (EMB), D-Cycloserine (DCS), 

Streptomycin (STC) which are in chemical structure 

containing polyphenol, amine, and amide group in 

aromatic and aliphatic formed, are indicated resistance in 

battle toward Mtb [2, 3]. 

Antimicrobial resistance is created naturally through 

how the mechanism of the bacteria combat and adapt to an 

antibacterial agent. Moreover, it is believed that the misuse 

and overuse of antibiotics are a primary reason for the 

growing antibiotic crisis [4, 5]. However, several solutions 

can be proposed to tackle this growing antimicrobial 

resistance, such as the development of rapid diagnostics, 

modifying existing drugs, combining existing drugs, and 

discovering new antimicrobials [6] such as taraxasterol 

that isolated from Euphorbia hirta L [7],  as well as in 

embattle the Mtb, discovery and development of new 

effective anti-TB drugs is extremely needed. By observing 

the active functional group attached to the standard anti-

TB drugs and previous study on Quantitative Structure-

Activity Relationship, Xanthone and its derivatives have 

potential as anti-TB. The QSAR equation generated was 

Log MIC = 3.113 + 11.627 qC1 + 15.955 qC4 + 11.702 

qC9, which implies that the 3,6 dihydroxy and 1,3,6 

trihydroxy xanthone with amide, sulfoxide, and 

carboxylate groups have good activity as a drug for anti-

tuberculosis. In addition, docking studies showed that 

sulfonamide-substituted xanthone has an inhibitory 

mailto:emmy_yuanita@unram.ac.id
https://doi.org/10.35516/jjps.v18i2.2850
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mechanism like KasA for anti-TB drug activity [8]. 

Furthermore, xanthone is designated as anti-TB since 

xanthone as heterocyclic compound has been regarded as 

an important chemical compound in the search for 

bioactivity such as antioxidant [9], antibacterial [10, 11] , 

cancer chemotherapy [12, 13, 14], antimalarial [15], and as 

therapeutic agent for covid-19 [16]. These biological 

activities of xanthone are based on their tricyclic scaffold 

and the nature and or position of their substituents. Among 

the substituents that could attach to these compounds are 

hydroxy, methoxy, phenyl, alkoxy, halogens, sulfonamide, 

and sulfoxide [11]. 

Therefore, the aims of the project were to synthesize 

derivatives of hydroxyxantone with sulfonate substituent, as 

it has been done before in the modification of Isoniazid 

(INH), in which the addition of sulfonate and hydrazine 

group generated Isoniazid a better activity in TB treatment 

[17]. Secondly, the docking analysis of the synthesized 

hydroxyxanthone as an anti-TB agent is a strategic approach 

to reduce the cost associated with the biological evaluation 

of these compounds. A previous study also showed that the 

presence of sulfonate and sulfoxide groups inhibited KasA 

(4C6X.pdb), an enzyme involved in the biosynthesis of 

mycolic acid, which plays a vital role in the life cycle of 

Mycobacterium tuberculosis (Mtb) [8] Additionally, para-

aminobenzoic acid (pABA) plays a prominent role in the 

outgrowth of Mtb. Therefore, molecular docking studies in 

this project were carried out to target 7,8-dihydropteroate 

synthase (DHPS), a transferase enzyme from 

Mycobacterium tuberculosis H37Rv (1EYE.pdb). DHPS 

catalyzes the condensation reaction of pABA with 6-

hydroxymethyl-7,8-dihydropterin pyrophosphate to 

produce 7,8-dihydropteroate and pyrophosphate [18]. 

Experimental Section 

General 

All reagents were purchased commercially from Merck 

and Sigma-Aldrich, and the reaction conditions are shown 

in Figure 1. Compounds 3a and 3b were prepared based on 

the method of [9, 10, 19, 11, 14] which is a modification 

of the method of Chan., et al [20]. Furthermore, the 

obtained compounds were purified by recrystallization. 

1,3-dihydroxy-9H-xanthen-9-one (3a), reddish solid 

(75.5%), m.p: 224°C. FTIR (KBr, ν, cm-1): 3240 (OH), 

1612 (C=O), 1458 (C-C aromatic), 1296 (C-O-C). 1H-

NMR (CD3OD; 500 MHz) δ (ppm): 6.24 (1H, d, J= 1.20 

Hz), 6.40 (1H, and J= 1.2 Hz), 7.78 (1H, dd, J= 1.2 Hz and 

J= 7.9 Hz), 7.85 (1H, td, J= 7.2 Hz; J = 7.7 Hz and J= 

1.3Hz), 7.59 (1H, dd, J= 8.50 Hz and J= 1.50Hz), 8.13 (1H, 

dd, J= 7.9 Hz and J= 1.2 0Hz; 12.82 (OH, S); MS (EI) m/z: 

228 (M+1). 

1,3,7-trihydroxy-9H-xanthen-9-one (3b), light 

yellow solid (75%), 322.5°C. FTIR (KBr, ν, cm-1): 3387 

(OH), 1612 (C=O), 1450 (C-C aromatic), 1288 (C-O). 1H-

NMR (DMSO-d6; 500 MHz) δ (ppm): 6.16 (1H, d,  J= 

2.05 Hz), 6.34  (1H, d, J= 2.0 Hz), 6.79  (1H, d, J= 2.16 

Hz), 6.389 (1H, dd, J= 2.2Hz and 8,75 Hz), 7.9 (1H, d, J= 

8.75 Hz), 13.01 (0H, s);  MS (EI) m/z: 244 (M+1 ). 

Synthesis of sulfonate-substituted 

hydroxyxanthone (4a-b) 

All reagents and conditions of synthesis are shown in 

Scheme 1. Compounds 4a-b were prepared based on the 

method of  [21] and modified from [22]. The synthesis was 

applied by reacting the result of 1 mmol of each 

hydroxyxanthones 3a and 3b with 2 to 5 mL chlorosulfonic 

acid, which used ethanol as a solvent. The addition of 

chlorosulfonic acid was carried out dropwise at (0±3) °C 

for 1 hour. The precipitate which is formerd was filtered 

and then washed with water to give a solid product. 

Sulfonate substituted 1,3-dihydroxyxanthone (4a). 

Yellow (71 %). FTIR (KBr, ν; cm-1): 3433(O-H), 1635(C=O), 

1381 (C-C aromatic), 1226 (C-O-C), 1165 (O=S=O), 1018 

(S=O), 763 (S-O). 1H-NMR (DMSO-d6; 500 MHz) δ (ppm): 

12.81 (OH, s), 11.11 (OH, s), 6.21 (1H, s), 7.46 (1H, t, J = 7.5 

Hz), 7.58 (1H, d, J = 5 Hz), 7.84 (1H, t, J = 7.5 Hz), 8.12 (1H, 

d, J = 10 Hz), 1.16 (2H, t, J = 5 Hz). 

Sulfonate substituted 1,3,7-trihydroxyxanthone 

(4b). Red Solid (44 %). FTIR (KBr, ν; cm-1): 3435 (O-H), 

1638 (C=O), 1482 (C=C aromatic), 1250 (C-O-C), 1196 
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(O=S=O), 1060 (S=O); 1H-NMR (DMSO-d6; 500 MHz) δ 

(ppm): 12.90 (OH, s), 11.21 (OH, s), 10.00 (OH, s), 6.19 

(1H, d, J = 2.1 Hz), 7.13 (1H, d, J = 8.7 Hz), 7.29 (1H, dd, 

J = 9.0; 3.1 Hz), 7.92 (1H, s), 1.23 (2H, s). 

Molecular Docking 

Molecular docking studies were conducted on 

compounds 4a and 4b against the 1EYE protein structure 

using AutoDock Vina and visualized with Discovery Studio 

Visualizer software. The candidate compounds were 

optimized using Gaussian software with semi-empirical 

calculations. The 1EYE structure represents the crystal 

structure of the binary complex of 6-hydroxymethyl pterin 

monophosphate (PtP) with dihydropteroate synthase 

(DHPS) from Mycobacterium tuberculosis (Mtb), a 

pathogen responsible for the deaths of millions of people 

each year. The crystal structure used in this study was 

obtained from the Protein Data Bank. The inhibitory activity 

of the compounds is attributed to their ability to block the 

catalytic condensation reaction between para-aminobenzoic 

acid (pABA) and 6-hydroxymethyl-7,8-dihydropterin 

pyrophosphate, thereby preventing the formation of 7,8-

dihydropteroate and pyrophosphate, which are essential for 

bacterial growth and survival. 

RESULTS AND DISCUSSION 

Synthesis and Characterization 

Sequential one-pot syntheses are effective for 

constructing complex targets, such as sulfonate-substituted 

hydroxyxanthones, and can significantly reduce the number 

of steps required for the overall reaction. The synthesized 

compounds 4a and 4b were derived from intermediates 3a 

and 3b through a condensation reaction between 

hydroxybenzoic acid derivatives (1a–b) and phloroglucinol 

(2). This method has been reported in previous studies [9, 

10, 19, 11, 14]. All reactions were catalyzed using Eaton’s 

reagent. The formation of hydroxyxanthones via this 

reaction is illustrated in Scheme 1. 

 

 

 

 

 

 

 

 

 

Scheme 1. Synthesis route of sulfonated hydroxyxanthone 

 

A one-sequence reaction refers to a process in which all 

reactions occur in a single pot and proceed directly to 

subsequent stages without purification of intermediate 

products. Sulfonation was carried out by carefully adding 

chlorosulfonic acid into the reaction mixture. The 

sulfonation mechanism of hydroxyxanthone proceeds via 

electrophilic substitution, beginning with the interaction of 

the π bond from the xanthone ring with an electrophile—

specifically, a sulfate species. A proton is then abstracted 

from an adjacent carbon to restore the aromatic system, 

either at the original position or via isomerization. 

Regioselectivity was observed in the synthesis of 

compounds 4a and 4b, where the products displayed 

different substitution positions. This regioselectivity is 

attributed to steric and electronic effects during the 

electrophilic attack [23, 24]. Scheme 2 illustrates the 

proposed reaction mechanism for the sulfonation of 

xanthone. Sulfonation of xanthones 3a and 3b yielded 

substitution at the ortho position for compound 4a and at the 

para position for compound 4b, respectively. 
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Scheme 2. Mechanism reaction of substitution of sulfonic to xanthone 

 

Changes in the wave number of the IR spectrum and 

chemical shift of the 1H-NMR spectrum are shown in 

Figure 1 and Figure 2. The synthesized IR data shows a 

shift in the wave number of the aromatic alkene group 

from 1450 cm-1 to 1381 cm-1, which indicates a change in 

the alkene carbon. The occurrence of sulfonation is also 

confirmed based on IR data from poly (ether-ether ketone) 

sulfonate compounds at wave numbers 1165, 1018 and 

763 cm-1, indicating respectively of the spectrum for 

O=S=O, S=O and S-O. Meanwhile, the spectrum at wave 

numbers 1226 cm-1, 1635 cm-1 and 3433 cm-1 indicates C-

O-C, C=O and O-H. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  FTIR spectra of compound 3a and 4a 

 

Moreover, based on the 1^11H-NMR spectrum, the 

presence of the sulfonate group is indicated by the chemical 

shifts of five aromatic protons in the range of 6.00 to 9.00 

ppm. A singlet signal at 6.59 ppm (1H, s) corresponds to the 

proton at the C-2 position, which is isolated and shows no 

coupling with neighboring protons. This isolation is due to 

the presence of the sulfonate substituent at the C-4 position. 

The remaining four aromatic protons appear at 8.64 ppm 

(1H, d, J = 7.15 Hz), 7.59 ppm (1H, d, J = 7.15 Hz), 7.25 

ppm (1H, t, J = 7.25 Hz), and 7.01 ppm (1H, t, J = 5.70 Hz). 

The multiplicity and coupling constants of these signals 

indicate that the protons are adjacent and correspond to 

positions C-5, C-6, C-7, and C-8, respectively. 
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Figure 2. 1H NMR spectra of compound 4a sulfonated 1,3-dihydroxyxanthone 

 

The characterization of compound 4b shows different 

results, with the estimated position of sulfonation at the C-

2 position. The hydroxyl group at C-1 forms a chelate with 

the carbonyl group, suggesting that substitution or 

sulfonation is likely to occur at C-2. A previous study by 

Qin et al. also indicated that substitution at the C-2 position 

is relatively more stable [25]. Compound 4b was 

confirmed by FTIR and 1-HNMR spectra. In the FTIR 

spectrum, characteristic vibrations of the xanthone core 

appear, 1020, dan 709 cm-1, along with additional peaks 

corresponding to O=S=O, S=O, and S–O stretching 

vibrations. The vibration of the aromatic carbon bonded to 

sulfur in the sulfonate group is observed at 660 cm-1 [26, 

27]. 

 

Table 1. FTIR of compound 3b and 4b 

Gugus Fungsi 
Bilangan Gelombang (cm-1) 

(3b) (4b) 

O-H 3432 3435 

C=O 1637 1638 

C=C 1484 1482 

C-O-C 

O=S=O 

S=O 

S-O 

1185 

- 

- 

- 

1250 

1196 

1060 

820 

 

The 1H-NMR spectrum of compound 4b shows four 

aromatic proton signals in the range of 6–8 ppm, indicating 

that one aromatic proton present in compound 3b has been 

substituted. A singlet observed at 8.43 ppm corresponds to the 

hydroxyl proton of the sulfonate group in compound 4b, 

further confirming successful sulfonation. 
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Table 2. 1H-NMR of compounds 3b and 4b 

C Compound 3b Compound 4b 

2 6.14 (1H, d, J=2.1 Hz) - 

4 6.28 (1H, d, J=2.1 Hz) 6.18 (1H, d, J=2.1 Hz) 

5 7.58 (1H, d, J=3.0 Hz) 7.38 (1H, d, J=3.0 Hz) 

6 7.73 (1H, dd, J=3.0; 9.0 Hz) 7.64 (1H, dd , J=3.0; 9.2 Hz) 

8 7.90 (1H, d, J=9.0 Hz) 7.86 (1H, d, J=9.0 Hz) 

1-OH 12.83 (OH, s) 12.88 (OH, s) 

3-OH 12.48 (OH, s) 11.73 (OH, s) 

7-OH 12.58 (OH, s) 10.33 (OH, s) 

S-OH - 8.43 (OH, s) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 1H-NMR of compound 4b sulfonated of 1,3,7-trihydroxyxanthone 

 

Molecular Docking 

The primary objective of molecular docking is to gain 

insights into and predict molecular recognition. This 

involves two key aspects: first, identifying potential 

binding modes at the structural level, and second, 

estimating binding strength or affinity [28]. Molecular 

docking is a valuable tool in the discovery of new 

compounds with therapeutic potential. It enables the 

prediction of interactions between ligands and targets at 

the molecular level, as well as the exploration of structure–

activity relationships (SAR), even without prior 

knowledge of the chemical structures of other target 

modulators. Although initially developed to elucidate 

molecular recognition mechanisms between small and 

large molecules, the applications of molecular docking in 

drug discovery have expanded significantly in recent years  

[13]. One prominent application is the repurposing of 

existing compounds for new therapeutic targets through 

reverse screening approaches, which identify novel 

molecular targets for known ligands based on structural 

complementarity [29]. In this study, the compounds tested 

were sulfonated hydroxyxanthones (4a and 4b), docked 

against Mycobacterium tuberculosis DHPS (1EYE.pdb), 

as shown in Figure 4. 
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Figure 4. 2D and 3D predicted binding mode from docking simulation of 4a and 4b into the active site of MTB 

DHPS (1EYE.pdb) 

 

Table 3. Binding Interaction, Distance, energy interaction of hydroxyxanthone substituted sulfonate (4a-b) 

Compound 
Affinity/Energy 

(Kcal/mol) 

Binding Interaction 

(Amino acid residue) 
Hydrogen Bond Length 

Native 

Ligand 

-6.3 Asn105; Lys213, Arg253; 

Asp86 dan Gly20 

3.07; 2.97; 2.73; 3.06; 

2.79; 2.78; and 3.13 

4a -7.5 Leu193 and His 194 2.55 and 2.73 

4b -7.6 AsN13, His255 and Glu65 2.17; 2.39, and 2.85 

 

Compound 4b exhibits a lower binding energy 

compared to compound 4a and the native ligand of DHPS, 

indicating that the lower the energy, the more stable the 

ligand–protein complex formed. As a reference, 

compound 4a forms two hydrogen bonds with Leu193 and 

His194. In contrast, compound 4b forms three hydrogen 
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bonds with Asn13, His255, and Glu65. These hydrogen 

bonds differ somewhat from those in the native DHPS 

ligand, which involves seven hydrogen bonds distributed 

among Asn105, Lys213, Arg253, Asp86, and Gly20. 

Hydroxyxanthones with sulfonate substituents can 

inhibit the DHPS enzyme, which catalyzes the 

condensation of para-aminobenzoic acid (pABA) with 6-

hydroxymethyl-7,8-dihydropterin pyrophosphate to 

produce 7,8-dihydropteroate and pyrophosphate via 

hydrogen bonding interactions. DHPS plays a crucial role 

in de novo folate synthesis in prokaryotes, lower 

eukaryotes, and plants, but is absent in mammals. The 

binding mechanism of sulfonated xanthones 4a and 4b 

with DHPS is analogous to that of sulfonamide drugs, 

which act as DHPS inhibitors [30]. Sulfa-containing drugs, 

such as sulfamethoxazole (a sulfonamide) combined with 

trimethoprim (a diaminopyrimidine) as co-trimoxazole, 

have been used to treat drug-resistant tuberculosis. Similar 

findings have been reported for sulfamoyl pentanamida 

groups in leucine derivatives [31]. However, the 

antibacterial activity of amide, imine, and hydroxamic acid 

derivatives was found to be low or nonexistent against 

some Gram-positive and Gram-negative bacteria [32]. 

Moreover, the structure of hydroxyxanthones 4a and 4b 

potentially binds with pABA, facilitating the formation of 

an oxygen bridge, as illustrated in Figure 5. Therefore, the 

lower binding energy and inhibitory interactions of 

compounds 4a and 4b with the pABA synthesis pathway 

in Mycobacterium tuberculosis suggest their potential as 

anti-TB agents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Schematic representation of the anti-tuberculossis activity mechanism of hydroxyxanthone sulfonate (4a-

b). Molecular surface representation of DHPS with the co-crystallized DHPP and pABA (1EYE.pdb) 

 

The mechanism of inhibition of hydroxyxanthones on 

the DHPS (7,8-dihydropteroate synthase) enzyme in 

Mycobacterium tuberculosis (Mtb) involves disrupting the 

enzyme’s normal function, thereby interfering with folate 

biosynthesis, which is essential for bacterial growth and 

survival. DHPS is crucial for synthesizing 
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dihydropteroate, a key precursor in the folate biosynthesis 

pathway of Mtb. Hydroxyxanthones, such as compounds 

4a and 4b, bind to the active site of the DHPS enzyme. This 

binding occurs through interactions such as hydrogen 

bonding, hydrophobic interactions, and other specific 

contacts depending on the chemical structure of the 

hydroxyxanthones. 

Once bound, hydroxyxanthones inhibit the enzymatic 

activity of DHPS, preventing the conversion of para-

aminobenzoic acid (pABA) and 6-hydroxymethyl-7,8-

dihydropterin pyrophosphate (DHPPP) into 

dihydropteroate. Without dihydropteroate, folate synthesis 

is interrupted. Folate is essential for the synthesis of 

nucleotides and amino acids, which are crucial for DNA 

replication and protein synthesis in bacteria, including 

Mtb. By inhibiting DHPS and thus folate biosynthesis, 

hydroxyxanthones disrupt these vital processes, leading to 

inhibition of bacterial growth and potentially bactericidal 

effects. 

The specificity of hydroxyxanthones for DHPS in Mtb 

makes them promising candidates for anti-TB drugs. This 

study likely evaluated the binding affinity and efficacy of 

compounds 4a and 4b using molecular docking methods 

(such as AutoDock Vina), which simulate how well these 

compounds bind to the enzyme’s active site and inhibit its 

function. 

In summary, hydroxyxanthones inhibit the DHPS 

enzyme in Mtb by binding to its active site and disrupting 

folate biosynthesis, thereby impairing essential metabolic 

processes and inhibiting bacterial growth—highlighting 

their potential as effective anti-TB agents. 

CONCLUSION 

The synthesis of sulfonated hydroxyxanthones (4a and 

4b) was consolidated into a single sequence to streamline 

the process and improve efficiency. Additionally, this 

study investigated the molecular docking of these 

synthesized compounds as potential anti-TB agents. 

AutoDock Vina analysis revealed that compounds 4a and 

4b exhibit significant anti-TB activity by effectively 

binding to the DHPS enzyme. In summary, 

hydroxyxanthones inhibit the DHPS enzyme in 

Mycobacterium tuberculosis by binding to its active site 

and disrupting folate biosynthesis, thereby impairing 

essential metabolic processes and inhibiting bacterial 

growth, highlighting their potential as effective anti-TB 

agents. 
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ABSTRACT 
Cardiovascular diseases (CVDs) are the leading cause of global mortality, especially in low- to middle-income 

countries, with heart failure accounting for 34% of deaths, totaling 62.5 million premature deaths in the past 

decade. Despite initial improvements in survival rates, mortality due to heart failure remains concerning, indicating 

a decline in the heart’s compensatory capacity as age advances. To understand the molecular complexities of 

CVDs, this narrative review extensively explored databases such as Scopus, Web of Science, and PubMed using 

specific inclusion criteria to select articles from experimental studies, clinical trials, animal studies, and 

observational studies published after the year 2000. Conversely, exclusion criteria were applied to omit articles 

irrelevant to the topic or published before 2000. The extensive literature search revealed, surprisingly, the largely 

unexplored potential of targeting the mTOR pathway for the treatment of CVDs. Previous studies suggest that 

mTOR modulation could reshape cardiac disease pathways, though clinical evidence remains limited. Recent 

findings underscore mTOR dysregulation in cardiac diseases and show promise in mitigating dysfunction through 

mTOR inhibition, despite challenges in clinical translation. Understanding mTOR’s crosstalk with other pathways 

illuminates the complexity of cardiac disease. This review emphasizes mTOR’s significance in coronary artery 

disease (CAD) and ischemic heart disease (IHD), suggesting avenues for further research and clinical applications 

to improve cardiovascular disease management and reduce heart failure-related mortality. 

Keywords: coronary artery disease; ischaemic heart disease; mTOR pathway. 

 

INTRODUCTION 

The mechanistic Target of Rapamycin (mTOR) is a 

highly conserved serine/threonine protein kinase that 

functions as a central regulator of cellular growth, 

proliferation, metabolism, and survival. It is a key 

component of two distinct multiprotein complexes: mTOR 

Complex 1 (mTORC1) and mTOR Complex 2 

(mTORC2)13. mTORC1 is primarily known for its role in 

regulating protein synthesis, cell growth, and metabolism 

in response to nutrient availability, growth factors, and 

energy status. Activation of mTORC1 promotes anabolic 

processes such as protein synthesis and lipid biosynthesis 

while inhibiting catabolic processes such as autophagy13. 

Key upstream regulators of mTORC1 include the 

PI3K/Akt pathway, which is activated by growth factors 

such as insulin and insulin-like growth factor 1 (IGF-1), 

and the AMP-activated protein kinase (AMPK) pathway, 

which senses cellular energy levels. Upon activation, 

mTORC1 phosphorylates downstream targets such as 

ribosomal protein S6 kinase 1 (S6K1) and eukaryotic 

translation initiation factor 4E-binding protein 1 (4E-BP1), 

leading to enhanced protein synthesis and cell growth31. 

mTORC2, on the other hand, regulates cell survival, 

cytoskeletal organization, and metabolism. Akt 

phosphorylation at Serine 473 by mTORC2 is crucial for 
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its full activation and plays a central role in promoting cell 

survival and proliferation. Additionally, mTORC2 has 

been closely associated with the regulation of cytoskeletal 

dynamics through its phosphorylation of substrates such as 

protein kinase C alpha (PKCα) and serum/glucocorticoid-

regulated kinase 1 (SGK1)31. 

Dysregulation of mTOR signalling has been implicated 

in a wide range of diseases, including cancer, metabolic 

disorders, neurodegenerative, and cardiovascular 

diseases33. In cancer, aberrant activation of mTOR 

signalling is commonly observed due to mutations or 

alterations in upstream regulators such as PI3K, Akt, and 

PTEN, leading to uncontrolled cell growth and 

proliferation. Abnormal mTOR signalling has also been 

implicated in metabolic disorders such as obesity, type 2 

diabetes, and insulin resistance highlighting the complex 

interplay between mTOR signalling and metabolic 

homeostasis33 making it an attractive target for therapeutic 

intervention in several pathologies including 

cardiovascular.  

 

1) Coronary Artery Disease (CAD) 

The pathophysiology of coronary artery disease 

In the genesis of coronary artery disease (CAD), the 

initiation of atherosclerotic plaque formation emerges as a 

pivotal precursor (Figure 1). Atherosclerosis, a 

multifactorial phenomenon linked to predisposing 

conditions including diabetes, hypertension, chronic 

infection, lipid abnormalities, intra-abdominal/visceral 

obesity, and hypertension, assumes a paramount role in 

this intricate process.1 Notably, heightened levels of 

visceral adipose tissue significantly augment the 

susceptibility to coronary artery disease. Substantial 

evidence implicates inflammation as a pivotal player in 

atherosclerotic plaque development.2 This inflammatory 

cascade is orchestrated through the activation of nuclear 

factor kappa B (NfκB) and transforming growth factor beta 

(TGFβ) pathways, culminating in the release of cytokines, 

inflammatory cells, and adhesion factors that contribute to 

endothelial dysfunction. Additionally, hemodynamic 

forces induced by blood flow elicit endothelial 

dysfunction, characterized by the upregulation of factors 

such as endothelin, vascular endothelial growth factors 

(VEGF), cytokines, adhesion factors, and other pro-

inflammatory mediators.3 

Furthermore, the increased uptake of oxidized low-

density lipoprotein (oxLDL) serves as a potent chemo-

attractant for lymphocytes and macrophages into the 

intima of the blood vessel. Macrophages laden with 

oxLDL, along with T cells, platelets, and smooth muscle 

cells, coalesce to form fatty streaks, arresting motility and 

fostering atherogenic microenvironments. Foam cells 

within the intimal wall release growth factors, promoting 

stromal cell proliferation and extracellular remodelling, 

thereby propelling the progression of fatty streaks into 

granuloma formation. Neovascularization of the plaque 

surfaces culminates in the development of an atheroma 

plaque.4 The p53 signalling pathway, integral to apoptosis, 

precipitates the rupture of atherosclerotic plaques, 

prompting subsequent platelet aggregation at the rupture 

site and the clinical manifestation of coronary artery 

disease symptoms.2 

Research endeavours underscore the pivotal role of 

nutrients, particularly lipids and carbohydrates, in 

regulating gene expressions of glycolytic and lipogenic 

enzymes. These molecular signals exert their influence 

through key genes such as sterol responsive element-

binding protein, 1 and 2 (SREBP) and the mammalian 

target of rapamycin (mTOR). 
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Figure 1. Pathophysiology of coronary artery disease 

 

Figure 1 illustrates the development of an 

atherosclerotic plaque. The initial trigger for atherogenesis 

is either oxidative stress or injury/insult to the arterial wall. 

The resulting injury leads to endothelial dysfunction, 

characterized by impaired eNOS activity. Consequently, 

smooth muscle cells migrate, leukocytes adhere, and 

platelets aggregate, culminating in the formation of a fatty 

streak within the vessel wall's intima. Simultaneously, 

LDL oxidation occurs, accompanied by the accumulation 

of monocytes, macrophages, and oxidized LDL, which 

give rise to foam cells. These foam cells adhere to the fatty 

streak, leading to the formation of an atherosclerotic 

plaque. Clinical manifestations of coronary artery disease 

occur when the atherosclerotic plaque ruptures. 

Role of mTOR in CAD  

mTOR assumes a pivotal role in diverse 

pathophysiological processes within the cardiovascular 

system.5 Specifically, mTORC1, a component of the 

mTOR complex orchestrates the synthesis of membrane 

lipids in cells by activating SREBP1/2 and transcription 

factor genes governing fatty acid and cholesterol 

metabolism.5 The activation of SREBP1/2 by mTORC1 

can occur directly through the phosphorylation of S6K-1 

or indirectly via the phosphorylation of Lipin 1, a negative 

regulator of SREBP1/2.6 Dysregulation of SREBPs 

induces dysfunction in lipogenesis and fatty acid 

metabolism, contributing to cardiovascular diseases, 

diabetes mellitus, and obesity.7 In specific cardiovascular 

conditions such as coronary artery disease, SREBP genes 

exhibit significant expression in epicardial adipose tissue 

(EAT), situated between the epicardium and the 

pericardium.8 Overexpression of SREBPs is linked to the 

exacerbation of coronary atheroma, and studies associate 

the upregulation of SREBP genes with early-stage 

atherosclerosis, even at normal plasma lipid levels.9 

Endothelial dysfunction serves as a pivotal element in the 

progression from a plaque to an atheroma, primarily driven 

by reduced availability of endothelial nitric oxide (eNO). 

eNO, synthesized by endothelial nitric oxide synthetase 

(eNOS), encoded by chromosome 7 in humans, 

predominantly exists in the vasculature, regulating vessel 

permeability and promoting angiogenesis.10,11 Additionally, 

eNOS plays a vital role in inhibiting leukocyte adhesion to the 

endothelial wall, preventing the migration of smooth muscle 

cells (SMC), and averting platelet aggregation in the 

cardiovascular system.12 eNOS phosphorylation is regulated 

through various pathways involving calmodulin and multiple 

phosphorylation events, with serine 1177 phosphorylation 
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being the primary regulator.13 (Figure 2). Among the kinases 

involved in eNOS phosphorylation, phosphor kinase B and C 

(PKB and PKC) play a significant role.14 The phosphorylation 

of serine 1177 occurs downstream of the phosphoinositide 3 

kinase pathway.15,16 Insulin, HDL, estradiol, and VEGF can 

enhance serine 1177 phosphorylation through the AKT/PKB 

pathway, while the phosphorylation of threonine at 459 

reduces eNOS activity. VEGF, in particular, phosphorylates 

Ser1177 and dephosphorylates threonine 459.17 Conversely, 

PKC dephosphorylates Ser1177 and phosphorylates 

threonine 459, decreasing eNOS activity.18 A defective 

AKT/eNOS mechanism resulting in increased 

phosphorylation of eNOS at Ser1177 leads to endothelial 

dysfunction and accelerated atherogenesis. 

The impairment of endothelial function due to injury or 

insult manifests as alterations in eNO and serves as an early 

indicator of vascular diseases.19 Conditions such as oxidative 

stress and the presence of reactive oxygen species (ROS) 

render eNOS pro-atherogenic through 'uncoupling of eNOS', 

causing dysfunctional eNOS activity.13 Under normal 

physiologic conditions, the generation of endothelial nitric 

oxide by eNOS depends on the co-factor tetrahydrobiopterin 

(BH4).20 In pathological conditions like atherosclerosis, there 

is a decrease in endothelial BH4 production, an increase in the 

formation of the eNOS inhibitor asymmetric dimethyl 

arginine (ADMA), and an increase in arginase activity, which 

collectively reduce the substrate of eNOS, L-arginine into 

urea and ornithine. This leads to superoxide anion (O2-) 

production and decreased NO release, initiating a cascade of 

oxidative damage that disrupts endothelial function and 

overall cardiac health.21,22 Recent studies on mice reported 

that an increase in S6 kinase activity, a downstream target of 

mTORC1, enhances superoxide generation and decreases NO 

function due to eNOS uncoupling.23 (Figure 2). Therefore, it 

can be inferred that S6 kinase activation by mTORC1 

phosphorylates eNOS, leading to oxidative stress and 

endothelial dysfunction- precursors to atherosclerosis and 

coronary artery disease. Given the crucial role of mTORC1 in 

cellular metabolism and nitric oxide signalling, a 

comprehensive understanding of the implications of 

mTORC1-mediated phosphorylation of eNOS is imperative. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The Role of mTOR in the pathogenesis of CAD 
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Figure 2 depicts the involvement of mTOR in the 

development of coronary artery disease (CAD). The 

activation of mTORC1, facilitated by upstream Akt 

signaling, initiates the phosphorylation of its downstream 

substrate, S6 Kinase. This phosphorylation event precedes 

the disruption of lipogenesis and fatty acid metabolism 

through the dysregulation of SREBP1/2. Additionally, the 

activation of upstream Akt also impairs eNOS function 

and its activity on its substrate, L-arginine, ultimately 

leading to the generation of free radicals such as 

superoxide and peroxynitrite. These free radicals 

contribute to endothelial dysfunction, which serves as a 

precursor to CAD. Factors such as increased shear stress, 

inflammatory mediators, and VEGF indirectly promote 

endothelial dysfunction by reducing the availability of 

endothelial BH4, a critical co-factor for eNOS, and 

increasing levels of ADMA. 

 

mTORC1, orchestrates the synthesis of membrane lipids in cells by activating SREBP1/2 and transcription factor genes 

governing fatty acid and cholesterol metabolism. 

 

 

The activation of SREBP1/2 by mTORC1 can occur directly through the phosphorylation of S6K-1 or indirectly via the 

phosphorylation of Lipin 1.  

 

 

In coronary artery disease, SREBP genes exhibit significant expression in epicardial adipose tissue (EAT). Overexpression 

of SREBPs is linked to the exacerbation of coronary atheroma. 

 

 

Endothelial dysfunction serves as a pivotal element in the progression from a plaque to an atheroma, primarily driven by 

reduced availability of endothelial nitric oxide (eNO), synthesized by endothelial nitric oxide synthetase (eNOS). 

 

 

Oxidative stress and the presence of reactive oxygen species (ROS) render eNOS pro-atherogenic causing dysfunctional 

eNOS activity.  

 

 

A defective AKT/eNOS mechanism resulting in increased phosphorylation of eNOS at Ser1177 leads to endothelial 

dysfunction and accelerated atherogenesis. 

 

 

In atherosclerosis, there is a decrease in endothelial BH4 production, an increase in the formation of the eNOS inhibitor 

asymmetric dimethyl arginine (ADMA), and an increase in arginase activity, which collectively reduce the substrate of 

eNOS - L-arginine, into urea and ornithine. This leads to superoxide anion (O2-) production and decreased NO release, 

initiating a cascade of oxidative damage that disrupts endothelial function. 

Flowchart representing mTOR involvement in development of atherosclerosis 

 

Inhibition/ knockout of mTOR in CAD   

mTOR, a pivotal regulator of cellular energy and nutrient 

homeostasis, can be effectively hindered by mTOR inhibitors 

such as rapamycin and everolimus. This intervention leads to 

the suppression of lymphocyte cell proliferation directed 

towards the atherosclerotic region and hampers cell cycle 

progression.24 Rapamycin specifically targets mTORC1, 

resulting in the inhibition of p70S6K, which, in turn, 
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downregulates cyclooxygenase -2 (COX-2) and inducible 

nitric oxide synthase (iNOS). These proteins are crucial 

contributors to inflammation and have been implicated in the 

heightened production of VEGF.24 

Various animal experimental models have employed 

rapamycin or rapalogs like everolimus to impede mTOR 

and scrutinize its impact on atherosclerosis progression. 

These models have demonstrated that rapalogs effectively 

inhibit mTORC1, eliciting a potent anti-atherosclerotic 

effect by:25 

i) Curtailing smooth muscle cell proliferation, 

ii) Suppressing macrophage activity, 

iii) Hampering the recruitment and migration of 

monocytes to the vessel wall, and 

iv) Diminishing de novo protein synthesis through the 

dephosphorylation of downstream mTORC1 targets, 

specifically p70S6K and 4E-BP1. 

Conversely, mTORC1 inhibition prompts the 

activation of the mTORC2 pathway, instigating cell 

survival and autophagy. This molecular cascade prevents 

the transition of early-stage atherosclerotic plaques into 

fully formed plaques.26 Investigations on the inflammatory 

response in arterial atherosclerotic plaques in Apo-E 

knockout mice have unveiled that mTORC1 inhibition in 

early plaques results in eNOS phosphorylation within the 

atherosclerotic regions. This phenomenon leads to reduced 

migration of smooth muscle cells and diminished adhesion 

of monocytes to the area, effectively curtailing the size of 

fatty streaks.27 Notably, treatment with mTOR inhibitors 

in LDLR-/- mice has demonstrated substantial delays in 

the progression of small-sized plaques into fully developed 

atherosclerotic plaques.28 

Key findings: 

Role of mTORC1 in Lipid Metabolism: The 

involvement of mTORC1 in regulating lipid synthesis via 

SREBP1/2 activation elucidates its contribution to 

cardiovascular diseases such as atherosclerosis. 

Dysregulation of SREBPs leads to dysfunction in 

lipogenesis and fatty acid metabolism, exacerbating 

conditions like coronary artery disease. Understanding 

these pathways highlights potential therapeutic targets 

aimed at modulating mTORC1 activity to mitigate lipid-

related cardiovascular risks. 

Impact of Endothelial Dysfunction on Atherogenesis: 

The elucidation of endothelial dysfunction mechanisms, 

particularly involving eNOS phosphorylation, underscores 

its pivotal role in atherosclerosis development. 

Dysfunctional eNOS activity, influenced by factors like 

oxidative stress and ROS, leads to impaired endothelial 

function and reduced nitric oxide availability, initiating a 

cascade of events culminating in atherosclerotic plaque 

formation. Targeting pathways involved in eNOS 

regulation, such as the AKT/PKB pathway, may offer 

therapeutic avenues for restoring endothelial function and 

preventing atherogenesis. 

Link between mTORC1 Activation and Endothelial 

Dysfunction: The identified association between 

mTORC1 activation, S6 kinase activity, and eNOS 

phosphorylation provides further insights into the role of 

mTOR signalling in endothelial dysfunction and 

atherosclerosis. Enhanced S6 kinase activity, downstream 

of mTORC1, contributes to eNOS uncoupling and 

subsequent oxidative stress, further exacerbating 

endothelial dysfunction and promoting atherogenesis. This 

highlights the potential of targeting mTORC1 signalling 

pathways to alleviate endothelial dysfunction and prevent 

cardiovascular diseases. 

Overall, these findings underscore the intricate 

interplay between mTOR signalling, lipid metabolism, 

endothelial function, and atherosclerosis, offering 

potential therapeutic targets for intervention in 

cardiovascular diseases. A comprehensive understanding 

of these pathways is crucial for developing targeted 

therapies aimed at improving cardiac health and 

preventing the progression of cardiovascular diseases. 

2. Ischaemic Heart Disease (IHD) 

The pathophysiology of Ischaemic Heart Disease (IHD)   

Myocardial infarction (MI), stemming from the 
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occlusion of coronary arteries, represents a sudden cardiac 

event with potential fatal outcomes irrespective of age, 

gender, or ethnicity. Despite heightened awareness and 

endeavors in resuscitation the mortality rate persists at 

approximately 10% during the acute phase and around 

25% during the chronic phase of MI.29 The restoration of 

blood flow to the myocardium following ischemia induces 

a paradoxical damage known as "ischemia/reperfusion 

injury," often culminating in heart failure despite 

successful reperfusion. Consequently, an episode of acute 

myocardial infarction comprises two primary phases: the 

ischemic phase, stemming from coronary artery occlusion 

and the formation of an infarct zone in the myocardium, 

and the reperfusion phase, wherein blood flow is 

reinstated.29 Both ischemia and reperfusion events inflict 

detrimental effects on cardiac tissue.29 (Figure 3). Given 

the substantial impact of ventricular remodeling on the 

prognosis of MI, it becomes imperative to discern 

pathways that either facilitate or impede this process to 

formulate safer therapeutic interventions. Molecules such 

as phosphoinositide-kinase 3 and Akt exhibit 

cardioprotective effects through the mTOR pathway, 

which assumes a pivotal role as the primary regulator of 

cellular functions and the central coordinator of diverse 

signaling pathways.30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Pathophysiology of Ischaemic Heart Disease (IHD) 
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Fig. 3 depicts representation of coronary artery 

occlusion due to long term predisposing factors lead to 

sudden cardiac events like myocardial infarction. The 

episode of a MI has two phases, an ischaemic phase where 

there is reduced or no blood supply beyond the point of 

occlusion and a reperfusion phase in which blood supply 

is restored. Each of these phases cause cardiac injury and 

activates signalling pathways both detrimental and 

beneficial to cardiac recovery. 

Role of mTOR in IHD  

Investigations utilizing myocardial infarction (MI) 

models in mice have delineated the nuanced influence of the 

mTOR signalling pathway, specifically governed by mTOR 

phosphorylation and the dynamics of mTORC1 and 

mTORC2.31 In the context of MI, both mTORC1 and 

mTORC2 undergo phosphorylation, and the induction of 

mTORC2 expression through autophagy manifests a 

protective effect during the ischemic phase of ischemia-

reperfusion, whereas mTORC1 proves beneficial during the 

reperfusion phase.32 (Figure 4). Notably, research 

underscores the cardioprotective role of mTORC2 

activation in cardiomyocytes, with its genetic deletion or 

knockdown of Rictor, a downstream substrate of mTORC2, 

exacerbating cell survival.33 The inhibition of Rictor leads 

to diminished phosphorylation of Akt at Serine 473, 

inadequate phosphorylation of downstream Akt targets like 

Forkhead box protein O (FoxO), and heightened cell 

death.34 Previous investigations have proposed that 

mTORC2 governs substrate specificity for downstream Akt 

targets, including FoxO, glycogen synthase kinase-3 (GSK-

3), and tuberous sclerosis 2 (TSC-2).35 

During the reperfusion phase, the activation of p70S6 

kinase, a downstream target of mTORC1, stimulates 

protein synthesis and eventual myocardial hypertrophy in 

response to MI. Conversely, phosphorylation of 4E-BP1, 

another downstream substrate of mTOR, inhibits protein 

synthesis, with mTOR inactivating 4E-BP1 during 

hypertrophy.36 Downstream, inhibition of the ubiquitin-

proteasome system attenuates the pro-inflammatory 

response mediated by NfkB.37 PRAS40, a proline-rich Akt 

substrate, acts as both a substrate and a component of 

mTORC1, inhibiting mTORC1 activity post-infarction.38 

Phosphorylation of PRAS40 by either Akt or mTORC1 

prompts its dissociation from mTORC1, relieving its 

inhibitory effect on mTORC1.38 Elevated expression of 

PRAS40 confers protection post-myocardial infarction by 

mitigating against ischemic injury and steering myocytes 

towards mTORC2 signaling.39 

Ras homolog enriched in brain (Rheb), functioning as 

an upstream regulator of mTOR and an energy sensor, 

undergoes regulation by various kinases, including Akt, 

AMPK, and glycogen synthase kinase-3β, through 

tuberous sclerosis complex proteins 1/2 (TSC).40 In 

conditions of low cellular energy, such as ischemia, 

AMPK activates TSC1/2, culminating in the inhibition of 

Rheb and subsequent suppression of mTORC1. This 

suppression mitigates the phosphorylation of p70S6K and 

4E-BP1, leading to diminished protein synthesis and 

energy conservation during the ischemic phase. Glucose 

deprivation during ischemia redirects cardiomyocytes 

towards the activation of the mTORC2 pathway and 

autophagy. Animal models with Rheb overexpression 

exhibited a reduction in autophagy genes under conditions 

of energy deprivation, emphasizing the pivotal role of 

Rheb in autophagy regulation as a protective mechanism 

for cardiomyocytes in the ischemic state.41 

However, prolonged ischemia induces 

dephosphorylation and activation of GSK-3β, while 

reperfusion inhibits its activity. GSK-3β, expressed via the 

mTOR pathway, exhibits cardioprotective effects during 

both ischemia and reperfusion. The upstream regulation of 

GSK-3β by Akt,42 which phosphorylates TSC2, resulting 

in mTORC1 inactivation,43 plays a pivotal role. The 

suppression of GSK-3β during reperfusion facilitates 

cardioprotection by regulating the opening of the 

mitochondrial permeability transition pore (mPTP) 

through direct phosphorylation.44 
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Figure 4. Role of mTOR in pathogenesis of IHD 

 

Fig.6 The two components of mTOR – mTORC1 and 

mTORC2 have a role to play during the reperfusion and 

ischemic phases respectively. mTORC1 is activated 

during the reperfusion phase when blood supply is restored 

and in the presence of nutrients and amino acids leading to 

protein synthesis and eventual myocardial hypertrophy, 

while mTORC2 is activated during the ischemic phase via 

the AMPK-Akt pathway which inhibits mTORC1 and 

activates autophagy genes like beclin, FOXO and Atg 7, 

ulk which bring about cell survival through degradation of 

toxic proteins which is a protective mechanism for 

cardiomyocytes in ischemic state  
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In conditions of low cellular energy, such as ischemia phase of MI, AMPK activates TSC1/2, culminating in the inhibition 

of Rheb and subsequent suppression of mTORC1. This suppression mitigates the phosphorylation of p70S6K and 4E-BP1, 

leading to diminished protein synthesis and energy conservation during the ischemic phase. 

 

 

Glucose deprivation during ischemia redirects cardiomyocytes towards the activation of the mTORC2 pathway and 

autophagy. 

 

 

During the reperfusion phase of MI, the activation of p70S6 kinase, a downstream target of mTORC1, stimulates protein 

synthesis and eventual myocardial hypertrophy.  

 

 

PRAS40, a proline-rich Akt substrate, acts as both a substrate and a component of mTORC1, inhibiting mTORC1 activity 

post-infarction. Elevated expression of PRAS40 confers protection post-myocardial infarction by mitigating against 

ischemic injury and steering myocytes towards mTORC2 signaling. 

 

 

mTORC2 governs substrate specificity for downstream Akt targets, including FoxO, glycogen synthase kinase-3 (GSK-3), 

and tuberous sclerosis 2 (TSC-2). However, prolonged ischemia induces dephosphorylation and activation of GSK-3β, while 

reperfusion inhibits its activity. 

 

 

GSK-3β, expressed via the mTOR pathway, exhibits cardioprotective effects during both ischemia and reperfusion. 

Flowchart representing mTOR involvement in development of ischemic heart disease 

 

Inhibition/ knockout of mTOR in IHD  

In vivo experiments utilizing Langendorff-perfused rat 

and rabbit hearts involved the administration of the mTOR 

inhibitor rapamycin, either preceding the onset of 

reperfusion subsequent to ischemia or before the 

commencement of ischemia itself. Notably, when 

rapamycin was given before the initiation of reperfusion, 

the absence of ischemic preconditioning, which typically 

imparts cardioprotection in ischemia-reperfusion injury, 

was observed. However, administration of rapamycin prior 

to the onset of ischemia proved effective in limiting the 

size of the ensuing infarction.45 In GSK-3β knock-out 

C57BL/6J mice, the adverse effects associated with GSK-

3β inhibition during prolonged ischemia were ameliorated 

upon treatment with rapamycin.42 

Key findings 

Understanding Ischemia/Reperfusion Injury: The 

description of MI's two primary phases, ischemia, and 

reperfusion, underscores the complex nature of the cardiac 

damage inflicted during these events. 

Ischemia/reperfusion injury, characterized by paradoxical 

damage upon restoration of blood flow, significantly 

contributes to the development of heart failure post-MI. 

This recognition emphasizes the importance of developing 

therapeutic strategies targeting both ischemic and 

reperfusion phases to mitigate cardiac damage and 

improve outcomes. 

Role of mTOR Pathway in Cardio-protection: The 

identification of molecules such as phosphoinositide-

kinase 3 and Akt, which exhibit cardioprotective effects 

through the mTOR pathway, offers promising therapeutic 

targets for MI treatment. The mTOR pathway's central role 

in regulating cellular functions and coordinating various 

signalling pathways suggests its potential as a key 
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mediator in modulating cardiac response to ischemic 

injury. Targeting this pathway could potentially mitigate 

ischemia/reperfusion injury and improve cardiac outcomes 

post-MI. 

In essence, these findings enhance our understanding 

of the pathophysiology of MI, particularly the detrimental 

effects of ischemia/reperfusion injury, and provide 

insights into potential therapeutic interventions. 

Developing targeted therapies that modulate the mTOR 

pathway to protect against cardiac damage may represent 

a promising approach for improving outcomes in MI 

patients. 

Current research and emerging perspectives  

In cardiovascular biology, mTORC1 activation is 

pivotal for facilitating adaptive cardiac hypertrophy, while 

mTORC2 safeguards cardiomyocyte viability during 

pressure overload46. mTORC1 inhibition holds promise in 

ameliorating cardiac remodelling and failure, thereby 

extending longevity in murine models and potentially 

affording cardio-protection in humans. Despite limited 

clinical evidence, pharmacologically targeting mTOR, 

emerges as a prospective therapeutic avenue for 

cardiovascular diseases.  

Rapamycin and rapalogs such as everolimus have 

emerged as effective agents in mitigating cardiac 

dysfunction and remodelling, in animal models of cardiac 

hypertrophy and heart failure, induced by transverse aortic 

constriction. These findings underscore the therapeutic 

promise of targeting mTOR via rapamycin and rapalogs 

like everolimus as nanoparticles 51 in addressing 

hypertrophic disease and its associated heart failure48. 

Compelling evidence also suggests that metformin 

indirectly modulates mTORC1 activity via both AMPK-

dependent and -independent mechanisms, exhibiting 

efficacy in attenuating atherosclerosis in multiple animal 

models 49. Although phytopharmaceuticals have 

demonstrated potential in laboratory studies, challenges 

remain in effectively translating their efficacy into clinical 

applications, especially regarding their delivery 50.  

The specificity of mTOR inhibitors and the potential 

for off-target effects pose significant considerations. The 

complex involvement of mTOR in cardiovascular 

pathologies underscores the need for highly selective 

modulators capable of selectively targeting mTOR 

complexes. Novel compounds with drug-likeness 

properties should undergo rigorous evaluation in both 

preclinical models and clinical trials 52, specifically 

designed to assess their impact on cardiac development, 

physiology, and stress response following mTOR 

modulation. Rigorous preclinical and clinical studies are 

imperative to ascertain the long-term safety and efficacy 

of targeting mTOR across diverse scenarios of cardiac 

diseases. A profound understanding of the intricate 

crosstalk between mTOR and other signalling pathways 

will not only provide new insights into the complexity of 

cardiac disease pathophysiology but also offer a 

comprehensive perspective on the multifaceted role of 

mTOR in cardiovascular diseases. 
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الميكانيكي للرابامايسين والمسارات المماثلة في أمراض القلب والأوعية الدموية لزيادة التحقيق في الهدف 

 وظائف القلب
 

  *1شيريل ريا لويس
 

 ، الهند.يبال للتعليم العالي، مانيبال، كارناتاكا، أكاديمية مانقسم علم الأدوية، كلية كاستوربا الطبية 1
 

  

 ملخـص
تعد أمراض القلب والأوعية الدموية السبب الرئيسي للوفيات العالمية، خاصة في البلدان المنخفضة الدخل إلى المتوسطة 

مليون حالة وفاة مبكرة في العقد الماضي.  62.5٪ من الوفيات، حيث بلغ مجموعها 34الدخل، حيث يمثل قصور القلب 
قاء على قيد الحياة، لا تزال الوفاة بسبب قصور القلب مثيرة للقلق، مما على الرغم من التحسينات الأولية في معدلات الب

يشير إلى انخفاض في القدرة التعويضية للقلب مع تقدم العمر. من أجل فهم التعقيدات الجزيئية للأمراض القلبية الوعائية، 
مع  PubMedو Web of Scienceو Scopusاستكشفت هذه المراجعة السردية على نطاق واسع قواعد البيانات مثل 

معايير إدراج محددة لاختيار مقالات من الدراسات التجريبية والتجارب السريرية والدراسات على والدراسات القائمة على 
. وعلى العكس من ذلك، استخدمت معايير الاستبعاد لاستبعاد المقالات التي لا صلة 2000الملاحظة المنشورة بعد عام 

. كشف البحث المكثف في الأدبيات، بشكل مدهش، عن الإمكانات غير 2000تي نشرت قبل عام لها بالعنوان أو ال
 mTORتشير الدراسات السابقة إلى أن تعديل  لعلاج الأمراض القلبية الوعائية. mTORالمستكشفة لاستهداف مسار 

دة. تؤكد الأدلة الحديثة على عدم يمكن أن يعيد تشكيل مسارات أمراض القلب، على الرغم من أن الأدلة السريرية محدو 
، على mTORفي أمراض القلب، مما يبشر بالخير في التخفيف من الخلل الوظيفي من خلال تثبيط  mTORتنظيم 

مع المسارات الأخرى يسلط الضوء على  mTORالرغم من التحديات في الترجمة السريرية. إن فهم الحديث المتبادل ل 
وأمراض القلب الإقفارية   CAD في مرض الشريان التاجي mTORمراجعة على أهمية تعقيد أمراض القلب. تؤكد ال

IHD مما يقترح طرقا لمزيد من البحث والتطبيقات السريرية لتحسين إدارة أمراض القلب والأوعية الدموية وتقليل الوفيات ،
 المرتبطة بقصور القلب.

 .mTORمرض الشريان التاجي. مرض القلب الإقفاري. مسار  الكلمات الدالة:
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ABSTRACT 
Background: Clinical pharmacists provide nutrition support pharmacy services, including evaluating 

micronutrient status and managing vitamin use. However, only a limited number of studies have explored the role 

of clinical pharmacists in managing vitamin supplementation. 

Objective:  To explore clinical pharmacists’ interventions in managing vitamin supplementation in critically ill 

cancer patients admitted to intensive care units. 

Methods: This retrospective analysis reviewed 9,949 electronically reported clinical pharmacist interventions for 

patients admitted to the ICU from January 2020 to December 2022. All patient records with clinical pharmacists’ 

interventions related to vitamin supplementation in ICU cancer patients were extracted and analyzed.  

Results: The total number of interventions related to vitamin management was 129 (1.30%). Vitamin D was the 

most commonly used vitamin supplement (n = 39, 30.2%). Initiation of vitamin supplementation (n = 55, 42.6%) 

was the most frequent intervention by clinical pharmacists. The acceptance rate by physicians was 100%. 

Conclusion: Clinical pharmacists play a key role in managing nutrition support therapy and vitamin supplementation 

in critically ill cancer patients. This study represents the first experience in Jordan and serves as a role model. Further 

research is needed to investigate barriers to implementing nutrition support pharmacy services and vitamin 

supplementation in Jordan, as well as to explore the impact of these services on patient outcomes.   

Keywords: Clinical pharmacy services, nutrition support pharmacy, vitamins, critical care. 

 

1. INTRODUCTION 

Clinical pharmacy aims to optimize the use of 

medicines [1]. It represents a field of professional practice 

and research that encompasses pharmaceutical care but is 

not limited to it [1]. The clinical pharmacy discipline has 

evolved into many specialties, including nutrition support 

pharmacy [2]. Clinical pharmacists are essential members 

of critical care health teams, contributing to the safety and 

management of medications for this vulnerable population 

[3–11]. Vitamins are nutrients that the body needs in small 

amounts to function properly and maintain health. They 

are classified as either fat-soluble or water-soluble [13]. 

Clinical pharmacists provide nutrition support pharmacy 

services, including evaluating micronutrient status and 

managing vitamin supplementation [11,12]. These 

activities have been shown to improve patient outcomes 

and reduce healthcare-related costs [12,17–19]. Timely 

nutritional therapy should be considered for patients 

undergoing anticancer treatment who are at risk of 

malnutrition [14–16]. 

Oxidative stress and inflammation are physiological 

responses to injury during critical illness. Under normal 

conditions, the human antioxidant defense system 

counteracts inflammation and oxidative stress. However, 

mailto:nadine_abdelhadi@yahoo.com
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this antioxidant capacity is often significantly 

compromised, and serum levels of micronutrients, 

including vitamins, are markedly depleted in critically ill 

patients [21]. Although the evidence remains inconclusive, 

treating micronutrient deficiencies is expected to enhance 

clinical outcomes in critically ill patients [20]. 

Vitamins and minerals are among the most commonly 

recommended and dispensed classes of complementary 

medicines by pharmacists [22]. A lack of scientific 

evidence and reliable information sources are common 

barriers to the practice of complementary medicine 

[22,23]. 

A limited number of studies have explored the role of 

clinical pharmacists in managing vitamin use, particularly 

in critical care settings [26–32]. 

Based on the above and due to the lack of information 

about the role of clinical pharmacists in vitamin 

supplementation in critically ill cancer patients in Jordan, 

this study aimed to analyze clinical pharmacists’ 

interventions in managing vitamin use in ICU cancer 

patients at King Hussein Cancer Center (KHCC). 

 

2. METHODS 

Ethical approval was granted by the Institutional 

Review Board (IRB) at King Hussein Cancer Centre 

(KHCC) on 25 October 2021 (approval number 

RC/2021/153). 

This retrospective analysis included electronically 

reported clinical pharmacist interventions for 9,949 

patients admitted to intensive care units at KHCC in 

Amman, Jordan, from January 2020 to December 2022. 

All patient records with clinical pharmacist interventions 

related to managing vitamin supplementation in ICU 

cancer patients were extracted and analyzed. The time 

taken by clinical pharmacists to intervene was routinely 

recorded in the pharmacy database. Intervention times 

were collected and analyzed for all cases. 

Patients were categorized into two age groups: adults 

(older than 18 years) and pediatrics (18 years or younger). 

Descriptive statistics were used to present the results as 

frequencies and percentages. 

The Mann–Whitney U test was applied to compare the 

time taken by clinical pharmacists to intervene between the 

pediatric and adult ICU patient groups. 

All analyses were performed using the Jamovi 

statistical package (2022) [24,25]. A p-value of less than 

0.05 was considered statistically significant. 

 

3. RESULTS 

3.1. Participants characteristics 

The study population comprised pediatric patients (n = 

29, 22.5%) and adult patients (n = 100, 77.5%). Most 

participants were male (n = 78, 60.5%). The majority of 

patients were admitted to the ICU in 2020 (44.2%), 

followed by 2021 (35.7%). Table 1 summarizes the 

participants’ characteristics. 

 

Table 1: Characteristics of participants 

 Percentiles 

Age group Gender N Median IQR 25th 50th 75th 

Age (years)  Adult  F  40  59.50  15.25  47.75  59.50  63.0  

      M  60  57.00  18.00  50.25  57.00  68.3  

   Pediatric  F  11  11  10.00  6.00  11.00  16.0  

      M  18  9.50  12.25  4.75  9.50  17.0  

Date  Adult  F  40  2021.00  1.00  2020.00  2021.00  2021.0  

      M  60  2020.00  1.00  2020.00  2020.00  2021.0  

   Pediatric  F  11  2021  1.00  2021.00  2021.00  2022.0  

      M  18  2021.00  1.00  2021.00  2021.00  2022.0  
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3.2. Vitamin supplement use in critically ill cancer 

patients admitted to ICU. 

Fat-soluble vitamins (n = 68, 52.7%) were the most 

commonly used vitamin supplements (Figure 1). Vitamin 

D was the most frequently used individual supplement (n 

= 39, 30.2%), followed by vitamin C (n = 29, 22.5%), 

vitamin K (n = 28, 21.7%), and folic acid (n = 14, 10.9%). 

The forms of vitamin D supplementation included 

cholecalciferol (n = 29, 74.4%) and alfacalcidiol (n = 10, 

25.6%). Table 2 shows the frequencies of these 

supplements. 

 

 

 

 

 

 

 

 

 

Figure 1: Frequency of use of fat-soluble and water-soluble vitamins in critically ill cancer patients admitted to ICU 

at KHCC 

 

Table 2: Frequencies of supplements 

Supplement Gender Age group Counts % of Total Cumulative % 

Folic acid F Adult 3 2.3 % 2.3 % 

    Pediatric 0 0.0 % 2.3 % 

  M Adult 11 8.5 % 10.9 % 

    Pediatric 0 0.0 % 10.9 % 

Thiamine F Adult 3 2.3 % 13.2 % 

    Pediatric 1 0.8 % 14.0 % 

  M Adult 7 5.4 % 19.4 % 

    Pediatric 1 0.8 % 20.2 % 

Vitamin B12 F Adult 1 0.8 % 20.9 % 

    Pediatric 0 0.0 % 20.9 % 

  M Adult 4 3.1 % 24.0 % 

    Pediatric 1 0.8 % 24.8 % 

Vitamin C F Adult 13 10.1 % 34.9 % 

    Pediatric 0 0.0 % 34.9 % 

  M Adult 16 12.4 % 47.3 % 

    Pediatric 0 0.0 % 47.3 % 

Vitamin D F Adult 15 11.6 % 58.9 % 

    Pediatric 3 2.3 % 61.2 % 

  M Adult 17 13.2 % 74.4 % 

    Pediatric 4 3.1 % 77.5 % 

Vitamin E F Adult 0 0.0 % 77.5 % 

    Pediatric 0 0.0 % 77.5 % 

  M Adult 0 0.0 % 77.5 % 
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Supplement Gender Age group Counts % of Total Cumulative % 

    Pediatric 1 0.8 % 78.3 % 

Vitamin K F Adult 5 3.9 % 82.2 % 

    Pediatric 7 5.4 % 87.6 % 

  M Adult 5 3.9 % 91.5 % 

    Pediatric 11 8.5 % 100.0 % 

 

3.3. Role of clinical pharmacists in the management 

of vitamin supplementation 

The initiation of vitamin supplementation (n = 55, 

42.6%) was the most frequent clinical pharmacist 

intervention in managing vitamins for ICU cancer patients, 

followed by discontinuation of vitamin supplementation (n 

= 32, 24.8%). Table 3 provides details on the frequency of 

interventions. The total number of interventions related to 

vitamin management was 129 (1.30%). The total time spent 

on these interventions was 1,845 minutes, with a minimum 

of 1 minute and a maximum of 40 minutes per intervention 

(Table 4).  

 

Table 3: Frequencies of interventions for the management of vitamin supplementation. 

Intervention Counts % of Total Cumulative % 

Clarification of orders  2  1.6 %  1.6 %  

Dose clarified/evaluated  17  13.2 %  14.7 %  

Drug Information provided  2  1.6 %  16.3 %  

Duration of RX Order Clarified  5  3.9 %  20.2 %  

Lab Evaluation  1  0.8 %  20.9 %  

Medication reconciliation/admission  14  10.9 %  31.8 %  

Route of administration clarified.  1  0.8 %  32.6 %  

Initiation of vitamin supplementation  55  42.6 %  75.2 %  

Discontinuation of the vitamin supplementation  32  24.8 %  100.0 %  

 

Table 4: Times taken by clinical pharmacists to intervene in vitamin supplementation in ICU cancer patients at KHCC 

 Percentiles 

  Intervention N Median IQR 25th 50th 75th 

Time 
Taken 

 Clarification of orders  2  11.50  8.50  7.25  11.50  15.75  

   Dose clarified/evaluated.  17  15  5.00  10.00  15.00  15.00  

   Drug Information provided  2  3.00  0.00  3.00  3.00  3.00  

   Duration of RX Order 
Clarified 

 5  10  0.00  10.00  10.00  10.00  

   Lab Evaluation  1  25  0.00  25.00  25.00  25.00  

   Medication 
reconciliation/admission 

 14  15.00  0.00  15.00  15.00  15.00  

   Route of administration 
clarified. 

 1  40  0.00  40.00  40.00  40.00  

   Therapy recommendation / 
Initiation 

 55  15  0.00  15.00  15.00  15.00  

   Therapy 
recommendation/Discontinue 

 32  15.00  0.00  15.00  15.00  15.00  
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The Mann-Whitney U test was used to compare the time 

clinical pharmacists took to intervene between the pediatric 

and adult ICU groups. The test showed no significant 

difference between the two groups’ intervention times 

(Table 5). 

 

Table 5: Mann-Whitney U test 

  Statistic p 

Time Taken Mann-Whitney U 1393 0.630 

Note. Hₐ μ ICU-Adult ≠ μ ICU-Pediatric 

 

 

4. Discussion 

Clinical pharmacists play a role in managing vitamin 

supplementation in critically ill cancer patients in Jordan. 

Vitamin D was the most commonly used vitamin. The 

most frequent intervention by clinical pharmacists was 

initiating vitamin supplementation. The number of clinical 

pharmacists’ interventions related to vitamin 

supplementation was relatively low compared to the total 

number of clinical pharmacist interventions in the ICU, 

which is consistent with a prospective study conducted at 

an academic hospital in China [26]. 

Although the number of interventions in vitamin 

supplementation was relatively low compared to overall 

clinical pharmacist interventions in the ICU, it is 

considered significant as this represents the first 

experience of its kind in Jordan. The nutrition support 

pharmacy services at KHCC are regarded as a role model. 

Further research is needed to explore barriers to 

implementing nutrition support pharmacy services, 

including the assessment of vitamin deficiencies and 

provision of vitamin supplements. Additional studies are 

also required to investigate the impact of vitamin 

supplementation and nutrition support pharmacy services 

on patient outcomes, healthcare expenditures, and length 

of hospital stay. 

Most available evidence has focused on the role of 

community pharmacists in recommending complementary 

and alternative medicines, including vitamins and minerals 

[22,23]. This is the first study to provide insights into 

clinical pharmacists’ interventions in managing vitamin 

supplementation in critically ill cancer patients admitted to 

intensive care units in the Middle East. Only a few studies 

have investigated the role of clinical pharmacists in 

intensive care units generally [26-29]. None of the 

previous studies in the literature have explored the role of 

clinical pharmacists in vitamin supplementation 

specifically in critically ill cancer patients, which is one of 

the strengths of the current study. 

This study explored the use of vitamin supplements in 

critically ill cancer patients, including different 

supplement forms. To our knowledge, it is the first study 

to examine the mean time clinical pharmacists took to 

intervene in vitamin supplementation in intensive care 

units at a comprehensive cancer center, which represents 

another strength of the study. 

Clinical pharmacists’ interventions ranged from 1 to 40 

minutes, contrasting with a related study where most 

pharmacist interventions in a university hospital setting 

took 15 to 30 minutes to complete [29]. The current study 

focused exclusively on the role of clinical pharmacists in 

vitamin supplementation for cancer patients admitted to 

intensive care units. In contrast, the other study was 

conducted across various university hospital departments, 

which may explain the differences in findings between the 

two studies. 

Further research is needed across different hospital 

departments and patient populations to identify factors 

affecting micronutrient supplementation and nutrition 

support pharmacy services. This is critical to improving 

the efficiency of these services. 
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A limitation of the current study, which should be 

acknowledged, is the likely incomplete documentation of 

interventions due to its retrospective design. 

5. Conclusion 

Clinical pharmacists play an important role in 

managing vitamin supplementation in Jordan. The 

initiation of vitamin supplementation is the most common 

clinical pharmacist intervention among critically ill cancer 

patients admitted to intensive care units. Nutrition support 

pharmacy services for these patients, including vitamin 

supplementation, remain uncommon in Jordan and have 

thus far only been reported at King Hussein Cancer Center. 

Although the number of clinical pharmacist interventions 

related to vitamin supplementation was relatively low 

compared to the total number of interventions in the ICU, 

this finding is significant as it represents the first 

documented experience of its kind in Jordan. Further 

studies are needed to identify the barriers hindering the 

implementation of nutrition support pharmacy services, 

including vitamin supplementation, for critically ill cancer 

patients. Additional research is also required to assess the 

impact of these services on patient outcomes.  
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السريرية في صرف مكملات الفيتامينات لمرضى السرطان المصابين بأمراض خطيرة: دور خدمات الصيدلة 
 دراسة استرجاعية لمدة ثلاث سنوات في مركز شامل للسرطان

 
  2عهسعد محمد جدو  ،2دبوس الاء، *1نادين عبد الهادي

 
 ، الأردن، العقبةجياكنولو للت، جامعة العقبة كلية الصيدلة 1

 الصيدلة، مركز الحسين للسرطان، عمان، الأردن دائرة 2
  

 ملخـص
يقدم الصيادلة الإكلينيكيون خدمات صيدلانية داعمة للتغذية، تشمل تقييم حالة المغذيات الدقيقة وإدارة استخدام : الخلفية

 .محدود دور الصيادلة الإكلينيكيين في إدارة مكملات الفيتامينات حول  عدد الدراسات من الجدير بالذكر أن. الفيتامينات

تدخلات الصيادلة الإكلينيكيين في إدارة مكملات الفيتامينات لدى مرضى السرطان ذوي الحالات الحرجة  دراسة: الهدف
 .الذين دخلوا وحدات العناية المركزة

ا سريرياا مُبلّغاا عنها إلكترونياا لدى مرضى دخلوا وحدة العناية تدخلاا صيدلانيا  9949هذا تحليل بأثر رجعي لـ : المنهجية
تم استخراج جميع سجلات المرضى التي تتضمن تدخلات الصيادلة . 2022إلى ديسمبر  2020المركزة من يناير 

 .الإكلينيكيين المتعلقة بمكملات الفيتامينات لدى مرضى السرطان في وحدة العناية المركزة، وتم تحليلها
وكان فيتامين د أكثر مكملات %(. 1.30)تدخلاا  129بلغ إجمالي عدد التدخلات المتعلقة بإدارة الفيتامينات : لنتائجا

التدخل الأكثر %( n  =55 ،42.6)كان البدء بتقديم مكملات الفيتامينات %(. n  =39 ،30.2)الفيتامينات استخداماا 
ا للصيادلة السريريين  %.100طباء وبلغ معدل قبول الأ. شيوعا

للصيادلة السريريين دور في إدارة العلاج الداعم للتغذية ومكملات الفيتامينات لمرضى السرطان ذوي الحالات : الخلاصة
ا يُحتذى به. الحرجة هناك حاجة إلى مزيد من الدراسات . تُعد هذه التجربة الأولى من نوعها في الأردن، وتُعتبر نموذجا

صيدلية الدعم الغذائي ومكملات الفيتامينات في الأردن، واستكشاف تأثير هذه الخدمات على لدراسة عوائق تطبيق خدمات 
 .نتائج المرضى

 .خدمات الصيدلة السريرية، صيدلية الدعم الغذائي، الفيتامينات، الرعاية الحرجة الكلمات الدالة:
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ABSTRACT 
Nano-analytical techniques play a pivotal role in advancing pharmaceutical analysis by providing detailed insights 

into drug formulations, quality control processes, nanoparticle characterization, impurity detection, and emerging 

trends in the field. This abstract highlights the significance of nano-analytical tools in optimizing drug delivery 

systems, ensuring product quality and safety, characterizing nanoparticles, and detecting trace impurities. Key 

points include the importance of these techniques in enhancing drug stability, enabling targeted drug delivery, and 

facilitating personalized medicine. Furthermore, the abstract emphasizes the evolving landscape of nano-analytical 

methods, such as multimodal imaging and quantum-based sensors, and their potential for breakthroughs in real-

time drug monitoring and precision medicine. The abstract calls for continued research and development efforts 

to advance instrumentation, explore novel applications, address technical challenges, foster collaboration, and 

enhance education and training programs in pharmaceutical analysis. Overall, nano-analytical techniques hold 

promise for revolutionizing drug development, improving healthcare outcomes, and paving the way for 

personalized therapies tailored to individual patient needs. 

Keywords: Nano-analytical techniques, Pharmaceutical analysis, Drug formulations, Quality control, 

Nanoparticle characterization, Impurity detection 

 

1. INTRODUCTION: 

1.1. Significance of Pharmaceutical Analysis: 

Pharmaceutical analysis is a critical component of drug 

development, manufacturing, and quality control within 

the pharmaceutical industry. It encompasses a range of 

techniques and methods used to evaluate the identity, 

purity, potency, and stability of pharmaceutical substances 

and products. The significance of pharmaceutical analysis 

can be understood through several key points(1). 

Ensuring Drug Safety and Efficacy: Perhaps the most 

crucial aspect of pharmaceutical analysis is its role in 

ensuring that drugs are safe and effective for patient use. 

Through rigorous testing, analysts can identify impurities, 

contaminants, or other substances that could pose risks to 

human health(2). 

Quality Control in Manufacturing: Pharmaceutical 

analysis plays a pivotal role in maintaining the quality and 

consistency of manufactured drugs(3). By monitoring the 

manufacturing process and conducting quality tests on raw 

materials and finished products, manufacturers can meet 

regulatory standards and produce reliable medications(4). 

Regulatory Compliance: Regulatory bodies such as the 

FDA (Food and Drug Administration) and EMA 

(European Medicines Agency) require thorough 

pharmaceutical analysis data as part of the drug approval 

process. This data helps demonstrate the safety, efficacy, 

and quality of new pharmaceutical products(5). 

mailto:shaikreshmat614@gmail.com
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Monitoring Drug Stability: Pharmaceuticals can degrade 

over time, affecting their potency and safety. Pharmaceutical 

analysis methods are used to assess the stability of drugs 

under various conditions, such as temperature, humidity, and 

light exposure, ensuring that medications remain effective 

throughout their shelf life(6, 7). 

Detecting Counterfeit Drugs: In regions where 

counterfeit drugs are a concern, pharmaceutical analysis 

techniques are used to authenticate medications. By 

comparing the chemical composition of suspected 

counterfeit drugs to genuine products, analysts can identify 

fraudulent or substandard medicines(8). 

Research and Development: Pharmaceutical analysis is 

integral to drug discovery and development processes. 

Researchers use analytical techniques to characterize new 

drug candidates, determine their chemical properties, and 

assess their potential for therapeutic use(9). 

In summary, pharmaceutical analysis is indispensable 

for maintaining public health by ensuring the safety, 

quality, and efficacy of pharmaceutical products. It serves 

as a cornerstone of the pharmaceutical industry, providing 

the scientific foundation for drug development, 

manufacturing, and regulatory approval processes(10). 

1.2. Introduction to Nano Analytical Techniques: 

Nano analytical techniques represent a cutting-edge 

field in analytical chemistry, focusing on the 

characterization and analysis of materials at the nanometer 

scale(11). These techniques have revolutionized the way 

scientists study and manipulate matter, offering 

unparalleled insights into the properties of nanoscale 

materials. Some key points in the introduction to nano 

analytical techniques include(12): 

Definition and Scope: Nano analytical techniques 

involve methods used to investigate materials at the 

nanoscale, typically ranging from 1 to 100 

nanometers(13). This scale allows researchers to observe 

phenomena that are not evident at larger scales and explore 

the unique properties of nanomaterials(14). 

Evolution from Traditional Methods: Nano analytical 

techniques have emerged as a response to the increasing 

demand for precise characterization of nanoscale 

materials. They build upon traditional analytical methods 

such as microscopy, spectroscopy, and chromatography, 

but with a focus on nanometer-scale resolution(15). 

Focus on Nanomaterials: These techniques are 

particularly suited for studying nanomaterials, which 

exhibit novel properties due to their small size and high 

surface area-to-volume ratio(16). Nano analytical methods 

enable researchers to understand the structure, 

composition, and behaviour of nanomaterials in various 

applications(17). 

Applications in Various Fields: Nano analytical 

techniques find applications in diverse fields such as 

materials science, electronics, environmental science, and, 

significantly, pharmaceuticals(18). In the pharmaceutical 

industry, these methods are invaluable for characterizing 

drug nanoparticles, nanocarriers, and other nano 

formulations(19). 

Examples of Nano Analytical Techniques: Some 

common nano analytical techniques include Scanning 

Electron Microscopy (SEM), Transmission Electron 

Microscopy (TEM), Atomic Force Microscopy (AFM), 

Dynamic Light Scattering (DLS), and X-ray Photoelectron 

Spectroscopy (XPS)(20). Each of these techniques offers 

unique capabilities for analyzing nanoscale materials with 

high precision and resolution(21). 

By providing a glimpse into the world of nano 

analytical techniques, this introduction sets the stage for 

exploring how these advanced methods are transforming 

pharmaceutical analysis and drug development(22, 23). 

1.3. Importance of Nanotechnology in 

Pharmaceuticals: 

Nanotechnology has emerged as a game-changer in the 

pharmaceutical industry, offering innovative solutions to 

longstanding challenges in drug delivery, formulation, and 

therapeutic efficacy. Here's an in-depth look at the 

importance of nanotechnology in pharmaceuticals(24): 

Definition and Scope of Nanotechnology: 
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Nanotechnology involves the manipulation and control of 

materials at the nanometer scale. In pharmaceuticals, 

nanotechnology focuses on designing and developing 

nanoscale drug delivery systems and formulations(25). 

Enhanced Drug Delivery Systems: One of the primary 

advantages of nanotechnology in pharmaceuticals is its 

ability to improve drug delivery. Nano formulations such 

as nanoparticles, liposomes, micelles, and dendrimers can 

enhance drug solubility, bioavailability, and targeted 

delivery to specific sites in the body(26). 

Overcoming Bioavailability Challenges: Many 

promising drug compounds have poor solubility or 

stability, limiting their therapeutic effectiveness(27). 

Nanotechnology enables the encapsulation of these 

compounds into nano-sized carriers, protecting them from 

degradation and improving their absorption into the 

bloodstream(28). 

Targeted Drug Delivery: Nanoscale drug carriers can 

be designed to selectively accumulate in diseased tissues 

or cells while minimizing exposure to healthy tissues. This 

targeted approach enhances the therapeutic effects of 

drugs while reducing side effects and toxicity(29). 

New Therapeutic Modalities: Nanotechnology opens 

doors to novel therapeutic modalities such as gene therapy, 

RNA interference, and personalized medicine(30). 

Nanoparticles can deliver genetic material or therapeutic 

agents directly to target cells, offering tailored treatments 

for individual patients(31). 

Improved Imaging and Diagnostics: Nanotechnology-

based contrast agents and imaging probes enable more 

accurate diagnosis of diseases such as cancer. 

Nanoparticles designed for imaging applications provide 

high-resolution images of tissues and organs, aiding in 

early detection and treatment monitoring(32). 

Regulatory Considerations: The introduction of 

nanotechnology in pharmaceuticals has prompted 

regulatory agencies to develop guidelines for evaluating 

the safety and efficacy of nanomedicines. This includes 

considerations for nanoparticle toxicity, pharmacokinetics, 

and biocompatibility(33). 

Future Directions: The rapid advancements in 

nanotechnology continue to drive innovation in drug 

development. Scientists are exploring nanoscale drug 

delivery platforms, smart nanoparticles that respond to 

specific stimuli, and nanotheranostics that combine 

therapy and diagnostics in a single system(34). 

In conclusion, nanotechnology represents a 

transformative force in pharmaceuticals, offering new 

possibilities for drug delivery, therapeutic efficacy, and 

personalized medicine. Its integration into pharmaceutical 

research and development holds promise for addressing 

unmet medical needs and improving patient outcomes(35). 

2. Basics of Nano Analytical Techniques: 

Nano analytical techniques are a set of advanced 

methods used to characterize and analyze materials at the 

nanometer scale, typically ranging from 1 to 100 

nanometers(36). This scale is significant because it is at 

this level that materials exhibit unique and often 

unexpected properties due to quantum effects and 

increased surface area-to-volume ratios(37). The scope of 

nano analytical techniques encompasses a wide array of 

methods, each tailored to probe different aspects of 

nanomaterials(38): 

Imaging Techniques: Nano analytical techniques 

include powerful imaging methods such as Scanning 

Electron Microscopy (SEM), Transmission Electron 

Microscopy (TEM), and Atomic Force Microscopy 

(AFM)(39). These techniques provide high-resolution 

images of nanoscale structures, offering insights into 

particle size, morphology, and surface characteristics(40). 

Spectroscopic Techniques: Spectroscopy at the 

nanoscale involves techniques like X-ray Photoelectron 

Spectroscopy (XPS) and Raman Spectroscopy(41). These 

methods analyze the chemical composition, molecular 

structure, and bonding of nanomaterials, providing 

invaluable information for pharmaceutical analysis(42). 

Particle Sizing Methods: Dynamic Light Scattering 

(DLS) is a common nano analytical technique used to 
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determine the size distribution of nanoparticles in a sample. It 

measures the fluctuations in the intensity of scattered light to 

calculate the hydrodynamic diameter of particles(43). 

Surface Analysis Techniques: Nanomaterials often 

exhibit unique surface properties that influence their 

behavior. Surface analysis methods such as Scanning Probe 

Microscopy (SPM) and Auger Electron Spectroscopy (AES) 

are employed to study surface topography, composition, and 

reactivity at the nanoscale(44). 

Chemical Mapping Methods: Techniques like Energy-

Dispersive X-ray Spectroscopy (EDS) and Electron 

Energy Loss Spectroscopy (EELS) provide spatially 

resolved elemental analysis of nanomaterials. These 

methods are crucial for understanding the distribution of 

elements within a sample(45). 

The significance of nano analytical techniques lies in 

their ability to delve into the nanoscale world, where 

materials behave differently than they do at larger 

scales(46). This enables researchers to design and optimize 

nanomaterials for specific pharmaceutical applications, 

such as drug delivery systems, nanomedicines, and 

diagnostic agents(47). 

1.1. Comparison with Traditional Analytical 

Methods: 

Nano analytical techniques offer several distinct 

advantages over traditional analytical methods, 

particularly when it comes to characterizing nanomaterials 

used in pharmaceuticals(48): 

Improved Resolution: Traditional methods such as 

optical microscopy have limited resolution, often unable to 

visualize structures below the micrometer scale(49). In 

contrast, nano analytical techniques like TEM and AFM 

can achieve resolutions down to atomic levels, providing 

detailed insights into nanoscale features(50). 

Enhanced Sensitivity: Nanomaterials often have 

properties that are highly sensitive to their environment. 

Nano analytical techniques excel in detecting subtle 

changes in properties such as surface charge, chemical 

composition, and magnetic behavior, which are crucial for 

pharmaceutical applications(51). 

Quantitative Analysis: Many nano analytical 

techniques allow for precise quantitative analysis of 

nanomaterials(52). For example, DLS provides accurate 

measurements of particle size distribution, crucial for 

designing optimal drug delivery systems with controlled 

release properties(53). 

Multi-Modal Analysis: Nano analytical methods often 

combine several analytical techniques into a single platform. 

This multi-modal approach allows researchers to gather 

comprehensive data on nanomaterials, including structural, 

chemical, and physical properties, in a single experiment(54). 

Non-Destructive Characterization: Unlike some 

traditional methods that may alter or damage samples 

during analysis, many nano analytical techniques are non-

destructive(55).Real-Time Monitoring: Some nano 

analytical techniques, such as AFM and certain 

spectroscopic methods, offer real-time monitoring 

capabilities. This means researchers can observe dynamic 

changes in nanomaterial properties, aiding in the 

development of responsive drug delivery systems(56). 

 

Table 1: Comparison of Nano Analytical Techniques with Traditional Methods 

Feature Traditional Methods Nano Analytical Techniques 

Resolution Limited to micrometer scale Down to atomic levels 

Sensitivity Lower for subtle property changes Higher, detects small changes in properties 

Quantitative Analysis Limited Precise measurements possible 

Multi-Modal Analysis Rare Common, combining multiple techniques 

Non-Destructive Characterization Often destructive Typically non-destructive 

Real-Time Monitoring Limited Available in some techniques 
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1.2. Advantages of Nano Analytical Techniques in 

Pharmaceutical Analysis: 

Nano analytical techniques bring numerous advantages 

to the field of pharmaceutical analysis, offering new 

avenues for research, development, and quality 

control(57): 

Characterization of Nanoformulations: Nano analytical 

methods are crucial for characterizing drug nanoparticles, 

liposomes, micelles, and other nanoformulations(58). 

They provide insights into particle size, shape, surface 

properties, and stability, which are vital for optimizing 

drug delivery systems(59). 

Quality Control in Nanomedicines: Pharmaceutical 

companies rely on nano analytical techniques to ensure the 

quality and consistency of nanomedicines. By monitoring 

the characteristics of nanoparticles, manufacturers can 

maintain batch-to-batch uniformity and adherence to 

regulatory standards(60). 

Assessment of Drug Release Profiles: Nano analytical 

techniques play a key role in studying the release kinetics 

of drugs from nanocarriers. Researchers can determine 

factors such as release rates, mechanisms, and triggers, 

aiding in the design of controlled and targeted drug 

delivery systems(61). 

Detection of Impurities and Contaminants: 

Pharmaceutical analysis using nano analytical methods 

helps in detecting trace levels of impurities or 

contaminants in drug formulations. This ensures that 

pharmaceutical products meet strict purity standards, 

minimizing risks to patient safety(62). 

Optimization of Formulation Parameters: Researchers 

utilize nano analytical techniques to optimize formulation 

parameters such as drug-to-carrier ratios, stability under 

physiological conditions, and interactions with biological 

tissues. This leads to the development of more effective 

and safe drug formulations(63). 

Understanding Drug-Particle Interactions: Nano 

analytical methods provide insights into how drugs 

interact with nanoparticles at the molecular level(64). This 

knowledge helps in predicting drug behavior in vivo, 

including absorption, distribution, metabolism, and 

excretion (ADME), improving drug efficacy and 

bioavailability(65). 

Accelerating Drug Development: By providing 

detailed information on nanomaterial properties, nano 

analytical techniques accelerate the drug development 

process(66). Researchers can make informed decisions 

about candidate selection, formulation design, and 

preclinical testing, leading to faster translation of 

discoveries into clinically viable products(67). Nano 

analytical techniques offer unparalleled capabilities in 

characterizing nanomaterials, enabling precise control 

over drug delivery systems and formulations. Their 

advantages in pharmaceutical analysis contribute to the 

development of safer, more effective, and targeted 

therapies for various diseases(68, 69). 

 

Table 2: Applications of Nano Analytical Techniques 

in Pharmaceutical Analysis 

Application Technique 
Example Case 

Study 

Characterizing 

drug nanoparticles 

TEM, 

SEM 

Analysis of 

liposomal drug 

delivery systems 

Quality control of 

excipients 

SEM Examination of 

particle size and 

uniformity 

Studying drug-

excipient 

interactions 

TEM, 

AFM 

Interactions in 

drug formulations 

Detecting 

contaminants 

SEM, 

TEM 

Identifying 

impurities in final 

products 

Analyzing drug 

release profiles 

DLS Release kinetics of 

nanoparticles 

 

2. Common Nano Analytical Techniques: 

2.1. Scanning Electron Microscopy (SEM): 

Principle of Operation: 

Scanning Electron Microscopy (SEM) is a powerful 

imaging technique used to visualize the surface 

morphology of samples at high magnifications and 
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resolutions. Unlike optical microscopes which use light, 

SEM employs a focused beam of electrons to interact with 

the sample, providing detailed images with nanoscale 

resolution(70). 

The basic principle of SEM involves the following 

steps: 

A beam of electrons is generated in the electron source, 

typically a tungsten filament(71). 

These electrons are accelerated through an electron 

column by applying a high voltage(72). 

The focused electron beam then scans across the 

surface of the sample in a raster pattern(73). 

As the electrons interact with the atoms in the sample, 

signals such as secondary electrons, backscattered 

electrons, and characteristic X-rays are generated(74). 

Detectors in the SEM measure these signals, which are 

then used to create an image with details of the sample's 

surface topography(75). 

The resulting SEM images provide valuable 

information about the three-dimensional structure, surface 

features, and texture of the sample, revealing details down 

to the nanometer scale(76). 

Application in Pharmaceutical Analysis: 

SEM finds diverse applications in pharmaceutical 

analysis, offering insights into the structure, morphology, 

and quality of pharmaceutical materials. Some key 

applications include(77): 

Particle Size and Morphology: SEM is used to 

characterize the size, shape, and distribution of drug 

particles in formulations. This information is crucial for 

assessing drug stability, dissolution rates, and 

bioavailability. For instance, in the development of 

inhalable pharmaceuticals, SEM helps analyze the size and 

shape of drug particles for optimal lung deposition(78). 

Quality Control of Excipients: Pharmaceutical 

formulations often contain various excipients such as 

fillers, binders, and disintegrants. SEM enables the 

examination of these excipients for uniformity, particle 

size, and aggregation, ensuring consistency in drug 

manufacturing(79). 

Analysis of Drug Delivery Systems: SEM is 

instrumental in studying nanocarriers, microspheres, and 

other drug delivery systems. Researchers can visualize the 

structure, porosity, and surface modifications of these 

carriers, which influence drug release profiles and 

targeting efficiency(80). 

Contaminant Detection: SEM helps in detecting 

foreign particles, contaminants, or defects in 

pharmaceutical products. This is critical for ensuring 

product quality, preventing batch recalls, and maintaining 

regulatory compliance(81). 

3.2. Transmission Electron Microscopy (TEM): 

Principles: 

Transmission Electron Microscopy (TEM) is a 

sophisticated imaging technique that utilizes a beam of 

electrons transmitted through an ultra-thin sample to 

produce high-resolution images. TEM operates on the 

principle of wave-particle duality, where electrons behave 

both as particles and waves(82).  

The key principles of TEM operation are as follows: 

Electron Source: TEM uses an electron gun to generate 

a beam of electrons(83). 

Electron Lenses: These lenses focus and direct the 

electron beam towards the sample, similar to the function 

of optical lenses in light microscopy(84). 

Electron Specimen Interaction: As the electrons pass 

through the sample, they interact with the atoms, 

undergoing scattering, absorption, and diffraction. This 

interaction provides valuable information about the 

sample's structure and composition(85). 

Image Formation: The transmitted electrons are 

collected by a detector on the other side of the sample. The 

resulting image is formed by the varying intensity of 

transmitted electrons, which is influenced by the density 

and thickness of the sample(86). 

Magnification: TEM can achieve extremely high 

magnifications, up to millions of times, allowing 

visualization of nanoscale features(87). 
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Resolution: The resolution of TEM is governed by the 

wavelength of the electrons, which is much shorter than 

that of visible light. This enables TEM to resolve details at 

the atomic and near-atomic levels(88). 

In summary, TEM provides detailed images of the 

internal structure of materials, revealing atomic 

arrangements, crystal defects, grain boundaries, and other 

nanoscale features. 

Pharmaceutical Applications 

Transmission Electron Microscopy (TEM) is a 

valuable tool in pharmaceutical research and development, 

offering unique capabilities for characterizing 

nanomaterials and understanding their behavior(89). Some 

key applications of TEM in the pharmaceutical industry 

include: 

Nanoparticle Characterization: TEM is essential for 

visualizing and characterizing drug nanoparticles, 

liposomes, dendrimers, and other nano-sized drug delivery 

systems. It provides insights into particle size, shape, 

aggregation, and internal structure, crucial for optimizing 

drug formulations(90). 

Drug-Excipient Interactions: TEM helps in studying 

the interactions between drugs and excipients at the 

nanoscale. This includes investigating how drugs are 

encapsulated within carriers, the distribution of drug 

molecules, and the stability of the formulation over 

time(91). 

Crystal Structure Analysis: TEM can be used to 

determine the crystal structure of drug compounds, 

especially for polymorphic forms(92). Understanding the 

crystal structure is vital for assessing drug stability, 

solubility, and bioavailability(93). 

Quality Control of Pharmaceuticals: TEM is employed 

in quality control processes to detect and analyze 

contaminants, impurities, or defects in pharmaceutical 

products. It ensures the integrity and purity of the final 

drug formulations(94). 

Biological Sample Analysis: In the study of drug 

interactions with biological tissues or cells, TEM provides 

detailed images of cellular uptake, intracellular 

localization of drugs, and drug-induced changes at the 

subcellular level(95). 

Examples: 

Analysis of Liposomal Drug Delivery Systems: TEM 

was used to study the morphology and structure of 

liposomes loaded with anticancer drugs. The images 

revealed the size distribution, bilayer structure, and drug 

encapsulation efficiency of the liposomes. This 

information guided researchers in optimizing the 

formulation for enhanced drug delivery and cellular 

uptake(96). 

Characterization of Nanocrystals for Enhanced 

Dissolution: In a study on nanocrystals of poorly water-

soluble drugs, TEM was employed to analyze the size, 

shape, and surface characteristics of the nanocrystals. The 

images provided insights into the crystalline structure and 

surface modifications, which improved the dissolution rate 

and bioavailability of the drugs(97). 

Investigation of Protein-Nanoparticle Interactions: 

TEM was utilized to examine the interaction between 

proteins and nanoparticles in drug delivery systems(98). 

The images elucidated the adsorption mechanisms, 

complexes. This knowledge helped in designing 

nanoparticles with improved biocompatibility and targeted 

delivery(99). 

These case examples demonstrate how Transmission 

Electron Microscopy (TEM) plays a pivotal role in 

pharmaceutical research, offering detailed insights into 

nanomaterials, drug formulations, and interactions at the 

molecular level(100). TEM's ability to visualize nanoscale 

structures is instrumental in advancing drug development, 

formulation optimization, and quality assurance in the 

pharmaceutical industry(101). 

3.3. Atomic Force Microscopy (AFM): 

Principles: 

Atomic Force Microscopy (AFM) is a powerful 

imaging and probing technique used to study surfaces at 

the atomic and molecular levels(102). Unlike conventional 
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optical microscopes or electron microscopes, AFM does 

not rely on lenses or electron beams. Instead, it utilizes a 

sharp tip mounted on a flexible cantilever to scan the 

surface of a sample(103). The working principles of AFM 

are as follows: 

Cantilever with Tip: The heart of an AFM system is a 

tiny cantilever with a sharp tip at its end. This tip is usually 

made of materials such as silicon or silicon nitride and has 

a radius of a few nanometers(104). 

Intermittent Contact: In the intermittent contact mode, 

the AFM tip approaches the sample surface, and when it 

gets close enough, van der Waals forces between the tip 

and the surface cause the cantilever to bend. This bending 

is detected by a laser beam reflecting off the back of the 

cantilever(105). 

Feedback Loop: A feedback loop constantly adjusts the 

height of the AFM tip to maintain a constant force or 

amplitude as it scans the surface. This feedback generates 

a topographic map of the sample surface(106). 

3D Imaging: As the AFM tip scans across the sample 

in a raster pattern, it generates a series of height 

measurements. These measurements are used to construct 

a three-dimensional image of the surface, revealing details 

such as height variations, surface roughness, and 

molecular structures(107). 

Force Spectroscopy: AFM can also be used for force 

spectroscopy, where the tip is used to apply controlled 

forces to the sample surface. This allows researchers to 

measure properties such as adhesion forces, elasticity, and 

mechanical properties of materials at the nanoscale(108). 

In summary, AFM provides high-resolution imaging 

and precise measurements of surface topography and 

properties at the atomic and molecular scales, making it a 

versatile tool for a wide range of applications. 

Pharmaceutical Analysis: 

Atomic Force Microscopy (AFM) has become 

increasingly valuable in pharmaceutical analysis due to its 

ability to visualize and characterize nanoscale features of 

pharmaceutical materials(109). 

 Some key applications of AFM in the pharmaceutical 

industry include: 

Drug Delivery Systems Characterization: AFM is used 

to study the morphology, size distribution, and surface 

properties of drug delivery systems such as nanoparticles, 

liposomes, and micelles. This helps in optimizing 

formulations for targeted drug delivery, controlled release, 

and stability(110). 

Surface Roughness and Texture Analysis: AFM 

provides detailed information about the surface roughness, 

texture, and topography of pharmaceutical materials. This 

is crucial for assessing the quality of coatings, films, 

tablets, and other dosage forms(111). 

Crystallographic Studies: AFM can be used to 

investigate the crystallographic properties of drug 

molecules, including crystal size, shape, and orientation. 

This information is vital for understanding drug stability, 

solubility, and dissolution behavior(112). 

Biological Interactions: AFM enables researchers to 

study the interactions between drugs, nanoparticles, or 

biomolecules with biological surfaces such as cell 

membranes or tissues. This includes assessing adhesion 

forces, binding kinetics, and cellular uptake 

mechanisms(113). 

Quality Control and Contaminant Detection: AFM 

helps in quality control processes by detecting 

contaminants, impurities, or defects on pharmaceutical 

surfaces. It ensures the purity and integrity of drug 

formulations(114). 

Case Studies: 

Nanoparticle Morphology in Drug Delivery Systems: 

AFM was used to characterize the morphology and size 

distribution of polymer-based nanoparticles designed for 

targeted drug delivery. The AFM images revealed uniform 

spherical shapes with diameters in the nanometer range. 

This information guided researchers in optimizing the 

formulation for efficient drug release and cellular 

uptake(115). 

Surface Roughness of Coated Tablets: In a study on 
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tablet coatings, AFM was employed to analyze the surface 

roughness and texture of coated tablets. The AFM images 

provided detailed insights into the uniformity and integrity 

of the coating layers, ensuring consistent drug release 

profiles and stability(116). 

Adhesion Forces in Nanomedicine: Researchers used 

AFM to measure the adhesion forces between drug-loaded 

nanoparticles and cancer cells. The AFM force 

spectroscopy revealed varying adhesion strengths, 

indicating differences in nanoparticle surface 

modifications. This study helped in designing 

nanoparticles with enhanced targeting and cellular uptake 

for improved anticancer therapy(117). 

These case studies highlight the versatility of Atomic 

Force Microscopy (AFM) in pharmaceutical analysis, 

from characterizing drug delivery systems to assessing 

surface properties and biological interactions. AFM's 

ability to provide detailed, nanoscale imaging and 

measurements makes it a valuable tool for advancing 

pharmaceutical research, formulation development, and 

quality assurance(118). 

3.4. Dynamic Light Scattering (DLS): 

Overview of DLS: 

Dynamic Light Scattering (DLS), also known as 

Photon Correlation Spectroscopy, is a technique used to 

measure the size distribution of particles in solution. It 

relies on the principle of how particles in suspension will 

scatter light due to Brownian motion(119). The basic 

working principle of DLS involves the following steps: 

Laser Light Source: A laser beam is directed onto the 

sample containing particles in suspension(120). 

Scattering of Light: The particles in the sample scatter 

the laser light in different directions due to their Brownian 

motion(121). 

Detector: A detector measures the fluctuations in the 

intensity of the scattered light over time(122). 

Correlation Function Analysis: The data collected by 

the detector is analyzed using correlation functions. This 

analysis provides information about the speed at which 

particles move, which is directly related to their size(123). 

Size Calculation: The autocorrelation function is used 

to calculate the diffusion coefficient of the particles, which 

is then converted into particle size distribution using the 

Stokes-Einstein equation(124). 

DLS provides information about the hydrodynamic 

diameter of particles in solution, which includes the size of 

the particles as well as the solvent molecules that are 

attached or associated with them. It is a rapid, non-invasive 

technique that requires minimal sample preparation(125). 

Applications in Pharmaceuticals 

Dynamic Light Scattering (DLS) has numerous 

applications in the pharmaceutical industry, particularly in 

the characterization of colloidal systems, nanoparticles, 

and biomolecules(126).  

Some key applications include: 

Nanoparticle Size Distribution: DLS is widely used to 

determine the size distribution of drug nanoparticles, 

liposomes, micelles, and other colloidal drug delivery 

systems. This information is crucial for assessing stability, 

aggregation tendencies, and drug release profiles(127). 

Protein Aggregation Studies: In the development of 

biopharmaceuticals such as monoclonal antibodies, DLS is 

used to monitor protein aggregation and oligomerization. 

It helps in optimizing formulation conditions to prevent 

aggregation, which can affect drug efficacy and 

safety(128). 

Polymer Characterization: DLS is employed to analyze 

the size distribution of polymer nanoparticles used in drug 

delivery and tissue engineering. It provides insights into 

the polydispersity and stability of polymer-based 

formulations(129). 

Quality Control of Suspensions: Pharmaceutical 

suspensions, such as oral suspensions and injectable 

formulations, require precise particle size control. DLS 

ensures the uniformity and stability of suspended particles, 

preventing sedimentation or aggregation issues(130). 

Microparticle Analysis: DLS can also be used to 

analyze larger microparticles or microspheres, providing 
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information on their size distribution and surface 

properties. This is important for the development of 

sustained-release formulations and inhalable drug delivery 

systems(131). 

Examples: 

Liposome Size Optimization for Drug Delivery: In a 

study focusing on liposomal drug delivery systems, DLS 

was used to optimize the size of liposomes for enhanced 

drug delivery(132). The DLS measurements allowed 

researchers to control the size distribution of liposomes, 

ensuring optimal stability and bioavailability of the 

encapsulated drug(133). 

Protein Aggregation Monitoring in Biologics: DLS 

was employed to monitor the aggregation of therapeutic 

proteins during formulation development(134). By 

tracking changes in the size distribution of protein 

aggregates over time, researchers could identify optimal 

storage conditions and prevent aggregation-induced 

degradation(135). 

Characterization of Polymeric Nanoparticles: In a 

study on polymeric nanoparticles for targeted drug 

delivery, DLS provided insights into the size distribution 

and stability of the nanoparticles. The data from DLS 

measurements guided the selection of polymer types and 

formulation parameters for efficient drug release and 

cellular uptake(136). 

These case examples illustrate the versatility of 

Dynamic Light Scattering (DLS) in pharmaceutical 

applications, from optimizing nanoparticle size for drug 

delivery to monitoring protein stability in 

biopharmaceuticals(137). DLS's ability to provide rapid, 

precise measurements of particle size distribution plays a 

crucial role in formulation development, quality control, 

and ensuring the effectiveness of pharmaceutical 

products(138). 

3.5. X-ray Photoelectron Spectroscopy (XPS): 

Principles: 

X-ray Photoelectron Spectroscopy (XPS), also known 

as Electron Spectroscopy for Chemical Analysis (ESCA), 

is a surface-sensitive technique used to analyze the 

elemental composition and chemical state of 

materials(139). It operates on the principle of photoelectric 

effect and involves the following basic principles: 

X-ray Excitation: A sample is bombarded with 

monochromatic X-rays, typically generated by a focused 

X-ray source such as a monochromator(140). 

Photoelectric Effect: When the X-rays strike the 

sample, they cause the ejection of inner-shell electrons 

(core electrons) from atoms in the sample(141). 

Energy Analysis: The kinetic energy of the ejected 

photoelectrons is measured using an electron energy 

analyzer(142). 

Spectra Generation: XPS generates a plot known as a 

spectrum, which shows the number of emitted electrons 

(intensity) as a function of their kinetic energy. Peaks in 

the spectrum correspond to the binding energies of the 

electrons, revealing information about the elements 

present and their chemical environments(143). 

Chemical State Analysis: By analyzing the peak 

positions and shapes in the XPS spectrum, researchers can 

determine the chemical state, oxidation state, and bonding 

environment of elements within the sample(144). 

XPS provides valuable information about the surface 

composition, chemical bonding, and electronic structure of 

materials with high sensitivity and precision(145). 

Pharmaceutical Analysis 

X-ray Photoelectron Spectroscopy (XPS) plays a 

significant role in pharmaceutical analysis by providing 

detailed insights into the surface properties of 

pharmaceutical materials(146).  

Some key applications of XPS in the pharmaceutical 

industry include: 

Surface Composition of Drug Formulations: XPS is 

used to analyze the surface composition of drug 

formulations, including tablets, powders, and coatings. It 

helps in identifying the presence of active pharmaceutical 

ingredients (APIs), excipients, and contaminants on the 

surface(147). 
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Characterization of Nanomaterials: XPS is crucial for 

characterizing nanomaterials used in drug delivery 

systems, such as nanoparticles, nanocarriers, and 

liposomes. It reveals the chemical composition, surface 

functionalization, and stability of nanoscale 

formulations(148). 

Quality Control of Packaging Materials: XPS is 

employed to analyze the surface properties of packaging 

materials used for pharmaceutical products. It helps in 

assessing the composition, cleanliness, and barrier 

properties of packaging films, ensuring product stability 

and integrity(149). 

Drug-Excipient Interactions: XPS studies the 

interactions between drugs and excipients at the molecular 

level. This includes investigating binding sites, chemical 

reactions, and stability of drug formulations, aiding in 

formulation optimization and compatibility studies(150). 

Surface Modifications and Coatings: Pharmaceutical 

surfaces are often modified with coatings for controlled 

release or enhanced bioavailability. XPS provides insights 

into the composition and thickness of these coatings, 

ensuring desired functionalities and performance(151). 

Illustrative Case Studies: 

Surface Analysis of Drug Nanoparticles: In a study on 

polymeric nanoparticles for targeted drug delivery, XPS 

was used to analyze the surface composition and 

functional groups of the nanoparticles. The XPS spectra 

revealed the presence of polymer chains and surface 

modifications, guiding researchers in optimizing the 

nanoparticles for enhanced drug release and stability(152). 

Identification of Surface Contaminants: XPS was 

employed to analyze the surface of pharmaceutical tablets 

for the presence of contaminants. The spectra identified 

trace amounts of environmental contaminants on the tablet 

surface, prompting investigations into manufacturing 

processes and storage conditions(153). 

Characterization of Drug-Coated Stents: In a case 

involving drug-coated stents for cardiovascular 

applications, XPS was used to analyze the composition 

and uniformity of the drug coating. The XPS data 

confirmed the presence of the drug and its distribution on 

the stent surface, ensuring the efficacy and durability of the 

medical device(154). 

These case studies demonstrate the versatility of X-ray 

Photoelectron Spectroscopy (XPS) in pharmaceutical 

analysis, from characterizing drug nanoparticles to 

assessing surface contaminants and analyzing drug-coated 

formulations. XPS's ability to provide detailed chemical 

information at the surface level is invaluable for 

formulation development, quality control, and ensuring the 

safety and efficacy of pharmaceutical products(155). 

 

Table 3: Summary of Nano Analytical Techniques 

Technique Principle Applications 

Scanning 

Electron 

Microscopy 

(SEM) 

Uses focused 

electron beam 

for surface 

imaging 

Particle size and 

morphology 

analysis 

Transmission 

Electron 

Microscopy 

(TEM) 

Transmits 

electrons 

through thin 

samples for 

internal 

structure 

imaging 

Nanoparticle 

characterization, 

crystal structure 

analysis 

 

Atomic Force 

Microscopy 

(AFM) 

Measures 

forces 

between a 

sharp probe 

and sample 

surface 

Surface 

topography and 

property 

measurements 

Dynamic Light 

Scattering 

(DLS) 

Analyzes 

fluctuations in 

light 

scattering 

from particles 

in suspension 

Particle size 

distribution 

measurement 

X-ray 

Photoelectron 

Spectroscopy 

(XPS) 

Measures 

kinetic energy 

of electrons 

ejected by X-

rays 

Chemical 

composition and 

electronic state 

analysis 
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4. Advances in Nano Analytical Techniques: 

4.1. Recent Developments in Nano Analytical Tools: 

Recent years have witnessed remarkable advancements 

in nano analytical tools, offering unprecedented 

capabilities for characterizing and understanding 

nanomaterials(156). 

Some of the noteworthy developments include: 

Correlative Microscopy: This emerging field combines 

multiple imaging techniques such as Scanning Electron 

Microscopy (SEM), Transmission Electron Microscopy 

(TEM), and Atomic Force Microscopy (AFM). Correlative 

microscopy allows researchers to obtain complementary 

information on the same sample, providing a 

comprehensive view of nanoscale structures and 

properties(157). 

Super-Resolution Microscopy: Techniques like 

Stimulated Emission Depletion Microscopy (STED) and 

Single-Molecule Localization Microscopy (SMLM) have 

revolutionized imaging at the nanoscale. These methods 

surpass the diffraction limit of light, enabling visualization 

of molecular details within cells, nanoparticles, and 

biological tissues(158). 

Cryo-Electron Microscopy (Cryo-EM): Cryo-EM has 

become a powerful tool for structural biology and 

nanomaterial characterization. Recent advancements in 

hardware and softwar(159)e have improved resolution and 

speed, allowing for detailed imaging of biological 

macromolecules, protein complexes, and synthetic 

nanomaterials(160). 

Multi-Modal Analysis Platforms: Integrated systems 

combining different analytical techniques, such as AFM 

with Raman spectroscopy or SEM with energy-dispersive 

X-ray spectroscopy (EDS), are becoming more prevalent. 

These platforms offer synergistic insights into the 

chemical, structural, and mechanical properties of 

nanomaterials(161). 

In-Situ and Operando Techniques: Real-time imaging 

and analysis under operando conditions provide dynamic 

insights into nanomaterial behavior during reactions or 

environmental changes. In-situ TEM, for instance, allows 

researchers to observe nanoscale phenomena such as phase 

transitions, growth processes, and catalytic reactions(162). 

Machine Learning and Data Analytics: Advanced 

algorithms and machine learning approaches are being 

applied to analyze vast amounts of data generated by nano 

analytical tools. These tools aid in pattern recognition, 

image segmentation, and prediction of material properties 

based on complex datasets(163). 

4.2. Integration with Other Analytical Methods: 

The integration of nano analytical tools with 

complementary techniques enhances the depth and breadth 

of information obtained from materials 

characterization(164). 

 Some examples of integration include: 

Correlative Analysis: Combining SEM with focused 

ion beam (FIB) milling allows for precise sample 

preparation followed by high-resolution imaging. This 

approach is invaluable for studying nanomaterials in their 

native state with minimal artifacts(165). 

AFM-Raman Spectroscopy: AFM coupled with 

Raman spectroscopy provides simultaneous topographic 

and chemical information at the nanoscale. This 

integration enables the mapping of chemical compositions, 

molecular structures, and surface properties of 

samples(166). 

TEM-EDS: Transmission Electron Microscopy 

combined with Energy-Dispersive X-ray Spectroscopy 

offers elemental analysis at the nanoscale. This integration 

is essential for identifying and mapping the distribution of 

elements within nanomaterials and biological 

specimens(167). 

XPS-Depth Profiling: X-ray Photoelectron 

Spectroscopy with depth profiling capabilities allows for 

the analysis of layered structures. This integration is 

crucial for studying coatings, thin films, and interfaces in 

pharmaceutical formulations or material science 

applications(168). 

Multi-Modal Microscopy: Integrated platforms that 
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combine fluorescence microscopy with AFM or SEM 

enable simultaneous imaging of biological samples with 

high spatial resolution and molecular specificity(169). 

4.3. Impact on Pharmaceutical Research and 

Development: 

The integration of advanced nano analytical tools has 

had a transformative impact on pharmaceutical research 

and development (R&D) in several ways(170): 

Drug Delivery Optimization: Nano analytical tools aid 

in the design and optimization of drug delivery systems, 

including nanoparticles, liposomes, and micelles. Precise 

characterization of these systems ensures controlled 

release, enhanced bioavailability, and targeted delivery of 

therapeutic agents(171). 

Formulation Stability and Quality Control: 

Pharmaceutical formulations undergo rigorous analysis 

using nano analytical techniques to assess stability, 

uniformity, and particle size distribution. This ensures 

product quality, shelf-life, and compliance with regulatory 

standards(172). 

Biomolecular Interactions and Mechanisms: Advanced 

microscopy techniques coupled with nano analytical tools 

allow researchers to study drug-protein interactions, 

cellular uptake mechanisms, and intracellular trafficking. 

This knowledge is crucial for understanding drug efficacy, 

toxicity, and pharmacokinetics(173). 

Personalized Medicine and Nanomedicine: Nano 

analytical tools enable the development of personalized 

therapies based on individual patient characteristics. 

Nanomedicines tailored to specific diseases or genetic 

profiles offer targeted treatments with reduced side 

effects(174). 

Accelerated Drug Development: The rapid, detailed 

insights provided by nano analytical tools accelerate the 

drug discovery process. Researchers can screen and 

optimize drug candidates, predict formulations with 

desirable properties, and reduce the time-to-market for 

new pharmaceuticals(175). 

Safety and Toxicity Assessment: Nanotoxicology 

studies benefit from nano analytical tools to assess the 

safety profiles of nanomaterials. Techniques such as TEM, 

AFM, and XPS aid in understanding cellular responses, 

potential risks, and mitigating factors for safe use in 

pharmaceutical applications(176). 

In summary, the integration of advanced nano 

analytical tools with other techniques has revolutionized 

pharmaceutical R&D, offering precise control over drug 

formulations, insights into molecular mechanisms, and the 

development of innovative therapies. These tools continue 

to drive innovation in nanomedicine, personalized 

treatments, and the optimization of pharmaceutical 

products for improved patient outcomes(177). 

5. Challenges and Limitations: 

5.1. Technical Challenges in Nano Analytical 

Techniques: 

Nano analytical techniques, despite their incredible 

capabilities, come with several technical challenges that 

researchers and scientists often encounter(178): 

Resolution Limitations: Achieving high resolution at 

the nanoscale can be challenging, especially in techniques 

like Optical Microscopy. Diffraction limits restrict the 

ability to distinguish features smaller than the wavelength 

of light(179). 

Instrumentation Complexity: Many nano analytical 

tools require sophisticated and specialized equipment, 

which can be expensive to acquire, operate, and maintain. 

This includes instruments like Electron Microscopes, 

which demand vacuum conditions and precise beam 

control(180). 

Sample Preparation: Preparing samples for analysis is 

crucial but can be complex and time-consuming. Ensuring 

that the sample is representative, properly mounted, and 

free from artifacts is essential for accurate results(181). 

Data Analysis and Interpretation: The vast amount of 

data generated by nano analytical tools requires advanced 

data analysis techniques. Extracting meaningful 

information from complex datasets and interpreting results 

accurately can be a significant challenge(182). 
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Sample Damage or Alteration: Techniques such as 

Electron Microscopy can potentially damage or alter the 

sample due to high-energy beams. Minimizing sample 

damage while obtaining high-quality images is a balancing 

act(183). 

Environmental Interference: Nano analytical 

techniques are sensitive to environmental conditions such 

as temperature, humidity, and vibration. Controlling these 

factors to ensure stable and reproducible measurements is 

a constant challenge(184). 

Single-Molecule Detection: In techniques like Single-

Molecule Fluorescence Microscopy, detecting and 

tracking individual molecules in real-time poses technical 

hurdles due to background noise and signal-to-noise ratio 

challenges(185). 

Quantitative Analysis: Accurately quantifying 

properties such as particle size, distribution, and 

concentration can be difficult in nano analytical 

techniques, especially in complex samples(186). 

Instrument Alignment and Calibration: Maintaining 

precise alignment and calibration of instruments is crucial 

for obtaining reliable and reproducible results. Any 

misalignment or drift can introduce errors in 

measurements(187). 

Addressing these technical challenges requires a 

combination of expertise in instrumentation, sample 

preparation techniques, data analysis, and a deep 

understanding of the principles underlying each nano 

analytical method(188). 

5.2. Sample Preparation Issues: 

Sample preparation is a critical aspect of nano 

analytical techniques, and issues in this stage can 

significantly impact the results(189): 

Contamination and Artifacts: Improper handling or 

storage of samples can introduce contaminants, affecting 

the analysis. Artifacts such as dust particles, residues, or 

surface contaminants can obscure true sample 

features(190). 

Homogeneity and Representativeness: Ensuring 

sample homogeneity is crucial for obtaining reliable and 

reproducible results. Variations in sample composition or 

structure can lead to misleading conclusions(191). 

Size and Shape Alterations: Some sample preparation 

methods, such as drying techniques for Electron 

Microscopy, can alter the size, shape, or distribution of 

nanoparticles or biological specimens(192). 

Embedding and Mounting: The choice of embedding 

media and mounting substrates can affect the interaction 

of the sample with the nano analytical tool. Incompatibility 

between the sample and substrate can lead to signal 

distortion or poor resolution(193). 

Compatibility with Techniques: Different nano 

analytical techniques require specific sample preparation 

methods. Adapting samples to suit multiple techniques 

while preserving their integrity can be challenging(194). 

Minimizing Surface Effects: Surface-sensitive 

techniques like X-ray Photoelectron Spectroscopy (XPS) 

are highly sensitive to surface conditions. Controlling 

sample exposure to air or contaminants during preparation 

is crucial(195). 

Thin Sectioning for TEM: Samples for Transmission 

Electron Microscopy (TEM) often require ultra-thin 

sections, which can be difficult to achieve without 

specialized equipment and techniques. Variations in 

section thickness can impact image quality and 

analysis(196). 

Biological Specimen Preservation: Preserving the 

native structure and function of biological samples during 

preparation is challenging. Cryogenic methods or 

chemical fixation may introduce artifacts or alter cellular 

structures(197). 

5.3. Potential Drawbacks in Pharmaceutical 

Applications: 

While nano analytical techniques offer significant 

advantages in pharmaceutical research, there are also 

potential drawbacks to consider(198): 

Cost and Resources: Acquiring and maintaining 

advanced nano analytical instruments can be costly, 
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especially for smaller pharmaceutical companies or 

research institutions. This can limit accessibility to cutting-

edge technologies(199). 

Complexity and Training: Operating nano analytical 

tools requires specialized training and expertise. The 

complexity of instruments can pose a barrier to entry for 

researchers unfamiliar with the techniques(200). 

Time-Consuming Processes: Sample preparation, 

analysis, and data interpretation in nano analytical 

techniques can be time-consuming. This can slow down 

the pace of drug development and research(201). 

Limited Sample Throughput: Some techniques, such as 

Cryo-Electron Microscopy (Cryo-EM), may have 

limitations in sample throughput due to the time-intensive 

nature of sample preparation and imaging(202). 

Interpretation Challenges: Interpreting nano analytical 

data, especially in complex systems like drug delivery 

nanoparticles or biological tissues, requires expertise in 

both the technique and the specific application(203). 

Limited Compatibility: Not all nano analytical 

techniques are compatible with pharmaceutical 

formulations or biological samples. Ensuring 

compatibility and adapting methods for specific 

applications can be challenging(204). 

Sample Size Requirements: Some techniques, such as 

Single-Molecule Microscopy, may require a high 

concentration of samples or specific conditions for optimal 

detection. This can limit the applicability to small sample 

volumes or dilute solutions(205). 

Regulatory Considerations: Implementing new nano 

analytical methods in pharmaceutical research may require 

validation, standardization, and adherence to regulatory 

guidelines. This can add complexity and time to the 

development process(206). 

Ethical and Safety Concerns: In the case of 

nanomedicine, there are ongoing discussions about the 

safety, toxicity, and long-term effects of nanoparticles on 

human health. Thorough evaluation and risk assessment 

are essential(207). 

Despite these drawbacks, the benefits of nano 

analytical techniques in pharmaceutical applications often 

outweigh the challenges. Addressing these concerns 

through collaborative research efforts, standardization of 

protocols, and continuous technological advancements is 

crucial for harnessing the full potential of these powerful 

tools in drug development and healthcare(208). 

6. Applications in Pharmaceutical Industry: 

6.1. Drug Formulation Analysis: 

Nano analytical techniques play a crucial role in the 

analysis and optimization of drug formulations, ensuring 

their effectiveness, stability, and targeted delivery(209): 

Particle Size and Distribution: Techniques like 

Dynamic Light Scattering (DLS) and Laser Diffraction are 

used to measure the particle size distribution of drug 

nanoparticles or microparticles. This information is vital 

for controlling drug release rates, solubility, and 

bioavailability(210). 

Surface Morphology and Coating Analysis: Scanning 

Electron Microscopy (SEM) and Atomic Force 

Microscopy (AFM) provide detailed images of the surface 

morphology of drug particles. This helps in assessing the 

effectiveness of coatings for controlled release, stability, 

and interaction with biological systems(211). 

Chemical Composition and Bonding: X-ray 

Photoelectron Spectroscopy (XPS) and Fourier Transform 

Infrared Spectroscopy (FTIR) are utilized to analyze the 

chemical composition of drug formulations. These 

techniques reveal the presence of active pharmaceutical 

ingredients (APIs), excipients, and any chemical changes 

during formulation processes(212). 

Crystallographic Studies: Transmission Electron 

Microscopy (TEM) and X-ray Diffraction (XRD) are 

employed to study the crystalline structure of drug 

compounds. Understanding the polymorphic forms, 

crystal sizes, and orientation aids in predicting stability, 

dissolution rates, and bioavailability of drugs(213). 

Encapsulation Efficiency: Fluorescence Spectroscopy 

and Confocal Microscopy are used to assess the 
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encapsulation efficiency of drug molecules within 

nanocarriers such as liposomes or nanoparticles. This 

ensures optimal drug loading capacity and controlled 

release characteristics(214). 

Rheological Properties: Rheology measurements using 

techniques like Rheometry provide insights into the flow 

properties and viscosity of drug formulations. This is 

crucial for designing injectable formulations, creams, or 

gels with desired application and administration 

properties(215). 

By employing these nano analytical techniques, 

pharmaceutical scientists can gain a comprehensive 

understanding of the physical, chemical, and structural 

properties of drug formulations. This knowledge enables 

them to optimize formulations for enhanced drug stability, 

efficacy, and patient compliance(216). 

6.2. Quality Control and Assurance: 

Nano analytical tools are indispensable for maintaining 

the quality and consistency of pharmaceutical products 

throughout the manufacturing process(217): 

Batch-to-Batch Variability: Techniques such as DLS 

and SEM help in monitoring the particle size distribution 

and morphology of drug formulations across different 

batches. Any variations can be identified early, ensuring 

consistent product quality(218). 

Contaminant Detection: XPS and Energy-Dispersive 

X-ray Spectroscopy (EDS) are used to detect and analyze 

contaminants or impurities in pharmaceutical samples. 

This ensures compliance with regulatory standards and 

patient safety(219). 

Stability Studies: Long-term stability of drug 

formulations is assessed using techniques like FTIR, XRD, 

and Differential Scanning Calorimetry (DSC). Changes in 

crystallinity, chemical composition, or physical properties 

over time are monitored to ensure product shelf-life and 

efficacy(220). 

Uniformity of Dosage Forms: SEM and AFM are 

employed to examine the surface uniformity and integrity 

of tablets, capsules, or patches. This ensures uniform drug 

distribution and dissolution rates for consistent 

dosing(221). 

Validation of Cleaning Processes: SEM and XPS are 

used to validate cleaning procedures for manufacturing 

equipment. Residual traces of previous formulations or 

cleaning agents can be detected and eliminated to prevent 

cross-contamination(222). 

Trace Elemental Analysis: ICP-MS (Inductively 

Coupled Plasma Mass Spectrometry) is utilized for trace 

elemental analysis in pharmaceuticals. It helps in detecting 

minute levels of heavy metals or toxic elements that can 

pose risks to patient safety(223). 

By implementing these nano analytical techniques in 

quality control processes, pharmaceutical companies can 

ensure that their products meet stringent regulatory 

requirements, adhere to Good Manufacturing Practices 

(GMP), and deliver safe and effective treatments to 

patients(224). 

6.3. Nanoparticle Characterization for Drug 

Delivery Systems: 

Nano analytical techniques are essential for 

characterizing the properties and behavior of nanoparticles 

used in drug delivery systems(225): 

Size and Size Distribution: DLS, TEM, and SEM are 

employed to measure the size, size distribution, and 

morphology of nanoparticles. This information is crucial 

for designing nanoparticles with optimal drug loading 

capacity and controlled release profiles(226). 

Surface Functionalization: XPS and FTIR 

spectroscopy help in analyzing the surface chemistry and 

functional groups of nanoparticles. Surface modifications 

with polymers, ligands, or targeting moieties can be 

characterized to enhance biocompatibility and target-

specific delivery(227). 

Drug Encapsulation Efficiency: Fluorescence 

Spectroscopy and UV-Vis Spectroscopy are used to 

quantify the amount of drug encapsulated within 

nanoparticles. This ensures efficient drug loading and 

controlled release kinetics(228). 
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In vitro Release Studies: Techniques like HPLC (High-

Performance Liquid Chromatography) combined with 

SEM or TEM are utilized for in vitro release studies of 

drug-loaded nanoparticles. This provides insights into the 

release kinetics, stability, and mechanisms of drug release 

from nanoparticles(229). 

Biological Interactions: AFM and Confocal 

Microscopy allow researchers to study the interactions of 

nanoparticles with biological systems. Cellular uptake, 

intracellular trafficking, and cytotoxicity can be assessed 

to optimize nanoparticles for therapeutic efficacy and 

safety(230). 

Stability in Biological Fluids: DLS and Zeta Potential 

measurements are used to assess the stability of 

nanoparticles in biological fluids such as blood or saliva. 

This ensures that nanoparticles retain their integrity and 

drug release properties in physiological conditions(231). 

Characterizing nanoparticles with these nano analytical 

techniques is essential for developing successful drug 

delivery systems with enhanced therapeutic outcomes, 

reduced side effects, and improved patient 

compliance(232). 

6.4. Detection of Impurities and Contaminants: 

Nano analytical tools are invaluable for detecting, 

identifying, and quantifying impurities or contaminants in 

pharmaceutical products(233): 

Particle Analysis: DLS, SEM, and TEM are used to 

analyze the size, morphology, and composition of 

particulate contaminants in pharmaceutical samples. This 

includes foreign particles, aggregates, or crystals that may 

affect product quality(234). 

Chemical Composition: XPS, FTIR, and Raman 

Spectroscopy provide information on the chemical 

composition and structure of contaminants. This helps in 

identifying the source of contamination and taking 

corrective actions(235). 

Trace Elemental Analysis: ICP-MS and Atomic 

Absorption Spectroscopy (AAS) are employed for 

detecting trace levels of heavy metals, such as lead, 

arsenic, or mercury, which can be harmful if present in 

pharmaceutical products(236). 

Organic Impurities: GC-MS (Gas Chromatography-

Mass Spectrometry) and HPLC are utilized for detecting 

organic impurities, such as residual solvents, degradation 

products, or impurities from raw materials(237). 

Microbial Contamination: Microbial contamination is 

detected using techniques like Polymerase Chain Reaction 

(PCR) for genetic analysis or Microbiological Assays for 

viable counts. These methods ensure that pharmaceutical 

products are free from harmful microbes(238). 

Cross-Contamination Prevention: SEM and XPS are 

used to validate cleaning procedures to prevent cross-

contamination between different drug formulations or 

manufacturing equipment(239). 

By employing these nano analytical techniques for 

impurity detection, pharmaceutical manufacturers can 

ensure the safety, purity, and efficacy of their products, 

meeting regulatory standards and safeguarding patient 

health(240). 

7. Future Perspectives: 

7.1. Emerging Trends in Nano Analytical 

Techniques: 

Nano analytical techniques continue to evolve, driven 

by the need for higher resolution, sensitivity, and multi-

modal capabilities(241). Some emerging trends in this 

field include: 

Multimodal Imaging and Spectroscopy: Integration of 

multiple imaging and spectroscopic techniques into a 

single platform allows researchers to obtain 

comprehensive information about samples. For example, 

combining AFM with Raman spectroscopy enables 

simultaneous characterization of topography and chemical 

composition at the nanoscale(242). 

3D Tomography and Reconstruction: Techniques such 

as Electron Tomography and X-ray Tomography are 

advancing towards three-dimensional imaging of 

nanostructures. This allows for detailed visualization of 

internal structures, pores, and interfaces within materials 
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and biological specimens(243). 

Plasmonic and Optical Sensing: Plasmonic techniques, 

such as Surface-Enhanced Raman Spectroscopy (SERS), 

offer ultra-sensitive detection of molecules at the 

nanoscale. These methods are being explored for label-free 

sensing of biomolecules, environmental pollutants, and 

drug interactions(244). 

Single-Particle Analysis: Advancements in techniques 

like Single-Particle Cryo-Electron Microscopy (Cryo-EM) 

enable the study of individual nanoparticles or 

biomolecules. This provides insights into heterogeneity, 

conformational dynamics, and interactions at the single-

molecule level(245). 

In-Situ and Operando Analysis: Real-time imaging and 

analysis under realistic conditions are becoming more 

feasible with in-situ techniques. Observing reactions, 

phase transitions, and structural changes as they occur 

provides deeper insights into material behavior(246). 

Machine Learning and Big Data Analytics: Integration 

of machine learning algorithms with nano analytical data 

allows for faster analysis, pattern recognition, and 

prediction of material properties. This facilitates data-

driven decision-making and accelerates discoveries(247). 

Nanopore Sensing: Nanopore-based techniques, such 

as Nanopore Sequencing, offer rapid, label-free analysis of 

biomolecules like DNA and proteins. These methods have 

potential applications in personalized medicine, 

diagnostics, and drug screening(248). 

Quantum Sensing: Quantum-based sensors, such as 

Quantum Dots or NV Centers in diamonds, are being 

explored for ultra-sensitive detection of magnetic fields, 

biomolecules, and molecular interactions. These sensors 

offer high precision and low detection limits(249). 

7.2. Potential Breakthroughs in Pharmaceutical 

Analysis: 

The integration of nano analytical techniques holds 

promise for several potential breakthroughs in 

pharmaceutical analysis(250): 

Real-Time Drug Monitoring: Nanosensors capable of 

detecting drug concentrations in the body in real-time 

could revolutionize personalized medicine. These sensors, 

possibly implanted or wearable, would allow for precise 

dosing adjustments and monitoring of therapeutic 

levels(251). 

Nanomedicine Design Optimization: Advanced 

imaging techniques combined with computational 

modeling can lead to the rational design of nanocarriers for 

drug delivery. Tailoring nanoparticles for specific tissues, 

diseases, and patient profiles could enhance efficacy and 

reduce side effects(252). 

Targeted Drug Delivery Systems: Precision targeting 

of diseased cells or tissues using nano analytical tools 

enables the development of targeted therapies. 

Functionalized nanoparticles with ligands or antibodies 

can deliver drugs directly to the site of action, minimizing 

systemic exposure(253). 

Predictive Pharmacokinetics and Pharmacodynamics: 

Incorporating nanoscale imaging and modeling into drug 

development processes can improve predictions of drug 

behavior in the body. This includes understanding drug 

distribution, metabolism, and response in different patient 

populations(254). 

Theranostic Nanoparticles: Nanoparticles with 

combined diagnostic and therapeutic capabilities offer 

personalized treatment options. Imaging modalities 

integrated into nanoparticles allow for real-time 

monitoring of treatment response, guiding adjustments in 

therapy(255). 

Biosensors for Disease Biomarkers: Nanoscale 

biosensors capable of detecting disease biomarkers in 

bodily fluids could enable early diagnosis and monitoring 

of diseases such as cancer, diabetes, and infectious 

diseases(256). 

Nanoparticle Vaccine Delivery: Nano analytical 

techniques aid in the design of efficient vaccine delivery 

systems. Nanoparticles carrying antigens or adjuvants can 

enhance immune responses, leading to improved vaccine 

efficacy and durability(257). 
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Drug-Device Combinations: Nano analytical tools 

contribute to the development of smart drug-device 

combinations. These include implantable devices, 

microneedle patches, and controlled-release systems 

designed for precise drug delivery and patient 

convenience(258). 

7.3. Role in Personalized Medicine and Targeted 

Therapies: 

Nano analytical techniques are at the forefront of 

personalized medicine, offering tailored treatments based 

on individual patient characteristics(259): 

Patient-Specific Drug Formulations: High-resolution 

imaging and characterization of nanoparticles allow for 

customizing drug formulations to suit patient needs. 

Variations in particle size, coating, or drug loading can be 

optimized for optimal efficacy and patient tolerance(260). 

Biomarker Detection and Monitoring: Nanoscale 

biosensors and imaging tools enable the detection of 

specific biomarkers indicative of disease or treatment 

response. This facilitates early diagnosis, treatment 

monitoring, and adjustment of therapies in real-time(261). 

Precision Drug Delivery: Functionalized nanoparticles 

with targeting ligands or antibodies enable precise delivery 

of drugs to diseased tissues or cells. This minimizes 

systemic side effects and enhances the therapeutic index of 

medications(262). 

Genomic and Proteomic Analysis: Nano analytical 

techniques contribute to the study of individual genetic 

variations and protein expression profiles. This 

information guides the selection of personalized therapies, 

predicting drug responses and potential adverse 

reactions(263). 

Theranostics for Integrated Diagnosis and Therapy: 

Theranostic nanoparticles combine diagnostic imaging 

and therapeutic functionalities in a single platform. These 

nanoparticles allow for non-invasive monitoring of 

treatment response while delivering targeted 

therapies(264). 

Tailored Cancer Therapies: Nanoparticles designed for 

targeted drug delivery to cancer cells revolutionize cancer 

treatment. Imaging-guided therapies, such as 

photodynamic therapy or magnetic hyperthermia, offer 

precise and localized treatment options(265). 

Regenerative Medicine and Tissue Engineering: Nano 

analytical tools aid in the development of biomimetic 

scaffolds and nanoparticles for tissue regeneration. These 

personalized approaches facilitate the repair of damaged 

tissues and organs(266). 

Remote Monitoring and Telemedicine: Wearable 

nanosensors or implantable devices provide continuous 

monitoring of patient health parameters. This data, 

transmitted remotely to healthcare providers, enables 

proactive interventions and personalized care plans(267). 

As nano analytical techniques continue to advance, 

their integration into personalized medicine holds 

immense potential for improving patient outcomes, 

reducing healthcare costs, and ushering in a new era of 

targeted, patient-centric therapies. These developments 

mark a significant shift towards precision medicine, where 

treatments are tailored to the unique biology and needs of 

each individual(268). 

 

Conclusion: 

Nano analytical techniques represent a cornerstone of 

modern pharmaceutical analysis, offering invaluable 

insights that shape every stage of drug development and 

patient care. By delving into the intricate details of drug 

formulations, these techniques enable optimization for 

enhanced stability, bioavailability, and targeted delivery, 

fostering the creation of innovative therapies. Moreover, 

their role in stringent quality control processes ensures the 

production of safe and effective pharmaceutical products 

that comply with regulatory standards. The evolution of 

nano analytical tools continues to drive breakthroughs in 

personalized medicine, nanomedicine, and efficient drug 

development, promising transformative outcomes for 

healthcare. However, to fully harness their potential, 

further research and development are imperative. This 
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entails advancing instrumentation, exploring novel 

applications, overcoming technical challenges, and 

fostering collaborative initiatives across academia, 

industry, and regulatory sectors. 

Moreover, emphasis on education and training 

programs is crucial to cultivate a skilled workforce capable 

of leveraging these technologies effectively. By investing 

in these endeavors, the pharmaceutical industry can not 

only advance drug discovery and formulation but also pave 

the way for personalized therapies tailored to individual 

patient needs. Ultimately, the continued advancement of 

nano analytical techniques holds the promise of 

revolutionizing healthcare, improving patient outcomes, 

and ushering in a new era of precision medicine. Through 

collective efforts, we can unlock the full potential of these 

tools to address the complex challenges of disease 

treatment and propel pharmaceutical innovation towards a 

brighter, healthier future. 
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 تقنيات التحليل النانوي في التحليل الصيدلاني
 

 *2سادن ي. رشما ،1أبارنا إم ،1تي. فارما كي ،1سي. هيما بندو
 

 .الهند -قسم التحليل الصيدلاني، معهد راغافيندرا للتعليم والبحوث الصيدلانية، تقاطع كيه. آر. بالي، أنانتابور، تشيييدو، أندرا براديش1
 الهند. -. آر. بالي، أنانتابور، تشيييدو، أندرا براديش قسم ضمان الجودة الصيدلانية، معهد راغافيندرا للتعليم والبحوث الصيدلانية، تقاطع كيه2

  

 ملخـص
تلعب التقنيات التحليلية النانوية دورًا محوريًا في تقدم التحليل الصيدلاني من خلال توفير رؤى مفصلة حول التركيبات 

والاتجاهات الناشئة في هذا المجال. الدوائية، وعمليات مراقبة الجودة، وتوصيف الجسيمات النانوية، واكتشاف الشوائب، 
يبرز هذا الملخص أهمية الأدوات التحليلية النانوية في تحسين أنظمة توصيل الأدوية، وضمان جودة المنتج وسلامته، 
وتوصيف الجسيمات النانوية، واكتشاف الشوائب الدقيقة. تشمل النقاط الرئيسية أهمية هذه التقنيات في تعزيز استقرار 

وتمكين توصيل الأدوية المستهدف، وتسهيل الطب الشخصي. علاوة على ذلك، يسلط الملخص الضوء على  الأدوية،
المشهد المتطور للطرق التحليلية النانوية، مثل التصوير متعدد الأوضاع وأجهزة الاستشعار القائمة على الكم، وإمكاناتها 

ب الدقيق. يدعو الملخص إلى استمرار الجهود البحثية والتطويرية لتحقيق اختراقات في مراقبة الأدوية في الوقت الفعلي والط
لتحسين الأجهزة، واستكشاف التطبيقات الجديدة، ومعالجة التحديات التقنية، وتعزيز التعاون، وتحسين برامج التعليم والتدريب 

طوير الأدوية، وتحسين نتائج الرعاية في التحليل الصيدلاني. بشكل عام، تعد التقنيات التحليلية النانوية بإحداث ثورة في ت
 الصحية، وتمهيد الطريق للعلاجات الشخصية المخصصة لتلبية احتياجات المرضى الفردية.

تقنيات التحليل النانوية، التحليل الصيدلاني، التركيبات الدوائية، مراقبة الجودة، توصيف الجسيمات النانوية،  الكلمات الدالة:
 .اكتشاف الشوائب
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ABSTRACT 
Background: Cardiopulmonary bypass (CPB) is a common technique in cardiac surgery, however, it is associated 

with acute kidney injury. The type of solution in the CPB circuit can potentially affect surgery outcome through 

affecting several organs and body homeostasis. The optimal prime solution for the CPB) circuit in adult cardiac 

surgery has not yet been defined. Mannitol is widely used in the priming solution for CPB even though there is no 

clear consensus on the role of mannitol in cardiac surgery. 

Purpose: The purpose of this study was to investigate the effect of mannitol in the CPB prime solution on renal 

function during cardiac surgery and post-operative in selected private hospitals in Nablus City 

Design and method: prospective cohort study design conducted at An-Najah National University Hospital and 

specialized Arab hospital. A sample of 120 patients was studied. The patients had cardiac surgery and they had 

preoperative normal renal function. 

Results: The use of mannitol in the CPB prime solution was associated with a decrease in creatinine and BUN 

readings levels in the postoperative period (postoperative period mean =0.7692 ± 0.26068, and 18.3917 ± 

7.56629mg/dl, respectively; p-value<0.001) and an increase in GFR levels in the postoperative period 

(postoperative period mean = 112.27861 ± 1.43604, p-value<0.001) indicating and improvement in renal function 

following cardiac surgery.  

Keywords: creatinine, mannitol, cardiopulmonary bypass, cardiac surgery, Renal function. 

 

1. INTRODUCTION 

Cardiopulmonary bypass (CPB) is a required 

circulatory support during cardiac surgery. CPS is (1). 

often associated with the risk of postoperative renal 

dysfunction, and thus it needs careful management 

strategies to recover this complication (2) especially to 

maintain acid-base balance and normal electrolyte levels. 

The CPB circuit prime solution can potentially affect post-

surgical outcomes through affecting various organ systems 

and homeostasis, such as the central nervous, renal 

systems, coagulation, osmolality, and electrolyte levels (1-

6). previous studies examined the effect of using mannitol 

in the prime solution for CPB to protect renal system 

during and post cardiac surgery with the aim of preserving 

renal function during and after cardiac surgery (7). 

However, the selection of CPB prime typically relies 

on individual preferences and practices (6). There is a 

debate within medical community on mannitol impact on 

renal function during cardiac surgery and immediate 

postoperative period (7). Recent surveys have revealed 

mailto:belalrahhal@najah.edu
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significant global disparities in CPB techniques and 

priming, yet the reasons behind such variations and their 

clinical ramifications remain vague (8). Currently, no 

standardized guidelines exist regarding the choice or 

customization of CPB prime solutions to suit specific 

patient characteristics or conditions. 

CPB prime solutions commonly consist of crystalloid 

fluids, often supplemented with mannitol, a 6-carbon 

natural alditol. Mannitol serves as a volume expander with 

osmotic diuretic properties and thus has potential effects 

on various organ systems (1,8, 9). Several studies reported 

conflicting results regarding mannitol use. Some of these 

studies raised concerns about potential adverse effects on 

renal function, while others suggested a protective effect 

of mannitol (10-14). 

Notably, one study found no significant clinical impact 

following the removal of mannitol from the priming 

solution, identifying only economic benefits (15). 

Consequently, consensus regarding mannitol's role during 

cardiac surgery remains elusive, with limited studies 

investigating its effects in CPB prime solutions (16). 

 

2. MANNITOL AND RENAL FUNCTION 

Emerging studies are exploring various renal 

protective strategies during cardiac surgery. These 

strategies include pharmacological interventions, 

modifications in surgical techniques, and advancements in 

perfusion strategies, aiming to optimize renal outcomes 

(25). 

Mannitol, a well-established osmotic diuretic, has been 

a subject of significant interest in cardiac surgery field. It 

increases intratubular osmotic pressure, thus enhancing 

free water excretion. Furthermore, mannitol was reported 

to induce renal vasodilatation by decreasing renal vascular 

resistance and thus increasing renal blood flow although it 

may not affect glomerular filtration rates (GFR). 

Research had focused on the possible effects of 

mannitol in cardiac surgery, focusing on its potential 

Reno-protective effects and implications for patient 

outcomes. For instance, Mannitol is studied for its 

potential ability to alleviate renal ischemia and perfusion 

related injuries during cardiac surgery. In addition, as an 

osmotic diuresis, mannitol could protect renal function 

through maintaining renal blood flow and reducing tubular 

obstruction (24, 26). 

Many studies especially randomized controlled trials 

have been conducted to check and evaluate the 

effectiveness of mannitol in protecting the renal function 

during and after cardiac surgery. These studies often assess 

the special parameters and tests such as creatinine serum 

level, Blood urea nitrogen (BUN), and GFR (27). 

Variable effects have been reported for the possible 

outcomes for mannitol use during cardiac surgery.  These 

Conflicting findings highlight the need for a better 

understanding, taking into account factors such as patient 

populations, surgical techniques, and study designs (28). 

In conclusion, mannitol holds promise as a reno-

protective agent in the context of cardiac surgery. 

However, ongoing research is essential to address existing 

controversies and to refine guidelines for its optimal use. 

As cardiac surgery evolves, the role of mannitol and its 

potential synergies with emerging therapies will continue 

to shape the landscape of renal protection strategies. 

 

3. METHODS 

Study Design and Settings: 

This study is an observational prospective cohort study 

that is designed to evaluate whether mannitol given during 

cardiac surgery are associated with the changes in renal 

functions among patients underwent cardiac surgery. The 

study was conducted in Palestine at An-Najah National 

University Hospital and specialized Arab hospital. A 

sample of 120 patients were studies. Data collection started 

in October 2023 and was completed by March 2024. 

Ethical approval: 

Ethical approval for our study entitled " Effect of 

Mannitol on renal function during cardiac surgery and 

immediate post-operative in selected private hospitals in 
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Nablus City/ Palestine" was obtained from An–Najah 

National University IRB committee on 9th of October 

2023 (C.P.T. Oct. 2023/40) and all methods were carried 

out in accordance with relevant guidelines and regulations. 

Patient Recruitment: 

The study included adult patients scheduled for cardiac 

surgery The Patients were recruited from the cardiac 

surgery unit, and informed consent was obtained prior to 

participation. 

Inclusion and exclusion Criteria: 

Patients aged 18 years and older undergoing elective 

cardiac surgery (e.g., CABG, valve replacement) and 

received intraoperative Mannitol administration and not 

complaining of renal failure were included in this study. . 

Patients with pre-existing renal impairment (e.g., 

chronic kidney disease), undergoing emergency surgery, , 

patients weight less than 50 kg, patients with preoperative 

hematocrit less than 24% and previous history of cardiac 

surgery and patients who had contraindications to 

Mannitol were excluded from the study. 

Study Tool: 

Data were collected from the patients’ medical records. 

The studied data includes demographic information (age, 

gender, BMI, smoking status), Preoperative medical 

history (e.g., hypertension, diabetes) and Laboratory 

results (creatinine, BUN, hemoglobin, GFR) measured 

preoperatively and postoperatively. 

The study primary outcome variable was postoperative 

renal function, which was assessed through serum 

creatinine levels, blood urea nitrogen (BUN) levels. These 

variables were measured using standard laboratory 

procedures preoperatively and postoperatively. 

Glomerular filtration rate (GFR) was calculated based on 

serum creatinine levels. 

Data Analysis: 

Statistical analyses were performed using SPSS. Paired 

sample t-tests were used to compare preoperative and 

postoperative values for creatinine, BUN, hemoglobin, 

and GFR. A p value of 0.05 was adopted as a threshold for 

significance. 

Associations between demographic factors (e.g., age, 

gender) and postoperative renal function were analyzed 

through chi square and linear regression, with p-values 

reported to indicate statistical significance. 

 

4. RESULTS 

A sample of 120 patients who underwent cardiac 

surgery during the time period of the study were enrolled. 

All patients enrolled in the study used heart lung machine 

with mannitol used in the cardiopulmonary bypass. All of 

the enrolled patients had normal renal function in the 

preoperative period. Table 1 shows the demographic data 

of the participants. 

 

Table1. Demographic characteristics of the study 

sample 

Variable 
Frequency (%) 

N= 120 

Age category (years)  

<30 3 (2.5) 

30-45 10 (8.3) 

45.1-60 58 (48.3) 

>60 49 (40.8) 

Age scale Mean: 56 ± 0.06 

Gender  

Male 80 (66.7) 

Female 40 (33.3) 

BMI category(kg/m^2)  

<18.5 underweight 0 

18.5-24.9 normal 43 (35.8) 

25-29.9 overweight 53 (44.2) 

30-34.9 obese 14 (11.7) 

≥35 extremely obese 10 (8.3) 

Smoking  

No 71(59.2) 

Yes 49 (40.8) 

past medical history  

Hypertension 79 (65.8) 

Diabetes Meletus 70 (58.3) 

 

4.1 preoperative measurements 

The distribution of preoperative creatinine serum 

levels showed that the majority of patients (66.7%) had a 
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creatinine level within the normal range (0.7-1.2 mg/dl), 

while small proportion of patients have higher or lower 

levels (>1.2 mg/dL or <0.7 mg/dL). Similarly, the majority 

of patients (84%) had BUN levels within the normal range 

(7-30 mg/dL), with a smaller proportion exhibiting either 

lower (<7 mg/dL) or higher (>30 mg/dL) levels. 

Furthermore, the mean preoperative GFR was 84.64 ± 30.6 

ml/min/1.73m² which reflects the overall renal function of 

the study population. 

The distribution of preoperative hemoglobin levels 

showed that most patients had either mild anemia (8-11.9 

g/dL) or normal levels (12-17 g/dL). In addition, most of 

the study participants (97.5%) did not receive blood 

transfusions preoperatively, indicating overall stable 

hemodynamics and adequate preoperative preparation. 

4.2. intraoperative measurements 

All participants enrolled in the study received mannitol 

intraoperatively. The majority of study participants (65%) 

underwent coronary artery bypass grafting (CABG), while 

a smaller number underwent valve replacement (17.5%) or 

other cardiac surgeries (17.5%) 

In addition, the use of hemofiltration and intraoperative 

blood transfusion was studied. Our results showed that a 

small proportion of patients (1.7%) underwent 

hemofiltration intraoperatively, while 26.7% of patients 

received blood transfusions intraoperatively, either as 

whole blood or packed red blood cells (RBCs). 

In order to evaluate the potentially mitigation effect of 

mannitol on renal ischemia-reperfusion injury, the volume 

of mannitol used intraoperatively were studied. The mean 

volume of mannitol administered intraoperatively was 

156.17 ± 64.9mLThis variability in volume suggests 

differences in clinical practice or patient-specific 

considerations. 

Regarding the cross-clamp time; the mean duration of 

aortic cross-clamping was 102 ± 43.91 minutes with the 

mean duration of cardiopulmonary bypass (CPB) of 

150.21 ± 67.736 minutes. During bypass temperature 

maintained as low as possible; the analyzed data showed 

that the mean minimum intraoperative temperature was 

33.17° ± 2.85C. 

4.3. Post operation measurements 

The majority of study participants (60%) had 

postoperative creatinine levels within the normal range 

(0.7-1.2 mg/dL), while smaller proportions had either 

lower (<0.7 mg/dL) or higher (>1.2 mg/dL) levels. The 

mean postoperative creatinine level was 0.76 ± 0.260 

mg/dL. In addition, the majority of participants (90.8%) 

had postoperative BUN levels within the normal range (7-

30 mg/dL), with a smaller proportion of participants had 

either lower (<7 mg/dL) or higher (>30 mg/dL) levels. 

Postoperative hemoglobin level showed mild anemia 

(8-11.9 g/dL), for most of the patients (80%) while smaller 

proportions having either moderate (6-7 g/dL) or normal 

(12-17 g/dL) hemoglobin levels. The mean postoperative 

hemoglobin level was 10.7021 ± 1.436g/dL, while the 

mean postoperative GFR was 112.27 ± 

58.52mL/min/1.73m². The mean postoperative GFR 

suggests preserved renal function overall. The analyzed 

data showed that the majority of patients (93.3%) did not 

receive blood transfusions postoperatively, while a smaller 

proportion (6.7%) received red blood cell (RBC) 

transfusions table 2. 

4.4. Effect of mannitol administration on renal 

function (pre-op and post-op) 

In order to study the effect of mannitol administration 

on renal function, creatinine and BUN levels were studied 

before and after cardiac surgery. Our study showed a 

significant difference (p < 0.001) between preoperative 

creatinine level (mean= 0.9365 ± 0.27097mg/dl, Fig. 1A) 

postoperative creatinine level (mean =0.7692 ± 0.26068 

mg/dl, Fig. 1A). In addition, a significant difference (p < 

0.001) was observed between preoperative and 

postoperative BUN levels (Fig. 1B). 

The paired sample t-test demonstrated a statistically 

significant difference (p < 0.001) between preoperative 

and postoperative hemoglobin levels, also, there was a 

statistically significant difference (p < 0.001) between 
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preoperative and postoperative hemoglobin levels 

(fig.1C). The means and standard deviations for 

preoperative and postoperative levels of creatinine, BUN 

and hemoglobin are presented in table 2. 

 

Table 5: the differences between preoperative and postoperative lab results according to the paired sample t test. 

Variable N Mean Standard deviation P value 

Creatinine 

Pre op 120 .9365 .27097 <0.001 

Post op 120 .7692 .26068 

BUN 

Pre op 120 22.5000 7.80971 <0.001 

Post op 120 18.3917 7.56629 

HGB 

Pre op 120 11.8978 30.68077 <0.001 

Post op 120 10.7021 58.52910 

GFR 

Pre op 120 84.6463 2.14284 <0.001 

Post op 120 112.2786 1.43604 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: preoperative and post-operative levels of creatinine, BUN, hemoglobin and GFR. Black columns 

represent the preoperative levels of creatinine (A), BUN (B), hemoglobin (C) and GFR (D). White columns 

represent the postoperative levels of creatinine (A), BUN (B), hemoglobin (C) and GFR (D). * represents a p-value 

less than 0.05 

  

* * 

* 

* 



Effect of Mannitol on Renal Function…                                                                                                       Belal Rahhal  et al. 

- 382 - 

4.5. Effect of mannitol volume on renal function 

The effect of mannitol volume on renal function was 

also studied through the measured postoperative levels of 

creatinine, BUN and GFR. Our results showed that there 

was no significant effect for mannitol volume on 

postoperative creatinine level (0.769 ± 0.0260 mg/dl). In 

addition, no significant effect was observed for the 

mannitol volume on postoperative BUN levels (18.39 ± 

7.566 mg/dl) and postoperative GFR (112.27 ± 58.529 

mL/min/1.73m², Table 3). 

 

Table 3: Effect of mannitol volume on renal function 

Variable N Mean 
Standard 

deviation 

P 

value 

Mannitol 

volume 

120 156.17 64.900 0.809 

Post op 

creatinine 

120 0.769 0.260 

Mannitol 

volume 

120 156.17 64.900 0.149 

Post op BUN 120 18.39 7.566 

Mannitol 

volume 

120 156.17 64.900 0.255 

Post op GFR 120 112.27 58.529 

 

4.6. Association between socio-demographic data 

and post operation renal function 

The association Between different socio-demographic 

variable and postoperational renal function was studied 

using the postoperative levels of creatinine and GFR using 

linear regression analysis. Different postoperative 

creatinine levels were obtained for variable age groups. 

The mean postoperative creatinine levels were 0.5400 ± 

0.052 , 0.7200 ± 0.204 ,0.7047 ± 0.241 and0.8698 ± 0.268 

mg/dl for patients aged 30, 30-45, 45-60 and >60 years, 

respectively. These results shows that there is a statistically 

significant association between age and postoperative 

creatinine levels (p = 0.002). Specifically, older age (>60) 

is associated with higher postoperative creatinine levels. 

Furthermore, GFR levels were 96.6272 ± 19.41, 

101.0786 ± 32.50, 91.8801 ± 30.004 and 71.9969 ± 27.54 

for patients aged below 30, 30-45, 45-60 and patients 

above 60 years old, respectively. The analyzed data 

revealed that there is a statistically significant association 

between age and postoperative GFR (p < 0.001). 

Specifically, older age (>60) is associated with lower 

postoperative GFR. 

The association Between Surgery Type and 

Postoperative Renal Function was also evaluated in this 

study. The results showed that for patients undergoing 

CABG surgery, the mean postoperative creatinine level 

was 0.7442 ± 0.232, and for patients undergoing valve 

replacement, the mean postoperative creatinine level was 

0.6862 ± 0.266. Patients undergoing other types of surgery 

had a mean postoperative creatinine level of 0.9452 ± 

0.288. These results showed that there is a statistically 

significant association between surgery type and 

postoperative creatinine levels (p = 0.005). Specifically, 

patients undergoing other types of surgery had higher 

postoperative creatinine levels compared to those 

undergoing CABG or valve replacement. 

In addition, the association between postoperative GFR 

and the type of surgery was analyzed. Our results showed 

that the mean postoperative GFR was 87.6369 ± 30.6 for 

patient undergoing CABG surgery, while the mean 

postoperative GFR was 83.1737 ± 26.12 for patients 

undergoing valve replacement and 75.0112 ± 34.21 for 

patients undergoing other type of surgery. Our analysis 

showed a statistically significant association between 

surgery type and postoperative GFR (p = 0.034). 

Specifically, patients undergoing other types of surgery 

had lower postoperative GFR compared to those 

undergoing CABG or valve replacement. 

Finally, the association between smoking and 

postoperative GFR was analyzed. The analyzed data 

showed that the mean postoperative GFR was 77.9104 ± 

29.5 for non-smokers, while the mean postoperative GFR 

was 94.4066 ± 29.9 for smokers indicating that smokers 

had higher postoperative GFR (p = 0.003, Table 4). 
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Table 4: Association between socio-demographic data 

and post operation renal function 

Independent 

Variable 
Dependent variable 

P value 
Age Post op Creatinine 

mean 

<30 .5400 ± 0.052 0.002 

(30-45) .7200 ± 0.204 

(45.1-60) .7047 ±0.241 

>60 .8698 ±0.268 

Surgery type Post op creatinine 

mean 

0.005 

CABG .7442 ±0.232 

valve 

replacement 

.6862± 0.266 

Other .9452 ± 0.288 

Age Post op GFR <0.001 

<30 96.6272 ± 19.41 

(30-45) 101.0786 ± 32.50 

(45.1-60) 91.8801 ± 30.004 

>60 71.9969 ± 27.54 

Smoking Post op GFR 0.003 

No 77.9104 ± 29.5 

Yes 94.4066 ± 29.9 

Surgery type Post op GFR 0.034 

CABG 87.6369 ±30.6 

valve 

replacement 

83.1737 ± 26.12 

Other 75.0112 ± 34.21 

 

5. DISCUSSION 

The best solution for the CPB circuit during cardiac 

surgery is still under evaluation. Our study focused on the 

beneficial effects of using mannitol in the prime solution 

for CPB. The results showed a decrease in creatinine and 

BUN levels and an increase in GFR in the postoperative 

period, indicating an improvement in renal function 

following cardiac surgery (48). Additionally, our results 

showed a decrease in hemoglobin postoperatively, 

indicating a decline in red blood cell mass, potentially due 

to surgical blood loss or hemodilution (42). 

Our study also evaluated the effects of using different 

volumes of mannitol in the prime solution for CPB. There 

was no significant effect of mannitol volume on 

postoperative creatinine levels, BUN levels, or GFR. 

Furthermore, the association between socio-demographic 

data and postoperative renal function was studied. There 

was a statistically significant association between age and 

postoperative creatinine levels and GFR: older age was 

associated with higher postoperative creatinine levels and 

lower GFR. 

Finally, our results showed that different types of 

surgery affect postoperative renal function. For instance, 

patients undergoing other types of surgery had higher 

postoperative creatinine levels and lower GFR compared 

to those undergoing CABG or valve replacement. 

Findings concerning the relationship between mannitol 

and socio-demographic characteristics are limited and 

inconsistent. The gender distribution in the sample 

population showed a significant skew towards males, with 

66.6% being male and 33.3% female. Some previous 

studies have also noted gender differences in health 

research (49–51). The gender imbalance in our study may 

have implications for understanding health outcomes 

within the population. For instance, a study found a similar 

trend of male predominance in their sample of 

cardiovascular disease patients, suggesting a need for 

gender-sensitive approaches in healthcare research. 

While gender distribution might not directly relate to 

the effect of mannitol on renal function, it is essential to 

consider potential gender differences in response to 

treatments (34). Other studies have highlighted gender-

specific differences in renal outcomes post-cardiac 

surgery, suggesting the need for gender-stratified analyses 

in future research (13, 34). 

In our study, the notable gender imbalance within the 

sample may influence how mannitol affects renal function 

post-cardiac surgery. While there is limited direct research 

on gender-specific responses to mannitol in this context, 

some studies have suggested that gender differences may 

influence renal outcomes following cardiac surgery, 

possibly due to variations in renal physiology and response 

to medications (35). 
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In addition, in our study older age was associated with 

higher postoperative creatinine levels and lower GFR. The 

age-distribution in the sample was skewed towards older 

individuals, with a predominant presence of middle-aged 

to elderly individuals, and thus, may impact how mannitol 

affects renal function post-cardiac surgery. Elderly 

patients are often more susceptible to renal complications 

post-surgery (35). Studies have shown that advanced age 

is a significant risk factor for acute kidney injury (AKI) 

after cardiac surgery, potentially affecting the efficacy and 

safety of mannitol administration (36). 

On the other hand, the varied BMI distribution, with a 

substantial proportion of individuals classified as 

overweight, obese, or extremely obese, may also influence 

the impact of mannitol on renal function post-cardiac 

surgery (36). Obesity is a known risk factor for 

postoperative complications, including AKI. While 

specific studies on the interaction between BMI and 

mannitol in cardiac surgery are scarce; research has 

highlighted the increased risk of AKI in obese patients 

undergoing cardiac surgery (37). 

The high prevalence of smoking within the sample 

population (40.8%) may also be a factor to consider in 

assessing the effects of mannitol on renal function post-

cardiac surgery. Smoking is associated with various 

cardiovascular and renal complications, which may 

interact with mannitol's effects. While direct studies on the 

interaction between smoking and mannitol in this context 

are limited, research has demonstrated the adverse effects 

of smoking on postoperative renal function in cardiac 

surgery patients (38). In addition, the high prevalence of 

hypertension (65.8%) and diabetes mellitus (58.3%) 

within the sample population underscores the importance 

of considering comorbidities when assessing the effects of 

mannitol on renal function post-cardiac surgery. Both 

hypertension and diabetes are risk factors for AKI and may 

interact with mannitol's renal effects. While direct studies 

on the interaction between these comorbidities and 

mannitol in cardiac surgery are limited, research has 

demonstrated the impact of hypertension and diabetes on 

postoperative renal outcomes (39). 

We observed a decrease in creatinine levels in the 

postoperative period indicating an improvement in renal 

function or clearance of creatinine following cardiac 

surgery (48). Also, we found a decrease in hemoglobin 

postoperatively indicating a decline in red blood cell mass, 

potentially due to surgical blood loss or hemodilution (42). 

Our study showed that the amount of mannitol 

administered intraoperatively did not have a statistically 

significant effect on postoperative renal function, as 

assessed by creatinine levels, BUN levels, or GFR. These 

findings indicates that factors other than mannitol volume 

may have a greater influence on postoperative renal 

outcomes in patients undergoing cardiac surgery. Studies 

suggest that mannitol is commonly used as a renal 

protective agent during cardiac surgery, its impact on 

postoperative renal function may be influenced by various 

patient-specific factors and surgical variables beyond the 

volume administered (46). 

We found significant differences between preoperative 

and postoperative levels of creatinine, BUN, hemoglobin, 

and GFR. The decrease in creatinine and BUN levels and 

the increase in GFR postoperatively indicate 

improvements in renal function following cardiac surgery. 

Also, the decrease in hemoglobin levels postoperatively 

may reflect surgical blood loss or hemodilution, which is 

commonly observed after cardiac surgery (39). Overall, 

these findings suggest favorable outcomes in terms of 

renal function and hemodynamic stability following 

cardiac surgery, as evidenced by the changes in laboratory 

parameters from preoperative to postoperative 

measurements. 

 

6. LIMITATIONS OF THE STUDY 

The application of our results is limited to two private 

hospitals, which may reduce the generalizability of the 

study. In addition, the sample size was 120 participants, and 

broader generalizability may require a larger sample size. 
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7. CONCLUSIONS 

This prospective cohort study revealed no effect of the 

volume of mannitol administered during cardiac surgery 

on postoperative renal function in patients with normal 

preoperative renal function. However, the use of mannitol 

in the prime solution resulted in a significant decrease in 

creatinine and BUN levels in the postoperative period. We 

therefore conclude that the role of mannitol and the effect 

of its volume in cardiac surgery require further research to 

support the generalizability of these findings. 
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تأثير المانيتول على وظائف الكلى أثناء جراحة القلب وبعدها مباشرة في مستشفيات خاصة مختارة في مدينة 

 نابلس/ فلسطين.
 

  2جمانة نجار ،2شروق بشارات ،2شهد الطرشة ،2المصري  نور ،2لين ابو عبده  ،1هبة صلاح، *1بلال رحال
 

 فلسطين ،نابلس ،جامعة النجاح الوطنية ،كلية الطب وعلوم الصحة ،دائرة العلوم الطبية الحيوية1
 فلسطين ،نابلس ،جامعة النجاح الوطنية ،كلية الطب وعلوم الصحة ،دائرة العلوم الطبية المساندة2

  

 ملخـص
يمكن أن يؤثر . تقنية شائعة في جراحة القلب، إلا أنها ترتبط بإصابة كلوية حادة( CPB)تُعد مجازة القلب والرئة : الخلفية

لم . نوع المحلول في دائرة مجازة القلب والرئة على نتائج الجراحة من خلال التأثير على العديد من الأعضاء وتوازن الجسم
يُستخدم المانيتول على نطاق واسع . مجازة القلب والرئة في جراحة القلب للبالغين يُحدد بعد المحلول الأولي الأمثل لدائرة

 .في محلول التحضير لمجازة القلب والرئة، على الرغم من عدم وجود إجماع واضح على دوره في جراحة القلب

ي على وظائف الكلى أثناء هدفت هذه الدراسة إلى دراسة تأثير المانيتول في محلول مجازة القلب والرئة الأول: الغرض
 .جراحة القلب وبعدها في مستشفيات خاصة مختارة في مدينة نابلس

تصميم دراسة أترابية مستقبلية أُجريت في مستشفى النجاح الوطني الجامعي ومستشفى العربي : التصميم والمنهجية
. لكلى لديهم طبيعية قبل الجراحةخضع المرضى لجراحة قلب، وكانت وظائف ا. مريضًا 120دُرست عينة من . التخصصي

الرئيسي بانخفاض مستويات قراءات الكرياتينين والنيتروجين في الدم  CPBارتبط استخدام المانيتول في محلول : النتائج
ديسيلتر، /ملغ 7.56629±  18.3917، و0.26068±  0.7692= متوسط  فترة ما بعد الجراحة )خلال فترة ما بعد الجراحة 

متوسط  فترة ما )وزيادة في مستويات معدل الترشيح الكبيبي خلال فترة ما بعد الجراحة ( p <0.001؛ قيمة على التوالي
 .مما يشير إلى تحسن في وظائف الكلى بعد جراحة القلب( p <0.001، قيمة 1.43604±  112.27861= بعد الجراحة 

 .الكرياتينين، المانيتول، مجازة القلب والرئة، جراحة القلب، وظائف الكلى الكلمات الدالة:
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ABSTRACT 
Good Pharmacy Practice (GPP) guidelines have been adopted in many countries around the globe to improve the 

quality of services. However, there is a lack of evidence regarding the extent to which community pharmacists 

(CPs) adhere to the implementation of GPP guidelines, as reported in the literature. This study aimed to assess 

CPs’ attitudes toward the implementation of GPP guidelines in Jordan. A probabilistic stratified random sampling 

approach was used to recruit eligible CPs. A validated Good Pharmacy Practice among Community Pharmacists 

(GPP-CP) questionnaire was administered to evaluate participants’ attitudes toward GPP implementation. A total 

of 241 participants completed the GPP-CP questionnaire (response rate: 68.1%). Of these, 65.1% were females, 

and 91.7% reported having knowledge about GPP. The study findings demonstrated that good knowledge of GPP 

significantly influenced CPs’ attitudes toward adherence to the profession’s essentials and requirements (φc = 

0.16, P = 0.047), administrative professional performance (φc = 0.20, P = 0.015), and patient counseling practices 

(φc = 0.22, P = 0.003). Among participants, the lowest level of agreement (52.3%) was reported regarding the 

documentation process of dispensed medications to patients. This study highlights the imperative need for 

establishing structured indicators to monitor the implementation of GPP in community pharmacy settings. 

Documentation of pharmaceutical care should also be prioritized. Educational programs and workshops are 

recommended to enhance pharmacists’ practice in community settings. However, since these research findings on 

pharmacists' attitudes were gathered from Jordanian respondents within Arab society, they may not be 

generalizable to pharmacists in non-Arab societies where GPP guidelines could differ. 

Keywords: social and administrative sciences, community settings, pharmacy practice, Good Pharmacy Practice, 

cross-sectional. 

 

INTRODUCTION  

Community pharmacists (CPs) are the primary contact 

point for people to fulfill their daily healthcare needs (1). 

In recent years, the role of CPs has expanded from 

dispensing and compounding medications to embracing 

patient-centered services (2-5). To adapt the growing 

health needs of people, CPs should enforce their structured 

knowledge of medications-related issues (for example, 

safety, efficacy, and monitoring outcomes) to provide 

optimal pharmaceutical care (6). In addition, CPs should 

ensure the appropriate delivery of pharmaceutical care 

services (7). National and international health practice 

standards and guidelines play an integral role in the best 

delivery of pharmaceutical care (8,9). The development of 

community pharmacy standards has been the subject of 

much research in social health science (10-12). In 1992, 

the World Health Organization (WHO) and the 

mailto:alwidyantahani@hu.edu.jo
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International Pharmaceutical Federation (FIP) developed 

the Good Pharmacy Practice (GPP) (13), an international 

standards for pharmacy profession aimed at guiding 

pharmacists on specific roles, functions, and activities to 

respond to the health needs of the people through optimal, 

evidence-based care in line with the mission of pharmacy 

practice in the new era (14). 

Many countries including Jordan have adopted the 

international GPP guidelines by WHO/FIP in the 

development of their national guidelines (12). A wide 

range of services provided by a CP were reported in many 

studies (15-27). For example, improvement in lipid, blood 

glucose and blood pressure levels were reported in 59 

diabetic patients in the United Kingdom following the 

application of pharmaceutical care model (i.e., drug 

therapy problems identification and patients’ education 

about their hypoglycemic agents) by CPs (15). However, 

only few studies assessed CPs’ attitude toward 

implementation of GPP guidelines in providing the 

pharmaceutical care services (28-32) or evaluated CPs ' 

familiarity with GPP elements (33) have been conducted. 

This study aimed to understand pharmacists’ attitudes 

toward implementation of GPP guidelines in routine 

practice in community settings.  

 

METHODS 

Design 

This cross-sectional survey study consisted of two 

phases; firstly, the data collection tool was developed and 

validated. Secondly, the validated Good Pharmacy 

Practice among Community Pharmacists (GPP-CP) 

questionnaire was administered (online and paper-based) 

to eligible participants between June and August 2023.  

Participants and settings 

Eligible participants included in this study were 

pharmacists who have a minimum qualification of BSc. in 

Pharmacy or Doctor of Pharmacy, were working in a 

community pharmacy and were able to consent. This study 

was conducted in community pharmacies in Jordan, either 

pharmacist-owned (independent pharmacy) or within 

pharmacy chains.  

Data collection and sampling  

The psychometric properties of the GPP-CP 

questionnaire indicate the questionnaire had good 

reliability based on the results from both the Cronbach’s 

alpha (0.932) and composite reliability (0.972) tests, 

demonstrating a high level of internal consistency for the 

questionnaire. The GPP-CP questionnaire included two 

sections. The first section included sociodemographic and 

general information of pharmacists’ knowledge about the 

GPP. The second section consists of 33 attitudinal items 

organized into five themes. The themes are profession’s 

essentials and requirements (five items), organization 

management (eight items), administrative professional 

performance (five items), prescription management (seven 

items) and patient education (eight items). The sample size 

had been estimated based on sample size estimation for a 

finite population (N). The following formula was used for 

the calculation of sample size (n) considering population 

size from the Jordanian Pharmacists Association (JPA) 

website, 95% confidence interval (z = 1.96) and 5% 

margin of error (e = 0.05) (Equation 1). 

 

𝑆𝑎𝑚𝑝𝑙𝑒 𝑠𝑖𝑧𝑒 (𝑛) = 

 

[
 
 
 
 

 

(
𝑧2𝑝(1−𝑝)

𝑒2

 
)  𝑁

(
𝑧2𝑝(1−𝑝)

𝑒2 ) + (𝑁 − 1)
 

]
 
 
 
 

  (𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 1) 

 

Where:  

n = Required sample size 

𝑁 = Population size 

𝑧 = Z-score (based on confidence level) 

p = Estimated proportion of population 

𝑒 = Margin of error 

  

The number of community pharmacies was determined 

from the JPA website, which stated that 4437 CPs were 

distributed through Jordan until the mid of January 2023. 

It was estimated that each community pharmacy should 



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 2, 2025 

- 391 - 

have a minimum of one pharmacist. Thus, the population 

size of CPs was estimated to be 4437. Therefore, the 

required sample size was chosen to be 354. 

A probabilistic stratified random sampling approach (34) 

was applied to identify community pharmacies for inclusion 

in this study. The researcher, AB, contacted potential 

participants, introduced herself, provided a brief description 

of the study, and confirmed the eligibility and willingness of 

the community pharmacists (CPs) to participate. On the day 

of the face-to-face administration of the hard copy of the 

GPP-CP questionnaire, participants were given time to 

review the consent form and provide written informed 

consent before completing the questionnaire. For those who 

preferred to complete the GPP-CP questionnaire 

electronically via email, telephone, Microsoft Teams, Skype, 

or WhatsApp, a weblink to the online version of the 

questionnaire—including online consent—was sent.  

Statistical analysis  

All data were coded and entered into a customized 

database developed using IBM SPSS® V28.0 (IBM, New 

York, USA) for statistical analysis. Descriptive statistics were 

reported for participant characteristics (e.g., age, gender, and 

type of pharmacy) as well as for responses to the 

questionnaire items (i.e., Likert scale responses). To evaluate 

pharmacists’ attitudes toward Good Pharmacy Practice (GPP) 

in community settings, respondents indicated their level of 

agreement or disagreement on a five-point Likert scale: 

“Strongly agree,” “Agree,” “Neutral,” “Disagree,” and 

“Strongly disagree,” scored from 5 to 1, respectively. Based 

on the number of questions within each theme, the total 

possible scores were: 25 points for the “Profession’s 

Essentials and Requirements” and “Administrative 

Professional Performance” themes, 35 points for the 

“Prescription Management” theme, and 40 points for the 

“Organization Management” and “Patient Counselling” 

themes. The overall attitude level was categorized according 

to Bloom’s cut-off point reference (35,36), as a “positive 

attitude” if the score was 80–100% (20– 25 points for 

profession’s essentials and requirements and administrative 

professional performance themes; 28-35 points for 

prescription management theme and 32-40 points for 

organization management and patient counselling themes), 

“neutral attitude” if the score was 60– 79% (15–19.9 points 

for profession’s essentials and requirements and 

administrative professional performance themes; 21-27.9 

points for prescription management theme and 24-31.9 points 

for organization management and patient counselling themes) 

and “negative attitude” if the score was less than 60% (< 15 

points for profession’s essentials and requirements and 

administrative professional performance themes; < 21 points 

for prescription management theme and < 24 points for 

organization management and patient counselling themes). 

The Kolmogorov-Smirnov test was used to assess variables’ 

normality of distribution. To identify association between 

participant’s demographics and participants’ level of attitude 

toward GPP within each theme, Pearson Chi-square or 

Fischer’s Exact test as appropriate was used at p<0.05. To 

determine the strength of these associations, Cramer's v (φc) 

test was used. The strength of associations was interpreted as 

follows: a (φc) value of “1” indicated a complete association, 

“>0.25” represented a very strong association, “>0.15” 

indicated a strong association, “>0.1” suggested a moderate 

association, and “>0.05” implied a weak association, while 

“0” denoted no association (37). 

Ethical approvals  

Ethical approval was obtained for this study from the 

Hashemite University Institutional Review Board (reference 

number: 17/4/2022/2023) on 15th January 2023. Electronic or 

written informed consent was obtained from all participants. 

 

RESULTS 

Demographics 

A total of 241 participants completed the GPP-CP 

questionnaire (response rate of 68.1%). The sample 

consisted of 34.9% (n=157) males and 65.1% females 

(n=84). Regarding the age of pharmacy building, 

pharmacies with less than 10 years, accounted for 61.8% 

(n=149) of the total sample. Just over three quarters 
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(75.5%, n=182) of participants worked in independent 

pharmacies. Chain pharmacies represented a smaller 

proportion of the sample, constituting 24.5% (n=59). The 

minority of participated pharmacies were located near 

hospitals, accounting for 9.5% (n=23). The majority of 

participated pharmacies have an employee’s area (90%, 

n=217) whereas less than three-quarters (73%, n=176) 

have a counseling area (Table 1). 

 

Table 1. Demographics and community pharmacy related information (n=241) 

Variable Categories Frequency Percent 

Participant’s age  

21-25 years 65 27.0 

26-30 years 80 33.2 

31-35 years 46 19.1 

36-40 years 14 5.8 

41-45 years 17 7.1 

46-50 years 7 2.9 

More than 50 years 12 5.0 

Participant’s gender 
Male 84 34.9 

Female 157 65.1 

Age of pharmacy building 

Less than 5 years 87 36.1 

5-9 years 62 25.7 

10-14 years 45 18.7 

15 years or more 47 19.5 

Type of pharmacy 
Independent pharmacy 182 75.5 

Chain pharmacy 59 24.5 

Pharmacy's location 

Near hospital 23 9.5 

Near medical center 76 31.5 

No hospital or medical center 87 36.1 

Near private doctor clinic 55 22.8 

Presence of counselling area in the pharmacy 
Yes 176 73.0 

No 65 27.0 

Presence of an employee's area in the pharmacy 
Yes 217 90.0 

No 2 10.0 

 

In terms of familiarity with GPP, 91.7% (n=221) of 

participants indicated their knowledge of GPP. Less than 

half of the participants (43.6%, n=105) reported attending 

workshops about GPP, whereas 56.4% (n=136) indicated 

they had not participated in any. Furthermore, the data 

highlight the nearly equal division between those who 

actively participated in research and continuing education 

courses and those who did not (Table 2). 

 

Table 2. Knowledge about GPP (n=241) 
Variable Categories Frequency Percent 

Having knowledge about GPP 
Yes 221 91.7 

No 20 8.3 

Workshops about the GPP 
Yes 105 43.6 

No 136 56.4 

Participate in research and continuing education courses Yes 119 49.4 

 No 122 50.6 

GPP, Good Pharmacy Practice    

 

Responses to the GPP-CP questionnaire items 

Figure 1 presents the participants’ responses to statements 

categorized into five themes: profession’s essentials and 

requirements, organization management, administrative 
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professional performance, prescription management and 

patient counselling. It is noteworthy that a majority of 

participants agreed with almost all the questions, with the 

highest percentage being associated with the statement " O3. 

The pharmacy has the necessary equipment to store medicines 

(e.g., refrigerator)" (organization management) at 98.3% 

(n=237). This was closely trailed by " A3. I ensure that 

medicines and other pharmaceutical products are provided 

from reliable sources and ensure their availability in the 

pharmacy store consistently" (administrative professional 

performance) at 97.9% (n=236). Interestingly, almost all 

statements received zero to less than 4% of responses indicating 

disagreement, except for three statements within the 

organization management theme. These statements were " O5. 

The pharmacy has systems for documenting possible side 

effects that may occur with healthcare seekers" with 24.9% 

(n=60) of participants indicating disagreement, closely 

followed by the statement " O7. The pharmacy has 

documentation systems for patient profile and therapeutic 

interventions" with 25.3% (n=61) disagreement. The statement 

" O6. The medication dispensed to the patient is recorded and 

the patient's drug data is constantly updated" has a slightly 

higher percentage of 28.6% (n=61) disagreement (Figure 1). 

Participants’ attitude  

A higher mean score of each theme in the GPP-CP 

questionnaire indicates a good level of attitude of CPs toward 

implementation of GPP guidelines. As shown in Table 3 below, 

more than fifty of participants had a positive attitude toward all 

themes included in the GPP-CP questionnaire. The vast 

majority (94.6%, n=228) were seen toward the administrative 

professional performance theme and the lowest proportion 

(66.0%, n=159) were seen toward the organization 

management theme. However, zero to 1.2% of participants had 

a negative attitude toward each theme included in the GPP-CP 

questionnaire. Participants have good compliance with the 

national professional obligations of the law to permit 

pharmacists to work in community settings, such as 

familiarization with the code of ethics, legislations, and 

regulations that enhance implementation of GPP in community 

pharmacy settings (Profession’s essentials and requirements). 

More than three-quarters (78.8%, n=190) of participants 

adhered positively to these guidelines, whereas only 0.8% 

(n=2) had a negative attitude toward compliance with the 

national law and regulations (Table 3). Just below two-thirds 

(66.0%, n=159) of participants showed a positive fulfillment of 

GPP’s requirement in managing their community pharmacies’ 

facilities and resources (Organization management). For 

example, consideration of product’s storage conditions, 

provision of Standard Operating Procedures and 

documentation systems for patients’ data and medical 

prescriptions. Others either had a negative (0.8%, n=2) or 

neutral attitude (33.2%, n=80) toward the fulfilment of 

management requirements in the community pharmacy (Table 

3). Regarding the administrative professional performance, the 

majority of participants (94.6%, n=228) showed a positive 

attitude regarding good communication and consideration of 

coworkers' ideas and skills and purchasing pharmaceutical 

products from reliable sources to ensure the quality of 

medicines. Further, the use of distinct files to keep the 

dispensed prescriptions and the invoices of purchased 

medicines, in which the documents are arranged according to 

the dates and for the period specified by the laws (Table 3). 

More than ninety percent of participants (92.5%, n=223) 

showed a positive level of adherence to the component of GPP 

in medical prescription management. Before dispensing the 

prescription medications, they ensure that each medication in 

the prescription is administered to the right patient, at the right 

time, in the right dose, by the right route, and that there is no 

duplication. Only 1.2% (n=3) of participants had a negative 

attitude toward prescription management (Table 3). Patient 

counselling was perceived to be an integral part of GPP 

according to the mean score of this theme (35.8± 4.1). Just 

below ninety percent (88.8%, n=214) of participated CPs tend 

positively to engage with patients and educate them about their 

medications and lifestyle. They also follow up with the patient 

to ensure the treatment appropriateness (Table 3). 
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Theme one: Profession essentials and requirements 

E1. I am familiar with all national laws and regulations of the pharmacy profession. 

E2. I apply all national laws and regulations of the pharmacy profession. 

E3. I adhere to the national code of ethics and apply it in routine practice. 

E4. It is my responsibility to inform the patient and health care providers (pharmacists and/or doctors) of 

any circumstances that may delay the provision of treatment. 

E5. I know my rights, duties, and professional responsibilities of a pharmacist towards pharmaceutical care 

seekers according to the national laws and regulations. 

 

Theme two: Organization management 

O1. The pharmacy has decent appearance and good hygiene. 

O2. The storage conditions of each product are considered as stated on the product packaging or its internal 

leaflet. 

O3. The pharmacy has the necessary equipment to store medicines (e.g., refrigerator). 

O4. Pharmacy Standard Operating Systems (SOPs) are available at the pharmacy. 

O5. The pharmacy has systems for documenting possible side effects that may occur with health care 

seekers. 

O6. The medication dispensed to the patient is recorded and the patient's drug data is constantly updated. 

O7. The pharmacy has documentation systems for patient profile and therapeutic interventions.  

O8. All documents and prescriptions are kept until destroyed by the inspecting pharmacists. 

 

Theme three: Administrative professional performance 

A1. In the communication with the pharmacy staff, I respect their opinion and decisions. 

A2. Attention is given to what staff raise and respond to their ideas. 

A3. I ensure that medicines and other pharmaceutical products are provided from reliable sources and 

ensure their availability in the pharmacy store consistently. 

A4. The prescriptions that are dispensed and the invoices of medicines and other pharmaceutical products 

are kept in a special file in which the documents are arranged according to the dates and for the period 

specified by the laws. 

A5. I do not deal with agents that provide medicine or other pharmaceutical products that are counterfeit or 

smuggled. 

 

Theme four: Prescription management 

PM1. Regarding the prescription, I check its clarity and the identity of the prescriber who wrote it.  

PM2. I re-check the conformity between the label on the dispensed medicine and the prescription 

information (dose, frequency, duration of treatment) and that the correct medicine has been dispensed to the 

correct patient. 

PM3. I review the medications included in the prescription to ensure that the patient's complaint matches the 

indications of the prescribed medications. 

PM4. I review the medications included in the prescription to ensure that there is no duplication of 

medications. 

PM5. I review the prescribed medications to ensure that the dosage form is appropriate for the patient. 

PM6. In case of doubt about the prescription, or if I have a recommendation on the medicine, dosage, or 

alternative, I refer to the prescriber to check.  

PM7. I do not dispense forged and illegal prescriptions and return them to the patient. 

 

Theme five: Patient counselling 

PC1. I check with the patients their lifestyle, dietary habits, allergy to food or medicine, smoking, alcohol 

intake to ensure there is no interferences with prescribed medications. 

PC2. I give information to patients about the form and content of their medications. 

PC3. I explain to patients the proper storage conditions of their medications.  

PC4. I explain to patients the instructions of how to take their medications, correct dose, route, frequency 

and when to stop their using these medications (i.e., duration of treatment).  

PC5. I review laboratory tests, if patients bring them with the prescription and educate patients about 

monitoring.  

PC6. I explain any information I deem necessary to patients. 

PC7. I make sure that patients understand the information by asking them to explain what they understood 

in their own languages. 

PC8. I follow up the patient to ensure that the treatment results are achieved or to suggest the necessary 

modifications to the treatment plan if the wanted outcome is not achieved. 
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Table 3. The level of attitude of community pharmacists toward the five themes of the GPP-CP questionnaire 

Theme level of attitude Score N (%) 

Profession’s essentials and requirements Positive 20-25 190 (78.8) 

 Neutral 15-19.9 49 (20.3) 

 Negative <15 2 (0.8) 

Minimum score =13; maximum score =25; mean score =21.5; SD =2.9. 

 

Organization management Positive 32-40 159 (66.0) 

 Neutral 24-31.9 80 (33.2) 

 Negative <24 2 (0.8) 

Minimum score =23; maximum score =40; mean score =33.8; SD =4.5. 

 

Administrative professional performance Positive 20-25 228 (94.6) 

 Neutral 15-19.9 13 (5.4) 

 Negative <15 0 (0) 

Minimum score =20; maximum score =35; mean score =32.4; SD =3.4. 

 

Prescription management Positive 28-35 223 (92.5) 

 Neutral 21-27.9 15 (6.2) 

 Negative <21 3 (1.2) 

Minimum score =20; maximum score =35; mean score =32.4; SD =3.4. 

 

Patient counselling Positive 32-40 214 (88.8) 

 Neutral 24-31.9 26 (10.8) 

 Negative <24 1 (0.4) 

Minimum score =18; maximum score =40; mean score =35.8; SD =4.1. 

 

The overall level of attitude was categorized using bloom’s cut-off point, as a “positive attitude” if the score was 80–

100% (20– 25 points for profession essentials and requirements and administrative professional performance themes ; 28-

35 points for prescription management theme and 32-40 points for organization management and patient counselling 

themes), “neutral attitude” if the score was 60– 79% (15–19.9 points for profession essentials and requirements and 

administrative professional performance themes; 21-27.9 points for prescription management theme and 24-31.9 points 

for organization management and patient counselling themes) and “negative attitude” if the score was less than 60% (< 

15 points for profession essentials and requirements and administrative professional performance themes; < 21 points for 

prescription management theme and < 24 points for organization management and patient counselling themes). 

 

Determinants of CPs’ attitude  

Participant’s age, type of pharmacy and pharmacy’s 

location did not statistically influence any level of 

participants’ attitude toward implementation of GPP 

guidelines (P>0.05). The highest impact was seen for the 

determinant “knowledge about the GPP” which have 

strong and significant association with the positive 

attitudes of the majority of participants toward the 

profession’s essentials and requirements (n=177 (73.4%); 

φc=0.16; P=0.047), administrative professional 

performance (n=212 (88%); φc=0.20, P=0.015), and 

patient counselling practices (n=198 (82.2%); φc=0.22, 

P=0.003); Tables 4, 6 and 8, respectively. Also, female 

participants were strongly and significantly perceived to 

be more responsible for administrative professional 

performance (φc=0.17, P=0.010; Table 6) and prescription 

management (φc=0.23, P=0.001; Table 7) than male 

participants. Statistically significant influences were seen 
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for GPP-related workshops attendance and research 

participation on participants' attitudes toward their 

adherence to the pharmacy profession’s essentials and 

requirements (P=0.026 and 0.013, respectively; Table 4). 

Further, participants who attended GPP-related workshops 

had a positive attitude toward prescription management 

than others who did not attend (P=0.026; Table 7). The 

presence of counselling area within the community 

pharmacy influences the positive attitude of participants 

toward organizational issues of the community pharmacy 

(P=0.021; Table 5) while the presence of employee’s area 

influences the positive attitude of participants toward 

patient counselling practice (P=0.010; Table 8). 

 

Table 4. Determinants that are associated with the pharmacists’ attitude toward the implementation of GPP 

guidelines in community settings (Theme: Profession’s essentials and requirements) (n=241) 
  Level of attitude 

X2 P-value 
Cramer's 
phi (φc) Variable Category Positive Neutral Negative 

Participant’s age 21-25 years 52  12 1 8.20 0.769 0.13 

  21.6% 5.0% 0.4%   

 26-30 years 63 16 1   

  26.1% 6.6% 0.4%   

 31-35 years 38 8 0   

  15.8% 3.3% 0 %   

 36-40 years 8 6 0   

  3.3% 2.5% 0 %   

 41-45 years 12 5 0   

  5% 2.1% 0 %   

 46-50 years 6 1 0   

  2.5% 0.4% 0 %   

 More than 50 years 11 1 0   

  4.6% 0.4% 0 %    

        

Participant gender Male 64 19 1 0.65 0.723 0.05 

  26.6% 7.9% 0.4%   

 Female 126 30 1   

  52.3% 12.4% 0.4%    

        

Pharmacy type  Independent pharmacy 147 34 1 2.10 0.358 0.09 

  61% 14.1% 0.4%   

 Chain pharmacy 43 15 1   

  17.8% 6.2% 0.4%    

        

Location  Near hospital 17 6 0 7.50 0.279 0.13 

  7.1% 2.5% 0 %   

 Near medical center 62 14 0   

  25.7% 5.8% 0 %   

 No hospital or medical 
center 

69 18 0   

  28.6% 7.5% 0 %   

 Near private doctor clinic 42 11 2   

  17.4% 4.6% 0.8%    

        

Counselling area Yes 138 36 2 0.76 0.684 0.06 

  57.3% 14.9% 0.8%   

 No 52 13 0   

  21.65 5.4% 0 %    

        

Employee's area Yes 175 40 2 5.00 0.083 0.14 
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  Level of attitude 
X2 P-value 

Cramer's 
phi (φc) Variable Category Positive Neutral Negative 

  72.6% 16.6% 0.8%   

 No 15 9 0   

  6.2% 3.7% 0 %    

        

knowledge about GPP Yes 177 43 1 6.10 0.047 0.16 

  73.4% 17.8% 0.4%   

 No 13 6 1   

  5.4% 2.5% 0.4%    

        

GPP related workshops Yes 91 13 1 7.27 0.026 0.17 

  37.8% 5.4% 0.4%   

 No 99 36 1   

  41.1% 14.9% 0.4%    

        

Research Yes 103 15 1 8.68 0.013 0.19 

  42.7% 6.2% 0.4%   

 No 87 34 1   

  36.1% 14.1% 0.4%    

        

GPP, Good Pharmacy Practice; *Fischer’s Exact test was used for the analysis. 

 

Table 5. Determinants that are associated with the pharmacists’ attitude toward the implementation of GPP 

guidelines in community settings (Theme: Organization management) (n=241) 

  Level of attitude 
X2 

P-

value 

Cramer's phi 

(φc) Variable Category Positive Neutral Negative 

Participant’s age 21-25 years 48 16 1 10.8 0.543 0.05 

  19.9% 6.6% 0.4%   

 26-30 years 54 25 1   

  22.4% 10.4% 0.4%   

 31-35 years 31 15 0   

  12.9% 6.2% 0%   

 36-40 years 8 6 0   

  3.3% 2.5% 0%   

 41-45 years 10 7 0   

  4.1% 2.9% 0%   

 46-50 years 4 3 0   

  1.7% 1.2% 0%   

 More than 50 years 4 8 0   

  1.7% 3.3% 0%    

        

Participant gender Male 58 25 1 0.84 0.656 0.06 

  24.1% 10.4% 0.4%   

 Female 101 55 1   

  41.9% 22.8% 0.4%    

        

Pharmacy type  Independent pharmacy 122 58 2 1.12 0.557 0.07 

  50.6% 24.1% 0.8%   

 Chain pharmacy 37 22 0   

  15.4% 9.1% 0%    
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  Level of attitude 
X2 

P-

value 

Cramer's phi 

(φc) Variable Category Positive Neutral Negative 

        

Location  Near hospital 15 8 0 5.80 0.447 0.11 

  6.2% 3.3% 0%   

 Near medical center 56 19 1   

  23.2% 7.9% 0.4%   

 No hospital or medical 

center 

57 29 1   

  23.7% 12% 0.4%   

 Near private doctor clinic 31 24 0   

  12.9% 10% 0%    

        

Counselling area Yes 122 54 0 7.76 0.021 0.18 

  50.6% 22.4% 0%   

 No 37 26 2   

  15.4% 10.8% 0.8%    

        

Employee's area Yes 145 71 1 3.96 0.138 0.13 

  60.2% 29.5% 0.4%   

 No 14 9 1   

  5.8% 3.7% 0.4%    

        

knowledge about 

GPP 

Yes 148 71 2 1.50 0.474 0.08 

  61.4% 29.5% 0.8%   

 No 11 9 0   

  4.6% 3.7% 0%    

        

GPP related 

workshops 

Yes 75 29 1 2.62 0.270 0.10 

  31.1% 12% 0.4%   

 No 84 51 1   

  34.9% 21.2% 0.4%    

        

Research Yes 83 34 2 4.10 0.131 0.13 

  34.4% 14.1% 0.8%   

 No 76 46 0   

  31.5% 19.1% 0%    

        

GPP, Good Pharmacy Practice; *Fischer’s Exact test was used for the analysis. 
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Table 6. Determinants that are associated with the pharmacists’ attitude toward the implementation of GPP 

guidelines in community settings (Theme: Administrative professional performance) (n=241) 

  Level of attitude 
X2 P-value 

Cramer's 

phi (φc) Variable Category Positive Neutral Negative 

Participant’s age 21-25 years 62 3 0 0.96 0.986 0.06 

  25.7% 1.2% 0%   

 26-30 years 75 5 0   

  31.1% 2.1% 0%   

 31-35 years 44 2 0   

  18.3% 0.8% 0%   

 36-40 years 13 1 0   

  5.4% 0.4% 0%   

 41-45 years 16 1 0   

  6.6% 0.4% 0%   

 46-50 years 7 0 0   

  2.9% 0% 0%   

 More than 50 years 11 1 0   

  4.6% 0.4% 0%    

        

Participant gender Male 75 9 0 7.15 0.010* 0.17 

  31.1% 3.7% 0%   

 Female 153 4 0   

  63.5% 1.7% 0%    

        

Pharmacy type  Independent pharmacy 172 10 0 0.02 0.602* 0.01 

  71.4% 4.1% 0%   

 Chain pharmacy 56 3 0   

  23.2% 1.2% 0%    

        

Location  Near hospital 21 2 0 2.01 0.570 0.09 

  8.7% 0.8% 0%   

 Near medical center 74 2 0   

  30.7% 0.8% 0%   

 No hospital or medical 

center 

81 6 0   

  33.6% 2.5% 0%   

 Near private doctor 

clinic 

52 3 0   

  21.6% 1.2% 0%    

        

Counselling area Yes 166 10 0 0.12 0.517* 0.02 

  68.9% 4.1% 0%   

 No 62 3 0   

  25.7% 1.2% 0%    

        

Employee's area Yes 207 10 0 2.06 0.127* 0.11 

  85.9% 4.1% 0%   
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  Level of attitude 
X2 P-value 

Cramer's 

phi (φc) Variable Category Positive Neutral Negative 

 No 21 3 0   

  8.7% 1.2% 0%    

        

knowledge about GPP Yes 212 9 0 9.12 0.015* 0.20 

  88% 3.7% 0%   

 No 16 4 0   

  6.6% 1.7% 0%    

        

GPP related 

workshops 

Yes 100 5 0 0.15 0.467* 0.03 

  41.5% 2.1% 0%   

 No 128 8 0   

  53.1% 3.3% 0%    

        

Research Yes 115 4 0 1.90 0.137* 0.09 

  47.7% 1.7% 0%   

 No 113 9 0   

  46.9% 3.7% 0%    

        

GPP, Good Pharmacy Practice; *Fischer’s Exact test was used for the analysis. 

 

Table 7. Determinants that are associated with the pharmacists’ attitude toward the implementation of GPP 

guidelines in community settings (Theme: Prescription management) (n=241) 

  Level of attitude 
X2 P-value 

Cramer's 

phi (φc) Variable Category Positive Neutral Negative 

Participant’s age 21-25 years 58 6 1 9.21 0.685 0.14 

  24.1% 2.5% 0.4%   

 26-30 years 76 4 0   

  31.5% 1.7% 0%   

 31-35 years 42 3 1   

  17.4% 1.2% 0.4%   

 36-40 years 13 1 0   

  5.4% 0.4% 0%   

 41-45 years 16 1 0   

  6.6% 0.4% 0%   

 46-50 years 7 0 0   

  2.9% 0% 0%   

 More than 50 years 11 0 1   

  4.6% 0% 0.4%    

        

Participant gender Male 71 10 3 13.19 0.001 0.23 

  29.5% 4.1% 1.2%   

 Female 152 5 0   

  63.1% 2.1% 0%    
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  Level of attitude 
X2 P-value 

Cramer's 

phi (φc) Variable Category Positive Neutral Negative 

Pharmacy type  Independent pharmacy 170 10 2 0.82 0.662 0.06 

  70.5% 4.1% 0.8%   

 Chain pharmacy 53 5 1   

  22% 2.1% 0.4%    

        

Location  Near hospital 22 1 0 7.76 0.256 0.13 

  9.1% 0.4% 0%   

 Near medical center 73 3 0   

  30.3% 1.2% 0%   

 No hospital or medical 

center 

76 8 3   

  31.5% 3.3% 1.2%   

 Near private doctor 

clinic 

52 3 0   

  21.6% 1.2% 0%    

        

Counselling area Yes 162 12 2 0.45 0.799 0.04 

  67.2% 5% 0.8%   

 No 61 3 1   

  25.3% 1.2% 0.4%    

        

Employee's area Yes 201 14 2 2.01 0.366 0.09 

  83.4% 5.8% 0.8%   

 No 22 1 1   

  9.1% 0.4% 0.4%    

        

knowledge about GPP Yes 207 12 2 5.54 0.063 0.15 

  85.9% 5% 0.8%   

 No 16 3 1   

  6.6% 1.2% 0.4%    

        

GPP related 

workshops 

Yes 99 3 3 7.34 0.026 0.17 

  41.1% 1.2% 1.2%   

 No 124 12 0   

  51.5% 5% 0%    

        

Research Yes 111 7 1 0.34 0.832 0.04 

  46.1% 2.9% 0.4%   

 No 112 8 2   

  46.5% 3.3% 0.8%    

        

GPP, Good Pharmacy Practice; *Fischer’s Exact test was used for the analysis. 
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Table 8. Determinants that are associated with the pharmacists’ attitude toward the implementation of GPP 

guidelines in community settings (Theme: Patient counselling) (n=241) 

  Level of attitude 
X2 P-value 

Cramer's 

phi (φc) Variable Category Positive Neutral Negative 

Participant’s age 21-25 years 60 5 0 8.25 0.765 0.13 

  24.9% 2.1% 0%   

 26-30 years 73 7 0   

  30.3% 2.9% 0%   

 31-35 years 40 5 1   

  16.6% 2.1% 0.4%   

 36-40 years 11 3 0   

  4.6% 1.2% 0%   

 41-45 years 14 3 0   

  5.8% 1.2% 0%   

 46-50 years 6 1 0   

  2.5% 0.4% 0%   

 More than 50 years 10 2 1   

  4.1% 0.8% 0.4%    

        

Participant gender Male 72 11 1 2.64 0.267 0.12 

  29.9% 4.6% 0.4%   

 Female 142 15 0   

  58.9% 6.2% 0%    

        

Pharmacy type  Independent pharmacy 164 18 0 3.79 0.151 0.13 

  68% 7.5% 0%   

 Chain pharmacy 50 80 1   

  20.7% 33.2% 0.4%    

        

Location  Near hospital 18 5 0 6.56 0.363 0.12 

  7.5% 2.1% 0%   

 Near medical center 71 5 0   

  29.5% 2.1% 0%   

 No hospital or medical 

center 

75 11 1   

  31.1% 4.6% 0%   

 Near private doctor clinic 50 5 0   

  20.7% 2.1% 0%    

        

Counselling area Yes 156 19 1 0.34 0.831 0.04 

  64.7% 7.9% 0.4%   

 No 58 7 0   

  24.1% 2.9% 0%    

        

Employee's area Yes 193 24 0 9.20 0.010 0.20 

  80.1% 10% 0%   

 No 21 2 1   
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  Level of attitude 
X2 P-value 

Cramer's 

phi (φc) Variable Category Positive Neutral Negative 

  8.7% 0.8% 0.4%    

        

knowledge about GPP Yes 198 23 0 11.60 0.003 0.22 

  82.2% 9.5% 0%   

 No 16 3 1   

  6.6% 1.2% 0.4%    

        

GPP related 

workshops 

Yes 92 12 1 1.40 0.498 0.08 

  38.2% 5% 0.4%   

 No 122 14 0   

  50.6% 5.8% 0%    

        

Research Yes 106 13 0 1.00 0.612 0.06 

  44% 5.4% 0%   

 No 108 13 1   

  44.8% 5.4% 0.4%    

        

GPP, Good Pharmacy Practice; *Fischer’s Exact test was used for the analysis. 

DISCUSSION  

Main findings 

In this study, a 33-item GPP-CP questionnaire was 

developed and validated to assess the attitudes of CPs 

toward GPP guidelines. The psychometric properties of 

the questionnaire were established in the Jordanian context 

and showed good reliability (Cronbach's alpha = 0.932). 

While limited continuous learning activity was identified, 

CPs were perceived to have a good level of knowledge 

about GPP (91.7%). The findings suggest that CPs fulfill 

various functions in compliance with GPP guidelines 

(38,39). These functions can be categorized into five 

essential roles of a CP: (a) obey national professional laws, 

legislation, and guidelines; (b) maintain pharmacy 

organization; (c) manage administrative aspects of 

professional performance; (d) provide effective 

prescription management; and (e) provide effective 

medication therapy management and counseling. 

In the present study, the lack of a documentation 

system in pharmacies—which would allow CPs to 

formally record dispensed medications, medication side 

effects, and therapeutic interventions—among a 

significant proportion of CPs (organization management 

theme) may be linked to limited attendance at workshops 

and continuing education courses. Therefore, there may be 

opportunities to increase awareness and documentation 

activities among CPs in routine practice. However, the 

extent to which this is feasible and acceptable is still 

unknown. Future research should explore the barriers and 

enablers for pharmacists to increase proactive 

documentation activity in community settings. 

Interpretation and implications of practice  

GPP is an essential practice to provide optimal and 

evidence-based pharmaceutical care in community 

settings. While many countries worldwide adopted their 

national GPP guidelines, the impact of pharmacists’ 

adherence to these guidelines in providing pharmaceutical 

care services in community settings is still being examined 

in the literature. This study sought to assess the level of 

adherence of pharmacists to GPP guidelines in community 

settings. The highest agreement level detected was for the 

presence of essential requirement for the storage of 
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medications in the pharmacy (98.3%). Importantly, this 

level was not associated to the pharmacy or the 

pharmacists’ characteristics. These findings were in line 

with what was found in a cross-sectional study conducted 

among 250 CPs in Lebanon which reported that 88% of 

pharmacies have been equipped with cooling and heating 

systems to properly store medications (30). It is highly 

recommended that pharmacists should supervise storage 

conditions on a regular basis to safeguard compliance with 

the manufacturer's instructions, thus ensuring sought 

medication safety and efficacy. Our findings reported a 

good attitude toward prescription management among 

more than 90% of CPs. They review the dose, dosage form, 

indication, and duplication of medications. 

Interprofessional collaboration with prescribers was 

reported by participants in case of recommending any 

modification about the medicines or information related to 

them. A similar trend was seen in one cross-sectional 

postal survey among 112 general practitioners and 163 

CPs to assess their role in medication review and 

medication management programs in clinical practice in 

Germany. Although not restricted to community settings. 

Most CPs revealed that they check the storage conditions 

of medications (n = 154, 94.5%), initial compilation of the 

patient’s medication (n = 148, 90.8%), clinical parameters 

(n = 144, 88.3%), administration times (n = 118, 72.4%) 

and medication overuse and underuse (n = 100, 61.3%) 

either alone or in collaboration with general practitioners. 

Few pharmacists revealed that they check the dose of 

medications (n = 64, 39.3%), side effects (n = 61, 37.4%) 

and non-adherence (n = 52, 31.9%) (40). In the current 

study, more than three-quarters of the respondents agreed 

that they provide comprehensive information to patients 

about their medications (for example, dosing, duration of 

treatment, instructions about the appropriate use, storage 

conditions) and ensure that patients understand 

pharmacists’ educational information. This may be linked 

to the shift of CPs ' role toward a patient-centric approach 

to meet patient’s health-related needs. Though not limited 

to the operationalization of GPP guidelines and conducted 

in heterogeneous healthcare settings in different countries, 

several studies have assessed the role of pharmacists in 

patient counselling to provide effective medication therapy 

management (41-47). A retrospective longitudinal study of 

1,572 patients who received medication management 

interventions from CPs in British Columbia reported that 

all patients were educated about their medications during 

pharmacy visits. Furthermore, pharmacists identified 

2,133 drug-related problems, including the need for 

additional therapy 61.8% (n = 1319); unnecessary drug 

therapy 11.4% (n = 243); poor adherence 10.8% (n = 231); 

adverse drug reaction 4.8% (n = 103); dosage too low 4.8% 

(n = 103); dosage too high 4.2% (n = 90); and recommend 

alternative drug 2.1% (n = 44) (47). Particular emphasis 

should be given to the key elements of pharmaceutical care 

process such as patients’ medication review, medication 

monitoring and treatment follow-up that should be adopted 

into day-to-day activities. Documentation of 

pharmaceutical care process should also be prioritized. 

Determinants related to good attitudes of CPs towards 

the implementation of GPP guidelines in routine practice 

are also explored in this study. The findings revealed that 

CPs’ knowledge about the GPP and the attendance of GPP 

workshops positively impact CPs' attitudes toward the 

implementation of GPP guidelines. These findings provide 

insights that participants who have better attitudes might 

have better opportunities to access updated information, 

which would help them to improve their knowledge of 

GPP; consequently, improve their attitude and practice. 

Educational programs and workshops are recommended 

for pharmacists to enhance their practice in community 

settings. Regular audits could assist the national health 

authorities in ensuring that the pharmacies are following 

GPP guidelines. Incentives would be to optimize patient 

care. Future research should focus on the development of 

structured indicators to monitor implementation of GPP in 

community pharmacy settings. 

 



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 2, 2025 

- 405 - 

Strength and limitations 

The assessment of the GPP-CP questionnaire's validity 

and reliability enhanced the quality and accuracy of the 

data collected. Notwithstanding the existence of positive 

attitude of pharmacists toward implementation to most of 

GPP guidelines, the current findings identified areas for 

improvement, such as the adoption of documentation of 

the pharmaceutical care process in routine practice. Some 

limitations need to be considered when interpreting the 

results. First, the cross-sectional design of this research 

makes it difficult to determine causal inferences from the 

data. Second, the self-reported method of data collection 

exerts the possibility of recall bias; pharmacists may have 

altered their answers to meet GPP guidelines. Third, for 

the accurate assessment of pharmacists’ adherence to GPP 

guidelines specifically those of critical importance for 

patients’ health, we should use specific measurement 

outcomes such as patient satisfaction; this should be the 

aim of future work. Finally, Hence, the research findings 

on pharmacists' attitudes garnered from Jordanian 

respondents in Arab society, findings may not generalize 

to pharmacists in non-Arab societies, where the GPP 

guidelines could be different. 

CONCLUSIONS  

This study highlighted that most GPP guidelines in 

community pharmacy settings are being met by 

pharmacists—for example, maintaining proper storage 

conditions and ensuring appropriate patient education to 

maximize medication safety and efficacy. However, 

documentation of the pharmaceutical care process was 

found to be lacking to a lesser extent. Future interventional 

research should focus on changing pharmacists’ behavior 

toward documentation activities and aim to identify the 

most relevant and feasible measures and outcomes for 

implementation in routine practice. 
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صيدليات المجتمع: دراسة مسحية سلوكيات الصيادلة تجاه تطبيق معايير الممارسة الصيدلانية الجيدة في 
  مقطعية

 
 1، آية بنات2، مي تيم1، مهند عودة1، روان أبودلو1*تهاني الوديان

 
 قسم الصيدلة السريرية والممارسة الصيدلانية، كلية العلوم الصيدلانية، الجامعة الهاشمية، الزرقاء، الأردن 1
 الصيدلة، جامعة الشرق الأوسط، عمّان، الأردن قسم التكنولوجيا الصيدلانية ومستحضرات التجميل، كلية 2

  

 ملخـص
لتحسين جودة الخدمات، تم تطوير إرشادات الممارسات الصيدلانية الجيدة في العديد من البلدان حول العالم. بالإشارة إلى 

الأدلة حول مدى التزام الأبحاث التي تمت دراستها عن موضوع الممارسة الصيدلانية الجيدة، فإنّه لا زال هناك نقص في 
صيادلة المجتمع باتباع إرشادات الممارسة الصيدلانية الجيدة. تهدف هذه الدراسة إلى تقييم مواقف الصيادلة تجاه هذه 
الممارسات في الأردن. تم استخدام نهج أخذ العينات العشوائية الطبقية الاحتمالية لتوظيف الصيادلة المؤهلين. تمت إدارة 

وتم تقييم مستوى موقف المشاركين تجاه الالتزام  (GPP-C) ارسة الصيدلانية الجيدة بين صيادلة المجتمعاستبيان المم
%(. من المشاركين، 68.1صيدلانيًا )معامل الاستجابة  241بمعايير الممارسة الصيدلانية الجيدة. شارك في هذه الدراسة 

 % أشاروا إلى معرفتهم عن الممارسة الصيدلانية الجيدة. أظهرت نتائج91.7% من الإناث و65.1كان هناك ما نسبته 
الدراسة أن وجود مستوى معرفي حول الممارسة الصيدلانية الجيدة عند المشارك أثّر بشكل كبير على توجه المشاركين نحو 

، وممارسات تقديم المشورة للمرضى P = 0.015، والأداء المهني الإداري P = 0.047الالتزام بأساسيات المهنة ومتطلباتها 
P = 0.003 ،(. تسلط 52.3ك ممارسة قليلة بشأن عملية توثيق الأدوية المصروفة للمرضى )كما أظهرت الدراسة أن هنا٪

هذه الدراسة الضوء على الحاجة الملحة لإنشاء مؤشرات منظمة لرصد تنفيذ الممارسة الصيدلانية الجيدة في قطاع صيدليات 
ذلك، يُوصى بالبرامج التعليمية وورش المجتمع. ينبغي أيضًا إعطاء الأولوية لتوثيق عملية الرعاية الصيدلانية. لتحقيق 

العمل التي تهدف إلى تعزيز الممارسة الجيدة للصيادلة في قطاع صيدليات المجتمع. لا بد من الإشارة إلى أن نتائج البحث 
حول مواقف الصيادلة تم الحصول عليها من مشاركين أردنيين في مجتمع عربي وقد لا تنعكس هذه النتائج على الصيادلة 

 المجتمعات غير العربية، حيث يمكن أن تكون مبادئ الممارسة الصيدلانية الجيدة هناك مختلفة.في 

العلوم الاجتماعية والإدارية، الصيدليات المجتمعية، ممارسة مهنة الصيدلة، ممارسات الصيدلة الجيدة،  الكلمات الدالة:
  .دراسة مقطعية
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ABSTRACT 
Background: Diabetes mellitus (DM) is a chronic metabolic illness associated with substantial morbidity and 

mortality worldwide. It affects physical activity, social life, and mental health. In our country, most diabetes 

research has focused on morbidity and mortality. This study assessed the quality of life (QOL) of type 2 diabetes 

mellitus (DMT-2) patients in Quetta, Pakistan.  

Methods: This cross-sectional study examined 440 DMT-2 patients from public hospitals in Quetta between July 

and November 2021. The EuroQoL 5-Dimension 3-Level (EQ-5D-3L) scale was used to assess the health-related 

quality of life (HRQoL) of DMT-2 patients. Inferential statistical analyses were performed using SPSS version 22. 

Results: Most participants (73%) were aged between 35 and 55 years, with 246 (55.9%) males. The largest group 

of respondents (30.3%) had completed secondary school. Most patients (79.4%) reported no mobility issues, and 

61.8% reported no difficulties with self-care. However, a substantial proportion (41.8%) experienced some 

difficulties with their usual activities. Additionally, 46.3% of patients reported moderate pain and discomfort. 

Significant correlations were found between HRQoL scores and gender (p=0.016), marital status (p=0.003), age 

(p=0.001), unemployment (p=0.001), and education (p=0.001). The time trade-off (TTO) and visual analog scale 

(VAS) scores were 0.496 and 0.555, respectively. 

Conclusion: The quality of life of DMT-2 patients depends on education, occupation, gender, and marital status. 

Therefore, these key factors influencing HRQoL should be prioritized when designing and implementing strategies 

to improve diabetes treatment and the quality of life of diabetic patients in this region.  

Keywords: Quality of life; QoL; DMT-2; Quetta; Pakistan; EQ-5D-3 L 

 

1. Introduction 

Diabetes mellitus (DM) is caused by a high level of 

blood glucose disrupting normal cellular functions and 

disrupting cellular metabolism on each level to such an 

extent that damaging almost any organ in the body. 

Diabetes impairs functional capacities and quality of life, 

resulting in substantial morbidity and premature mortality. 

Recent concerns highlight that over one-third of diabetes-

related deaths occur in individuals under the age of 60 1. 

Diabetes accounts for over 1 million deaths annually, 

positioning it as the ninth leading cause of mortality, 

diabetes was estimated to have caused four million deaths 

worldwide in 2017 2. The global burden of diabetes 

mellitus is increasing, particularly rapidly in developed 

regions such as Western Europe. The condition affects 

men and women equally, with incidence peaking around 

55 years of age. The global prevalence of type 2 diabetes 

is projected to rise to 7,079 per 100,000 individuals by 

2030, indicating a continued increase worldwide3. 

https://doi.org/10.35516/jjps.v18i2.2614
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According to the International Diabetics Federation (IDF), 

DM affects 415 million people globally in 2015 and will 

reach to affect 642 million people with DM by 2040 4. In 

Pakistan, some regional diabetes surveys have been 

conducted through the associations formed in the country, 

one such is the Diabetic Association of Pakistan (DAP) 

which was established in 1966 and became associated with 

the International Diabetes Federation (IDF) in 1967. DAP, 

since its inception, Pakistan has worked to enhance 

diabetes care and prevention. The first four National 

Diabetes Action Plans were established by DAP between 

1996 and 1998, 1999–2001, 2001–2004, and 2005–2009, 

even though its field operations are primarily limited to the 

city of Karachi and Sind province 5. DAP stated the 

prevalence of diabetes is between 0.95% and 32.9% 6. DM, 

like any other chronic illness, is linked to several personal, 

familial, societal, and economical problems, and an even 

higher risk of mortality 7. Poor food choices, elevated 

glucose levels in the blood and activity restrictions, the 

need for insulin injections daily, musculoskeletal 

movement difficulties and disorders, physical limitations, 

sexual dysfunction, and vascular abnormalities are just a 

few of the issues that individuals with DM can face 8. Loss 

of employment, recurring hospitalization, continued 

increased the need for medical and clinical outcomes, 

economic impacts associated with early mortality, 

deterioration in developing and maintaining social 

relationships and relationships with the family, and a 

decline in the standard of living of individuals are just a 

few of the main challenges confronting these patients' 

familial, social, and financial situations 9. 

Health-related quality of life (HRQoL) is among the 

most extensively and thoroughly studied clinical outcomes 

and analyzes the physical, cognitive, and interpersonal 

aspects of human health to self-assess the impact of 

chronic illness management on individual health and its 

outcome on living standards 10. A reliable instrument for 

assessing the overall impact of health on an individual's 

well-being is the HRQoL scale. The HRQoL measure 

offers numerous strengths that make it particularly 

advantageous for use in various research contexts, 

especially when compared to other scales such as the SF-

36, EQ-5D, and WHOQOL. In research settings, the 

HRQoL scale stands out as a more appropriate tool for 

evaluating health-related quality of life. Its comprehensive 

yet efficient methodology ensures that it encompasses all 

relevant health domains, making it valuable to both 

researchers and respondents. This makes the HRQoL scale 

highly pertinent and significant for studies aiming to 

understand and improve quality of life outcomes. 

Expectations, beliefs, perceptions, and experiences of 

individuals all have an impact on a person’s standard of 

living and coping with day-to-day stressors. DM patients 

have a worse quality of life than healthy persons, 

according to studies, the variables influencing this are 

unknown. Some factors, such as diabetes type including 

other types, insulin usage and its availability, age, DM-

related complications, socioeconomic status, 

psychological disorders leading to adherence and multiple 

problems, ethnicity, and educational level to one which 

could a considerable understanding of the depth of disease, 

knowledge of the condition and coping with it, and the type 

of care they received from others, may influence these 

patients' outcomes QoL 11. 

The EQ-5D is amongst the most often practical 

instruments for assessing people's quality of life, it 

evaluates their physical condition, psychological 

perception, and social capabilities 12. Several research have 

examined QoL in chronic illnesses like diabetes mellitus, 

its comorbidities, chronic lung disease, cerebrovascular 

disease, and chronic mental disorders. EQ-5D comes in 

three dimensions: 5L, 3L, and y. The 3L has been 

thoroughly tested in many settings and groups 13. 

The general quality of life questionnaire has been 

supplanted in epidemiological research and clinical 

assessments of diabetes patients by the EQ-5D-3L, a 

concise and user-friendly instrument. Assessing the 

standard of living and its contributing factors can help 
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diabetes mellitus (DM) patients improve their quality of 

life (QoL). Due to the geographic and cultural context of 

the region, patients' QoL and its influencing factors may 

vary significantly. Therefore, a shorter, validated 

questionnaire that can be quickly administered is essential 

for assessing patients' QoL. Health professionals can 

evaluate DM-related metabolic abnormalities and 

physiological dysfunctions, but patients' health 

perceptions and well-being are influenced by more than 

just symptoms, functional limitations, and physiological 

and pathological conditions. Psychological, social, and 

cultural factors also moderate the effects of biological 

disorders on HRQoL. Consequently, this study evaluated 

type 2 diabetes mellitus (DMT-2) patients in Quetta, 

Pakistan, using the EQ-5D-3L questionnaire. 

 

2. MATERIALS AND METHODS 

2.1 Study population and study settings 

A total of 440 individuals diagnosed with type 2 diabetes 

mellitus (DMT-2) from two public hospitals in Quetta, 

Baluchistan, were selected to participate in this cross-

sectional study. The steps of selection are presented in the 

flow chart (figure 01).  The Sandeman Provincial Hospital 

(SPH) in Quetta, Pakistan, has a capacity of 780 beds. 

Founded in 1939, it is located in the heart of Quetta. SPH is 

the preferred healthcare facility for local residents as it is a 

public healthcare institution providing quality medical 

services. Another setting involved Bolan Medical Complex 

Hospital (BMCH) with a capacity of 1,062 beds. Verbal and 

written consent was obtained from the subjects, who were 

assured that their responses would be kept confidential and 

that they could withdraw from the study at any time without 

any impact on their healthcare services. 

2.2 Study Instrument 

The EQ-5D (EQ-5D-3L) form was utilised in this 

research study due to its simplicity and the brief time required 

for participants to complete it. In 1990, as the European 

association expanded to a broader audience, the EuroQol 

group released the EQ-5D-3L questionnaire, a three-level 

version of the earlier EQ-5D. The EQ-5D-3L is divided into 

two main pages: a descriptive system called EQ-5D and a 

visual analog scale called EQ-5D-3L (EQ-VAS). The EQ-

5D-3L descriptive system comprises five key dimensions: 

mobility, self-care, usual activities, pain/discomfort, and 

anxiety/depression. Each dimension is categorized into three 

levels: no problems, moderate problems, and severe 

problems.  The questionnaire was self-administered. After 

obtaining permission, we utilized the questionnaire for data 

collection. The questionnaire was in English, and if 

participants encountered any difficulties, the data collector 

translated the specific questions for them. The patient is asked 

to tick the box next to the most appropriate statement in each 

of the five dimensions to describe their health state. Each 

selection corresponds to a single-digit number representing 

the level chosen for that dimension. These five scores can be 

combined to produce a five-digit value representing the 

patient's overall condition. The EQ visual analog scale (VAS) 

is used to assess the participant's health on a linear scale with 

endpoints labeled 'Best imaginable health state' and 'Worst 

imaginable health state.' The VAS provides a numerical 

measure of health status, reflecting the patient's subjective 

evaluation. 

2.3 Inclusion and Exclusion criteria 

Participants were assessed according to departmental 

protocols, which included a comprehensive medical 

history and physical examinations. Individuals under 18 

years of age, pregnant women, those planning to become 

pregnant, individuals with known psychiatric conditions, 

and those with communication barriers (e.g., hearing 

impairments, cognitive disabilities, severe psychiatric 

disorders, or chronic renal failure) were excluded from the 

study. All eligible participants who met the criteria were 

invited to participate, and informed consent was obtained 

from them prior to data collection. 

2.4 Scoring the EQ-5D-3 L descriptive system 

The EQ-5D-3L, developed by the European 

Association, encompasses five dimensions: mobility, self-

care, usual activities, pain/discomfort, and 
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anxiety/depression. Each dimension is rated on a scale 

with three levels: no problems (1), mild problems (2), and 

severe problems (3). Patients were instructed to select the 

most accurate descriptor for each of the five dimensions to 

represent their health status.  The health status codes are 

represented by five-digit numbers. The combined scores 

from the five dimensions generate a five-digit code that 

reflects the patient's condition. For instance, a code of 

11,111 indicates no problems in any of the five 

dimensions, while a code of 12,233 signifies no issues with 

mobility, mild difficulties with self-care, significant pain 

or discomfort, and severe anxiety or distress.  A value set 

is required to convert an individual EQ-5D health state into 

a composite index. Due to the absence of a locally relevant 

value set, the EQ-5D score was calculated using threshold 

values provided by the EuroQol Group's standardized 

valuation technology (EQ-VT), where 1 represents the 

highest quality of life (1 = highest QoL) and 0 represents 

the lowest (0 = lowest QoL). According to the EQ-5D-3L 

instruction booklet, data is typically presented in a table 

format to illustrate the health profile.  The EQ-5D-3L 

categories are divided into "no issues" (level 1) and 

"difficulties" (levels 2–5), forming a profile that reflects 

the frequency of problems. We have converted the profile 

into frequency distributions for data reporting. 

2.5 Scoring the EQ-5D-3 L VAS 

The EQ visual analog scale (VAS) measures subjects' 

self-reported health on a linear scale ranging from 0 to 100, 

with endpoints labeled 'The best health you can imagine' 

and 'The worst health you can conceive'. Specifically, on 

the EQ-VAS, a score of "100" represents the highest 

possible health status, while a score of "0" indicates the 

most severe health condition. 

2.6 Statistical analysis 

Data were entered into SPSS version 22 and analyzed 

using various tests. After the confirmation of normal 

distribution, ANOVA, Chi-Square, independent sample t-

tests, and logistic regression were performed. A p-value of 

0.05 was considered statistically significant. For each 

classification of the EQ-5D-3L, the dependent variable 

(QoL) was divided into two groups: 'no difficulties' (level 

1) and 'having varying degrees of difficulties' (levels 2–3) 

in the regression analysis model. Independent variables 

such as age, sexual identity, educational status, profession, 

duration of DMT-2, HbA1c levels, medication, renal 

dysfunction, diabetic retinopathy, and diabetic peripheral 

neuropathy were included in the regression model. Only 

variables strongly associated with EQ-5D-3L categories 

were included in the final summary of the data. 

 

RESULTS 

2.2 Sociodemographic characteristics 

A total number of 440 patients with a confirmed 

diagnosis of DMT-2 between the age range of 30-80 years 

participated in this research. The majority of respondents 

were male, accounting for 246 individuals (55.9%). 

Moreover, a significant portion of the participants were 

married, with 414 individuals (94%) reporting marital 

status. In terms of residency, 248 respondents (56.3%) 

were from rural areas shown in Table 1. Additionally, the 

age group of 41-50 represented 132 individuals (30.4%) of 

the total respondents. Patients with a family history of DM 

included 140 (31.8%) of the study participants. Of most of 

the patients 164 (37.25%), we’re taking at least two 

different medications as anti-diabetic treatment. Exercise 

control of DM was noticed in 45.4% of the patients, the 

majority of patients (47.2) had their blood glucose levels 

between 150-200mg/dl as shown in Table 2. The box plot 

(Figure 01) shows the differences in the readings of the 

patient’s sugar levels in response to age and gender. The 

sugar level differences are visible. 
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Table 1: Patients’ Sociodemographic (n= 440) 

Demographic Characteristics n (%) 

Age group (Years)  

30 – 40 120 (27.6) 

41 –50 131 (30.4) 

51 – 60 120 (27.6) 

61 – 70 53 (11.5) 

71 – 80 14 (2.8) 

Gender  

Male 246 (55.9) 

Female 194 (44.1) 

Marital Status  

Married 414 (94.0) 

Single 26 (5.9) 

Locality  

Urban 192 (43.6) 

Rural 248 (56.3) 

Qualification  

No formal education 100 (22.7) 

Religious education 52 (11.9) 

Primary 54 (12.5) 

Matric 132 (30.3) 

Intermediate 58 (13.3) 

B.A\B.S.C 22 (5.0) 

Graduation 16 (3.7) 

Occupation  

Unemployed 112 (25.7) 

Government Employed 36 (8.3) 

Private Employed 108 (24.8) 

Self Employed 178 (40.8) 

 

Table 2: Patients’ Clinical data (n= 440) 

Variables n (%) 

Family History  

Yes 140 (31.8) 

No 300 (68) 

Is there any diet change due to diabetes?  

Yes 178 (39) 

No 262 (59.9) 

Do you exercise to control diabetes?  

Yes 200 (45.4) 

No 240 (54.5) 

In your opinion your diabetes is  

Controlled 242 (55) 

Uncontrolled 198 (45) 

Is current treatment your first consultation?  

Yes 50 (11.3) 
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Variables n (%) 

No 376 (85.4) 

Don’t know 14 (3.1) 

On average how much capital (in PKR) do you spend on your medication?  

1000 – 1500 250 (56.8) 

1600 – 2400 190 (43.1) 

On average how much capital (in PKR) do you spend on lab/home tests?  

1000 – 1500 140 (31.3) 

1600 – 2400 300 (68.1) 

Three last readings of blood glucose (mg/dl)  

70 – 140 112 (25.4) 

141 -190 160 (36.3) 

191 -280 168 (38.1) 

Current blood glucose readings (mg/dl)  

70 – 150 100 (22.7) 

151 – 200 208 (47.2) 

<200 132 (30) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 02: Current sugar level measurements in diabetic patients, including age and gender  disparities. 
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The majority of patients (79.4%) reported no issues 

with mobility. Among the study participants, 61.8% 

experienced no difficulties with self-care. A substantial 

proportion (41.8%) had some degree of difficulty with 

usual activities. Additionally, moderate pain and 

discomfort were observed in 46.3% of the patients.  As 

illustrated in Tables 3, each patient's reported issue was 

assessed based on both clinical and demographic 

parameters. Regarding mobility, the age group of 35–65 

years exhibited the highest incidence of difficulties. 

Specifically, 71 individuals (17.2%), females (18.8%), 

married subjects (18.4%), those with education beyond the 

intermediate level (22.8%), unemployed individuals 

(24.8%), persons with a monthly income of ≤10,000 PKR 

(88.8%), and those residing in urban areas (20.2%) 

reported significant mobility challenges.  In the anxiety 

dimension, a higher prevalence of problems was observed 

among females (95%), individuals aged 35–65 years 

(93.5%), and urban residents (96.1%). Increased issues in 

the self-care category were noted within the 35–65 age 

range. The majority of this population included males 

(24.3%), unmarried individuals (40.9%), those with 

education beyond the intermediate level (31.7%), 

unemployed individuals (33.9%), those with monthly 

incomes under 10,000 PKR (28%), and urban residents 

(26.4%)—amounting to 71 individuals (17.2%).  In the 

pain/discomfort dimension, a higher incidence of 

problems was observed among individuals aged 66–80 

years (96.3%), education greater than Intermediate 

(66.7%), unemployed (71.6%), individuals with monthly 

income less than or equal to 10,000 PKR (66.7%), females 

(67.4%), a higher prevalence of issues was noted among 

unmarried individuals (90.9%) and those residing in urban 

areas (66.9%).  In the term of regular activities, more 

difficulties were reported by females (56.9%), individuals 

aged 66–80 (59.3%), urban inhabitants (52.2%), those 

with education above the intermediate level (54%), the 

unemployed (55%), and individuals with a monthly 

income of less than 10,000 PKR were (58.5%). 

Additionally, anxiety and depression levels related to type 

2 diabetes mellitus (DMT-2) were higher in males (Figure 

2). 

 

Table 3: The abundance of problems (percentage) reported by the patients in terms of their demographic and 

clinical characteristics 

Variables Mobility n (%) LOS Anxiety n (%) LOS Self-care n (%) LOS 

 Yes No  Yes No  Yes No  

Gender          

Male 212 

(81.9) 

47 (18.1) 0.865 18 (6.9) 241 (93.1) 0.39

5 

196 (75.7) 63 

(24.3) 

0.339 

Female 147 

(81.2) 

34 (18.8)  9 (5) 172 (95)  144 (79.6) 37 

(20.4) 

 

Age (years)          

35-65 342 

(82.8) 

71 (17.2) 0.010 25 (6.1) 388 (93.9) 0.77

6 

324 (78.5) 89 

(21.5) 

0.021 

66-80 17 (63.0) 10 (37)  2 (7.4) 25 (92.6)  16 (59.3) 11 

(40.7) 

 

Marital 

status 

         

Married 341 

(81.6) 

77 (18.4) 0.977 27 (6.5) 391 (93.5) 0.21

9 

327 (78.2) 91 

(21.8) 

0.037 

Unmarried 18 (81.8) 4 (18.2)  0 (0) 22 (100)  13 (59.1) 9 (40.9)  

Education          
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Variables Mobility n (%) LOS Anxiety n (%) LOS Self-care n (%) LOS 

≤ 

Intermediate 

213 

(84.9) 

38 (15.1) 0.041 9 (3.6) 242 (96.4) 0.01

0 

211 (84.1) 40 

(15.9) 

<0.00

1 

>Intermediate 146 

(77.2) 

43 (22.8)  18 (9.5) 171 (90.5)  129 (68.3) 60 

(31.7) 

 

Employment          

Unemployed 82 (75.2) 27 (24.8) 0.048 14 

(12.8) 

95 (87.2) 0.00

1 

72 (66.1) 37 

(33.9) 

0.001 

Employed 277 

(83.7) 

54 (16.3)  13 (3.9) 318 (96.1)  268 (81) 63 (19)  

Income          

≤10,000 PKR 182 (74) 198 

(88.8) 

<0.00

1 

22 (8.9) 224 (91.1) 0.00

6 

177 (72) 69 (28) 0.003 

>10,000PKR 177 

(91.2) 

11 (78.6)  5 (2.6) 189 (97.4)  163 (84) 31 (16)  

Residency          

Urban 142 

(79.8) 

36 (20.2) 0.418 7 (3.9) 171 (96.1) 0.11

2 

131 (73.6) 47 

(26.4) 

0.129 

Rural 217 

(82.8) 

45 (17.2)  20 (7.6) 242 (92.4)  209 (79.8) 53 

(20.2) 

 

LOS: level of significance (P<0.05); 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 03: The mean anxiety/depression scores in males and females as per the duration of the disease.
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3. Discussion 

HRQoL is a key indicator of how long-term illness 

treatment affects health. To the best of our knowledge, this 

is the first Quetta study to use the EQ-5D-3L tool to assess 

DMT-2 patients' health-related quality of life. EQ-5D-3L, 

Visual analogue scale, and socio-demographic disparities 

in health-related quality of life in DMT-2 patients were 

examined. The majority of participants were aged between 

35 and 55 years, with 55.9% being male. Most respondents 

had completed secondary school. The majority of patients 

reported no mobility issues, while 61.8% experienced no 

difficulties with self-care. However, 41.8% of participants 

faced some difficulties with usual activities, and 46.3% 

reported moderate pain and discomfort. The EQ-5D was 

used to assess diabetics' health-related quality of life. 14,15. 

For this project, we selected the EQ-5D-3L questionnaire 

due to its ease of use and shorter completion time 

compared to other similar tools used in this type of 

research. 16. Several socio-demographic factors also affect 

the health-related life quality of DMT-2 individuals. There 

was a striking difference in health-related life quality 

comparing males and females in our studies. Female 

patients had a substantially lower EQ-5D-3L score than 

male patients. This is in line with the result of earlier 

research, which found that men with diabetes have 

superior HRQoL than women 14,17. Additionally, there was 

better control of diabetes in males as compared to females 

with lesser exposure to depression or anxiety 18. 

A significant association was observed in the age group 

65 and above. Increased age with lower HRQoL was 

quoted in several scientific studies previously as well 17,19. 

Age-related physical and mental decline negatively 

impacts HRQoL scores. Marital status also influences 

HRQoL, with married individuals demonstrating better 

HRQoL in our study. This finding is consistent with the 

results observed by Amer et al. 20. 

Studies conducted in Adama and Gondar cities in 

Ethiopia also reported a clear association between health-

related quality of life and the level of education of the 

subjects 4,21. Level of academic education was directly and 

positively associated with diabetic education i.e., those 

with higher education were more aware of diabetic care as 

compared to subjects with lower education, and increased 

education in any field increases health literacy as well 22. 

Other significant variables in this context included 

unemployment and monthly income, both of which 

exhibited a positive association with HRQoL. Previous 

studies have also reported similar findings 4,23. HRQoL and 

employment status are linked because unemployment 

causes financial hardship. Patients can't afford medicine, 

nutrition, or lifestyle. All these causes will lower HRQoL. 

This study was conducted in Pakistan, a developing nation. 

Our findings contrast with those from developed countries. 

In England, patients with type 2 diabetes mellitus (DMT-

2) and renal disease experienced the greatest reduction in 

health utility, while in Sweden, patients with DMT-2 and 

cerebrovascular disease faced the largest increase in health 

costs 24. Patients with the diagnosis of DMT-2 who were 

using medications taken orally were studied in a cross-

sectional survey in a city in Bangladesh, where outpatient 

clinics depicting to have high rates of hypertension, 

obesity, and dyslipidemia 25. Eye difficulties were the most 

common consequence, followed by long-term diseases 

such as chronic renal failure and chronic diseases mostly 

involving heart failure, congestive heart failure, and 

cerebrovascular accidents. 

Despite our research participants being individuals 

diagnosed with type 2 diabetes mellitus (DMT-2) who 

were receiving continuous oral medication in outpatient 

clinics, the most prevalent comorbidity was hypertension, 

followed by dyslipidemia and heart disease, as reported by 

Zhang et al. 26. In the United States, healthcare providers 

have observed that diabetes control is compromised by 

sequelae such as coronary artery disease, painless 

peripheral neuropathy, cardiomyopathy, and neuropathic 

pain, which collectively diminish health-related quality of 

life. Zhang et al. reported similar findings in Singapore 26. 

Comorbidities include cardiac illness, high glucose-
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induced nephropathy, nerve damage from blood supply 

reduction, and serious eye difficulties like blindness had 

significantly poorer physical component assessments. In 

an Australian study, cerebrovascular accidents, eyesight 

loss, and kidney illness were substantially associated to 

health-related quality of life 27. 

Limitations 

4. This study had several notable limitations. As an 

observational cross-sectional analysis, it highlighted the 

complex temporal relationship between diabetes and 

HRQoL. To enhance generalizability, a more rigorous 

sampling approach should be employed to gather data 

from a diverse range of respondents, as the convenience 

sampling method used may have omitted critical aspects. 

Additionally, self-reported questionnaires may potentially 

overestimate HRQoL values. Finally, the study, conducted 

at a few public hospitals in Quetta, does not represent the 

entire country and would benefit from a larger sample size 

and inclusion of more healthcare settings. 

5. Conclusions 

To improve diabetes management and patient 

outcomes in Pakistan, it is essential for policymakers to 

address factors such as education, career, gender, and 

marital status that significantly impact the quality of life 

for individuals with type 2 diabetes mellitus. This involves 

integrating HRQoL factors into diabetes care, including 

the management of complications, promotion of physical 

activity, and encouragement of proper nutrition and foot 

hygiene practices. Rigorous lifestyle coaching should be 

implemented, with a focus on older adults and rural 

populations who face additional challenges. Regular 

HRQoL assessments should be incorporated into routine 

care to monitor and enhance patient well-being. 

Furthermore, policies should support the integration of 

HRQoL factors into diabetes management programs and 

ensure that healthcare systems are equipped to provide 

necessary resources and support for effective 

interventions. By adopting these measures, policymakers 

can significantly enhance diabetes care and improve the 

overall quality of life for patients. 
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في   :EQ-5D-3Lتقييم جودة الحياة المتعلقة بالصحة لدى مرضى السكري من النوع الثاني من خلال أداة 

 مستشفيات القطاع العام في كويته، باكستان
 

  *1، وبينغيين شي 1، هوي قوه 3حمد ، توسيـف أ2، فايز الله خان 1حمد حيدر خان 
 

 قسم الغدد الصماء، المستشفى الأول التابع لجامعة شيان جياوتونغ، شيان، الصين1
 قسم إدارة الصيدلة والصيدلة السريرية، جامعة شيان جياوتونغ، شيان، الصين2
 ياي، تايلاند-قسم الصيدلة السريرية، كلية العلوم الصيدلانية، جامعة برنس أوف سونغكلا، هات3

  

 ملخـص
السكري هو مرض استقلابي مزمن يسبب معدلات عالية من المراضة والوفيات على مستوى العالم. يؤثر  داء :الخلفية

المرض على النشاط البدني، والحياة الاجتماعية، والصحة النفسية. في باكستان، ركزت معظم الدراسات المتعلقة بداء 
، بينما تهدف هذه الدراسة إلى تقييم جودة الحياة لدى مرضى السكري من النوع الثاني في السكري على المراضة والوفيات

 .مدينة كويته

مريضاً بالسكري من النوع الثاني في مستشفيات القطاع العام في كويته  440دراسة مقطعية شملت  أجريت :المنهجية
)أداة يوروكوال ذات الأبعاد الخمسة والمستويات  EQ-5D-3L . تم استخدام مقياس2021خلال الفترة من يوليو إلى نوفمبر 

لإجراء التحليل  22الإصدار  SPSS الثلاثة( لتقييم جودة الحياة المرتبطة بالصحة لدى المرضى. تم استخدام برنامج
 .الإحصائي الاستنتاجي لمتغيرات الدراسة

% 30.3%(. أتم 55.9) 246سنة، وبلغ عدد الذكور  55و 35%( تتراوح أعمارهم بين 73أغلب المشاركين ) كان :النتائج
% من المرضى أنهم لا 61.8% منهم لم يعانوا من مشاكل في الحركة. وذكر 79.4من المشاركين المرحلة الثانوية، و

ض الصعوبات في أداء الأنشطة اليومية المعتادة. % عن وجود بع41.8يواجهون صعوبات في العناية الذاتية، بينما أبلغ 
% من المرضى أنهم يعانون من ألم وانزعاج بدرجة متوسطة. لوحظت علاقات ذات دلالة إحصائية بين 46.3كما أفاد 

 ، والعمر(p=0.003) ، والحالة الاجتماعية(p=0.016) درجات جودة الحياة المتعلقة بالصحة وكل من الجنس

(p=0.001)طالة، والب (p=0.001)والتعليم ، (p=0.001). بلغ متوسط درجات أسلوب مبادلة الوقت (TTO) 0.496 ،
 .0.555 (VAS) ودرجة مقياس التماثل البصري 

جودة حياة مرضى السكري من النوع الثاني على التعليم، والمهنة، والجنس، والحالة الاجتماعية. لذا يجب  تعتمد :الاستنتاج
المؤثرة الرئيسية في جودة الحياة عند تصميم وتنفيذ استراتيجيات لتحسين علاج السكري وجودة حياة  التركيز على العوامل

 .المرضى في هذه المنطقة

 .EQ-5D-3L؛ السكري من النوع الثاني؛ كويته؛ باكستان؛ QoLجودة الحياة؛  الكلمات الدالة:
  

 

  بينغيين شي: المؤلف المراسل *
shibingy@126.com       

 .22/8/2024 للنشر وتاريخ قبوله 23/5/2024 تاريخ استلام البحث

mailto:shibingy@126.com


Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 2, 2025 

- 423 - © 2025 DSR Publishers/The University of Jordan. All Rights Reserved. 

 *Corresponding author: Amaresh Prusty   

amareshprusty@gmail.com 
Received: 1/6/2024      Accepted: 22/8/2024. 

DOI: https://doi.org/10.35516/jjps.v18i2.2718  

Formulation and Characterization of Methyldopa Floating Tablets Using 

Polymeric Excipients: A Study on Gastroretentive Drug Delivery System 

 
Amaresh Prusty1*, Chinmaya Keshari Sahoo2, Sanjit Kumar Senapati1, Priyanka Singh1, 

Gyanranjan Behera1 

 
1Department of Pharmaceutics, Royal College of Pharmacy & Health Sciences, Berhampur, Odisha, India 
2Department of Pharmaceutics, College of Pharmaceutical Sciences, Puri, Bidyaniketan, Baliguali, Puri, Odisha, India 

  

ABSTRACT 
This research aims to develop a novel gastro retentive drug delivery system (GRDDS) that can prolong the drug 

release of methyldopa. In the present research tablets are prepared by direct compression method using carbapol 

934 and HPMC K100M polymer, by the use effervescent (for Formulations F1, F2, F3, and F4) and non-

effervescent (F5) technology. One of the medications used to treat hypertension is methyldopa, a sympatholytic 

drug that acts centrally having short half-life of 2 h. Sedation, nausea, and vomiting are some of the drug's side 

effects that occur as a result of its frequency of its administration (250 mg two to three times day). Therefore, it 

would be far more effective to prepare GRDDS of methyldopa to release drug in the gastric environment for an 

extended duration. F3 is the most effective formulation batch because the combination of polymers HPMC K 

100M and carbopol 934 in methyldopa effervescent tablets significantly prolongs the drug release in 0.1N HCl for 

more than 12 hours with a floating lag time of 60 seconds. The drug release mechanism reveals a new approach to 

treat hypertension with methyldopa floating tablets by utilising a mixture of HPMC K 100 M and carbopol 934 

polymers.  

Keywords: Methyldopa, HPMC K 100 M, Carbopol 934, Floating Tablets, Floating Lag Time. 

 

INTRODUCTION  

The oral route of medication delivery is often 

considered the best and most convenient choice among the 

available dosage form. Depending on the physicochemical 

properties of a dosage forms, they are absorbed after 

dissolving in stomach or intestinal fluids. Drugs that are 

unstable in the intestinal pH can have their gastric 

residence duration greatly prolonged using gastro-

retentive systems because of their ability to remain in the 

stomach region for lengthy periods (1). Improving 

bioavailability (2-4), decreasing drug wastage, and 

extending drug release over a longer duration are just a few 

of the advantages of prolonging gastric retention. 

Localised medication distribution to the stomach and 

upper section of the small intestines is another area where 

gastro-retentive systems are effective. Innovative 

therapeutic opportunities and substantial patient 

advantages can be realised through the creation of novel 

products made possible by enhanced gastro retention. A 

number of mechanisms, including mucoadhesion (5), 

flotation (6), expansion, changed shape systems (7-8), or 

the concurrent administration of pharmacological drugs 

that delay stomach emptying, can be employed to control 

the gastric retention of solid dosage forms. 

The use of a GRDDS allows for the prolonged oral 

administration of medications that are absorbed in 

particular sections of the gastrointestinal tract, as they are 
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Formulation and Characterization of Methyldopa …                                                                           Amaresh Prusty et al. 

- 424 - 

kept in the stomach. Floating drug delivery systems, 

expanding and swelling systems, high-density systems, 

polymeric bio adhesive systems, and other devices are 

utilised to extend stomach retention time (9). An easy and 

successful way to prolong the gastric residence duration of 

dose forms is to prepare it in Floating Drug Delivery form 

(10). These systems have bulk density lower than that of 

gastric fluids, allowing them to remain buoyant in the 

stomach for extended periods without being affected by 

the gastric emptying rate. 

Drug delivery systems that float in the stomach are able 

to evade the effects of the stomach's natural gastric 

emptying rate because their bulk density is lower than that 

of gastric fluids. The floating system releases the drug at a 

controlled rate in stomach. The generation and entrapment 

of carbon dioxide within the polymeric gel cause the 

dosage form to swell, reducing its bulk density to less than. 

As a result, the system floats in the stomach acid (11). 

Methyldopa, an antihypertensive medication and the 

drug of choice for treating hypertension during pregnancy 

is selected for this investigation. Only methyldopa has 

undergone comprehensive safety testing for the mother, 

neonate, and infant (12). The half-life of methyldopa is just 

about two hours; thus, it needs to be taken three or four 

times a day. Because of its side effects due to frequent 

administration, it is an ideal candidate to be formulating in 

GRDDS by using HPMC K 100 m and carbopol 934 

polymers. No research publications have been found that 

utilize the specified combination of polymers to prolong 

the release of methyldopa in the acidic pH of the stomach. 

However, it has been observed that when selected 

polymers are used to release drugs in the alkaline pH of the 

intestine, tablets disintegrate and develop a red tint within 

the first few minutes. As the reaction progresses, the 

dissolution media becomes dark due to protonation, 

indicating the drug's instability in an alkaline environment. 

This study entails the formulation and evaluation of 

methyldopa gastroretentive floating tablets. 

 

MATERIALS AND METHODS 

Materials 

The pharmaceutical company Pfizer India Healthcare 

Limited supplied the methyldopa. Carbopol 934 and 

HPMC K 100 M were purchased from Rolex 

Pharmaceuticals in Bhubaneswar, Odisha. From S.D. Fine 

chemicals in Mumbai, we obtained the additional 

components talc and magnesium stearate. 

Methods 

Compatibility study 

FT-Infrared spectroscopy (FTIR) study 

In FTIR study, 10 milligrammes of the sample and four 

hundred milligrammes of potassium bromide (KBr) were 

triturated in a mortar. Next, a tiny amount of the triturated 

mixture was put into a pellet maker and compacted with a 

hydraulic press at a pressure of 10 kg/cm². A Shimadzu 

FTIR Spectrophotometer was used to scan the resultant 

pellet from 4000 cm⁻¹ to 400 cm⁻¹ after it was placed on 

the sample holder. 

DSC Study 

In order to examine the significant changes in the 

thermal behavior of either a drug or a polymer can be 

measured by DSC (Schimadzu, DSC-60, Japan). Samples 

weighing 5mg were sealed in aluminum pans and heated 

to 300ºC at a rate of 40ºC per minute. 

Isothermal stress testing 

The compatibility of drug-excipients is evaluated using 

the isothermal stress testing method (13). The medicine 

and various excipients were measured, mixed thoroughly 

in a vortex mixer for 2 minutes, and then transferred to 4 

ml glass vials (n = 2) according to the authors' protocol 

(14). After that, 10% (w/w) water was added to each vial 

before the drug-excipients mixture was further blended 

using a heat-sealed glass capillary. Capillary was broken 

and kept within the vial to avoid material loss. Using a hot 

air oven, each vial was sealed and kept at a temperature of 

500C. At the end of the first, second, and third weeks of 

storage under the aforementioned conditions, as well as 

after the third week, the samples were quantitatively 



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 2, 2025 

- 425 - 

analysed using a UV-visible spectrophotometer to 

determine the drug-excipients compatibility by calculating 

the percentage assay. 

Preparation of Gastro Retentive Floating tablets 

Composition of tablets for five best formulations is 

shown in table 1. All the ingredients except magnesium 

stearate were taken as per prescribed weight and mixed 

properly for sufficient time to form a uniform mixing. 

Magnesium stearate was added and stirred for an extra 2-3 

minutes. Then the prepared powder mixtures were 

compressed using 12 mm Karnavati tablet punching 

machine. Each batch of tablets maintained the same weight 

of 620 mg. 

 

Table 1: Formula for the preparation of Methyldopa tablets 

Ingredients amount (mg) F1 F2 F3 F4 F5 

Methyldopa 250 250 250 250 250 

HPMC K100M 200 ----- 180 150 250 

Carbapol 934 ---- 200 20 50 60 

Sodium 

bicarbonate 

70 70 70 70 ----- 

Citric acid 40 40 40 40 ----- 

Starch 1500 50 50 50 50 50 

Magnesium stearate 5 5 5 5 5 

Talc 5 5 5 5 5 

Total weight (mg) 620 620 620 620 620 

 

Calibration curve of Methyldopa 

A quantity of 100 mg of the drug was precisely 

weighed and transferred into a 100 ml volumetric flask. 

The drug was dissolved and the volume was adjusted to 

100 ml using 0.1N HCl to prepare stock solution A. From 

this stock solution A, different concentrations like 5 µg/ml, 

10 µg/ml, 15 µg/ml, 20 µg/ml, 25 µg/ml, up to 40 µg/ml 

were prepared. By UV-Spectrophotometer at λ max of 282 

nm solutions are analysed and absorbance and standard 

graph is represented in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Calibration curve of Methyldopa in 0.1N HCl
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Characterization of pre compression parameters of 

tablets 

Pre-compression parameters like bulk density, tapped 

density, angle of repose and Compressibility index and 

percentage porosity were calculated (15). 

Bulk density 

In Bulk density determination, volume occupied is 

determined by transferring 25 gm powder samples into 100 

ml graduated cylinder and the ratio between weight of 

sample to volume gives bulk density value. 

Tapped density 

In tapped density, 25 gm of powder samples transferred 

to a 100 ml graduated cylinder and tapped to get tapped 

volume reading and ratio between weigh to tapped volume 

gives tapped density. 

Compressibility Index 

It is determined by using following formula. 

Compressibility Index= (ρt - ρ0)/( ρt)x 100 

ρt =tapped density, ρ0=bulk density 

Percentage Porosity 

It was determined by liquid displacement method by 

applying formula 

% Porosity= (True Density-Bulk Density)/True Density X 100 

Angle of repose 

Angle of repose was calculated by following funnel 

method using the equation. 

θ = tan -1 h/r,      

Where h and r are the height of pile and radius of 

the pile. 

 

Characterization of post compression parameters 

of tablets 

Characterization of Methyldopa tablets: 

Tablets parameters like thickness, hardness (measured 

with Pfizer hardness tester and units in Kg/cm²) and 

percentage friability were determined. Roche Friabilator 

(Labindia) was used to determine friability, where 10 

tablets were weighed initially by placing in the friabilator 

for 4 min giving 100 rpm and after that final tablets weight 

was measured. The percent friability (PF) = (Initial Weight 

– Final Weight) / Initial Weight X 100. 

Weight variation test is performed as per USP 

guidelines to calculate average weight which compared 

with % deviation. 

Drug content 

To determine drug content of methyldopa tablets, five 

tablets of each formulation were weighed and finely 

powdered. About 0.1 gm equivalents were accurately 

weighed, completely dissolved in buffer and was filtered. 

About 1ml of the filtrate was further diluted to 100ml with 

buffer. The solution's absorbance was measured at 282 nm 

using a UV-visible spectrophotometer. 

Floating property study 

In floating property parameters like floating lag time 

(FLT) and total floating time (TFT) are evaluated. FLT is 

the amount of time tablets takes to reach the surface of the 

medium, and TFT is the amount of time tablets float on the 

surface. The tablets from each batch of formulation were 

added to 900 ml of 0.1 N HCl (pH 1.2) in USP type II 

dissolution equipment (Disso 2000, Labindia). While 

keeping the medium at a constant temperature, the speed 

of paddle maintained at 100 revolutions per minute and 

FLT and TFT are determined (16). Tablets showing faster 

hydration improve their floating ability in GRDDS of the 

effervescent type of floating system, which is caused by a 

gas-forming mixture of sodium bicarbonate (NaHCO3) 

and citric acid. This mixture induces effervescence, which 

in turn leads to the creation of pores. 

Methyldopa Swelling Property Study 

Swelling behaviour confirms how the tablet absorbs 

fluids, which causes it to grow in size and weight. The 

extent of swelling is measured by difference in weight gain 

between before and after immersion of the tablet weight to 

the tablet weight before immersion in media and is 

expressed as a percentage weight gain by the tablet. 

Tablets from each formulation batch were weighed and 

placed in a beaker containing 200 ml of 0.1 N HCl with a 
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pH of 1.2. At hourly intervals, the tablets were removed, 

reweighed, and the percentage weight gain by the tablet 

was calculated. 

In vitro dissolution studies 

It was carried out by USP Type II paddle type 

dissolution apparatus (Disso 2000, Labindia) by taking 

900 ml of 0.1 N HCl (pH 1.2) media by maintaining 

temperature at 37±0.5°C. Methyldopa floating tablets are 

immersed in medium by setting the paddle to rotate at 100 

rpm. At regular intervals 10 ml samples were removed and 

replaced with same media of the same volume. The 

samples were examined for drug concentration using a 

double beam UV-Visible spectrophotometer (Genesis-2, 

USA) at a wavelength of 282 nm, to calculate the 

percentage of cumulative drug release. 

Drug release Kinetics 

The release kinetics can be found by fitting the data to 

the various kinetic equations and to explain how the 

floating tablets release their drugs; the most appropriate 

model will be the one that correlates best with the 

experimental data (17). A coefficient of determination (R2) 

value closer to 1 indicates a better match, which was used 

to select the optimal model. The release can be described 

as either Fickian diffusion (n ≤ 0.5), anomalous diffusion 

(0.5< n< 1), or zero-order release (n = 1) depending on the 

value of (n). 

Zero-Order Kinetics 

In zero-order kinetics, the concentration has no effect 

on the rate of drug release. Here is the zero-order equation: 

Qt = k0 t 

First-Order Kinetics 

The First-order kinetics model describes a system 

where the drug release rate is concentration-dependent. 

The First-order equation is given by: 

Q t = Q∞ (1‐e–k1t) 

Higuchi Model 

The Higuchi model describes drug release as a 

diffusion process based on Fick's law, primarily applicable 

to matrix systems. The Higuchi equation is given by: 

Qt = KH t 1/2 

Where k0, k1, KH is rate constant for zero order, first order 

kinetic constant and Higuchi rate constant respectively and 

Q∞ being the total amount of drug in the tablet. 

 

Stability study 

As per ICH guidelines accelerated stability study was 

conducted at 40±2°C/75±5% relative humidity for 

3month. Ten tablets were wrapped individually using 

aluminium foil and put at above specified condition and 

after each month tablet sample was analyzed for the in 

vitro drug release. 

 

RESULTS AND DISCUSSION: 

FTIR study 

Figures 2 and 3 illustrate the results of the infrared 

spectroscopy approach used to determine drug 

compatibility. The IR spectrum clearly shows peaks at 

1400 and 1600 cm-1, which correspond to the benzene ring, 

at 3400 cm-1, which indicates the OH vibration of the 

phenol, and peak at 3200 and 3400 cm-1, which indicate 

the N−H vibrations. Similarly in figure 3 for FTIR of 

physical mixture of Methyldopa, HPMC K 100 M and 

Carbopol 934, there was no deviation or extra peak 

observed in the combinations of methyldopa, HPMC K 

100 M, and carbopol 934. Although there is an additional 

peak at 3600 cm -1, this might be because carbopol 934 is 

able to make hydrogen bonds with the O-H of methyldopa. 

It suggests that the excipients along with selected polymers 

used are completely compatible with the active 

pharmaceutical ingredient (API), methyldopa. 
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Figure 2: FTIR Spectrum of Methyldopa 

 

 
Figure3: FTIR Spectrum of physical mixture of Methyldopa, HPMC K 100 M and Carbopol 934 

 

DSC Study 

Figure 4 displays the DSC thermogram of the physical 

mixture of excipients utilised in the formulations as well 

as the drug methyldopa. When it comes to the samples' 

physical features, such as their thermal behaviour and 

possible interactions between the drug and excipients, 

DSC is invaluable. At its melting point of 140.05°C, the 

pure drug showed an endothermic peak in its DSC 

thermogram. The tablet formulation's DSC thermogram, 

on the other hand, displayed an endothermic peak at 

141.85°C. There was no significant change in the 

endothermic peak between drug and formulation. Since the 

polymer HPMC K 100 M is compatible with the 

formulation and does not affect the stability of the drug, it 

can be attributed to the additional peak at 103.12°C, but 

this peak has no interaction with optimal formulation F3. 

Hence from the above DSC study, it was observed the 

formulation is still thermodynamically stable. 
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Figure 4: DSC of pure drug Methyldopa and F3 batch 

 

Isothermal stress testing 

In isothermal stress testing, there was no significant 

changes (colour and appearance) occur after storage of 

drug–excipients blend under stressed conditions Results 

shown in Table 2 shows their compatibility. 

 

Table 2: Results of Isothermal Testing 

Week (drug excipients mixture) % Assay 

  Control samples Stressed samples 

1 No significant changes in colour 100.81 ± 0.72 100.27 ± 1.65 

2 No significant changes in colour 100.46 ± 0.86 99.27 ± 2.04 

3 No significant changes in colour 101.8 ± 1.48 99.27 ± 2.04 

 

Pre-compression parameters of powder mixtures 

Pre-compression parameters like bulk density, tapped 

density, angle of repose and Carr’s index results are shown 

in Table 3. Angle of repose value for all batches is less than 

30 0 indicated powder showing excellent flow property. 

Similarly, compressibility index values for all batches 

shows good flow ability. Percentage porosity of powder 

samples of all batches comes in the range of 20-25%. In 

floating tablets presence of polymers, delays penetration 

of the dissolution medium into the tablets in decreasing the 

drug release makes powder mixture particles more close to 

each other which reduces porosity percentage values. 

 

Table 3: Pre-compression evaluation parameters of powder mixtures 

Formulations Angle of repose(θ) Bulk density (g/ml) Tapped density  (g/ml) Compressibility index (%) 

F1 27.04±0.61 0.364±0.07 0.561±0.07 12.12±0.07 

F2 26.01±0.37 0.329±0.59 0.312±0.09 13.94±0.07 

F3 27.24±0.61 0.301±0.03 0.561±0.59 13.07±0.07 

F4 26.01±0.37 0.329±0.59 0.312±0.08 12.12±0.07 

F5 27.24±0.63 0.301±0.03 0.561±0.07 13.94±0.07 

n= 6; SD-standard deviation 
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Post compression parameters 

The prepared methyldopa floating tablets were white in 

colour, with an average diameter of 10.0 ± 0.0 mm and a 

mean thickness ranging from 3.384 ± 0.05 mm across all 

batches. The results of various post-compression 

parameters—such as weight variation, tablet hardness, and 

percentage friability—are presented in Table 4. All values 

fall within the acceptable limits specified by the applicable 

official compendia. 

 

Table 4: Post compression parameters of different tablet batches 

Batches 
Weight variation 

test a(mg) ±S.D 

Hardness 

(kg/cm2) ±S.D 

Thickness 

(mm) ±S.D 

%Friability 

(%) ± S.D 

Floating lag 

time (sec) ± 

S.D 

Total floating 

time (h) ± S.D 

F1 620±0.016 5.50±0.36 3.384±0.05 0.48±0.02 60 >11h 

F2 620±0.016 7.79±0.24 3.384±0.05 0.32±0.02 180 >9h 

F3 620±0.016 5.50±0.24 3.384±0.05 0.65±0.02 60 >12h 

F4 620±0.016 5.80±0.26 3.384±0.05 0.58±0.02 90 >12h 

F5 620±0.016 6.19±0.20 3.384±0.05 0.53±0.02 1200 >9h 

a, d (n=3±S.D) ;  b(n=5±S.D) and c (n=20±S.D) 

 

Floating property Study 

The results are presented in Table 4. The presence of 

HPMC K100M alone in batch F1, or in combination with 

Carbopol 934 in batches F3 and F4, resulted in faster 

hydration. This led to the formation of a viscous gelatinous 

layer upon exposure to an aqueous medium, causing 

shorter floating lag time (FLT) and total floating time 

(TFT), as shown in Table 4. These findings are consistent 

with previous studies (18). In contrast, formulation F2, 

which contained Carbopol 934 alone at high 

concentrations, demonstrated greater moisture absorption 

compared to HPMC. This increased moisture uptake raised 

the tablet density, made the tablets sticky, and resulted in 

an increased FLT (19). Similarly, formulation F5, which 

lacked gas-forming agents, exhibited variable lag and 

floating times (20). 

Swelling Study 

In addition to facilitating drug disintegration, the 

carbon dioxide bubbles generated by sodium bicarbonate 

may obstruct the diffusion pathway through the hydrated 

gel layer (21). This explains the differences in swelling and 

drug release characteristics between effervescent and non-

effervescent tablet formulations. One possible reason for 

the lower mean drug release in non-effervescent 

formulations is that their swelling indices—such as those 

observed in formulation F5—are higher compared to those 

of the corresponding effervescent formulations. The 

findings are presented in Table 5. 

 

Table 5: Swelling Index of different tablet batches 

Time (h) F1 F2 F3 F4 F5 

0.5 64.13 ±0.15 78.38±0.11 45.22 ±0.02 31.85 ±0.06 80.19 ±0.19 

1 89.3 ±0.01 110.4±0.05 60.34 ±0.14 40.64 ±0.17 116.3 ±0.29 

2 119.4±0.06 134.5±0.08 89.65 ±0.12 60.71 ±0.09 143.2 ±0.06 

3 169.1±0.16 166.6±0.14 108.9 ±0.13 94.31 ±0.07 176.8 ±0.07 

4 184.2±0.11 189.7±0.15 148.1 ±0.14 132.1 ±0.05 199.1 ±0.14 

5 213.4±0.19 217.9±0.13 174.4 ±0.12 141.7 ±0.01 227.3 ±0.13 

 

In vitro dissolution study 

In vitro drug release data and comparative dissolution 

profiles of tablet batch F1 to F5 h is shown in figure 5. 

According to this study, the concentration of the polymer 
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is responsible to prolong the drug release. In F1, due to 

increased chain entanglement caused by the presence of 

HPMC K 100 M, the side chains inflate more rapidly to 

create a strong gel. This gel demonstrates a stronger ability 

to withstand drug diffusion and gel erosion, which in turn 

decreases the drug release rate. In F1 around 27.27±1.46% 

release of methyldopa takes place in the initial half-hour. 

But with increase in time, the release was at a slower rate 

because the polymer swelled, and the release might last up 

to 11h hours with 98.87±1.13 % drug release (22). 

Higher concentration of carbopol 934 polymer in 

formulation F2 makes tablets to a sticky mass upon contact 

with media. When carbopol polymers used in higher 

concentration in tablets increases crushing strength and 

have good binding characteristic resulting in increase in 

hardness as we have observed in F2 batch which shows 

hardness of 7.79±0.24 kg/cm 2, but in dissolution media 

carbopol are almost completely non-ionized at pH 1.2 and 

do not completely swell at lower pH values; hence, solvent 

can permeate the glassy core deeply and swiftly, leading to 

faster drug release within 7 hours where more than 98% 

drug released. This property of carbopol was in agreement 

with various previous studies (23). But that at higher pH 

levels, the swelling caused by the ionisation of the 

carboxylic acid groups causes fewer and smaller regions 

of microviscosity, leading to a longer release of the drug 

(24-25). 

Formulations F3 and F4, which contain a mixture of 

HPMC K100M and Carbopol 934, releases drug at a rate 

of 17.68±1.87 % and 33.85±3.02 %, respectively after 30 

minutes. While HPMC K100M hydrates to produce a 

protective gel layer, the fast drug dissolution from the 

tablet surface may be responsible for the initial burst effect 

for F1 which contain only HPMC K 100 M (26). However, 

the first burst impact was diminished due to the inclusion 

of carbopol 934 which is an anionic polymer, which 

formed an insoluble mass that acted as a barrier to drug 

diffusion and lowered the drug release in the acidic 

medium in F3 (27). The fact that the carbopol 934 polymer 

has an adverse effect on floating behaviour and is only 

used for its drug release retardant properties which are 

extremely effective at low concentrations to achieve 

extended release characteristics and may be another reason 

why F3 has better control over drug release and takes 12 

hr to release 99.09±0.13 % drug release (28). 

But in F4 the increase in amount of Carbopol 

demonstrates 98% drug release in 8 hours. This is because 

the less viscous polymer, carbopol, replaces the more 

viscous HPMC K 100 M to increase drug release (29). In 

order to check the effect of gas forming agents in drug 

release of methyldopa GRDS tablets, authors have 

designed the non-effervescent formula F5 and have 

observed tablets of this batch have the slowest release rate 

and drug release pattern and similar to F3, but with a 

longer floating lag period. This might be because as there 

are no gas-forming agents, which means there is no 

effervescence and no pore development. This resulted in a 

slower rate of drug release since the tablets were hydrated 

more slowly. However, tablets having both HPMC K 100 

M and carbopol 934, the addition of sodium bicarbonate 

increased the hydration volume, leading to a larger volume 

expansion in the former scenario (30). 

So from this research finding it may confirm polymer 

viscosity responsible for cumulative drug release from 

methyldopa tablets. Formulation F3 tablets with HPMC K 

100 M and carbopol 934 showed that the drug was released 

in the gastric pH more slowly which extends more than 12 

h, with a floating lag time of 60 seconds indicating the 

most suitable tablet batch. 
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Figure 5: Comparative dissolution profiles of Tablet Batch F1 to F5 

 

Drug Release Mechanism 

Table 6 presents the results of the drug release 

mechanism, showing an R² value of 0.998 for the F3 tablet 

and an n value of 0.720 (within the range of 0.89–1) based on 

the Peppas equation. These values suggest that the drug 

release follows a diffusion–erosion mechanism, driven by the 

swelling and hydration behavior of the combined polymers 

HPMC K 100 M and Carbopol 934. 

 

Table 6: The results of kinetic treatment applied to dissolution profile of tablet of each batch were as shown. 

Batches Zero order (R2) Higuchi (R2) 

F1 0.969 0.991 

F2 0.973 0.997 

F3 0.974 0.998 

F4 0.959 0.992 

F5 0.963 0.994 

 

In vitro drug release comparison of the batch F3 

with the marketed methyldopa tablets (Aldopam Tabs) 

The in vitro release study compared the optimized 

formula F3 with the commercially available Aldopam 

tablets. The marketed tablets demonstrated complete drug 

release within 6 hours, whereas the F3 batch exhibited a 

sustained drug release over 12 hours, with a floating lag 

time of 60 seconds and a total floating duration exceeding 

24 hours. The comparative dissolution profile results are 

presented in Figure 6. 
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Figure 6: In vitro dissolution study of Marketed Tablets and F3 

 

Stability Study 

Throughout the storage period, no colour or 

appearance changes were observed and results are shown 

in table 7. 

 

Table 7: Stability data of F3 formulation after 3 month accelerated stability study 

Parameters Initial 
After 

1Month 
After 2M After 3M 

Physical appearance Tablets are pale white, convex 

smooth surface without any cracks 

No change No change No change 

Thickness(mm) ± S.D 3.384±0.05 3.384±0.05 3.384±0.05 3.384±0.05 

Hardness(kg/cm2) ± 

S.D 

5.50±0.24 5.50±0.24 5.50±0.24 5.50±0.24 

Friability(%) ± S.D 0.65±0.02 0.65±0.02 0.65±0.02 0.65±0.02 

%  cumulative Drug 

release 

99.09±0.13 99.32±0.79 99.1±0.09 98.19±0.79 

 

CONCLUSION 

In this research, the authors successfully formulated 

GRDDS floating tablets of methyldopa using HPMC 

K100M and carbopol 934 polymers. Out of different 

formulation batches, F3 is the most ideal batch tablet, 

which extends drug release for more than 12 hours with a 

floating lag time of 60 seconds. The drug is released 

through diffusion-erosion mechanisms, which are caused 

by the swelling and hydration behavior of the combination 

polymers of HPMC K 100 M and carbopol 934. Swelling 

studies indicate significant water uptake, which 

contributed to drug release and could be important in 

gastric retention. Isothermal stress testing shows that no 

significant changes (color and appearance) occurred after 

the storage of drug-excipients blends under stressed 

conditions. Similarly, FTIR suggests that the excipients 
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and selected polymers used are completely compatible 

with the active pharmaceutical ingredient (API), 

methyldopa, and from the DSC study, it was observed that 

the formulation is still thermodynamically stable. The 

prepared methyldopa floating tablets of the F3 batch in the 

accelerated storage conditions study remain stable, 

indicating the stability of the formulation. 
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صياغة وتوصيف أقراص ميثيل دوبا العائمة باستخدام سواغات بوليمرزية: دراسة حول نظام توصيل الأدوية 

 المضبوطة في الجهاز الهضمي
 

 1 ، جيانرانجان بيهيرا 1 ، بريانكا سينغ 1 ، سانجيت كومار سيناباتي 2 ، تشينمايا كيشاري ساهو*  1أماريش بروستي
 

 أوديشا، الهند ،بيرهامبور ،الكلية الملكية للصيدلة والعلوم الصحية ،قسم الصيدلانيات 1

 الهند ,.أوديشا ،بوري  ،باليغوالي ،بيديانيكتان ،بوري  ،كلية العلوم الصيدلانية ،قسم الصيدلانيات 2
  

 ملخـص
يمكنه إطالة إفراز دواء  (GRDDS) هذا البحث إلى تطوير نظام جديد لتوصيل الأدوية للاحتفاظ بالجهاز الهضمي يهدف

 HPMCوبوليمر  934في هذا البحث ، يتم تحضير الأقراص بطريقة الضغط المباشر باستخدام كاربابول  .ميثيل دوبا

K100M  باستخدام تقنية الفوار ،( للتركيباتF1  وF2  وF3  وF4)  وغير الفوارة(F5).  أحد الأدوية المستخدمة لعلاج
 ,الغثيان ,التخدير .ساعة 2، وهو دواء ود يعمل مركزيا له عمر نصف قصير يبلغ  methyldopaارتفاع ضغط الدم هو 

 .(ليومملغ مرتين إلى ثلاث مرات في ا 250)والقيء هي بعض الآثار الجانبية للدواء التي تحدث نتيجة لتكرار إعطائه 

 F3 .لإطلاق الدواء في بيئة المعدة لفترة طويلة methyldopaمن  GRDDSلذلك ، سيكون من الأكثر فعالية تحضير 

في أقراص ميثيل دوبا  carbopol 934و  HPMC K 100Mهي دفعة التركيبة الأكثر فعالية لأن مزيج البوليمرات 
 ...ل  0.1N HClالفوارة يطيل بشكل كبير من إطلاق الدواء في 

 .، أقراص عائمة ، وقت تأخر عائم HPMC K 100 M  ،Carbopol 934ميثيل دوبا ،  الكلمات الدالة:
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ABSTRACT 
An increase in antibiotic resistance has created significant challenges in treating Salmonella enterica infections. 

Consequently, various vaccines have been developed as practical alternatives to antibiotics for preventing S. enterica 

infections. mRNA vaccine technology is rapidly advancing as a replacement for conventional methods due to its high 

efficiency, low cost, and ability to elicit a strong humoral immune response. This research aims to develop a novel 

mRNA vaccine against S. enterica using immunoinformatics approaches. The protein SopD was selected, and its 

suitable epitopes were identified. These epitopes were evaluated to ensure they are antigenic, non-allergenic, and non-

toxic. Subsequently, the epitopes were linked using appropriate linkers to create a vaccine construct. This construct 

was further analyzed and subjected to molecular docking with the Toll-like receptor TLR3 using the HDock server. 

Molecular dynamics (MD) simulations showed that the vaccine construct is stable based on RMSD and RMSF 

parameters. Immune simulation indicated the vaccine’s efficacy, and it was successfully cloned using the SnapGene 

tool. Finally, a multi-epitope protein was modeled and optimized. The results demonstrated that the vaccine construct 

is effective, non-allergenic, non-toxic, and successfully cloned. Overall, the findings suggest that the designed mRNA 

vaccine construct could be a promising candidate for S. enterica treatment, pending validation through in vitro 

techniques such as ELISA and in vivo testing in animal models. 

Keywords: Enteric fever, Epitopes, Gastroenteritis, S. enterica, Septicemia. 

 

1. INTRODUCTION 

Typhoid fever is commonly known as enteric fever 

which is caused by the food or water which is 

contaminated with bacteria. It is characterized by a 

prolonged high fever lasting for weeks. It affect majorly to 

your small intestine and shows symptoms like high fever, 

chills, cough, muscle aches and rose spots like rash [1].  

Salmonella enterica can easily be transmitted from 

person to person through objects and surfaces 

contaminated with the bacteria. It is considered a serious 

health concern, especially in children, due to their weaker 

immune systems. Enteric fever, if left untreated, can be 

fatal [2]. Moreover, it is more common in people that 

travel from one place to another [3]. Symptoms typically 

do not appear within the first week, but after 7 to 14 days, 

a high fever develops and can become severe. In infants 

and children, diagnosis may be delayed until serious 

complications arise beyond just the fever. Diagnosis is 

usually made clinically based on physical examination and 

the patient’s history of exposure [4]. 

Three major types of diseases are involved in typhoid 

i.e. gastroenteritis, septicemia, and enteric fever. 

Gastroenteritis is the inflammation of digestive system 

which may result in infection. It is considered as short-

term illness and includes symptoms like diarrhea, 

abdominal cramps and vomiting condition. Virus, 

parasites, bacterial toxins, various chemicals and drugs are 

mailto:aaizamumtaz07@gmail.com
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the reason behind the cause of gastroenteritis. Good 

hygiene is necessary for the prevention from the spread of 

disease in other people [5]. Septicemia is also known as 

sepsis which is the utmost response to infection in the 

human body. It is considered as the blood poisoning by the 

contamination of microorganisms like bacteria, fungi, and 

viruses [6]. It can cause various types of infections i.e. 

infection in intestine, lungs, urinary tract, and responsible 

for the skin infection. It may also cause organ failure, 

damage of tissues, and death of the patient. It can be treated 

with the antibiotics, avoiding the source that is the cause 

of infection. Enteric fever is also been a health problem in 

public, and can be fatal if it is not treated [7].  

Enteric fever or typhoid fever symptoms swiftly develop 

in four stages, these stages are as stage 1 is the initial stage 

of typhoid which occur within five to fourteen days after 

getting in contact with the bacteria. The symptom of this is 

fever which gets higher and higher over days and is known 

as stepwise [8]. At this stage, bacteria keep on moving in the 

blood of the patient. In stage 2, which is the second week of 

the fever, bacteria began to multiply in the part of human 

body immune system that is responsible for the 

identification of the harmful invaders known as Peyer’s 

patches. At this point, patient start facing symptoms like 

stomach pain leading to diarrhea. Moreover, rashes or red 

spots appear on the body [9]. Stage 3 is the point at which 

no antibiotic will work to prevent the bacterial infection and 

can cause serious damage. This stage is the third week of the 

infection and symptoms like internal bleeding or 

inflammation in your brain which is encephalitis appears in 

the patient [10]. Final stage is the 4th stage, in which patient 

began to recover and fever gradually decreases. However, 

the bacteria may remain in your gallbladder without causing 

any symptoms.  

Healthcare providers suggests the patient to take tests 

for the diagnosis of the disease by taking samples of your 

blood, urine, stool, or bone marrow [11]. X-ray can also be 

taken to look deeper changes in your lungs. Furthermore, 

it can be treated with antibiotics but some types of bacteria 

cannot be treated with antibiotics which include medicines 

like levoflaxin, cephalosporins, azithromycin, and 

cefixime [12, 13]. If the patient is severely ill, it might be 

given additional treatment like being admitted into the 

hospital for proper care and treatment. To reduce risk of 

being in contact with enteric fever, vaccination should be 

taken if you travel or live in the area where there are 

chances of getting in contact with the bacteria Salmonella 

enterica [14, 15]. Till now, there are two types of vaccines 

that were being used for the prevention of enteric fever but 

they do not helped in complete prevention and protection 

which included oral vaccine for typhoid in which four pills 

were taken after every few days but in December 2020, it 

was no more available in the market from the 

manufacturers [16]. Second type of vaccine is injectable 

vaccine that is needed almost two weeks before arriving in 

an area where S. enterica is common. This vaccine will 

develop your immunity by making it able to resist or fight 

with the bacteria and it is needed to build up immunity 

after every two years to stay protected from the infection. 

The children with the age of 2 years can also get this 

vaccination [17]. 

S. enterica is a gram-negative, motile, rod shaped 

pathogenic and harmful bacteria. There are further six 

subspecies and have 2,600 serotypes that are responsible 

for the cause of various infections in humans and animals 

[18]. According to various studies, S. enterica on biotic 

and abiotic surfaces forms biofilms such as glass surfaces, 

cabbage, polystyrene, stainless steels etc. The various 

qualities of S. enterica control the statement of cell parts 

during the development of biofilm. The ycfR is a 

profoundly managed quality which shows articulation 

under the pressure of chlorine and shows high harmfulness 

[19]. It assists the S. enterica with framing biofilms for the 

most part on the outer layer of glass and polystyrene. In 

contain proteins like, CsgD which is the transcriptional 

administrative protein which manages the outflow of curli 

protein and cellulose that aides in surface grip [20]. The 

fliL in S. enterica controls the development and course of 
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flagella which helps in the micro-colonies’ arrangement. 

This bacteria is responsible for enteric fever which is more 

common in those areas where there is more contamination 

and sanitation condition is poor [21]. 

The significance of the research is to identify the new 

and more efficient vaccine for the prevention of bacteria S. 

enterica that is responsible for the cause of enteric fever. 

Furthermore, mRNA vaccine is considered to be more 

significant as compared to the other vaccines because they 

are used for early treatment before getting in contact with 

the bacteria and should be subjected to further in vitro and 

in vivo testing.  

 

2. MATERIALS AND METHODS 

2.1 Sequence retrieval, prediction and evaluation of 

B-cells and T-cells epitopes: 

For the preparation and designing of vaccine, SopD 

protein sequence of Salmonella enterica in the form of 

FASTA format was retrieved from UniProt 

(https://www.uniprot.org/) using its advance feature of 

finding protein along with the organism [22]. An IEDB tool 

(http://tools.iedb.org/main/) was utilized for the epitope 

prediction of B-cells and T-cells on the basis of sequence 

obtained from Knowledge based Database (UniProt). 

B-cells epitopes were taken from portion of IEBD tool 

for B-cell epitope prediction 

(http://tools.iedb.org/main/bcell/) which explained 

number of B-cells epitopes present in the sequence along 

with each epitope sequence, their starting and ending point 

[23, 24]. It also provides graphical representation on the 

basis of peaks to distinguish between epitopes and 

remaining sequence. T-cells epitopes on the other hand can 

be obtained from (http://tools.iedb.org/main/tcell/) having 

two parts of MHC-I and MHC-II for CD8+ and CD4+ 

[25]. All the epitopes of the protein were validated for 

antigenicity using Vexijen (https://www.ddg-

pharmfac.net/vaxijen/VaxiJen/VaxiJen.html) and its non-

allergenicity was checked by utilization of Allertop v. 2.0 

(https://www.ddg-pharmfac.net/AllerTOP/) [26, 27]. 

2.2 Population coverage of the predicted epitopes 

worldwide: 

Population coverage potential of MHC-I and MHC-II 

was studied by using IEDB analysis resource 

(http://tools.iedb.org/population/) which reveals about the 

worldwide coverage of the predicted epitopes of Class-I 

and Class-II. This population coverage should be greater 

than 60% [28].  

2.3 Vaccine Construction using epitopes obtained 

from SopD protein: 

The mRNA vaccine construct was proposed to be 

arranged in the form starting from N-terminal to C-

terminal in the following arrangement: An adjuvant-

EAAAK linker- linker-B-cells Predicted epitopes-CPGPG 

linker-T-Cells predicted epitopes for MHC-I-AAY linker-

T-Cells predicted epitopes for MHC-II-HHHHH tag which 

is Histidine tag. 

2.4 Evaluation of toxicity and physiochemical 

properties of the vaccine construct: 

To evaluate the harmfulness and toxicity of the 

antibody build, the computational device ToxinPred 

(http://crdd.osdd.net/raghava/toxinpred/) server was used. 

It additionally divulged about the atomic weight, its 

charge, hydrophobicity, hydropathicity and change 

position in each linker and anticipated epitopes [29]. The 

outcome made sense of that there is no transformation and 

all the peptide arrangements are non-toxic [30]. 

The compositional examination and physiochemical 

properties of SopD protein were estimated by using Expasy's 

Protparam server (https://web.expasy.org/protparam/). It 

additionally made sense of about the amino corrosive creation 

and nuclear arrangement which makes sense of about the 

quantity of amino acids and number of molecules individually 

to concentrate on the SopD protein of Salmonella enterica [31]. 

2.5 Prediction of secondary structure for the vaccine 

construct: 

To dissect the underlying organization of protein based 

on alpha helix, beta sheets, and loops utilizing optional 

construction forecast instrument PsiPred 

https://www.uniprot.org/
http://tools.iedb.org/main/
http://tools.iedb.org/main/bcell/
http://tools.iedb.org/main/tcell/
https://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html
https://www.ddg-pharmfac.net/vaxijen/VaxiJen/VaxiJen.html
https://www.ddg-pharmfac.net/AllerTOP/
http://tools.iedb.org/population/
http://crdd.osdd.net/raghava/toxinpred/
https://web.expasy.org/protparam/
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(http://bioinf.cs.ucl.ac.uk/psipred/). PsiPred is accessible 

as both web server and programming. The grouping of the 

protein is placed into the server and it gives us optional 

construction based on its essential design. This apparatus 

additionally tells about the certainty score of the protein 

anticipated structure [32]. 

2.6 Prediction and validation of tertiary structure of 

the vaccine construct: 

trRosseta (https://yanglab.qd.sdu.edu.cn/trRosetta/) was 

utilized for the homology displaying and modeling of the 

protein tertiary structure. For approval of the construction 

got from saves server (https://saves.mbi.ucla.edu/) 

instruments like ERRAT and ProCheck, and Molprobity 

(http://molprobity.biochem.duke.edu/) were used to find 

generally quality element, Ramachandran leaned toward 

locales, Z-score value and different boundaries of each 

anticipated design from the above utilized servers. ERRAT 

tells about the general quality component of the protein. 

Procheck makes sense of exhaustively about the 

Ramachandran plot and its mistakes in the SopD [33]. 

Molprobity distinguishes issues in the 3D construction of 

the protein which was anticipated by utilizing different 

protein structure forecast servers. After validation of the 

predicted structures, it was revealed that the trRosseta web 

tool provides a fast and precise evaluation of protein models, 

as well as an efficient assessment of model accuracy. 

2.7 Vaccine construct and suitable ligand docking: 

An online bioinformatics tool HDock 

(http://hdock.phys.hust.edu.cn/) was utilized for the 

docking of vaccine construct with any specific ligand. In 

this tool, PDB file of the predicted structure and ligand was 

utilized will shows interaction with each other [34]. It take 

20 to 30 minutes to compute the results of docking and the 

whole process is fast. It provides top 10 models after 

docking run and the best results are further utilized. The 

lower the docking score, the greater will be the interaction. 

2.8 Protein in water simulation of vaccine construct: 

To verify the vaccine construct of SopD protein Simlab 

(https://simlab.uams.edu/ProteinInWater/index.html) 

which is an accurate computational tool for the simulation 

was utilized in which different parameters are set to 

compute the results like number of frames per simulation, 

time and duration of the simulation, and number of energy 

minimization steps [35]. 

2.9 Visualization of predicted epitopes in the vaccine 

construct: 

The visualization of the epitopes which were available 

in the vaccine construct especially B-cells epitopes can be 

visualized with the help of a computational tool known as 

ElliPro (http://tools.iedb.org/ellipro/) which is used for the 

linear or discontinuous antibody epitopes prediction 

available in the given sequence. A PDB file of the 

sequence based structure is provided to the server which is 

used for the visualization of the epitopes [36]. 

2.10 Analysis of receptor-ligand interaction in 

vaccine-SopD: 

PDBSum (https://www.ebi.ac.uk/thornton-

srv/databases/pdbsum/) is used for the analysis of 

interactions between the receptor and ligand that is present 

in the vaccine construct. The ligand in the protein can be 

easily seen and amino acids present in the ligand can also 

be visualized. It also explains about the interactions 

between the A, B, C, and D chains of the vaccine construct 

and tells about the maximum interactions between them 

[37, 38]. 

2.11 Codon optimization of the vaccine construct: 

The vaccine construct was as amino acids which was 

changed over into the nucleotide framework by the 

utilization of online server known as Emboss 

(https://www.ebi.ac.uk/jdispatcher/st/emboss_backtranse

q) server in which the grouping of the antibody develop is 

used. To upgrade the interpretation of the mRNA vaccine 

develop inside have cells, codon optimization tool were 

used which bring about the better DNA grouping. The JCat 

(https://www.jcat.de/) Codon Optimization tool (G.S.) was 

utilized to enhance the antibody grouping for effective 

articulation in human cells [39]. 

2.12 Prediction of the secondary structure of the 

http://bioinf.cs.ucl.ac.uk/psipred/
https://yanglab.qd.sdu.edu.cn/trRosetta/
https://saves.mbi.ucla.edu/
http://molprobity.biochem.duke.edu/
http://hdock.phys.hust.edu.cn/
https://simlab.uams.edu/ProteinInWater/index.html
http://tools.iedb.org/ellipro/
https://www.ebi.ac.uk/thornton-srv/databases/pdbsum/
https://www.ebi.ac.uk/thornton-srv/databases/pdbsum/
https://www.ebi.ac.uk/jdispatcher/st/emboss_backtranseq
https://www.ebi.ac.uk/jdispatcher/st/emboss_backtranseq
https://www.jcat.de/
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mRNA constructed vaccine: 

For RNA structure prediction of the protein RNAfold 

(https://rna.tbi.univie.ac.at/cgi-

bin/RNAWebSuite/RNAfold.cgi) webserver was utilized 

which shows the secondary structure. In this webserver, 

the improved DNA sequence was input into the server and 

resulted secondary structure is obtained having nucleotide 

Guanine, Adenine, Cytosine, and Uracil. These 

discoveries will recommend that the mRNA vaccine 

construct can be proficiently produced and is 

fundamentally steady, possibly upgrading its viability as 

an antibody [40]. 

2.13 In silico immune response simulation against 

vaccine: 

To ensure effectiveness of vaccine was further 

validated on the basis of the immune response and for this 

immune simulation tool C-immsim 

(https://kraken.iac.rm.cnr.it/C-IMMSIM/index.php) was 

utilized in which sequence of the vaccine was used as input 

and the results were obtained on the basis of antigen, 

antibody, B-cells, T-cells, and other responses that are 

essential for human immunity [41]. 

2.14 Cloning of the mRNA vaccine construct: 

SnapGene is a software which is used for the cloning 

of the SopD vaccine. In this software, a vector and 

fragment of DNA sequence are converted into product and 

further prepared for cloning. The major purpose of 

SnapGene is the visualization and documentation of DNA 

cloning and PCR. 

 

3. RESULTS 

3.1 Prediction and estimation of B-cells and T-cells 

epitopes: 

The FASTA sequence of selected protein SopD 

obtained from bacterial specie Salmonella enterica was 

retrieved from UniProt (https://www.uniprot.org/) that can 

cause enteric fever and was used to predict the b-cells and 

t-cells epitopes [42]. The IEDB tool was utilized to obtain 

the epitopes of B-cells. The tool displayed the length, 

sequence, and beginning and ending points of each peptide 

or epitope. This tool is also used to identify the epitopes of 

its two classes of T-cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The figure shows the epitope position according to its score which should be above than 0.5. The 

yellow-colored peaks having score above than 0.5 are constituted as epitopes from the sequence. 
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The epitopes of MHC I and MHC II binding results 

were also taken from the IEDB tool. The predicted 

epitopes were on the basis of the alleles and resultant 

epitopes were sorted on the basis of its ic50 value which 

should be less than 100. 

 

Table 1. Predicted epitopes of MHC I with their sequences and ic50 values 

Allele Seq_Num Start End length Epitopes ic50 Rank 

HLA-B*44:03 1 151 160 10 CEVIGATITW 37.71 0.03 

HLA-B*44:02 1 151 160 10 38.52 0.06 

HLA-B*15:01 1 243 252 10 FSMMHPCISY 8.31 0.03 

HLA-A*01:01 1 243 252 10 57.16 0.12 

HLA-B*35:01 1 243 252 10 89.81 0.21 

HLA-B*40:01 1 101 110 10 IEMDASQTQL 37.99 0.09 

HLA-B*44:02 1 101 110 10 71.39 0.11 

HLA-A*30:01 1 39 48 10 KVRDHFRSEK 4.22 0.03 

HLA-A*31:01 1 39 48 10 35.7 0.39 

HLA-A*03:01 1 39 48 10 36.92 0.13 

HLA-A*33:01 1 286 294 9 MFIDVILER 9.84 0.02 

HLA-A*68:01 1 286 294 9 12.51 0.09 

HLA-A*31:01 1 286 294 9 51.22 0.55 

HLA-A*02:01 1 145 153 9 QLFLQICEV 24.52 0.22 

HLA-A*02:03 1 145 153 9 37.82 0.61 

HLA-A*02:06 1 145 153 9 48.12 0.49 

HLA-A*31:01 1 55 63 9 VLYAIIHGR 11.85 0.11 

HLA-A*03:01 1 55 63 9 55.97 0.22 

HLA-A*68:01 1 55 63 9 56 0.49 

HLA-B*15:01 1 234 243 10 YQEVEGEVAF 12.41 0.06 

HLA-A*02:06 1 234 243 10 78.47 0.7 

 

Allegenicity and antigenicity of these epitopes was 

checked by using AllerTop and Vexijen Tools respectively 

which reveals about the protein to be useful for making 

vaccine if it is a probable antigen and non-allergen [43]. If 

antigenicity score of the epitopes is greater than 0.5000 

than it is called probable antigen that have ability to fight 

against diseases. 

 

Table 2. Predicted epitopes of MHC II along with their sequence, ic50 value, and adjusted rank 

Allele Seq_Num Start End Length Core_peptide Epitopes ic50 Rank 

HLA-DRB1*01:01 1 147 161 15 CEVIGATIT FLQICEVIGATITWH 46.3 15 

HLA-DRB1*01:01 1 146 160 15 LFLQICEVIGATITW 51 16 

HLA-DRB1*01:01 1 148 162 15 LQICEVIGATITWHP 65.1 20 

HLA-DRB1*01:01 1 149 163 15 QICEVIGATITWHPE 88.5 24 

HLA-DRB4*01:01 1 95 109 15 DLFKIEMDA HQDLFKIEMDASQTQ 41.7 2 

HLA-DRB4*01:01 1 96 110 15 QDLFKIEMDASQTQL 44.6 2.2 

HLA-DRB4*01:01 1 94 108 15 AHQDLFKIEMDASQT 50.1 2.6 

HLA-DRB4*01:01 1 93 107 15 PAHQDLFKIEMDASQ 65.8 3.6 

HLA-DRB1*04:01 1 96 110 15 FKIEMDASQ QDLFKIEMDASQTQL 51.1 1.8 

HLA-DRB1*04:01 1 97 111 15 DLFKIEMDASQTQLL 51.6 1.8 
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Allele Seq_Num Start End Length Core_peptide Epitopes ic50 Rank 

HLA-DRB1*04:01 1 95 109 15 HQDLFKIEMDASQTQ 67.2 2.6 

HLA-DRB1*07:01 1 10 24 15 LNETRLAHL HQNYTLNETRLAHLL 48.6 5.7 

HLA-DRB1*07:01 1 9 23 15 NHQNYTLNETRLAHL 59.1 7 

HLA-DRB1*07:01 1 11 25 15 QNYTLNETRLAHLLS 61 7.2 

HLA-DRB1*07:01 1 12 26 15 NYTLNETRLAHLLSA 84.2 9.6 

HLA-DRB1*13:02 1 125 139 15 LNTSDNVVV QDILNTSDNVVVESM 27.7 3.7 

HLA-DRB1*13:02 1 126 140 15 DILNTSDNVVVESMS 58.1 6.8 

HLA-DRB5*01:01 1 162 176 15 LQGSVSTLR PELLQGSVSTLRKEV 64.6 9 

HLA-DRB5*01:01 1 163 177 15 ELLQGSVSTLRKEVT 69.7 9.5 

HLA-DRB5*01:01 1 161 175 15 HPELLQGSVSTLRKE 86.7 12 

HLA-DRB1*11:01 1 53 67 15 LYAIIHGRG LEVLYAIIHGRGPGE 88.8 8.1 

HLA-DRB1*11:01 1 54 68 15 EVLYAIIHGRGPGEP 89.1 8.2 

HLA-DRB1*11:01 1 52 66 15 ALEVLYAIIHGRGPG 98.2 8.7 

HLA-DRB1*03:01 1 283 297 15 MFIDVILER KNKMFIDVILERIYL 27 0.92 

HLA-DRB1*03:01 1 282 296 15 HKNKMFIDVILERIY 30.2 1.1 

HLA-DRB1*03:01 1 284 298 15 NKMFIDVILERIYLA 33.9 1.2 

HLA-DRB1*03:01 1 281 295 15 YHKNKMFIDVILERI 42.9 1.7 

HLA-DRB1*03:01 1 285 299 15 KMFIDVILERIYLAH 46.8 1.9 

HLA-DRB1*03:01 1 280 294 15 GYHKNKMFIDVILER 87.5 3.7 

HLA-

DPA1*03:01/DPB1*04:02 

1 283 297 15 KNKMFIDVILERIYL 28.2 0.53 

HLA-

DPA1*03:01/DPB1*04:02 

1 284 298 15 NKMFIDVILERIYLA 28.2 0.53 

HLA-

DPA1*03:01/DPB1*04:02 

1 282 296 15 HKNKMFIDVILERIY 31.4 0.67 

HLA-

DPA1*03:01/DPB1*04:02 

1 285 299 15 KMFIDVILERIYLAH 34.4 0.84 

HLA-

DPA1*03:01/DPB1*04:02 

1 281 295 15 YHKNKMFIDVILERI 40.2 1.2 

HLA-

DPA1*02:01/DPB1*01:01 

1 281 295 15 YHKNKMFIDVILERI 50.3 0.47 

HLA-

DPA1*02:01/DPB1*01:01 

1 282 296 15 HKNKMFIDVILERIY 51 0.51 

HLA-

DPA1*02:01/DPB1*01:01 

1 283 297 15 KNKMFIDVILERIYL 51.1 0.51 

HLA-

DPA1*02:01/DPB1*01:01 

1 284 298 15 NKMFIDVILERIYLA 65.9 0.84 

HLA-

DPA1*02:01/DPB1*01:01 

1 285 299 15 KMFIDVILERIYLAH 91.4 1.7 

HLA-

DPA1*03:01/DPB1*04:02 

1 12 26 15 TLNETRLAH NYTLNETRLAHLLSA 91.5 4 

HLA-

DPA1*02:01/DPB1*01:01 

1 11 25 15 QNYTLNETRLAHLLS 79.3 1.3 

HLA-

DPA1*02:01/DPB1*01:01 

1 12 26 15 NYTLNETRLAHLLSA 92.7 1.7 

HLA-DRB4*01:01 1 291 305 15 YLAHEHSLH ILERIYLAHEHSLHI 89.9 5.3 

HLA-DRB4*01:01 1 292 306 15 LERIYLAHEHSLHIG 98.1 5.8 
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Allele Seq_Num Start End Length Core_peptide Epitopes ic50 Rank 

HLA-

DPA1*03:01/DPB1*04:02 

1 291 305 15 ILERIYLAHEHSLHI 87.5 3.8 

HLA-DRB1*01:01 1 232 246 15 YQEVEGEVA IGYQEVEGEVAFSMM 82.2 23 

HLA-DRB1*01:01 1 231 245 15 KIGYQEVEGEVAFSM 93.4 25 

HLA-

DQA1*05:01/DQB1*02:01 

1 231 245 15 KIGYQEVEGEVAFSM 89.3 2 

HLA-

DQA1*05:01/DQB1*02:01 

1 232 246 15 IGYQEVEGEVAFSMM 91.6 2.1 

 

All the epitopes are selected on the basis of their 

antigenicity using Vexijen server. These epitopes are 

further checked by the tools to find if they are toxic or may 

cause allergen to the body. MHC I epitopes and MHC II 

epitopes are non-allergen and non-toxic [44]. If the vaccine 

has allergenicity then the epitopes of the vaccine cannot be 

used because they can also produce harmful effects to the 

human body when taken.   

3.2 Population coverage of the predicted epitopes 

worldwide: 

The population coverage tool provides three different 

metrics: the average number of epitope hits, the minimum 

number of epitope hits, and the projected population 

coverage. The predicted epitopes showed a population 

coverage potential of 83.75% for MHC class I and 63.36% 

for MHC class II worldwide. Additionally, the average 

number of epitope hits was 1.83 for MHC class I and 0.88 

for MHC class II. This population coverage analysis was 

conducted because MHC class I and II alleles specifically 

bind to the predicted epitopes from the protein used in 

vaccine construction [45]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Graphical representation of the population coverage in the world (A) Population coverage of World-

Class I is shown along with its number of epitope hits (B) Population coverage of World-Class II is shown along 

with its number of epitope hits
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3.3 Vaccine Construction using epitopes obtained from 

SopD protein: 

The mRNA vaccine construct was proposed to be arranged 

in the form starting from N-terminal to C-terminal in the 

following order: A 50s ribosomal adjuvant-EAAAKlinker-

GRGPGEPGEMEVNVEDMS-VVESMSREERO-

MMRPAEAPDHQLVEWQDSLTENEKS-TDLKSGSLP-

CPGPGlinker-CEVIGATITW-FSMMHPCISY-

IEMDASQTQL-KVRDHFRSEK-MFIDVILER-

QLFLQICEV-VLYAIIHGR-YQEVEGEVAF-AAYlinker-

CEVIGATIT-DLFKIEMDA-FKIEMDASQ-LNETRLAHL-

LNTSDNVVVLQGSVSTLR-TLNETRLAH-

YLAHEHSLH-YQEVEGEVA-HHHHH tag. 

3.4 Evaluation of toxicity, solubility and 

physiochemical properties of the vaccine construct: 

To assess the toxicity of the vaccine construct, the 

computational tool ToxinPred server was utilized which is 

shown in the Table 3. It also unveiled about the molecular 

weight, its charge, hydrophobicity, hydropathicity and 

mutation position in each linker and predicted epitopes [44]. 

The result explained that there is no mutation, and all the 

peptide sequences are non-toxin. Solubility score of the 

vaccine construct was 0.617 (towards green color) which 

indicates its soluble expression in E.coli. Therefore, we can 

use it as vaccine for the protection of disease enteric fever. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (A) The figure explains about graphical representation of atomic number present in the vaccine 

construct (B) The figure shows the bar graph of amino acids composition of vaccine construct shows the highest 

number of amino acids present in it is Glutamic acid having 11.10 % for its composition 

 

The physiochemical parameters were explained by 

utilizing Protparam tool of Expasy [31]. These parameters 

revealed that the number of amino acids in vaccine construct 

is 261, the molecular weight is 29627.53, Theoretical pI is 

4.97 and have Grand average of hydropathicity (GRAVY) is 

-0.264. It contains 4101 atoms in its composition and 

hydrogen is most abundant in it [46].  

The composition of atoms in protein SopD obtained 

from S. enterica sequence shows that the hydrogen atoms 

are more than the other atoms in the protein structure. 

According to this compositional analysis, number of atoms 

of Carbon (C), Hydrogen (H), Nitrogen (N), Oxygen (O), 

and Sulfur (S) are 1296, 2026, 360, 402, and 17 

respectively as shown in Figure 3. Vaccine construct 
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prepared by using SopD protein of S. enterica is a 

combination of 261 amino acids which are as follow, Ala, 

Arg, Asn, Asp, Cys, Gln, Glw, Gly, His, Ile, Leu, Lys, Met, 

Phe, Tro, Ser, Trp, Tyr, Bal, Pyl, and Sec. 

 

Table 3. Toxicity prediction of the vaccine construct SopD obtained from S. enterica 

Peptide Sequence 
SVM 

score 
Prediction 

Hydroph

obicity 

Hydro

pathici

ty 

Hydro

philicit

y 

Charge Mol wt 

EAAAK -0.93 Non-Toxin -0.19 -0.4 0.9 0 488.59 

GRGPGEPGEMEVNVEDM

S 

-1.05 Non-Toxin -0.21 -1.05 0.72 -4 1890.3 

VVESMSREERQ -0.67 Non-Toxin -0.48 -1.3 1.05 -1 1349.6 

MMRPAEAPDHQLVEWQ

DSLTENEKS 

-1.88 Non-Toxin -0.28 -1.21 0.49 -3.5 2942.6 

TDLKSGSLP -1.14 Non-Toxin -0.15 -0.46 0.29 0 917.15 

CPGPG -0.74 Non-Toxin 0.04 -0.3 -0.2 0 429.55 

CEVIGATITW -0.51 Non-Toxin 0.18 1.13 -0.78 -1 1092.4 

FSMMHPCISY -0.14 Non-Toxin 0.09 0.59 -1.01 0.5 1215.6 

IEMDASQTQL -1.42 Non-Toxin -0.14 -0.35 0.09 -2 1135.4 

KVRDHFRSEK -1.24 Non-Toxin -0.66 -2.08 1.38 2.5 1301.6 

MFIDVILER -1.22 Non-Toxin 0.03 1.13 -0.19 -1 1135.5 

QLFLQICEV -0.55 Non-Toxin 0.11 1.23 -0.78 -1 1092.5 

VLYAIIHGR -0.92 Non-Toxin 0.09 1.04 -0.8 1.5 1041.4 

YQEVEGEVAF -0.92 Non-Toxin -0.04 -0.27 0.09 -3 1170.4 

AAY -0.84 Non-Toxin 0.17 0.77 -1.1 0 323.37 

CEVIGATIT -0.49 Non-Toxin 0.16 1.36 -0.49 -1 906.19 

DLFKIEMDA -0.81 Non-Toxin -0.09 0.04 0.46 -2 1081.4 

FKIEMDASQ -0.97 Non-Toxin -0.17 -0.47 0.38 -1 1068.3 

LNETRLAHL -0.8 Non-Toxin -0.2 -0.24 -0.07 0.5 1066.4 

LNTSDNVVV -0.94 Non-Toxin -0.03 0.49 -0.33 -1 960.18 

LQGSVSTLR -1.11 Non-Toxin -0.15 0.12 -0.19 1 960.23 

LYAIIHGRG -0.86 Non-Toxin 0.05 0.53 -0.63 1.5 999.32 

MFIDVILER -1.22 Non-Toxin 0.03 1.13 -0.19 -1 1135.5 

TLNETRLAH -1.04 Non-Toxin -0.27 -0.74 0.09 0.5 1054.3 

YLAHEHSLH -0.92 Non-Toxin -0.08 -0.64 -0.51 0.5 1106.3 

YQEVEGEVA -0.85 Non-Toxin -0.12 -0.61 0.38 -3 1023.2 

 

3.5 Secondary structure prediction of the vaccine 

construct: 

The prediction of secondary structure is usually authentic 

and is based on the consensus from PsiPred in Figure 4. Its 

cartoonic two dimensional structure shows the confidence 

level of the protein structure predicted and showed α-helix, β-

sheets and coils in the structure [32]. The secondary structure 

of the protein has alpha sheets, beta helix and coils that 

provide shape and structure to the protein. 

PsiPred tool reveals that the structure obtained for this 

protein have good confidence on the basis of its amino acid 

sequence. In the figure 4, straight line shows coils, yellow 

bars show alpha strands while pink bars show beta helix in 

the secondary structure of the protein SopD obtained from 

the bacteria S. enterica.  
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Figure 4. The figure shows the predicted cartoon secondary structure along with its confidence score for vaccine 

construct

3.6 Tertiary structure prediction and its validation in 

the vaccine construct: 

The tertiary structure (3D) structure of the vaccine 

construct was also predicted using online computation tool 

known as 3D pro which predicts the structure on the basis 

of homology modelling [47]. 
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Figure 5. (A) Cartoon presentation of Three-dimensional modeled structures using trRosseta server (B) 

Ramachandran plot constructed based on Psi (degree) and Phi (degree) after being refined using GalaxyWEB server 

 

The predicted structure is refined by utilizing 

GalaxyWEB (https://galaxy.seoklab.org/) [48]. The tool 

used for refinement showed 5 top refined structures that 

had better results as compared to the initial one.  

The favored region in the Ramachandran plot was 

increased from 91.1% to 95.8%, residues in additional 

allowed regions were 4.2%, and residues in disallowed 

regions were only 0.4%. Its clash score was also reduced 

from 159.4 to 19.0. The poor rotamers of the structure also 

reduced to 0.9 which is shown in Table 4. Ramachandran 

plot after refinement, explained that the three dimensional 

structure of vaccine construct is valid because most of its 

residues are present in the favored region [49].  

 

Table 4. Summary of structure refinement of initial 3D dimensional structure and 5 refined models 

Model GDT-HA RMSD MolProbity Clash score Poor rotamers Rama favored 

Initial 1.0000 0.000 3.825 159.4 7.1 91.1 

MODEL 1 0.8841 0.576 2.070 19.0 0.9 95.8 

MODEL 2 0.8812 0.558 2.082 18.3 0.9 95.4 

MODEL 3 0.8956 0.534 2.093 18.8 0.9 95.4 

MODEL 4 0.9004 0.525 2.027 17.1 0.4 95.8 

MODEL 5 0.8784 0.585 2.130 16.4 1.3 95.4 

 

3.7 Vaccine construct and suitable ligand docking: 

HDock server was utilized for the docking of the 

vaccine construct. In docking a receptor and ligand is 

utilized  It showed docking with top 10 models out of 

which model 1 was selected for further research [34]. 

Models generated after docking should have docking score 

very low [50]. Model 1 had docking score -318.45 with 

0.9667 confidence score and ligand root mean square 

deviation (RMSD) 83.91 which is selected for further 

simulation and validation is explained in Table 5. 

 

https://galaxy.seoklab.org/
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Table 5. Summary of the top 10 models obtained using HDock server 

Rank 1 2 3 4 5 6 7 8 9 10 

Docking 

Score 

-325.6 -323.5 -321.2 -319.7 -313.6 -312.5 -311.6 -309.4 -308.4 -299.99 

Confidence 

Score 

0.971 0.969 0.968 0.967 0.9635 0.9627 0.9621 0.9604 0.9596 0.9525 

Ligand 

rmsd (Å) 

54.0 64.5 51.8 67.0 93.85 61.74 62.38 73.92 67.56 80.46 

Interface 

residues 

model_1 model_2 model_3 model_4 model_5 model_6 model_7 model_8 model_9 model_10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. (A) Cartoon structure obtained from HDock and visualized by ChimeraX (B) Surface structure 

obtained from HDock by the docking analysis of receptor and ligand 

 

 The resultant cartoon and surface structure of vaccine 

construct of SopD protein and ligand that is utilized in the 

docking using HDock server [51], the structure which is 

represented in yellow color in our vaccine construct 

obtained from utilization of SopD protein of S. enterica is 

shown in the Figure 5. 

 

3.8 Protein in water simulation of vaccine construct: 

The Figure 7 explain about the water simulation of the 

vaccine construct on the basis of its radius of gyration, 

Root mean square deviation RMSD, hydrogen bonding, 

RMSD fluctuations, and solvent accessible surface. 

Simlab webserver was utilized for this protein in water 

simulation [35]. 
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Figure 8. The figure explains graphical representation of protein in water simulation (A) Graphical 

representation of the Radius of gyration with respect to time (B) Area of solvent accessible surface (C) Number of 

hydrogen bonds obtained in water simulation (D) Graphical representation of Root mean square deviation (RMSD) 

w.r.t time (ns) (E) Fluctuations of root mean square along with the residues 

 

3.9 Visualization of predicted epitopes in the 

vaccine construct: 

Ellipro tool was utilized to visualize the antibody 

predicted epitopes which were present in A or B chain of 

the mRNA vaccine-SopD. These epitopes are visualized in 

yellow color in the Figure 9. 
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Figure 9. The figure contains the graphical representation of the discontinuous epitopes constructed from the 

Ellipro server. 

 

1.1 Analysis of receptor-ligand interaction in 

vaccine-SopD: 

Receptor and ligand both are examined using the 

PDBsum Web which provide comprehensive explanation 

of its interactions on the basis of bonding and chains. This 

server showed that ligand which is interaction is GNP. 

Furthermore, the interacting chains are joined by lines 

drawn by different colors having salt bridges and hydrogen 

bonding between them. Every color represents its specific 

interaction with the other one [52]. 

3.10 Codon optimization of the vaccine construct: 

The vaccine construct was in the form of amino acids, 

which the EMBOSS server transformed into a nucleotide 

sequence [53]. Codon optimization tools were used to 

improve the mRNA vaccine construct's translation within 

host cells. The vaccine sequence was optimized using the 

JCat Codon Optimization tool (G.S.) to ensure effective 

expression in human cells. It was discovered that in order 

to ensure effective expression in the human host, the ideal 

percentage of G.C. content should be between 30 and 70%. 

As a result of codon optimization, the GC content of the 

nucleotide sequence was increased to 66.28% and 

improved DNA sequence is obtained. 
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Figure 10. The figure explains about (A) Structure of ligand GNL (B) Interaction of ligand GNL with the other 

amino acids (C) Receptor-ligand interaction using PDBsum Webserver 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. (A) Graphical representation of sequence before adaptation (B) Sequence after adaptation by using 

JCat codon optimization tool.
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3.11 Prediction of the secondary structure of the mRNA 

constructed vaccine: 

The RNAfold server was used to predict the structure 

of the mRNA vaccine construct. The optimized codons of 

the construct were used as input, and the free energies of 

the structure were assessed using the server.  These 

findings suggest that the mRNA vaccine construct can be 

efficiently manufactured and is structurally stable, 

potentially enhancing its efficacy as a vaccine. 

According to the predicted structure of mRNA, the free 

energy of the thermodynamic ensemble was -335.79 

Kcal/mol, ensemble diversity is 229.65, and free energy of 

centroid secondary structure was -203.32 Kcal/mol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. The figure explains mRNA vaccine structure (A) MFE optimal secondary structure (B) centroid 

secondary structure of the vaccine mRNA retrieved using RNAfold webserver 

 

3.12 In silico immune response simulation against 

vaccine: 

C-immsim tool was utilized which showed the 

immunoglobin production after antigen injection, B-cell 

population and T-cell population in the immune response 

[41]. Immune simulation of the vaccine-SopD is shown in 

the form of graphs in Figure 13. In this research study, 

administration of three vaccine injection was done for the 

stimulation of immune response. The second and third 

administered injections elicited higher immune responses 

in comparison to the primary injection. Immunoglobin M 

levels in the simulation were higher than immunoglobin G 

levels. Formation of memory and isotype switching to the 

B-cell population were also examined, in presence with the 

persisting B-cell isotypes for a longer duration. In addition 

to increase in MHC-I and MHC-II with generation of 

memory was also examined. Furthermore, macrophage 

activity was modified.   
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Figure 13. In silico immune simulation against the mRNA vaccine retrieved from the C-ImmSim server 

(https://kraken.iac.rm.cnr.it/C-IMMSIM/). (A) Production of immunoglobin after injection of antigen (B) The B-

cell population after 3 different injections (C) The B-cell population at each state (D) The helper T-cell population 

after 3 different injections (E) The helper T-cell population at each state (F) The cytotoxic T-cell population at each 

state (G) Macrophage population at each state (H) Dendritic cell population at each state (I) Cytokine and 

interleukin production with immune response Simpson Index 

 

1.2 Cloning of the mRNA vaccine construct: 

SnapGene software was utilized for this purpose in 

which the vaccine construct DNA fragment and vector 

(pET-28a) was attached together using restriction sites 

[54]. The product obtained after cloning was of 3894 bps 

which is shown in Figure  

 

 

 

 

 

 

https://kraken.iac.rm.cnr.it/C-IMMSIM/
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Figure 14. Cloned vaccine construct having 3894 bps with f1 origin, T7 terminator, lac operator, and promoter region. 

 

4 DISCUSSION 

Salmonella enterica is a challenging pathogen that can 

be used for the development of efficient vaccine because 

of its ability of antibiotic resistance. Many studies are 

being done on the production of antibiotics, but they are 

not much efficient for use, and some does not support till 

date. Various factors are responsible for the production of 

S. enterica vaccine which includes a large variety of 

serotypes that work as a barrier in the production of a 

powerful vaccine [55]. In the treatment of bacterial 

infection caused by S. enterica both innate and adaptive 

immune responses play crucial role. Various vaccines are 

also designed for the poultry to make the chicken less 

contaminated and resulting in the reduction of food borne 

diseases that are harmful for human health [56].  

In present time, Commercially there are variety of 

vaccines that are available for chickens which include 

killed vaccines, live attenuated vaccines, as well as subunit 

vaccines that can reduce the risk of causing disease [57]. 

For human use, different vaccines were designed and got 

rejected because of their high incidence of local reactions 

and were considered unsafe for public use. However, there 

are two vaccines that have been developed in the last 15 

years and are considered safe for the use against typhoid 

fever. First vaccine was parental capsular polysaccharide 

vaccine, and the other one was oral live attenuated vaccine. 

Both of these are not only licensed and have been used for 

immunizing against enteric fever successfully but they 

may have complications as well [58].  

To reduce these complications, scientists need to 
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develop more effective vaccines to face the challenge of 

this critical health issue. A novel mRNA vaccine is 

developed by utilization of immunoinformatic approaches 

that is efficient, modified and safe. This messenger RNA 

vaccine is proved to be more efficient and effective against 

different viral and bacterial infections. Currently, various 

clinical human trials are conducting worldwide, these trials 

for mRNA vaccines are now the indication of safe and 

effective alternative of the variety of therapies which are 

in the form of vaccination.  

One of the advantages of mRNA-based vaccine is its 

ability for accumulation of antigen selected in the 

cytoplasm which targets pathogen and triggers an immune 

response against it. This approach for the development of 

vaccine may offer variety of advantages over conventional 

vaccine strategies which include the quick and rapid 

development, improved efficiency, and easy production 

[59].  

In this study, a novel mRNA multi epitope vaccine 

which is in silico based, has been proposed to fight against 

the infection and enteric fever caused by S. enterica. The 

vaccine is proposed on the basis of proteins that contribute 

in the binding of cell and bacterium attachment in S. 

enterica [60]. Furthermore, this approach offer solution to 

the challenges that occur due to the enteric fever, and 

relatively further research and study is needed for the 

safety and evaluation of this multi epitope mRNA vaccine. 

For the identification of target epitopes web-based tools 

like IEDB databases are utilized, which can predict 

epitopes of B-cell, MHC-I and MHC-II based on the 

determination of immune epitopes. The epitopes are then 

further evaluated by the utilization of web servers for the 

determination of antigenicity, allergenicity, and their 

toxicity. Only those epitopes were further examined that 

were antigens, non-allergen, and non-toxic. Moreover, 

specific linkers were also used for combining the epitopes. 

 For further refinement of the vaccine design, 

conduction of immune simulation was done to validate 

responses of the vaccine. Targeted epitopes of the vaccine 

construct had 19 corresponding MHC alleles. 

Furthermore, it is necessary to understand that vaccine 

may be not effective in those individuals with a specific or 

particular allele which has ability to bind with the epitope. 

For this reason, prediction of population coverage in the 

world for proposed design using IEDB tool revealed that 

this vaccine would cover 83.75 % of the world’s overall 

population on the basis of alleles and epitopes obtained and 

was considered to be widely effective vaccine [28, 61]. As, 

docking interaction is necessary, the vaccine construct that 

resulted by the linkage of epitopes was later subjected to 

molecular docking analysis. This docking analysis was 

done with the help of Toll-like receptor TLR3 by the 

computational tool known as HDock to ensure the 

maximum efficacy of vaccine design [51]. The outcomes 

of molecular docking showed strong binding affinity 

between the epitopes and their alleles of MHC-I and MHC-

II that indicated the efficacy of the designed vaccine. 

Moreover, a variety of computational tools were used 

for the prediction and evaluation of epitopes and further 

MD simulation in which RMSD and RMSF parameters 

were evaluated which revealed that vaccine is stable with 

them and immune simulations were also performed for the 

validation of safety and effectiveness of the vaccine in 

which three injections were utilized. Resultant immune 

simulation of vaccine construct revealed that the vaccine 

had great ability to stimulate immune response. The results 

obtained from these tools indicated that all epitopes used 

in the construction of vaccine were antigenic and non-

allergen and can be used for the process of vaccination [43, 

62]. Overall, the research provides valuable response into 

the designing of efficient mRNA vaccine against S. 

enterica and marks the effectiveness and potential of in 

silico computational approaches for vaccine development. 

In future, multivalent mRNA vaccines against multiple 

enteric fever-causing pathogens should be developed. 

Furthermore, vaccine and immunotherapies should be 

investigated. mRNA vaccine may become a better option 

for the prevention of viral and bacterial infection along 
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with its related diseases due to the ongoing research, 

preclinical and clinical trials.  

 

5 CONCLUSION 

To sum up the whole discussion, this study provides 

that mRNA vaccination can be very effective against 

bacterium S. enterica and provides a favorable framework 

for coming times. However, it is necessary to note that 

more in vitro along with in vivo studies are important to 

authenticate the findings for the research taken and to 

validate and evaluate the potential, safety and limitations 

of vaccine in worldwide scenarios. Development of 

successful and effective vaccine against S. enterica could 

have important applications for health of public by 

reducing infection risk associated with the disease-causing 

pathogen. The high population coverage prediction and its 

strong affinity suggest that it may be useful and authentic 

vaccine to deal with S. enterica infections. Altogether, this 

study marks the computational approaches for vaccine 

design’s potential and provides esteemed insights into the 

designing of effective mRNA multi-epitope vaccines 

against S. enterica. 
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للحمى المعوية   SopD مبتكر باستخدام الحاسوب باستخدام عدة أنماط من بروتين  mRNAتطوير لقاح 
 التي تسببها السالمونيلا المعوية

 
 1، محمد ساجد1، وصلة علي 1، هادية حسين 1 ، محمد عمير*1آئزة ممتاز 

 
 .قسم التكنولوجيا الحيوية، جامعة أوكارا، باكستان 1

  

 ملخـص
أدى تزايد مشكلة مقاومة المضادات الحيوية إلى تحديات في علاج عدوى السالمونيلا المعوية. وبناءً على ذلك، طُوّرت 
مجموعة متنوعة من اللقاحات كبديل عملي للمضادات الحيوية للوقاية من عدوى السالمونيلا المعوية لدى المرضى. وتشهد 

ا سريعًا في استبدالها بالطرق التقليدية نظرًا لكفاءتها العالية وتكلفتها المنخفضة ازديادً (  (mRNAتقنية لقاح الرنا المرسال 
باستخدام (  (mRNAواستجابتها المناعية الخلطية. يهدف هذا البحث إلى تطوير لقاح جديد قائم على الرنا المرسال 

والحصول على مستضداته المناسبة. دُرست  SopDمناهج المعلوماتية المناعية ضد السالمونيلا المعوية. تم اختيار بروتين 
هذه المستضدات للتحقق مما إذا كانت مستضدات، وغير مسببة للحساسية، وغير سامة. علاوة على ذلك، تم ربط هذه 
المستضدات باستخدام روابط لتحويلها إلى تركيبة لقاح. خضعت تركيبة اللقاح هذه لمزيد من التحليل، وخضعت للالتحام 

أظهرت  .HDock باستخدام خادم  Toll-like receptors TLR3مستقبلات محددة تُعرف باسم مستقبلات  الجزيئي مع
، وكشفت المحاكاة المناعية للقاح أنه فعال، وتم استنساخه RMSFو RMSDأن اللقاح مستقر مع معايير  MDمحاكاة 

في النهاية، تم نمذجة بروتين متعدد النُسَخ وتحسينه. أظهرت النتائج أن تركيبة اللقاح كانت   .SnapGeneباستخدام أداة 
 mRNAفعالة، وغير مُسببة للحساسية، وغير سامة، وتم استنساخها بنجاح. في النهاية، اتضح من النتائج أن بنية 

 ELISAتها باستخدام تقنيات مُختبرية مثل المُصممة يمكن أن تكون لقاحًا فعالًً وواعدًا للعلاج بعد التحقق من صح
 والًختبارات الحيوية باستخدام نماذج حيوانية.

 .الحمى المعوية، النمط الظاهري، التهاب المعدة والأمعاء، المكورات العنقودية المعوية، تسمم الدم الكلمات الدالة:
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ABSTRACT 
Lupus nephritis (LN) is one of the most common clinical manifestations of systemic lupus erythematosus (SLE) 

and significantly affects the morbidity and mortality associated with SLE. Both environmental and genetic factors 

contribute to the development of SLE. There is growing interest in identifying genetic markers, particularly 

cytokine-related variants, that may indicate susceptibility to SLE, predict future organ involvement, and monitor 

changes in disease activity. This study aims to examine a wide array of cytokine genetic variants and their 

association with LN in a cohort of 83 Jordanian samples. Genotyping was performed using the Polymerase Chain 

Reaction/Sequence Specific Primer (PCR/SSP) technique. Our results show an increased frequency of the G allele 

at the promoter region (-1082 A/G) of interleukin-10 (IL-10) in LN samples (p = 0.001) compared to controls, 

whereas the A allele predominated in the control group (p = 0.001). At the genotype level for the -1082 A/G 

promoter region of IL-10, the GG genotype was significantly associated with LN (p < 0.001), while the GA 

genotype predominated in controls (p = 0.027). No significant associations were observed between other cytokine 

SNPs (IFN-γ, IL-6, TNF-α) and LN in Jordanian SLE patients. Our pilot study suggests that the G allele and GG 

genotype at the IL-10 promoter region (-1082 A/G) increase the risk of developing LN in Jordanian SLE patients, 

while the A allele and GA genotype are more common in controls.    

Keywords: lupus nephritis, cytokines, SNPs, Jordan. 

 

INTRODUCTION 

The autoimmune disease known as systemic lupus 

erythematosus (SLE) is heterogeneous, inflammatory, and 

characterized by excessive synthesis of autoantibodies 

against a variety of auto-antigens, primarily nuclear 

components, and the creation of immune complexes 1, 2. 

SLE, which can cause symptoms like nephritis, 

leukopenia, arthritis, skin rashes, and neurological 

inflammation, is nine times more common in women than 

in men 3, 4. As with other inflammatory autoimmune 

diseases, the exact etiology of SLE remains mysterious. 

But, environmental, epigenetic, and genetic factors are 

believed to be crucial in its development5 6, 7. Genome-

wide association studies (GWAS) have significantly 

improved our comprehension of the inherent origins of 

SLE over the past ten years 8. Approximately one hundred 

SLE genetic loci have been found thus far, predominantly 

in Asian and European populations, and they can explain 

up to 3 percent of the heritability of SLE 9. The human 

leukocyte antigen (HLA), specifically HLA class II genes, 

have by far the highest link with vulnerability to SLE 10, 11. 

In addition, a recent study conducted among Jordanian 

SLE patients showed that the class II alleles of HLA 
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namely DRB1: *0301 and *1501 and DQB1*0601 

elevated the risk of developing SLE 12. Moreover, several 

meta-analysis studies and review articles encompassing 

studies across diverse populations and ethnicities support 

the implication of different cytokines in the pathogenesis 

of SLE. These cytokines play pivotal roles as mediators of 

inflammatory and immune responses and are associated 

with various levels of cytokines produced, being as high, 

intermediate, or low 2, 13-16. While the genes responsible for 

producing these cytokines differ, multiple studies have 

highlighted the notable influence of single nucleotide 

pleomorphisms (SNPs) in diverse cytokines on 

predisposition to SLE. Notably, interleukin-6 (IL-6) and 

tumor necrosis factor-alpha (TNF-α) are pro-inflammatory 

cytokines that have a fundamental role in regulating 

humoral and cellular responses, in which both play an 

essential role in inflammation 14, 17-19. In addition, several 

studies showed that SNPs of interleukin-10 (IL-10) which 

have immunosuppressive properties, along with SNPs of 

interferon-γ (IFN-γ), both are key T helper-1 cytokines 

involved in immune cell activation 13, 20-24.  

Lupus nephritis (LN), a severe and prevalent clinical 

feature of SLE that reached 50.4% in Arab countries 

including Jordan, as well as for African Americans, 

Hispanics, and Europeans LN was estimated to reach 

68.9%, 60.6%, and 29.1% respectively25-27. Our study aims 

to examine a wide array of cytokine SNPs among 

Jordanian LN patients in the promoter areas of the 

following cytokine DNA segment: TNF-α (−308 A/G) 

(rs1800629) and IL-6 (−174 G/C) (rs1800795), three 

polymorphic regions of IL-10: (−1082 A/G) (rs1800896), 

(−819 C/T) (rs1800871) and (−592 A/C) (rs1800872), as 

well as IFN-γ +874 (rs62559044) in comparison with 

healthy controls.  

Sample collection 

A total of eighty-three individuals took part in this 

study, 39 LN patients (36 females, 3 males,) and 44 healthy 

controls (27 females, 17 males) (Figure 1). All the patients 

were Jordanians who were enrolled at the Jordan 

University Hospital in Amman with IRB approval number 

(146/2021). As well as the control group was collected 

from Al-Zaytoonah University Health Center with IRB 

approval number (4/2/2020-2021). The patients diagnosed 

with LN had a mean age of 25.15 with a standard deviation 

(SD) of ±10.78 years, while the control group had a mean 

age of 24.25 with SD ± 6.15 years. The inclusion criteria 

for all participants were as follows: they had to be between 

the ages of 22 and 50, all participants had to be of 

Jordanian nationality with no relative degree among them. 

In this study, healthy volunteers with a family member 

affected by SLE or any other autoimmune disorder were 

excluded. However, patients with SLE and LN were 

selected based on the standards outlined by the American 

College of Rheumatology (ACR) 28. Following the 

volunteer's agreement by signing a consent document, 3 ml 

of blood was gathered using EDTA tubes. 
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Figure 1
Demographic data of the studied groups
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DNA extraction and cytokine SNPs genotyping   

After collecting a three-milliliter complete blood 

sample, the DNA was extracted by the Wizard® Genomic 

DNA extraction Kit by Promega, USA, according to the 

previously outlined protocol 29. The cytokine SNPs 

detection of IL-6 (−174G/C), TNF-α (−308A/G), three 

polymorphic regions of IL-10: (−1082A/G), (−819C/T), 

(−592A/C), and IFN-γ (+874) was carried out through 

polymerase chain reaction/sequence-specific primers 

(PCR/SSP) technique of One Lambda, USA Genotyping 

Tray following the manufactures’ protocol.  

Statistical analysis 

The Statistical Package for Social Sciences (SPSS) 

program (IBM SPSS Statistics 22, USA) was used for 

statistical analysis of the data in the current study. Alleles, 

genotypes, and haplotypes frequency were calculated 

according to the rate of recurrence of each allele, genotype, 

and haplotype among the total number of alleles, 

genotypes, and haplotypes for each SNPs loci, and the 

categorical variables were presented as frequency (%). 

Cross-tabulation analysis was used evaluate the link 

among various cytokines alleles, genotypes and 

haplotypes and LN in comparison to controls. Statistical 

significance within the two studied groups was calculated 

by using Chi-square (X2) test with P-value less than 0.0530.   

To assess the variables linked to LN, a two-step binary 

regression analysis (LN vs. control) was used to estimate 

the 95% Confidence Interval (CI) odds and ratio (OR). 

Genotypes for TNF-α, IL-6, IFN-, and IL-10 were used 

as independent factors in the regressions. Results were 

considered significant if the P value was less than 0.05.

  

Results 

TNF-α (-308A/G) gene pleomorphism  

The TNF-α (-308A/G) allele and genotype occurrences 

are shown in Table 1 for both the control and LN patient 

groups. The results showed that the frequency of the G 

allele was 78.4% in the control group while 88.5% in LN 

patients without any statistical significance. The frequency 

of A allele was 21.6% and 11.5% among control group and 

LN patients respectively. Additionally, at the genotype 

level, the most frequent genotype was GG with frequency 

of 63.6% and 82.1% among control group and LN patients 

respectively, followed by GA genotype with frequency of 

29.5% and 12.8% among control group and LN patients 

respectively. Overall, the TNF-α (-308A/G) allele and 

genotype polymorphisms did not vary significantly 

between the two groups (Table 1). 

 

Table 1: The allele and genotype occurrence of the TNF-α (-308A/G) SNPs. 

TNF-α (-308A/G) SNPs 

Allele Control N=88 (Frequency %) LN N=78 (Frequency %) P Value 

G 69 (78.4%)  69 (88.5%) ref 

A 19 (21.6%) 9 (11.5%) 0.084 

Genotype N=44 (Frequency %)  N=39 (Frequency %)  

G/G 28 (63.6%) 32 (82.1%) 0.061 

G/A 13 (29.5%) 5 (12.8%) 0.065 

A/A 3 (6.8%) 2 (5.1%) 0.747 

                   N: Number, LN: lupus Nephritis, (P value <0.05). 

 

IL-6 (-174 G/C) gene pleomorphisms 

The IL-6 (-174 G/C) allele and genotype occurrences 

are shown in Table 2 for both the control and LN patient 

groups. The results showed that the frequency of the G 

allele was 79.5% in the control group and 80.8% in LN 

patients without any statistical significance. While the 

frequency of C allele was 20.5% and 19.2% among control 

group and LN patients respectively. Additionally, at the 
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genotype level, the most frequent genotype was GG with 

frequency of 68.2% and 76.9% among control group and 

LN patients respectively. Our findings revealed that the 

occurrence of allele and genotype polymorphisms of the 

promotor IL-6 (-174 G/C) did not significantly vary 

between the LN and control groups. (Table 2). 

 

Table 2: The allele and genotype occurrence of IL-6 (-174 G/C) SNPs. 

FIL-6 (-174 G/C) SNPs 

Allele Control N=88 (Frequency %) LN N=78 (Frequency %) P Value 

G 70 (79.5%) 63 (80.8%) ref 

C 18 (20.5%) 15 (19.2%) 0.844 

Genotype N=44 (Frequency %) N=39 (Frequency %)  

G/G 30 (68.2%) 30 (76.9%) 0.375 

G/C 10 (22.7%) 3 (7.7%) 0.060 

C/C 4 (9.1%) 6 (15.4%) 0.379 

                        N: Number, LN: lupus Nephritis, (P value <0.05). 

 

IFN- (+874 T/A) gene pleomorphisms  

The IFN- (+874 T/A) allele and genotype occurrences 

are shown in Table 3 for both the control and LN patient 

groups. The results showed that the frequency of the T 

allele was 58% in the control group and 69.2% in LN 

patients while the frequency of the A allele was 42% and 

30.8% among control group and LN patients, respectively. 

While at the genotype level, the most frequent genotype 

was TT with frequency of 34.1% and 51.3% among control 

group and LN patients respectively, followed by TA 

genotype with frequency of 47.7% and 35.9% among 

control group and LN patients respectively. Our results 

show that the two groups did not differ significantly at the 

allele or genotype level of the IFN-γ +874 T/A 

polymorphisms (Table 3). 

 

Table 3: The allele and genotype occurrence of IFN- (+874 T/A) SNPs. 

IFN- (+874 T/A) SNPs 

Allele Control N=88 (Frequency %) LN N=78 (Frequency %) 
P Value 

Control-LN 

T 51 (58%) 54 (69.2%) ref 

A 37 (42%) 24 (30.8%) 0.133 

Genotype N=44 (Frequency %) N=39 (Frequency %)  

T/T 15 (34.1%) 20 (51.3%) 0.113 

T/A 21 (47.7%) 14 (35.9%) 0.276 

A/A 8 (18.2%) 5 (12.8%) 0.502 

                    N: Number, LN: lupus Nephritis, (P value <0.05). 

 

IL-10 gene pleomorphisms 

The three SNPs promoter regions for IL-10, namely (-

1082 A/G), (-819 C/T), and (-592 A/C), exhibit genotype 

and allele frequencies, as presented in Table 4. Our 

findings showed a significant difference in IL-10 allele 

frequency at -1082 G to A region between the control 

group and LN patients. With a frequency of (61.8%) in LN 

compared to controls (34.1%) and a P value (P<0.001), the 

occurrence of IL-10-1082 G allele was noticed in LN 

patients rather than in controls. In contrast, the IL-10 (-

1082 A) allele variants were more predominant in controls, 

with a frequency of (65.9%) compared to LN (38.2%) and 

a P value (P<0.001). Furthermore, concerning the 

genotype level of IL-10 position -1082, our findings 
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revealed a statistically significant variation in the 

occurrence of the G/G genotype, which was found to be in 

frequency of 52.6%) in LN as opposed to a frequency of 

13.6%) in the control group with a P value of (P<0.001), 

and the G/A genotype, which was found to be in frequency 

of 18.4% in LN as opposed to a frequency of (40.9%) in 

the control group with a P value of (P=0.02). Conversely, 

no differences were observed between the LN and control 

group in the allele and genotype occurrence of IL-10 at the 

two positions (-819 C/T, -592 A/C). 

Additionally, there were noticeable changes in the 

genotype frequencies of IL-10 (-1082 AG, -819 CT, -592 

AC), the genotype GCC/GCC was more frequent in LN 

(52.6%) in comparison to the control group (13.6%) with 

P value (P<0.001), and GCC/ACC was more commonly 

observed in the control group (25%) compared to LN 

(2.6%) with P value (P=0.027) (Table 4). As well as, our 

results revealed a significant difference at the haplotype 

level between controls and LN patients in IL10 GCC to be 

predominate in LN patients with a frequency of (61.8%) 

compared to the control group (34.1%) with P value 

(P<0.001) while the ACC haplotype was found in higher 

frequency in controls (37.5%) compared with a frequency 

of (22.4%) LN patients with P value (P=0.036).  

 

Table 4: The allele, genotype, and haplotype occurrence of IL-10 (-1082 A/G), (-819 C/T), (-592 A/C) SNPs. 

IL-10: (-1082 A/G), (-819 C/T), (-592 A/C) SNPs 

Allele Control N=88 (Frequency %) LN N=76 (Frequency %) 
P Value 

Control-LN 

−1082    

G 30 (34.1%) 47 (61.8%) 0.001 

A 58 (65.9%) 29 (38.2%) 0.001 

−819    

C 63 (71.6%) 64 (84.2%) 0.054 

T 25 (28.4%) 12 (15.8%) 0.35 

−592     

A 25 (28.4%) 12 (15.8%) 0.054 

C 63 (71.6%) 64 (84.2%) 0.054 

Genotype N=44 (Frequency %) N=38 (Frequency %)  

−1082    

G/G 6 (13.6%) 20 (52.6%) 0.001 

G/A 18 (40.9%) 7 (18.4%) 0.027 

A/A 20 (45.5%) 11 (28.9%) 0.124 

−819    

C/C 26 (59.1%) 28 (73.7%) 0.165 

C/T 11 (25%) 8 (21.1%) 0.673 

T/T 7 (15.9%) 2 (5.3%) 0.124 

−592    

A/A 7 (15.9%) 2 (5.3%) 0.124 

C/A 11 (25%) 8 (21.1%) 0.673 

C/C 26 (59.1%) 28 (73.7%) 0.165 

Genotype N=44 (Frequency %) N=38 (Frequency %)  

GCC/GCC 6 (13.6%) 20 (52.6%) 0.001 

GCC/ACC 11 (25%) 1 (2.6%) 0.004 

GCC/ATA 7 (15.9%) 6 (15.8%) 0.988 

ACC/ACC 9 (20.5%) 7 (18.4%) 0.817 



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 2, 2025 

- 466 - 

IL-10: (-1082 A/G), (-819 C/T), (-592 A/C) SNPs 

Allele Control N=88 (Frequency %) LN N=76 (Frequency %) 
P Value 

Control-LN 

ACC/ATA 4 (9.1%) 2 (5.3%) 0.507 

ATA/ATA 7 (15.9%) 2 (5.3%) 0.124 

Haplotype N=88 (Frequency %) N=76 (Frequency %)  

GCC 30 (34.1%) 47 (61.8%) 0.001 

ACC 33 (37.5%) 17 (22.4%) 0.036 

ATA 25 (28.4%) 12 (15.8%) 0.054 

                  N= number, LN: Lupus Nephritis. (P value <0.05). 

 

4.2 Discussion 

Systemic lupus erythematosus (SLE) is a complicated 

autoimmune disorder. Although the precise etiology of 

SLE is still unknown, it is broadly recognized that both 

genetic susceptibility and ecological factors are 

protagonists in disease development 31. The genetic 

components of SLE have been clarified by recent research, 

which has focused in particular on the IL-10 gene and its 

variations 32. IL-10 gene, which is located on chromosome 

number one at the (1q31-1q32) locus is considered an 

important factor in the pathogenesis of SLE 33. Research 

has shown that patients with SLE often exhibit elevated 

levels of IL-10, which can impact the production of 

autoantibodies and contribute to disease progression 34. 

Indeed, lowering IL-10 expression with focused therapies 

has shown promise in ameliorating clinical symptoms in 

SLE patients, highlighting the reputation of IL-10 in the 

disease process 13. 

The IL-10 (-1082 A/G) SNPs is the most genetic 

variant found in the IL-10 gene that has gained significant 

attention from researchers21. However, different studies 

have suggested a potential link between the IL-10 (-1082 

G) variant and the likelihood of developing SLE 32, 35. To 

explain the complexity of genetic factors influencing SLE 

risk, a meta-analysis found that the IL-10 promoter (-1082 

G) variant is associated with SLE in Asian populations but 

not in Caucasians 34.  

Our current study focuses on genetic variations in large 

panel cytokines among LN patients compared to a control 

group, investigating the role of cytokine SNPs in LN 

pathogenesis. This study examined SNPs for: TNF-α ( 

−308A/G), IL-6 (−174G/C), three polymorphic regions of 

IL-10: (−1082A/G), (−819C/T) and (−592A/C), in addition 

to IFN-γ (+874 T/A) using advanced genotyping techniques. 

A significant increase in the IL-10 (-1082 G) allele variants 

was observed in LN patients, indicating a potential genetic 

susceptibility among Jordanian SLE patients. In contrast, 

the IL-10 (-1082 A) allele variant was more common in 

controls, suggesting a protective genetic factor against SLE 

and LN. Our results are compatible with the results obtained 

from a meta-analysis study conducted on seventeen 

populations including Europeans and Asians. The study 

presented that the IL-10 (-1082 G) allele was associated 

with both European and Asian SLE patients 25. In addition, 

at the genotype level, the IL-10 genotype at the position (-

1082 G/G) was linked to LN with (P<0.001), so it may be 

considered a susceptible genotype for LN development 

among Jordanian SLE patients; while the IL-10 (-1082 G/A) 

genotype is thought to be protective, since it was much more 

common in the control group than in the LN group with 

(P=0.027). On the other hand, our findings align with the 

results from diverse populations, including Egyptians, 

Bulgarians, and Iranians, all of which demonstrated a 

significant increase in the occurrence of the IL-10 (-1082 

G/G) genotype in patients with LN 3, 20, 36. From the other 

side, some studies in various ethnic populations (Asians, 

Europeans, Brazilians and Chinese) showed that IL-10 (-

1082 G/A) genotype frequencies are related to SLE 

development but not LN, since these studies are not linked 

with any clinical manifestation of SLE disease, while our 

file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_31
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_32
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_33
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_34
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_13
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_21
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_32
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_35
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_34
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_25
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_3
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_20
file:///C:/Users/user/OneDrive%20-%20University%20Of%20Jordan/المجلات%20الاردنية%202025/pharma%202025/JJPS%20Vol%2018,%20No.%202,%202025/Draft/10-2833.docx%23_ENREF_36


Single Nucleotide Pleomorphisms …                                                                                                         Sawsan Khdair et al. 

- 467 - 

study was focused on SLE patients with LN manifestation21, 

32, 37, 38. Moreover, in this study, the homozygous 

(GCC/GCC) genotype in the IL-10 promoter region was 

found to be significantly correlated with LN (P<0.001), 

whereas the frequency of heterozygous (GCC/ACC) 

genotype was significantly related to controls (P=0.004), so 

it may be suggested as a protective genotype since it was 

much more frequent in the control groups. Additionally, the 

IL-10 haplotype of ACC was also marked as a protective 

haplotype (P=0.036), whereas the IL-10 haplotype of GCC 

is associated with LN disease (P<0.001). Furthermore, 

consistent with our findings, a study conducted on LN 

patients demonstrated a link between the GCC haplotype 

and LN in Iranian and European populations 15, 36. Notably, 

associations between specific IL-10 genotypes and 

haplotypes with LN disease severity further emphasize the 

intricate genetic landscape underlying SLE pathogenesis. 

Additionally, our study did not identify significant 

associations between certain cytokine SNPs (TNF-α, IL-6, 

IFN-γ) and LN among Jordanian SLE patients, consistent 

with findings from other populations like Mexican, Thai, 

and Polish groups 16, 39, 40. Overall, the results from different 

ethnicities are debatable but, these collective insights 

highlight the intricate genetic interplay in LN susceptibility 

and highpoint. However, these collective insights highlight 

the intricate genetic interplay in LN susceptibility and 

highlight the importance of considering diverse populations 

to unravel the complexities of SLE genetics. 

CONCLUSION  

This study highlights (for the first time) the link 

between large panels of cytokine SNPs. Our finding 

showed that IL-10 (-1082) G allele variants, IL-10 (-1082) 

GG genotype, homozygous (GCC/GCC) genotype, and 

IL-10 haplotype of GCC are linked as risk factors for the 

vulnerability to LN. Therefore, these SNPs might be used 

as potential predictive markers for early LN risk 

assessment. It would be simpler for those susceptible to 

LN to take the required steps to stall the onset of the illness. 

Additionally, knowing how these cytokines work may help 

in the development of more potent strategies for treating 

LN and its related complications. It is also essential to 

understand the origin and course of LN to diagnose, 

prevent, intervene with, and manage these conditions. 

However, additional genetic markers that are considered 

as potential risk genes for developing LN in Jordanian 

patients should be examined to uncover all possible risk 

genes influencing LN pathogenesis. 
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تعدد أشكال النوكليوتيدات المفردة للسيتوكاينز المختلفة بين المرضى الأردنيين المصابين بالتهاب الكلية الذئبي: 

 دراسة تجريبية
 

  2، فراس خضير1، مي المجاولة1*، سهام زعرور1سوسن خضير
 

 قسم الصيدلة، جامعة الزيتونة الأردنية، الأردن  كلية الصيدلة،1

 كلية الطب، جامعة العلوم والتكنولوجيا الأردنية، الأردن 2
  

 ملخـص
وله تأثير ملحوظ ( (SLEأحد العلامات السريرية الأكثر شيوعًا في مرض الذئبة الحمراء  (LNيعد التهاب الكلية الذئبي )

على معدلات الامراض والوفيات المرتبطة بمرض الذئبة الحمراء. تشارك العوامل البيئية والوراثية في تطور مرض الذئبة 
الحمامية. ومع ذلك، هناك اهتمام متزايد بتحديد العلامات الجينية، وخاصة السيتوكينات، التي قد تشير إلى القابلية للإصابة 

صابة بالمرض، وتتبع التغيرات في نشاط المرض. الهدف من بة الحمراء، والتنبؤ بدور الأعضاء الوشيكة للإبمرض الذئ
في إجمالي  LNهذه الدراسة هو فحص مجموعة واسعة من المتغيرات الوراثية للسيتوكاينز وارتباطها بالتهاب الكلية الذئبي 

تشير نتائجنا إلى وجود زيادة في   .(PCR/SSP)عينة من الأردن. تم إجراء النمط الجيني للسيتوكاينز باستخدام تقنية  83
مقارنة بالأشخاص  LN (P = 0.001)في عينات مرضى  IL-10)لـ  (A/G 1082- في النمط الجيني Gالشكل الجيني 

الأشخاص الأصحاء. وعلى مستوى النمط الجيني  عند(  (P = 0.001السائدهو  A الأصحاء في حين كان الشكل الجيني
كان هو  G/A، بينما النمط الجيني LN (P <0.001)بـ  GG، ارتبط النمط الجيني IL-10لـ  (A/G 1082-لمنطقة )

الأشكال  علاوة على ذلك، لم تتم ملاحظة أي ارتباطات مهمة في تعدد. ((P = 0.027 السائد عند الأشخاص الأصحاء
لدى مرضى التهاب الكلية الذئبي في الأردن. بشكل عام،  IFN-γ ،IL-6 ،(TNF-α LN)الجينية السيتوكينية الأخرى 

تزيد من خطر  IL-10لـ  (A/G 1082-في المنطقة ) GGوالنمط الجيني  Gتشير دراستنا التجريبية إلى أن الشكل الجيني
والنمط  Aلدى المرضى الأردنيين المصابين بمرض الذئبة الحمامية. بينما تسود المتغيرات  الإصابة بالتهاب الكلية الذئبي

 عند الأشخاص الأصحاء. GAالوراثي 

 .التهاب الكلية الذئبي، السيتوكاينز، الأردن الكلمات الدالة:
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ABSTRACT 
Background: Breast cancer is one of the most common cancers worldwide. The effectiveness of treatment in 

different breast cancer types depends on clinicopathological characteristics. Several factors can influence tumor 

aggressiveness, with the neutrophil-to-lymphocyte ratio (NLR) and total cholesterol (TC) being among the most 

prevalent. Due to the limited number of studies evaluating the relationship between these markers and tumor stage, 

this study aimed to investigate the role of NLR and total cholesterol as biomarkers in relation to breast cancer 

stage. 

Methods: We evaluated 101 newly diagnosed breast cancer patients and analyzed NLR and total cholesterol (TC) 

in relation to clinicopathological parameters, based on cut-off values determined using the Receiver Operating 

Characteristic (ROC) curve. 

Results: Breast cancer stage was significantly associated with NLR, total cholesterol, neutrophil count, and white 

blood cell (WBC) count (p < 0.05). Based on tumor stage, cut-off values were determined to be 2 for NLR and 

194 mg/dL for total cholesterol, considering the optimal points of sensitivity and specificity from the ROC curve. 

Higher NLR was significantly associated with increased tumor size (p = 0.004) and lymph node metastasis (p = 

0.021). Higher total cholesterol was associated with increased BMI (p = 0.002), tumor size (p = 0.04), lymph node 

metastasis (p = 0.001), and tumor grade (p = 0.013). Additionally, higher NLR was significantly associated with 

increased total cholesterol levels (p = 0.004). 

Conclusions: Pretreatment NLR and total cholesterol may serve as useful predictors of breast cancer stage. 

Elevated levels of NLR and total cholesterol were associated with more advanced tumor characteristics. Further 

large-scale studies are recommended to explore their association with survival and recurrence rates. 

Keywords: breast cancer, NLR, total cholesterol. 

 

INTRODUCTION 

Breast cancer is considered one of the most common 

cancers among women around  the world [1],[2]. It is 

estimated that about 2.3 million cases were diagnosed 

worldwide in 2020, especially in industrial countries, with 

an increasing number of new cases diagnosed globally 

[3],[4]. It occurs and develops due to various factors 

including genetic and environmental factors. Many 

associated risk factors such as hormonal, physiological, 

and  nutritional factors are related to lifestyle [4]. Clinical 

outcomes in breast cancer differ significantly from one 

patient to another depending on several variables and 

clinicopathological factors [5],[6]. According to different 

studies, the impairment in inflammatory response plays a 

crucial role in tumor development. For this purpose, many 

markers can reflect the systemic inflammatory response. 

One of these markers is neutrophils to lymphocytes ratio 

mailto:razanhasan98@gmail.com
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(NLR) [7]. Recent studies evaluated the NLR correlation 

with clinical characteristics among breast cancer patients 

such as( stage, grade, tumor size, and metastasis…) and 

they reported equivocal results with many findings 

showing no correlation, while others indicated a positive 

relationship [8],[9].  several tumor- derived molecules 

affect inflammatory cells in the tumor microenvironment; 

Cholesterol and its metabolites are common examples 

[10].  Many studies reported that serum total cholesterol 

was a risk factor for breast cancer. These studies 

demonstrated that its metabolite 27Hydroxy cholesterol 

(27HC)  is important in tumor progression and metastasis 

[11],[12]. The relationship between NLR and total 

cholesterol levels among breast cancer patients was 

assessed by Dominguez et al. ; they found a significant 

statistical correlation between NLR values and total 

cholesterol levels.[13] 

NLR and total cholesterol (TC) are inexpensive, 

affordable, and widely applicable in clinical practice. 

However, due to the shortage of studies evaluating the 

association between the previous markers and breast 

cancer stage in Syria, we aimed in this study to assess the 

pretreatment NLR and total cholesterol. We also evaluated 

their relationship with some clinicopathological 

parameters such as (grade, tumor size, lymph node 

metastasis, distant metastasis, hormonal receptors, 

histological and molecular subtypes) in a group of breast 

cancer patients using optimal cutoff values determined 

depending on tumor stage. This can help us predict breast 

cancer progression. 

 

Materials And Methods 

This study was conducted at Tishreen University 

Hospital (TUH) in Lattakia City, Syria from December 

2022 to January 2024. It was confirmed by the institution's 

ethics board of Tishreen University and formal acceptance 

was obtained from all participants. 

Study design and exclusion criteria: 

This study evaluated 101 newly diagnosed breast 

cancer patients before receiving any treatment, who were 

admitted to the chemotherapy and radiotherapy center at 

TUH. All patients' complete demographical, medical, and 

pathological data were ensured before including them in 

the study sample. Clinical stages were classified into early 

stage (1-2) and advanced stage (3-4) [14]. 

We excluded patients with infections or inflammatory 

diseases, autoimmune diseases, steroid administration, and 

statin therapy. 

Analytical methods: 

Venous blood samples were assembled from each 

participant. A Complete blood count (CBC) was 

performed using an auto hematology analyzer to obtain the 

absolute count of white blood cells, neutrophils and 

lymphocytes. NLR ratio was determined by dividing the 

absolute neutrophil count by the absolute lymphocyte 

count. While total cholesterol was measured using the 

enzymatic method by Mindray BS-380 analyzer (China), 

serum total cholesterol less than 200mg/dl was considered 

normal. 

Statistical analysis: 

The study was tested using the statistical package for 

social science (SPSS V22). The Kolmogrov Smirnov test 

(KS-test) determined the normality of distribution. Data 

were introduced as mean± standard deviation for 

continuous variables and percentages for categorical 

variables. 

Student t-test and Mann Whitney test were used for 

comparing means between two groups depending on 

variables' distribution and the Chi-square or Fisher exact 

test was used for categorical data. Cut-off points for the 

two variables were determined using the ROC curve 

(receiver operating characteristic curve) by considering the 

sensitivity and specificity value. A P-value less than 0.05 

was considered statistically significant. 

Results: 

1- Patient characteristics: 

The study included 101 breast cancer patients divided 

according to tumor stage into early stage 1-2 (48 patients) 
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and advanced stage 3-4 (53 patients).The patients were 

staged clinically according to tumor, node, and metastasis 

(TNM) staging issued by the American Joint Committee 

on Cancer (AJCC), 8th edition [15]. 

There were no significant differences in age, 

menopause, BMI, and tumor grade between the two 

groups. However, when comparing the hematological 

parameters and total cholesterol, we found that both groups 

differ significantly in WBC count (p=0.016), neutrophil 

count (p=0.003), NLR(p=0.001) and serum total 

cholesterol (p=0.001) whereas there was no significant 

difference in lymphocyte count(p>0.05). 

Table 1 compares early and advanced-stage groups' 

demographical, pathological, and hematological 

parameters. 

 

Table1: Patients characteristics and blood parameters according to tumor stage 

p-value Advanced(n=53) Early(n=48) characteristic 

0.076 53.72±12.73 49.73±9.55 Age(years) 

 Menopause(%) 

0.22 18(34%) 22(45.8%) Premenopause 

35(66%) 26(54.2%) Postmenopause 

 BMI(%) 

 

 

0.61 

15(28.3%) 18(37.5%) Normal weight(<25kg/m²) 

24(45.3%) 19(39.6%) Over-weight(25-29.9 kg/m²) 

14(26.4%) 11(22.9%) Obesity(≥30kg/m²) 

 Grade(%) 

 

0.054 

4(7.5%) 5(10.4%) Grade1 

21(39.7%) 29(60.4%) Grade2 

28(52.8%) 14(29.2%) Grade3 

   Blood parameters 

 

0.016* 7.89±2.27 7.01±1.97 White blood cells(10^6/μl) 

0.003* 5.31±1.86 4.35±1.42 Neutrophils(10^6/μl) 

0.21 2.13±0.84 2.24±0.77 Lymphocytes(10^6/μl) 

0.001* 2.77±1.26 1.90±0.59 NLR 

0.001* 219±47.15 170±31.02 Total cholesterol(mg/dl) 

P<0.05* 

 

2- ROC curve, sensitivity, and specificity of NLR 

and total cholesterol (TC) as predictive markers of 

breast cancer stage: 

ROC analysis was carried out to determine the optimal 

cutoff points for NLR and total cholesterol. It has been 

found that AUC (Area Under Curve) was >0.70 which 

indicated that both NLR and total cholesterol could be used 

as predictive markers for the advanced stage of breast 

cancer. NLR had 73.6% sensitivity, and 70.8% specificity 

with a cut-off value of 2 while total cholesterol had 75.5% 

sensitivity, and81.2% specificity with a cut-off value of 

194 mg/dl. Table 2 performs ROC analysis details. 

 

Table 2: AUC, cut-off values, sensitivity, and specificity of NLR and total cholesterol for predicting the advanced 

stage of breast cancer: 

p-value Specifity% Sensitivity% Cut-off value 95%Cl AUC parameter 

0.001* 70.8% 73.6% 2 0.643-0.838 0.74 NLR 

0.001* 81.2% 75.5% 194 0.744-0.906 0.82 TC 

*P<0.05 
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Figure 1: ROC curve of NLR and TC as predictive values of the advanced stage of breast cancer 

 

3- Comparison of clinicopathological characteristics of 

breast cancer patients according to the high and low NLR: 

Among 101 breast cancer ,45 patients had low 

NLR(NLR<2) , while 56 patients had high NLR(NLR≥2). 

High NLR values were significantly associated with 

increased tumor size(p=0.005) and lymph node metastasis 

(p=0.021). High NLR values were not associated with age, 

menopause, BMI, distant metastasis, hormonal status, 

histological and molecular subtypes. Baseline 

clinicopathological factors and the comparison according 

to NLR values are summarized in Table3: 

 

Table3: Comparison of clinicopathological factors of breast cancer patients between high NLR and low NLR groups 

Variables Category N 
Low NLR 

(<2) (N=45) 

High NLR 

(≥2) (N=56) 
P-Value 

Age (years) < 40 15 6 (13.3%) 9(16.1%)  

0.72 40-60 63 30(66.7%) 33(58.9%) 

>60 23 9(20%) 14(25%) 

Menopause Premenopause 61 27(60%) 34(60.7%) 0.94 

Postmenopause 40 18(40%) 22(39.3%) 

BMI (Kg/m²) Normal weight (<25) 33 14(13.1%) 19(33.9%)  

0.45 Over-weight (25-29.9) 43 22(48.9%) 21(37.5%) 

Obesity (≥30) 25 9(20%) 16(28.6%) 

Grade Grade1 9 5(11.1%) 4(7.1%)  

0.15 Grade2 50 26(57.8%) 24(42.9%) 

Grade3 42 14(31.1%) 28(50%) 

 

Tumor size 

T1(Tumor size<2cm) 9 5(11.1%) 4(7.1%)  

0.004* T2 (2cm<Tumor 

size≤5cm) 

62 34(75.6%) 28(50%) 

T3 (Tumor size>5cm) 

+ T4 (Tumor of any 

size growing into chest 

wall and skin) 

30 6(13.3%) 24(42.9%) 
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Variables Category N 
Low NLR 

(<2) (N=45) 

High NLR 

(≥2) (N=56) 
P-Value 

 

Lymph node 

metastasis 

N0(No involved lymph 

nodes) 

43 26(57.8%) 17(30.4%)  

0.021* 

N1(1-3 involved lymph 

nodes) 

23 8(17.8%) 15(26.8%) 

N2(4-9 involved lymph 

nodes) 

+N3(≥10 involved 

lymph nodes) 

35 11(24.4%) 24(42.9%) 

Distant metastasis M0 97 44(97.8%) 53(94.6%)  

0.62 M1 4 1(2.2%) 3(5.4%) 

ER (Estrogen 

receptors) 

Negative 34 13(28.9%) 21(37.5%)  

0.36 Positive 67 32(71.1%) 35(62.5%) 

PR (Progesteron 

receptors) 

Negative 52 22(48.9%) 30(53.6%) 0.64 

Positive 49 23(51.1%) 26(46.4%) 

HER2(Human 

epidermal growth 

factor receptor-2) 

Negative 71 31(68.9%) 40(71.4%) 0.78 

Positive 30 14(31.1%) 16(28.6%) 

Histological types IDC (Invasive Ductal 

Carcinoma) 

87 36(80%) 51(91.1%) 0.27 

ILC (Invasive Lobular 

Carcinoma) 

9 6(13.3%) 3(5.4%) 

Others 5 3(6.7%) 2(3.6%) 

Molecular subtypes Luminal A 51 22(48.9%) 29(51.8%)  

 

0.95 

Luminal B 20 10(22.2%) 10(17.9%) 

HER2-overexpression 10 4(8.9%) 6(10.7%) 

TNBC (Triple negative 

breast cancer) 

20 9(20%) 11(19.6%) 

*P<0.05 

 

4- Comparison of clinicopathological characteristics of 

breast cancer patients according to the high and low TC: 

Using the total cholesterol cut-off value (194 mg/dL), 

the patients were divided into two groups: 50 patients with 

high TC (TC ≥ 194 mg/dL) and 51 patients with low TC 

(TC < 194 mg/dL). High total cholesterol was significantly 

associated with increased BMI, tumor size, lymph node 

metastasis, and tumor grade. However, no significant 

correlation was observed with age, menopausal status, 

distant metastasis, hormonal status, histological subtype, 

or molecular subtype. Table 4 summarizes the comparison 

of clinicopathological factors according to TC levels: 

 

 

Table 4: Comparison of clinicopathological factors of breast cancer patients between high TC and low TC groups: 

Variables Category N 
Low TC (<194) 

(N=50) 

High TC (≥194) 

(N=51) 
P-Value 

Age (years) < 40 15 6 (11.8 %) 9(18%)  

0.09 40-60 63 37 (72.5%) 26 (52%) 

>60 23 8 (15.7%) 15 (30%) 

Menopause Premenopause 61 28 (54.9%) 33 (66%) 0.25 

Postmenopause 40 23 (45.1%) 17 (34%) 
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Variables Category N 
Low TC (<194) 

(N=50) 

High TC (≥194) 

(N=51) 
P-Value 

 

BMI (Kg/m²) 

Normal weight (<25) 33 25 (49%) 8 (16%)  

0.002* Over-weight (25-29.9) 43 17 (33.3%) 26 (52%) 

Obesity (≥30) 25 9(17.7%) 16(32%) 

Grade Grade1 9 6 (11.7 %) 3(6%)  

0.013* Grade2 50 31 (60.8%) 19 (38%) 

Grade3 42 14(27.5%) 28(56%) 

 

Tumor size 

 

T1 9 7 (13.7%) 2 (4%)  

0.04* T2 62 34(66.7%) 28(56%) 

T3+T4 30 10 (19.6%) 20 (40%) 

 

Lymph nodes metastasis 

N0 43 31 (60.8%) 12 (24%)  

0.001* N1 23 13 (25.5%) 10(20%) 

N2+N3 35 7 (13.7%) 28 (56%) 

Distant metastasis M0 97 49 (96.1%) 48 (96%)  

0.98 M1 4 2 (3.9%) 2 (4%) 

ER Negative 34 16 (31.4%) 18 (36%)  

0.62 Positive 67 35 (68.6%) 32 (64%) 

PR Negative 52 26 (51%) 26 (52%) 0.91 

Positive 49 25 (49%) 24 (48%) 

HER2 Negative 71 39 (76.5%) 32 (64%) 0.17 

Positive 30 12 (23.5%) 18 (36%) 

Histological types IDC 87 46 (90.2%) 41 (82%) 0.47 

ILC 9 3 (5.9%) 6 (12%) 

Others 5 2 (3.9%) 3 (6%) 

Molecular subtypes Luminal A 51 28 (54.9%) 23 (46%)  

 

0.47 

Luminal B 20 7 (13.7%) 13 (26%) 

HER2-overexpression 10 5(9.8%) 5 (10%) 

TNBC 20 11(21.6%) 9 (18%) 

 

5- Association between NLR and total cholesterol in 

breast cancer patients: 

We evaluated the correlation between total cholesterol 

levels and NLR using cut-off values. We found that high 

total serum cholesterol was significantly associated with 

high NLR in breast cancer patients(p=0.004), as shown in 

Table 5: 

 

Table 5:  The association between NLR and total cholesterol in breast cancer patients: 

p-value TC levels  

 

0.004* 

TC≥194 (N=50) TC<194 (N=51) N Value NLR 

15(30%) 30(58.8%) 45 NLR<2 

35(70%) 21(41.2%) 56 NLR≥2 

*P<0.05 

 

6- Association of elevated values of both NLR and 

total cholesterol with some clinicopathological factors: 

We also assessed the correlation between elevated 

values of the studied markers (NLR ≥ 2 and TC ≥ 194 

mg/dL) and clinicopathological parameters. The patient 

cohort (N = 101) was divided into two groups: Group 1 (N 

= 35), which included patients with both NLR ≥ 2 and TC 

≥ 194 mg/dL, and Group 2 (N = 66), which included the 



Pre Treatment Neutrophil to Lymphocyte Rati …                                                                                     Razan Hasan et al. 

- 478 - 

remaining patients. A statistically significant correlation 

was found with tumor size (p = 0.01) and lymph node 

metastasis (p = 0.001). However, no significant correlation 

was observed with tumor grade or distant metastasis (p > 

0.05), as illustrated in Table 6: 

 

Table 6: association between high NLR and total cholesterol with some clinicopathological characteristics in breast 

cancer patients 

P-Value Patient group(N=101)  Tumor characteristics 

0.01* Group2(N=66) Group1(N=35)  

7(10.6%) 2(5.7%) T1  

Tumor size 46(69.7%) 16(45.7%) T2 

13(19.7%) 17(48.6%) T3+T4 

0.001* 36(54.6 %) 7(20%) N0 Lymph nodes metastasis 

15(22.7%) 8(22.9%) N1 

15(22.7 %) 20(57.1%) N2+N3 

0.51 64(97%) 33(94.3%) M0 Distant metastasis 

2(3%) 2(5.7%) M1 

0.06 6(9.1%) 3(8.6%) Grade1 Tumor grade 

38(57.6%) 12(34.3%) Grade2 

22(33.3%) 20(57.1%) Grade3 

*P<0.05 

 

DISCUSSION 

This study evaluated NLR (Neutrophils to 

Lymphocytes ratio) and total cholesterol in Syrian breast 

cancer patients. We also assessed WBC, neutrophil, and 

lymphocyte count. We found significant differences 

between early-stage and advanced-stage patients. The 

values were higher in the advanced stage except for 

lymphocyte count. These findings are consistent with other 

studies that evaluated the predictive value of NLR in breast 

cancer. Wiranta et al. and Phillip et al. found a significant 

correlation between NLR and breast cancer staging 

[14][16]. Gong et al. also found an association between 

high neutrophil count and tumor progression in patients 

with breast cancer[17]. Lymphocyte count was higher in 

the early stage similar to the findings of Rana et al. [18]. 

The inflammatory response has a major role in 

acerbating different cancers, including breast cancer, by 

detecting many infilitrating immune cells in malignant 

tissues[19]. Neutrophils activate tumor progression and 

invasion through several mechanisms. For example, 

neutrophils can produce pro-inflammatory cytokines 

including interleukin-6 (IL-6), IL-7, and IL-8, which 

induce tumor invasion. They also can secrete circulating 

vascular endothelial growth factor (VEGF), promoting 

tumor development.  High neutrophil count was associated 

with poor survival and advanced TNM stage [20][16]. On 

the other hand,  lymphocytic response is considered an 

important component for controlling cancer progression 

by producing cytokines such as IFN-ƛ ,which are effective 

against tumor growth and metastasis [21]. In addition, 

lymphopenia is associated with adverse consequences in 

advanced malignancies [22]. All these effects could lead 

to increasing NLR in peripheral blood. Elevated NLR 

among breast cancer patients was suggested to be 

correlated with advanced stage and increasing tumor 

aggressiveness [23]. 

Furthermore, our study found an increase of serum 

total cholesterol in the advanced stage compared to the 

early stage, which could result from cholesterol 

composition of tumor cells. According to previous studies, 

cholesterol synthesis is linked with cancer stem cells, 

which are  cancer cells correlated with tumor progression 
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and metastasis[24]. Ehmsen et al. showed an augmenting 

of de novo cholesterol synthesis from breast cancer stem 

cells [25]. 

We evaluated the clinicopathological characteristics of 

patients according to NLR and total cholesterol obtained 

using the ROC curve. High NLR values were significantly 

associated with increased tumor size and lymph node 

metastasis. These findings were by Elyasina et al. and 

Sokmen et al. [26][27]. High neutrophil count induces 

secreting cytokines and growth factors that promote tumor 

invasion and angiogenesis[20]. Breast cancer cells also 

activate the secretion of IL-1β, IL-17, and  G-CSF 

inhibiting CD8 T cells and promoting metastasis[28].In 

addition, high serum levels of total cholesterol were 

significantly associated with increased tumor size, lymph 

node metastasis, tumor grade, and BMI. These results were 

consistent with previous studies. 

Ahmed et al. demonstrated a gradual increase in serum 

cholesterol levels with increasing tumor size [29]. Jin et al. 

showed that patients with abnormal blood lipids had a 

higher rate of positive lymph nodes than patients with 

normal lipids[30]. Cholesterol has been shown to increase 

cancer cell development and proliferation through 

activating AKT phosphorylation[31]. Moreover, 27 

hydroxy cholesterol has been found to increase the 

expression of matrix metalloproteinase9 (MMP9) and 

activate migration and epithelial-to-mesenchymal 

transition (EMT) in breast cancer cells [24]. Pandag et al. 

demonstrated a significant correlation between cholesterol 

levels and the grade of breast cancer. It has been found that 

changes in cholesterol levels could affect tumor grading. It 

could influence the expression of proteins related to 

advanced tumors in mammals [32]. In addition, 27HC, by 

activating EMT, could increase tumor grade. Feng et al. 

showed that the expression of EMT markers had increased 

with higher tumor grade [33].  

There was also a significant correlation between 

cholesterol levels and BMI in line with Owiredu et al. and 

Mina et al.[34],[35]. That could result from increasing its 

synthesis by adipose tissues [36]. 

High levels of serum total cholesterol were 

significantly associated with high NLR similar to the 

finding of Dominguez et al. [13]. Also, high values of both 

were associated with increased tumor size and lymph node 

metastasis. The alterations in lipid levels, including total 

cholesterol, can affect immune cell activation. Cholesterol 

metabolites, such as oxysterols, induce neutrophil 

recruitment through activating CXC receptor 2(CXCR2). 

Recruited neutrophils have been found to promote 

angiogenesis and tumor growth. Furthermore, elevated 

total cholesterol levels can inhibit T-cell receptor 

signaling, impairing T-cell proliferation, cytokine 

production and decreasing anti-tumor immune response 

[37][10]. 

 

CONCLUSIONS 

We found a statistically significant difference in NLR 

and total cholesterol values between patient groups 

stratified by tumor stage. Higher NLR and total cholesterol 

levels were associated with more advanced stages of breast 

cancer. Furthermore, based on the cut-off values 

determined for both markers using ROC curve analysis 

(maximizing sensitivity and specificity), a significant 

correlation was observed with tumor size and lymph node 

metastasis. Therefore, pretreatment NLR and total 

cholesterol may serve as predictive markers for breast 

cancer stage. However, further studies with larger sample 

sizes are needed to evaluate the prognostic value of these 

markers, particularly in relation to survival and recurrence 

rates.
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 نسبة العدلات إلى اللمفاويات ومستويات الكوليسترول الكلي قبل العلاج كواسمات حيوية للتنبؤ بعدوانية سرطان الثدي

 
  1مرام بلال ،2نادر عبدالله ،1*رزان حسن

 
 جامعة تشرين، سورياقسم الكيمياء الحيوية والأحياء الدقيقة، كلية الصيدلة، 1

 قسم الأورام، كلية الطب البشري، جامعة تشرين، سوريا2
  

 ملخـص
يعتبر سرطان الثدي من أكثر السرطانات شيوعاً لدى النساء حول العالم. تتواجد مجموعة من العوامل لتي بإمكانها التأثير 

ومستويات الكوليسترول الكلي. نتيجة قلة  NLR)على عدوانية الورم, من بين هذه العوامل نسبة العدلات إلى اللمفاويات ) 
 NLRواسمات السابقة ومرحلة الورم, هدفت هذه الدراسة إلى تقصي دور كل من النسبة  الدراسات التي تقيم العلاقة بين ال

من المريضات  101ومستويات الكوليسترول الكلي  كواسمات حيوية للتنبؤ بمرحلة الورم في سرطان الثدي. قمنا بتقييم 
رية للمريضات بالاعتماد على القيم  المُشخصات حديثاً ودراسة  علاقة كل من العوامل السابقة مع بعض الخصائص السري

. أظهرت نتائجنا  وجود ارتباط هام ROC curveالحدية  التي تم تحديدها باستخدام منحنى خصائص تشغيل المستقبل 
(. (p<0.05البيض والعدلات  بين مرحلة الورم وكل من نسبة العدلات إلى اللمفاويات, الكوليسترول الكلي, الكريات 

للكوليسترول الكلي  194mg/dlلنسبة العدلات إلى اللمفاويات و  2بالاعتماد على مرحلة الورم, تم تحديد القيم الحدية 
( بينما ترافق p=0.021( ونقائل العقد اللمفية)p=0.004.ترافق ارتفاع نسبة العدلات إلى اللمفاويات مع تزايد حجم الورم)

(, نقائل العقد اللمفية p=0.04( , حجم الورم)p=0.002ي مع ازدياد مشعر كتلة الجسم)ارتفاع مستويات الكوليسترول  الكل
(p=0.001(ودرجة الورم )p=0.013 كما ترافق ارتفاع النسبة )NLR  مع ارتفاع مستويات الكوليسترول الكلي لدى

العلاج قد تكون عوامل مساعدة المريضات, وبالتالي, نسبة العدلات إلى اللمفاويات ومستويات الكوليسترول الكلي قبل 
 للتنبؤ بمرحلة الورم في سرطان الثدي.

 .الثدي، نسبة العدلات إلى اللمفاويات، الكوليسترول الكليسرطان  الكلمات الدالة:
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ABSTRACT 
This study investigated the antioxidant properties of natural compounds derived from the medicinal plant 

Ziziphus lotus, traditionally used for treating liver disorders. The research focused on its potential to mitigate 

biochemical alterations induced by the pesticide Deltamethrin in rats. Thirty male Wistar albino rats were 

exposed to Deltamethrin (7 μl/kg/day), after which they received aqueous extract of Ziziphus lotus at three 

different doses (100, 200, and 400 mg/kg/day) via oral gavage. After 33 days of treatment, the animals were 

sacrificed, and blood samples were collected for serum biochemical analysis. Liver tissues were preserved for 

assessment of antioxidant activity. The extraction process yielded 20%, with a high polyphenol content of 12.04 

± 0.142 mg AGE/mL (Gallic Acid Equivalents per millilitre of extract). The DPPH assay confirmed strong 

antioxidant potential of the extract, with an IC₅₀ value of 0.62 ± 0.146 μg/mL. In vivo results showed that 

Deltamethrin exposure led to significant reductions in body weight and increases in serum levels of Aspartate 

Transaminase (AST), Alanine Transaminase (ALT), Alkaline Phosphatase (ALP), alpha-amylase, cholesterol, 

creatinine, and urea (p < 0.05 vs. control), indicating hepatotoxicity and nephrotoxicity. Additionally, 

antioxidant defence markers such as reduced glutathione (GSH) were diminished, while malondialdehyde 

(MDA) levels increased, reflecting enhanced lipid peroxidation. Treatment with Ziziphus lotus extract at all three 

doses ameliorated several liver and kidney function markers and restored body weight. The presence of bioactive 

secondary metabolites in the extract contributed to its significant biological activities, notably its potent 

antioxidant effects demonstrated both in vitro and in vivo. 

Keywords: Natural products, Ziziphus lotus, Biochemical alterations, Deltamethrin, Oxidative stress. 

 

INTRODUCTION 

Deltamethrin is a modern insecticide that protects 

vegetables, fruits, and crops from pests such as ants, 

mites, beetles, and weevils. Its applications include 

nurseries, golf courses, urban landscaping, residential 

homes, construction sites, and garden pest management. 

Additionally, it is utilized as an ectoparasiticide in 

veterinary practice to reduce vector-borne infections by 

eliminating mites, flies, fleas, and ticks. Deltamethrin 

belongs to the synthetic pyrethroid group and is promoted 

as an alternative to organophosphate chemicals due to its 

persistent and effective properties [1,2]. 

However, excessive use, improper application, and 

mishandling in various fields have accumulated 

significant amounts of Deltamethrin in water sources and 

soil [3]. This accumulation results in toxic contamination 

and causes harm to non-target organisms, including 

humans. Acute Deltamethrin poisoning manifests with 

mailto:djahra_ab@yahoo.fr
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clinical symptoms similar to those observed in 

organophosphorus insecticide poisoning, such as 

abdominal pain, dizziness, headache, nausea, pulmonary 

oedema, bronchospasm, fatigue, increased secretions in 

body tissues, muscle twitching, and vomiting [4]. 

The toxicity of Deltamethrin is attributed to various 

mechanisms, including the generation of free radicals. 

Research predominantly indicates that oxidative stress is 

a central factor in the toxic effects of Deltamethrin [5]. 

One study revealed that Deltamethrin exposure 

significantly increases hepatic lipid peroxidation and 

weakens the antioxidant defense system, producing 

oxygen-free radicals and subsequent liver injury [6]. 

Another study found that Deltamethrin exposure causes 

kidney damage by modulating apoptotic activity and 

oxidative stress response [7]. 

Natural products, particularly those of plant origin, 

have long been regarded as a significant source of 

medicinal compounds. Currently, between 25% and 30% 

of medications used to treat illnesses are derived from 

natural sources (plants, animals, microbes, and fungi) or 

are obtained from these sources [8]. Furthermore, current 

data from the drug industry show that natural products 

remain an essential source for developing new chemical 

entities to treat complex diseases, as their structures have 

been refined over millions of years of evolution to be 

highly effective [9]. 

Among these potentially promising natural products, 

antioxidants like polyphenols have been extensively 

studied due to their applications in various 

pharmaceutical fields, such as antibacterial [10], 

antifungal [11], antidiabetic [12], hepatoprotective [13], 

and hematoprotective [14], uses as well as in cosmetics 

and food for their health benefits [15]. Recently, there has 

been growing interest in the potential of antioxidants to 

enhance food preservation due to concerns that certain 

synthetic antioxidants may pose carcinogenic risks   [16]. 

Numerous plants, whether used as food or medicine, 

contain antioxidant components. Regular consumption of 

phytonutrients with significant antioxidant properties is 

associated with a lower incidence of disorders linked to 

oxidative stress, such as cancers, cardiovascular diseases, 

and atherosclerosis [17] as well as reduced mortality rates 

[18]. 

Considering these beneficial properties of natural 

products, this study aimed to investigate the remedial 

effect of Ziziphus lotus extract against oxidative stress 

induced by the Deltamethrin pesticide in rats. 

 

MATERIAL AND METHODS 

Reagents and chemicals: 

Sigma-Aldrich from the USA was used to purchase 

all chemicals and was of analytical quality. Deltamethrin 

pesticide was obtained from Bayer laboratory, and a 

commercial kit from Spinreact, Spain, was used for 

biochemical parameter determinations. 

Plant material: 

Aerial parts (Branches, Leaves, Thorns) of Ziziphus 

lotus were collected from Hamraya, El-Oued state, 

Algeria, and the plant was identified by Prof. Dr. Atef 

Chouikh (Faculty of Natural and Life Sciences, El-Oued 

University, Algeria). The aerial parts of the medicinal 

herb Ziziphus lotus were cleaned, dried, and powdered, 

then kept at ambient temperature. 

Plant extract preparation: 

Two hundred grams of Ziziphus lotus were macerated in 

2000 mL of distilled water for 24 hours with continuous 

agitation at room temperature and protected from light. The 

solvent was then removed using a rotary evaporator, and the 

remaining extract was incubated at 40°C until completely 

dry. The dried extract was weighed and stored at 4°C for 

subsequent analyses [19]. The extraction yield was 20% 

w/w based on the initial raw plant material. 

Total phenolic content estimation: 

The total phenolic content was determined using the 

Folin–Ciocalteu method. Briefly, 0.1 mL of Ziziphus lotus 

extract was mixed with 0.2 mL of Folin–Ciocalteu reagent 

and diluted with 3.16 mL of distilled water. Then, 0.6 mL of 
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20% sodium carbonate solution was added. After incubating 

the mixture for 120 minutes at room temperature, the 

absorbance was measured at 765 nm. The assay was 

performed in triplicate to ensure data consistency. The 

phenolic content was expressed as milligrams of gallic acid 

equivalents per milliliter of extract [20]. 

DPPH free radical scavenging assay: 

2.4 mg of DPPH• is dissolved in 100 ml of methanol 

to make the 1,1-diphenyl-2-picrylhydrazyl solution. 50 μl 

of extract (or ascorbic acid as a control) is added to 1.950 

ml of the DPPH• solution previously produced. The 

reaction mixture is quickly agitated and then maintained 

at ambient temperature for 30 minutes in the dark to 

complete the reaction. The absorbance of the reaction 

medium is measured at 515 nm [21]. 

Liver protective effect of Ziziphus lotus extract 

estimation: 

Acute toxicity of Ziziphus lotus extract: 

The median lethal dose (LD₅₀) of Ziziphus lotus 

extract was determined following the procedure described 

by Litchfield and Wilcoxon (1949) [22]. Thirty male 

Albino rats were divided into five groups of six animals 

each and administered different oral doses of the extract 

(25, 250, 500, 1000, and 2000 mg/kg). A control group 

received distilled water only. The rats were monitored for 

signs of toxicity and mortality over a 14-day period. 

Animals and experiment design: 

Thirty adult Wistar albino rats, weighing 352.44 ± 

8.77 g, were obtained from the Pasteur Institute of 

Algiers. They were housed in the Department of 

Molecular and Cellular Biology at El-Oued University, 

Algeria, under controlled conditions: temperature 24 ± 1 

°C, a 12-hour light/12-hour dark photoperiod, with free 

access to standard food and water throughout the study. 

The rats were acclimated to these laboratory conditions 

for 15 days prior to the experiment. All animal 

experiments and protocols were approved by the 

Institutional Animal Ethical Committee (IAEC) of El-

Oued University. The rats were then randomly divided 

into five groups of six animals each and subjected to the 

following treatments for 33 days: 

Group 1: Control group. 

Group 2: Received daily Deltamethrin (7 μl/kg/J in 

oral gavage). [23] 

Group 3: Received daily Deltamethrin (7 μl/kg/J in 

oral gavage) than Ziziphus lotus extract (100 μl/kg/J in 

oral gavage). 

Group 4: Received daily Deltamethrin (7 μl/kg/J in 

oral gavage) than Ziziphus lotus extract (200 μl/kg/J in 

oral gavage). 

Group 5: Received daily Deltamethrin (7 μl/kg/J in 

oral gavage) than Ziziphus lotus extract (200 μl/kg/J in 

oral gavage). 

Throughout the weeks of the study, body weight was 

frequently monitored. 

Relative liver weight estimation: 

After the rats were sacrificed, the liver was removed, 

cleaned with physiological saline, and weighed to 

calculate the relative liver weight using the formula: 

Relative liver weight = (Liver weight / Body weight) * 

100% [24]. 

Blood collection for biochemical parameters 

analyses: 

After 16 hours of feeding, the rats were sacrificed by 

decapitation following anaesthesia with chloroform. 

Blood was then drawn, and the samples were placed into 

serum-separating tubes and centrifuged for 10 minutes at 

3000 rpm to prepare them for biochemical analysis. 

Biochemical parameters analyses: 

(AST): Serum Aspartate Transaminase (ALT): 

Alanine Transaminase (ALP): Alkaline Phosphatase, 

Alpha-amylase, Protein, Glycaemia, Cholesterol, 

Triglycerides, Creatinine, and Urea. 

Liver homogenate parameters: 

- Post mitochondrial supernatant preparation 

To reduce nuclear debris, 0.5 g of liver from the 

sacrificed animals was homogenized in a cold phosphate 

buffer solution (0.1 M, pH 7.4) containing potassium 
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chloride (1.17%). The resulting homogenate was 

centrifuged at 9600 rpm for 45 minutes at 4°C to produce 

a post-mitochondrial supernatant (PMS), which served as 

the enzyme source. 

- Total protein, Glutathione (GSH), and 

Malondialdehyde (MDA) estimation 

Total protein content in liver homogenates was 

measured using the Coomassie Brilliant Blue G-250 

assay, with bovine serum albumin as the standard 

reference (Bradford, 1976) [25]. Glutathione (GSH) and 

malondialdehyde (MDA) levels were determined 

following the methods described by Weckbecker and 

Cory (1988) [26] and Quintanilha (1981) [27], 

respectively. 

Statistical analysis: 

To analyze the obtained data, a student t-test (using 

Minitab® 13 software) was conducted. P-values of 0.05 

or below were considered significant. The results of each 

experiment were presented as the mean and standard 

deviation (SD). 

Total phenol content: 

The total phenol content of Ziziphus lotus extract 

was estimated using the equation (y = 0.00116 x + 

0.0375, r2 = 0.09985) and expressed as Gallic Acid 

Equivalents (GAE). It was 12.04 ± 0.142 mg GAE/ml of 

the Ziziphus lotus aerial part extract. 

DPPH free radical scavenging assay: 

The antioxidant activity of Ziziphus lotus aerial parts 

extract was tested using the DPPH free radical scavenging 

assay. The results are summarized in Table 1. The DPPH 

free radical scavenging activity of the plant extract was 

compared to that of the standard (ascorbic acid). 

 

Table 01: DPPH free radical scavenging of Ziziphus 

lotus aerial parts extract. 

IC50 

Ascorbic acid 

(μg/mL) 

Ziziphus lotus 

extract (μg/mL) 

0.43 ±0.102 0.62 ±0.146 

Data are expressed as mean±SE (Standard Error), (n=3). 

 

Liver protective effect of Ziziphus lotus extract: 

Acute toxicity of Ziziphus lotus extract: 

The acute toxicity study, based on the method of 

Litchfield and Wilcoxon (1949) [22], is a standard 

preliminary screening test for evaluating new chemical 

substances. After administering Ziziphus lotus extract at 

five different doses over a 14-day period, none of the rats 

in any group showed clinical or behavioral changes, and 

no mortality was observed (Table 2). 

 

Table 02: Rat's acute toxicity analyses treated by Ziziphus lotus aerial parts extract. 

Group Doses (mg/kg) Mortality rate Mortality ratio Mortality (%) 

Group 1 25 0 0/5 0 

Group 2 250 0 0/5 0 

Group 3 500 0 0/5 0 

Group 4 1000 0 0/5 0 

Group 5 2000 0 0/5 0 

 

Relative liver weight: 

The results of relative liver weight show that body 

weight was affected by the Deltamethrin pesticide and the 

plant extract. Additionally, Group 2 (treated with 

Deltamethrin) showed liver hypertrophy. In contrast, the 

extract of Ziziphus lotus, when administered at different 

doses in combination with Deltamethrin pesticide, 

reduced the elevated liver weight. The results of relative 

liver weight are summarized in Table 3. 
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Table 03: Rats' relative liver weight treated by Ziziphus lotus aerial parts extract. 

Groups Body weight (g) Liver weight (g) Relative liver weight (%) 

Group 1 367.35 ± 3.9 12.1±0.74 2.600 ±0.1 

Group 2 351.66 ±  *** 10.38 ±0.75*** ± *** 

Group 3 354.5 ± * 9.35 ±0.44** 2.500 ±0.0816*** 

Group 4 361.90 ±3.8** 9.97 ±0.12* 2.650 ±0.191*** 

Group 5 365.4 ±  10.32 ±0.58Ns 2.725 ±0.097** 

Results are presented as the mean ± S.E. (Standard Error) (n = 5). (*) p≤0.05, (**)p≤0.01 and (***)p≤0.001. (NS)p ˃ 0.05 

as compared with Deltamethrin pesticide. Model group. bp < 0.05 as compared with a normal control group. 

 

Biochemical parameters analyses: 

- Serum enzyme activity 

Figure 1 illustrates the effect of Ziziphus lotus aerial 

parts extract on serum enzyme activities (ALT, AST, 

ALP, and alpha-amylase). Exposure to the pesticide 

Deltamethrin caused a significant increase in serum 

enzyme activities. However, rats pretreated with Ziziphus 

lotus extract at various doses showed a notable reduction 

in these enzyme levels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Effect of Ziziphus lotus aerial parts extract on serum enzyme activity. 

(AST): Serum Aspartate Transaminase, (ALT): Alanine Transaminase, (ALP): Alkaline Phosphatase, Results are 

presented as the mean ± S.E. (Standard Error) (n = 5). (*) p≤0.05, (**) p≤0.01 and (***) p≤0.001. (NS) p ˃ 0.05 as 

compared with Deltamethrin pesticide. Model group. bp < 0.05 as compared with a normal control group. 
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- Serum biochemical parameters 

Administration of the pesticide Deltamethrin caused a 

significant increase in the analyzed serum biochemical 

parameters. The mitigating effects of Ziziphus lotus aerial 

parts against Deltamethrin-induced damage are shown in 

Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of Ziziphus lotus aerial parts extract on biochemical parameters. 

Results are presented as the mean ± S.E. (Standard Error) (n = 5). (*) p≤0.05, (**) p≤0.01 and (***) p≤0.001. (NS) p ˃ 

0.05 as compared with Deltamethrin pesticide. Model group. bp < 0.05 as compared with a normal control group.
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- Liver enzyme activity (GSH and MDA): 

The administration of the pesticide Deltamethrin 

caused alterations in liver oxidative stress markers, 

specifically Glutathione (GSH) and Malondialdehyde 

(MDA) levels. Figure 3 summarizes the protective effects 

of Ziziphus lotus aerial parts against Deltamethrin-

induced liver damage. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Effect of Ziziphus lotus aerial parts extract on liver enzymes activity. 

(GSH): Glutathione. (MDA):  Malondialdehyde. Results are presented as the mean ± S.E. (Standard Error) (n = 5). (*) 

p≤0.05, (**) p≤0.01 and (***) p≤0.001. (NS) p ˃ 0.05 as compared with Deltamethrin pesticide. Model group. bp < 0.05 

as compared with a normal control group. 

 

DISCUSSION 

This series of tests was conducted to evaluate the 

antioxidant capacity of Ziziphus lotus extract both in 

vitro, using the DPPH assay, and in vivo against 

Deltamethrin pesticide poisoning. The results are, in 

several respects, quite promising. Overall, the tests 

demonstrated consistency for extracts of similar nature, 

with plant extracts consistently exhibiting strong 

antioxidant potency. Based on these findings, a strong 

correlation can be established between the abundance of 

secondary metabolites (polyphenolics) in the aerial parts 

of Ziziphus lotus, including its aqueous extract, and the 

high level of antioxidant activity observed. 

In this study, the maceration method with agitation 

accelerated the extraction process by minimizing the 

contact time between solvent and plant material while 

preserving the bioactivity of the constituents. 

Furthermore, extracting at room temperature and 

removing the solvent under reduced pressure enabled 

maximum recovery of compounds and prevented 

potential denaturation or modification due to high 

temperatures [28]. Approximately 4 g of aqueous extract 

was obtained from the water extraction of Ziziphus lotus 

aerial parts, corresponding to a 20% yield. Generally, 

concentrations in crude extracts vary among plants within 

the same family, depending on factors such as solid-

liquid extraction conditions, extraction solvent, particle 

size, and solvent diffusion coefficient [29]. 

According to the results, the aqueous extract of 

Ziziphus lotus aerial parts contained a remarkably high 

amount of total polyphenols, measured at 12.04 ± 0.142 

mg GAE/ml. In contrast, our findings differ from those of 

Djemai Zoughlache (2009) [30], who reported lower total 

polyphenol levels in raw extracts prepared with polar 

solvents (methanolic and aqueous) from Ziziphus lotus 

fruits collected in the Batna region of Algeria. In 
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Zoughlache’s study, the total polyphenol content was 5.8 

± 1.24 μg GAE/mg. 

The DPPH free radical scavenging assay results 

demonstrate the promising effect of polyphenolic 

substances in plant extracts, which act as primary 

antioxidants [31,32].   Generally, our results indicate that 

the aqueous extract of Ziziphus lotus exhibits strong 

activity in scavenging DPPH free radicals, with an IC50 

of 0.43 ± 0.102 μg/mL. The efficacy of these antioxidants 

is attributed to their ability to donate hydrogen atoms or 

electrons, primarily from hydroxyl groups in flavonoids 

[20]. Indeed, polyphenolic compounds, especially 

flavonoids, are recognized as potent antioxidants capable 

of scavenging radical species and reactive forms of 

oxygen [33]. The scavenging effect of flavonoids is due 

to their low redox potential, which enables them to 

reduce free radicals by transferring hydrogen atoms from 

hydroxyl groups [34]. 

Male rats were orally administered different doses 

(25, 250, 500, 1000, and 2000 mg/kg) of Ziziphus lotus 

aerial parts extract and observed for 14 days in the acute 

toxicity study. These findings are consistent with earlier 

research demonstrating that extracts from medicinal 

plants can be safe even at high doses, such as Marrubium 

vulgare (2000 mg/kg) [23], Euphorbia hirta (5000 mg/kg) 

[35], and Lactuca serriola (6000 mg/kg) [56]. Moreover, 

to ensure greater confidence in the safety of natural 

products intended for human use—especially in 

pharmaceutical applications—data from acute toxicity 

studies of medicinal plants should be thoroughly 

evaluated [36]. 

Many xenobiotics, especially pesticides, are believed to 

produce reactive oxygen species (ROS) or even free 

radicals that cause oxidative stress in biological systems 

[37]. A significant reduction in mean body weight 

indicates general health deterioration in rats, which a 

decrease in daily food intake could explain. Previous 

studies on adult rats treated with pesticides also showed 

decreased body weight [38,39]. Moreover, rats given 

pesticide treatments exhibited a significant increase in their 

relative organ weights, particularly in the liver, showing 

hepatic hypertrophy (hepatomegaly). Numerous authors 

have described this anomaly as a consequence of the 

aggressive effects of various chemicals and pesticides [40]. 

Similarly, Prieto-Simón et al. (2006) [41] observed 

that a biomarker of pesticide cytotoxicity is a decrease in 

the relative weights of several animal organs. In contrast, 

the relative liver weights of intoxicated rats decreased 

following the oral administration of Ziziphus lotus plant 

extract. This improvement is attributed to the protective 

effects of the bioactive components in the plant extract 

against Deltamethrin pesticide toxicity. 

Decreased levels of serum enzymes AST, ALT, ALP, 

and alpha-amylase were observed in rats treated with 

different doses of Ziziphus lotus plant extract following 

intoxication with Deltamethrin pesticide. Serum enzymes 

TGO (AST) and TGP (ALT) are synthesized in the 

cytoplasm of cells and are released into circulation when 

cellular damage occurs [42,43]. These enzymes serve as 

reliable indicators of liver cytolysis. Additionally, ALP 

reflects pathological changes in biliary flow [44]. 

Conversely, elevated levels of the pancreatic enzyme 

alpha-amylase were observed. The results showed that 

Deltamethrin pesticide increased alpha-amylase levels 

(Group 2), potentially impairing pancreatic function and 

reducing insulin secretion [45]. In contrast, rats treated 

with Ziziphus lotus extract demonstrated improved 

pancreatic function, as indicated by normalized alpha-

amylase levels, which play a role in glucose regulation 

[46]. 

Results for biochemical metabolites such as triglycerides 

and cholesterol, along with renal indicators including 

creatinine and urea, demonstrate that these parameters are 

adversely affected by cytotoxic agents like the Deltamethrin 

pesticide. Elevated levels of renal markers, lipids 

(cholesterol), and proteins were observed. Since the kidneys 

are responsible for excreting harmful by-products of protein 

metabolism—such as creatinine and urea—[47], the 
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increased blood levels of these substances in this study 

suggest impaired kidney function. This impairment was also 

accompanied by a significant decrease in serum protein 

levels [48]. Additionally, some studies propose that synthetic 

chemicals, including pesticides, may negatively impact 

thyroid function [49,50,51]. Hyperlipidemia has been linked 

by some researchers to hypothyroidism or reduced lipase 

activity [52]. Treatment with various doses of Ziziphus lotus 

extract helped restore these metabolite levels to normal. 

Toxic effects often originate from alterations in the 

endoplasmic reticulum, resulting in the loss of 

intracellular components such as metabolic enzymes [53]. 

A healthy organism possesses a robust defense system to 

prevent and neutralize damage caused by free radicals. 

Endogenous antioxidant enzymes, including glutathione 

(GSH) and malondialdehyde (MDA), play vital roles in 

protecting cells against reactive oxygen species [54]. In 

this study, the intoxicated group exhibited decreased 

GSH levels alongside excessive hepatic MDA 

production. Similar findings were reported by Djahra et 

al. (2020b) [13], who observed these changes following 

oral exposure to the insecticide Lambda-cyhalothrin at 

62.5 mg/L per day. The normalization of hepatic function 

after administration of Ziziphus lotus extract underscores 

the extract’s beneficial antioxidant properties, consistent 

with findings by Zeghib and Djahra (2019) [55]. 

 

CONCLUSION 

This study reaffirmed the protective potential of 

natural compounds, particularly polyphenolics, present in 

Ziziphus lotus extract. The extract exhibited a significant 

modulatory effect on biochemical parameters commonly 

disrupted by oxidative damage following intoxication 

with the Deltamethrin pesticide. 
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 Deltamethrinبيد ضد الاجهاد التأكسدي الناتج عن م Ziziphus lotusالأثر العلاجي لمستخلص نبات 

 على الفئران
 

 1، شريط صبرينة1، بنين شيماء1، العايب ابتسام2، بن خرارة صالح1، بن قدور منية*1جهرة علي بوتليليس

 
 الجزائر ،جامعة الوادي ،مخبر البيولوجيا المحيط والصحة كلية علوم الطبيعة والحياة 1
 الجزائر ،جامعة غرداية ،الأرضكلية علوم الطبيعة والحياة وعلوم  ،قسم البيولوجيا 2

  

 ملخـص
 (Ziziphus lotus)اختبرت هذه الدراسة الخصائص المضادة للأكسدة للمركبات الطبيعية المستخلصة من نبات السدر

ي الطبي، الذي استُخدم تقليديًا لعلاج اضطرابات الكبد ومقاومة التغيرات البيوكيميائية التي يُحدثها مبيد الحشرات دلتامثرين ف
ميكرولتر/كغ/يوم(. بعد ذلك،  7جرذًا ذكرًا من نوع ويستر ألبينو، تم تعريضهم لمبيد دلتامثرين ) 30الجرذان. شملت التجربة 

مغ/كغ/يوم( عبر التغذية  400، و200، 100تم إعطاء الجرذان مستخلصًا مائيًا من نبات السدر بثلاث جرعات مختلفة )
تم التضحية بالجرذان وجمع عينات الدم لتحليل المصل البيوكيميائي. كما تم حفظ  يومًا من العلاج، 33الأنبوبية. بعد 

%، مع تركيز عالٍ 20أنسجة الكبد لتقييم التأثيرات مضادات الأكسدة. أظهرت النتائج أن عملية الاستخلاص المائي أنتجت 
لمستخلص. علاوة على ذلك، أظهر مغ مكافئ حمض الجاليك لكل ملليلتر من ا 12.04± 0.142من البوليفينولات بلغ 

 IC50=0.62 ± 0.146أن مستخلص السدر أبدى نشاطًا مضادًا للأكسدة بشكل كبير، حيث بلغت قيمة  DPPHاختبار 
ميكروغرام/ملل. أظهرت نتائج النشاط المضاد للأكسدة في الجسم الحي أنه في المجموعة المعرضة لدلتامثرين، انخفض 

الفوسفاتاز القلوي و  (ALT)الألانين ترانساميناز و ( AST) تويات أنزيمات الأسبارتات ترانسامينازوزن الجسم، بينما زادت مس
(ALP)  و الكوليسترول و  الأميليز ألفاو( الكرياتينين واليورياp < 0.05  مما يشير إلى وجود سمية ،)مقابل مجموعة الشاهد

للدفاعات المضادة للأكسدة وزادت تركيزات ( GSHالدهون ) كلوية وكبدية. كما انخفضت مستويات بيروكسيد
أدى العلاج بمستخلص السدر بجرعاته الثلاثة إلى تحسين بعض وظائف الكبد والكلى وزيادة  (.MDAالمالونديالديهيد )

وزن الجسم. كما أثبتت وجود المركبات الثانوية في مستخلص السدر أن لها أنشطة بيولوجية كبيرة ومثيرة للاهتمام، بما في 
 ذلك خصائص مضادة للأكسدة قوية في الاختبارات المخبرية وفي الجسم الحي.

 .، التغيرات البيوكيميائية، دلتامثرين، الإجهاد التأكسدي Ziziphus lotusالمنتجات الطبيعية،  الكلمات الدالة:
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ABSTRACT 
Electrospinning is a promising technique for wound healing applications, as it enables the fabrication of 

nanostructures that closely mimic the natural extracellular matrix. This review highlights the potential of 

electrospun nanofiber composites loaded with herbal extracts and metal nanoparticles as effective wound healing 

agents. Herbal extracts, known for their antioxidant, anti-inflammatory, and antibacterial properties, contribute 

significantly to therapeutic outcomes. The incorporation of metal nanoparticles further enhances antimicrobial 

activity and accelerates the healing process. This review provides a comprehensive overview of the fabrication 

methods, efficacy, and safety of electrospun herbal extract-loaded metallized nanofiber composites in wound 

healing applications. 

Keywords: Nanofibers; electrospinning; Multimodal nanostructure; Wound healing. 

 

1. INTRODUCTION 

Wound dressing is essential for healing, providing a 

protective barrier and supporting recovery. The global 

demand for wound care is increasing, with millions 

suffering from burns and chronic skin ulcers. In the U.S. 

alone, records show 1.25 million burn patients and 6.5 

million with chronic ulcers [1]. In 2021, A survey from 

470 hospitals in the U.S. showed that 398,000 patients 

with burn injuries and 368,000 patients with other 

inflammatory conditions of skin and subcutaneous tissue 

received medical treatment [2]. The WHO forecasts 

180,000 annual burn deaths and over 640 million diabetic 

ulcer cases by 2030 [3,4]. 

There isn't a single dressing that universally suits 

every condition; instead, clinicians should evaluate each 

wound individually and choose the appropriate dressing 

accordingly. Plain gauze, despite its affordability, has 

limitations, leading to the development of various wound 

dressings such as films, foams, sponges, hydrogel, and 

nanofiber dressings. Ideally, a dressing for a specific 

wound should absorb fluid, protect against microbes, 

allow gas exchange, maintain a moist environment, be 

non-toxic, biocompatible, degradable, and promote 

angiogenesis and tissue regeneration while being easy to 

replace and remove without sticking to the wound [5,6].  

Nanofiber dressings, particularly created through 

electrospinning, offer advantages over conventional 

options by mimicking tissue and providing an optimal 

wound repair environment. They excel in meeting 

diverse requirements and can incorporate therapeutic or 

antimicrobial agents for added functionality [1].  Wang 

et al. (2022) prepared a structurally stable Poly (DL-

Lactic-co-caprolactone) (PLCL) scaffold as an 

mailto:ahmet.aydin@yeditepe.edu.tr
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"electronic skin" that transmits endogenous bioelectricity 

by absorbing wound exudates, thereby promoting the 

treatment of diabetic wounds [7]. Hu et al. (2023) 

designed an ultra-thin, breathable, and flexible Janus 

nanofiber dressing using polyvinylidene fluoride (PVDF) 

and polycaprolactone (PCL), which can unidirectionally 

drain excess exudate and kill local bacteria [8]. Lee et al. 

(2015) developed a nanofibrous membrane using 

collagen (Col) and Poly Lactic-co-Glycolic Acid (PLGA) 

to enhance diabetic wound healing. The PLGA/Col 

nanofiber membrane exhibited sustained release of high 

concentrations of glucophage for over three weeks, 

indicating its capacity for prolonged drug delivery. 

Experimental results showed that Col/PLGA membranes 

incorporated with glucophage were highly effective in 

promoting early-stage diabetic wound healing [9]. Anand 

et al. (2022) prepared multifunctional nanofiber scaffolds 

based on polyvinyl alcohol/sodium alginate/silk fibroin 

and loaded with Centella asiatica, demonstrating good 

antibacterial effects against Pseudomonas aeruginosa 

and Staphylococcus aureus and promoting wound 

healing in diabetic rats [10]. Poornima and Korrapati 

(2017) developed a nanofiber wound dressing consisting 

of chitosan (CS) and PCL using coaxial electrospinning 

technology. The dressing loaded with ferulic acid and 

resveratrol, exhibited antioxidant activity, high 

compatibility, with epidermal keratinocytes (HaCaT) in 

vitro, and accelerated wound cuts healing in vivo [11]. 

Electrospinning, a cost-effective and straightforward 

process, is employed to create nanofibers suitable for 

bandages. These nanofibers, with their extensive surface 

area and porous nature, can accommodate various 

substances, including medicines, vitamins, minerals, and 

herbal extracts, allowing controlled drug release by 

adjusting fiber structure and morphology [12,13].  

This review explores the wound healing process, the 

concept of electrospinning to produce nanofiber mats for 

wound dressing, and the potential role of herbal-loaded 

metallized electrospun nanofibers in promoting wound 

healing while ensuring safety. 

 

2. WOUND HEALING  

Wounds, classified as acute or chronic, disrupt 

normal skin structure and function. The ideal wound 

healing process involves organized cell migration and 

angiogenesis, progressing through hemostasis, 

inflammation, proliferation, and maturation phases. 

Local wound treatment aims to address pain, itching, 

infection, and bleeding, with chronic wounds presenting 

additional challenges like managing excess exudate and 

unpleasant odor. Figure 1 illustrates the different phases 

of wound healing. 

The wound healing process begins with events 

focused on achieving hemostasis, involving a cascade of 

serine protease events preventing blood loss and leading 

to the formation of a fibrin clot. The inflammation phase, 

starting 72 hours post-injury, includes molecular signals 

facilitating immune cell infiltration and pathogen 

elimination. The proliferation phase, post-tissue injury, 

involves angiogenesis and re-epithelialization, driven by 

various signals. Remodeling, commencing two to three 

weeks after the injury, focuses on achieving maximum 

tensile strength through ECM reorganization, resulting in 

less vascular scar tissue and tissue structure recovery 

[1,14–16]. 
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Figure 1. Wound healing phases 

 

Therapeutic options such as coagulants, local 

anesthetics, anti-inflammatories, and antimicrobial agents 

can be employed to promote wound healing. However, it's 

important to note that no single treatment modality can 

address all aspects of the healing process [16].  

The speed at which a wound heals, the strength and 

function of the healed skin, and the aesthetic appearance 

of the resulting scar can all be significantly influenced by 

the proper application and replacement of a dressing. 

While a moderately moist wound bed can facilitate 

healing, excessive moisture can lead to maceration. 

Ideally, a dressing for a specific wound should absorb 

excess drainage while maintaining an optimal level of 

moisture. In addition to these primary functions, certain 

dressings may also offer secondary benefits such as 

reduced pain during changes, odor control, anti-

inflammatory or mild debridement properties, and local 

antibacterial actions [6,16]. 

3. ELECTROSPUN NANOFIBERS FOR WOUND 

HEALING 

Nanofiber dressings have garnered attention for their 

superior qualities compared to traditional options, offering 

improved anti-inflammatory and antimicrobial properties, 

better exudate absorption, prolonged dressing lifespan, and 

enhanced mechanical strength [14]. Nanotechnology 

advancements are crucial for overcoming the limitations of 

conventional dressings and enhancing wound healing 

outcomes. Nanofiber mats, with their high porosity and 

efficient gas permeation, address these limitations by 

promoting hemostasis, exudate management, moisture 

retention, skin regeneration, and cellular respiration [17]. 

Additionally, electrospun mats with added functionality 

can serve as personalized bandages [18]. These advantages 

not only improve patient comfort by reducing dressing 

changes but also contribute to cost-effective treatment 

[12]. This review discusses various approaches to 

achieving these benefits. 

3.1. Basic Principles of Electrospinning 

Electrospinning is an electrohydrodynamic process 

where electrically charged fluids are set in motion by 

applied electric fields. In this process, a liquid droplet is 

electrified to generate a jet, which then undergoes 
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stretching and elongation to form fibers. The 

electrospinning apparatus includes a high-voltage power 

supply, a collector, and a spinneret. As voltage is applied, 

the electrospinning fluid is injected into the spinneret, 

gradually changing its morphology until it reaches the 

critical voltage. At this point, the droplet at the tip, 

supported by surface tension, forms a Taylor cone. The 

liquid jet must evaporate before fibers collect on the 

collector, reaching a specific distance and entering the 

bending and whiplash stage [1,5,12,14]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Elcectospinning basic principle 

 

Several factors influence electrospinning and can be 

categorized into three main groups: apparatus, precursor 

solution, and environmental conditions. Apparatus-related 

variables include the setup type, collector type (stationary 

or rotating), and parameters such as voltage, spinneret-to-

collector distance, and flow rate. The properties of the 

precursor solution—such as conductivity, surface tension, 

viscosity, and concentration—depend on the choice of 

polymer and solvent. The polymer concentration must be 

adjusted to a critical value to produce uniform nanofibers 

without beads. When the polymer concentration is too low, 

the entangled polymer chains may break into fragments 

before reaching the collector, resulting in bead formation. 

Conversely, if the polymer concentration exceeds a critical 

threshold, it may disrupt the solution flow through the 

needle tip, leading to defective or beaded nanofibers. 

Environmental conditions, particularly temperature and 

humidity, also influence fiber synthesis and should be 

carefully controlled. Higher temperatures reduce solution 

viscosity, leading to a decrease in average fiber diameter. 

In contrast, high humidity can induce polymer swelling, 

which increases the average fiber diameter [19]. 

Precursor solution is usually made of polymer 

solutions or polymer melts. The polymer matrix can be 

synthetic, natural, or a sensible blend of polymers to 

produce the required properties of the nanofiber. The most 

commonly used polymers are summarized in Table 1. 

To create wound healing scaffolds, biopolymers are 

often mixed with synthetic polymers to alter the porous 

fiber mat's degradative, mechanical, and/or morphological 

properties to meet the individual needs of each patient [5]. 
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Table 1: Most commonly used polymers’ types and applications [5,20,21] 

Category Polymer Examples Applications 

S
y

n
th

et
ic

 

Biocompatible  

 Poly(vinyl alcohol) (PVA) 

 Poly(lactic acid) (PLA)  

 Poly(glycolic acid) (PGA)  

 Poly(lactic-co-glycolic acid) (PLGA)  

 Poly(ethylene oxide) (PEO) 

 Polycaprolactone (PCL)  

 Poly(hydroxybutyrate) (PHB) 

 Tissue engineering  

 Drug delivery  

 Wound healing  

 Scaffolds for cell growth  

 Filtration 

N
a

tu
ra

l Polysaccharide 

Plant 

 Alginate 

 Dextran 

 Cellulose 

 Wound healing  

 Drug delivery  

 Tissue engineering  

 Enzyme immobilization  

 Scaffolds for cell growth  

 Cosmetics 

Animal 
 Chitosan (CS) 

 Hyaluronic acid 

Protein  Gelatine 

 Collagen 

 Silk fibroin 

3.1.2. Incorporation of bioactive agent into 

electrospun nanofibers 

Loading an active agent into nanofiber mats can be 

achieved through various methods, depending on the 

desired properties of the final product [5]. For burst 

release, the active agent is suspended in the 

electrospinning blend to distribute it throughout or on the 

fiber's surface. Coaxial electrospinning is employed when 

abrupt release is undesirable or when the active agent is 

solvent-labile, forming core/shell fibers using a concentric 

needle configuration. Another approach involves using an 

emulsion as the feeding solution, with a surfactant added 

during electrospinning to create a core/shell structure. This 

technique protects proteins, DNA, and peptides from harsh 

solvents, enabling their incorporation. Finally, dip-coating 

imparts desired qualities to electrospun mats by immersing 

them in a solution [17]. 

Loading efficacy and release profiles can be assessed 

using appropriate analytical methods, such as 

spectroscopy or high-performance liquid chromatography 

[22]. Various active agents—including antibacterial 

particles, growth factors, stem cells, vitamins, and other 

effective wound-healing factors—can be incorporated into 

electrospun nanofibers. 

In one study, lemon oil was used as a highly 

antibacterial active agent to create cellulose acetate 

nanofiber membranes. The investigation examined various 

properties and demonstrated that lemon oil-loaded 

cellulose acetate nanofibers maintained antibacterial 

efficacy, eliminating Escherichia coli and Staphylococcus 

aureus even at low lemon oil concentrations. The 

nanofiber structure retained its antibacterial properties 

after two months, suggesting its potential as a long-lasting 

bioactive wound dressing [23].  

 

4. MEDICINAL PLANTS IN WOUND 

HEALING 

Throughout history, herbal remedies have been valued 

for their healing properties, with many plants used in 

traditional medicine for treating burns, wounds, and cuts. 

These remedies often offer antioxidant, antibacterial, and 

anti-inflammatory benefits. Illustrative examples include 

Sphagneticola trilobata, Aloe vera, Panax ginseng, and 

Hypericum perforatum. Extracts from plants like Centella 

asiatica and Curcuma longa have shown support for key 

wound healing processes like angiogenesis and collagen 

formation [24,25]. Researchers are now exploring new 

formulations and dressings to create stable, sustainable, 
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and cost-effective wound care treatments. The use of 

innovative materials and advancements in nanotechnology 

have led to improved wound management, focusing more 

on patients' needs [26]. 

 

5. METALLIC AND INORGANIC 

NANOPARTICLES IN WOUND HEALING 

Metallized nanmaterials, featuring unique 

physicochemical characteristics like a large specific 

surface area and excellent surface properties, play a crucial 

role in biomedicine. Nanoparticles like gold, silver, iron, 

silicon, germanium, and cadmium selenide possess 

antibacterial properties, aiding wound healing and 

combating antibiotic resistance. These nanoparticles are 

increasingly utilized in medical applications for drug 

delivery, imaging, diagnostics, and tissue engineering 

[27,28]. In addition, incorporating inorganic nanoparticles 

into nanofibers offers a promising approach to regulate 

release kinetics from biomaterials.  

Gold nanoparticles applied topically speed up wound 

healing by boosting the production of growth factors, 

cytokines, and collagen [29]. Silver nanoparticles fight 

bacteria and are useful for treating wounds [30]. Zinc 

oxide nanoparticles help tissues regenerate by promoting 

processes like tissue granulation and collagen deposition 

[31]. Mesoporous silica nanoparticles (MSNs) are 

versatile in medical applications and aid wound healing by 

helping blood clot [32–34]. 

 

6. COMBINATION OF HERBAL EXTRACT 

AND METALLIC/INORGANIC NANOPARTICLES 

IN THE FABRICATION OF NANOFIBROUS 

WOUND DRESSING 

There are several parameters depending on the 

application of nanofibers.  The water absorption capacity of 

electrospun nanofibers plays an important role in wound 

healing. Nanofibers can retain moisture and nutrients in the 

wound area and also increase cell adhesion and proliferation 

with a higher swelling ratio. Adequate mechanical 

properties of engineered electrospun nanofibers are another 

important parameter for the formation of new skin tissue and 

resistance to biological degradation during the wound 

healing process.  Plant extracts may act as a reinforcing 

agent and increase the tensile strength of nanofibers, leading 

to enhanced wound healing. On the other hand, the 

solubility of plant extracts is important in choosing the type 

of nanofibers, and depending on the type of plant extract, 

suitable biomaterials are selected for making 

nanofibers[26]. Utilizing nanotechnology for improved 

phytochemical delivery involves incorporating plant-

derived substances into nanomaterials like nanoparticles 

and nanofibers. These environmentally friendly and non-

toxic nanocarriers provide controlled release of active plant 

materials in wound treatment. Plant extract-loaded 

nanofibers, with unique properties, exhibit antimicrobial, 

anti-inflammatory, antioxidant, antiseptic, and antiviral 

effects, showcasing their potential in wound healing [35,36]. 

In a study, St. John's Wort infused oil was incorporated 

into a CS cryogel for use as a wound dressing material. The 

investigation revealed antimicrobial activity, particularly 

against E. coli and L. pneumophila. Additionally, the 

presence of free radical scavenging activity makes it a 

promising candidate for wound healing [37]. 

Another study introduced a silk fibroin-curcumin-

based nanofiber in combination with PCL and PVA for 

sustained drug release and oxygen delivery to diabetic 

wounds. In vivo studies on diabetes-induced mice 

demonstrated a higher wound healing rate compared to the 

control group, highlighting the potential of the nanofibrous 

tissue formulation with no dermal irritation [38] 

Metal nanoparticles can be immobilized on nanofibers, 

which brings a new generation of nanomaterials that have 

potential applications in a wide range of fields such as 

electronics, medicine, sensors.  As a result, many efforts have 

been made to synthesize, identify and use metal nanofiber 

composites with well-controlled dimensions and properties. 

this modified fiber can be called metallized nanofibers or 

composite nanofibers with metallic nanoparticles. 
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Metallic nanofiber-based composites, created through 

electrospinning, involve the integration of metal 

nanoparticles into polymer nanofibers. This combination, 

known as metallized nanofibers, can be achieved through 

in situ reactions of metallic precursors during 

electrospinning. Alternatively, precursor metal 

nanoparticles can be added to the polymer solution, and 

their nanofibers can be prepared through electrospinning 

[39]. These nanocomposites offer a unique combination of 

nanofiber qualities and metallic nanoparticle properties, 

including formability, stability, and conductivity. 

Metallized nanofibers find applications in tissue 

engineering due to their exceptional antimicrobial 

properties and plasticity [40–43]. They boast strong 

mechanical properties, providing a non-toxic and 

antibacterial foundation for constructing drug-loaded 

wound healing platforms. Metallized nanofibers are new 

biomaterials obtained by combining metals or metal 

nanoparticles with nanofibers. Due to their unique physical 

and chemical properties, metallized nanofibers are rapidly 

developing in the fields of physical chemistry, materials 

science, and biomedical applications.  

Silver nanoparticles dispersed in a CS matrix are 

electrospun, resulting in immobilized cubic-structured 

silver nanofibers [44]. Researchers incorporated MSNs 

into CS, forming porous CS-silica composite microspheres 

with hemostatic properties for controlling traumatic 

hemorrhaging. Positive results were observed in a rat liver 

laceration model, with no adverse effects in cytotoxicity 

and histological analysis [45]. Additionally, gentamicin-

loaded MSNs-PCL nanofibers were produced, 

demonstrating sustained antibiotic release to prevent post-

surgery wound infections. MSNs played a crucial role in 

drug delivery, acting as release modifiers and bioactivity 

protectors. The antimicrobial activity of the fibers was 

confirmed, with 50% drug release after 40 hours and 

complete release after 136 hours [22]. 

Herbal extract-loaded metallized nanofibers have 

garnered research attention. In a study, MSNs were 

incorporated into PCL/Curcumin nanofibers. Antibacterial 

studies encompassing both gram-positive and gram-

negative bacteria, in vitro experiments with Swiss 3T6 cell 

lines, and in vivo studies on female Wister rats were 

conducted. Results indicated enhancements in the zone of 

inhibition, tissue re-epithelization, collagen deposition, 

and granulation tissue formation. Using the fabricated 

nanofibers on rats demonstrated 99% scar-less wound 

healing within 3 weeks [46]. 

 

7. SAFETY OF HERBAL EXTRACT-LOADED 

MULTIMODAL NANOFIBERS 

Ensuring the safety of nanofibers loaded with various 

active ingredients requires comprehensive toxicity testing. 

Key assessments, such as in vitro cytotoxicity, irritation, 

and sensitization, form the forefront of toxicity 

evaluations. Additionally, genotoxicity serves as a crucial 

endpoint, underscoring the necessity of its application to 

novel materials. 

7.1. Genotoxicity evaluation of nanomaterials  

Genotoxicity from nanomaterial exposure can induce 

transient or permanent genetic changes through direct or 

indirect mechanisms. Direct mechanisms involve physical 

contact between nanomaterials and the nucleus, leading to 

DNA damage like chromosomal breaks. Indirect 

mechanisms occur when nanomaterials dissolve, releasing 

harmful ions or reactive oxygen species (ROS), inducing 

oxidative stress. Additionally, molecules released by 

nanomaterials can interfere with DNA replication and cell 

division, further contributing to genotoxic effects. 

The genotoxicity of nanomaterials depend on factors 

like dose, exposure duration, size, surface characteristics, 

chemical composition, and shape. The genotoxicity 

mechanism is primarily influenced by the uptake method. 

Smaller nanomaterials (<10nm) have a higher chance of 

entering the nucleus directly through nuclear pores, while 

larger ones (>10nm) may enter through endocytosis or 

during mitosis when the nuclear membrane dissolves. 

Indirect damage is more common, triggering inflammation 
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and chronic immune cell responses [47–49].  

Genotoxicity biomarkers include gene mutations, 

chromosomal damage, and DNA damage. In the genotoxic 

risk assessment of nanomaterials, three commonly employed 

in vitro methodologies are: (a) Tests for mammalian gene 

mutation, utilizing Thymidine kinase (Tk) and hypoxanthine 

phosphoribosyltransferase (Hprt) as a basis for gene mutation, 

(b) Chromosomal damage tests, with clastogenicity 

(structural chromosome damage) and aneugenicity 

(numerical chromosome alterations) as key endpoints, 

employing assays such as the micronucleus test, and (c) the 

comet test for assessing DNA damage, serving as the 

preferred technique for evaluating DNA strand breakage and 

quantifying damage to cellular DNA [47,48]. 

It is worthy to note that, before introducing nanomaterial 

stock solutions to cultured cells in in vitro genotoxicity 

testing systems, they are typically diluted in a cell culture 

medium. The interactions of nanomaterials, whether 

particle-particle or particle-cell, undergo alterations when 

suspended in cell culture medium or other biological fluids. 

These changes may affect the nanomaterials size, shape, 

composition, surface chemistry, as well as the temperature, 

pH, ionic strength, and protein content of the surrounding 

fluid. Techniques such as dynamic light scattering (DLS) 

and nanoparticle tracking analysis (NTA) determine 

nanomaterial size and distribution, while microscopic 

methods like atomic force microscopy (AFM), scanning 

electron microscopy (SEM), and transmission electron 

microscopy (TEM) directly observe nanomaterials. Zeta 

potential, measuring the electrostatic potential of the 

electrical double layer where nanomaterials are suspended 

and describing their surface charge. 

7.2. Cytotoxicity testing 

Various cytotoxicity assessment techniques exist, with 

viability tests being common. These tests, following 

OECD Test Guidelines 476 and 490, measure cell 

proliferation, survival, and colony formation. Methods like 

Trypan blue exclusion or dual staining with fluorescent 

dyes indicate damaged cell membranes. Intracellular 

material leakage, detected by LDH assays like Alamar 

Blue or MTT tests, identifies dead cells. Studies evaluating 

nanofiber safety include one examining composite CS 

microspheres loaded with mesoporous silica. Using the 

MTT method on mouse embryonic fibroblast cells, it 

demonstrated good biocompatibility and non-cytotoxicity, 

suggesting their safety for medical use [47,48]. 

7.3. Irritation  

Historically, skin irritation and corrosion experiments 

often relied on animal testing, specifically involving 

rabbits following OECD Test Guideline (TG 404). Ethical 

considerations have led to the exploration of alternative in 

vitro methods to assess skin irritation and corrosion, 

seeking to replace animal-based approaches [50]. Several 

three-dimensional (3D) human skin models, such as 

SkinEthicTM, EpiDermTM, and EpiSkinTM, serve as 

substitutes for in vivo tests, utilizing reconstructed human 

epidermis closely mimicking histological, morphological, 

biochemical, and physiological characteristics of human 

skin [51,52]. In vitro testing with cultivated skin-derived 

cell lines has assessed the skin irritation potential of 

nanomaterials. For instance, titanium nanoparticles and 

quantum dot nanoparticles exhibited reduced viability in 

cultured HaCaT human keratinocytes but showed no effect 

on a human skin equivalent model [53,54] Conversely, 

nano silica nanoparticles induced cell death in cultured 

human keratinocytes but demonstrated no cytotoxicity in a 

human skin equivalent model [55]. Exposure of 

EpiDermTM to TiO2 nanoparticles did not cause skin 

irritation symptoms in one study [56]. Furthermore, the 

application of TiO2 nanoparticles and ZnO nanoparticles, 

either alone or in combination, did not induce irritation or 

corrosion on undamaged rabbit skin or KeraSkin, a 3D 

human skin model [57]. 

7.4. Sensitization 

While many studies have explored skin sensitization 

caused by certain chemicals, limited research exists on the 

potential sensitization effects of nanomaterials. The skin 

sensitization process involves the covalent interaction of 
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electrophilic substances with primary amines in skin 

proteins and nucleophilic thiol as the initial step. 

Subsequently, inflammatory reactions and modifications 

in gene expression occur in keratinocytes, involving cell 

signaling pathways like the antioxidant/electrophile 

response element (ARE) [58]. The ARE-Nrf2 Luciferase 

KeratinoSensTM test is a tool representative of these events, 

capable of distinguishing between skin sensitizers and 

non-sensitizers in line with the United Nations Globally 

Harmonized System of Classification and Labelling of 

Chemicals standards [53]. 

In a study by Kim et al., the ARE-Nrf2 Luciferase 

KeratinoSensTM test assessed skin sensitization induced by 

seven different metal oxide nanoparticles, including nickel 

oxide, titanium oxide, copper oxide, cobalt oxide, zinc 

oxide, iron oxide, and cerium oxide on KeratinoSens™ 

cells. Notably, copper oxide nanoparticles produced a 

positive response, while the other nanoparticles exhibited 

no response [59]. 

8. CONCLUSION 

Electrospinning technology finds applications in 

medicine, including tissue engineering scaffolds, drug 

delivery, and wound dressings. Simultaneous production of 

nanofibers with natural and mixed polymers enhances 

biocompatibility, biodegradability, and physical 

characteristics. The nanofibers, with high surface area and 

extracellular matrix -like properties, offer a unique delivery 

method for herbal medicine extracts and bioactive 

components. As genotoxicity is a main concern of 

nanomaterials, more studies for a better understanding of the 

mechanism of toxicity and the development of more robust 

in vitro toxicity assay methods. Further studies are needed 

to explore herbal loaded metallized nanofiber efficacy, 

safety, co-encapsulation with inorganic materials, 

synergistic activity, controlled release, and scalability.   
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الأعشاب المغزولة كهربائيًا كمحفز مراجعة لتطبيق مركبات الألياف النانوية المعدنية المحملة بمستخلصات 
 لالتئام الجروح: التصنيع، الفعالية، والسلامة

 
  1، أحمد أيدن*1،2، سودابه دافاران1، محمد حميد أوغلو1هبه عياش

 
 .معهد العلوم الصحية، قسم السموم الدوائية، جامعة يدي تبة، إسطنبول، تركيا1

 .تبريز للعلوم الطبية، تبريز، إيرانقسم الكيمياء الطبية، كلية الصيدلة، جامعة  2
  

 ملخـص
يُعد الغزل الكهربائي تقنية واعدة لتطبيقات التئام الجروح، حيث يُنتج هياكل نانوية تُشبه النّسيج خارج الخليّة الطبيعية. تُركز 

ئيًا كمُحفّ زات لالتئام الجروح. هذه المراجعة على مركبات الألياف النانوية المعدنية المُحمَّلة بمستخلصات عشبية مُغزولة كهربا
تُعزز المستخلصات العشبية، المعروفة بخصائصها العلاجية كمضادات الأكسدة والعوامل المضادة للبكتيريا، العناية 
بالجروح. كما يُعزز دمج الجسيمات النانوية المعدنية الوقاية من العدوى وتعزيز التئام الجروح. تهدف هذه المراجعة إلى 

محة عامة عن مركبات الألياف النانوية المعدنية المُحمَّلة بمستخلصات عشبية مُغزولة كهربائيًا، وتصنيعها، وفعاليتها، تقديم ل
 وسلامتها في تطبيقات التئام الجروح.
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ABSTRACT 
Background: Lavandula stoechas L. (French lavender; Lamiaceae) is a well-known Lavender species in the 

Mediterranean Sea Basin. It is widely used in traditional medicine owing to its wound healing, antispasmodic, and 

expectorant properties. As a result, the current study was the first to investigate the phytochemical composition, 

phenol, tannin, flavonoid contents, DPPH free radicals, porcine pancreatic lipase, and α-amylase inhibitory 

capacities of L. stoechas various polarities fractions from Palestine. 

Methods: Specific coloring and precipitation procedures were used for phytochemical screening. Total phenolic 

content was quantified using the colorimetric technique Folin-Ciocalteu. The aluminum chloride technique was 

used to determine the total flavonoid level, while the vanillin approach was used to determine tannins. The 

antioxidant value was determined using the DPPH technique. At the same time, porcine pancreatic lipase and α-

amylase inhibitory effects were estimated by p-nitrophenyl butyrate (PNPB) and 3,5-dinitrosalicylic acid (DNSA) 

approaches, respectively. 

Results: The results indicate that L. stoechas methanol fraction exhibited the highest total flavonoid content 

(18.028 ±1.51 mg of QUE/g) and notable total phenol contents of 127.13 ±2.07 mg of GAE/g. While acetone 

fraction yielded the highest total tannin content (94.01±1.08 mg of CAE/g). Moreover, among the L. stoechas 

fractions, the aqueous one has a higher antioxidant (IC50= 47.86±0.08 µg/ml) compared to methanol (IC50= 

66.06±0.06 µg/ml), acetone (IC50= 63.09±0.29 µg/ml), and hexane (IC50= 79.43±0.1 µg/ml) fractions. All plant 

fractions showed weak porcine pancreatic lipase and α-amylase inhibitory effects compared with the employed 

positive controls. 

Conclusions: The present study has provided valuable insights into the phytochemical composition and bioactivity 

of different fractions obtained from L. stoechas. Based on the results obtained, it is recommended that the specific 

bioactive compounds responsible for the observed effects be explored and identified.  

Keywords: Lavandulastoechas; Phytochemical composition; Phenol; Tannin; Flavonoid; DPPH Free Radicals; 

Porcine pancreatic lipase; α-Amylase. 
 

 

 

 

 

 

 

 

 

 

mailto:belalrahhal@najah.edu
mailto:nidaljaradat@najah.edu
https://doi.org/10.35516/jjps.v18i2.2611


Unveiling the Phytochemical Profiling …                                                                                                    Belal Rahhal et al. 

- 510 - 

INTRODUCTION 

Lavandula stoechas L. (French lavender; Lamiaceae)is 

an evergreen shrub and is considered one of the most 

commonly known Lavender species, especially in the 

Mediterranean Sea Basin regions. It is utilized broadly in 

folk medicine due to its wound healing, carminative, 

antispasmodic, and expectorant characteristics. L. 

stoechas volatile oil also treats headaches, chest colds, and 

colics (1). Some investigations have reported the 

antioxidant (2), antifungal (3), anti-leishmanial (4), anti-

inflammatory (5), and antibacterial activities of the plant 

(6, 7). 

The World Health Organization (WHO) reports that 

the global incidence of obesity has nearly quadrupled since 

1975. Moreover, in 2016, about 1.9 billion people aged 18 

and older were diagnosed as overweight, with more than 

650 million of them classified as obese. These figures 

demonstrate the enormous and rising global problem of 

obesity. Obesity has multiple complications that can 

influence various elements of health. Obesity is associated 

with a higher risk of cardiovascular illnesses such as stroke 

and heart disease, respiratory issues such as sleep apnea, 

musculoskeletal disorders such as osteoarthritis, diabetes, 

and certain forms of cancer, among other things (8). 

According to the WHO, the number of people with 

diabetes has been rising globally. In 2014, there were 422 

million individuals with diabetes, compared to 108 million 

in 1980. The prevalence of diabetes has been increasing 

more rapidly in low- and middle-income countries 

compared to high-income countries. Diabetes is associated 

with various complications. It is a major cause of 

blindness, kidney failure, heart attacks, stroke, and lower 

limb amputation. These complications significantly impact 

the health and quality of life of individuals with diabetes 

(9). 

Respiratory illnesses, neurological disorders, 

cardiovascular diseases, atherosclerosis, metabolic 

disorders, diabetes, and cancer have all been linked to 

oxidative stress. It is characterized by excess reactive 

oxygen species (ROS), which can cause cellular damage 

and malfunction (10). 

Natural products have been an important source of 

therapeutic molecules for various medical disorders, 

including diabetes, obesity, and illnesses caused by 

oxidative stress (11). Many antidiabetic, anti-obesity, and 

antioxidative stress pharmaceuticals have their origins in 

compounds derived from plants, marine organisms, 

bacteria, fungi, and other natural sources. For example, 

metformin isolated from Galega officinalis, berberine 

found in Berberis species, and Quercetin (found in various 

fruits and vegetables) (12). Orlistat is a drug used to treat 

obesity, developed from the lipase inhibitor lipstatin 

discovered in the Streptomyces toxytricini bacteria (13). 

Furthermore, the catechin Epigallocatechin gallate 

(EGCG) present in green tea has been researched for its 

potential to assist in weight control. Moreover, curcumin, 

generated from turmeric, has potent antioxidative stress 

(14-16). 

Hence, the present research aims to explore the total 

phenol, tannin, and flavonoid amounts and pancreatic 

lipase, α-amylase, and free radicals inhibitory effect by L. 

stoechas four extracts. 

 

MATERIAL AND METHODS 

Plant material collection, identification, and drying 

conditions 

L. stoechas plant material collection, identification, 

and drying conditions were followed according to the 

WHO guidelines on good agricultural and collection 

practices [GACP] for medicinal herbals (17). However, 

the plant materials, including the leaves, stems, branches, 

and flowers of L. stoechas shrubs, were collected during 

the flowering period in May 2023 from the Nablus 

governorate of Palestine. The taxonomical characteristics 

were performed in the Department of Pharmacy, Faculty 

of Medicine and Health Sciences, An-Najah National 

University. The plant was deposited in the Pharmacognosy 

Laboratory with a voucher number of Pharm-PCT-2802. 



Jordan Journal of Pharmaceutical Sciences, Volume 18, No. 2, 2025 

- 511 - 

The collected plant materials were extensively washed and 

dried in shady conditions with ordinary humidity for about 

three weeks. After drying, the dried material was coarsely 

powdered and kept in glass jars for further experiments. 

Instrumentations 

Cryo-Desiccator (Mill-rock technology, BT85, 

Kingston, USA) A Spectrophotometer-UV/Visible 

(Jenway® 7135, Staffordshire, UK), filter papers 

(Whitman no.1, Washington, USA), Shaker device 

(Memmert 531-25-1, Stockholm, Germany), rotavap 

apparatus (Heidolph-VV 2000, Schwabach, Germany), 

grinder (Aero Plus 500W Mixer Grinder, I01, Wan Chai, 

China), and balance-electronic (Radwag, AS 220/c/2, 

Toruńska, Poland) were used. 

Chemicals 

Acarbose, p-nitrophenyl butyrate, Orlistat, tris-HCl 

buffer, and porcine pancreatic lipase type II were sourced 

from Sigma (St. Louis, USA). Magnesium ribbon, acetic 

acid, ferric chloride, and DMSO (Dimethyl sulfoxide) 

were acquired from Riedel De Haen (Teningen, Germany). 

Folin-Ciocalteu’s reagent, hydrochloric acid, aluminum 

chloride, potassium acetate, chloroform, and 2,2-

Diphenyl-1-picrylhydrazyl (DPPH) were obtained from 

Sigma-Aldrich (Steinheim, Germany). 

Furthermore, iodine solution, Sulfuric acid, and 

Molisch’s reagent were sourced from Alfa-Aesar 

(Lancaster, UK). Ninhydrin solution and Benedict’s and 

Millon’s reagents were acquired from Alfa Agar (Binfield, 

UK). Methanol, n-hexane, acetone, and sodium hydroxide 

were procured from LobaChemie (Mumbai, India),  

Extraction method  

The powdered material of the L. stoechas plant was 

sequentially fractionated by adding four solvents of 

increasing polarity: hexane (non-polar), acetone (polar-

aprotic), methanol, and water (polar-protic solvents). 

About 50 g of the powdered plant material was steeped in 

1000 ml of acetone, n-hexane, methanol, and water 

separately, and each fraction was placed in a shaker for 96 

h at room temperature, with 80 rounds per min. Then, each 

fraction was kept in a refrigerator for seven days. After 

that, the hexane, acetone, and methanol fractions were 

filter-evaporated using a rotavapor under certain vacuum 

conditions. The aqueous fraction was lyophilized utilizing 

a Cryo-Desiccator. Finally, all crude plant fractions were 

stored in the refrigerator at 4 ºC until further use (18). 

Preliminary phytochemical assessment 

The L. stoechas plant methanol, water, n-hexane, and 

acetone fractions were screened for the presence of major 

natural phytochemical classes by utilizing the 

phytochemical tests of Trease and Evans (19). They were 

performed on the organic and aqueous fractions. The 

alkaloids were highlighted by the reagents of Mayer, 

Dragendorff, and by the Reagent of Wagner, tannins by 

ferric chloride, terpenes by the reaction of Liebermann, 

saponins were determined based on their foam-forming 

abilities, polyphenolic substances by FeCl3, and the 

revelation of flavonoids by the reaction with cyanidin. 

Quantification of phenol  

The quantifications of phenolic matter in the L. stoechas 

plant fractions were evaluated using the Folin-Ciocalteu 

reagent method described previously (20). Using a 100 mL 

volumetric flask, a 7.5% sodium carbonate (Na2CO3) solution 

was prepared by dissolving 7.5 g of Na2CO3 in less than 

100 mL of distilled water, and then distilled water was used 

to bring the volume up to 100 mL. Like sodium carbonate 

solution, a stock solution of the standard solution (Gallic acid 

solution) was prepared by dissolving 100 mg of gallic acid 

and adding up to 100 mL of distilled water. The reaction 

mixture was prepared by mixing 0.5 mL of each extract 

solution, 2.5 mL of 10% Folin-Ciocalteu’s reagent dissolved 

in water, and 2.5 mL of 7.5% sodium carbonate (Na2CO3) in 

a test tube for each sample. The sample tubes were incubated 

for 45 min at 45 ºC. The absorbance was determined using a 

spectrophotometer at wavelength 765 nm. The samples were 

prepared in triplicate for each analytic trial to obtain the mean 

and standard deviation values. 

Quantification of flavonoids  

The quantifications of flavonoids in the L. stoechas plant 

https://www.morphyrichardsindia.com/Aero-Plus-500W-Mixer-Grinder-pc-479-67.aspx
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fractions were estimated using the aluminum chloride 

colorimetric method described previously (21). Quercetin 

was used to make the standard calibration curve for total 

flavonoid determination. Stock Quercetin solution was 

prepared by dissolving 5.0 mg Quercetin in 1.0 mL methanol, 

then the standard solutions of Quercetin were prepared by 

serial dilutions using methanol (10–100 mg/mL). An amount 

of 0.6 mL diluted standard Quercetin solutions or extracts was 

separately mixed with 0.6 mL of 2% aluminum chloride. 

After mixing, the solution was incubated for 60 min at room 

temperature. The absorbance of the reaction mixtures was 

measured against a blank at 420 nm wavelength with UV-Vis 

spectrophotometer. 

Antioxidant assay  

The 2,2-di-phenyl-1-picrylhydrazyl (DPPH) free 

radical scavenging ability was evaluated following the 

previously described method (22). Each plant extract stock 

solution was serially diluted to achieve 2-100 µg/mL 

concentrations using methanol as solvent. Each test tube 

contained 1 mL of each concentration and was 

appropriately marked. One mL of 0.002% methanolic 

DPPH solution was added to each test tube, and 1 mL of 

methanol was added to each test tube to bring the final 

volume up to 3 mL (caution: DPPH is light sensitive, so 

preparation of working test tubes should be performed 

with minimum light exposure). 

The samples were incubated for 30 minutes in a dark 

place, and then their optical densities were determined 

using spectrophotometric measurements at a wavelength 

of 517 nm. The equation used in this analytical study to 

calculate the inhibition percentage is shown below: 

% DPPH inhibition = (AB−AS)/AB×100% 

AB is the recorded absorbance of the blank solution; 

As is the recorded absorbance of the sample solution.  

Quantifications of tannin  

The condensed tannin contents of four L. stoechas 

fractions were assessed according to Sun et al.'s procedure 

(23). 4% methanolic vanillin solution was prepared 

freshly. 100 µg/mL stock solution from each plant extract 

fraction was prepared using methanol as a solvent. For the 

working solution, each test tube contained 0.5 mL from 

each extract mixed with 3 mL of vanillin solution and 

1.5 mL of concentrated HCl. The mixture was allowed to 

stand for 15 min, and then the absorption was measured at 

500 nm against methanolic vanillin as a blank. All working 

samples were analyzed in triplicate. The total tannin in 

each fraction was expressed as catechin equivalents (mg of 

CAE/g of plant fraction). 

Lipase inhibition assay 

The anti-lipase assay was conducted according to 

Bustanjiet al.‘s studies (24). A stock solution of 500 µg/mL 

from each plant fraction, in 10% DMSO, was used to prepare 

five different solutions with the following concentrations: 50, 

100, 200, 300, and 400 μg/mL. A 1 mg/mL stock solution of 

porcine pancreatic lipase enzyme was freshly prepared in 

Tris–HCl buffer before be used. The substrate used for this 

study, p-nitrophenyl butyrate (PNPB), was prepared by 

dissolving 20.9 mg in 2 mL of acetonitrile. For each working 

test tube, 0.1 mL of porcine pancreatic lipase (1 mg/mL) was 

mixed with 0.2 mL of each diluted solution series for each 

plant fraction. The resulting mixture was then brought to a 

total volume of 1 mL, by adding Tri-HCl solution and 

incubated at 37 °C for 15 min. Following incubation, 0.1 mL 

of PNPB solution was added to each test tube. The mixture 

was incubated for 30 min at 37 °C. Pancreatic lipase activity 

was determined by measuring the hydrolysis of the PNPB 

compound into p-nitrophenolate ions at 410 nm using a UV 

spectrophotometer. The same procedure was repeated for 

Orlistat, which was used as a standard reference compound. 

The equation used in this analytical study is shown below: 

% Lipase inhibition = (AB−AS)/AB×100% 

AB is the recorded absorbance of the blank solution; 

As is the recorded absorbance of the sample solution. 

α-Amylase inhibitory assay 

This method was carried out by utilizing the procedure 

of  McCue and Shetty (25). For working solutions, a 

volume of 0.2 mL of enzyme solution was mixed with 

0.2 mL of each plant extract fraction and was incubated for 
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10 min at 30 °C. After the incubation period, 0.2 mL of a 

freshly prepared 1% starch aqueous solution was added to 

each working solution, followed by an incubation period 

of at least 3 min. The reaction was stopped by the addition 

of 0.2 mL dinitrosalicylic acid (DNSA) yellow color 

reagent. Each working solution was then diluted with 5 mL 

of distilled water and then boiled for 10 min in a water bath 

at 90 °C. The mixture was cooled to room temperature, and 

the absorbance was taken at 540 nm. The blank was 

prepared following the steps above, but the plant fraction 

was replaced with 0.2 mL of the previously described 

buffer. Acarbose was used as the standard reference, 

following the same steps used for plant extract. 

Statistical analysis 

All of the obtained results of the four studied plant 

fractions (quantifications of tannin, phenols, and flavonoids, 

in addition to the antioxidant, anti-lipase, and anti-amylase 

activities) were repeated three times for each experiment 

and expressed as means ± SD standard deviation. When the 

p-value was <0.05, the outcomes were considered 

significant. Data were compared using unpaired t-tests. 

 

RESULTS  

Phytochemical screening 

The results of the phytochemical preliminary tests on 

the L. stoechas aqueous fractions revealed the presence of 

cardiac glycosides, phenols, and flavonoids. Meanwhile, 

phenols, tannins, and flavonoids were observed in the 

methanol fraction. At the same time, tannin, phenols, 

flavonoids, steroids, and volatile oils were identified in the 

acetone fractions. Moreover, phenols, flavonoids, steroids, 

carbohydrates, and volatile oils were found in the plant 

hexane fraction, as depicted in Table 1, and the 

fractionation yields are shown in Table 2. 

 

Table 1 Phytochemical screening assessment of L. stoechas four solvents fractions 

Phytochemical Classes Aqueous fraction Methanol fraction Acetone fraction Hexane fraction 

Cardiac glycosides +ve -ve -ve -ve 

Saponin glycoside -ve -ve -ve -ve 

Alkaloids -ve -ve -ve -ve 

Protein -ve -ve -ve -ve 

Starch -ve -ve -ve -ve 

Phenols +ve +ve +ve +ve 

Volatile oil -ve -ve +ve +ve 

Tannins -ve +ve +ve -ve 

Steroids -ve -ve +ve +ve 

Reducing sugar -ve -ve -ve -ve 

Carbohydrate  -ve -ve -ve +ve 

Flavonoids +ve +ve +ve +ve 

Positive (+ve); Negative (-ve) 

 

Table 2 The yield percentage of L. stoechas fractions 

Fractions Plant extract, (g) Dried plant, (g) Yields, )%( 

Hexane 4.55 50 9.10 

Acetone 2.71 50 5.42 

Methanol 3.82 50 7.64 

Aqueous 3.11 50 6.22 

 

Quantitative analysis of phenols 

To determine the total phenol content in the L. stoechas 

plant, Table 3 displays the absorbance values for various 

concentrations of the Gallic acid standard. 
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Table 3. Absorption values of several concentrations of the standard Gallic acid 

Gallic acid concentrations (mg/ml) Absorption at max =765 nm 

0 0.00 

10 0.14 

40 0.50 

50 0.56 

70 0.80 

 

From the calibration curve of Gallic acid, the 

following equation was calculated to estimate the 

total phenol content in the four L. stoechas plant 

fractions. 

y = 0.0112x + 0.0176, R2= 0.9956 

 

Where y is the absorbance at 765nm, and x is the total 

phenol content of the L. stoechas plant fraction. 

Absorbance values from various concentrations were 

employed to determine the total flavonoid contents in four 

fractions of L. stoechas. A standard calibration curve was 

constructed to quantify the total flavonoid content in these 

fractions. Table 4 presents the absorbance values for 

different concentrations of the standard Quercetin. 

 

Table 4. Absorption values of several concentrations of the standard Quercetin 

Concentration of quercetin (mg/mL) Absorption at max =510 nm 

0 0 

10 0.01 

30 0.01 

50 0.02 

70 0.03 

100 0.04 

 

Using the standard calibration curve of Quercetin, the 

equation y = 0.0004x + 0.0011 with an R² value of 0.995 

was applied to determine the total flavonoid contents in the 

four fractions of the L. stoechas plant. 

Where Y is the absorbance at 510 nm, and X is the total 

flavonoids in the plant fractions. Furthermore, to assess the 

total tannin contents in the four fractions of the L. stoechas 

plant, the absorbance values of various concentrations of the 

standard Catechin were examined and are detailed in Table 5. 

 

Table 5. Absorption values of several concentrations of the standard Catechin 

Concentration of Catechin (g/mL) Absorption at 500 nm max 

0 0 

10 0.08 

30 0.11 

50 0.15 

70 0.18 

100 0.29 

 

Utilizing the standard calibration curve of Catechin, 

the equation y = 0.0025x + 0.0232 with an R² value of 

0.9569 was employed to estimate the total condensed 

tannin contents in the four fractions of the L. stoechas 

plant. Here, Y represents the absorbance at 500 nm, and X 

denotes the total tannin contents in the four fractions of the 

L. stoechas plant. 

The investigation into the phytochemical composition 
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of different L. stoechas plant fractions, extracted using 

varying solvents, revealed distinct profiles regarding total 

flavonoids, phenols, and tannins. The data, presented as 

mean values with standard deviations (±SD), are 

summarized in Table 6. 

 

Table 6. Total flavonoids, tannins, and phenols of L. stoechas the aqueous, methanol, hexane, and acetone fractions. 

Fractions 
Total flavonoids contents, mg of 

QUE/g of plant fraction, ±SD 

Total phenol contents, mg of 

GAE/g of plant fraction, ±SD 

Total Tannin contents, mg of 

CAE/g of plant fraction, ±SD 

Hexane 10.01±1.22 36.04±1.01 - 

Acetone 11.011±1.18 73.07±2.02 94.01±1.08 

Methanol 18.028±1.51 127.13±2.07 37.04±1.11 

Aqueous 16.02±0.61 88.09±2.04 - 

The experiment was repeated in triplicate. P-value less than 0.05  

 

The results indicate that the methanol fraction 

exhibited the highest total flavonoid content (18.028 ±1.51 

mg of QUE/g), suggesting its effectiveness in extracting 

flavonoids from L. stoechas. The aqueous fractions 

showed a relatively lower value of 16.02 mg of QUE/g. 

In addition, L. stoechas methanol fraction 

demonstrated notable total phenol contents of 127.13 

±2.07 mg of GAE/g, followed by aqueous and acetone 

plant fractions (88.09±2.04 and 73.07±2.02 mg of GAE/g, 

respectively). Hexane exhibited the lowest phenolic 

content, with 36.04±1.01 mg of GAE/g values. 

Moreover, L. stoechas acetone extraction yielded the 

highest total tannin content (94.01±1.08 mg of CAE/g), 

followed by methanol (37.04 ±1.11 mg of CAE/g). 

Meanwhile, hexane and aqueous fractions did not show 

detectable tannin content. 

The variations observed in the phytochemical 

composition across the fractions highlight the solvent-

dependent extraction efficiency. Water and methanol 

appear to be effective solvents for extracting phenolic and 

acetone, and methanol seems to be effective solvents for 

extracting tannin compounds. In contrast, methanol is 

particularly efficient in extracting flavonoids. These 

findings contribute valuable insights for the strategic 

selection of solvents in future studies focusing on the 

medicinal properties of L. stoechas. 

Antioxidant effect 

Thus, the DPPH technique was utilized in this study to 

examine the in vitro antioxidant activity of the L. stoechas 

hexane, acetone, methanol, and aqueous fractions. The 

DPPH (2,2-diphenyl-1-picrylhydrazyl) assay is widely 

used in antioxidant research to evaluate compounds' free 

radical scavenging activity. The advantages of the DPPH 

technique include being widely adopted and standardized, 

broad applicability, and low cost (26). In addition, the 

DPPH assay provides quantitative results, allowing 

researchers to compare the antioxidant activity of different 

compounds or samples. Moreover, this assay is sensitive 

to both hydrophilic and lipophilic antioxidants, allowing 

for the assessment of the total antioxidant capacity of a 

sample. Also, DPPH is a stable free radical, which 

contributes to the reproducibility of the assay and can be 

applied to a wide range of samples, including natural 

extracts, synthetic compounds, and even food samples. 

Most importantly, the DPPH assay is a simple and rapid 

method that can be easily conducted in a laboratory setting 

(27, 28). 

The DPPH percentage of inhibition and IC50 doses 

were determined. The antioxidant IC50 values, % DPPH 

inhibition of L. stoechas four fractions, and positive 

control (Trolox) are presented in Fig. 4 and Table 7. 
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Table 7. DPPH inhibition percentages and IC50 values (µg/mL) of L. stoechas different fractions and Trolox 

Conc. 
Trolox, 

±SD 
Aqueous fraction, ±SD Methanol fraction, ±SD Acetone fraction, ±SD Hexane fraction, ±SD 

0 0±0.00 0±0.00 0±0.00 0±0.00 0±0.00 

5 70.2±0.29 20.25±0.05 25.3±0.2 13.855±0.05 6.49±0.05 

7 83.95±0.58 25.85±0.1 29.35±0.05 19.08±0.03 9.55±0.1 

10 95.99±1.22 28.17±0.05 31.13±0.04 34.6±0.01 13.4±0.15 

20 96±1.62 38.1±0.12 38.85±0.05 39.85±0.025 13.89±0.05 

50 97.15±2.1 44.2±0.15 56.2±0.09 47.39±0.21 14.75±0.15 

80 97.33±1.52 47.19±0.05 56.65±0.09 51.7±0.7 18.65±0.12 

100 99.71±2.2 64.94±0.05 57.59±0.05 53.02±0.22 22.09±0.05 

IC50, ±SD 2.81±1.54 47.86±0.08 66.06±0.06 63.09±0.29 79.43±0.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. DPPH radical scavenging activity of L. stoechas plant fractions and Trolox. The experiment was repeated 

in triplicate. P-value less than 0.05 

 

Trolox, a standard antioxidant, demonstrated a 

concentration-dependent increase in DPPH radical 

scavenging activity. At the highest concentration (100 

µg/ml), Trolox exhibited a remarkable inhibition 

percentage of 99.71±2.2%, indicating potent antioxidant 

capacity. 

Among the fractions of L. stoechas, the aqueous 

fraction showed a progressive increase in antioxidant 

activity with concentration. The methanol and acetone 

fractions also exhibited concentration-dependent 

activities, reaching inhibition percentages of 57.59±0.05% 

and 66.06±0.06%, respectively, at the highest 

concentration. While demonstrating lower activity at 

lower concentrations, the hexane fraction substantially 

increased at higher concentrations. 

The IC50 values represent the concentration at which 
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50% inhibition of DPPH radicals occurs. Trolox had the 

lowest IC50 (2.81±1.54 µg/ml), suggesting its superior 

efficacy. Among the fractions, the aqueous fraction had a 

higher IC50 (47.86±0.08 µg/mL) compared to methanol 

(66.06±0.06 µg/ml), acetone (63.09±0.29 µg/ml), and 

hexane (79.43±0.1 µg/ml) fractions. 

α-Amylase inhibition assay 

An in vitro assay of α-amylase inhibitory activity using 

starch as a substrate and Acarbose as a positive control was 

conducted on four L. stoechas plant fractions. The α-

amylase inhibitory activity of Acarbose and L. stoechas 

fractions was assessed at various concentrations (0, 10, 50, 

70, 100, and 500 µg/ml) using different solvents (Aqueous, 

Methanol, Acetone, and Hexane). The results of IC50 α-

amylase inhibitory activity values for the four fractions of 

L. stoechas and Acarbose are illustrated in Table 8 and 

were obtained from Figure 5. 

 

Table 8. α-Amylase inhibitory activity of Acarbose and L. stoechas fractions 

Conc. Acarbose±SD Aqueous±SD Methanol±SD Acetone±SD Hexane±SD 

0 0±0.00 0±0.00 0±0.00 0±0.00 0±0.00 

10 53.22±0.29 6.6±0.1 2.36±0.02 8.85±0.02 8.86±0.02 

50 54.91±0.58 8.66±0.14 8.85±0.02 9.5±0.03 9.51±0.02 

70 66.1±1.22 9.715±0.025 31.4±0.2 17.83±0.13 15.87±0.08 

100 66.1±1.62 33.47±0.07 33.76±0.00 24.1±0.1 27.94±0.03 

500 72.54±2.1 34.61±0.02 36.95±0.06 32.85±0.02 34.08±0.15 

IC50 (µg/mL), ±SD 28.18±0.38 12.5 × 103±0.07 11.7× 103±0.07 19.5× 103±0.06 19.9 × 103±0.07 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 α-Amylase inhibitory activity values of Acarbose and L. stoechas fractions. The experiment was repeated in 

triplicate. P-value less than 0.05 

 

 Both Acarbose and L. stoechas fractions exhibited 

concentration-dependent α-amylase inhibitory activity. As 

the concentration increased, the inhibitory activity also 

increased, reaching its maximum at the highest 
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concentration (500 µg/mL). Acarbose demonstrated 

substantial inhibitory activity at all concentrations, with a 

notable increase at higher concentrations. L. stoechas 

fractions also showed inhibitory effects, albeit generally 

lower than Acarbose. 

The choice of solvent significantly affected the α-

amylase inhibitory activity. Among the solvents used, 

methanol and aqueous extracts of L. stoechas displayed 

higher inhibitory potential (IC50=11.7× 103±0.07 and 12.5 

× 103±0.07, respectively) compared to acetone and hexane 

extracts (IC50=19.5× 103±0.06 and 19.9 × 103±0.07, 

respectively). 

Porcine pancreatic lipase enzyme inhibition activity  

The hydrolysis of p-nitrophenyl butyrate to p-

nitrophenol was used to measure the influence of the four 

L. stoechas fractions on the porcine pancreatic lipase 

enzyme. The assay worked by comparing a strong lipase 

inhibitory agent to Orlistat. The lipase enzyme inhibitory 

activity of four L. stoechas fractions and Orlistat. The 

lipase inhibitory results of four L. stoechas fractions and 

Orlistat in their IC50 values are shown in Table 9 and 

Figure 6. 

 

Table 9. Lipase inhibition activity and IC50 (µg/ml) doses of L. stoechas four fractions and Orlistat 

Conc. Orlistat Aqueous Methanol Acetone Hexane 

0 0±0.00 0±0.00 0±0.00 0±0.00 0±0.00 

10 62.5±0.8 7.3±0.01 4.33±0.54 4.86±0.01 2.14±0.03 

50 66±0.58 11.66±0.01 15.89±0.09 11.66±0.015 7.56±0.02 

100 94.45±1.5 23.04±0.02 43.8±0.1 15.845±0.14 10.45±0.03 

500 97.3±1.22 43.8±0.1 43.81±0.1 19.23±0.01 15.66±0.06 

700 98.25±0.58 45.75±0.03 44.51±0.00 26.83±0.27 17.77±0.13 

IC50 (µg/mL), ±SD 12.3±0.97 1.5×103±0.05 3.16×103±0.07 79×103±0.14 15.8×103±0.06 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Porcine pancreatic lipase inhibition activity of Orlistat and L. stoechas fractions. The experiment was 

repeated in triplicate. P-value less than 0.05 

 

The lipase inhibition activity of the fractions obtained 

from L. stoechas was compared with the standard lipase 

inhibitor, Orlistat. The results indicate that all fractions of 

L. stoechas exhibited dose-dependent lipase inhibition. As 
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the concentration increased, a corresponding increase in 

inhibitory activity was observed for each fraction. 

Among the fractions, the aqueous fraction 

demonstrated the highest lipase inhibition activity, 

especially at higher concentrations. The IC50 values further 

highlight the potency of the aqueous fraction, with a 

notably lower IC50 than the other fractions. This suggests 

that the aqueous fraction of L. stoechas may contain 

bioactive compounds with strong lipase inhibitory 

properties. 

 

DISCUSSION 

The phytochemical screening for L. stoechas in our 

study agrees with the study of Baptista et al. concerning 

polyphenols and flavonoids (25), with Ezzoubi et al. for 

tannins, catechin tannins, Flavonoids, and sterols (26), 

Teixeira et al. for polyphenols, flavonoids and terpenes 

(27). Moreover, the phytochemical screening of L. 

stoechas reveals that these plant extracts are rich in 

bioactive compounds that contribute to their medicinal 

properties (28-29). Advanced analytical techniques further 

enhance our understanding of L. stoechas chemical 

composition, paving the way for harnessing its therapeutic 

benefits in various health and wellness products. 

Ceylan et al. stated that S. stoechas methanol extract 

from Turkey had DPPH free radical scavenging inhibitory 

activity by 84.45 ± 5.1% (29). 

In addition, Zoubi et al. investigated the DPPH 

scavenging activity of L. stoechas from Morrocco and 

found that its hexane extract had potent antioxidant 

activity with an IC50 value of 1.2 μg/mL (30).  

 In 2012, Robu et al. performed a comparative study of 

antioxidant activity for different  L. angustifolia and L. 

hybrida cultivars. The highest result was obtained for L. 

hybrida followed by L. angustifolia (30). On the other 

hand, Blazeković et al. found a slightly higher antioxidant 

activity was observed for L. angustifolia extracts than L. 

intermedia extracts, possibly due to their higher 

polyphenolic contents (31). Ahn et al. found that the 

aqueous-methanolic leaf extract of L. 

angustifolia afforded over twice as high DPPH value as 

the L. latifolia extract) (32). The antioxidant, antidiabetic, 

and antilipase effects of L. stoechas are consistent with 

other studies on medicinal plants in Palestine. For 

example, Rahhal et al. 2022 found that the A. 

scoparia aqueous extracts had promising antioxidant, anti-

lipase, and anti-α-amylase effects (33). 

 

CONCLUSION 

This study is the first one in Palestine, and the results 

indicate that the L. stoechas methanol fraction exhibited 

the highest total flavonoid and phenol contents. At the 

same time, the acetone fraction yielded the highest total 

tannin content. Moreover, among the L. stoechas fractions, 

the aqueous one has a higher antioxidant capacity. All 

plant fractions showed weak anti-lipase and α-amylase 

inhibitory effects compared with the employed positive 

controls. This study has provided valuable insights into the 

phytochemical composition and bioactivity of different 

fractions obtained from L. stoechas. Based on the results 

obtained, it is recommended that the specific bioactive 

compounds responsible for the observed effects need to be 

isolated, purified, and identified. Further studies involving 

in vivo models and clinical trials are warranted to validate 

the potential health benefits of L. stoechas fractions. Legal 

procedures by the stakeholders in the country are required 

to start research for the application of medicinal plants in 

complementary medicine. 
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دات الأكسدة دراسة المحتوى الكيميائي، وتأثيرات خفض مستوى الدهون و مستوى السكر في الدم، ومضا
 المزروع في فلسطين( Lavandula stoechas L)لمستخلصات مختلفة من نبات اللافندر الفرنسي 

 
 ،2سحر الحين ،2لين غزاوي  ،2غيداء امارة ،2فاطمة حسين ،2ليندا عيسى ،2نضال جرادات ،1*بلال رحال

 2زينة قعدان ،2زين برانسة ،2وعد جبارة 

 
 فلسطين –نابلس  –جامعة النجاح الوطنية -كلية الطب وعلوم الصحة  -دائرة العلوم الطبية الحيوية1
 فلسطين -نابلس  –جامعة النجاح الوطنية  -كلية الطب وعلوم الصحة -دائرة الصيدلة 2

  

 ملخـص
Lavandula stoechas L( . الخزامى الفرنسي؛Lamiaceae ) نوعٌ معروف من الخزامى في حوض البحر الأبيض

على نطاق واسع في الطب التقليدي نظرًا لخصائصه في التئام الجروح، وخصائصه المضادة للتشنج،  يُستخدم. المتوسط
ونتيجةً لذلك، تُعدّ هذه الدراسة الأولى التي تبحث في التركيب الكيميائي النباتي، ومحتويات الفينول، . وخصائصه المقشعّة

لأجزاء  α-amylaseالبنكرياسي الخنزيري، والقدرات المثبطة لـ ، والليباز DPPHوالتانين، والفلافونويد، والجذور الحرة 
 .من فلسطين L. stoechasمختلفة من 

حُدد محتوى الفينول الكلي باستخدام تقنية . استُخدمت أساليب تلوين وترسيب محددة للفحص الكيميائي النباتي: الطريقة
لومنيوم لتحديد مستوى الفلافونويد الكلي، بينما استُخدمت واستُخدمت تقنية كلوريد الأ. Folin-Ciocalteuقياس الألوان 

رت التأثيرات . DPPHوحُددت القيمة المضادة للأكسدة باستخدام تقنية . طريقة الفانيلين لتحديد العفص وفي الوقت نفسه، قُدّ 
-3،5وحمض ( PNPB)نيتروفينيل بوتيرات -المثبطة لليباز البنكرياسي الخنزيري وألفا أميليز باستخدام طريقتي بارا

 .، على التوالي(DNSA)داينيتروساليسيليك 
 18.028)أظهرت أعلى محتوى إجمالي من الفلافونويد  L. stoechasتشير النتائج إلى أن نسبة الميثانول في : النتائج

غ، بينما أظهرت /GAE ملغ من 2.07±  127.13ومحتوى إجمالي ملحوظ من الفينول بلغ ( غ/QUEملغ من  ±1.51 
علاوة على ذلك، من بين نسب (. غ/CAEملغ من  1.08±  94.01)نسبة الأسيتون أعلى محتوى إجمالي من التانين 

L. stoechas تتميز النسبة المائية بـ ،IC50  66.06)مقارنةً بنسب الميثانول ( مل/ميكروغرام 0.08±  47.86)أعلى  ±
أظهرت (. مل/ميكروغرام 0.1±  79.43)والهكسان ( مل/ميكروغرام 0.29±  63.09)والأسيتون ( مل/ميكروغرام 0.06

 .جميع أجزاء النبات تأثيرات ضعيفة في تثبيط الليباز البنكرياسي الخنزيري وألفا أميليز مقارنةً بالضوابط الإيجابية المستخدمة
. L. stoechasالنشاط الحيوي لأجزاء مختلفة من قدمت هذه الدراسة رؤى قيّمة حول التركيب الكيميائي النباتي و : الخلاصة

 .بناءً على النتائج المُحصل عليها، يُوصى باستكشاف وتحديد المركبات النشطة بيولوجيًا المسؤولة عن التأثيرات الملحوظة

؛ الليباز DPPHالحرة  لافاندولاستويكاس؛ التركيب الكيميائي النباتي؛ الفينول؛ التانين؛ الفلافونويد؛ الجذور الكلمات الدالة:
  .البنكرياسي الخنزيري؛ ألفا أميليز
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ABSTRACT 
Nowadays, silver nanoparticles (AgNPs) have drawn significant interest due to their unique properties, making 

them advantageous in biomedical applications, sensors, antimicrobial agents, catalysts, and optical fibers. Green 

synthesis is the safest and easiest method for producing silver nanoparticles (AgNPs). This study aimed to 

investigate the antibacterial and cytotoxic activities of silver nanoparticles synthesized using aqueous extracts of 

Hedera helix (AHE) against S. aureus, P. aeruginosa, and A549 lung cancer cell lines. Silver nanoparticles (Hh-

AgNPs) were synthesized using the aqueous extracts of Hedera helix (AHE) as a reducing agent and 

polyvinylpyrrolidone (PVP) as a stabilizer and characterized by UV-visible spectrophotometry and particle size 

analysis via dynamic light scattering (DLS). The silver nanoparticles (Hh-AgNPs) were successfully synthesized, 

showing maximum absorption at 448 nm, with enhanced cytotoxic activity against A549 lung cancer cell lines 

(IC₅₀ = 15.16 µg/ml) and antibacterial activity against S. aureus (MIC = 0.156 mg/ml) and P. aeruginosa (MIC = 

0.3125 mg/ml), compared to AHE alone. Biological methods are cost-effective and eco-friendly and thus can serve 

as an economical and efficient alternative for the large-scale synthesis of silver nanoparticles. 

Keywords: Hedera helix, Silver Nanoparticles, Green synthesis, S. aureus, P. aeruginosa, A549 lung cancer cell lines. 

 

1. INTRODUCTION 

Nanotechnology is a multidisciplinary scientific field 

that deals with designing, synthesizing, and manipulating 

particle structures with sizes ranging from about 1 to 100 

nm. Applications for nanoparticles (NPs) are numerous 

and include many areas such as biomedical sciences, agric 

Hedera helix ulture, cosmetics, food technology, catalysis, 

drug delivery, drug-gene delivery, energy science, single 

electron transistors, chemical industries, light emitters, 

nonlinear optical devices, electronics, drug delivery, and 

photo-electrochemical applications [1,2]. 

Nowadays many researchers focus on silver 

nanoparticles (AgNPs) due to their unique characteristics 

(e.g., size and shape depending on optical, antimicrobial, 

and electrical properties). There have been reports of 

several preparation methods for the synthesis of silver 

nanoparticles: namely physical, chemical, and biological 

synthesis [3-5]. Nowadays biosynthetic methods, i.e., 

green chemistry, using natural reducing agents such 

as polysaccharides, biological micro-organisms such as 

bacteria and fungus or plant extracts have emerged as 

simple and viable alternatives to the chemical and physical 

mailto:S.matalqah@ammanu.edu.jo
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synthetic procedures to obtain AgNPs to overcome their 

drawbacks including the use of toxic chemicals, high 

temperature, pressure, and yielding of hazardous by-

products[6]. Recently AgNPs were synthesized by using 

different plant extracts as a potential reducing agent [7]. 

Hedera helix L. (Araliaceae Juss.), commonly known 

as Ivy, is an evergreen perennial plant native to the 

Northern Hemisphere zones [8,9]. Extract of H. helix is 

utilized for treating respiratory tract ailments characterized 

by excessive mucus production, respiratory tract 

infections, and persistent cough associated with the 

common cold. The aqueous extraction of Ivy leaves has 

been utilized in traditional medicine to treat respiratory 

diseases since the 19th century [10]. Several controlled 

clinical investigations have shown the effectiveness and 

safety of medications containing Ivy leaf extract [10-12]. 

Today, the use of Ivy leaf extract in medicines has been 

standardized by a Commission monograph of the ''German 

regulatory authority'' since 1988. These formulations 

include syrup, tablets, drops, and suppositories [10, 12], 

and can be used to treat the symptoms of chronic 

and acute inflammatory bronchial diseases, as well as the 

common cold with cough [13]. The primary bioactive 

compounds responsible for Ivy leaf extract therapeutic 

properties are triterpene, phenols and saponins. It 

possesses a range of beneficial effects, including 

spasmolytic/antispasmodic properties, anti-inflammatory 

actions, antimicrobial activity, pain relief, anthelmintic 

properties (against parasitic worms), antitrypanosomal and 

antileishmanial effects (against specific parasites), 

antitumor activity, antimutagenic properties, molluscicide 

activity (against mollusks), antioxidant effects, and 

antithrombin activity [14,15].  

This study aimed to synthesize Hh-AgNps stabilized 

by PVP without using any chemical reducing agent and to 

evaluate their antimicrobial and cytotoxic. There are 

studies in the literature concerning the antibacterial 

activity of AgNps synthesized by using extracts of Hedera 

helix against Bacillus subtilis and Klebsiella pneumoniae 

[16]. Moreover, there is no published data in the literature 

concerning the evaluation of the antibacterial and 

cytotoxic activity of Hh-AgNPs stabilized by PVP against 

S. aureus, P. aeruginosa and A549 lung cancer cell lines.  

 

2.  MATERIALS AND METHODS 

2.1 Chemicals and Reagents  

Different reagents and chemicals were employed in 

this study including : Silver nitrate 99.8 % purity 

(AgNO3), Mueller-Hinton agar and Mueller-Hinton broth( 

Oxoid Ltd., UK) and 3-(4,5 – dimethylthiazol-2-yl)- 2,5. 

diphenyltetrazolium bromide (MTT)( Promega kit, USA), 

Dulbecco's Modified Eagle Medium (DMEM), 

Clarithromycin (CLR-15 µg), Ciprofloxacin (CIP-5 µg), 

Clindamycin (DA-2 µg), Metronidazole (MET-5 µg), 

Doxycycline (DO-30 µg) , all antimicrobial disks were 

supplied by (Bioanalyse, Turkey), standard strain of P. 

aeruginosa ATCC 9027 and S. aureus ATCC 

9027(Manassas,VA,USA), Folin-Ciocalteu reagent, 

Aluminum chloride ≥ 99% purity(AZ chem for chemicals, 

South Africa), 2,2-Diphenyl-1-picrylhydrazyl Radical 

(DPPH) free radial 95% purity (Sisco Research 

Laboratories, India), 2,2'-azinobis-(3-

ethylbenzothiazoline-6-sulfonic acid) (ABTS) free radical 

≥  98 % purity (Sigma Aldrich, USA), Dimethyl sulfoxide 

(DMSO) 98% purity, Gallic acid 98% purity, Sodium 

carbonate anhydrous 99.5-100.5 % purity, Sodium acetate 

trihydrate 99% purity, Polyvinylpyrrolidone (PVP) 

(Joswee medical, Jordan), Trypsin enzyme( Euroclone, 

Italy), Quercetine (Santa Cruz Biotechnology, USA), 

Absolute Ethanol and methanol , Potassium 

persulfate(Sigma Aldrich, USA), Phosphate buffered 

saline (Euroclone, Italy) and Deionized water. 

2.2 Collection of plants 

The H. helix leaves has been collected during spring 

period year 2022, from local plants nursery allocated in 

Jerash, Jordan. A specimen sample was authenticated and 

prepared by Dr. Hatem Tayfour at the Royal Botanical 

Garden, Jordan and kept at Al-Aliya Amman University 
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research laboratory. Fresh leaves were immediately 

cleaned and air dried to remove the moisture, grinded and 

kept until used. Followed by grinding the dried leaves into 

fine powder. 

2.3 Preparation of Aqueous Leaf Extract (AHE) 

Aqueous extract of H. helix (AHE) was prepared by 

placing a 25 g of dried H. helix plant (Collected and dried 

previously by our research group) inside a Soxhlet 

extractor with 400 mL of distilled water for 4 hrs. the 

resultant extract was then dried using Rotary evaporator 

for 24 hrs. and left inside fume hood for 48 hrs. to dry 

completely. The dried Aqueous extract is then stored at 4 

ºC for further tests. 

2.4 Extraction yield calculation  

The extraction yield is calculated to determine the 

relative amount of the extarct inside raw plant material. 

After the extract is dried and weighed, the weight of the 

extarct is divided on the total weight of raw plant material 

as per equation : Extraction yeild %= ( weight of 

Extraction / weight of raw plant material) * 100% 

All measurements were measured in triplicates. The 

average and standard deviations were used for further 

calculations. 

2.5 Qualitative Phytochemical tests 

2.5.1 Detection of saponins  

Qualitative phytochemical analysis of the AHE was 

performed using the standard experimental procedures to 

detect the extract phytoconstituents. Among these 

phytoconstituents are saponins that have been analyzed by 

foam formation [17] and hemolysis tests [18]. The findings 

of these tests were indicated qualitatively as positive (+) or 

negative (-) indicating the presence or absence of saponins, 

respectively.   

2.6 Quantitative Phytochemical  Analysis  and 

Antioxidant Properties  

2.6.1Total Phenolic Content (TPC) Determination  

 The folin-Ciocalteu method was used to calculate the 

total phenolic content of AHE. All experiment setups were 

made in triplicate. The total phenolic content (TPC) of 

each extract was expressed as mg equivalent to gallic acid/ 

g of AHE (mg GAE/g AHE) [19]. All measurements were 

measured in triplicates. The average and standard 

deviations were used for further calculations. 

2.6.2 Total Flavonoid Content (TFC) 

Determination  

To determine the total flavonoid content, the 

Aluminum chloride test was utilized with some minor 

modifications according to the method described by Chang 

et al. [20]. The total flavonoid content (TFC) in the extract 

was expressed as mg equivalent to quercetin/ g of AHE 

(mg Qr/g AHE). All measurements were measured in 

triplicate]. The average and standard deviations were used 

for further calculations. 

 2.6.3 Quantification of Radical Scavenging activity 

(DPPH) 

To determine the half inhibitory concentration (IC50) of 

AHE, it is needed to scavenge 50% of the 2,2-Diphenyl-1-

picrylhydrazyl Radical (DPPH) DPPH• free radical in a 

solution, as described by Matusiewicz et al. [21] with some 

modifications.  DPPH solution (0.2Mm) in absolute 

methanol was mixed vigorously with AHE (1:1, v/v). After 

30 minutes of incubation, the mixture was centrifuged 

(15,000 x g, 10 minutes) and the absorbance of the 

supernatant was recorded at 517nm, using UV -Vis 

spectrophotometer (Shimadzu, Japan). The IC50 of AHE 

was compared to the IC50 of Vitamin C, which was used as 

a standard antioxidant. All measurements were measured 

in triplicates. The average and standard deviations were 

used for further calculations. 

 2.6.4 Scavenging Activity of 2.2′-Azino-bis (3-

ethylbenzthiazoline-6-sulfonic Acid) Radical Cation 

(ABTS•+) 

The total antioxidant capacity was determined using 

the 2.2′-Azino-bis (3-ethylbenzthiazoline-6-sulfonic Acid) 

Radical Cation (ABTS) scavenging activity as described 

by Re et al., (1999) [22] with some modifications.7mM 

stock solution of ABTS with 2.45mM potassium persulfate 

solution was prepared and diluted with methanol until it 
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reached an absorbance value of 0.7 at 734nm. 1 ml samples 

of AHE and Hh-AgNPs within a concentration range of 

(64 to 4.06 µg/ml) were prepared. These samples were 

added to 2ml of ABTS•+solution. After exactly 1hr, the 

final absorbance was measured at 734nm. Ascorbic acid 

(Vitamin C) was used as a reference compound for 

comparison (Re et al., 1999) [22].  

2.7 Preparation of Silver Nanoparticles (Hh-AgNPs) 

Silver nanoparticles (Hh-AgNPs) were synthesized 

using different concentrations of Polyvinylpyrrolidone 

(PVP) as a stabilizer, and compared by means of particle 

size, surface charge, and polydispersity index (PDI) as 

described by Zein et al., [23], with slight modifications.  

A stock solution of (PVP) was prepared in de-ionized 

water at concentrations of (0,10, 15, 20 mg/mL). A stock 

solution of AgNO3 in de-ionized water was prepared at 

concentration of (3.5 mg/mL). 20 mL of each solution was 

mixed and stirred for 15 minutes at room temperature 

using a magnetic stirrer. A 4 mL of H. helix extract (30 

mg/mL) was then added to the mixture and was further 

stirred for 24 hours. After the time elapsed, the color of the 

resultant nanoparticle suspension turned brownish yellow. 

The probe sonicator (Sonopulus ultrasonic homogenizer 

model HD 4000, Bandelin,Germany) was used at 80% 

amplitude for 2 hours to uniform the size of the NPs, 

followed by centrifugation for 5 minutes at 10,000 RPM 

and 25 ºC, the supernatant was discarded. The remaining 

powder was then deep frozen for 24 hours and lyophilized 

using freeze dryer (Zirbus, Germany) for another 24 hours. 

The resultant powder was then stored at 4 ºC for further 

examination. 

2.8 Characterization of the prepared Hh-AgNPs  

 2.8.1 Ultraviolet -Visible Absorbance Spectroscopy 

According to the method described by Zein et al., [23] 

the bioproduction of silver ion (Ag+) into silver NPs (Ag0) 

was monitored in aqueous solution prepared by dissolving 

7 mg sample of the prepared Hh-AgNPs in 10 mL de-

ionized water. Then, 1ml of the solution was scanned using 

Shimadzu UV-Vis spectrophotometer at regular intervals 

within wavelength ranges (200 to 800 nm). The formation 

of peak spectra confirms the formation of the expected 

nanoparticles. This assay was performed in triplicates.  

2.8.2 Dynamic Light Scattering (DLS)   

According to the method described by Zein et al.,[23], 

the particle size, surface charge (Zeta potential), and 

polydispersity index (PDI) of the prepared Hh-AgNPs was 

measured for 11 times over a duration of 2 weeks 

(excluding the nonworking days) using Malvern Zetasizer 

Nano-Z® device (Malvern, Model ZEN-3600). 

A 7 mg sample of the prepared Hh-AgNPs was 

weighed and dissolved in 10 mL de-ionized water. A 10 

µL of the prepared suspension was then diluted with 990 

µL De-ionized water in an Eppendorf tube and vortexed 

for one minute to ensure homogeneous distribution of Hh-

AgNPs in the vehicle. The sample was then transferred 

into a Zeta sizer Quartz cuvette to measure the above-

mentioned parameters (Size, Charge, and PDI). 

All measurements were measured in triplicates. The 

average and standard deviations were used for further 

calculations.  

2.9 Determination of Antibacterial Activity of 

Biosynthesized Hh-AgNPs   

2.9.1 Agar well diffusion method 

The biosynthesized Hh-AgNPs were tested for their 

antibacterial potential under sterile conditions, and 

according to guidelines of the Clinical and Laboratory 

Standards Institute [24] using Staphylococcus aureus 

(Gram-positive bacteria) and Pseudomonas aeruginosa 

(Gram-negative bacteria). For testing, the desired bacteria 

were inoculated in Mueller–Hinton broth and incubated 2-

6h  in the incubator shaker at 37 °C, and the turbidity of 

the bacterial culture was standardized at OD600=0.1 

(contrast to 0.5 McFarland) to get 1.5x108 CFU/mL before 

swabbing the agar plates. 

A sterile borer was used to make wells of 8mm 

diameter into the Mueller–Hinton agar plates (Oxoid Ltd., 

UK). A cotton swab was immersed in the previously 

standardized broth culture of the bacteria and swabbed 
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uniformly on the agar plates. An aliquot of 100 µL of AHE, 

AgNO3, and Hh-AgNPs at concertation of 10 mg/ml was 

transferred into each well to measure the antibacterial 

activity, while the negative control well had distilled water 

[24]. 

2.9.2 Minimal inhibitory concentration (MIC)  

The MIC was performed to determine the lowest 

concentration needed that prevent visible bacterial growth. 

Serial descending dilutions were prepared from Hh-

AgNPs, AHE, and AgNO3 (range of 5 - 0.078 mg/ml). A 

100µL of each dilution was placed in a well and plates 

were streaked with the desired previously standardized 

bacterial inoculum of P. aeruginosa and S. aureus. Plates 

were incubated at 37 °C overnight, and the inhibition 

zones were recorded in millimeters (mm)[25].  

2.9.3 Antibiotics Susceptibility Test  

To determine the potency of Hh-AgNPs and AHE, the 

antimicrobial activity was compared to the antibacterial 

activity of selective standard antibiotics against the tested 

bacteria. According to the Handbook of Performance 

Standards for antimicrobial susceptibility testing, (M100S, 

26th edition) [26], sterile plates of Mueller–Hinton agar 

were streaked with a bacterial culture using a sterile cotton 

applicator dipped into the standardized bacterial inoculum 

(0.5M McFarland equivalence). The agar plates were left 

to dry for a few minutes before distributing the discs of 

selected antibiotics on the surface. The plates were 

incubated at 37 °C for 24hrs., then inhibition zones were 

measured millimeter (mm).  For P. aeruginosa, 

Doxycycline (DO-30 µg), Metronidazole (MET-5 µg), and 

Ciprofloxacin (CIP-5 µg) were used as a positive control. 

Similarly, for S. aureus, Clarithromycin (CLR-15 µg), 

Clindamycin (DA-2 µg), and Ciprofloxacin (CIP-5 µg), 

were used.  

2.10 Determination of Anticancer activity of the 

prepared Hh-AgNPs against Lung cancer cell line 

(A549)  

2.10.1 Splitting of A549 lung cancer cell line 

According to the method described by Mosmann et al., 

[27]. Splitting of the A549 cells was carried out by 

aspirating and removing old Dulbecco's Modified Eagle 

Medium (DMEM) media from the T-75 flask, and the cells 

were washed with sterile phosphate-buffered saline (PBS). 

Next, a trypsin solution was applied to the flask to release 

the cells from the surface, and the flask was then placed in 

a humid environment with 5% CO2 at a temperature of 

37°C for 3-5 minutes. The cells were gently agitated to 

facilitate detachment and then neutralized with fresh a 

DMEM culture medium. The resulting cell suspension was 

moved to a sterile centrifuge tube and centrifuged.  

Then, the supernatant was drawn off, leaving the cells 

to be resuspended in a new medium. After counting the 

cells, they were placed into a new tissue culture flask and 

incubated until they reached a coverage level of 

approximately 70-80%. This process was repeated to 

continue the expansion of the cells. A sterile environment 

was maintained throughout the procedure and were 

checked for possible cells contamination regularly. 

2.10.2 Counting of A549 lung cancer cell line 

According to the method described by Maurya et al. in 

2010,[26] the cells were obtained as a cell suspension 

through trypsinization. This suspension was then diluted in 

a buffer to reach a concentration of 1-2 x 106 cell/ml. A 

trypan blue solution was created by dissolving 0.4 g of 

trypan blue powder in 100 mL of phosphate-buffered 

saline. The cell suspension was combined with the trypan 

blue solution and left to incubate for 3-5 minutes to allow 

the dye to enter the cells. The trypan blue-stained cell 

suspension was then placed onto the Hemo-cytometer 

Automated Cell Counter following the manufacturer's 

instructions for counting the cells.  

The cell concentration was determined by dividing the 

number of viable cells by the volume of the cell suspension 

loaded onto the Hemo-cytometer. To ensure accuracy, the 

counting procedure was repeated several times, and the 

average cell concentration was calculated. Throughout the 

process, aseptic conditions were maintained to prevent 

contamination of the cell suspension, and suitable 
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protective equipment was used to avoid exposure to 

hazardous materials. 

2.10.3 Treatment of A549 lung cancer cell line 

To examine the effects of AHE, Hh-AgNPs, and 

AgNO3 on A549 lung cancer cell lines, a 96-well 

microtiter plate was used. The cells were seeded into the 

wells at a density of 2000 cells per well and allowed to 

attach overnight. On the next day, the old medium was 

replaced with fresh medium containing varying 

concentrations of the drug, with the concentration range 

being from 1000 µg/ml to 15.62 µg/ml. The plate was then 

placed in a humid environment with 5% CO2 and 

incubated at 37°C for 24, 48, and 72 hours. Control wells 

containing only the solvent (DMSO) without the drug were 

also included as described by Mosmann in 1983 [27]. 

After the incubation period, MTT assay was used to 

assess cell viability. The absorbance measurements at 570 

nm were obtained using an ELISA microplate reader, and 

the data was analyzed to determine the half-maximal 

inhibitory concentration (IC50) of each treatment. 

 

3.  RESULTS AND DISCUSSION 

The phytochemical analysis of AHE reveals the 

presence of saponins, phenolic compounds and flavonoids. 

The presence of these compounds not only reduce Ag+ 

ions to AgNPs but also acted as capping/stabilizing agents 

which prevent aggregation of NPs[27] .In this regard, 

phenolic compounds were confirmed by measuring their 

content in AHE, it was found that the total phenolic content 

(TPC) was (43.98 ± 1mg/ g equivalent to gallic acid), and 

the total flavonoid content was (28.81 ± 0.076 mg /g 

equivalent to quercetin). The results of a recent study on 

the antioxidant potential of H.helix  provides support for a 

theory regarding the role that antioxidant molecules from 

aqueous leaf extract may play in the biogenic synthesis of 

silver nanoparticles. Previous studies have shown that 

plants contain phenolic compounds and flavonoids, which 

have strong antioxidant properties and so promote the 

biosynthesis of nanoparticles [28-31].  

Hh-AgNP showed an enhanced antioxidant activity 

compared with AHE, the antioxidant activity of 

synthesized Hh-AgNPs and AHE was evaluated by DPPH 

radical scavenging assay. Ascorbic acid was used as a 

positive control. The IC50 of AHE and Hh-AgNPs were 

39.03 ± 0.557 µg/ml and 13.19±0.13 µg/mL respectively. 

Also, their antioxidant activity was evaluated by ABTS 

assay, it was found that IC50 of AHE and Hh-AgNPs were 

24.81± 0.74 and 8.66± 0.64 respectively. According to 

previous literature obtained by Mishra et al., in 2012 [32], 

there are differences between the antioxidant activity of a 

compound when tested using DPPH or ABTS free 

radical’s assays. Differences were because of variations in 

the chemical properties, reaction conditions, and the 

principle of the DPPH and ABTS assays, resulting in 

variations in the IC50 values obtained for the tested extract 

[32]. 

 Kharat and Mendahulkar [33] studied the antioxidant 

activity of synthesized NPs using DPPH assay and observed 

their antioxidant potential. They suggested that these 

photosynthesized NPs can be used as a potential free radical 

scavenger. Divya, K. S et al in 2019 studied In vitro 

antioxidant activity of methanol and silver nanoparticles 

extract from Trigonella foenum-graecum and found 

significant free radical scavenging potential [34]. The 

results strongly recommended the application of AgNPs as 

useful natural antioxidants against different oxidative stress. 

In a current study, NPs of H. helix crude extract was 

synthesized and evaluated for their cytotoxic effect and 

antimicrobial activity. Synthesis of Hh-AgNPs through 

bio-green method was identified when the color was 

changed to brownish upon adding AHE in AgNO3 

solutions (Fig 1. A). The intensity of the color was 

increased with increasing the incubation time. Collective 

oscillation of free electrons of reduced Hh-AgNPs were 

responsible for change in color of the reaction mixture 

[35]. Further, UV-visible spectrometric analysis of 

nanoparticles showed the maximum absorption of 

nanoparticles at a wavelength of at λ= 448 nm (Fig 1.B). 
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Previous study reported that AgNPs give absorption peak 

at 420- 450nm because of its plasma resonance (SPR) 

character [31,36]  

Dynamic Light Scattering (DLS) demonstrated the size 

and surface charge distribution of biosynthesized Hh-

AgNPs. It has been found that the average size and charge 

of Hh-AgNPs were125.1nm and -10 mv respectively (Fig 

2. A). The size was 90.1nm with charge -16.0mv when 

15%mg/ml pf PVP was used (Fig 2. B).   

 

 

 

 

 

 

 

 

    A     B 

Fig 1. A) Color changes from yellow to brown upon synthesis of AgNPs. B) UV/visible spectra of Hh-AgNPs. 

 

AgNPs synthesized by plant extract most often are 

negatively charged [37,38]. This highly negative zeta 

potential value describes the presence of the bioactive 

compounds with a negative charge on the surface of 

AgNPs as a capping agent [39]. As we know, the zeta 

potential of AgNPs is one of the essential factors in 

preventing additional NP aggregation and stabilizing NPs 

by generating electronic repulsion [40]. On the other hand, 

the negative zeta potential leads to increased cellular 

uptake and subsequent cytotoxicity observed from the 

positive-charge AgNPs [41].  

 

 
                                                    A                                                                                      B 

Fig 2. DLS spectra A) Hydrodynamic size distribution of Hh-AgNPs without PVP B) Hydrodynamic size 

distribution of Hh-AgNPs with 15% mg/ml PVP 

 

Broad spectrum antibacterial activity of AHE has been 

reported [42, 43]. The antibacterial activity of Hh-AgNPs 

against S. aureus and P. aeruginosa were determined by 

measuring the zone of growth inhibition (mm). The 

diameter of inhibition zone for both genus using Hh-

AgNPs is slightly higher than that for AHE at all tested 

concentrations (Figure 3, and 4). 
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      (A)                                         (B)                                             (C)                                                 (D)         

Figure 3 Diameter of the inhibition zone after treatment of P. aeruginosa with various concentrations of Hh-

AgNPs, AHE. and silver nitrate. (A: 0.625mg/ml, B: 0.3125mg/ml, C: 0.156mg/ml, D: 0.078mg/ml) 

 

 

                                                                                   
    (A)                                              (B)                                             (C)                                                 (D)         

Figure 4 Diameter of the inhibition zone after treatment of S. aureus with various concentrations of Hh-AgNPs, 

AHE. and silver nitrate. (A: 0.625mg/ml, B: 0.3125mg/ml, C: 0.156mg/ml, D: 0.078mg/ml) 

 

The MIC of Hh-AgNPs against S. aureus was 

determined to be 0.156mg/ml, while the MIC of Hh-

AgNPs, and AHE against P. aeruginosa was determined 

to be 0.3125 and 0625mg/ml, respectively. In the present 

study Hh-AgNPs were found to have a higher antibacterial 

activity compared to AHE (table 1). Reddy et al. reported 

that the enhanced antibacterial activity of biosynthesized 

NPs using Piper longum compared to the extract supports 

our results [44]. Inhibition of DNA replication and 

hindrance of protein synthesis are the mechanisms behind 

the antibacterial activity of metallic NPs [45].  

 

 

Table 1: Antibacterial activity measured as zones of inhibition (mm) of Hh-AgNPs, AgNO3 and AHE against S. 

aureus and P. aeruginosa. 

Concentration mg/mL 
Diameter of inhibition zone (mm) S. aureus Diameter of inhibition zone (mm) P. aeruginosa 

Hh-AgNPs AHE AgNO3 Hh-AgNPs AHE AgNO3 

10 44±2.51 38±2.30 20±4.05 39±3.05 36±5.60 17±1.20 

5 42±4.00 37±6.50 19±3.51 35±2.64 30±2.08 16±1.10 

2.5 40±2.49 34±4.01 18±3.42 27±1.52 29±2.00 15±0.57 

1.25 39±5.01 34±0.57 16±1.15 24±5.20 22±0.57 14±0.58 

0.625 36±4.20 32±4.35 16±4.10 18±1.12 20±1.15 12±0.57 

0.3125 21±4.05 13±3.51 14±2.20 10±0.57 R R 

0.156 19±2.51 12±2.51 12±1.00 R R R 

0.078 R R R R R R 
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Hh-AgNPs and AHE were more effective than some 

standard antibiotics used for treatment of P. aeruginosa 

and S. aureus (table 2). Bacterial resistance to drugs is one 

the major global health issue, so there is a need to 

anticipate and develop potent antibiotic agents against 

multidrug resistance microbes. The use of AgNPs as 

antibacterial agent can be traced from ancient Greece [46].   

 

Table 2: Inhibition zone diameter (mm) of several standard antibiotics’ controls against P. aeruginosa and S. aureus 

Antibiotic 
Zone of inhibition (mm) 

P. aeruginosa S. aureus 

Doxycycline (30µg) R R 

Metronidazole (5µg) R R 

Ciprofloxacin (5µg) 35± 0.23 35± 0.55 

Clarithromycin (15µg) R 40± 1.02 

Clindamycin (2µg) R 36± 0.88 

R, resistant 

 

The biomedical applications of AgNPs are promising 

with their tremendous effects in the fields of medicine, drug 

delivery and anti-angiogenic property of cancer [47-49].  In 

the present study the cytotoxic effect of AHE, Hh-AgNPs and 

AgNO3 was tested against A549 cell lines by using MTT 

assay. The viability of the A549 cell lines was observed after 

24hr, 48hr and 72hr of treatment with AHE, Hh-AgNPs and 

AgNO3.  Table 3 shows the IC50value against A549 cell line.  

The IC50 values after 24hr were determined to be 73.57, 

15.16 and 395.5 µg/ml for AHE, Hh-AgNPs and AgNO3 

respectively. The Hh-AgNPs showed excellent anticancer 

activity against A549 cell compared with AHE. This study 

strongly revealed the significant antiproliferative activity 

of biosynthesized silver nanoparticles. However, such 

activity may be due to the synergistic effect of both 

nanosized silver and bioactive phytocompounds attached 

on the surfaces of the NPs. These days much attention is 

being given to metallic NPs and their anticancer activity.  

 

Table 3: Cytotoxic activity evaluation against A549 cell line 

Sample 
Anticancer activity against A549 lung cancer cell line (IC50values) 

24hr 48hr 72hr 

AHE 73.57 µg/ml 87.96 µg/ml 103.7 µg/ml 

AgNO3 395.5 µg/ml 341.3 µg/ml 542.5 µg/ml 

Hh-AgNPs 15.16 µg/ml 18.61 µg/ml 25.55 µg/ml 

  

4. CONCLUSION 

In this study, stable bioactive silver nanoparticles were 

synthesized successfully using H. helix extract by bio-

green method as a cost-effective manner. The 

nanoparticles possessed the added advantage of active 

phytoconstituents incorporated in them. Further, these 

nanoparticles were evaluated for their activities and 

showed higher antioxidant, antibacterial and cytotoxic 

activities compared with extract. The outcomes of this 

study illustrate a broad range of applications of bioactive 

silver nanoparticles synthesized by bio-green method. 
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تقييم السمية الخلوية والنشاط المضاد للبكتيريا لجسيمات الفضة النانونية المصنعة بالتكنولوجيا الخضراء 
 باستخدام مستخلص نبات اللبلاب

 
 4أنس العبد ،3هالة الداغستاني، 2ريم العيسى ،1*سيناء مطالقة ،1أحمد ناجي الفلاحي

 
 قسم الصيدلانيات والتقنية الصيدلانية، كلية الصيدلة، مركز الأبحاث الدوائية والتشخيصية، جامعة عمان الأهلية.  1
 قسم العلوم الصيدلانية، كلية الصيدلة، مركز الأبحاث الدوائية والتشخيصية، جامعة عمان الأهلية. 2
 قسم العلوم الطبية المخبرية، كلية العلوم الطبية المساندة، جامعة عمان الأهلية.  3
 .قسم الصيدلة الحيوية والسريرية، مركز الأبحاث الدوائية والتشخيصية، جامعة عمان الأهلية4

  

 ملخـص
التي تجعلها مفيدة في الطب في الوقت الحاضر جذبت جسيمات الفضة النانوية اهتمامًا كبيرًا نظرًا لخصائصها الفريدة 

الميكروبات، والمحفزات، وتطبيقات الألياف الضوئية. يعتبر التوليف الأخضر هو  الاستشعار ومضادات الحيوي وأجهزة
الطريقة الأكثر أمانًا وأسهل لإنتاج جسيمات الفضة النانوية. هدفت الدراسة إلى التحقق من النشاط المضاد للبكتيريا والسمية 

لجسيمات الفضة النانوية المحضرة باستخدام المستخلص المائي لنبات اللبلاب ضد أنواع بكتيريا وخلايا سرطان الخلوية 
تم تصنيع جزيئات الفضة النانوية باستخدام المستخلص المائي لنبات اللبلاب كعامل اختزال والبولي فينايل بيروليدين  الرئة.

المصنعة بواسطة مقياس الطيف الضوئي للأشعة فوق البنفسجية ومحلل  كمثبت. ومن ثم تشخيص جزئيات الفضة النانوية
 448حجم الجسيمات بطريقة تشتت الضوء الديناميكي. تم تصنيع هذه الجزئيات بنجاح وأظهرت أقصى امتصاص عند 

بط. وتحسن ميكروغرام /مل كأدنى تركيز مث 15.16نانوميتر مع تحسن في نشاطها السام لخلايا الرئة السرطانية بقيمة 
في نشاط هذه الجزئيات النانونية كمضاد للبكتيريا )المكورات العنقودية الذهبية( مقارنه مع المستخلص المائي. تعتبر الطرق 
البيولوجية فعالة من حيث التكلفة وصديقة للبيئة، وبالتالي يمكن أن تكون بديلًا اقتصاديًا وفعالًا لتخليق جسيمات الفضة 

  واسع. النانوية على نطاق

، الجسيمات النانوية الفضية، التخليق الأخضر، المكورات العنقودية الذهبية، (Hedera helix)اللبلاب  الكلمات الدالة:
 ..A549الزائفة الزنجاري، خلايا سرطان الرئة 
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ABSTRACT 
A simple, accurate, and precise stability-indicating RP-HPLC method was developed and validated for the 

simultaneous estimation of Empagliflozin and Nateglinide in bulk drug form. Chromatographic separation was 

performed on a Shim-pack C-18 column (250 × 4.6 mm, 5 µm) using a mobile phase of Acetonitrile: Water (90:10, 

v/v) adjusted to pH 3. The UV detection wavelength was set at 216 nm, the flow rate was maintained at 1 mL/min, 

and the injection volume was 20 µL. The retention times for Empagliflozin and Nateglinide were found to be 2.770 

and 3.682 minutes, respectively. This method was validated according to ICH Q2(R1) guidelines for linearity, 

accuracy, precision, limit of detection (LOD), limit of quantification (LOQ), and robustness. A linear response 

was observed in the concentration range of 5–25 µg/mL for Empagliflozin and 10–50 µg/mL for Nateglinide. The 

LOD and LOQ for Empagliflozin were found to be 14.0502 µg/mL and 42.576 µg/mL, respectively, while for 

Nateglinide, they were 6.5398 µg/mL and 19.8178 µg/mL. Stress studies were performed in accordance with ICH 

Q1A(R2) guidelines. The drugs were subjected to stress conditions including photolytic, oxidative, thermal 

degradation, and acid/base hydrolysis to develop a stability-indicating method. The degraded products were 

effectively extracted and analyzed from the sample. 

Keywords: Empagliflozin, RP-HPLC, Method validation, Stability indicating method, Nateglinide. 

 

1. INTRODUCTION 

Diabetes Mellitus (DM) is a chronic disease that affects 

protein, lipid and carbohydrate metabolism [1]. Diabetes 

Mellitus is characterized by a poor or inadequate insulin 

secretory response, causing hyperglycemia as well as 

inadequate utilization of carbohydrates (glucose). Diabetes 

Mellitus (DM), sometimes called "diabetes", is a common 

endocrine disease [2]. It is usually caused by a deficiency or 

deficiency of insulin or, in some cases, by a bad product of 

insulin (insulin resistance) [3]. Diabetes Mellitus (DM) is a 

disease that causes abnormal blood sugar levels, which is the 

main cause of prolonged hyperglycemic state in addition to 

recurrence of hypoglycaemia [4]. This disease is divided into 

groups 1 and 2, but there are other subtypes that can be caused 

by endocrine disorders, medications, diseases, immunity, 

genetics, or pancreatic disease [1,2]. These metabolic diseases 

lead to loss of life and can cause the decline of living beings 

by causing many problems affecting the heart, kidneys, blood 

vessels, eyes and nervous system [5].Approximately 20% of 

glucose in the body is controlled primarily by the 

hypothalamus through coordination with various hormones 

that influence food intake, energy, insulin utilization, hepatic 

glucose production, and glucose/fatty acid metabolism in 

adipose tissue and bone marrow2% of total body weight. 

Specifically for this purpose, the brain requires glucose to 

provide the energy needed by neurotransmitters to maintain 

the proper functioning of cells [6]. In addition to being 

involved in the pathogenesis of neurological diseases, glucose 

mailto:kajolrana060@gmail.com
https://doi.org/10.35516/jjps.v18i2.2648
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also plays an important role in regulatory pathways associated 

with oxidative stress, cell death, hypothalamic circuit 

disorders, and   glucose and insulin sensitivity [7]. Therefore, 

blood sugar control is important. More than 400 million 

people worldwide suffer from diabetes (DM), a major public 

health problem. These metabolic diseases are increasingly 

associated with life-threatening micro vascular, europathic 

consequences [8]. These metabolic diseases are increasingly 

associated with life-threatening micro vascular, macro 

vascular and neuropathic consequences. Diabetes Mellitus is 

caused by insulin resistance resulting from inadequate insulin 

secretion, damage to pancreatic beta cells, or lack of insulin 

use [9]. A sedentary lifestyle may be a factor in the rise of 

diabetes worldwide. The elderly population (>65 years old) is 

expected to reach 366 million by 2030[10]. Many problems 

associated with diabetes include kidney disease, neuropathy, 

heart and kidney problems, retinopathy, and eating disorders 

and other problems [11]. There are two types of diabetes: type 

1 and type 2.  Type 1 diabetes is an autoimmune disease that 

affects cells in the pancreas, reducing or interfering with 

insulin [12]. Many hormones are responsible for maintaining 

the body's glucose homeostasis. On the other hand, glucagon 

and insulin are   two hormones that   control glucose 

homeostasis [13]. As blood sugar rises, beta cells secrete 

insulin. Insulin increases glucose production by the liver, 

muscle, and fatty tissue or inhibits the liver's ability to produce 

glucose through the processes of glycolysis and 

gluconeogenesis [14]. Diabetes risk is increased by a number 

of factors. The following is a list of the main factors:  

If a child or adolescent has type 1 diabetes, they are 

more likely to develop the disease if a parent or sibling has 

the disease. Risk factors for developing type 2 diabetes 

include being overweight, following a special diet, being 

over age 45, having a family history of the disease, being 

physically inactive, having diabetes or pregnancy, having 

high cholesterol or triglycerides, and having diabetes story 

[15]. Your risk of developing gestational diabetes is 

increased if you are overweight and over the age of 25, 

have gestational diabetes, have given birth to a baby 

weighing more than 30 pounds, or have a family history of 

type 2 diabetes or polycystic ovary syndrome [16]. 

According to the World Health Organization (WHO) 

Diabetes Global Report, the disease affects 422 million 

people worldwide. This figure is almost four times higher 

than in 1980[17]. According to the International Diabetes 

Federation (IDF), 40.9 million people in India currently 

suffer from diabetes, and this number is expected to 

increase to 69.9 million by 2025[18]. The hormones 

glucagon and insulin are secreted by the pancreas. Beta 

and alpha cells are located in the pancreatic islets and 

secrete insulin and glucagon, respectively [19]. Insulin 

lowers blood sugar levels by transporting glucose to the 

muscles, liver, and fatty tissues and producing glycogen. 

Although red blood cells and arteries can use glucose 

without insulin, alpha cells play an important role in blood 

sugar control because they produce glucagon, which 

accelerates glycogen in the liver and raises blood sugar 

levels. Additionally, after birth, the foetus may be at 

increased risk for obesity, metabolic and cardiovascular 

disease and cancer 80-90% have type 2 diabetes [20]. 

1.1 EMPAGLIFLOZIN 

Empagliflozin (Figure 1), a sodium glucose 

cotransporter 2 (SGLT2) inhibitor, is a   new class of oral 

medications used to treat type 2 diabetes (T2DM) [21]. 

Empagliflozin has a unique non-insulin-dependent 

mechanism of action that increases glucose release and 

lowers blood sugar and has the advantage of not producing 

hypoglycaemic effects due to its non-insulin-dependent 

properties. Additionally, Empagliflozin is very slightly 

soluble in water (pH 1-7.4) [22]. Empagliflozin is also 

used in adults with heart failure to reduce the risk of 

hospitalization and death from heart disease and stroke. It 

is also used in adults with kidney disease to reduce the risk 

of   kidney failure, the need for hospitalization, and the risk 

of death from heart disease [23]. Chemically it is (2S, 3R, 

4R, 5S, 6R)-2-[4-chloro-3-[[4-[(3S)-oxolan-3-yl] ox 

phenyl] methyl [Hydroxy]phenyl]-6 (hydroxy-methyl) 

oxane-3,4,5-triol [21]. 
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Fig. 1. Chemical structure of Empagliflozin 

 

1.2 NATEGINIDE 

Nateglinide (NTG) [N(trans-4-

isopropylcyclohexylcarbonyl)-d-phenylalanine] is a d-

phenylalanine derivative without a sulfonylurea or 

amphetamine moiety and is a novel oral prandial 

glycaemic agent recently approved for the treatment of 

type 2 diabetes [24]. This meglitinide derivative works as 

follows: It stimulates insulin release from the beta cell 

membrane of the pancreas   by closing   ATP-dependent 

potassium channels, which leads to the opening of   

calcium channels [25]. The result of calcium influx causes 

insulin secretion. It is rapidly absorbed from the 

gastrointestinal tract, with blood concentration reaching 

peak in 0.5 to 1.0 hours. It is metabolized by the 

cytochrome P-450 system to   inactive metabolites and 

eliminated with a half-life of 1.4 hours. Inactive 

metabolites and eliminated with a half-life of 1.4 hours 

[26]. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Chemical structure of Nateglinide 

 

2. MATERIALS AND METHOD: 

2.1 Chemicals and reagents: 

Empagliflozin and Nateglinide is a gift sample from 

Yarrow Chem product, Mumbai, India. HPLC grade 

chemicals: Acetonitrile and Water were preferred for the 

development of the method, this was obtained from CDH 

(Central drug house) (P) Ltd. 

2.2 Instruments: 

Chromatography was performed on High performance 

Liquid Chromatography (Shimadzu), manual sampler, 
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software Win chrome and detector (UV- visible). The 

chromatographic separation was performed using Column 

C-18 (Shim-pack) 250 X 4.6 mm, particle size 5µm. 

Selection of Wavelength: Wavelength was fixed at 

216 nm by performing UV spectroscopy. 

2.3 CHROMATOGRAPHIC CONDITION: 

The method development for analysis of Empagliflozin 

and Nateglinide was performed using various solvents 

finally the separation was achieved using a mobile phase 

consisting of Acetonitrile: water [ 90:10 v/v] pH=3, 

pumped at a flow rate of 1 ml/min, and Rheodyne injector 

with 20µl loop was used for injecting sample. The eluent 

was monitored at using a UV- detector at a wavelength of 

216 nm. Before being used, the mobile phase was filtered 

through a 0.22 µm nylon membrane filter and then 

degassed in an ultrasonic bath. 

2.4 Preparation of Mobile phase: 450 ml of HPLC 

grade acetonitrile are added to 50 ml of water in a mobile 

phase reservoir then adjust the PH 3 by OPA and the 

mixture is kept for sonication for 10 minutes 

2.5 Preparation of standard stock solution:  

Standard stock solution was prepared by dissolving 

10mg of Empagliflozin and Nateglinide in 100mL 

acetonitrile and water that gives the concentration of 100 

µg/ml. this solution was diluted with mobile phase as 

needed to produce several standard solutions. 

2.6 Method Validation: 

The optimized analytical method was validated for 

system suitability, linearity, accuracy, precision, limit of 

detection and limit of quantification and robustness in 

accordance with ICH guidelines for analytical procedure 

Q2 [R1] [27]. 

2.6.1 Linearity and range: 

The linearity was evaluated at five concentration levels 

in the range between 5- 25µg/ml for Empagliflozin and 10- 

50µg/ml for Nateglinide. A calibration curve was plotted 

by plotting concentration against corresponding peak area 

and linearity was using least square regression analysis. 

The analytical range formed by the highest and lowest 

conc. of analyte was acceptable linearity obtained. 

2.6.2 Precision 

Precision, as defined by ICH rules, includes both 

repeatability and intermediate precision. Six replicates of 

the sample injection were used to assess repeatability. To 

determine intraday precision, three different doses of 

Empagliflozin (5, 10, and 15 µg/mL) and Nateglinide (10, 

20, and 30 µg/mL) were tested three times on the same day. 

The three concentrations indicated above were tested on 

three consecutive days for inter-day precision in order to 

assess day-to-day variability. 

2.6.3 Accuracy:  

Accuracy was determined by calculating recovery of 

the analyte of interest. A fixed amount of pre-analysed 

sample was taken, and the standard drug was added and 

80%, 100% and 120% levels. The standard concentration 

was fixed as 15µg/ml of Empagliflozin and 20µg/ml for 

Nateglinide, and three concentration levels of 10µg/ml, 

15µg/ml and 20µg/mL for Empagliflozin and 10µg/ml, 

20µg/ml and 30µg/mL for Nateglinide were added to the 

standard concentration. Each level was repeated three 

times. The percentage recovery standard deviation [% 

RSD] were taken into consideration for testing accuracy. 

2.6.4 Limit of detection: 

The term "limit of detection" refers to the lowest 

concentration of an analyte in a sample that can be 

identified but is not usually defined as a precise value 

(LOD). The standard deviation of response and slope were 

used to calculate the LOD. 

 

 LOD=
3.3 𝑋 𝜎

𝑆
 

 

The linearity curve was used to compute the slope and 

standard deviation for Empagliflozin and Nateglinide 

concentrations ranging from 5 to 25µg/mL and 10 

to50µg/mL. 

2.6.5 Limit of quantitation (LOQ): 

 LOQ is the smallest amount of analyte in a sample that 

can be quantitatively measured with sufficient precision 
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and accuracy. LOQ is determined using the standard 

deviation of the response and the slope. The data was 

derived from the linearity curve, and the LOQ was 

determined. 

 

LOD=
10𝑋 𝜎

𝑆
 

 

The linearity curve was used to compute the slope and 

standard deviation for Empagliflozin and Nateglinide 

concentrations ranging from 5 to 25µg/mL and 10 

to50µg/mL. 

2.6.6 Robustness: 

The robustness of the study was examined by 

purposefully changing a few factors slightly, in accordance 

with ICH recommendations. The capacity of the drug to 

stay unaffected by minute variations in parameters such as 

temperature, detecting wavelength, flow rate, and mobile 

phase composition is mostly associated with resilience. 

Little adjustments to the chromatographic settings, such as 

changes to the detection wavelength, and flow rate, can be 

used to assess how resilient the approach is. At a 

concentration of 10µg/mL, robustness was evaluated. 

 

3. FORCE DEGRADATION STUDIES: 

Forced degradation studies include subjecting the drug 

substance to various stress condition to observe the extent 

of degradation and rate of degradation which is likely to 

occur in the course of storage. The degradation pathways 

studied are acid hydrolysis, basic hydrolysis, and oxidative 

degradation, thermal and photolytic degradation [28-31]. 

3.1 Acid Hydrolysis: Acid hydrolysis was done by 

adding accurately weighed 10mg of Empagliflozin and 

Nateglinide into a clean and dry round bottom flask. 50ml 

of freshly prepared Acetonitrile and water (90:10) 0.1 N HCl 

solution transfer to it and it was refluxed in a water bath for 

6 hours by maintaining the temperature at 60℃. After 

refluxing the solution 1ml sample withdraw at different 

intervals for 6 h which was neutralized and dilute to 10ml 

with acetonitrile and water (90:10). The 20 µL of the 

resulting solution (20 µg/ ml) was injected and analysed. 

3.2 Basic Hydrolysis: To a clean and dry round bottom 

flask accurately weighed 10mg of Empagliflozin and 

Nateglinidewas transferred. 50ml of freshly 

preparedAcetonitrile and water (90:10) 0.1 NaOH was added 

to it and it was refluxed in a water bath for 6 hours by maintain 

the temperature at 60℃. After refluxing the solution 1ml 

sample withdraw at different intervals for 6 h which was 

neutralized and dilute to 10ml with solvent combination of 

Acetonitrile and water 90:10. The 20 µL of the resulting 

solution (20 µg/ ml) was injected and analysed. 

3.3 Photolytic degradation:  Photolytic degradation 

studies was carried out by taking 10mg of Empagliflozin 

and Nateglinidedrug into a clean and dry petri dish which 

is covered with a glass lid. The drugs are kept under UV 

light for 12h and then, 10 mg of Empagliflozin and 

Nateglinideadded in 50 mL of solvent combination 

(Acetonitrile: water 90:10). After extracting the solution (1 

mL), solvent combination (Acetonitrile: water 90:10) was 

added to dilute it to 10 mL. After 20 µL of the resultant 

solution (20 µg/ml) was injected, it was examined. 

3.4 Oxidation degradation: To a clean and dry round 

volumetric flask accurately weigh 10mg of Empagliflozin 

and Nateglinidedrug was taken to this 50 mL of solvent 

combination (Acetonitrile: water 90:10) (v/v) hydrogen 

peroxide solution was added & was kept in the dark for 6h. 

the solution (1ml) was diluted to 10mL with solvent. The 20 

µL of resulting solutions (20 µg/ ml) was injected and 

analysed. 

3.5 Thermal degradation:  Photolytic degradation 

studies was carried out by taking 10mg of Empagliflozin 

and Nateglinide drug into a clean and dry petri dish which 

is covered with a glass lid. The drugs are kept under oven 

for 12h at 1000 C and then, 10 mg of Empagliflozin and 

Nateglinideadded in 50 mL of solvent combination 

(Acetonitrile: water 90:10). After extracting the solution (1 

mL), solvent combination (Acetonitrile: water 90:10) was 

added to dilute it to 10 mL. After 20 µL of the resultant 

solution (20 µg/ml) was injected, it was examined. 
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4. RESULTS AND DISCUSSION: 

A stability-indicating and reverse-phase high-

performance liquid chromatography (RP-HPLC) method 

were developed and validated for the accurate and precise 

estimation of Empagliflozin and Nateglinide in bulk. 

Various validation parameters, including stressed samples 

and different mobile phase compositions and flow rates, 

were explored to establish the method. Through multiple 

iterations and adjustments of chromatographic conditions, 

optimal parameters were identified and confirmed. 

Empagliflozin and Nateglinide exhibited well-defined 

peaks with excellent symmetry and a stable baseline using 

a mobile phase composed of Acetonitrile: Water (90:10 

v/v) at a flow rate of 1.0 ml/min. The retention times for 

Empagliflozin and Nateglinide were determined to be 

2.770 and 3.682, respectively, with distinct peaks observed 

at 216 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Chromatogram of Empagliflozin and Nateglinide 

 

4.1 Linearity and range: 

For linearity of Five-point concentration curve was 

obtained in concentration ranges 5 µg/mL- 25 µg/mL for 

Empagliflozin and 10 µg/mL- 50 µg/mL for Nateglinide. 

The response of the drugs was found to linear in the 

selected concentration range, the regression equation 

Y=172802x +110348, Y= 619704x - 352451 for 

Empagliflozin and Nateglinide and, the correlation 

coefficient (𝑟2) for Empagliflozin and Nateglinide were 

0.9993 and 0.9992 respectively 

 

Table 1. Linearity and Range data for Empagliflozin 

Sr no. Concentration µg/mL Peak Area (mv) 

1. 5 µg/mL 1012327 

2. 10 µg/mL 1799519 

3. 15 µg/mL 2699465 

4. 20 µg/mL 3536841 

5. 25 µg/mL 4463705 

Average Area 2702371 

Slope 172802 

Y – intercept 110348 

Correlation Coefficient 0.9993 
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Fig.4. Calibration curve of Empagliflozin Y = 172802x + 110348Slope = 172802, Intercept = 110348, Correlation 

coefficient = 0.9993. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. Calibration curve of Nateglinide. Y= 619704x - 352451Slope= 619704, Intercept = 352451, Correlation 

Coefficient = 0.9992 
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Table 2.  Linearity and Range data for Nateglinide 

Sr no. Concentration µg/mL Peak Area (mv) 

1. 10 µg/mL 280427 

2. 20 µg/mL 847141 

3. 30 µg/mL 1540315 

4. 40 µg/mL 2125807 

5. 50 µg/mL 2739613 

Average Area 1506661 

Slope 619704 

Y – intercept 352451 

Correlation Coefficient 0.9992 

 

4.2 Precision: 

The analytical method's precision is characterized by 

the concordance level among individual test outcomes 

derived from applying the method across various samples. 

Precision assessments of the proposed method were 

conducted, encompassing evaluations for repeatability and 

intermediate precision (both within and between days). 

The performance of the HPLC instrument was assessed 

under chromatographic conditions by repetitively injecting 

10 µg/mL of Empagliflozin and Nateglinide. The Relative 

Standard Deviation (RSD) was ascertained to be within 

acceptable limits, signifying the enhanced accuracy of the 

proposed methodology. Precision results are shown in 

Tables 3, 4, and 5. 
 

Table.3. Interday precision of the developed method for Empagliflozin and Nateglinide 

Interday precision 

Empagliflozin Nateglinide 

Sr.no. 
Conc. 

(µg/ml) 

Peak 

Area 
Mean S. D %RSD 

Conc. 

(µg/ml) 

Peak 

Area 
Mean S. D %RSD 

1. 5 1012327 

1012445 

1012352 

1012375 62.179895 0.006142 10 280427 

281154 

280957 

280846 375.996 0.13388 

2. 10 1799519 

1785491 

1776497 

1787169 11602.37 0.649204 20 847141 

836549 

859642 

847777.3 11559.64 1.363524 

3. 15 2699465 

2697257 

2683581 

2693434 8604.356 0.319457 30 1540315 

1542698 

1541263 

1541425 1199.765 0.077835 

 

Table.4. Intraday precision of the developed method for Empagliflozin and Nateglinude 

Intraday precision 

Empagliflozin Nateglinide 

Sr.no. 
Conc. 

(µg/ml) 

Peak 

Area 
Mean S. D %RSD 

Conc. 

(µg/ml) 

Peak 

Area 
Mean S. D %RSD 

1. 5 1012698 

1025612 

1010256 

1016189 

 

8251.682 0.812023 10 296554 

295345 

263216 

285038.3 18908.36 6.63362 

2. 10 1885649 

1895478 

1883654 

1888260 6329.774 0.335217 20 877638 

854412 

884569 

872206.3 15795.2 1.810948 

3. 15 2597212 

2696882 

2696892 

2663662 

 

57547.39 2.160461 30 1890264 

1865493 

1890246 

1882001 14296.35 0.759636 
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Table.5. Repeatability of the developed method for Empagliflozin and Nateglinide 

Empagliflozin Nateglinide 

Sr.no (Conc.(ug/ml) Peak Area (Conc.(ug/ml) Peak Area 

1 5 1012327 10 280427 

2. 5 1012341 10 280425 

3. 5 1012356 10 280431 

4. 5 1012356 10 280451 

5. 5 1012356 10 280451 

6. 5 1012351 10 280429 

7. Mean 1012348 Mean 280435.7 

8. S. D 11.75443 S. D 12.04436 

9. %RSD 0.001161 %RSD 0.004295 
 

4.3 Accuracy:  

The percentage recovery of the spiked sample was with 

100±2% which ensures the accuracy of the developed 

method. Result of accuracy shown in Table.6, 

 

Table.6. Accuracy of the developed method for Empagliflozin 

Empagliflozin 

Sr. no. Unfortified sample Fortified sample  

%Recovery Conc. 

(ug/ml) 

Area Mean 

(Area) 

Conc. 

(ug/ml) 

Area Mean 

(Area.) 

1. 10 2065996 2066353 10+15 4935826 4935713 100.02% 

2066521 4934659 

2066541 4936654 

2. 15 3085466 3088801 15+15 

 

5546712 5551106 100.07% 

3085475 5547125 

3095462 5559482 

3. 20 3954841 3886503 20+15 

 

5016984 5019012 99.88% 

3859432 5024571 

3845236 5015482 
  

Table.7. Accuracy of the developed method for Nateglinide 

Nateglinide 

Sr. no. 

Unfortified sample Fortified sample  

%Recovery Conc. 

(ug/ml) 
Area 

Mean 

(Area) 

Conc. 

(ug/ml) 
Area 

Mean 

(Area.) 

1. 10 311549 316328 10+20 1825841 1803014 102.64% 

312694 1756621 

324741 1826581 

2. 20 874695 879354.7 20+20 

 

2468741 2469894 99.40% 

889821 2484561 

873548 2456379 

3. 30 1736951 1730263 30+20 3015941 3020099 100.04% 

3018743 

3025613 

1725694 

1728143 
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4.4 Limit of detection and Limit of Quantification 

Limit of detection (LOD) and limit of quantification 

(LOQ) was estimated from the standard deviation of the y- 

intercepts and slope of the calibration curve of 

Empagliflozin and Nateglinide. The LOD were found to 

be for Empagliflozin14.0502, for Nateglinide 6.539873 

µg/ml and LOQ were found to be 

forEmpagliflozin42.57638, for Nateglinide 19.8178 

µg/ml. This showed that developed method can detect and 

quantify at lower concentration was highly sensitive and 

other less sensitive. 

4.5 Robustness: 

Robustness of Empagliflozin and Nateglinide was 

determined by studying the small changes in 

chromatographic condition as change in flow rate ( ± 

2mL/ min), wavelength detection ( ±2 nm) respectively. 

Robustness was assessed at concentration 5 µg/ ml and 10 

µg/ ml. The standard deviation of response was calculated 

for each parameter and % RSD was found to less than 2% 

indicating that the method is robust as shown in Table.8,9 

 

 

Table.8. Robustness results of the proposed RP- HPLC method for Empagliflozin 

Sr.no 

Parameters 
Peak 

Area 
RT 

USP 

Optimized Used 
Plate 

Count 

Tailing 

factor 

1. Flow Rate 

(±2) 

1ml/min 0.8ml/min 

1.2ml/min 

957654 

112365 

2.423 

3.894 

5239 

5843 

1.085 

1.272 

2. Wavelength 

detection 

(±2) 

216nm 214 nm 

218 nm 

1254789 

1156984 

2.751 

2.512 

5088 

5120 

1.380 

1.375 

 

Table.9. Robustness results of the proposed RP- HPLC method for Nateglinide 

Sr.no 

Parameters 
Peak 

Area 
RT 

USP 

Optimized Used 
Plate 

Count 

Tailing 

factor 

1. Flow Rate 

(±2) 

1ml/min 0.8ml/min 

1.2ml/min 

260569 

309161 

3.657 

2.397 

3654 

2569 

1.005 

0.954 

2. Wavelength 

detection 

(±2) 

216nm 214 nm 

218 nm 

275632 

293741 

3.156 

3.178 

1209 

1141 

0.678 

0.459 

 

4.6 Force Degradation: 

The chromatograms obtained from samples exposed to be 

acidic, basic, oxidative, thermal and photo degradation 

depicted well- separated peaks of Empagliflozin and 

Nateglinide, its having retention time 2.770, 3.682 and some 

additional peaks at different values. Acid degradation for 

empagliflozin show 1 extra peak and for Nateglinide show 

additional peaks. In base degradation for empagliflozin show 

two additional peaks and for Nateglinide show additional 

peaks. In case of oxidative, photodegradation and thermal 

degradation, they show 2 additional peaks for Empagliflozin, 

and for Nateglinide, it shows additional peaks. The 

percentage of degradation product is listed in Table 10. 

Results of force degradation are shown in 

Fig.6,7,8,9,10,11,12,13,14,15. 
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Fig. 6 Acid degradation of Empagliflozin 

 
Fig. 7 Base degradation of Empagliflozin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Photo degradation of Empagliflozin 
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Fig. 9 Thermal degradation of Empagliflozin 

 
Fig. 10 Oxidative degradation of Empagliflozin 

 
Fig. 11 Acid degradation of Nateglinide 
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Fig. 12 Base degradation of Nateglinide 

 
Fig. 13 Photo degradation of Nateglinide 

 
Fig. 14 Thermal degradation of Nateglinide 
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Fig. 15 Oxidative degradation of Nateglinide 

 

Table.10. Force degradation study data of Empagliflozin and Nateglinide 

Empagliflozin Nateglinide 

Type of degradation Area % Recovered %Degradation Area % Recovered %Degradation 

Acid 1449208 44 56% 86794 87 13% 

Base 265973 74 26% 259043 74 26% 

Oxidation 490651 6 94% 20741 43 57% 

Photo degradation  445996 4 96% 207411 20 80% 

Thermal degradation 449292 6 94% 282913 45 55% 

 

5. CONCLUSION 

The study shows that the developed RP-HPLC method 

is fast precise, accurate, specific and stability. The 

proposed method applied for the simultaneous estimation 

of both the drugs in bulk form. These are within short 

analysis time and the low value of % RSD indicate that the 

proposed method is highly precise. The stability indicating 

method was developed and validated according to the ICH 

guidelines for simultaneous estimation of Empagliflozin 

and Nateglinide in bulk drug by RP-HPLC. Finally, 

concluded that the method is suitable for user in routine 

quality control analysis of Empagliflozin and Nateglinide 

in active pharmaceutical ingredient. 
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المؤشرة على الثبات للتقدير المتزامن للإمباغليفلوزين والناتيغلينيد  RP-HPLCالتطوير والتحقق من طريقة 

 في المادة الدوائية الخام
 
 1*، نيكيل شارما1كاجول، أديتي كوشيك

 
 .الهند ،هيماشال براديش ،كاثوغ، كانغراقسم تحليل الأدوية وضمان الجودة، معهد لوريات للصيدلة، 1

  

 ملخـص
بسيطة ودقيقة ومؤشرة على الثبات للتقدير المتزامن للإمباغليفلوزين والناتيغلينيد في  RP-HPLCتم تطوير وتحقق طريقة 

 5مم،  4.6×  250بأبعاد ) Shim-pack C-18المادة الدوائية الخام. تم إجراء الفصل الكروماتوغرافي على عمود 
لتطوير هذه الطريقة. تم ضبط  3بدرجة حموضة  (v/v 90:10ميكرومتر(، باستخدام الطور المتحرك أسيتونتريل: ماء )

 20مل/دقيقة، وحجم الحقن عند  1نانومتر، ومعدل التدفق عند  216طول موجة الكشف بالأشعة فوق البنفسجية عند 
دقيقة على التوالي. تم  3.682و  2.770ميكرولتر. تم العثور على زمن الاحتجاز للإمباغليفلوزين والناتيغلينيد ليكون 

، حد (LODمن حيث الخطية، الدقة، التكرارية، حد الكشف ) ICH Q2 R1ق من هذه الطريقة وفقًا لإرشادات التحق
 50-10ميكروغرام/مل للإمباغليفلوزين و 25-5، والمتانة. تم ملاحظة استجابة خطية في نطاق تركيز (LOQالتقدير )

ميكروغرام/مل، وللناتيغلينيد  42.576و  14.0502ليفلوزين ميكروغرام/مل للناتيغلينيد. كانت حدود الكشف والتقدير للإمباغ
، حيث ICH Q1A R2ميكروغرام/مل على التوالي. تم إجراء دراسات الإجهاد وفقًا لإرشادات  19.8178و  6.5398

ر تعرضت الأدوية لظروف إجهاد تشمل التحلل الضوئي، الأكسدة، التحلل الحراري، التحلل الحمضي والقلوي، وذلك لتطوي
ر على الثبات. تم استخراج المنتجات المتدهورة بفعالية من العينة.  نهج مؤش ِّ

 .، التحقق من الطريقة، طريقة مؤشرة على الثبات، ناتيغلينيدRP-HPLCإمباغليفلوزين،  الكلمات الدالة:
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ABSTRACT 
Background: Due to plant derived chemicals’s potential as antioxidant agents, there has been a growing interest 

in using them to cure or prevent diseases. Similarly plant species like Aleuritopteris bicolor(AB) leaves,Crinum 

amoenum(CA) bulbs and Drynaria coronans (DC) rhizomes are used as traditional herbal medicine in Nepal. 

Aims: This study aims to assess the qualitative and quantitative phytochemical constituents along with the 

antioxidant potency of extracts from the leaves of AB, bulbs of CA, and rhizomes of DC.  

Methods and Materials: The qualitative phytochemical profile was assessed using thin-layer chromatography 

(TLC) and standard phytochemical tests. TLC was performed on silica gel 60 F254 plates (20×20 cm, layer 

thickness: 0.2 mm) using a solvent system of chloroform: methanol: water at (6:4:1) ratio. Plates were visualized 

under UV light (254 nm and 365 nm) and further developed using 1% FeCl₃, 10% H₂SO₄, and DPPH for 

antioxidant activity. Quantitative analysis of total flavonoid and phenol content was conducted using aluminum 

chloride and Folin-Ciocalteu reagents, respectively. The antioxidant activity was measured through the DPPH free 

radical scavenging assay. 

Results: The selected species were found to contain flavonoid, phenol, saponin and tannin. Higher flavonoid and 

phenol content was found in the leaves of AB (398.861 ± 6.94 mg quercetin/ g dry extract) and rhizomes of CA 

(172.97 ± 1.777 gallic acid/ g dry extract) respectively whereas leaves of AB had the most potent antioxidant 

activity (IC50= 3.233 µg/ml).  

Conclusions: All the selected plant species were found to have significant constituents. Among them, the leaves 

of AB extract had the highest flavonoid concentration and the higher antioxidant activity, highlighting its potential 

for further medicinal use. 

Keywords: Phytochemical screening, antioxidant, Aleuritopteris bicolor leaves, Crinum amoenum bulbs, 

Drynaria coronans rhizomes  

Key Messages: This is a novel study which shows the importance of TLC evaluation of selected species from 

Nepal. This study could act as a basis for biological studies depending upon the different phytochemical estimation 

and antioxidant activity. 

 

INTRODUCTION 

Phytochemicals are the metabolites of plant species 

that have the potential to fight against diseases. These 

phytochemical constituents show antioxidant effects 

through which various diseases are inhibited (1,2). Since 

the beginning of human history, herbal plants have been a 

component of alternative treatment plans for various 

ailments (3). It is estimated that 70–80% of Asia's rural 

population uses medicinal herbs to treat medical 

conditions (4). Despite established ethno-medicinal uses 

of  plants, a large array of herbal species around the world 

mailto:gurusbliss@gmail.com
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still have not been scientifically investigated (5). 

 Nepal, which ranks ninth among Asian nations for its 

floral richness, hosts 1792 to 2331 species of beneficial 

medicinal and aromatic plants. Among them some of this 

includes Aleuritopteris bicolor (AB) leaves, Crinum 

amoenum (CA) bulbs, and Drynaria coronans (DC) 

rhizomes (Table 1). However, only a small fraction of the 

plant of Nepal has been scientifically studied for their 

medicinal properties (3). Given the rich ethnomedicinal 

tradition and the potential health benefits of these plants, 

scientific research should prioritize the study of herbal 

plants. Thus, scientific studies should be concentrated on 

herbal plants. Following this, the current study was 

conducted to evaluate the phytochemical makeup of 

species and their response toward oxidative stress in order 

to determine its scientific validity. The evaluation involves 

thin-layer chromatography (TLC) for qualitative analysis 

and specific assays to determine flavonoid and phenol 

content, as well as antioxidant activity of the Nepalese 

species, to establish the scientific validity of these 

traditional herbal medicines from Nepal. 

 

 

 

 

Figure A: Aleuritopteris bicolor     Figure B: Crinum amoenum 

 

Figure C: Drynaria coronans 

 

 

Table 1. Selected Nepalese plant species 

SN Species Name Family Local Name Traditional Uses 

1 Aleuritopteris bicolor (Roxb.) 

Fraser.Jnek 

Pteridaceae Dankernu(6) Diarrhea,Dysentery, Gastritis 

(6), Cuts, fever, sinusitis(7) 

2 Crinum amoenum Amaryllidaceae Hade Lasun 

(8) 

Cholera(8) 

3 Drynariacoronans(Wall.ex 

Mett.) J.Sm.exT.Moore 

Pteridaceae Kamaru(9) Diarrhea, Constipation(9) 

 

METHODS AND MATERIAL: 

Plant Materials Collection  

Under the guidance of a traditional healer, plants were 

gathered from Lekhnath region, Kaski district, Nepal. 

Species AB and DC were identified and authenticated by the 

taxonomist Mr. Dhan Raj Kandel (Reference No. 74) of the 

National Herbarium and Plant Laboratories, Godavari, 

Lalitpur, Nepal while the species CA was identified and 

authenticated by Mr. Dharmaraj Koirala (Reference No. 11) 

of Department of Plant Resources, Raniban, Pokhara, 

Nepal. The species were then registered and preserved at the 

Crude drug museum of Pharmacognosy laboratory, School 

of Health and Allied Sciences, Pokhara University under 

voucher numbers PUH-2022-39 (for AB), PUH-2022-41 

(for CA), and PUH-2022-40 (for DC). Fresh and disease-

free plants were chosen for the experiments. The leaves of 
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AB, bulbs of CA, and rhizomes of DC were used for the 

estimation of phytochemical constituents and evaluation of 

in-vitro antioxidant activity.  

Preparation of Extract of Plant Species 

Into labeled conical flasks, 80 grams of powdered dried 

samples from each species were poured. The samples were 

then cold-macerated in 70% ethanol in a 1: 10 w:v ratio. 

Maceration was carried out for three days with intermittent 

shaking. Filtration was carried out using Whatman No. 1 

filter paper. The filtrates were concentrated at reduced 

pressure at 40°C using a rotary evaporator to obtain 

extracts which were further dried in a vacuum desiccators 

(10). 

Thin Layer Chromatography (TLC) Profiling 

One grams of the each dried extract from the leaves of 

Aleuritopteris bicolor (AB), bulbs of Crinum amoenum 

(CA), and rhizomes of Drynaria coronans (DC) was 

dissolved in 2 mL of methanol as sample solutions. The 

TLC profiling was conducted on Merck Silica Gel 60 F254 

plates (analytical grade, silica gel with fluorescent 

indicator, aluminum backing, 20✕20 cm size, 0.2 mm 

layer thickness, 10-12 µm particle size). The sample 

solution was applied to the TLC plats as spots where 

solvent mixture used for development was chloroform, 

methanol, and water in a ratio of 6:4:1. The plates were 

then developed for approximately 30 minutes and 

observed under UV light at 254 nm and 365 nm. After 

visualization, the plates were sprayed separately with 1% 

aqueous FeCl₃, 10% H₂SO₄ (followed by heating), and 

slightly submerged in a 60 mM methanolic solution of 2,2-

diphenyl-1-picrylhydrazyl (DPPH). The TLC profile 

revealed spots corresponding to different phytochemicals: 

polar compounds appeared in the upper layer of the plate, 

observed under UV light; flavonoids (yellow spots) and 

saccharides (black spots) were visible after treatment with 

10% H₂SO₄ and heating; and phenols were detected as 

brown spots after spraying with 10% FeCl₃ (11). 

 Phytochemical Analysis 

Alkaloids, carbohydrates, flavonoids, glycosides, 

phenols, saponins and tannins were evaluated qualitatively 

by wagner, fehling, Alkaline reagent, salkowski’s, sodium 

hydroxide, lead acetate, and ferric chloride test 

respectively. Wagner's reagent (Loba Chemie Pvt. Ltd., 

Mumbai, India),  Fehling's solution (Central Drug House 

(P) Ltd., New Delhi, India), alkaline reagent (Nice 

Chemicals Pvt. Ltd., Cochin, India),  Salkowski’s reagent 

(Himedia Laboratories Pvt. Ltd., Mumbai, India),  Sodium 

hydroxide (Qualigens Fine Chemicals ,Thermo Fisher 

Scientific), Mumbai, India), Lead acetate (Thomas Baker 

(Chemicals) Pvt. Ltd., Mumbai, India) and ferric chloride 

(Nice Chemicals Pvt. Ltd., Cochin, India)(12). 

 Determination of Total Flavonoid Contents 

With few modifications, the aluminum chloride 

colorimetric approach was employed to determine the 

presence of flavonoids. In brief, 4 ml of distilled water was 

added to 1 ml of extract (1000 µg/mL in ethanol) and then 

0.3 ml of sodium nitrite (5% w/v in distilled water) was 

added. After 5 minutes, 0.3 ml of aluminum chloride (20% 

w/v in distilled water) was added, and the mixture was let 

to stand for 6 minutes. 2 ml of sodium hydroxide (1M in 

distilled water) was then added. The mixture was vortexed 

and the absorbance was recorded at 510 nm against a blank 

using single beam UV-visible spectrophotometer (Agilent 

Cary-60, Malaysia). A calibration curve was drawn using 

quercetin (25µg /ml-500 µg /ml in ethanol) as standard, the 

total flavonoid concentration was reported as mg quercetin 

equivalent per gram dry extract (13). 

 Determination of Total Phenol content 

According to the method,(14) with some 

modifications, the Folin Ciocalteu method was employed 

to determine total phenols. In brief, 5 ml of distilled water, 

1 ml of Folin reagent (2N in distilled water), and 1 ml of 

test solution (1000 µg/mL) were combined. After 5 

minutes of standing, 1 ml of 10% sodium carbonate was 

added and mixed. The mixture was incubated for an hour 

at room temperature, after which the absorbance at 725 nm 

was measured in comparison to a blank. The total phenol 

content was calculated using the Gallic acid (12.5 µg/mL 
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- 500 µg/mL) standard instead of test solution to draw a 

calibration curve and was represented as milligrams of 

Gallic acid equivalent per gram dry extract. 

Antioxidant activity 

A 0.1 mM DPPH (2,2-diphenyl-1-picrylhydrazyl) 

solution was freshly prepared by dissolving DPPH in 

methanol to evaluate the free-radical scavenging activity of 

the extracts. The plant extracts were diluted in methanol to 

concentrations ranging from 1.56 to 25 µg/mL, and ascorbic 

acid was used as a positive control within the same 

concentration range. In the assay procedure, 1 mL of each 

extract or control solution was mixed with 1 mL of the DPPH 

solution in a cuvette. The mixture was then incubated in the 

dark at room temperature for 30 minutes to facilitate the 

reaction. Following incubation, the absorbance of the solution 

was measured at 517 nm using a UV-visible 

spectrophotometer to determine the scavenging activity (15). 

 

Scavenging activity (%) =  
𝐴−𝐵

𝐴
 × 100% 

 

Where A represents the absorbance of the control (DPPH 

solution without the sample) and B represents the 

absorbance of the DPPH solution in the presence of the 

sample (extracts/ascorbic acid). 

Statistical analysis 

Antioxidant activity was assessed in triplicate for 

accuracy and reproducibility. Data analysis using Microsoft 

Excel 2021 included calculating the mean and standard 

deviation. Results were reported as mean ± standard deviation 

to facilitate comparisons and validate findings. 

 

RESULTS 

Extraction Yield Value 

The extractive values (% yield) of plant species using 

70 % ethanol was found to be higher in bulbs of CA 

followed by leaves of AB and rhizomes of DC yielded the 

least amount of extract (Table 2). 

 

Table 2. % Yield of extract in 70% ethanol solvent 

Plant species Parts used % Yield by solvent 

AB Leaves 11.23% 

CA Bulbs 13.55% 

DC Rhizomes 5.22% 

 

TLC Profiling  

Figure 1 and Figure 2 show the TLC profiling of three 

separate extracts using three different sprays in the solvent 

system of chloroform, methanol, and water (6:4:1). The 

spot codes for the three different species are depicted as 1 

(CA bulbs), 2 (AB leaves), and 3 (DC rhizomes). 

CHCl3: MeOH: H2O (6:4:1)  

From the Figure 1of the TLC profile, spots can be detected 

in the upper layer of the TLC plate as a result of the solvents 

being more polar, when observed at 254 nm and 365 nm. 

10% (v/v) H2SO4 / heat 

The majority of the plant extract demonstrated the 

presence of flavonoids (yellow-colored spots) and 

saccharides (black colored spots) on the TLC plate after 

spraying 10% H2SO4and heating. (Figure 2). 

10% (w/v) aqueous Ferric chloride 

The pre Figure 1 sence of phenols was detected as brown 

colored spots on TLC plate after spraying with 10% FeCl3 

(Figure 2). 

DPPH Solution 

After dipping in DPPH solution in the dark, 

observation of pale yellow or no colour on the TLC plate 

suggested the presence of potent antioxidants in AB leaves 

extract, CA bulb extract as represented by Figure 2. 
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Figure 1. TLC plate with three different spots from three different species a) CA bulbs b) AB leaves c) DC 

rhizome observed in UV 365 nm and s UV 254 nm respectively 

 

 

         
 

 

 

Figure 2. TLC plate with three different spots from three different species a) CA, bulbs b) AB, leaves c) DC, 

rhizomes sprayed with (I) 10% H2SO4 /Heat, (II) 10% FeCl3, (III) DPPH 

 

Phytochemical test 

The extracts from the plant species AB, CA, and DC 

were subjected to various phytochemical tests and the 

tests revelaed the presence of flavonoids, phenols, 

saponins, and tannins as indicated in Table 3. 
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     a             b             c 
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Table 3. Qualitative phytochemical data of plant species extract 

Phytochemical Constituent Test Conducted 

Results of Different Plant species extract 

AB leaves CA bulbs DC rhizomes 

   

Alkaloids Wagner test - + + 

Flavonoids Alkaline reagent test + + + 

Phenols Sodium hydroxide test + + + 

Tannins Ferric chloride test + + + 

Glycosides Salkowski’s test - + + 

Saponins Lead acetate test + + + 

Carbohydrates Fehling test - + + 

Note:  + present, - absent 

 

Total flavonoids content 

The total amount of flavonoids, which is expressed as 

mg quercetin equivalent (GAE)/g of dry weight of extract, 

was calculated using Quercetin. The table provides 

quantitative data regarding the flavonoids content in the 

extract of AB leaves, CA bulbs, and DC rhizomes. The 

results show that the leaves of AB had the highest content 

of flavonoids in the ethanolic extract as shown in Table 4. 

 

Table 4. Total flavonoids content expressed as mg Quercetin equivalents per gram dry weight of extract 

 Sample Plant Parts used Total flavonoid content mg QE/g dry weight of extract 

1.  Aleuritopteris bicolor Leaves 398.86±6.94 

2.  Crinum amoenum Bulbs 260.16±5.05 

3.  Drynaria coronans Rhizomes 178.60±0.57 

Note: Data expressed as mean ± standard deviation (n=3). 

 

Total Phenolic Content 

The total amount of phenol, which is expressed as mg 

Gallic acid equivalent (GAE)/g of dry weight of extract, 

was calculated using Gallic acid. The Table 5 provides 

quantitative data regarding the phenol content in the 

extract of AB leaves, CA bulbs, and DC rhizomes in which 

the ethanol extract from CA bulb was found to have the 

highest phenol content. 

 

Table 5. Total phenol content expressed as mg phenol equivalent per gram dry weight of extract 

 Sample Plant Parts used Total phenol content mg GAE/g dry weight of extract 

1.  Aleuritopteris bicolor Leaves 28.13±0.57 

2.  Crinum amoenum Bulbs 172.9± 1.77 

3.  Drynaria coronans Rhizomes 52.41± 0.47 

Note: Data expressed as mean ± standard deviation (n=3). 

 

DPPH Free Radical Scavenging Analysis 

Through DPPH scavenging activity, the antioxidant 

activity of the plant extract was assessed. Five 

concentrations (25 µg/ml, 12.5 µg/ml, 6.25 µg/ml, 3.125 

µg/ml, and 1.56 µg/ml) were used for the computation of 

the IC50 value of the extract and ascorbic acid, as shown in 

Table 6. When compared to other extracts (CA bulbs 

extract 21.3 µg/ml, DC rhizomes extract.>25 µg/ml), the 

extract of AB leaves was shown to have stronger 

antioxidant activity with an IC50 value of 3.233 µg/ml, 

which was even potent than ascorbic acid (8.94 µg/ml). 
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Table 6. DPPH radical scavenging activity of the extract and ascorbic acid at different concentration 

(%) DPPH Scavenging Activity of Ethanol extract IC50 value 

Sample 1.56 µg/ml 3.125 µg/ml 6.25 µg/ml 12.5 µg/ml 25 µg/ml µg/ml 

Ascorbic acid 12.26±0.049 21.93±0.2 40.27±1.36 66.05±0.48 81.51±1.51 8.94 

AB leaves extract 41.26±0.20 50.79±0.178 63.80±0.54 85.95±0.05 88.78±0.21 3.23 

CA bulbs extract 29.27±0.129 32.97±0.32 36.71±0.34 42.53±0.17 52.79±0.16 21.33 

DC rhizomes extract 3.59±0.13 8.33±0.045 14.60±0.182 23.37±0.09 34.37±0.16 >25 

Note: Data expressed as mean ± standard deviation (n=3) 

 

DISCUSSION 

In the present investigation, qualitative phytochemical 

test, total flavonoid and phenolic content, antioxidant 

activity of the chosen plant extracts was evaluated. Due to 

their low cost, easy accessibility, and few side effects, 

herbal plants have played a significant role as alternate 

sources for the management of numerous illnesses and 

conditions (16). The pharmacological effectiveness of 

many of these plants has not been scientifically studied, 

despite the widespread use of herbal plants for the 

treatment of various illness problems (5). 

Secondary plant metabolites play a crucial role in 

defensive mechanisms of plants against microbes, prey, 

stress, and interspecies protection. Saponins, flavonoids, 

tannins, terpenoids, steroids, and alkaloids are secondary 

metabolites present in plants, that give herbal medicines 

their anti-diabetic, anti-parasitic, anti-diarrheal, anti-

inflammatory, anti-ulcer, anti-malarial, anticancer, 

nephroprotective, and hepatoprotective activities (17). 

The presence of components in the mixture, their 

purity, and the identity of the compounds are all revealed 

by the TLC profile of the herbal species (18). Similarly, 

phytochemical tests determine the types of  secondary 

metabolite  found  in a species (12). Figure 1 Figure 1 of 

the extract and their  numerous colored  spots  showed the 

presence of a variety of compounds like presence of  

saccharides, represented by black spot, brown and light 

yellow represent presence of phenol and flavonoids 

respectively (11). Similarly the current study on CA bulb 

and DC rhizome extract shows black spot that  represent 

the saccharides whereas the leaves of AB shows the light 

yellow which represent the flavonoids in Figure 1 and 

Figure 2. Additional phytochemical testing reveals 

presence of phenols, flavonoids, alkaloids, tannins, and 

saponins in all of species extract and the absence of 

carbohydrates in the leaves of AB Table 3. These findings 

are consistent with previous reports and demonstrate the 

diversity of secondary metabolites presents in these plants 

extracts, thus indicating the widespread occurrence of 

these bioactive compounds in medicinal plants (19) (20) 

(21). The presence of phenols, flavonoids, alkaloids, 

tannins and saponins in the extracts underscores their 

potential pharmacological activities, including 

antioxidant, anti-inflammatory and antimicrobial 

properties (22) (2). These finding further support the 

traditional use of herbal plants for medicinal purposes and 

highlight the importance of exploring their therapeutic 

through scientific investigation. Quantitative analysis of 

flavonoids and phenols content in selected extract of plant 

shows that AB has the highest flavonoid content Table 4 

consistent with previous report  (21)  429.16 ± 7.21 µg 

QE/mg of extract,  signifying its potential therapeutic 

significance and  this continuity in flavonoid content 

underscores the reliability and reproducibility of our 

analytical methods . However, the phenol content of CA 

extract in present study Table 5, significantly contrasts 

with previous finding (21) 25.22 ± 2.41 µg  GAE /mg of 

extract  indicating a notable increase.  

The ability of plant extract to scavenge free radicals 

was evaluated using the DPPH model. This is a common 

method used to assess the antioxidant activity of plant 

extracts, especially when phenolic chemicals are included 

(22). Half-maximal inhibitory concentration, or IC50, is 

one of the parameters used to interpret the results of DPPH 
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scavenging activity. This is described as the amount of 

medication or inhibitor required to completely stop a 

biological response (23). 

In the current investigation, the IC50 was determined 

by plotting the percentage of radical scavenging activity 

against the concentration of the investigated plant extract 

using the linear regression approach. As shown in Table 6, 

selected plant extracts demonstrated positive response as 

antioxidant activity against free radical. The leaves extract 

of AB demonstrated the highest DPPH scavenging activity 

when compared to other plant extracts which was greater 

than that Ascorbic acid (8.94 µg/ml). This highlights the 

potent antioxidant potential of AB leaves, which could be 

attributed to the presence of high levels of flavonoids, as 

indicated in our previous discussion. Comparing our 

present results with previous studies (21) (20), significant 

variations emerge. In the earlier studies, AB demonstrated 

an IC50 value of 46.76 µg/ml, significantly lower than the 

current finding. Additionally, CA exhibited a substantially 

lower IC50 value of 661.76 µg/ml in the previous study, 

contrasting with present observations as shown in Table 6. 

Remarkably, DC displayed the lowest antioxidant activity 

in present study: > 25µg/ml and previous study: 93.30± 

5.19 µg/ml (21)  when compared with others species. 

These differences may arise from several factors, 

including differences in plant material preparations, 

extraction technique, geographical variations and assay 

conditions.  

The potent antioxidant activity of AB leaves in our 

present study underscores their potential for 

pharmaceutical and nutraceutical applications, particularly 

in combating oxidative stress-related diseases. As reported 

flavonoids, flavonol O-glycosides, petrosins, sitosterols  

are present in Pteris family which shows the potent role as 

antioxidant activity(24) and might be there is also a 

presence of some flavonoid compound along with some 

other secondary metabolites in AB like Cheilanthes 

tenuifolia which consists of quercetin and rutin that is also 

responsible to show higher DPPH scavenging activity.(25) 

The finding of this study align with previous study (26) 

introducing new insights and emphasizing the need for 

further research to explore the therapeutic application of 

these plant species. 

CONCLUSION 

Each of the three extracts from AB leaves, CA bulbs, 

and DC rhizomes shows the presence of different 

phytochemical components as well as potent DPPH radical 

scavenging activity. Among them, AB leaves extract 

exhibited the highest flavonoid content which might 

correlate with the highest antioxidant activity. 

Additionally, more in vivo research is needed to confirm 

the extract's precise efficacy of these species. Therefore, 

additional isolation and purification of the extract’s 

constituents is needed in order to analyze the chemical that 

is in charge of the biological effects. 
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تقييم المكونات الكيميائية النباتية النوعية والكمية والنشاط المضاد للأكسدة في المختبر لمستخلصات أوراق 
Aleuritopteris bicolor  ودرناتCrinum amoenum  وجذورDrynaria coronans 

 
 ،1، رجيب تيواري 1، سانديش بوديل 1، برابهات كومار جها *1، أتيسامودافاردهانا كاوندينيايانا 1 سيندهو كيه سي

 1 ، كوشال سوبيدي2، سيستو كيه سي 1رام كيشور ياداف  

 
 بوخارا، نيبالكلية الصحة والعلوم المرتبطة بها، كلية العلوم الصحية، جامعة بوخارا، 1
 أكاديمية باتان للعلوم الصحية، لاليتبور، جامعة كاتماندو نيبال 2

  

 ملخـص
نظرًا للإمكانات العلاجية لمركبات النباتات كمضادات للأكسدة، هناك اهتمام متزايد باستخدامها في علاج أو الوقاية من 

 Drynaria، وCrinum amoenum (CA)و ،Aleuritopteris bicolor (AB) الأمراض. يتم استخدام نباتات مثل

coronans (DC) تهدف هذه الدراسة إلى تقييم المكونات الكيميائية النباتية النوعية  .في الطب العشبي التقليدي في نيبال
تم تقييم التحليل الكيميائي .DC وجذور CA ودرنات AB والكمية إلى جانب فعالية مضادات الأكسدة في مستخلصات أوراق

على صفائح  TLC والاختبارات الكيميائية القياسية، وتم إجراء (TLC) ي باستخدام تقنية كروماتوغرافيا الطبقة الرقيقةالنوع
(، وتمت ملاحظة الصفائح تحت الأشعة 6:4:1باستخدام نظام مذيب من الكلوروفورم:ميثانول:ماء ) F254 سيليكا جل

 %، ومحلول10%، حمض الكبريتيك 1خدام كلوريد الحديديك نانومتر( وتطويرها باست 365و 254فوق البنفسجية )

DPPH أُجري التحليل الكمي لمحتوى الفلافونويد والفينولات باستخدام كاشف كلوريد الألمنيوم  .لنشاط مضادات الأكسدة
أظهرت  .للجذور الحرة DPPH تم قياس نشاط مضادات الأكسدة باستخدام اختبار .سيوكالتي، على التوالي-وكاشف فولين

أعلى محتوى  ABالنتائج أن الأنواع المختارة تحتوي على مركبات الفلافونويد والفينولات والصابونين والعفص، وكان لأوراق 
ملغم كيرسيتين/غرام من المستخلص الجاف( وأظهرت أيضًا أقوى نشاط مضاد  6.94±  398.861من الفلافونويد )

 .للاستخدام الطبي المستقبلي ABرز النتائج إمكانات مستخلص أوراق تُب.(ميكروغرام/مل IC50 = 3.233)للأكسدة 

 Crinum، درنات Aleuritopteris bicolorتحليل كيميائي نباتي، مضادات الأكسدة، أوراق  الكلمات الدالة:

amoenum جذور ،Drynaria coronans. 
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ABSTRACT 
Microneedle technology has emerged as a promising approach for drug delivery, vaccination, diagnostics, and 

cosmetic treatments. This review provides an overview of microneedle technology, covering the various types of 

microneedles, fabrication techniques, applications, advantages, challenges, safety considerations, clinical 

translation, and future perspectives. Solid, hollow, dissolving, coated, and hydrogel-forming microneedles are 

discussed, along with their structures, materials, and fabrication methods. Applications in drug delivery, 

vaccination, diagnostics, and cosmetic treatments are explored, with an emphasis on emerging and novel uses. The 

review highlights the advantages of microneedle technology, including enhanced patient compliance, improved 

drug absorption, and reduced pain, as well as challenges such as manufacturing scalability and regulatory approval. 

Fabrication techniques, biocompatibility, safety issues, clinical translation, and commercialization aspects are 

examined, along with future directions and emerging trends such as multifunctional microneedles and personalized 

medicine. Overall, microneedle technology holds tremendous promise for revolutionizing healthcare and 

biomedical engineering, but further research and development are required to address current challenges and 

realize its full potential. 

Keywords: Microneedles, drug delivery, vaccination, diagnostics, fabrication techniques, biocompatibility, 

clinical translation, future perspectives. 

 

1. INTRODUCTION 

1.1. Definition and Overview of Microneedle 

Technology: 

Microneedle technology represents a breakthrough in 

drug delivery and biomedical engineering, offering a 

minimally invasive approach to administer therapeutics, 

vaccines, and diagnostics through the skin. These micron-

scale structures, typically ranging from hundreds of 

micrometers to a few millimeters in length, puncture the 

outermost layer of the skin, known as the stratum corneum, 

to facilitate the delivery of bioactive compounds. 

Microneedles can be categorized into various types, 

including solid, hollow, dissolving, coated, and hydrogel-

forming microneedles, each designed to address specific 

applications and requirements. 

The development of microneedles has garnered 

significant interest due to their potential to overcome 

limitations associated with traditional drug delivery methods, 

such as oral administration and injections(1). They offer 

several advantages, including enhanced patient compliance, 

improved drug absorption, reduced pain and discomfort, and 

the ability to deliver a wide range of therapeutics, including 

small molecules, proteins, nucleic acids, and vaccines. 

mailto:mohammednawaz151@gmail.com
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Moreover, microneedles have shown promise in enabling 

targeted and controlled delivery of drugs, thereby minimizing 

systemic exposure and side effects(2). 

1.2. Importance of Microneedles in Biomedical 

Engineering 

Microneedles play a pivotal role in advancing 

biomedical engineering by offering innovative solutions to 

longstanding challenges in drug delivery and 

healthcare(3). Their importance stems from their ability to 

overcome the limitations of traditional delivery methods, 

such as oral administration and injections, by providing a 

minimally invasive and targeted approach for delivering 

therapeutics, vaccines, and diagnostics. This capability has 

significant implications for improving patient compliance, 

enhancing drug efficacy, and reducing side effects. In 

biomedical engineering, microneedles serve as versatile 

tools for delivering a wide range of substances, including 

small molecules, proteins, nucleic acids, and vaccines, 

across diverse patient populations and medical contexts. 

Their adaptability enables tailored approaches to address 

specific healthcare needs, such as personalized medicine, 

where precise dosing and targeted delivery are critical. 

Moreover, microneedles contribute to the development of 

wearable and implantable medical devices, enabling 

continuous monitoring and treatment of chronic 

conditions(4). Their integration with advanced materials, 

biosensors, and microelectronics opens new avenues for 

real-time diagnostics, therapy monitoring, and feedback-

controlled drug delivery systems. 

 

2. TYPES OF MICRONEEDLES 

2.1. Solid Microneedles       

Solid microneedles represent a significant 

advancement in drug delivery technology, offering a 

minimally invasive approach for transdermal delivery of 

therapeutics, vaccines, and diagnostics. These micron-

scale structures, typically made of biocompatible materials 

such as silicon, polymers, or metals, feature sharp tips 

designed to penetrate the skin's outermost layer, the 

stratum corneum, without causing pain or tissue damage. 

Solid microneedles function by creating microchannels in 

the skin, allowing drugs to permeate through and reach the 

underlying tissue or systemic circulation. Unlike 

traditional hypodermic needles, solid microneedles do not 

require specialized handling or disposal procedures, 

making them safer and more convenient for both patients 

and healthcare providers. Furthermore, they offer precise 

control over drug dosage and release kinetics, enabling 

tailored treatment regimens and improved therapeutic 

outcomes. Solid microneedles have shown promise in a 

variety of applications, including insulin delivery for 

diabetes management, vaccination against infectious 

diseases, and transdermal administration of biologics and 

small molecules. Ongoing research aims to optimize 

microneedle design, fabrication techniques, and drug 

formulations to enhance their efficacy, stability, and 

patient acceptability(5). 

2.2. Hollow Microneedles 

Hollow microneedles are innovative devices designed 

to overcome the limitations of traditional injections by 

providing a minimally invasive and painless method for 

delivering drugs, vaccines, and other bioactive 

compounds. Unlike solid microneedles, hollow 

microneedles feature channels or lumens that allow fluids 

to be delivered directly into the skin or withdrawn from the 

body. These micron-scale needles, typically made of 

materials like silicon, polymers, or metals, offer several 

advantages, including precise control over drug dosage 

and delivery kinetics, reduced tissue damage, and 

improved patient comfort. Hollow microneedles can be 

used to administer a wide range of substances, including 

small molecules, biologics, and nanoparticles, with 

applications spanning from local anaesthesia and insulin 

delivery to vaccination and diagnostic sampling. The 

versatility of hollow microneedles makes them promising 

tools for various medical applications, including point-of-

care diagnostics, continuous monitoring, and targeted drug 

delivery. Ongoing research focuses on optimizing 
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microneedle design, fabrication methods, and integration 

with advanced technologies such as microfluidics and 

biosensors to enhance their performance and 

functionality(6, 7). 

2.3. Dissolving Microneedles 

Dissolving microneedles are an innovative drug delivery 

technology that offers a painless and convenient approach for 

administering therapeutics, vaccines, and diagnostics. These 

micron-scale needles are typically composed of 

biocompatible polymers or sugar-based materials and are 

designed to dissolve or disintegrate upon insertion into the 

skin, releasing encapsulated drugs or payloads. Dissolving 

microneedles offer several advantages over traditional 

delivery methods, including improved patient compliance, 

reduced risk of needlestick injuries, and simplified disposal 

procedures. By bypassing the skin's stratum corneum and 

directly delivering drugs into the epidermis or dermis, they 

enable enhanced drug absorption and bioavailability, leading 

to improved therapeutic outcomes. These microneedles can 

be tailored to accommodate a wide range of drugs, including 

small molecules, biologics, and vaccines, with precise control 

over drug release kinetics and dosage. They have shown 

promise in various applications, such as pain management, 

vaccination campaigns, and point-of-care diagnostics, where 

their ease of use and rapid onset of action offer significant 

advantages(7). 

2.4. Coated Microneedles 

Coated microneedles are a cutting-edge drug delivery 

technology designed to enhance the efficiency and 

precision of transdermal drug delivery. These micron-

scale needles are typically fabricated from biocompatible 

materials such as polymers or metals and are coated with 

drug-loaded or functionalized layers. The coating on these 

microneedles serves multiple purposes, including 

protecting the drug payload from degradation, controlling 

drug release kinetics, and targeting specific sites within the 

skin. Additionally, coatings can be engineered to enhance 

the mechanical properties of the microneedles, facilitating 

their insertion into the skin and ensuring optimal drug 

delivery(8). Coated microneedles offer several advantages 

over traditional delivery methods, including improved 

patient comfort, reduced risk of tissue damage, and 

enhanced bioavailability of drugs. By bypassing the skin's 

protective barrier and directly delivering drugs into the 

dermis or systemic circulation, they enable rapid onset of 

action and precise control over drug dosage. These 

microneedles have shown promise in a wide range of 

applications, including the delivery of small molecules, 

biologics, and vaccines, as well as in diagnostics and 

cosmetic treatments. Ongoing research in coated 

microneedles focuses on optimizing coating formulations, 

enhancing drug stability, and expanding their applicability 

to various therapeutic areas(8). 

2.5. Hydrogel-forming Microneedles 

Hydrogel-forming microneedles represent an innovative 

approach to transdermal drug delivery, combining the 

advantages of microneedle technology with the properties of 

hydrogels. These micron-scale needles are typically 

fabricated from biocompatible polymers that can absorb 

water and swell upon insertion into the skin, forming a 

hydrogel matrix that encapsulates and releases drugs. The 

unique properties of hydrogel-forming microneedles offer 

several advantages over conventional drug delivery methods. 

They provide a painless and minimally invasive approach for 

administering therapeutics, vaccines, and diagnostics, while 

also enabling controlled and sustained release of drugs over 

time. The hydrogel matrix formed within the skin enhances 

drug bioavailability and tissue penetration, leading to 

improved therapeutic efficacy. Hydrogel-forming 

microneedles are highly versatile and can be tailored to 

accommodate a wide range of drugs, including small 

molecules, biologics, and nanoparticles. They have shown 

promise in various applications, such as chronic disease 

management, vaccination campaigns, and cosmetic 

treatments, where their ease of use and precise drug delivery 

offer significant advantages(9). 
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2.6. Comparison of Different Microneedle Types 

 

Table No:1 A Comprehensive Review of Microneedle Technologies for Transdermal Drug Delivery 

Microneedle 

Type 
Structure Material 

Drug Delivery 

Mechanism 
Advantages Disadvantages 

Solid 

Microneedles 

Micron-scale solid 

needles 

Silicon, 

polymers, 

metals 

Penetration of 

stratum corneum, 

drug diffusion 

Simple 

fabrication, 

mechanical 

strength 

Limited drug 

payload capacity, 

single-use only 

Hollow 

Microneedles 

Micron-scale 

needles with lumens 

Silicon, 

polymers, 

metals 

Fluid delivery or 

extraction 

Precise dosing, 

versatile 

applications 

Risk of clogging, 

complex 

fabrication 

Dissolving 

Microneedles 

Micron-scale 

needles with 

dissolvable matrix 

Biocompatible 

polymers, 

sugars 

Drug 

encapsulation and 

release upon 

dissolution 

Pain-free 

application, 

enhanced 

bioavailability 

Limited drug 

stability, 

formulation 

challenges 

Coated 

Microneedles 

Micron-scale 

needles with drug-

loaded or 

functionalized 

coatings 

Silicon, 

polymers, 

metals 

Controlled drug 

release, protection 

from degradation 

Enhanced drug 

stability, targeted 

delivery 

Coating 

uniformity, 

potential 

delamination 

Hydrogel-

forming 

Microneedles 

Micron-scale 

needles forming 

hydrogel matrix 

upon insertion 

Biocompatible 

polymers 

Drug 

encapsulation and 

sustained release 

Enhanced tissue 

penetration, 

prolonged drug 

release 

Hydrogel swelling, 

fabrication 

complexity 

 

3. FABRICATION TECHNIQUES FOR 

MICRONEEDLES 

3.1. Micromolding 

Micromolding is a versatile and scalable fabrication 

technique used in the production of microneedles and other 

microscale structures(9). It involves the replication of 

micrometer-sized features from a master mold onto a 

substrate, typically using elastomeric materials such as 

polydimethylsiloxane (PDMS) or thermoplastics like 

polycarbonate or poly (methyl methacrylate) (PMMA). 

The process begins with the creation of a master mold, 

often fabricated using photolithography or other 

micromachining techniques. This master mold contains 

the desired microneedle geometry and is used as a template 

for replication. Liquid polymer precursor material is then 

poured or injected into the mold, where it undergoes curing 

or solidification to form the microneedle structures. After 

solidification, the molded substrate is demolded, resulting 

in an array of microneedles with precise dimensions and 

geometries(10). Micromolding offers several advantages, 

including high throughput, cost-effectiveness, and the 

ability to produce intricate microstructures with high 

fidelity(11). It is widely used in research and industry for 

the fabrication of microneedle arrays, microfluidic 

devices, lab-on-a-chip systems, and other microscale 

components for biomedical, pharmaceutical, and 

diagnostic applications(12). 

3.2. Lithography 

Lithography is a fundamental technique in 

microfabrication used to pattern and transfer geometric 

features onto substrates with high precision and 

resolution(13). It encompasses a variety of methods, 

including photolithography, electron beam lithography 

(EBL)(14), and nanoimprint lithography (NIL)(15), each 

with its own unique advantages and applications. In 

photolithography, a photosensitive resist is deposited onto 
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a substrate and exposed to ultraviolet (UV) light 

through a mask containing the desired pattern. The 

exposed regions of the resist undergo a chemical 

change, allowing selective removal of the unexposed 

regions through development, leaving behind the 

patterned features. Electron beam lithography (EBL) 

utilizes a focused beam of electrons to directly write 

patterns onto a substrate coated with a resist material. 

This technique offers unparalleled resolution and 

flexibility, making it ideal for prototyping and research 

applications requiring nanoscale features(14). 

Nanoimprint lithography (NIL) involves pressing a 

stamp or mold containing the desired pattern into a 

thermoplastic resist on a substrate, transferring the 

pattern through mechanical deformation. NIL is capable 

of producing high-resolution patterns over large areas 

and is used in the fabrication of microfluidic devices, 

optical components, and nanoelectronics(15). 

3.3. Laser Ablation 

Laser ablation is a versatile technique used in 

various fields, including materials science, 

microfabrication, and biomedical engineering, to 

precisely remove or modify material from a target 

surface using a laser beam(16). In laser ablation, a 

focused laser beam is directed onto the surface of the 

material, generating a high-intensity energy pulse that 

causes rapid heating and vaporization of the target 

material. The process of laser ablation can be used for 

various purposes, including cutting, drilling, patterning, 

and surface modification(17). It offers several 

advantages over traditional machining methods, 

including minimal heat-affected zones, high precision, 

and the ability to process a wide range of materials, 

including metals, ceramics, polymers, and biological 

tissues. Laser ablation is widely used in 

microfabrication processes such as micro structuring of 

semiconductor devices, fabrication of microfluidic 

channels, and patterning of biomaterials for tissue 

engineering applications(18). Additionally, it finds 

applications in biomedical research and clinical practice 

for procedures such as laser ablation therapy for cancer 

treatment, laser-assisted drug delivery, and laser-based 

diagnostics. 

3.4. 3D Printing 

3D printing, also known as additive manufacturing, 

is a transformative technology that enables the 

fabrication of three-dimensional objects layer by layer 

from digital design data(19). It offers unprecedented 

flexibility, speed, and customization compared to 

traditional manufacturing methods, making it 

increasingly popular across various industries, 

including aerospace, automotive, healthcare, and 

consumer goods(20). This digital model is then sliced 

into thin layers, and the 3D printer builds the object 

layer by layer, typically using materials such as plastics, 

metals, ceramics, or biomaterials. 3D printing offers 

several advantages, including rapid prototyping, cost-

effectiveness for low-volume production, and design 

freedom to create complex geometries and customized 

parts. It also enables on-demand manufacturing, 

reducing lead times and waste compared to traditional 

manufacturing methods. In healthcare, 3D printing is 

revolutionizing medical device manufacturing, patient-

specific implants, prosthetics, and anatomical models 

for surgical planning and education(21). In aerospace 

and automotive industries, it enables lightweight and 

complex components with improved performance and 

fuel efficiency. 
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3.5. Advantages and Limitations of Each Technique 

Table No:2 Comparison of Microneedle Fabrication Techniques for Transdermal Drug Delivery Systems 

Technique Advantages Limitations 

Micromolding(22) 1. High throughput production 1. Limited to certain materials and geometries 

 2. Cost-effective fabrication 2. Requires a master mold, which can be time-

consuming and expensive 

 3. Precise control over microneedle 

dimensions and geometries 

3. Limited scalability for mass production 

Lithography(23) 1. High resolution patterning 1. Expensive equipment and infrastructure 

 2. Versatile applications in microfabrication 2. Complex process requiring expertise in 

photolithography or electron beam lithography 

 3. Suitable for prototyping and large-scale 

production 

3. Limited to planar substrates and small area 

patterning 

Laser 

Ablation(24) 

1. Minimal heat-affected zones 1. Limited to certain materials and thicknesses 

 2. High precision and resolution 2. Limited scalability for large-area processing 

 3. Versatile applications in materials 

processing and microfabrication 

3. Potential for thermal damage to surrounding 

materials 

3D Printing 1. Design freedom for complex geometries and 

customization 

1. Limited resolution compared to lithography and 

laser ablation 

 2. Rapid prototyping and on-demand 

manufacturing 

2. Material limitations may affect mechanical 

properties and biocompatibility 

 3. Reduced waste and lead times compared to 

traditional manufacturing methods 

3. post-processing may be required for surface 

finishing and dimensional accuracy 

 

4. APPLICATIONS OF MICRONEEDLES 

4.1. Drug Delivery 

Microneedles have emerged as a promising technology 

for drug delivery, offering several advantages over traditional 

methods such as oral administration and injections(25). By 

bypassing the skin's protective barrier, microneedles enable 

precise and targeted delivery of therapeutics, enhancing drug 

absorption and bioavailability while minimizing systemic 

side effects. This makes them particularly suitable for 

delivering drugs with poor oral bioavailability, large 

molecular size, or narrow therapeutic windows. Microneedles 

have shown promise in a wide range of drug delivery 

applications, including the delivery of small molecules, 

biologics, vaccines, and nucleic acids. They have been 

explored for the treatment of various medical conditions such 

as diabetes, cardiovascular diseases, cancer, and infectious 

diseases. Additionally, microneedles offer the potential for 

controlled and sustained release of drugs, enabling prolonged 

therapeutic effects and improved patient compliance. 

Furthermore, microneedle-based drug delivery systems can 

be tailored to specific patient needs, offering personalized 

treatment regimens and dosage adjustments. Ongoing 

research aims to optimize microneedle design, formulation 

strategies, and fabrication techniques to further enhance their 

efficacy, safety, and versatility for drug delivery applications. 

Overall, microneedles hold great promise for revolutionizing 

drug delivery and improving patient outcomes in diverse 

therapeutic areas(26). 

4.2. Vaccination 

Microneedles have emerged as a promising tool for 

vaccination, offering several advantages over traditional 

needle-based methods(27). By delivering vaccines directly 

into the skin's immune-rich layers, microneedles can enhance 

immune responses and improve vaccine efficacy. This is 

particularly advantageous for vaccines requiring enhanced 

immunogenicity or dose sparing. Microneedle-based 

vaccination offers several benefits, including improved 

patient compliance due to painless and minimally invasive 

administration, reduced risk of needlestick injuries for 

healthcare workers, and simplified vaccine administration in 
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resource-limited settings without the need for trained 

personnel or cold chain storage. Furthermore, microneedles 

enable precise control over vaccine delivery, allowing for 

dose optimization, antigen sparing, and the potential for 

combination vaccines. They have been explored for a wide 

range of vaccine targets, including infectious diseases such as 

influenza, measles, and COVID-19, as well as for emerging 

applications in cancer immunotherapy and personalized 

vaccines. Ongoing research aims to further optimize 

microneedle-based vaccination strategies, including vaccine 

stability, scalability, and integration with adjuvants or 

immune-modulating agents to enhance protective immune 

responses. Overall, microneedles hold great promise for 

revolutionizing vaccination efforts and improving global 

health outcomes(28). 

4.3. Diagnostics 

By penetrating the skin's outermost layer, 

microneedles can access interstitial fluid, blood, or other 

biological fluids containing biomarkers indicative of 

various health conditions(29). One of the key advantages 

of microneedle-based diagnostics is their ability to offer a 

less invasive alternative to traditional blood draws, 

reducing patient discomfort and anxiety associated with 

venipuncture. Microneedles also offer advantages in terms 

of sample volume requirements, allowing for smaller 

sample sizes compared to conventional blood collection 

methods. Microneedle-based diagnostic platforms have 

been developed for a wide range of applications, including 

monitoring glucose levels in diabetes management, 

detecting infectious diseases such as malaria and HIV, and 

assessing biomarkers for cancer diagnosis and monitoring. 

Additionally, microneedles have been explored for point-

of-care testing in resource-limited settings, offering rapid 

and cost-effective diagnostic solutions outside of 

laboratory settings(30). 

4.4. Cosmetic Treatments 

Microneedles have emerged as a novel approach in the 

field of cosmetic treatments, offering minimally invasive and 

effective solutions for various skin conditions and aesthetic 

enhancements(31). By creating microchannels in the skin's 

surface, microneedles facilitate the delivery of 

cosmeceuticals, such as vitamins, peptides, growth factors, 

and hyaluronic acid, directly into the dermis or epidermis, 

where they can exert their beneficial effects. One of the key 

advantages of microneedle-based cosmetic treatments is their 

ability to enhance skin rejuvenation, improve texture, tone, 

and firmness, and address common concerns such as 

wrinkles, acne scars, hyperpigmentation, and stretch marks. 

Microneedling also promotes collagen production and 

enhances the absorption of topical formulations, leading to 

long-lasting improvements in skin health and appearance. 

Microneedle-based cosmetic procedures are versatile and 

customizable, allowing for tailored treatments based on 

individual skin types, concerns, and treatment goals. 

Additionally, microneedling is associated with minimal 

downtime and discomfort, making it a popular choice for 

patients seeking non-surgical and less invasive alternatives to 

traditional cosmetic procedures. 

4.5. Emerging Applications 

Microneedles have expanded beyond traditional 

applications, paving the way for innovative and emerging 

uses across various fields. One such application is in the 

field of biosensing, where microneedles are being explored 

as minimally invasive platforms for continuous monitoring 

of biomarkers in interstitial fluid or blood. These 

biosensing microneedles can detect analytes such as 

glucose, lactate, and ions, offering real-time monitoring 

for disease management, athletic performance 

optimization, and personalized healthcare. Another 

emerging application of microneedles is in the field of 

tissue engineering and regenerative medicine. 

Microneedles are being investigated as delivery vehicles 

for bioactive molecules, stem cells, and growth factors to 

promote tissue regeneration and wound healing(32). They 

offer precise control over the spatial distribution and 

release kinetics of therapeutic agents, enhancing tissue 

repair and regeneration in various clinical settings. 

Additionally, microneedles are being explored for drug 
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delivery to specialized tissues and organs, such as the eye, 

inner ear, and brain, where traditional delivery methods 

face challenges in accessing targeted sites. These targeted 

delivery approaches hold promise for treating ocular 

diseases, hearing disorders, and neurological conditions 

with improved efficacy and reduced side effects. 

4.6. Case Studies Highlighting Successful 

Applications 

Case studies showcasing successful applications of 

microneedles underscore their versatility and efficacy 

across various fields. In one notable example, 

microneedle-based influenza vaccination demonstrated 

improved immune responses compared to traditional 

intramuscular injection, highlighting the potential of 

microneedles for enhancing vaccine efficacy and 

compliance. In another case, microneedle patches loaded 

with lidocaine provided effective local anaesthesia for 

minor dermatological procedures, offering a painless and 

convenient alternative to needle-based anaesthesia. This 

demonstrates the utility of microneedles in pain 

management and procedural care. Furthermore, 

microneedle-based delivery of anti-inflammatory drugs 

has shown promising results in treating inflammatory skin 

conditions such as psoriasis and atopic dermatitis, offering 

targeted and localized therapy with reduced systemic side 

effects. In the field of biosensing, microneedle-based 

glucose monitoring systems have enabled continuous 

glucose monitoring for diabetes management, improving 

patient outcomes and quality of life(33). 

 

5. ADVANTAGES AND CHALLENGES OF 

MICRONEEDLE TECHNOLOGY 

5.1. Advantages: 

5.1.1. Improved Patient Compliance 

Microneedle technology offers several advantages that 

contribute to improved patient compliance in various 

healthcare applications. Firstly, microneedles provide a 

less invasive and painless alternative to traditional needle-

based methods, reducing patient anxiety and fear 

associated with injections(34). This painless 

administration can alleviate needle phobia, particularly in 

pediatric and needle-sensitive populations, enhancing 

overall treatment adherence. Moreover, microneedles 

eliminate the need for healthcare professionals to 

administer injections, empowering patients to self-

administer medications at home. This convenience 

promotes patient autonomy, reduces healthcare burdens, 

and increases treatment accessibility, especially for 

chronic conditions requiring frequent injections. 

Additionally, microneedles enable precise and controlled 

drug delivery, ensuring accurate dosing and minimizing 

medication errors. This reliability enhances treatment 

efficacy and reduces the risk of adverse reactions, fostering 

patient trust in the therapeutic regimen. Furthermore, the 

simplicity of microneedle-based delivery systems 

facilitates user-friendly interfaces, making them suitable 

for point-of-care applications and remote healthcare 

settings. This accessibility encourages patient engagement 

and facilitates continuous monitoring and management of 

health conditions. 

5.1.2. Enhanced Drug Absorption 

Microneedle technology offers significant advantages 

in enhancing drug absorption, revolutionizing drug 

delivery across various medical fields. By bypassing the 

skin's protective barrier, microneedles create 

microchannels that facilitate the direct delivery of 

therapeutics into the underlying dermis or systemic 

circulation, thereby improving drug absorption and 

bioavailability. One key advantage of microneedles is their 

ability to enhance the permeation of drugs, particularly 

macromolecules like proteins and peptides, which 

typically have poor transdermal absorption. The 

microneedle-mediated delivery enables these drugs to 

bypass enzymatic degradation in the gastrointestinal tract 

and first-pass metabolism in the liver, resulting in 

increased systemic exposure and therapeutic efficacy(35). 

Moreover, microneedles offer precise control over drug 

delivery kinetics, enabling tailored release profiles to 
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optimize drug absorption and maintain therapeutic 

concentrations over extended periods. This controlled 

release capability reduces the frequency of dosing and 

enhances patient compliance, particularly for medications 

requiring frequent administration. Furthermore, 

microneedles can improve drug absorption in patients with 

compromised skin barrier function, such as the elderly or 

those with dermatological conditions, offering new 

therapeutic options and improving treatment outcomes 

5.1.3. Reduced Pain and Discomfort 

Microneedle technology offers a significant advantage 

in reducing pain and discomfort associated with drug 

delivery and medical procedures, enhancing patient 

comfort and compliance. Traditional needle-based 

methods often cause pain, fear, and anxiety in patients, 

particularly in paediatric and needle-phobic populations. 

Microneedles provide a minimally invasive and virtually 

painless alternative, as their micrometer-scale dimensions 

enable gentle penetration of the skin without stimulating 

pain receptors or nerve endings. Furthermore, the design 

of microneedles, with their fine and tapered structures, 

minimizes tissue trauma and damage, further reducing 

discomfort during insertion. This gentle approach to drug 

delivery enhances patient acceptance and adherence to 

treatment regimens, particularly for individuals requiring 

frequent injections or long-term therapy. Moreover, 

microneedle-based delivery systems can be engineered to 

incorporate pain-reducing techniques, such as topical 

anaesthetics or vibration stimulation, further mitigating 

discomfort during administration. Additionally, the 

elimination of needle-related phobia and anxiety enhances 

patient satisfaction and trust in the healthcare provider, 

fostering positive therapeutic relationships and improving 

overall treatment outcomes(36). 

5.2. Challenges 

5.2.1. Manufacturing Scalability 

Manufacturing scalability poses a significant challenge 

in the widespread adoption of microneedle technology for 

mass production and commercialization. While 

microneedles offer promising advantages in drug delivery, 

diagnostics, and other applications, their fabrication 

processes often require precise and intricate manufacturing 

techniques that may not be easily scalable to large 

volumes. Traditional micromolding and lithography 

methods used for microneedle fabrication are typically 

labor-intensive and time-consuming, making them 

unsuitable for high-throughput production(37). 

Additionally, these techniques may require expensive 

equipment and specialized expertise, further limiting 

scalability and increasing manufacturing costs. 

Furthermore, maintaining consistency and quality control 

in microneedle fabrication at scale presents additional 

challenges. Variations in material properties, microneedle 

geometries, and manufacturing processes can affect the 

performance and reliability of microneedle devices, posing 

challenges in achieving reproducibility and uniformity 

across large production batches. Addressing 

manufacturing scalability challenges requires the 

development of innovative fabrication techniques and 

scalable manufacturing processes tailored to microneedle 

production. Emerging approaches such as roll-to-roll 

manufacturing, additive manufacturing, and microfluidic-

based fabrication offer promising solutions for high-

throughput production of microneedle arrays while 

maintaining precision and quality control. 

5.2.2. Skin Penetration Depth Control 

Skin penetration depth control is a critical challenge in 

microneedle technology, as it directly impacts the efficacy, 

safety, and reproducibility of drug delivery and other 

applications. Achieving precise control over the 

penetration depth of microneedles is essential to ensure 

optimal delivery of therapeutics while minimizing tissue 

damage and discomfort. One of the main challenges lies in 

designing microneedles that can reliably penetrate the skin 

to the desired depth without causing pain or injury. 

Variations in skin thickness, elasticity, and composition 

among individuals present additional complexities in 

achieving consistent penetration depths across diverse 
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patient populations. Moreover, factors such as 

microneedle geometry, material properties, insertion 

speed, and application force influence the penetration 

depth and must be carefully optimized to ensure accurate 

and controlled delivery of drugs or sampling of biological 

fluids. Addressing the challenge of skin penetration depth 

control requires interdisciplinary approaches combining 

engineering, materials science, and dermatology(38). 

Advances in microneedle design, fabrication techniques, 

and insertion methods, along with computational modeling 

and in vivo testing, are essential for developing 

microneedle devices with improved penetration depth 

control and reproducibility. 

5.2.3. Regulatory Approval and Safety Concerns 

Regulatory approval and safety concerns represent 

significant challenges in the widespread adoption of 

microneedle technology for clinical and commercial 

applications. While microneedles offer promising 

advantages in drug delivery, diagnostics, and other 

biomedical fields, ensuring their safety, efficacy, and 

regulatory compliance is paramount for successful 

translation into clinical practice. One of the main 

challenges is establishing the safety profile of microneedle 

devices, particularly regarding their potential for skin 

irritation, allergic reactions, and infection risk. 

Microneedle materials and coatings must be thoroughly 

evaluated for biocompatibility, stability, and long-term 

safety to mitigate adverse effects on patients. Additionally, 

achieving regulatory approval for microneedle-based 

products requires adherence to stringent standards and 

guidelines set forth by regulatory agencies such as the 

FDA and EMA. Demonstrating the quality, safety, and 

performance of microneedle devices through preclinical 

studies, clinical trials, and comprehensive regulatory 

submissions is essential but often complex and time-

consuming. Furthermore, the evolving nature of 

microneedle technology, with innovations in materials, 

designs, and applications, poses challenges in establishing 

standardized testing protocols and regulatory pathways for 

product approval. Addressing these challenges requires 

collaboration among researchers, clinicians, regulatory 

agencies, and industry stakeholders to develop robust 

safety assessment methodologies, streamline regulatory 

processes, and establish clear guidelines for microneedle-

based products(39). 

 

6. BIOCOMPATIBILITY AND SAFETY 

CONSIDERATIONS 

6.1. Skin Irritation and Tissue Response 

Biocompatibility and safety considerations are 

paramount in the development of microneedle technology, 

particularly regarding skin irritation and tissue response. 

While microneedles offer a minimally invasive approach 

to drug delivery and diagnostics, ensuring their 

compatibility with the skin and tissues is crucial for 

avoiding adverse reactions and promoting patient safety. 

Skin irritation and tissue response are primary concerns 

when assessing the biocompatibility of microneedle 

devices. The insertion of microneedles into the skin can 

elicit local tissue reactions, including erythema, edema, 

inflammation, and discomfort. These responses may vary 

depending on factors such as microneedle design, 

materials, insertion depth, and application duration. To 

mitigate skin irritation and tissue response, thorough 

preclinical evaluation of microneedle devices is essential. 

This involves conducting in vitro and in vivo studies to 

assess the biocompatibility, cytotoxicity, and 

immunogenicity of microneedle materials and 

formulations. Additionally, histological analysis of skin 

tissue following microneedle insertion provides valuable 

insights into the tissue response and inflammatory 

reactions. Furthermore, optimizing microneedle design 

and fabrication processes can help minimize tissue trauma 

and irritation during insertion. Strategies such as tapering 

microneedle tips, selecting biocompatible materials, and 

incorporating anti-inflammatory coatings can enhance the 

safety and tolerability of microneedle devices(40). 
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6.2. Infection Risk and Sterility 

Biocompatibility and safety considerations extend 

beyond skin irritation to include infection risk and 

sterility in microneedle technology. Despite their 

minimally invasive nature, microneedle devices present 

a potential risk of infection due to their penetration of 

the skin barrier, making sterility a crucial aspect of their 

design and manufacturing process(41). To mitigate this 

risk, microneedle devices must undergo rigorous 

sterilization procedures to ensure the absence of 

pathogens and contaminants. Sterilization methods such 

as gamma irradiation, ethylene oxide gas, or 

autoclaving are commonly employed to achieve sterility 

while maintaining the integrity and functionality of 

microneedle materials. Additionally, the design of 

microneedle devices should incorporate features to 

minimize the risk of infection, such as smooth surfaces, 

aseptic handling procedures, and sterile packaging. 

Furthermore, maintaining strict quality control 

measures throughout the manufacturing process is 

essential to prevent microbial contamination and ensure 

product safety and efficacy. By addressing infection 

risk and maintaining sterility, microneedle technology 

can uphold patient safety and promote confidence in its 

use for drug delivery, diagnostics, and other biomedical 

applications(42). Ensuring compliance with regulatory 

standards and guidelines for sterilization and aseptic 

processing is essential for achieving regulatory 

approval and market acceptance of microneedle-based 

products. 

 

 

 

6.3. Immune Responses and Allergic Reactions 

Biocompatibility and safety considerations in 

microneedle technology extend to immune responses 

and allergic reactions, crucial factors that can impact the 

safety and efficacy of microneedle-based device(43). 

Immune responses to microneedles may manifest as 

local inflammation, immune cell infiltration, or 

systemic immune activation. Factors such as 

microneedle design, materials, and insertion depth can 

influence the magnitude and nature of immune 

responses. While mild inflammatory responses are 

common and typically resolve spontaneously, excessive 

or prolonged inflammation may compromise treatment 

outcomes and patient comfort. Allergic reactions to 

microneedle materials or components present another 

concern, particularly for individuals with known 

allergies or sensitivities. Certain materials used in 

microneedle fabrication, such as metals, polymers, or 

adhesives, may trigger allergic responses ranging from 

localized dermatitis to systemic hypersensitivity 

reactions. To mitigate immune responses and allergic 

reactions, thorough biocompatibility testing of 

microneedle materials and formulations is essential. 

Preclinical studies assessing immune compatibility, 

hypersensitivity reactions, and inflammatory markers 

can provide valuable insights into the safety profile of 

microneedle devices. Additionally, careful selection of 

biocompatible materials and coatings, along with 

adherence to regulatory guidelines for medical device 

safety, can help minimize the risk of adverse immune 

reactions and ensure the safe use of microneedle 

technology in clinical practice(44). 
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6.4. Strategies for Enhancing Biocompatibility and Safety 

 

Table No:3 Advancements in Biocompatible Microneedle Technologies: Strategies for Enhanced Safety and 

Efficacy 

Strategy Description 

Material 

Selection 

Choose biocompatible materials for microneedle fabrication, such as medical-grade polymers 

(e.g., polylactic acid, polyethylene glycol), biodegradable materials (e.g., hyaluronic acid, 

gelatin), or metals (e.g., stainless steel, titanium) to minimize adverse tissue reactions and allergic 

responses. 

Surface 

Modification 

Apply coatings or surface treatments to microneedles to enhance biocompatibility and reduce 

tissue irritation. Examples include hydrophilic coatings to improve insertion and reduce friction, 

anti-inflammatory coatings to mitigate immune responses, or antimicrobial coatings to prevent 

infection risk. 

Sterilization 

Techniques 

Implement sterilization methods such as gamma irradiation, ethylene oxide gas, or autoclaving 

to achieve sterility and ensure the absence of pathogens and contaminants on microneedle 

devices. Maintain strict quality control measures throughout the sterilization process to preserve 

microneedle integrity and functionality. 

Design 

Optimization 

Optimize microneedle design parameters, including length, diameter, aspect ratio, and tip 

geometry, to minimize tissue trauma, enhance insertion efficiency, and improve patient comfort. 

Consider factors such as needle tapering, bevel angle, and spacing to optimize penetration depth 

and reduce pain during insertion. 

Preclinical 

Testing 

Conduct comprehensive biocompatibility testing using in vitro and in vivo models to evaluate 

the safety profile of microneedle materials and formulations. Assess parameters such as 

cytotoxicity, inflammation, immune compatibility, and tissue response to identify potential 

adverse effects and ensure regulatory compliance. 

Regulatory 

Compliance 

Adhere to regulatory standards and guidelines set forth by regulatory agencies (e.g., FDA, EMA) 

for medical device safety and biocompatibility. Ensure compliance with Good Manufacturing 

Practices (GMP) and ISO standards throughout the design, manufacturing, and testing of 

microneedle-based products. 

 

7. CLINICAL TRANSLATION AND 

COMMERCIALIZATION 

7.1. Current Status of Microneedle Technologies in 

Clinical Trials 

Microneedle technologies have gained significant 

traction in clinical trials across various medical fields, 

reflecting their potential to revolutionize drug delivery, 

diagnostics, and therapeutic interventions. As of [current 

year], numerous clinical trials are underway to evaluate the 

safety, efficacy, and feasibility of microneedle-based 

devices in diverse patient populations and applications. In 

drug delivery, clinical trials are investigating microneedle 

patches for transdermal delivery of vaccines, insulin, 

contraceptives, and other medications, aiming to improve 

patient compliance, reduce pain, and enhance therapeutic 

outcomes. Additionally, microneedle-based systems are 

being evaluated for targeted delivery to specialized tissues 

and organs, such as the eye, inner ear, and mucosal 

surfaces, to address unmet clinical needs and overcome 

barriers to conventional drug administration routes. In 

offering potential advancements in disease management 

and personalized healthcare(45). 

7.2. Commercial Products and Market Trends 

Commercial products incorporating microneedle 

technology have witnessed significant growth and 

diversification in recent years, reflecting increasing demand 

for minimally invasive drug delivery, diagnostics, and 

cosmetic treatments. Microneedle-based patches, devices, 

and systems are now available across various market 

segments, with notable advancements in pharmaceuticals, 
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healthcare, and personal care industries. In the pharmaceutical 

sector, microneedle patches for transdermal drug delivery 

have garnered considerable attention for their potential to 

improve patient compliance and therapeutic outcomes(46). 

Commercial products include patches for insulin delivery, 

vaccination, pain management, and hormone therapy, 

catering to diverse patient needs and treatment regimens. In 

healthcare, microneedle-based biosensing platforms have 

emerged as valuable tools for continuous monitoring of 

biomarkers, offering real-time insights into health status and 

disease management. Commercial products encompass 

wearable sensors for glucose monitoring, lactate monitoring, 

and other diagnostic applications, enabling personalized 

healthcare solutions and remote patient monitoring. In the 

personal care industry, microneedle-based cosmetic 

treatments have gained popularity for their ability to 

rejuvenate skin, improve texture, and address various 

dermatological concerns. Commercial products include 

microneedle rollers, pens, and patches infused with skincare 

ingredients, offering consumers non-invasive alternatives to 

traditional cosmetic procedures. Market trends indicate 

continued growth and innovation in microneedle technology, 

driven by advancements in materials, fabrication techniques, 

and application domains. As microneedle products become 

increasingly accessible and diversified, they are poised to 

reshape healthcare delivery, diagnostics, and aesthetic 

treatments in the years to come(47). 

7.3. Regulatory Pathways and Approval Processes 

Regulatory pathways and approval processes for 

microneedle-based products are critical considerations in 

ensuring their safety, efficacy, and market accessibility. In 

the United States, the Food and Drug Administration 

(FDA) oversees the regulation of medical devices, 

including microneedle devices, through a rigorous 

premarket approval (PMA) or 510(k) clearance process. 

Classifying microneedle devices based on their intended 

use, risk profile, and technological characteristics is 

essential for determining the appropriate regulatory 

pathway(48). Microneedle devices intended for drug 

delivery or diagnostic purposes may require submission of 

a PMA application, which entails comprehensive 

preclinical and clinical data demonstrating safety, efficacy, 

and quality control. Alternatively, devices with 

substantially equivalent predicates may qualify for 510(k) 

clearance, expediting the approval process. 

Internationally, regulatory approval processes for 

microneedle devices vary by country, with regulatory 

agencies such as the European Medicines Agency (EMA) 

in the European Union and the Pharmaceuticals and 

Medical Devices Agency (PMDA) in Japan overseeing 

medical device approvals. Navigating regulatory pathways 

and approval processes for microneedle-based products 

necessitates close collaboration between manufacturers, 

regulatory consultants, and regulatory agencies(49). 

7.4. Challenges in Scaling Up Production and 

Distribution 

Scaling up production and distribution of microneedle-

based products presents several challenges that must be 

addressed to meet growing demand and ensure widespread 

accessibility. One major challenge is optimizing 

manufacturing processes to achieve high throughput 

production while maintaining product quality and 

consistency. Traditional fabrication methods such as 

micromolding and lithography may be labor-intensive and 

time-consuming, requiring innovative approaches such as 

roll-to-roll manufacturing or automated assembly lines to 

increase efficiency. Additionally, sourcing raw materials 

and components for microneedle production at scale can 

be challenging, particularly for specialized materials or 

coatings. Ensuring a stable and reliable supply chain is 

crucial for uninterrupted manufacturing and timely 

delivery of products to market. Furthermore, establishing 

robust distribution networks and logistics infrastructure is 

essential for reaching diverse healthcare settings and 

consumer markets. Microneedle products may require 

specialized storage conditions or handling procedures, 

adding complexity to distribution channels and inventory 

management. Addressing these challenges requires 
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collaboration between manufacturers, suppliers, 

regulatory agencies, and distribution partners to develop 

scalable production processes, optimize supply chains, and 

implement effective quality control measures. By 

overcoming barriers to scaling up production and 

distribution, microneedle technology can realize its full 

potential in improving healthcare delivery and patient 

outcomes on a global scale(50). 

 

8. FUTURE DIRECTIONS AND EMERGING 

TRENDS 

8.1. Multifunctional Microneedles 

Future directions in microneedle technology are 

increasingly focused on developing multifunctional 

microneedles capable of delivering multiple therapeutic 

agents or performing simultaneous diagnostic and therapeutic 

functions(51). This enables real-time monitoring of 

biomarkers or physiological parameters while delivering 

therapeutic agents, allowing for precise and personalized 

treatment adjustments based on individual patient responses. 

Additionally, multifunctional microneedles are being 

explored for targeted and combinatorial therapy approaches, 

where multiple drugs or therapeutic agents are co-delivered to 

specific tissue targets for synergistic effects or enhanced 

therapeutic outcomes. This strategy holds promise for treating 

complex diseases such as cancer, autoimmune disorders, and 

infectious diseases more effectively while minimizing side 

effects. Furthermore, advancements in materials science, 

microfabrication techniques, and biocompatible coatings are 

driving the development of multifunctional microneedles 

with enhanced capabilities and versatility. These innovations 

are poised to expand the scope of microneedle applications in 

healthcare and pave the way for personalized, patient-centric 

treatment approaches in the future(52). 

8.2. Stimuli-Responsive Systems 

Stimuli-responsive systems represent a promising future 

direction in microneedle technology, offering dynamic and 

adaptive capabilities for targeted drug delivery, diagnostics, 

and tissue engineering applications. These systems are 

designed to respond to specific environmental cues or 

external stimuli, triggering controlled release of therapeutic 

agents or modulation of biological processes in a precise and 

timely manner. One emerging trend is the development of 

stimuli-responsive microneedles that can actively respond to 

physiological changes within the body, such as variations in 

pH, temperature, glucose levels, or enzyme activity(53). By 

incorporating responsive materials or smart coatings into 

microneedle designs, researchers aim to create devices 

capable of on-demand drug release or sensing based on real-

time physiological signals, enabling personalized and 

dynamic treatment regimens. Furthermore, stimuli-

responsive microneedles are being explored for applications 

in tissue engineering and regenerative medicine, where they 

can deliver growth factors, cytokines, or cell therapies in 

response to specific cues within the local tissue 

microenvironment. This approach holds promise for 

enhancing tissue regeneration, wound healing, and functional 

tissue repair in various clinical settings. 

8.3. Personalized Medicine Applications 

Future directions in microneedle technology are 

increasingly oriented towards personalized medicine 

applications, leveraging the unique capabilities of 

microneedles to tailor treatments to individual patient 

needs and characteristics. Personalized medicine aims to 

optimize therapeutic outcomes by considering factors such 

as genetics, lifestyle, and disease state, and microneedle 

technology offers promising avenues for advancing this 

approach(54). One emerging trend is the development of 

personalized drug delivery systems using microneedles, 

where drug formulations and dosages are customized 

based on patient-specific factors. By integrating 

biosensing capabilities or utilizing patient-specific data, 

such as biomarker levels or genetic information, 

microneedle devices can deliver precise doses of 

therapeutics at optimal times, maximizing efficacy while 

minimizing side effects. Additionally, microneedles are 

being explored for point-of-care diagnostics and 

monitoring applications in personalized medicine, 
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enabling real-time assessment of biomarkers, disease 

progression, or treatment responses. These devices offer 

convenient and minimally invasive solutions for 

monitoring chronic conditions, managing medication 

regimens, and facilitating early disease detection. 

Furthermore, advances in materials science and 

microfabrication techniques are driving the development 

of customizable microneedle arrays tailored to individual 

patient needs, such as varying needle lengths, geometries, 

or drug release profiles. This customization enhances 

patient comfort, treatment adherence, and therapeutic 

outcomes, ultimately advancing the paradigm of 

personalized medicine with microneedle technology(55). 

8.4. Integration with Wearable and Implantable Devices 

The integration of microneedle technology with 

wearable and implantable devices represents a promising 

future direction in biomedical engineering, offering 

enhanced capabilities for drug delivery, diagnostics, and 

health monitoring. By combining microneedles with 

wearable or implantable platforms, researchers aim to 

create seamless and unobtrusive solutions for personalized 

healthcare management. One emerging trend is the 

integration of microneedle patches with wearable devices, 

such as smartwatches or adhesive sensors, for continuous 

monitoring of biomarkers or physiological parameters. 

Microneedles embedded within these wearable platforms 

can facilitate minimally invasive sampling of interstitial 

fluid or blood, enabling real-time monitoring of glucose 

levels, lactate levels, or other biomarkers relevant to health 

and disease. Additionally, microneedle-based implantable 

devices are being explored for sustained drug delivery or 

targeted therapy applications. These devices can be 

implanted beneath the skin or within specific tissue targets, 

providing controlled release of therapeutics over extended 

periods while minimizing systemic side effects. 

Integration with wireless communication technologies 

allows for remote programming and monitoring of 

implantable microneedle devices, enhancing patient 

convenience and treatment compliance. 

 

8.5. Potential Impact on Healthcare and Biomedical Engineering 

Table No:4 Transformative Potential of Microneedle Technologies: Advancing Healthcare Delivery and 

Therapeutic Outcomes 

Potential Impact Description 

Enhanced Patient 

Compliance 

Minimally invasive and painless microneedle-based drug delivery and diagnostics promote patient acceptance and 

adherence to treatment regimens, particularly for paediatric and needle-phobic populations, improving therapeutic 

outcomes and healthcare outcomes overall. 

Personalized Medicine Integration of biosensing capabilities and customizable drug delivery profiles enables tailored treatment regimens based on 

individual patient characteristics and disease states, advancing the paradigm of personalized medicine and optimizing 

therapeutic efficacy while minimizing adverse effects. 

Remote Monitoring 

and Telemedicine 

Wearable and implantable microneedle devices facilitate remote monitoring of biomarkers and physiological parameters, 

enabling real-time health assessment and disease management outside traditional healthcare settings. This promotes 

telemedicine and remote patient monitoring, improving access to healthcare and reducing healthcare disparities. 

Targeted and 

Controlled Drug 

Delivery 

Precise control over drug release kinetics and spatial distribution enables targeted delivery of therapeutics to specific tissues 

or organs, minimizing systemic side effects and maximizing therapeutic efficacy. Microneedle-based drug delivery systems 

offer potential advancements in treating localized diseases and overcoming biological barriers to drug delivery. 

Point-of-Care 

Diagnostics 

Microneedle-based biosensing platforms enable rapid and minimally invasive diagnostics at the point of care, facilitating 

early disease detection, monitoring of treatment responses, and management of chronic conditions. This enhances 

healthcare delivery by providing timely and actionable information for clinical decision-making and patient management. 

Tissue Engineering and 

Regenerative Medicine  

Microneedle-based delivery of bioactive molecules, stem cells, and growth factors promotes tissue regeneration and wound 

healing, offering potential applications in tissue engineering and regenerative medicine. Controlled release of therapeutic 

agents enhances tissue repair and regeneration, addressing unmet clinical needs in wound care and tissue reconstruction. 
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9. CONCLUSION 

9.1. Summary of Key Findings and Insights 

The review article provides a comprehensive overview 

of microneedle technology, exploring its evolution, current 

status, and future directions in healthcare and biomedical 

engineering. Key findings highlight the versatility and 

potential impact of microneedle-based devices across 

various applications, including drug delivery, diagnostics, 

tissue engineering, and personalized medicine. 

Microneedle technology offers several advantages, 

including minimally invasive administration, enhanced 

patient compliance, and targeted drug delivery, making it 

a promising tool for improving healthcare delivery and 

patient outcomes. Emerging trends such as multifunctional 

microneedles, stimuli-responsive systems, and integration 

with wearable devices underscore the innovation and 

potential for transformative advancements in personalized 

medicine and remote healthcare monitoring. Challenges 

such as manufacturing scalability, regulatory approval, 

and distribution logistics are also addressed, emphasizing 

the need for continued research and collaboration to 

overcome barriers to widespread adoption and 

commercialization. 

9.2. Implications for Research, Industry, and 

Clinical 

The implications of microneedle technology span 

across research, industry, and clinical practice, shaping the 

landscape of healthcare delivery and biomedical 

innovation. In research, continued exploration of 

microneedle technology holds promise for advancing our 

understanding of drug delivery mechanisms, biomarker 

detection, and tissue engineering. Future research efforts 

should focus on optimizing microneedle designs, 

materials, and fabrication techniques to enhance 

functionality, biocompatibility, and therapeutic efficacy. 

In industry, the commercialization of microneedle-based 

products presents opportunities for growth and innovation 

in pharmaceuticals, medical devices, and biotechnology 

sectors. Industry stakeholders should invest in scalable 

manufacturing processes, quality assurance systems, and 

regulatory compliance to bring microneedle products to 

market and meet growing demand for minimally invasive 

healthcare solutions. In clinical practice, the adoption of 

microneedle technology offers transformative benefits for 

patient care, enabling personalized medicine approaches, 

remote monitoring, and targeted therapy delivery. 

Healthcare providers should integrate microneedle-based 

devices into clinical workflows, leverage their capabilities 

for improved diagnostics and treatment outcomes, and 

educate patients on the benefits of these innovative 

technologies. 

9.3. Future Directions and Recommendations for 

Further Study 

Future directions in microneedle technology present 

exciting opportunities for further study and innovation, 

paving the way for advancements in healthcare delivery, 

biomedical engineering, and patient care. One key area for 

further study is the development of next-generation 

microneedle designs with enhanced functionality and 

versatility. Researchers should explore novel materials, 

fabrication techniques, and coating strategies to optimize 

microneedle performance for specific applications, such as 

targeted drug delivery, biosensing, and tissue engineering. 

Additionally, there is a need for comprehensive preclinical 

and clinical studies to evaluate the safety, efficacy, and 

long-term performance of microneedle-based devices in 

diverse patient populations. Future research efforts should 

focus on addressing challenges such as biocompatibility, 

scalability, and regulatory approval to facilitate translation 

of microneedle technologies from bench to bedside. 

Moreover, interdisciplinary collaborations between 

researchers, engineers, clinicians, and industry partners are 

essential for driving innovation and overcoming technical 

barriers in microneedle technology. Collaborative 

initiatives can accelerate the development of integrated 

microneedle platforms, personalized medicine approaches, 

and point-of-care solutions for improving healthcare 

delivery and patient outcomes. 
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 مراجعة حول القدرة على الاختراق: المشهد الحالي للميكرونيدلز وآفاقها المستقبلية
 

  1يامون  .بي، 1سيفاساي بهارات كومار .ڤي، 1 شيخ فرحين تاج، 1نواز محمد ، 1بوياكاتي محمد رضوان
 

 الهند ،قسم الصيدلانيات، معهد راغافيندرا للتعليم والبحث الصيدلاني، تقاطع كيه. آر. بالي، أنانتابور، تشييادو، أندرا براديش 1
  

 ملخـص
تُعدّ تقنية الإبر الدقيقة نهجًا واعدًا لتوصيل الأدوية والتطعيم والتشخيص والعلاجات التجميلية. تقدم هذه المراجعة نظرة 

قنية الإبر الدقيقة، وتشمل الأنواع المختلفة من الإبر الدقيقة، وتقنيات التصنيع، والتطبيقات، والفوائد، والتحديات، شاملة على ت
واعتبارات السلامة، والترجمة السريرية، وآفاق المستقبل. يتم مناقشة الإبر الدقيقة الصلبة، والمجوفة، والقابلة للذوبان، 

م المائي، إلى جانب بنيتها، والمواد المستخدمة، وأساليب التصنيع. كما يتم استكشاف والمطلية، وتلك المكونة من الهلا
تطبيقات الإبر الدقيقة في توصيل الأدوية، والتطعيم، والتشخيص، والعلاجات التجميلية، مع التركيز على التطبيقات الناشئة 

قة مثل زيادة التقبل من قبل المرضى، وتحسين امتصاص والاستخدامات الجديدة. وتتناول المراجعة مزايا تقنية الإبر الدقي
الدواء، وتقليل الألم، بالإضافة إلى التحديات مثل قابلية التصنيع على نطاق واسع والحصول على الموافقة التنظيمية. يتم 

لتجاري، إلى جانب مناقشة تقنيات التصنيع، والتوافق الحيوي، واعتبارات السلامة، والترجمة السريرية، وجوانب التسويق ا
الاتجاهات المستقبلية مثل الإبر الدقيقة متعددة الوظائف وتطبيقات الطب الشخصي. بشكل عام، تمتلك تقنية الإبر الدقيقة 
وعدًا كبيرًا لإحداث ثورة في الرعاية الصحية والهندسة الطبية الحيوية، لكن لا بد من إجراء المزيد من البحوث والتطوير 

 ات وتحقيق كامل إمكاناتها.لمعالجة التحدي

التشخيص، تقنيات التصنيع، التوافق الحيوي، الترجمة السريرية، الإبر الدقيقة، توصيل الأدوية، التطعيم،  الكلمات الدالة:
 .آفاق المستقبل
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ABSTRACT 
Acute coronary syndrome (ACS) is a serious cardiovascular condition associated with a high mortality rate. It 

typically arises from the rupture of an atherosclerotic plaque leading to thrombus formation and encompasses 

unstable angina (UA) and myocardial infarction (MI). The latter results in myocardial necrosis, which triggers an 

acute inflammatory response that contributes to disease progression. Few studies have explored the diagnostic 

utility of the neutrophil-to-lymphocyte ratio (NLR) as a complementary, inexpensive, and easily performed test 

for diagnosing MI, either alone or in conjunction with creatine kinase-MB (CK-MB). Therefore, this study aimed 

to evaluate the diagnostic accuracy of admission NLR as a biomarker for MI in ACS patients. This cross-sectional 

study included 89 patients with ACS who were admitted to the emergency department of Al-Basel Hospital 

between March 2023 and January 2024. The patients were categorized into two groups: MI (n = 41) and UA (n = 

48). Baseline characteristics and specific inflammatory markers (WBC, neutrophils, lymphocytes, and NLR) were 

assessed and compared between the two groups. Our findings revealed that admission NLR values were 

significantly higher in the MI group compared to the UA group (4.62 vs. 2.56, P < 0.01). Moreover, NLR was 

significantly correlated with CK-MB activity in the MI group (r = 0.45, P < 0.01). A cutoff value of 2.78 for 

admission NLR yielded a sensitivity of 73% and a specificity of 62% for predicting MI in ACS patients. Notably, 

combining CK-MB and NLR measurements improved diagnostic performance, with a sensitivity of 88% and 

specificity of 93%. These findings suggest that a simple biomarker such as NLR could serve an adjunctive role in 

facilitating the diagnosis of MI in patients with ACS. 

Keywords: neutrophil-to-lymphocyte ratio, CK-MB, acute coronary syndrome, myocardial infarction, 

inflammation. 

 

1- INTRODUCTION 

Cardiovascular diseases (CVDs) stand as a major 

global health concern, responsible for an estimated 17.9 

million deaths worldwide [1, 2]. This high mortality rate is 

due to coronary artery disease (CAD), which is the first 

leading cause of global mortalities [3].  

The main hallmark of CAD is atherosclerosis, a 

chronic inflammatory condition that affects the endothelial 

cells of arteries and causes a lipid-rich plaque that could 

enlarge over time, leading to the stenosis of the coronary 

arteries [4, 5]. Some plaques remain stable, others could 

rupture, leading to the formation of coronary thrombosis 

[6]. Thrombosis could cause partial or total occlusion of 

the lumen resulting in the development of acute coronary 

syndrome (ACS). it may present as unstable angina (UA), 

in semi-blockage of the coronary arteries, or myocardial 

infarction (MI), generally corresponding to complete 

occlusion of the coronary arteries and necrosis of 

myocardial cells [7]. 
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Plaque rupture leads to the activation of systemic 

inflammatory response, as evidenced by elevated levels of 

inflammatory biomarkers such as high-sensitive C-

reactive protein (hs-CRP) and tumor necrosis factor α 

(TNF-α) in the peripheral blood of ACS patients [8, 9]. 

This inflammatory response is aggravated by the ischemic 

cellular injury following MI [10]. Studies have shown that 

inflammatory biomarkers, including CRP, IL-1β, ESR, 

and fibrinogen, are elevated in patients with MI compared 

to those in the healthy group [11, 12]. 

The neutrophil-to-lymphocyte ratio (NLR) is also used 

as an indicative biomarker of inflammatory status, it serves 

as an inexpensive, routinely available biomarker derived 

from the absolute neutrophil and lymphocyte counts [13, 

14]. Various studies have emphasized the diagnostic and 

prognostic role of NLR in many diseases, including 

cancer, rheumatoid arthritis, Alzheimer's disease, and 

cardiovascular diseases [15-17]. However, there is a lack 

of research focusing on the utility of NLR as an adjunctive 

tool in the diagnosis of MI, particularly in combination 

with creatine kinase myocardial band isoform (CK-MB).  

CK-MB is an enzyme that is expressed predominately in 

myocardial cells[18]. It persists as a biomarker for MI 

diagnosis especially when cardiac troponin assay is not 

available [19, 20]. This study aimed to investigate the 

individual or combined diagnostic accuracy of admission 

NLR as a biomarker of MI in patients presenting to the 

emergency department with anginal complaints consistent 

with MI. Those complaints are described as acute chest pain 

or discomfort, dyspnoea, or pain in the left or right arm or 

neck/jaw. 

 

2- MATERIALS AND METHODS 

2-1- Study population 

We conducted a cross-sectional study involving a total of 

89 patients diagnosed with ACS (48 with UA and 41 with MI) 

who were admitted to the emergency department of AL-Basel 

Hospital between March 2023 and January 2024. 

The study was conducted according to the Declaration 

of Helsinki and all procedures undertaken in this study 

were approved by the Institutional Board of Tishreen 

University, confirmed by Ethical Approval No.123 dated 

20/09/2022.  

Patients presenting with ACS were initially diagnosed 

based on the presence of persistent and characteristic chest 

pain experienced at rest. Thereafter, the diagnosis was 

confirmed based on electrocardiography (ECG) and CK-

MB measurements. Patients who presented with chest pain 

and subsequently showed no changes in either ECG or CK-

MB were defined as having UA. Diagnosis of MI was 

established when an elevation of CK-MB was noted or 

when characteristic ECG changes, e.g. ST segment 

elevation or T wave inversion was recorded along with the 

presence of stenosis by cardiac coronary catheterization. 

Patients diagnosed with ACS who had either acute or 

chronic infections, autoimmune diseases like rheumatoid 

arthritis or asthma, malignant tumors, or were undergoing 

steroid therapy were excluded from the study. 

Additionally, patients with hyperlipidemia who were 

receiving statin therapy were also excluded. 

2-2- Demographic data 

Demographic information was obtained using a 

standardized questionnaire. Information collected 

encompassed age, sex, current smoking and patient’s 

medical history including diabetes and/or hypertension. 

Systolic blood pressure (SBP) and diastolic blood pressure 

(DBP) were also measured. 

2-3- Laboratory analysis 

Initial blood samples were drained from patients upon 

admission to the emergency unit, and a complete blood 

count (CBC) was performed using EDTA tubes on the 

QUINTUS 5-Part Hematology analyzer. We calculated 

NLR and platelet-to-lymphocyte (PLR) ratios by dividing 

the absolute neutrophil count and platelets count, 

respectively, by the absolute lymphocyte count. 

Biochemical tests for urea, creatinine, CK, and CK-MB 

were performed on BIOSYSTEMS BTS 350 Biochemistry 

analyzer using serum tubes. 
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2-4- Statistical analysis  

The Shapiro-Wilk test was used to check the normality 

distribution of continuous variables. Categorical variables 

were presented as counts and percentages, while 

continuous variables were reported as mean ± standard 

deviation or median and interquartile range (25-75 

percentile). The independent sample t-test and Mann-

Whitney tests were conducted for continuous variables 

(according to their normal distribution), while chi-square 

test was used for categorical variables. Correlations were 

evaluated using Spearman’s correlation test. Variables of 

interest were further analyzed by multivariate regression, 

and results were shown as odds ratio (OR) with 95% 

confidence intervals (CIs). Receiver Operating 

Characteristic (ROC) curve analysis was performed to 

determine the optimal NLR cut-off value with the best 

sensitivity and specificity for predicting MI. Results were 

considered statistically significant when P˂ 0.05. The 

statistical analysis was done using R statistical 

programming language. 

 

3- RESULTS 

The study included 89 patients with ACS, subdivided 

into 41 patients with MI (mean age: 55.9 ± 11.5 years; 73% 

male) and 48 patients with UA (mean age: 56.4 ± 11.2 years; 

62.5% male). No significant differences were observed 

between the two groups in terms of gender distribution, 

smoking status, hypertension, or diabetes. Similarly, there 

were no statistically significant differences in mean age, 

diastolic blood pressure (DBP), systolic blood pressure 

(SBP), serum creatinine, urea, hemoglobin, absolute 

lymphocyte count, platelet count, or platelet-to-lymphocyte 

ratio. In contrast, the MI group exhibited significantly 

higher levels of WBC, absolute and relative neutrophil 

counts, relative lymphocyte count, NLR, CK, and CK-MB 

(P < 0.05), as presented in Table 1. 

 

Table 1. Patients’ baseline characteristics and laboratory findings of MI vs. UA groups. 

 
MI 

N=41 
UA 

N=48 
P-value 

Males count 30 (73%) 30 (62.5%) 0.284 
Smokers count 29 (70.7%) 28 (58.3%) 0.22 
Hypertension 16 (39%) 23 (48%) 0.399 
Diabetes 13 (31.7%) 15 (31.25%) 0.96 
Hyperlipidemia 11 (26.83%) 17 (35.41%) 0.521 
Age (years) 55.9±11.5 56.4±11.2 0.85 
DBP (mmHg) 78.97±21.49 74.75±13.77 0.328 
SBP (mmHg) 122.79±28.95 125.25±17.68 0.662 
Urea  (mg/dL) 37.01±13.61 36.73±12.11 0.92 
Creatinine (mg/dL) 1.08±0.41 1.02±0.22 0.484 
Hemoglobin (g/dL) 13.82±1.72 13.11±1.81 0.072 
Platelets (*103/µL) 249.95±72.49 235.04±56.63 0.311 
WBC (*109/L)+ 11.95(9.8-15.78) 7.7(7-9.8) <0.001* 
Neutrophils (*109/L)+ 9.02(6.3-12.5) 5.2(4.2-7.1) <0.001* 
Neutrophils % 74.87±10.96 66.96±6.91 <0.001* 
Lymphocytes (*109/L)+ 2.05(1.4-2.8) 2.14(1.8-2.6) 0.91 
Lymphocytes% 19.29±9.31 25.83±5.57 <0.001* 
NLR+ 4.62(2.46-6.38) 2.56(1.9-3.4) <0.001* 
PLR+ 116(91.25-148.9) 110.36±(90.6-146.7) 0.546 
CK (U/L)+ 315.5(130.75-520) 87.5(72-121.75) <0.001* 
CK-MB (U/L)+ 32.5(28-49.75) 11(8.8-16.3) <0.001* 
+ Variable are not normally distributed, and expressed as median (interquartile range). 
* The difference is considered statistically significant. 
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Admission NLR showed a significant positive 

correlation with serum CK-MB activity, whereas 

lymphocyte counts demonstrated a negative correlation 

with CK-MB in MI patients (Table 2). 

 

Table 2. Spearman’s correlation coefficients between CK-MB and inflammatory parameters in MI patients. 

 CRP WBC Neutrophils Lymphocytes* NLR* 

CK-MB  

rho 0.243 0.214 0.274 -0.412* 0.456* 

P-value 0.302 0.204 0.101 <0.05* <0.01* 

* Variables are significantly correlated with CK-MB. 

 

Using multivariate logistic regression analysis, higher 

admission NLR values independently predicted MI among 

ACS patients (OR: 2.36, 95% CI: 14-4.5, P < .01; Table 

3). In ROC analysis, a cut-off level of NLR > 2.78 had a 

sensitivity of 73% and a specificity of 62% for predicting 

MI [Area under the ROC curve (AUC) = 0.737, 95% CI: 

0.620-0.852, P < .001; Figure 1]. The sensitivity and 

specificity of CK-MB were calculated to compare results 

with those of NLR, and the threshold value of 25 IU/L was 

selected based on the assay kit used for analysis 

(Biosystems immunoinhibition CK-MB kit “COD 

11792”). As shown in Table 4, adding admission NLR 

measurement to CK-MB analysis demonstrated better 

sensitivity and specificity (0.88 and 0.93, respectively) for 

predicting MI than CK-MB alone (0.78 and 0.87, 

respectively).  

 

Table 3. Multivariate logistic regression analysis for predictors of MI in ACS patients. 

 Predictors Odds Ratio (95%CI) P-value 

NLR 2.35 (1.4-4.5) <0.01* 

CRP 0.95 (0.86-1.02) 0.21 

Age 1 (0.9-1.08) 0.78 

Male gender 2.68 (0.45-19.49) 0.29 

Smoking 3.72 (0.58-36.76) 0.19 

Hyperlipidemia 0.63(0.1-3.37) 0.59 

 

Table 4. Sensitivity, specificity, Positive predictive value (PPV), negative predictive value (NPV) of CK-MB, NLR, 

and CK-MB+NLR for predicting MI in ACS patients. 

NLR+CK-MB NLR CK-MB  

0.88 0.73 0.78 Sensitivity 

0.93 0.622 0.87 Specificity 

0.92 0.57 0.84 PPV 

0.9 0.70 0.82 NPV 
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Figure1: The receiver–operating characteristic curve analysis of NLR for predicting MI. 

 

4- DISCUSSION 

Our study aimed to investigate the significance of NLR 

as an adjunctive biomarker in the diagnosis of MI in 

patients with ACS, in relation to the diagnostic 

performance of CK-MB within the first six hours of 

emergency admission. 

This study showed that white blood cell and neutrophil 

counts were significantly higher in the MI group than in 

the UA group (P <0.01). These results are consistent with 

the research of Marechal et al., who reported a significant 

difference in white blood cell count between patients with 

MI and those with stable and unstable angina. This 

difference was primarily attributed to variations in 

neutrophil count [21]. Likewise, Al-Fartosi et al., found 

that neutrophils were significantly higher in MI and UA 

groups compared to healthy controls, and also elevated in 

the MI group compared to the UA group [22]. Neutrophils 

are thought to participate in the pro-inflammatory response 

that follows the MI [23]. The cellular necrosis of cardiac 

muscle cells observed during MI results in the release of a 

variety of pro- and anti-inflammatory molecules. Of these, 

DAMPs (Damage-Associated Molecular Patterns) are 

nominated to play a crucial role in the inflammatory 

process. DAMPs bind to their receptors on the surface of 

innate immune cells, PRRs (Pattern Recognition 

Receptors), resulting in the induction of pro-inflammatory 

cytokines such as TNF-α and IL-1, which stimulate 

chemotaxis and recruitment of white blood cells to the site 

of necrosis, with neutrophils playing a primary role in the 

inflammatory response [24, 25]. Cellular necrosis is absent 

in UA, which explains the decreased neutrophil count 

compared to the MI. No significant difference was found 

in the number of lymphocytes between the MI and UA 

groups (P > 0.05), although the value was higher in the MI 
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group. This result was also reported by Tahto et al., and 

Marechal et al., who did not find any significant difference 

in absolute lymphocyte counts between the MI and UA 

groups [21, 26]. However, in our study, the difference in 

the relative lymphocyte count between the two groups was 

also investigated, because the higher count of WBC in the 

MI group could mislead the interpretation of the true 

difference in the lymphocyte count. Indeed, the mean 

relative lymphocyte count in the MI group was 

significantly lower than in the UA group (P <0.01). 

Additionally, the relative lymphocyte count was below the 

reference limit in the MI group (19.3%) and within normal 

limits in the UA group (25.8%). 

The role of lymphocytes in the pathogenesis of 

atherosclerosis remains ambiguous. 

Mustafic et al., showed significantly lower relative 

lymphocyte values in patients with ACS compared to stable 

angina but without significant difference in absolute 

lymphocyte count [27]. Another study comparing absolute 

and relative lymphocyte counts between patients with stable 

and unstable angina showed no differences in either 

parameter [28]. These results together with ours imply that MI 

is the main contributor to the downregulation of lymphocytes 

in patients with ACS. To determine the mechanism 

underlying the reduction in lymphocyte count in MI patients, 

in-vivo experiments were conducted on MI-induced mice. 

The study found that MI mice exhibited glandular 

hypertrophy on the first day along with increased 

glucocorticoid production due to activation of the 

hypothalamic-pituitary-adrenal axis [29]. Plasma levels of 

glucocorticoids reduce lymphocyte count in peripheral blood 

by inducing reverse migration of lymphocytes to the bone 

marrow, promoting lymphocyte apoptosis and inhibiting their 

proliferation [29, 30]. We excluded patients undergoing 

steroid therapy because it affects lymphocyte counts. 

Admission NLR has been thoroughly studied as an 

inflammatory biomarker in a wide variety of medical 

conditions, including cardiovascular diseases [31], owing to 

its low cost, ease of measurement, and laboratory availability. 

Inflammation has a key role in ACS context, since 

atherosclerosis, which is the main cause of coronary heart 

disease, develops as a result of the chronic inflammatory 

process in damaged endothelial cells lining the arteries. 

Furthermore, plaque rupture and atherothrombosis trigger an 

acute local and systemic inflammation, that is exacerbated 

after myocardial cellular necrosis [32]. As atherothrombosis 

is an acute inflammatory response involving both innate and 

acquired immunity [33], a biomarker such as NLR which 

combines neutrophils and lymphocytes (representing the 

innate and acquired immunological response, respectively) 

could be considered as a biomarker with prognostic and 

diagnostic value in ACS and MI.  

We found that NLR at admission was significantly 

increased in the MI group compared to the UA group (P < 

0.01) and thus emerged as the biomarker with the strongest 

positive correlation with CK-MB values in patients with 

MI among other inflammatory indicators, i.e. WBC, 

lymphocytes, and neutrophils. In the study of Erturk et al., 

NLR was independently elevated in ACS patients 

compared to controls. Furthermore, the highest levels of 

NLR were observed in patients with STEMI followed by 

NSTEMI and UA. They also found that NLR was 

positively correlated with high-sensitivity troponin (hsTn) 

in ACS patients [34]. The results of our study support the 

above-mentioned conclusions and suggest that NLR could 

be used as an indicator to discriminate different types of 

ACS. Shumilah et al., investigated the diagnostic accuracy 

of NLR, mean platelet volume (MPV), PLR, and 

monocyte-to-lymphocyte ratio (MLR) for ACS, they 

found that NLR is the strongest predictive biomarker for 

ACS, while MLR was not significant [35].  This study 

highlights the diagnostic efficiency of NLR among other 

inflammatory biomarkers derived from complete blood 

count (CBC), thus supporting our choice of NLR as an 

inflammatory biomarker correlated with CK-MB during 

ACS. The mechanism that links MI to NLR involves the 

two phases of inflammation associated with MI: the 

inflammatory phase and the proliferative phase [36]. 
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During the inflammatory phase, neutrophils play a crucial 

role by recruiting macrophages and removing cellular 

debris. Consequently, the neutrophil count in peripheral 

blood positively correlates with infarct size [37]. 

Lymphocytes are vital for myocardial remodeling after MI 

due to their anti-inflammatory properties. However, unlike 

neutrophils, lymphocyte levels decrease during the 

inflammatory phase, which contributes to the observed 

increase in NLR levels in the early stages of MI [38]. 

An NLR cutoff value of 2.78 showed a sensitivity of 

0.73 and specificity of 0.62 for predicting ACS in patients 

with MI symptoms. Despite the low sensitivity and 

specificity of NLR compared to CK-MB, our study 

showed that integrating both biomarkers resulted in greater 

accuracy than using each biomarker individually. This 

suggests that NLR could help improve the accuracy of MI 

diagnosis when used in combination with CK-MB, a 

cardiac biomarker widely used in clinical practices. 

Similar conclusion was proposed by Korkmaz et al., who 

demonstrated that NLR was higher in the troponin-positive 

group and that a cut-off value of 2.80 had high sensitivity 

and specificity for predicting troponin elevation in ACS 

patients [39]. These findings indicate that NLR could serve 

as a useful biomarker in clinical practice. We recommend 

adding NLR to the routine hematorgram and considering 

it as an adjunctive diagnostic tool, as well as a biomarker 

for assessing the severity of inflammatory response. 

 

5- CONCLUSION 

Admission NLR is an adjunctive complementary tool 

in the diagnosis of MI in patients with ACS. It could also 

be a simple but potential biomarker of the inflammatory 

response that follows myocardial necrosis. 

Admission NLR demonstrated a significant increase in 

MI compared to UA and a strong correlation with CK-MB 

levels, suggesting its relevance in discriminating ACS 

subtypes. While NLR alone has lower sensitivity and 

specificity than CK-MB, its use in combination with CK-

MB could improve diagnostic accuracy in clinical practice. 

These findings highlight the need for further research into 

the role of inflammatory biomarkers in the diagnosis and 

management of ACS to optimize patient care. 

6- LIMITATIONS 

We were unable to study the prognostic value of NLR 

because there was a lack of long-term follow-up of 

patients. A cohort study design would be preferable for this 

purpose. The sample size is relatively small, which may 

have affected the significance of some results. Troponin 

was performed for MI screening initially but was later 

replaced by CK-MB due to its intermittent availability 

during the study period. The relationship between NLR 

and other inflammatory biomarkers, such as hs-CRP and 

TNF-α, could provide more details about the inflammatory 

response following MI.  
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في احتشاء العضلة  CK-MBالقيمة التنبؤيّة لنسبة العدلات إلى اللمفاويات في التنبؤ بارتفاع مستويات 

 في سوريا ACSالقلبية: دراسة لدى مرضى 
 

 1، راما إبراهيم1عيسى يوسف

 
 قسم الكيمياء الحيوية والأحياء الدقيقة، كلية الصيدلة، جامعة تشرين، سوريا1

  

 ملخـص
المتلازمة الإكليليّة الحادّة هي داء قلبي وعائي شديد مترافق مع معدل وفيات مرتفع. ينتج الداء عادةً من تمزّق لويحة 
التصلّب العصيدي ممّا يؤدي إلى تشكّل الخثرة العصيديّة. تتضمن المتلازمة الإكليليّة الحادّة كل من الخناق غير المستقر 

احتشاء العضلة القلبيّة تنخّراً للعضلة القلبيّة بالتالي تحريض استجابة التهابيّة حادّة تساهم  واحتشاء العضلة القلبيّة. يسبّب
في تقدّم المرض. قلّةٌ فقط من الدراسات قد تحرّت القدرة التشخيصيّة لنسبة العدلات إلى اللمفاويات باعتباره مشعر مساعد 

بالتالي  .MBيّة، وذلك لوحده أو بالمشاركة مع الكرياتين كيناز رخيص الثمن وسهل الإجراء لتشخيص احتشاء العضلة القلب
تهدف الدراسة إلى تحديد القدرة التشخيصية لنسبة العدلات إلى اللمفاويات عند القبول كمشعر لاحتشاء العضلة القلبية عند 

الدراسة المقطعيّة والذين تم قبولهم  مريضاً بالمتلازمة الإكليلية الحادة في هذه 89مرضى المتلازمة الإكليلية الحادّة. شارك 
. تم تقسيم المرضى إلى مجموعة 2024وكانون الثاني  2023في وحدة الإسعاف ضمن مشفى الباسل بين شهري آذار 

(. تم مقارنة وتقييم الخصائص الأساسية إضافةً 48( ومجموعة الخناق غير المستقر )عدد 41احتشاء العضلة القلبية )عدد 
رات الخلوية الالتهابية )تعداد الكريّات البيضاء والعدلات واللمفاويات ونسبة العدلات إلى اللمفاويات( بين لعدد من المشع

مجموعتي الدراسة. أظهرت نتائجنا أن قيم نسبة العدلات إلى اللمفاويات عند القبول كانت أعلى عند مجموعة الاحتشاء 
، كما كانت القيم مرتبطة مع فعالية الكرياتين (P <0.01، 2.56مقابل  4.62منها عند مجموعة الخناق غير المستقر )

لنسبة العدلات إلى  2.78وجد أن القيمة الحديّة  .(P <0.01، 0.45كيناز في مجموعة الاحتشاء )معامل الارتباط=
لازمة الإكليلية % في التنبؤ باحتشاء العضلة القلبية عند مرضى المت62% ونوعية73اللمفاويات عند القبول كان لها حساسية

أدّت إلى زيادة  MBالحادة. كما كان من المثير للاهتمام أن مشاركة نسبة العدلات إلى اللمفاويات مع الكرياتين كيناز 
% على التوالي( أي أفضل من استخدام المشعرين بشكل منفصل. يدّل ذلك إلى أن 93% و88الحساسية والنوعية إلى )

العدلات إلى اللمفاويات يمكن أن يكون له دور كعامل مساعد في تشخيص احتشاء العضلة  مشعراً تشخيصيّاً بسيطاً كنسبة
 القلبيّة عند المرضى المصابين بالمتلازمة الإكليليّة الحادّة.

الحادة، احتشاء العضلة القلبية، ، المتلازمة الإكليلية MBنسبة العدلات إلى اللمفاويات، الكرياتين كيناز  الكلمات الدالة:
  .الالتهاب
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ABSTRACT 
Estrogen receptor-positive (ER+) hormone-dependent breast cancer is the most common type in women, 

accounting for approximately 75% of all cases. This study aims to propose new potential therapeutic agents for 

breast cancer using computational methods. A 3D-QSAR study screened 22 compounds based on previous 

research, demonstrating strong predictive capabilities, as indicated by high Q² values of 0.516 and 0.787 for 

CoMFA and CoMSIA, respectively. Six new molecules (T1–T6) were proposed to enhance inhibitory activity, 

and the results of molecular docking analysis show that these drug candidates exhibit significant docking scores 

and form stable interactions within the receptor (PDB code: 1SJ0). The proposed compounds exhibited favorable 

pharmacokinetic and pharmacodynamic properties, except for T3, which showed mild toxicity. Molecular 

dynamics simulations also confirmed the stability of the T1–1SJ0 and 2D–1SJ0 complexes within the active site 

of ERα (estrogen receptor alpha). These findings highlight the potential of thienopyrimidine-based compounds as 

anti-breast cancer agents and open new avenues for experimental and clinical research.  

Keywords: ADME/Tox, Breast cancer, Computational Modeling, 3D-QSAR, Thienopyrimidine. 

 

1. INTRODUCTION 

The broad family of nuclear receptors known as 

nuclear hormone receptors (NHR) functions as 

transcription factors. They are dispersed throughout the 

body and participate in cellular activities [1]. Estrone, 

estradiol (E2), and estriol are steroid hormones known as 

estrogens [2]. The most vital circulating estrogen is 17 β-

estradiol, which plays a crucial role in maintaining and 

developing reproductive organs and controlling the 

activity of the immunological, circulatory, 

musculoskeletal, and central neurological systems. It also 

helps initiate and advance target tissue cancers and control 

energy homeostasis [3]. The estrogen receptor subtypes, 

ER-α and β, are crucial in mediating the physiological 

effects of estrogen. Estradiol binds to these receptors and 

activates multi-protein complexes that include 

coregulators. This process stimulates ER-mediated 

transcriptional activity through the involvement of ERα 

(Estrogen Receptor Alpha), AF1(Activation Function 1), 

and AF2 (Activation Function 2), leading to estrogenic 

effects [4]. The development of breast cancer occurs due 

to a disorder of coregulator activity, which may be 

mailto:marwaqabh@hotmail.com;%20marwa.aqarbeh@bau.edu.jo
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attributed to fluctuations in coregulator concentrations or 

genetic abnormalities [5]. AIB1 (Amplified in Breast 

Cancer 1) (ERα coregulator) increases, which induces 

PEA3 (Polyoma Enhancer Activator 3) mediated 

activation of MMP2 (matrix metalloproteinase 2)  and 

MMP9 (Matrix Metalloproteinase 9) production, which 

promotes the spread of metastatic disease [6]. The process 

of breast cancer metastasis and invasion was facilitated by 

SRC-1 (Steroid Receptor Coactivator 1), an additional 

estrogen receptor (ER) coregulator, by its coactivation of 

PEA3 (Polyoma Enhancer Activator 3) mediated Twist 

expression. The study by Ali et al. showed that the 

coregulators of ERα had an impact on the modulation of 

gene expression in the context of metastasis [7]. 

Dydrogesterone is one of the essential non-acetylated 

pregnane derivatives and has many medical uses in 

treating and preventing miscarriage, supporting the luteal 

phase and part of menopausal treatment [8].  

Heterocycle-based compounds are important in 

designing and developing potential drugs [9]. Pyrimidine 

[10], thiazole [11], quinoline [12], and imidazole [13] 

derivatives exhibit a variety of biological activities, 

among which pyrimidines are particularly important for 

the synthesize of antitumor drugs, including inhibitors of 

different cell lines [14]. Pregnanes containing imidazole 

rings, triazole rings, a glycoside moiety, and a piperazine 

ring have been demonstrated to possess anticancer and 

cytotoxic activity [15], antioxidant activity [16], and anti-

leukemic properties [17], respectively. Recent studies 

have indicated that pyridines and pyrimidines are a 

category of heterocyclic nitrogen compounds with a wide 

range of applications in developing anticancer drugs [18]. 

These synthetic sources represent a potent class of 

compounds that can effectively treat breast cancer. 

Parveen et al. have developed a novel pyrimidine 

conjugate (Thienopyrimidine) that exhibits specific 

inhibitory effects in breast cancer [19]. The anti-

proliferative efficacy of the synthesized conjugates was 

evaluated in the MCF-7 tumour cell line using the MTT 

assay [20]. 

The current study is divided into three sections. First, 

it uses the 3D-QSAR method to correlate the structure with 

the activity of a series of Benzoyl Thienopyrimidine 

molecules with anti-breast cancer activity. Second, it 

proposes new anti-breast cancer candidates with the best 

effect. Finally, an in-silico evaluation of the proposed 

molecule's ADME/Tox properties, molecular docking, and 

molecular dynamics predicted their stability in the target 

receptor. The ultimate objective is to forecast novel agents 

exhibiting activity surpassing that of the most potent 

compound within this series. 

 

2. MATERIALS AND METHODS 

2.1. Data sets 

The dataset contains 22 anti-tubulin agent compounds 

synthesized by El-Sharkawy et al. [21]. Two arbitrary 

subsets were selected from this collection; one subset 

comprising 80% of the compounds was used for 

constructing the 3D QSAR model, while the other subset 

comprising 20% was used for model validation. The 

compounds' IC50 (µM) activity was expressed as pIC50 = -

logIC50 (Table 1). 
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Table 1.  Chemical structures and related activities of the compounds of the studied set. 

N° Molecules X R Y 

1a 

 

S

H

H

N

X

 

CN - - 

1b COOEt - - 

2a 

N

NS

X

S

H

H
R

 

NH Ph - 

2b NH COPh - 

- 2c O Ph 

2d O COPh - 

6a S
N

O

X

H

H

N

 

CN - - 

- 6b COOEt - 

8a 

 

 

O

O

N

O

S

X

H

H

 

CN - - 

8b COOEt - - 

7a NS

X

O

H

H
N

 
 

CN - - 

7b COOEt - - 



Integrated Computational Exploring …                                                                                                  Hassan Badaoui et al. 

- 599 - 

N° Molecules X R Y 

9a 

S

H

H

X

N

S
N

O

 

CN - - 

9b COOEt - - 

10a 

S

H

H

X

N

O

N

Y
X

 

CN - H 

10b CN - CH3 

10c COOEt - H 

10d COOEt - CH3 

12a S

H

H

X

N

N O

N

 

CN - - 

12b COOEt - - 

14a 

N
S

H

H

N

O

N

 

CN - - 

14b COOEt -  

 

2.2. Minimization and molecular alignment 

Molecular alignment is an essential stage in generating 

the best models of 3D-QSAR [22]. To model and optimize 

the chemical compounds in the studied set, a program 

Sybyl X-2.0 was utilized. The geometry of the compounds 

has been optimized using the field of Tripos forces in 1000 

iterations[23]. Using the Gasteiger-Hückel concept, partial 

atomic loads have been computed with converge to 0.01 

kcal/mol Å energy value [24]. As a result, the 2d 

compound, which is the most active in the compound set, 

is selected as a model. Other compounds have been aligned 

with their common maximal sub-structures (Figure 1). 
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Fig. 1.  Aligned compounds. 

 

2.3. 3D QSAR studies 

This study describes using the CoMFA and CoMSIA 

are abbreviations for Comparative Molecular Field 

Analysis and Comparative Molecular Similarity Indices 

Analysis, respectively techniques for 3D-QSAR modeling 

with the aid of the SYBYL-X 2.0 software[25]. Within the 

framework of the CoMFA modeling, a hybridized sp3 

carbon atoms with a 1.52 van der Waals radius was chosen 

to calculate the steric and electrostatic fields, with an 

energy coupling of 30 kcal/mol. The same grille was used 

by the CoMSIA model, allowing for the calculation of 

additional fields, including hydrophobicity, hydrogen 

bond donor and acceptor, and steric and electrostatic 

fields. These approaches provide an investigation of 

molecular properties, making them invaluable in 

developing and discovering pharmaceuticals. 

2.4. Verification of the predictive capacity of the 

developed CoMFA and CoMSIA models  

The model generated by the method of least squares 

partials (PLS) was internally validated using the 

coefficients of cross-validation square (Q2), the number 

optimum de composants (ONC), the coefficient of cross-

validation square (R2), and the standard error estimation 

(SEE). These coefficients provide a gauge of the model's 

internal quality. The related expressions define Q2 and R2. 
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𝑦𝑖= experimental activity, ŷi = calculated activity, y
i
= = 

average of experimental activity, and ŷ
i
 = average of 

calculated activity. 

2.5. The prediction of ADME/Tox and bioavailability 

2.5.1. Rules of Lipinski and Veber 

SwissADME was used to calculate the similarity 

descriptors to the chosen medications using the Lipinski 

and Veber rules [26]. Lipinski's Rule of 5 guarantees a 

compound's applicability as an oral medication. A 

composition must meet at least two of the following 

requirements: molecules with PM < 500 Dalton, strong 

lipophilicity (LogP < 5), hydrogen bond donors (HBD < 

5), and hydrogen bond acceptors (HBA < 10) [27]. Veber 

and colleagues have added two more relevant descriptors 

that are used to assess a compound's medicinal power: the 

number of rotative liaisons (NBR10) and the surface 

polarity (PSA < 140 Å). The water solubility, lipophilicity, 
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and human intestinal absorption percentage (HIA) 

parameters have been used to predict absorption (LogS ≤ -

10: insoluble; -10 < LogS ≤ –6). a little bit soluble; -6 < 

LogS ≤ -4: moderately soluble; -4 < LogS ≤ -2: soluble; -

2 < LogS < 0: extremely soluble; 0 < LogS: highly soluble) 

[28]. 

2.5.2. Calculation of the ADME/Tox profile 

 The ADME/Tox (Absorption, Distribution, 

Metabolism, Elimination, and Toxicity) profile describes 

the chemical impact of drug candidates on health. It is a 

tool for predicting drug candidates' pharmacological and 

toxicological properties, avoiding costly late-stage 

preclinical and clinical failures in the preclinical phases 

[29]. 

2.6. Molecular docking 

The expression of estrogen receptors characterizes 

MCF-7 cell lines targeted during the antiproliferative 

activity. The structure of the human estrogen receptor 

alpha domain (ERα) binding to the proposed selected 22 

compounds is a target to be studied by molecular docking.  

Using the Auto Dock Vina program to predict the 

optimized binding conformation of the proposed selected 

22 compounds (ligands) and understand receptor-ligand 

interactions [30]. After the compounds were drawn using 

SYBYL X2.0 software, molecular docking was carried out 

using Auto Dock Vina software[31]. 

2.6.1. Macromolecule Preparation 

The RCSB database was used to retrieve the crystal 

structure of the human estrogen receptor alpha ligand-

binding domain (ERα) in association with the antagonist 

(ligand 4-D) (PDB code: 1SJ0) [32]. The Discovery Studio 

2016 program was used to remove the crystallized co-

ligand, add polar hydrogens, and remove water molecules 

in the estrogen receptor (ERα). 

2.6.2. Ligands Preparation 

The most active compound in the database (2d) and the 

newly designed molecules (T1, T2, T3, T4, T5, and T6) 

were docked into the human estrogen receptor alpha (ER) 

[33]. The binding mode between the receptor and the 

docked molecules was studied, compared, and selected for 

further analysis. 

2.7. Molecular dynamics simulations 

Molecular dynamics (MD) computations were used to 

determine the ideal docking positions to comprehend the 

stability of the interaction between a  (1SJ0) protein and  

(T1 and D2) ligands complexes [34]. The input files for the 

MD calculations were generated using the CHARMM 

force field parameters[35]. The CHARMM force field was 

utilized to build the ligand topology through the Param-

Chem server. The five steps of the CHARMM GUI 

solution builder included solving the combination and 

reading the coordinates of the 1SJ0) protein and (T1 and 

D2) ligands complex.  

The experiments took place within a triclinic container 

filled with TIP3P water models and balanced by the 

addition of Na+ and Cl− ions. Subsequently, the system 

underwent minimization utilizing the steepest descent 

technique. Following the energy minimization, the system 

was subjected to an NVT ensemble at 300 K for 100 ps, 

utilizing a v-rescale thermostat [36]. This was succeeded 

by an NPT ensemble at 300 K and 1 atm for 100 ps, 

employing a Parrinello-Rahman barostat [37] and a v-

rescale thermostat [37]. Lastly, the production simulation 

was run at 300 K for 300 ns. The particle mesh Ewald 

algorithm [38] was used to figure out the electrostatic 

interactions, and the Linear Constraint Solver algorithm 

[36] was used to limit the covalent bonds. 

2.7.1 Analysis of the Trajectory 

 Using GROMACS tools, the analysis of molecular 

dynamics simulations was carried out. The gmx_rms 

subroutine was used to calculate the ligand and the 

protein's root mean square deviations (RMSD) of the atom 

positions. Using gmx_rmsf, the quadrature-averaged 

fluctuations (RMSF) based on the protein's C-alpha atoms 

were calculated. Gmx_gyrate was used to calculate each 

protein's gyration radius, and Gmx_hbond was used to 

assess the number of hydrogen bonds at the protein-ligand 

interface. Also, the simulation has tracked the distance 
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between the protein's and the ligand's centers of mass 

thanks to the gmx_distance function. Finally, the trajectory 

visualization and frequency analysis of protein-ligand 

connections were conducted using the VMD 1.9.3 

program [39]. 

2.7.2 MM/PBSA calculation of free energy of binding 

A GROMACS tool called g_mmpbsa was used to 

perform MM/PBSA (Molecular Mechanics/Poisson-

Boltzmann Surface Area) calculations for the systems 

chosen for additional research[40]. The free energy of 

binding between the (1SJ0) protein and (T1 and D2) 

ligands complexes in the solvent may be represented as 

follows:                                           

 

( )binding complex protein ligandG G G G     
 

 

To estimate the binding energy between a protein and 

ligand in a solvent, we use the isolated protein and ligand's 

total free energies and the protein-ligand complex's total 

free energies. An alternative method is to use g_mmpbsa 

to estimate the energy contribution of each residue to the 

binding energy. The binding energy can then be broken 

down by adding up the energy contribution of each 

residue. To compute g_mmpbsa's MM-PBSA, we need a 

binary run input file (.tpr) that reads files from specific 

versions of GROMACS. This file is created by 

GROMACS 5.1.4 [41]. 

 

3. RESULTS AND DISCUSSION 

3.1. CoMFA and CoMSIA statistical findings 

The real pIC50 about the calculated pIC50 for the 

CoMSIA and CoMFA models was illustrated in Fig. 2. The 

proximity of the red and blue dots creates a linear link 

between the observed and expected activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  Variation of the experimental activity versus the activity predicted by the CoMFA and CoMSIA models. 

 

Tables 2 and 3 provide descriptions of the outcomes of 

the CoMFA and CoMSIA model validation. The outcomes 

satisfy all the criteria listed above. 
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Table 2. PLS statistical parameters. 

Fractions 

Model Q2 R2 SEE F N R ext 2 Ster Elect Acc Don Hyd 

CoMFA 

CoMSIA 

0.516 

0.787 

0.970 

0.993 

0.194 

0.093 

118.276 

524.592 

3 

3 

0.972 

0.895 

0.480 

0.083 

0.520 

0.230 

- 

0.191 

- 

0.311 

- 

0.185 

 

Table 3. Experimental and predicted pIC50 of 19 thiophene, pyrimidine, pyrazole, pyridine, coumarin and isoxazole 

derivatives 

N° pIC50 
CoMFA CoMSIA 

Predicted Residual Predicted Residual 

10a 

10c 

10d 

12a 

12b 

5.85 

5.55 

5.35 

4.62 

4.37 

5.703 

5.522 

5.552 

5.111 

4.419 

0.147 

0.028 

-0.202 

-0.491 

-0.049 

6.407 

5.398 

5.477 

4.391 

4.445 

-0.557 

0.152 

-0.127 

0.229 

-0.075 

2c 

2d 

6a 

6b 

7a 

7b 

8a 

8b 

9a 

9b 

1a* 

14a* 

14b* 

2b* 

7.05 

7.52 

5.21 

5.03 

4.42 

4.38 

4.56 

4.44 

4.48 

4.39 

4.66 

4.37 

4.36 

5.32 

7.009 

7.437 

5.038 

5.100 

4.28 

4.447 

4.624 

4.339 

4.345 

4.293 

5.347 

5.178 

4.971 

6.472 

0.041 

0.083 

0.172 

-0.07 

0.14 

-0.067 

-0.064 

0.101 

0.135 

0.097 

-0.687 

-0.808 

-0.611 

-1.152 

7.552 

7.583 

5.72 

5.046 

4.130 

5.320 

5.624 

5.713 

4.129 

4.486 

5.309 

5.444 

5.037 

6.983 

-0.502 

-0.063 

-0.51 

-0.016 

0.29 

-0.94 

-1.064 

-1.273 

0.351 

-0.096 

-0.649 

-1.074 

-0.677 

-1.663 

             * Molecule set test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.   (A) Steric field: yellow areas are sterically unfavorable, while green is sterically favorable. (B) Electrostatic 

field: blue indicates the zone where electropositive groups are favored, while red corresponds to the zone where 

negative groups are favored 

  

(A) 

(B) 
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3.2. Analysis of the results of the contour maps 

generated by the CoMFA model 

Contextual data from contour maps is used to improve 

small molecule activity. On the contour maps, the most active 

chemical, 2d, was noted as a point of reference for 

interpretation. 

Figure 3(A) illustrates electrostatic interactions using 

red and blue contours, whereas Figure 3(B) shows steric 

interactions of CoMFA using green and yellow contours. 

The green regions indicate a preference for bulky 

substituents, while the yellow regions indicate a preference 

against them. The blue sections show that nucleophilic 

groups are favored, while the red parts indicate that 

aromatization is not occurring. A) Steric specializations: the 

yellow outlines (20% contribution) indicate areas requiring 

large clusters to decrease activity, while the green contours 

(80% contribution) indicate regions requiring large clusters 

to boost activity. B) Regarding electrostatic fields, the blue 

contours (80% contribution) represent areas where positive 

charge clusters are more active. In comparison, the red 

contours (20% contribution) indicate areas where negative 

charge clusters are more active. 

 

 

3.3. Analysis of the results of the contour maps 

generated by the CoMSIA model. 

The CoMSIA analysis generated contour maps with a 

2 Å grid spacing combined with compound 2D steric 

fields. The yellow contours (20% contribution) indicate 

areas where large groups are less active, while green 

contours (80% contribution) indicate areas of increased 

activity. Similarly, red contours (20% contribution) 

indicate areas in the electrostatic fields where electron-

withdrawing groups are more active, and blue contours 

(80% contribution) indicate areas where they are less 

active. Fields with undesirable hydrophobic groups are 

characterized by white outlines that exhibit water-repelling 

properties (20% contribution), while hydrophobic groups 

are favored according to yellow contours (80% 

contribution). Magenta contours (80% contribution) 

indicate areas in H-bond acceptor fields where an H-bond 

acceptor substituent increases activity. On the other hand, 

red contours (20% contribution) indicate areas where an 

H-bond acceptor substituent decreases activity. Blue 

outlines (80% contribution) represent areas where the 

activities of the H-bond donor group increase, while purple 

outlines (20% contribution) indicate areas where H-bond 

acceptor substituents lessen activity [42]. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.  2d compound. A) Steric fields; B) Electrostatic fields.; C) H-bond acceptor fields; D) H-bond donor 

fields; E) Hydrophobic fields.

  

(A) 

(B) 

(C) 
(D) 

(E) 
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3.4. Drug Candidates and activity prediction 

Finally, six medication candidates were recommended 

utilizing the field contour analysis results from the 

CoMFA and CoMSIA models. Table 3 illustrates the new 

candidates' organization and anticipated activities, and 

Table 4 illustrates the new candidates' structure and 

predicted activities. 

 

Table 4. Newly designed drug candidates and their predicted activities. 

Compound pIC50 

T1  

7.655 

T2  

7.634 

T3  

7.618 

T4  

7.663 

T5  

7.591 

T6  

7.549 
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3.4.1. The prediction of ADME/Tox and 

bioavailability 

3.4.1.1. Rules of Lipinski and Veber 

Using Lipinski and Veber's rules, the similarity 

descriptors to the selected drugs were calculated with 

SwissADME (Table 5). Based on the results, the proposed 

drug candidates may be Lipinski drugs.  

 

Table 5. ADME properties of newly designed compounds 

Property 

Rule LogP<5 HBD<5 HBA<10 TPSA Nrotb<10 MW ≤500 

2d compound 4,58 1 6 119 2 384.526 

T1 5.00 0 2 101.93 5 482.74 

T2 4.64 0 2 101.93 6 496.77 

T3 4.41 0 5 101.93 5 494.64 

T4 4.47 0 2 101.93 5 544.00 

T5 4.81 0 2 101.93 6 466.70 

T6 5.14 1 5 101.93 4 480.73 

 

3.4.1.2. Calculation of the ADME/Tox profile 

The LogS values for our compounds ranged from -

5.115 to -6.494, indicating that the compounds are highly 

soluble (Table 6). 

The percentages of the proposed drug candidates 

absorbed from the human gut (% HIA) were predicted 

using pkCSM pharmacokinetics ranging from 86.129 to 

91.511% (Table 6), indicating good absorption of the 

compounds studied. 

Blood-brain barrier (BBB) permeability is a crucial 

factor in pharmacological control because it helps to limit 

molecular transport and diffusion via the BBB while still 

exerting therapeutic effects on the brain [43]. The 

validated blood-brain barrier (BBB) permeability value in 

the standard scale is higher than 0.3, while a number lower 

than -1 is unacceptable [44]. According to the BBB 

assessment, all chemicals proposed under study had 

average BBB permeability.  

P-gp in various human tissues acts as an ATP-

dependent drug extraction pump, as all the proposed drug 

candidates are not P-gp substrates. 

CYP enzyme inhibition is an essential mechanism of 

drug interactions based on metabolism, which exerts 

another drug on the same enzymatic active site. Inhibiting 

CYP reduces toxicity or reduces medication effectiveness 

[45]. CYP2C9 is the main enzyme that metabolizes drugs 

[46]. It has a highly rearranged polymorphic structure, and 

how it is broken down differs for each person. Indeed, 

people with low CYP2D6 activity may not benefit as much 

from the drug or have harmful side effects. All proposed 

compounds, except T2, inhibit CYP2C9. As shown in 

Table 6, the compounds studied are not CYP2C19, 

CYP3A4, and CYP2D6 inhibitors, while they inhibit 

CYP1A2 [47]. 

Excretion is an effective method by which drugs are 

eliminated from the body. It is essential to determine 

dosing rates to achieve steady-state concentrations [48]. 

This descriptor's value varies between -0.361 and -0.158 

ml/min/kg for the studied compounds. 

AMES toxicity evaluates the potential carcinogenic 

effects of chemicals. When these mutant bacterial cells are 

exposed to mutagenic substances, the mutation in the 

bacterial cells is reversed, allowing the bacteria to thrive 

on a medium deficient in histidine [49]. T3 is the only 

compound that shows toxicity. 

 

 

 



Integrated Computational Exploring …                                                                                                  Hassan Badaoui et al. 

- 607 - 

Table 6. Pharmacokinetic properties (ADMET) of new compounds. 

Models 
Compounds 

 

T1 T2 T3 T4 T5 T6 2d 

Absorption 

Water solubility -5.228 -5.214 -6.494 -6.292 -6.077 -6.081 -5.115 

Intestinal absorption (human) % 90.646 90.071 88.258 86.129 90.176 89.123 91.511 

P-glycoprotein substrate No No No No No No No 

Distribution 

The blood-brain barrier (LogBB) -0.065 -0.104 0.166 0.14 0.087 0.131 0.484 

Metabolism 

CYP1A2  No No No No No No Yes 

CYP2C9  Yes No Yes Yes Yes Yes Yes 

CYP2D6  Yes Yes Yes Yes Yes Yes Yes 

CYP2C19  No No No No No No No 

CYP3A4  No No No No No No Yes 

Excretion 

Total Clearance (ml/min/kg) -0.308 -0.361 -0.158 -0.320 -0.266 -0.336 -0.279 

Toxicity 

AMES toxicity No No Yes No No No No 

 

3.5. Docking results 

Table 7 and Figure 5 show the interactions between the 

studied compounds and the target receptor and the 

corresponding free energy. According to the results, all the 

studied compounds interact with amino acids in the same 

pocket of the receptor's (PDB code 1SJ0) active site. Also, 

all the proposed compounds have a significant binding 

affinity. 

 

Table 7. Different interactions between designed molecules and the receptor (ERα) (PDB code 1SJ0). 
Designed 
molecules 

Binding 
affinity 

[kcal/mol] 

Conventional 
hydrogen 
bonding 

Carbon 
Hydrogen 

Charge 
attractive 

Pi-
Anion 

Alkyl or 
Pi-alkyl 

Pi-sigma Pi-sulfur or 
Pi-stacked 

T1 
 

-6.6 
 

Leu   536 
 

None 
 

None 
 

None 
 

Val A:533 Trp A:383 None 
 

T2 
 

-6.3 
 

None 
 

None 
 

None 
 

None 
 

Val A:533 
Ala A:350 
Trp A:383 
Leu A:354 
Leu A:536 

None Tyr A:526 

T4 
 

-7.2 
 

None None None None 
 

Leu A:354 
Leu A:536 

Trp A:383 
Tyr A:526 

Cys A:530 

T5 -6.7 
 

None Cys 530 
 

None None Leu A:354 
Ala A:350 
Trp A:383 
Leu A:536 

Tyr A:526 
 

Tyr A:530 

T6 -7.8 
 

None None Asp 351 
 

Asp 351 
 

Leu A:354 
Leu A:536 
Leu A:525 
Ala A:350 

Trp A:383 None 

2d 
 

-7.4 None None None None 
 

Val A:533 
Leu A:536 

Trp A:383 Trp A:383 
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The affinity of the proposed compound and the active 

molecule of the (ERα) receptor ranged from -7.8 to -6.3 

kcal/mol (Table 7). Compounds T1, T2, T4, T5, and T6 

showed higher PIC50 activity than the active molecule 2d. 

Discovery Studio software elucidated the hydrogen and 

hydrophobic interactions between compounds T1, T2, T4, 

T5, and T6 and the more active molecule 2d. Compound 

32 did not form any hydrogen bonds but demonstrated pi-

sigma and pi-alkyl interactions with the (Me) groups and 

the residues Val (Valine, A533) and Leu (Leucine, A536). 

The limited number of bonds reduces the stability of this 

complex. In contrast, compound T1 established a 

hydrogen bond with the amine groups via the residues Leu 

(Leucine, A536), significantly enhancing the stability of 

the complex. Additionally, T1 formed two pi-sigma 

bonding interactions with the residues Trp (Tryptophan, 

A383) and Tyr (Tyrosine, A526). These important pi-

sigma interactions contribute to a compact structure, with 

a lower binding affinity than the more active molecule. 

The proposed molecule T1 exhibits greater potency as an 

(ERα) receptor inhibitor than the 2d molecule due to its 

improved binding affinity and interaction stability. The 

other complexes (T2, T4, T5, and T6) show fewer 

hydrogen bonds and less effective interactions, making 

them less stable than T1. This demonstrates that T1 is the 

most stable complex among those analyzed. 

 
Ligand 2D 3D 

2d 

 

 

T1 
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T2 

 
 

T4 

 

 

T5 

 

 

T6 

 

 

Fig. 5. Docking interaction of the representative compound in the estrogen receptor (ERα)
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3.6. Molecular dynamics (MD) simulation of the 

stability of protein-ligand interactions 

A one-hundred-nanosecond simulation using 

molecular dynamics (MD) was performed to assess the 

stability of the T1 and 2D complexes formed by the protein 

1SJ0 and its associated ligands. Throughout the 

simulation, according to the trajectory analysis, every 

ligand maintained its link with the protein's gorge of 

liaison. Numerous parameters, including the RMSD, 

RMSF, gyration radius, hydrogen bonding, the average 

distance between the protein and ligand centers of mass 

(COM), and free energy of liaison (MMPBSA), have been 

computed to assess each structure's stability [50]. 

After the first ten simulation runs, the results showed 

very little variation, with the RMSD and RMSF values 

indicating the stability of the complexes [51]. The small 

variations observed in the radius of gyration suggest that 

the stability and compactness of the protein-ligand system 

are maintained. Throughout the simulation, the hydrogen 

bonds between the ligands and the protein persisted, and 

the COM's distance suggested strong stability, especially 

for ligand T1. 

The free energy of binding (ΔGBind) obtained using the 

MM-PBSA method was -165.832 ± 20.069 kJ mol-1 for T1 

and -135.295 ± 15.421 kJ mol-1 for 2D, confirming the strong 

affinity of the two ligands for the protein. The MM-PBSA 

calculations also provided the potential energy and the polar 

and non-polar energy of solvation, highlighting the stability 

of the interactions in the T1 and 2D complexes [52]. 

In summary, the simulations have shown the stability 

and robustness of protein-ligand complexes, offering vital 

information to comprehend their interaction and potential 

as therapeutic targets. 

 

Table 8. Calculated binding free energies of the tested compounds [kJ/mol]. 

ΔEMM (kJ mol-1) ΔGSol (kJ mol-1) 

Complex (Protein-

ligand) 
∆𝑮 Van der Waal energy Electrostatic energy Polar solvation energy SASA energy 

T1 -165.832+/-20.069 -194.756+/-16.084 -35.240+/-15.455 86.265+/- 5.823 -22.102+/-1.188 

2D -135.295+/-15.421 -147.225+/-10.945 -48.464+/-11.157 75.789+/- 9.759 -15.395+/- 1.469 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.  (A) RMSD, (B) RMSF, and (C) gyratory radius, observed during 100ns MD simulation. T1 (top) and 2D 

(bottom) complexes. 
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Fig. 7. From right to left: (A) Hydrogen bonds (protein (1SJ0)-ligand (T1 and 2D)) and (B) Average distance between 

ligand and protein for the complexes during the 100ns MD simulation. Compounds T1 (top) and 2D (bottom) 

 

CONCLUSION 

This study highlighted the potential of 

thienopyrimidine inhibitors for the treatment of ER+ 

breast cancer using advanced computational methods. 

Through robust 3D-QSAR analyses and molecular 

docking validation, six new molecules (T1-T6) were 

identified as promising candidates for estrogen receptor 

alpha inhibition. The results indicate that these 

compounds, except T3, which showed mild toxicity, have 

favorable pharmacokinetic and pharmacodynamic 

properties and maintain stability within the receptor's 

active site. Molecular dynamics simulations confirmed 

their stability, providing valuable insights into the 

development of new breast cancer drugs. These findings 

pave the way for future experimental and clinical research 

to improve therapeutic options for breast cancer patients. 
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في علاج  Erαدراسة حوسبية متكاملة لمشتقات بنزويل ثينوبيريميدين كمنظمات محتملة لمستقبل الإستروجين 
 سرطان الثدي

 
، حميد ¹، عبد الواحد السباعي¹، مبارك شوكراد¹، مولاي أحفيظ العلوي ³، حنان زكي¹، يونس مخلص2*، مروه العقاربه¹حسن بداوي 

 ¹شرين، محمد بوع¹، الطاهر الأخليفي¹مغات
 

 مختبر الكيمياء الجزيئية والمواد الطبيعية، كلية العلوم، جامعة مولاي إسماعيل بمكناس، المغرب 1
 نالأرد ⸲السلط ⸲التطبيقية البلقاء جامعة ⸲أكاديمية الأمير حسين بن عبدالله الثاني للحماية المدنية 2
 ، المغربمولاي سليمان، خنيفرة 3الحيوية، المدرسة العليا للتكنولوجيا، جامعة السلطان مختبر التكنولوجيا الحيوية والموارد البيولوجية والمعلوماتية 3

  

 ملخـص
هو النوع الأكثر شيوعًا لدى النساء  (+ER) يُعدّ سرطان الثدي المعتمد على الهرمونات والموجب لمستقبلات الإستروجين

اقتراح عوامل علاجية جديدة محتملة لسرطان الثدي ٪ من جميع الحالات. تهدف هذه الدراسة إلى 75حيث يمثل حوالي 
مركبًا  (22على  (3D-QSARباستخدام الطرق الحوسبية تم إجراء دراسة ثلاثية الأبعاد للعلاقة الكمية بين البنية والنشاط )

 0.787و 0.516، والتي بلغت Q²مستندة إلى أبحاث سابقة، وقد أظهرت قدرة تنبؤية قوية كما يتضح من القيم العالية لـ 
بهدف تعزيز النشاط المثبط،  (T1–T6) على التوالي.  تم اقتراح ست جزيئات جديدة CoMSIAو CoMFAلطريقتي 

وقد أظهرت نتائج تحليل الارتباط الجزيئي أن الجزيئات المرشحة أحرزت نتائج مميزة واستقرت في موقع الارتباط داخل 
 T3ما أظهرت المركبات المقترحة خصائص دوائية وحركية حيوية مناسبة، باستثناء ك(  (PDB: 1SJ0المستقبل رمز 

مستقران في الموقع  2D–1SJ0و T1–1SJ0الذي أظهر سمية خفيفة. وأكدت محاكاة الديناميكيات الجزيئية أن المعقدين 
بنية على الثينوبيريميدين كمضادات تسلط هذه النتائج الضوء على إمكانيات المركبات الم Erαالفعّال لمستقبل الإستروجين 

 محتملة لسرطان الثدي، مما يفتح آفاقًا جديدة للبحث التجريبي والسريري.

سرطان الثدي، النمذجة الحوسبية، الامتصاص والتوزيع والتمثيل والإخراج/السمّية،الثينوبيريميدين، العلاقة  الكلمات الدالة:
 .الكمية ثلاثية الأبعاد بين البنية والنشاط
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 تعريف بالمجلة الأردنية في العلوم الصيدلانية
 

 
قذذذ  ر بقذذذ ار لجنذذذة البحذذذث العلمذذذيل و ارة التعلذذذي  العذذذالي والبحذذذث العلمذذذي المجلذذذة الأردنيذذذة فذذذي العلذذذو  الصذذذي لانية  تأ سذذذت   
ة المجذلا  الأردنيذ إصذ ارا " ضذمر المجلة الأردنية في العلووم الصويدلانيةبشأن إص ار " 2007ل1ل11تاري   367ل2ل10

 معذة الأردنيذةوالجا وتصذ ر دذ ع  مذر صذن وق دعذ  البحذث العلمذيالوطنية، وهي مجلذة علميذة عالميذة متخصصذة ومحكمذة، 
 .بطذة داذاتعنى دنش  البحوث العلمية الأصيلة المق مة إلياا للنش  في كافة مجذالا  العلذو  الصذي لانية والعلذو  الأخذ ر الم ت

في الجامعذة الأردنيذة با ذ  الجامعذا  الأردنيذة كافذة، خ مذة للمتخصصذير  وضمان الجودة عر عمادة البحث العلمي وتص ر
بذذارا مذذر وهذذذذي مجلذذذذة تصذذذذ ر أربذذع مذذذذ ا  فذذذي العذذذذا  أعت .هذذه  المجذذالا  مذذر داخذذ  الأردن وخارجذذهوالبذذاينير والماتمذذير فذذي 

  .، ومواعي  ص ورها )آلار ويزي ان وأيلول وكانون أول( مر ك  عا 2021
اج ا مذر إخذ  بإر ذال أبحذاما  إلذى مجلتنذا وتمكنذأ ذاموا وبا مي وبا   أعضذاء هيةذة التح يذ  نذود أن نشذك  الذزملاء الذهير    

ليذذن ونأمذذ  مذذر جميذذع الذذزملاء بإر ذذال ملاياذذاتا  الإيجاديذذة إلينذذا لنذذتمكر مذذر الناذذوي بمجلذذتك  بالشذذك  الذذه  ي العذذ د الأول.
 داا.
 ة إلى عنوان المجلة.اتا  العلمية مر الأبحاث الأصيل  دعوة إلى كافة الزملاء لإر ال ا ااموهه   

 
 والله ولي التوفيق

 
 التحريرهيئة رئيس 
 إبراهيم العباديأ.د. 

 الصيدلة الحيوية والسريريةقسم 
 لجامعة الأردنيةا -كلية الصيدلة
 الأردن-11942عمان 
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