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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.
JJIPS 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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Volume 18, 2025
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, | 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 | 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. | am grateful for this journey and for the
opportunity to contribute to the growth and success of JJPS, and | 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, | 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. | 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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Sulfonated Hydroxyxanthone as Anti-Tuberculosis Agent: One-Step Sequence
Synthesis, Characterization, And Molecular Docking Preevaluation

Emmy Yuanita*!, Ima Arum Lestarini?, Ni Komang Tri Dharmayani?, Baiq Nila Sari Ningsih?,
Maulida Septiyanal, Maria Ulfal, Sudirman?, Taufan Hari Sugara®*

!Department of Chemistry, Faculty of Mathematic and Natural Science, Universitas Mataram, Mataram, Indonesia.
2Department of Medical, Faculty of Medical, Universitas Mataram, Mataram, Indonesia.

3University of Muhammadiyah Mataram, West Lombok, Indonesia.

4Research Center for Marine and Land Bioindustry, BRIN, Mataram, Indonesia.

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

*Corresponding author: Emmy Yuanita
emmy_yuanita@unram.ac.id

Received: 28/06/2024  Accepted: 18/07/2024.
DOI: https://doi.org/10.35516/jjps.v18i2.2850

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

- 305 - © 2025 DSR Publishers/The University of Jordan. All Rights Reserved.
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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 Mth. 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

- 306 -
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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, v, cm-): 3240 (OH),
1612 (C=0), 1458 (C-C aromatic), 1296 (C-O-C). 1H-
NMR (CD30D; 500 MHz) é (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 Hzand 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, v, cm-*): 3387
(OH), 1612 (C=0), 1450 (C-C aromatic), 1288 (C-0). 1H-
NMR (DMSO-d6; 500 MHz) & (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 (OH, 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, v; cm): 3433(0-H), 1635(C=0),
1381 (C-C aromatic), 1226 (C-O-C), 1165 (0=S=0), 1018
(S=0), 763 (S-O). tH-NMR (DMSO-ds; 500 MHz) & (ppm):
12.81 (OH, s), 11.11 (OH, s), 6.21 (1H,s), 7.46 (1H,t,J=75
Hz), 7.58 (1H, d, J=5Hz), 7.84 (1H, t,J = 7.5 Hz), 8.12 (1H,
d,J=10Hz), 1.16 (2H,t,J =5Hz).

Sulfonate substituted 1,3,7-trihydroxyxanthone
(4b). Red Solid (44 %). FTIR (KBr, v; cml): 3435 (O-H),
1638 (C=0), 1482 (C=C aromatic), 1250 (C-O-C), 1196
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(0=S=0), 1060 (S=0); *H-NMR (DMSO-ds; 500 MHz) §
(ppm): 12.90 (OH, s), 11.21 (OH, s), 10.00 (OH, s), 6.19
(1H,d,J=2.1Hz),7.13 (1H,d, J=8.7 Hz), 7.29 (1H, dd,
J=9.0;3.1Hz), 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.

OH
o) /@\ 0 oH O OH
R on 07T ToH R HS0,Cl R Ry
| — |
Eaton reagent, EtOH (0] OH
OH & © OH 0°Ctort,1h R
1a-b Reflux, 80°C, 3 h 3a-b 4ab "™
la,R=H :Z ii gH 4a, R = H, R,=SO3H, R,=H
1b, R = OH e 4b, R = OH, R = H, R,= SO,H

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 m 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,
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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-! to 1381 cm-?, 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
0=S=0, S=0 and S-0. Meanwhile, the spectrum at wave
numbers 1226 cm-1, 1635 cm-! and 3433 cm-* indicates C-
O-C, C=0 and O-H.

3425—

3a

1450—
1296—

1612—

T T T T T T
4000 3500 3000 2500

T T T T T T
2000 1500 1000 500

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.
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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 etal. 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-%, along with additional peaks
corresponding to O=S=0, S=0, 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,
271

Table 1. FTIR of compound 3b and 4b

. [Bilangan Gelombang (cm-1)

Gugus Fungsi (3b) (4b)
O-H 3432 3435
C=0 1637 1638
C=C 1484 1482
C-O-C 1185 1250
0=S=0 - 1196
S=0 - 1060
S-O - 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
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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 Hz2)
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 (CH, s)
S-OH - 8.43 (OH, s)

% 8.4310
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1 (ppm)

0.51= }—-—8.4310

1.00f b»-—12.8882
0.53e jfmmm=— 11.7377

0 OH fO
HO H SLOH
L TCES
6 0 o
4

2.5000 DMSO-d6

1.021 }— 10.3383

T
12

-
]
-
-
=]
]

&
1 {ppm)

T T T T T T
5 4 2 2 1 4] -1

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
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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)
Affinity/Energy Binding Interaction
Compound (Kcal/mol) (Amino acid residue) Hydrogen Bond Length
Native -6.3 Asn105; Lys213, Arg253; 3.07; 2.97; 2.73; 3.06;
Ligand Asp86 dan Gly20 2.79; 2.78; and 3.13
4a -715 Leul93 and His 194 2.55and 2.73
4b -7.6 AsN13, His255 and Glu65 2.17;2.39,and 2.85
Compound 4b exhibits a lower binding energy ligand—protein complex formed. As a reference,
compared to compound 4a and the native ligand of DHPS, compound 4a forms two hydrogen bonds with Leu193 and
indicating that the lower the energy, the more stable the 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,

JK/EJAOPOPOH
OH OH

Dlhydropteroate diphosphate (DHPP)

Yuanita et al.

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.

/©/COOH
H,N

p-aminobenzoic acid (PABA)

‘ OH - O OH \S,OH
Cr OO
NG OH o i OH
DHPS 0=8=0
& ] OH
o}

Dihydropteroic acid

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 (LEYE.pdb)

The mechanism of inhibition of hydroxyxanthones on
the DHPS (7,8-dihydropteroate synthase) enzyme in
Mycobacterium tuberculosis (Mtb) involves disrupting the
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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
4aand 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 Mth
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)!. mTORCL is primarily known for its role in
regulating protein synthesis, cell growth, and metabolism
in response to nutrient availability, growth factors, and
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energy status. Activation of mMTORC1 promotes anabolic
processes such as protein synthesis and lipid biosynthesis
while inhibiting catabolic processes such as autophagy®®.
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 growths..
mTORC?2, on the other hand, regulates cell survival,
cytoskeletal ~ organization, and metabolism. Akt
phosphorylation at Serine 473 by mTORC?2 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 (PKCa) and serum/glucocorticoid-
regulated kinase 1 (SGK1)3L,

Dysregulation of mTOR signalling has been implicated
in a wide range of diseases, including cancer, metabolic
disorders, neurodegenerative, and cardiovascular
diseases®. 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 mMTOR signalling and metabolic
homeostasis®* 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.! 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 plague development.? This inflammatory
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cascade is orchestrated through the activation of nuclear
factor kappa B (NfkB) and transforming growth factor beta
(TGFp) 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.* 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.?

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.> Specifically, mTORC1, a component of the
mMTOR complex 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, a negative

-319 -

regulator of SREBP1/2.5° Dysregulation of SREBPs
induces dysfunction in lipogenesis and fatty acid
metabolism, contributing to cardiovascular diseases,
diabetes mellitus, and obesity.” 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.® 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.®
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.!®* 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.'? 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.*® (Figure 2). Among the kinases
involved in eNOS phosphorylation, phosphor kinase B and C
(PKB and PKC) play a significant role.* The phosphorylation
of serine 1177 occurs downstream of the phosphoinositide 3
kinase pathway.*>*¢ 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 459.1” Conversely,
PKC dephosphorylates Ser1177 and phosphorylates
threonine 459, decreasing eNOS activity.’® A defective
AKT/eNOS  mechanism  resulting increased
phosphorylation of eNOS at Serl177 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.'® 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.”® Under normal
physiologic conditions, the generation of endothelial nitric

in
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oxide by eNOS depends on the co-factor tetrahydrobiopterin
(BH4).2° 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.?*?? 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.?® (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 mMTORC1 in
cellular metabolism and nitric oxide signalling, a
comprehensive understanding of the implications of
mTORC1-mediated phosphorylation of eNOS is imperative.
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Figure 2. The Role of mMTOR 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 mTORCL, 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

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.

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

mMTORC1, 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 mTORCL1 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.

l

Endothelial dysfunction serves as a pivotal element in the progression from a plague to an atheroma, primarily driven by
reduced availability of endothelial nitric oxide (eNO), synthesized by endothelial nitric oxide synthetase (eNOS).

l

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 Serl177 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 the suppression of lymphocyte cell proliferation directed

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

towards the atherosclerotic region and hampers cell cycle
progression.?* Rapamycin specifically targets mTORCL,
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.?*

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:®

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.?® Investigations on the inflammatory
response in arterial atherosclerotic plaques in Apo-E
knockout mice have unveiled that mMTORC1 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.?” Notably, treatment with mTOR inhibitors
in LDLR-/- mice has demonstrated substantial delays in
the progression of small-sized plaques into fully developed
atherosclerotic plaques.?®

Key findings:

Role of mTORC1 in Lipid Metabolism: The
involvement of mTORCL 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
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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 M1.2° 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.?® Both ischemia and reperfusion events inflict
detrimental effects on cardiac tissue.?® (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.*
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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 (MlI)
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.% In the context of MI, both mTORC1 and
mMTORC2 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.® (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 mMTORC2,
exacerbating cell survival.®® 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.® 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).%

During the reperfusion phase, the activation of p70S6
kinase, a downstream target of mTORCI1, 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.3 Downstream, inhibition of the ubiquitin-
proteasome system attenuates the pro-inflammatory

- 324 -

Cheryl Lewis

response mediated by NfkB.3” PRAS40, a proline-rich Akt
substrate, acts as both a substrate and a component of
mTORCL, inhibiting mTORC1 activity post-infarction.®
Phosphorylation of PRAS40 by either Akt or mTORC1
prompts its dissociation from mTORC1, relieving its
inhibitory effect on mTORC1.® Elevated expression of
PRAS40 confers protection post-myocardial infarction by
mitigating against ischemic injury and steering myocytes
towards mTORC?2 signaling.®

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 Kkinase-3f, through
tuberous sclerosis complex proteins 1/2 (TSC).*° In
conditions of low cellular energy, such as ischemia,
AMPK activates TSC1/2, culminating in the inhibition of
Rheb and subsequent suppression of mTORCL1. 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.*

However, prolonged ischemia induces
dephosphorylation and activation of GSK-3p, while
reperfusion inhibits its activity. GSK-3p, expressed via the
mTOR pathway, exhibits cardioprotective effects during
both ischemia and reperfusion. The upstream regulation of
GSK-3B by Akt,*> which phosphorylates TSC2, resulting
in mMTORC1 inactivation,® plays a pivotal role. The
suppression of GSK-3B during reperfusion facilitates
cardioprotection by regulating the opening of the
mitochondrial permeability transition pore (MmPTP)
through direct phosphorylation.**
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Figure 4. Role of mTOR in pathogenesis of IHD

Fig.6 The two components of mMTOR — mTORC1 and while mMTORC2 is activated during the ischemic phase via
mMTORC2 have a role to play during the reperfusion and the AMPK-Akt pathway which inhibits mTORC1 and
ischemic phases respectively. mTORC1 is activated activates autophagy genes like beclin, FOXO and Atg 7,
during the reperfusion phase when blood supply is restored ulk which bring about cell survival through degradation of
and in the presence of nutrients and amino acids leading to toxic proteins which is a protective mechanism for
protein synthesis and eventual myocardial hypertrophy, 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 mMTORC1. This suppression mitigates the phosphorylation of p70S6K and 4E-BP1,
leading to diminished protein synthesis and energy conservation during the ischemic phase.

l

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

autophagy.

During the reperfusion phase of Ml, 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 mMTORC1, inhibiting mTORC1 activity
post-infarction. Elevated expression of PRAS40 confers protection post-myocardial infarction by mitigating against
ischemic injury and steering myocytes towards mTORC?2 signaling.

l

mTORC?2 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-3f, while

reperfusion inhibits its activity.

GSK-3B, 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.* In GSK-3B knock-out
C57BL/6J mice, the adverse effects associated with GSK-
3p inhibition during prolonged ischemia were ameliorated
upon treatment with rapamycin.*

Key findings

Understanding

Ischemia/Reperfusion Injury: The
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description of Ml'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 Ml 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-Ml.

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 Ml
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 overload*®. 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 5! in addressing
hypertrophic disease and its associated heart failure®.
Compelling evidence also suggests that metformin

indirectly modulates mTORCL1 activity via both AMPK-
dependent and -independent mechanisms, exhibiting
efficacy in attenuating atherosclerosis in multiple animal
models “%.  Although phytopharmaceuticals have
demonstrated potential in laboratory studies, challenges
remain in effectively translating their efficacy into clinical
applications, especially regarding their delivery °.

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 %2, 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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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
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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,

© 2025 DSR Publishers/The University of Jordan. All Rights Reserved.
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this antioxidant capacity is often significantly
compromised, 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,

and serum

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

Nadine Abdelhadi et al.

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%),

counts

20 o

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.

Vitamin Classification
Fat soluble
WWater soluble

1IcCu-Adult
Service

ICuU-Pediatric

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% 23%
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 Clarification of orders 2 11.50 8.50 7.25 11.50 15.75
Taken

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 5 10 0.00 10.00 10.00 10.00

Clarified

Lab Evaluation 1 25 0.00 25.00 25.00 25.00

Medication 14 15.00 0.00 15.00 15.00 15.00

reconciliation/admission

Route of administration 1 40 0.00 40.00 40.00 40.00

clarified.

Therapy recommendation / 55 15 0.00 15.00 15.00 15.00

Initiation

Therapy 32 15.00 0.00 15.00 15.00 15.00

recommendation/Discontinue
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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 pt icu-Adult # [t 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’ 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

interventions  related  to

clinical pharmacists’ interventions in managing vitamin
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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
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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
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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).

© 2025 DSR Publishers/The University of Jordan. All Rights Reserved.
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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
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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

C. Hima Bindu et al.

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
Example Case
Study

Analysis of
liposomal drug
delivery systems
Examination of

Application Technique

Characterizing TEM,
drug nanoparticles | SEM

Quality control of | SEM

excipients particle size and
uniformity

Studying drug- TEM, Interactions in

excipient AFM drug formulations

interactions

Detecting SEM, Identifying

contaminants TEM impurities in final
products

Release kinetics of
nanoparticles

Analyzing drug DLS
release profiles

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

- 345 -



Nano-Analytical Techniques ...

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
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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).
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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),

- 350 -

C. Hima Bindu et al.

is a surface-sensitive technique used to analyze the
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).

elemental
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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
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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 Uses focused | Particle size and
Electron electron beam | morphology
Microscopy for surface analysis
(SEM) imaging
Transmission Transmits Nanoparticle
Electron electrons characterization,
Microscopy through thin crystal structure
(TEM) samples for analysis

internal

structure

imaging
Atomic Force Measures Surface
Microscopy forces topography and
(AFM) between a property

sharp probe measurements

and sample

surface
Dynamic Light | Analyzes Particle size
Scattering fluctuations in | distribution
(DLS) light measurement

scattering

from particles

in suspension
X-ray Measures Chemical
Photoelectron Kinetic energy | composition and
Spectroscopy of electrons electronic state
(XPS) ejected by X- | analysis

rays
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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
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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
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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
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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
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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
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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-
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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
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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

-378 -

Belal Rahhal et al.

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.

Tablel. Demographic characteristics of the study

sample
. Frequency (%)
Variable 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)
>335 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

-379 -



Effect of Mannitol on Renal Function...

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/1.73m?2 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
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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



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

preoperative and postoperative hemoglobin levels preoperative and postoperative levels of creatinine, BUN
(fig.1C). The means and standard deviations for 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
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*
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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
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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 Staﬁdgrd P

deviation value

Mannitol 120 | 156.17 64.900 0.809

volume

Post op 120 | 0.769 0.260

creatinine

Mannitol 120 | 156.17 64.900 0.149

volume

Post op BUN 120 | 18.39 7.566

Mannitol 120 | 156.17 64.900 0.255

volume

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
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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

Indepgndent Dependent variable
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 | 0.005
mean
CABG 7442 £0.232
valve .6862+ 0.266
replacement
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 83.1737 + 26.12
replacement
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
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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
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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 (pc =
0.16, P = 0.047), administrative professional performance (¢c = 0.20, P = 0.015), and patient counseling practices
(pc = 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
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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
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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
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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).

e2

2 —

l(z p; p))+(N—1)J
Where:
n = Required sample size
N = Population size
z= Z-score (based on confidence level)
p = Estimated proportion of population
e = Margin of error

e

(Equation 1)

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
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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 (¢c)
test was used. The strength of associations was interpreted as
follows: a (oc) 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
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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
21-25 years 65 27.0
26-30 years 80 33.2
31-35 years 46 19.1
Participant’s age 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
S Male 84 34.9
Participant’s gender Female 157 65.1
Less than 5 years 87 36.1
- 5-9 years 62 25.7
Age of pharmacy building 10-14 years 5 18.7
15 years or more 47 19.5
Independent pharmacy 182 75.5
Type of pharmacy Chain pharmacy 59 24.5
Near hospital 23 9.5
Pharmacy’s location Near megjical cente_r 76 315
No hospital or medical center | 87 36.1
Near private doctor clinic 55 22.8
Presence of counselling area in the pharmacy Yes 176 730
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
. Yes 221 91.7
Having knowledge about GPP No 20 8.3
Yes 105 43.6
Workshops about the GPP No 136 6.4
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
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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. | 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
" 06. 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 KEY OF ITEMS DESCRIPTION
E1. Theme one: Profession essentials and requirements
B St rongly agree a nd E1. | am familiar with all national laws and regulations of the pharmacy profession.
agree E2. E2. | apply all national laws and regulations of the pharmacy profession.
E3 E3. I adhere to the national code of ethics and apply it in routine practice.
M Neutral : . L ' . )
E4. Itis my responsibility to inform the patient and health care providers (pharmacists and/or doctors) of
E4. any circumstances that may delay the provision of treatment.
. ES5. | know my rights, duties, and i ibilities of a ist towards ical care
M Disagree and ES. i i i
seekers according to the national laws and regulations.

strongly disagree
0 25 50 75 100 125 150 175 200 225 250

Theme two: Organization management
. . O1. The pharmacy has decent appearance and good hygiene.
Theme two: Organization management prarmacy i goodive

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

O1. leaflet.
02. 03. The pharmacy has the necessary equipment to store medicines (e.g., refrigerator).

M Strongly agree and
03 04. Pharmacy Standard Operating Systems (SOPs) are available at the pharmacy.

agree :
04 0O5. The pharmacy has systems for documenting possible side effects that may occur with health care
seekers.

W Neutral 05.

06 06. 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.
) 07. . . o _
W Disa gree an d 08 08. All documents and prescriptions are kept until destroyed by the inspecting pharmacists.

strongly disagree

Theme three: Administrative professional performance

0 25 50 75 100 125 150 175 200 225 250

Al In the communication with the pharmacy staff, | respect their opinion and decisions.

P - - A2. Attention is given to what staff raise and d to their ideas.

Theme three: Administrative professional performance entlon s given {0 what stalf raise and respon fo thelr ideas.
A3. | ensure that medicines and other pharmaceutical products are provided from reliable sources and

Al. 1 ensure their availability in the pharmacy store consistently.
B St rongly agreea nd Ad. The prescriptions that are dispensed and the invoices of medicines and other pharmaceutical products
agree A2. are kept in a special file in which the documents are arranged according to the dates and for the period
A3. specified by the laws.
H Neutral AS. | do not deal with agents that provide medicine or other pharmaceutical products that are counterfeit or
A4. smuggled.
M Disagree and AS. 2 Theme four: Prescription management
Strongly disagl’ee PML. Regarding the prescription, | check its clarity and the identity of the prescriber who wrote it.

0 25 50 75 100 125 150 175 200 225 250

PM2. | 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

Theme four: Prescription management correct patient.

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

PM1.

mSt | of the

ron agree
gly ag PM2. PMa4. | review the medications included in the prescription to ensure that there is no duplication of
and agree PM3. medications.

] Neutral PM4. PMS5. | review the prescribed medications to ensure that the dosage form is appropriate for the patient.
PMS_ PMB. In case of doubt about the prescription, or if | have a recommendation on the medicine, dosage, or
PM 6 alternative, | refer to the prescriber to check.

[ ] Disagree a nd PM7 PM7. 1 do not dispense forged and illegal prescriptions and return them to the patient.

strongly disagree
0 25 50 75 100 125 150 175 200 225 250 Theme five: Patient counselling
PCL. 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.
Theme five: Patient counselling PC2. 1 give information to patients about the form and content of their medications.

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

PC1L. PC4. I explain to patients the instructions of how to take their medications, correct dose, route, frequency
PCZ- and when to stop their using these medications (i.e., duration of treatment).

| St rongly agree and PC3. PCS5. | review laboratory tests, if patients bring them with the prescription and educate patients about

agree itori

PC4. monitoring.
PCS PC6. I explain any information | deem necessary to patients.

W Neutral ) PC7. I make sure that patients understand the information by asking them to explain what they understood
PC6. in their own languages.
PC7. PC8. | follow up the patient to ensure that the treatment results are achieved or to suggest the necessary

| | Disagree and PCS8. modifications to the treatment plan if the wanted outcome is not achieved.

strongly disagree
0 25 50 75 100 125 150 175 200 225 250

Number of participants
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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%);

oc=0.16;  P=0.047), administrative  professional
performance (n=212 (88%); ¢c=0.20, P=0.015), and
patient counselling practices (n=198 (82.2%); ¢c=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 (pc=0.17, P=0.010; Table 6) and prescription
management (pc=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

Tahani Alwidyan, et al.

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 N P-value Cramer's
Variable Category Positive | Neutral | Negative phi (pc)
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 | 69 18 0
center
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 N P_value Cramer’s
Variable Category Positive | Neutral | Negative phi (¢c)
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- Cramer’s phi
Variable Category Positive | Neutral | Negative value (pc¢)
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
129% | 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
154% |9.1% 0%
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Level of attitude X2 P- Cramer’s phi
Variable Category Positive | Neutral | Negative value (pc)
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 | 57 29 1
center
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% | 224% | 0%
No 37 26 2
154% |10.8% | 0.8%
Employee's area Yes 145 71 1 3.96 | 0.138 0.13
60.2% | 295% | 0.4%
No 14 9 1
5.8% 3.7% 0.4%
knowledge  about | Yes 148 71 2 1.50 | 0.474 0.08
GPP
61.4% | 29.5% | 0.8%
No 11 9 0
4.6% 3.7% 0%
GPP related | Yes 75 29 1 2.62 | 0.270 0.10
workshops
31.1% 12% 0.4%
No 84 51 1
349% |212% | 0.4%
Research Yes 83 34 2 4.10 | 0.131 0.13
344% | 141% | 0.8%
No 76 46 0
315% | 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
Variable Category Positive | Neutral | Negative phi (c)
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 | 81 6 0
center
33.6% 2.5% 0%
Near private doctor | 52 3 0
clinic
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
Variable Category Positive | Neutral | Negative phi (c)
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 | Yes 100 5 0 0.15 0.467* | 0.03
workshops
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
Variable Category Positive | Neutral | Negative phi (¢c)
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
Variable Category Positive | Neutral | Negative phi (¢c¢)
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 | 76 8 3
center
31.5% 3.3% 1.2%
Near private doctor | 52 3 0
clinic
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 | Yes 99 3 3 7.34 0.026 0.17
workshops
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
Variable Category Positive | Neutral | Negative phi (c)
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 | 75 11 1
center
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
Variable Category Positive | Neutral | Negative phi (¢c)
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 | Yes 92 12 1 1.40 0.498 0.08
workshops
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 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

increase

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
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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.
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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
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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.
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Recent concerns highlight that over one-third of diabetes-
related deaths occur in individuals under the age of 60 .
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 worldwide?®.
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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 °. DAP stated the
prevalence of diabetes is between 0.95% and 32.9% ©. 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 °.

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 °. A reliable instrument for
assessing the overall impact of health on an individual's
well-being is the HRQoL scale. The HRQoL measure
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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 %,

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 2. 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 2.

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 DMe-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
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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
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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, HbAlc 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)

80~

3 182 157
o °
46
60—
-
40= *2 1
20—

Cwrrent Readings
BW70-150@151-200 =200 W4
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Gender

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 (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).

intermediate level

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 47(18.1) | 0.865 | 18(6.9) | 241(93.1) | 0.39 | 196 (75.7) 63 0.339
(81.9) 5 (24.3)
Female 147 34 (18.8) 9(5) 172 (95) 144 (79.6) 37
(81.2) (20.4)
Age (years)
35-65 342 71(17.2) | 0.010 | 25(6.1) | 388(93.9) | 0.77 | 324 (78.5) 89 0.021
(82.8) 6 (21.5)
66-80 17 (63.0) 10 (37) 2(7.4) 25 (92.6) 16 (59.3) 11
(40.7)
Marital
status
Married 341 77 (18.4) | 0.977 | 27(6.5) | 391(93.5) | 0.21 | 327 (78.2) 91 0.037
(81.6) 9 (21.8)
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
< 213 38(15.1) | 0.041 | 9(3.6) | 242(96.4) | 0.01 | 211(84.1) 40 <0.00
Intermediate (84.9) 0 (15.9) 1
>Intermediate 146 43 (22.8) 18 (9.5) | 171 (90.5) 129 (68.3) 60
(77.2) (31.7)
Employment
Unemployed | 82 (75.2) | 27 (24.8) | 0.048 14 95(87.2) | 0.00 | 72(66.1) 37 0.001
(12.8) 1 (33.9
Employed 277 54 (16.3) 13(3.9) | 318(96.1) 268 (81) 63 (19)
(83.7)
Income
<10,000 PKR | 182 (74) 198 <0.00 | 22(8.9) | 224 (91.1) | 0.00 | 177(72) 69 (28) | 0.003
(88.8) 1 6
>10,000PKR 177 11 (78.6) 5(2.6) | 189(97.4) 163 (84) 31 (16)
(91.2)
Residency
Urban 142 36(20.2) | 0418 | 7(3.9) | 171(96.1) | 0.11 | 131(73.6) 47 0.129
(79.8) 2 (26.4)
Rural 217 45 (17.2) 20 (7.6) | 242 (92.4) 209 (79.8) 53
(82.8) (20.2)
LOS: level of significance (P<0.05);

Gender
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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. 2415,
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. %6, 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 417, Additionally, there was
better control of diabetes in males as compared to females
with lesser exposure to depression or anxiety 2,

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 1719,
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. 2.

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
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subjects 2. 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 2.
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 2. 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 . 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 %. 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. %, 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 2.
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 2.

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

Hamad Khan et al.

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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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 HCI 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
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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

© 2025 DSR Publishers/The University of Jordan. All Rights Reserved.
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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.
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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™ to 400 cm™ 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 300°C at a rate of 40°C 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
50°C. 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
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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

Ingredientsamount(mg) | F1 |F2 | F3 |F4 | F5
Methyldopa 250 | 250 | 250 | 250 | 250
HPMC K100M 200 | ----- 180 | 150 | 250
Carbapol 934 ---- 1200 |20 |50 |60
Sodium 70 |70 (70 |70 | -----
bicarbonate

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 HCI to prepare stock solution A. From

this stock solution A, different concentrations like 5 pg/ml,
10 pg/ml, 15 pg/ml, 20 pg/ml, 25 pg/ml, up to 40 pg/ml
were prepared. By UV-Spectrophotometer at A max Of 282
nm solutions are analysed and absorbance and standard
graph is represented in Figure 1.
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0.3

0.2

Absorbance

0.1

0 T T

y =0.0128x + 0.0066
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Figure 1: Calibration curve of Methyldopa in 0.1N HCI
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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= (pt - po)/( py)x 100
pt =tapped density, po=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.
0 =tan " 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/cm?) and
percentage friability were determined. Roche Friabilator
(Labindia) was used to determine friability, where 10
tablets were weighed initially by placing in the friabilator
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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 200ml 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 HCI (pH 1.2) in USP type Il
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 (NaHCOs3)
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 HCI 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 Il paddle type
dissolution apparatus (Disso 2000, Labindia) by taking
900 ml of 0.1 N HCI (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 (R?)
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:

Qi=kot

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:

Qt=Q. (I-e™)

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:

= Kyt 12

Where ko k1, Ky 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/75x5% 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™*, which correspond to the benzene ring,
at 3400 cm, which indicates the OH vibration of the
phenol, and peak at 3200 and 3400 cm™, 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 %, 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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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,
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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

No significant changes in colour

100.81 £ 0.72 100.27 £1.65

No significant changes in colour

100.46 + 0.86 99.27 + 2.04

WIN| -

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 9 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(0) | Bulk density (g/ml) | Tapped density (g/ml) | Compressibility index (%6)
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

- 429 -



Formulation and Characterization of Methyldopa ...

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

Amaresh Prusty et al.

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.

batches.

The

results

of various

post-compression

Table 4: Post compression parameters of different tablet batches

Batches Weight variation Hardness Thickness %pFriability I;Ir%itl(ggcl)ag 'I_'otal floating
test 3(mg) £S.D (kg/cm?) £S.D (mm) £S.D (%) £S.D sD B 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 >0h

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 >0h

a, d (n=3xS.D) ; b(n=5%S.D) and ¢ (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
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.

in non-effervescent

Table 5: Swelling Index of different tablet batches

Time (h) F1 F2 F3 F4 F5
05 64.13 +0.15 | 78.38+0.11 | 45.22 +0.02 | 31.850.06 | 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
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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 (R?) | Higuchi (R?)
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
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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

. After

Parameters Initial 1Month After 2M | After 3M

Physical appearance Tablets are pale white, convex No change No change | No change
smooth surface without any cracks
Thickness(mm) + S.D | 3.384+0.05 3.384+0.05 | 3.384+0.05 | 3.384+0.05
Hardness(kg/cm?) 5.50+0.24 5.50+0.24 5.50+0.24 | 5.50+0.24
S.D
Friability(%) + S.D 0.65+0.02 0.65+0.02 0.65+0.02 | 0.65+0.02
% cumulative Drug 99.09+0.13 99.32+0.79 | 99.1+0.09 | 98.19+0.79
release
CONCLUSION by the swelling and hydration behavior of the combination

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

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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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 mMRNA
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
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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
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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 4" 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
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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-1 and MHC-II
was studied by wusing IEDB analysis resource
(http://tools.iedb.org/population/) which reveals about the
worldwide coverage of the predicted epitopes of Class-I
and Class-1l. 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-11-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
PsiPred

construction forecast instrument
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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.gd.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 