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INTRODUCTION

The Jordan Journal of Pharmaceutical Sciences (JJPS) is a peer-reviewed Journal, which publishes
original research work that contributes significantly to further the scientific knowledge in
pharmaceutical sciences' fields including pharmaceutical/medicinal chemistry, drug design and
microbiology, biotechnology and industrial pharmacy, instrumental analysis, phytochemistry,
biopharmaceutics and Pharmacokinetics, clinical pharmacy and pharmaceutical care,
pharmacogenomics, bioinformatics, and also JJPS is welcoming submissions in pharmaceutical
business domain such as pharmacoeconomics, pharmaceutical marketing, and management. Intellectual
property rights for pharmaceuticals, regulations and legislations are also interesting topics welcomed
from our colleagues in Schools of Law.

On a current topic in Pharmaceutical Sciences are also considered for publication by the Journal.
JJPS is indexed in SCOPUS (Q3). It’s a journal that publishes 4 issues per year since 2021 in (March,
June, September, December). The Editorial Team wishes to thank all colleagues who have submitted
their work to JJPS). If you have any comments or constructive criticism, please do not hesitate to contact
us at jjps@ju.edu.jo. We hope that your comments will help us to constantly develop JJPS as it would
be appealing to all our readers.

Prof Ibrahim Alabbadi
Editor-in-Chief
School of Pharmacy- The University of Jordan
Amman 11942- Jordan
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Letter from the Editor-in-Chief

After a full year of getting back to normal life in 2022, with all work including
editorial board meetings performed face to face, the Jordan Journal of
Pharmaceutical Sciences (JJPS) will continue to publish 4 issues annually at regular
times i.e., quarterly, but the good news that each issue every quarter will have 15
accepted articles to be published per issue (instead of 10). The latter indicates the
good achievement of JJPS last year as much more submissions were received from
international countries representing 70% of total submissions while 30% were
received from Jordan. Furthermore, this will decrease waiting times for researchers
in receiving decisions regarding whether their submissions are either accepted or
not. Also increasing the number of articles published per issue will again increase researchers’
satisfaction and not delay publishing their accepted work, for example, the waiting time from receiving
the submission through the decision to publishing decreased from 34 weeks in (2019-2020) to 22 weeks
in (2021-2022) on average.

On the other hand, the number of citations exceeded 2 folds of the number of articles published looking
forward to reaching the Q2 category in SCOPUS soon; thanks to all colleagues on the editorial board,
local as well as international advisory board scientists, also special thanks to all researchers for their
belief and trust in JJPS.

One important issue worth mentioning this year is the challenge of using Artificial Intelligence in
writing scientific papers using new applications such as Chat GPT which since launched last November
was spread not only very fast but in acceleration way all over the world. We are observing and will try
to meet with all stakeholders in our field very soon to have deep discussions hoping to reach a solution
to such a threat mainly in similarity percentages reports for the submissions.

In JJPS, we will continue encouraging researchers to submit their original research as well as systematic
reviews and commentaries emphasizing our commitment to complete reviewing the submissions by a
group of excellent scholars in a scientific logical transparent way in a short time.

Best regards

Prof Ibrahim Alabbadi
Editor-in-Chief



Editorial Commentary

Dear Esteemed Researchers

As a member of the esteemed editorial board of the Jordan Journal of
Pharmaceutical Sciences (JJPS), it is with great enthusiasm that | extend a
cordial invitation to all dedicated researchers and practitioners in the
pharmaceutical arena. At the heart of our commitment to advancing
scholarly dialogue, JJPS stands as a beacon of excellence, indexed in
Scopus (Elsevier), Ulrich's Periodicals Directory, Google Scholar, and
EBSCO.

This upcoming volume heralds a unique opportunity for researchers to
contribute to our journal's rich tapestry of knowledge. We eagerly seek
submissions from those engaged in the formulation and exploration of
innovative drug delivery systems, as well as review articles spanning
multiple interdisciplinary fields within pharmaceutical sciences. JIPS
serves as the nexus for groundbreaking research, offering a platform where diverse ideas converge to
shape the future of pharmaceutical innovation.

Our dedication to sustainability is evident in our encouragement of submissions that delve into green
and eco-friendly solvents and drug delivery systems. Recognizing the pressing need for responsible
practices in the pharmaceutical industry, we aim to highlight research that champions environmentally
conscious approaches, contributing to a more sustainable future.

Furthermore, we invite researchers to explore the realms of cost-effective innovation with new drug
delivery systems for approved drugs. By focusing on reducing the costs associated with developing a
new chemical entity, we collectively contribute to fostering accessibility and affordability in
pharmaceutical advancements.

Publishing with JJPS not only ensures rigorous peer review and adherence to the highest standards
of academic excellence but also provides unparalleled visibility on the global stage through our diverse
indexing platforms. Your contributions will become integral to the ongoing dialogue that shapes the
trajectory of pharmaceutical sciences.

Together, let us forge new frontiers in pharmaceutical research, innovation, and sustainability.
Submit your work, and let your research be the cornerstone of positive change in our dynamic field.

Sincerely,

Professor Faisal Al-Akayleh

Editorial Board Jordan Journal of Pharmaceutical Sciences
Department of Pharmaceutics and Pharmaceutical Sciences
University of Petra

Amman, Jordan

falakayleh@uop.edu.jo
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Distribution of Vitamin D Status in a Group from Syrian Society

Talleh Almelli ¥*

Lecturer at department of Microbiology & Biochemistry, Faculty of Pharmacy, Al Wataniya Private University (WPU), Homs
International Road, Hama, Syria

ABSTRACT

Obijective: The aim of this work is to study the serum levels of 25-hydroxyvitamin D3 in a sample of healthy
Syrians in the city of Homs.

Method: A cross-sectional study, including 690 ostensibly healthy participants, was conducted at the National
Hospital of Homs. Serum levels of 25-hydroxyvitamin D3 were measured using chemiluminescent immunoassay.
Results: The overall prevalence of vitamin D inadequacy (insufficiency, deficiency, and severe deficiency) in the
study samples was 76.5%. Additionally, 49% of the samples had vitamin D deficiency, with 18.5% suffering from
severe deficiency. Furthermore, levels of 25-hydroxyvitamin D3 in females were lower than in males (11.3+2.3
ng/ml versus 39.6+11.28 ng/ml, respectively, p < 0.0001). Veiled women had serum levels of vitamin D lower
than non-veiled women, 11.3+2.5 ng/ml versus 25.5+3.2 ng/ml, respectively, p < 0.0001. Female gender and
clothing style were identified as independent risk factors for vitamin D deficiency.

Conclusion: The prevalence of vitamin D deficiency was very common in the study population, despite the sunny
weather in Homs city most of the year. Further studies with larger groups, including other Syrian governorates,

are needed to elucidate lifestyle and sociocultural behavior risk factors for vitamin D deficiency.
Keywords: 25-hydroxyvitamin D3, vitamin D deficiency, vitamin D insufficiency, sunlight, Syria.

1. INTRODUCTION

Vitamin D deficiency is one of the most significant public
health problems affecting various age groups, including men,
women, pregnant women, newborns, children, adolescents,
adults, and the elderly, even in countries with ample exposure
to sunlight throughout the year. Interestingly, the Middle East,
a region that experiences sunlight most days of the year, has
recorded the lowest levels of vitamin D, especially among
women. This global health issue, linked to malnutrition and
inadequate sunlight exposure, threatens millions of people
[1,2].

Vitamin D, a fat-soluble vitamin and considered a
hormone precursor, plays a crucial role in bone metabolism.

*Corresponding author: Talleh Almelli
talla.melli@wpu.edu.sy

Received: 7/1/2023  Accepted: 20/5/2023.
DOI: https://doi.org/10.35516/jjps.v16i4.786

It controls calcium absorption, mediates bone mineralization
with parathyroid hormone, maintains the internal stability of
calcium and phosphorus, and contributes to various
physiological and metabolic functions [3,4]. Vitamin D exists
naturally in two biological forms: vitamin D2
(ergocalciferol’) in plant sterol and vitamin D3
(‘cholecalciferol’) in fish oil, produced after skin exposure to
short ultraviolet light (UVB). UVB converts pro-vitamin D3
in the skin to vitamin D3, which is then transformed in the
liver to 25-hydroxyvitamin D3 (25(0OH) D3) and further
converted in the kidney into the active form, 1,25 di-hydroxy
vitamin D3. The final form can bind to nuclear receptors in
target tissues, regulating target genes [5].

Vitamin D receptors are present in various body tissues,
and studies have indicated that vitamin D deficiency is
associated with autoimmune, neoplastic, and metabolic
diseases [6,7,8]. Insufficient nutritional resources and the

- - ©2023 DSR Publishers/The University of Jordan. All Rights Reserved.
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chronic use of certain medications that stimulate vitamin D
metabolism are common causes of vitamin D deficiency.

Recently, several studies have revealed a significant
association between vitamin D deficiency and the high risk
of infection, hospitalization, and increased mortality rate
of COVID-19 [9,10,11]. This suggests a key role for
vitamin D supplementation in the treatment and/or
prevention of COVID-19 patients.

Based on the above and due to the lack of information
about vitamin D status in people residing in Homs City,
this study was conducted. The aim of the study was to
investigate the serological levels of 25(OH) D3 in a group
of patients' companions who consulted the National
Hospital of Homs.

The present work was approved by the Ethics
Committee of Al Wataniya Private University in Syria
(No. HERC4), with the date of issue being 15 May 2022.

Baseline screening 713

Talleh Almelli

2. MATERIALS AND METHOD:

A cross-sectional study was conducted in Homs,
located in the middle region of Syria at latitude 34.7324°
north, between June and October 2022. Patients'
companions, ostensibly healthy individuals, were recruited
at the National Hospital of Homs. Using a questionnaire
distributed to those interested in participating, 690 subjects
between the ages of 20 and 68 were included in this
research (Figure 1). Exclusion criteria encompassed
patients with chronic diseases such as diabetes, hepatitis,
or chronic renal disease, and those taking medications that
affect vitamin D metabolism or absorption, such as
anticonvulsants, corticoids, oral contraceptives, or vitamin
D supplements, including an extended-release form during
the six months preceding data collection. Subjects with
vitamin D intoxication, pregnant women, and individuals
under 20 were not included in this study.

Apparently healthy

Chironic diseases

Questonnare

Enrolled i the study 690

Iarthntis, 7 dibetes, 3 hvpertension)

7 15
. Oral contraceptive

Taking medication
(7 vitamin D supplementation, 2 dexamethasone, |

preduisolone )

Figure 1. Subjects Recruitment

After obtaining personal written informed consent from
all participants, 2-3 ml of venous blood samples were drawn

using the Vacumed® blood collection system from FL
MEDICAL, Italy. Subsequently, the samples were

-681 -
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centrifuged for 10 min at 1,700 xg and stored at -20 °C until
analysis. Serum 25(OH) D3 levels were analyzed using a
chemiluminescent assay system (IMMULITE® 1000
immunoassay systems, Siemens, Germany), and 25(0OH) D3
values were expressed as ng/ml.

Participants were divided into five groups according to age:

Group 1: Between 20 and 29 years old, Group 2:
Between 30 and 39 years old, Group 3: Between 40 and 49
years old, Group 4: Between 50 and 59 years old, and
Group 5: > 60 years old. Additionally, women were
classified into two groups: veiled (wearing a scarf on the
head and covering the whole body) and non-veiled.

Vitamin D deficiency was classified as follows
[12,13]:

Vitamin D insufficiency: serum levels of 25(OH) D3 <
30 ng/ml

Vitamin D deficiency: serum levels of 25(OH) D3 <20
ng/ml

Severe vitamin D deficiency: serum levels of 25(0OH)
D3 <10 ng/ml

These levels were divided into four groups:

Group I: 30-100 ng/ml (sufficient)

Group II: 20-30 ng/ml (vitamin D insufficiency)

Group I11: 10-20 ng/ml (vitamin D deficiency)

Group 1V: Less than 10 ng/ml (severe vitamin D

deficiency)

The prevalence of subjects in each gender group was
determined.

2.1. Statistical Analysis

GraphPad Prism 5.0 was used for statistical analysis
[14]. The data were presented as mean values * standard
deviation (SD). Student’s t-test (for independent samples),
Chi-square, and Mann-Whitney U test were employed to
compare clinical and demographic parameters between the
two groups, while the Kruskal-Wallis test was used for
comparisons involving more than two groups. A p-value
less than 0.05 was considered significant, based on a two-
tailed test.

3. RESULTS

The study included 690 individuals aged between 20
and 68 years, comprising 210 males (30.4%) and 480
females (69.6%). The average age for males was 38.2+12
years, for females it was 36.5+15.5 years, and 75.5% of
participants were under 50 years old.

3.1. Distribution of participants from both
genders based on 25(OH) D3 levels:

Figure 2 revealed that 30.5% of participants from both
genders exhibited the highest prevalence of vitamin D
deficiency based on 25(OH) D3 levels.

B Sufficient 30-100ng/ml

100+ 3 Insufficiency 20-30ng/ml
E3 Deliciency10-20ng/ml
80+ [0 Severe insufficiency <10ng/mi
wﬂ
40-
20-
0

Figure 2: Distribution of participants from both sex nccording to 25 (OH)-DJ3 levels
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3.2. Distribution of 25(OH)D3 levels according to
age-group:

The lowest average level of vitamin D (11.79+8.79
ng/ml) was observed in the 20-29 years age group, while
the highest average level was noted in the 40-49 years age

Talleh Almelli

group. The maximum prevalence (66.6%) of vitamin D
deficiency was observed in the 50-59 years age group,
whereas the lowest prevalence was seen in the 40-49 years
age group (Figure 3). No significant differences in 25(0OH)
D3 levels among age groups were identified.

100+
80- P0(66.6%)"
- (a2 2ng'mi)y~~
28N 364"
80 n7men 160C0%)" B0(20% )"
o z e .- " -
R (-_' % ng ml) B0C7.5%)" 1323 ng'mi)
40+ E 36211 59ug/ml)*
20 E
0- T
< < < & <
& = & & &
o o o o 3
~ S o &
~ ~ <8 &

Figure 3. Distribution of vitamin D de iciency in each age group
*Number of participants (percentage ofsubjects with vitamin D deficiency)
=* (average level of vitamin D s tandand devintion)

3.3. Distribution of 25(OH)D3 levels according to
gender:

The results demonstrated a significant statistical
difference between females and males in terms of serum

P<0,0001

480(50.2%)"

levels of 25(0OH)D3, with values of 11.345+2.3 ng/ml for
females and 39.65+11.28 ng/ml for males, respectively (p
< 0.0001, Figure 4).

210(38%)"

(39.65+11.28)""

604  (11.34542.3)**

404

»
¢¢"\‘

’\0

Figure 4. Distibution of vitamin D defickency in ench gender
*Numbe r of purticipants(percentage of subjects with vitmmin D deficiency)
** (average levelof vitamin D *standard deviation)
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3.4. Distribution of gender according to 25(OH)D3
levels:

Figure five revealed insufficient vitamin D levels in
18.8% of females and 8.7% of males. The prevalence of
females suffering from vitamin D deficiency was
approximately 19%, compared to 11.5% of males (the

average level for both genders was 14.67+2.68 ng/ml). A
significant severe vitamin D deficiency was reported in
approximately 18.5% of females (mean level was
6.86x1.89 ng/ml), which was not detected in males who
participated in this study.

0.2 <10ng/ml

:;100*
E 804
W
~
- 604
c
2 S0-100ng/ml
F 404
- o Ztl-J(lnEJnll
& 2 S
y X
£ o
¢ el —
- l
- 0‘ v
Female Male  Female Male

Male Femanle Male

Female

Figure &, Distribution of both genders according to 25 (OH) D3 levels

3.5. Serum levels of vitamin D in veiled compared to
non-veiled women:
In this study, 65% of females wore the hijab and

exhibited serum levels of vitamin D lower than non-veiled
females, with values of 11.3+2.5 ng/ml versus 25.5+3.2
ng/ml, respectively p<0.0001 (figure 6).

1004 . P<0.0001 : 3 weiled
L 312(63.4%)" B vonveiled
11342 Sug/'mi**
604
- 168(18.4%)*
25532 ng/mi**
i B
0

T

Figure 62 Distribation of vitaumin D deficiency in velled vs non-velled women
*Number of partictpanis(Pe rcentage of subjects with vitamin D deficiency)
S (wwerage level of vitpmin D fstandard deyiation)

The female gender and clothing style were identified as
independent risk factors for vitamin D deficiency, with p-
values of 0.004 and <0.0001, respectively.
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4. DISCUSSION

The primary finding of this research is the high
prevalence of vitamin D deficiency identified in the study
group, despite the predominantly sunny weather in Homs
city throughout the year. The results indicated that 76.5%
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of participants had an average vitamin D level of 22.4+6.4
ng/ml, signifying vitamin D inadequacy, with 30.5%
exhibiting vitamin D deficiency (mean level 14.67+2.68
ng/ml). Severe vitamin D deficiency was observed in
18.5% of females in the study samples. Additionally,
levels of 25(OH) D3 in females were significantly lower
than those in males (11.345+2.3 ng/ml versus 39.65+11.28
ng/ml, respectively).

The findings of this study highlighted the lowest levels
of vitamin D in the young population aged 20-29 years,
with 46.4% of subjects having the lowest mean vitamin D
level (11.7948.79 ng/ml). Furthermore, vitamin D
deficiency was observed in 54% of women and 50% of
men under 35 years old. Additionally, 30.7% of females at
reproductive age had levels < 5 ng/ml. These low vitamin
D levels could pose a risk of low bone density, fractures,
and other complications associated with vitamin D
deficiency.

This could be explained by common lifestyle patterns
among the population. Nowadays, there is a notable
inclination to avoid main meals containing ingredients that
provide the body with vitamin D3, such as milk and eggs,
or stimulate its absorption, such as tuna. This was
corroborated by a study that identified a negative
association between insufficient daily calcium and calorie
intake with the concentration of vitamin D in older adults
[15]. Additionally, there is a significant reliance on fast-
food restaurants that are widely distributed in Syrian cities,
including Homs, and offer reasonable prices. In fact,
besides its negative impact on physical health, this food is
rich in calories but poor in essential body nutrients and
minerals, constituting a risk factor for vitamin D
deficiency [16]. However, these aspects were not
evaluated in this research.

Another crucial factor related to vitamin D is sun
exposure, which significantly contributes to the endogenous
production of the vitamin, thus fulfilling the daily
requirements of vitamin D [17]. The impact of sunlight was
evident in the presented work, as the levels of 25(OH)D3 in

Talleh Almelli

veiled women were lower than in non-veiled women, with
values of 11.3x25 ng/ml wversus 25.5%3.2 ng/ml,
respectively. Moreover, 63.4% of women who wore the
hijab suffered from deficiency. However, even non-veiled
women exhibited vitamin D inadequacy, and 18.4% of them
had vitamin D deficiency.

Apart from inadequate exposure to sunlight, dark skin,
which is common in Mediterranean countries, and the use
of sunscreen have also been proposed as reasons for low
levels of vitamin D endogenously synthesized by the skin.

The results have also revealed the highest prevalence
(66.6%) of vitamin D deficiency in the 50-59 years age
group. This emphasizes the importance of vitamin D
supplementation at this stage of life.

The obtained results were consistent with research
conducted on a group of Syrians aged 18-62 from
Damascus City. The outcomes showed that the majority of
participants (61%) had vitamin D levels less than 10 ng/ml,
99.2% were below 30 ng/ml, and vitamin D deficiency was
more prevalent in females than in males [18].

Comparing the results of this research with other
studies carried out in neighboring countries, some findings
are presented.

In Lebanon, several studies investigated the status of
vitamin D levels in the Lebanese population at different
ages and from both genders. A study on a group of samples
aged between 19 and 60 years found an elevated
percentage (83.5%) of vitamin D inadequacy and 63% of
vitamin D deficiency in the studied population for both
genders. Additionally, females between 19-39 years
represented the highest prevalence (71.2%) of vitamin D
deficiency [19]. Another research included a random
sample of Lebanese adults, both females and males, with a
mean age of 45.3 + 15 years residing in the Greater Beirut
area, and found that 39.1% of participants were deficient,
using a conservative cut-off of 12 ng/ml [20]. In agreement
with our results, low levels of vitamin D were highly
represented in the Lebanese population at different ages.

In Jordan, recent research revealed an elevated
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prevalence (89.7%) of low vitamin D levels (<30 ng/ml)
among Jordanian adults. The highest distribution of
vitamin D deficiency (<20 ng/ml) was found in females,
which was selected as an independent risk factor
associated with low vitamin D levels [21].

In Iran, several meta-analyses and systematic reviews
involving more than 26,000 individuals reported that
vitamin D deficiency was present in more than half of the
study population, with the majority being female.
Moreover, vitamin D deficiency was highly prevalent
among the young and middle-aged (20-50 years), and the
distribution of deficiency was significantly different
between different geographical areas [22,23].

Concerning the Arabian Gulf region, a cross-sectional
analysis including 102,342 participants attending primary
healthcare centers in Qatar investigated vitamin D status in
adults aged 18 - 65 years old. The study revealed that
14.1% suffered from severe vitamin D deficiency, 71.4%
presented vitamin D deficiency, and 92.7% had vitamin D
insufficiency. The higher prevalence rate of severe vitamin
D deficiency (28.4%) was observed in young females
between 19-28 years old [24]. In the United Arab Emirates
(UAE), a large study conducted in Abu Dhabi found a high
prevalence rate (72%) of participants being deficient and
(10%) insufficient in vitamin D, with no difference
between genders [25]. A new, interesting research aimed
to evaluate the distribution of vitamin D deficiency and
related risk factors among female migrants from Arab,
South Asian, and Philippines countries inhabiting the
UAE. Vitamin D deficiency was significantly prevalent in
the study population, particularly in Arabs (87%) and
South Asians (83%). Some associated risk factors
identified were low physical exercise and being obese
(BMI > 30) [26].

In Kuwait, a descriptive study on Kuwaiti adults
assessed the prevalence of vitamin D deficiency and its
associated socio-demographic and daily lifestyle risk
factors by measuring serum levels of 25-hydroxyvitamin
D (25(0OH) D3). The outcomes showed that vitamin D
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deficiency was highly distributed among adults, with some
risk factors involving the age of 23-39 years, being single,
consuming fast food, clothing style, and an indoor working
environment [16]. A cross-sectional analysis studied the
related risk factor of vitamin D deficiency in the Kuwaiti
population aged over 65. Findings revealed that 63% of
participants had vitamin D deficiency, and those who had
not received vitamin D supplementation presented the
highest prevalence [27].

In Saudi Arabia, one of the largest cross-sectional
studies included participants of all ages and followed their
vitamin D levels from 2008 to 2017. The results provided
hope, as some improvement in the prevalence of vitamin
D deficiency across all ages and both genders had been
found. However, low levels of 25(OH)D3 remain a
considerable public health problem in Saudi Arabia.
Moreover, young teenagers under 18 years old presented a
higher prevalence of vitamin D deficiency than the elderly
[28].

Regarding the Arab countries of North Africa, the
situation is not better. A study in Morocco investigated the
relationship between sun exposure and vitamin D status
among 331 Moroccan adults, finding that hypovitaminosis
D was very prevalent, representing 94% of the study
population, especially in females. Clothing code is
attributed to vitamin D deficiency, as 76.4% of subjects
exposed only their faces [29].

In Tunisia, a study involving 209 healthy participants
found that 92.3% had 25(OH)D3 serum levels less than 30
ng/ml, and 47.6% had levels <10 ng/ml. The distribution
of deficiency was statistically higher in females than in
males. The primary associated risk factors were veiling,
inhabiting rural areas, and regular sunscreen application
[30].

Hence, the results of studies carried out in neighboring
countries are similar, and vitamin D deficiency is highly
prevalent in the Middle-East region. According to several
studies, the required serum levels of 25(OH)D3 must be at
least 30 ng/ml to maintain a healthy body and normal bone
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density, preventing fractures, muscle weakness, colon
cancer, and dental health [31].

The strength of this study lies in the fact that the
samples were collected during the same period when
exposure to sunlight was substantial. Additionally, the
participants in this research were apparently healthy; they
did not have any chronic diseases that could prevent them
from going out and being exposed to sunlight, nor had they
received any medication that might affect vitamin D levels.
They lived in different regions of Homs and were from
both genders. Moreover, the 25(OH)D3 level was
measured by the chemiluminescent method using the
Immulite®/Immulite 1000 Systems, which is a gold
standard laboratory method for measuring vitamin D.

5. CONCLUSION

This study draws attention to the significant prevalence
of vitamin D inadequacy and deficiency among
participants. Vitamin D deficiency was highly prevalent in
the study group, despite the predominantly sunny weather
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ABSTRACT

The family Fabaceae is the third-largest flowering plant family, and the genus Desmodium has exhibited a wide range
of biological activities and a variety of chemical constituents. In the present study, different extracts of Desmodium
tortuosum were evaluated for their cytotoxic and antioxidant activities, as well as their total phenolic content (TPC).
The antioxidant activities were estimated using the 1,1'-diphenyl-2-picraylhydrazyl free radical (DPPH), while the
cytotoxic activity was evaluated via the brine shrimp lethality test (BSLT). The antioxidant activity results revealed
that the DPPH radical scavenging activity (SC50) ranged from 1.12 to 61.22 pg/ml with respect to ascorbic acid
(SC50 = 7.45 pg/ml). Among all tested fractions, 90% methanol was the most active. On the other hand, the cytotoxic
activities were arranged as follows: n-BuOH (LC50 = 310), EtOAc (LC50 = 350), and 70% methanol (LC50 = 380).
High-Performance Liquid Chromatography-Fingerprint analyses were used to determine the chemical composition
and relative proportions of phenolic compounds. GC-MS analysis indicated the presence of fatty acids and other
compounds. The major identified compounds were Benzene (1-butyloctyl) (11.88%) and Himachalene <o->
(11.08%) for the ethyl acetate extract and 10-Undecenoic acid, methyl ester (25.50%) for unsaponifiable matter.

Keywords: Antioxidant, Cytotoxicity, Desmodium tortuosum, GC-MS; HPLC.

INTRODUCTION

The family Fabaceae is the third-largest flowering
plant family, consisting of about 482 genera and 1,200
species of evergreen trees, herbs, water plants, and shrubs
[1]. A wide array of nutrients, such as proteins, amino
acids, and fatty acids, are found in Fabaceae plants [2].
Among them, fatty acids fundamentally compose lipid
molecules, hormones, and cell membranes, serving as an
energy source for cells and playing a key role in energetic
metabolic and structural activities [3]. Many species in this
family are renowned in traditional medicine for their use
as anti-perspirants, diuretics [4], and in the treatment of
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nephritis [5], diabetes, leukemia, uterine cancer [6],
diarrhea, cough, cramps, and sores of the mouth [7].
Fabaceae plants are found all over the world, growing in
various environments and climates [8]. Legume products
contribute to the world economy through food,
pharmaceuticals, medicine, chemicals, and fertilizers.
Legumes are also utilized as insecticides, molluscicides,
and anti-fungal agents [1].

The genus Desmodium contains about 350 species,
mainly distributed in tropical and subtropical regions
worldwide, with approximately 28 species in China. Most
of its plants are herbs, shrubs, or sub-shrubs, but rarely
trees. Besides their popularity as feeding stuffs, they are
also used in traditional medicine [9]. Desmodium
styracifolium (Osbeck) Merr. has been recorded in the
Chinese Pharmacopeia for the treatment of urolithiasis,
painful urination, and cardio-cerebrovascular diseases

© 2023 DSR Publishers/The University of Jordan. All Rights Reserved.
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[10]. Chemical studies of D. styracifolium have shown the
presence of isoflavanones, coumaronochromone [11],
saponin, and alkaloids [12-13]. Other species of
Desmodium, including D. gangeticum and D. adscendens,
are used ethnomedicinally worldwide. Phytochemical
research on both species has led to the isolation of
alkaloids,  phospholipids, sterols, flavones, and
triterpenoid saponins. They exhibit a wide spectrum of in
vitro and in vivo pharmacological activities, such as
antileishmanial, immunomodulatory, smooth muscle
relaxant, anti-inflammatory, anti-ulcer, antidiabetic,
antiviral, antioxidant, and hepatoprotective activities [14].

During the past 30 years, the Brine Shrimp Lethality
Assay has been widely used as a toxicity test for a variety of
plant products. This test has been successively employed for
bioassay-guided fractionation of active cytotoxic and
antitumor agents, demonstrating several advantages such as
rapidness, simplicity, low requirements, robustness, where
the cysts are commercially and readily available, inexpensive,
and with high degrees of repeatability [15].

The overproduction of reactive oxygen species (ROS),
such as superoxide anion (O2), hydrogen peroxide, hydroxyl
radical (OH), and peroxyl radical (ROQO), may induce
oxidative stress in the human body, consequently causing
degenerative and pathological damages, such as aging,
cancer, cardiovascular diseases, Alzheimer’s disease, and
inflammation. Certain environmental factors, such as stress,
cigarette smoking, and some drugs, are also associated with
the elevation of free radicals in the human body, so
antioxidants play an important role in protecting the body
from oxidative stress. Recently, antioxidant activities of
medicinal plants or plant-derived chemical compounds and
health foods are being investigated comprehensively [16].

The characterization of oils and fats has mainly focused
on the principal components, which constitute the
saponifiable fraction comprising over 95% of oils and fats.
The unsaponifiable matters present in vegetable oils and fats
are usually composed of sterols, fatty alcohols, tocopherols,
triterpene alcohols, and hydrocarbons, each with individual
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biological importance [17-18]. Desmodium tortuosum plants
were recently cultivated in Egypt, and there is limited
information in the literature regarding their chemical content
and biological activities. The present study aims to determine
the chemical content and evaluate the total phenolic contents,
cytotoxic and antioxidant activities of their different extracts.
Conventional gas chromatography—mass spectroscopy (GC-
MS) was adopted for composition analysis to identify the
content of aliphatic and fatty acid compounds, while High-
Performance Liquid Chromatography-Fingerprint Analyses
was used to quantify different groups of phenolic components
in the plant.

MATERIALS AND METHODS

Chemical, reagents and equipments

All solvents and reagents used were of analytical grade.
1,1’-diphenyl-2-picrylhydrazyl (DPPH) free radical and
Folin-Ciocalteu’s reagent (FCR) were purchased from
Sigma-Aldrich Co. Gallic acid and ascorbic acid were
purchased from Merck Chemical Co. All solvents and
acids (methanol, petroleum ether, chloroform, ethyl
acetate, n-butanol) were obtained from Sigma-Aldrich Co.
The absorbance measurements for antioxidant activity
were recorded using the UV-Vis spectrophotometer
Spectronic 601 (Milton Roy, USA).

Plants materials

Desmodium tortuosum (Sw.) DC peels were collected
from Elephantine Island in Aswan, Egypt. The plant was
added to the Egyptian flora as a new species in Egypt in
2004. The identity of the plant was established by Dr.
Fatma Abdallah Mohamed, Lecturer in the Plant
Department, Faculty of Science, Aswan University. A
voucher specimen was kept in the Department of
Medicinal Chemistry, Theodor Bilharz Research Institute
(TBRI) under the number (Dt-2012). The plant materials
were air-dried in a shaded place at room temperature and
then powdered using an electric mill. Finally, they were
stored in a tightly closed container in a dark place until the
extraction process.
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Extraction

Small-scale extraction was carried out by taking
samples from the dry powder of the fresh leaves of the
plant (10 g). The samples were then separately extracted
with different solvents (100 ml x 4): 100% methanol and
methanol-water mixtures (90%, 85%, and 70%) at room
temperature for one week with daily shaking. The extracts
were filtered, and the extraction process was repeated four
times. Each extract was filtered using Whatman filter
paper No.1 and concentrated using a rotary evaporator
(Buchi, Switzerland) at (50 + 2°C), resulting in a known
weight of each crude methanol extract. The crude extracts
were collected and stored at room temperature in the dark
for further processing.

Air-dried plant leaves (0.25 kg) were extracted by soaking
in aqueous methanol (MeOH: water; 90: 10; v/v) at room
temperature. After filtration, the collected filtrate was
concentrated using a rotary vacuum evaporator under
pressure and low temperature. The dried 90% methanol
extract (31 g) underwent a defatting process to remove
unwanted substances using petroleum ether (60-80°C).
Subsequently, the fractionation process was performed by
dissolving 28 g of the 90% defatted extract in distilled water.
The completely soluble part was then partitioned using
dichloromethane, ethyl acetate, and n-butanol, resulting in
2.819,2.09,34g,and 10 g for dichloromethane, ethyl acetate,
and n-butanol, respectively.

The n-butanol extract (7 g) was fractionated on a
polyamide column chromatography [(d 7.0 x 120 cm)].
Elution started with water, followed by a gradual increase
of methanol. Based on comp-TLC and PC with the use of
UV light, individual 120 fractions (250 ml each) were
collected into seven collective fractions (I-VII). Two
groups of fractions (4-12 [I]) and (73-78[111]) (0.99 & 1.3
g, respectively) were chosen for further chemical and
biological analysis with other extracts.

Extraction of lipid constituents

About 50 g of the dried, powdered Desmodium
tortuosum were extracted with n-hexane in a Soxhlet
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apparatus. The combined n-hexane extract was passed
through fuller’s earth to remove the colored pigments,
filtered, dried over anhydrous sodium sulfate, and
evaporated under vacuum at 40°C until dryness to create a
pale-yellow residue (35 g).

Saponification of n-hexane extract

The n-hexane extract (25 g) was saponified by
refluxing with 100 ml N/2 alcoholic KOH. The alcoholic
solution was concentrated to about 20 ml and diluted with
cold distilled water. The unsaponifiable constituents were
extracted by partition with successive portions of diethyl
ether (3x100 ml). The combined ether extract was washed
with distilled water, dehydrated over anhydrous sodium
sulfate, and evaporated under vacuum until dryness to give
a yellowish-brown semi-solid residue of unsaponifiable
matter (5 g), which was subjected to GC analysis.

Assessment of the total phenolic contents

The total phenolic content of the extracts was
quantified using Folin-Ciocalteu's method adapted to a 96
well-plate. This method closely follows that used by
previous workers, Diko et al. 2002 [19]. Thus, 20 pL of
each plant extract dissolved appropriately in distilled water
was mixed with 100 pL F-C reagent freshly diluted 1/10
with distilled water. After 5 min incubation at room
temperature, 80 puL of 7.5% Na2CO3 solution was added.
The whole was left for 30 min at room temperature in the
dark with slight shaking. The absorbance was measured at
735 nm in a microplate-reader (Biochrom Asys UVM 340)
against blank. Gallic acid was used as the standard. The
results (average of triplicate analyses) were expressed in
mg/g of extract, gallic acid equivalent (GAE).

Antioxidant activity

Free radical scavenging antioxidant activity using
DPPH assay

The scavenging activity of the stable 1,1’-diphenyl-2-
picrylhydrazyl free radical was determined by the method
described by Marwah et al. 2007 [20]. Briefly, the reaction
medium contained 2 ml of 100 uM DPPH purple solution in
methanol and 2 ml of plant extract; ascorbic acid was used as
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the standard. The reaction mixture was incubated in the dark
for 20 min, and the absorbance was recorded at 517 nm. The
assay was carried out in triplicate. The DPPH radical
scavenging activity was calculated according to the equation:
% DPPH radical scavenging activity = [1 - (Asample/Acontrol)
x 100], where Acontrol and Asample are the absorbencies of
control and sample after 20 min, respectively. The SC50
(concentration of the sample required to scavenge 50% of
DPPH radicals) values were determined. The decrease in the
absorbance of the DPPH solution indicates an increase in
DPPH radical scavenging activity.

Cytotoxicity (Brine shrimp lethality test)

Brine shrimp lethality bioassay test A solution of instant
ocean sea salt (Aquarium System, Ohio) was made by
dissolving 2.86 gm in distilled water (75 ml). Fifty milligrams
of Artemia salina Leach eggs (Artemia, Inc., California) were
added to a hatching chamber. The hatching chamber was kept
under an inflorescent bulb for 48 hrs for the eggs to hatch into
shrimp larvae. Twenty milligrams of the tested extract was
dissolved in 2 ml of methanol or the solvent in which it was
soluble, and from this, 500, 400, 300, 200, 100, 50, 5 ul of each
solution was transferred into vials corresponding to 1000, 800,
600, 400, 200, 100, and 10 pg/ml, respectively. Each dose was
tested in triplicate. The vials and the control containing 500 pl
of the solvent were allowed to evaporate to dryness in about 48
hrs at room temperature. Four and a half milliliters of instant
ocean sea solution were added to each vial, and 10 larvae of
Avrtemia salina (taken 8-72 hrs after the initiation of hatching)
were added to each vial. The final volume of solution in each
vial was adjusted to 5 ml with sea salt solution immediately
after adding the shrimp. Twenty-four hours later, the number of
surviving shrimp at each dosage was counted and recorded.
LC50 values were determined with 95% confidence intervals
by analyzing the data. The data were analyzed, and LC50
values were calculated and carried out according to the Reed-
Muench method. Potassium dichromate was used as the
standard [22-23].

HPLC-DAD-ESI/MS/MS conditions

Separation and determination of phenolic compounds
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were performed by reverse-phase HPLC (RP-HPLC)/diode
array detection (DAD) (Hewlett Packard 1050) using an
Alltima C18, 5mm column (150 mm x 4.6 mm id) with a
guard column Alltima C18, 5mm (Alltech). The solvent
system used was a gradient of A (CH3 COOH 2.5% v/v), B
(CH3 COOH 8% v/v), and C (acetonitrile). The best
separation was obtained with the following gradient: at 0 min,
5% B; at 20 min, 10% B; at 50 min, 30% B; at 55 min, 50%
B; at 60 min, 100% B; at 100 min, 50% B and 50% C; at 110
min, 100% C until 120 min. The solvent flow rate was 1
ml/min, and the separation was performed at 35°C. The
injection volume was 10 pl for each sample solution. Phenolic
compounds were assayed by external standard calibration at
280 nm and expressed in pg/100ml. All values were the mean
of two injections [23]. HPLC analysis was carried out
according to the reported procedures [24-26].

GC-MS analysis

Gas-chromatography-mass spectroscopy (GC-MS)
analysis was performed according to the reported
procedures [27-28]. On the other hand, fatty acid
compositions of the three oils were investigated via GC-
MS analysis according to the method described [29&17].
The identification of the chemical components and the
interpretation of GC-MS spectrum were carried out
according to the database of National Institute Standard
and Technique (NISTO08s) (WILEYS) [30].

Statistical analysis

The obtained antioxidant and total phenolic contents results
were presented as mean + S.D., and the statistical procedures
were performed using SPSS 13.0 program. Computations were
based on Finney, 1971 [31]. For comparisons, the Chi2 test
(pairwise versus control) was performed. Data were presented
as a percentage. The limit for statistical significance was set at
p <0.05 (significance level of 95%).

RESULTS AND DISCUSSION

1. Quantification of total phenolic contents (TPCs)

The results in Table (1) showed the total phenolic contents
date as the following order, [4 -12] fractions (162.63 + 2.38)
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>[73 -78] fractions ( 115.70 £7.15) > 85 % methanol ( 97.79 The results in Table (1) revealed that the antioxidant
+6.31) > 90% MeOH ( 88.15 + 2.38) > EtOAc (64.74 + activities (expressed as SCso values in pg/ml) were arranged
6.31) > Pet. ether (61.98 £4.13) > 70 % methanol ( 60.15 + in the following order; 90% MeOH (1.12 + 2.36 ug/ml) >
1.88) > n-BuOH (57.75 = 3.98) (mg GAE /g dry extract). CH,Cl (2.12 £ 4.08 pg/ml) > Pet. ether (2.53 + 4.08 pg/ml)
2. Antioxidant activity > n-BuOH (2.93 + 4.09 pg/ml) > EtOAc & Fraction [73-78]
2.1. Free radical scavenging antioxidant activity (3.46 £ 4.08 png/ml) > Fraction [4-12] comparison with
using DPPH assay ascorbic acid as standard with SCsy= 7.50 pg/ml.

Table (1): In vitro antioxidant activities and total phenolic contents of different extracts and fractions of D. tortuosum

Sample DPPH SCs [ug/ml]? | TPC (mg GAE /g dry ext.)°
100% MeOH | 30.90 + 2.81 1.31+£0.18
90% MeOH 112 +2.36 88.15 + 2.38
85% MeOH 61.22 + 4.08 97.79 £6.31
70% MeOH 40.81 + 4.08 60.15 + 1.88
Pet. ether 2.53+4.08 61.98 +4.13
CH.CI; 2.12+4.08 39.94 + 2.38
EtOAC 3.46 +4.08 64.74 £ 6.31
n-BuOH 2.93+4.09 57.75 + 3.98
Fr. 111 3.46 +4.08 115.70 £ 7.15
Fr. | 3.76 £6.22 162.53 £ 2.38
Ascorbicacid | 750 | --ee-

Results are presented as mean + S.D. (n = 3).
2DPPH results values are presented in SCso values (ug/ml).
bTPC results are presented as mg gallic acid equivalent/g dry extract (mg GAE/g ext.).

Cytotoxicity n-BuOH (LCso= 310), EtOAc (LCs= 350), 70 % methanol
1. Brine shrimp lethality bioassay test (LCso= 380). Both 85 % and pure methanol extracts
The results present in Table (2) revealed that the showed very week activity.

cytotoxic activities of the tested samples are in the order:

Table (2): Mortality percent of Brine Shrimp of different extracts of Desmodium tortuosum plant

Dose ext. Mortality

Conc. 100%MeOH | 709%MeOH | 85%MeOH | Pet. ether | CH2Cl. | EtOAc | n-butanol | 90%MeOH | H20
1000 68.12 98.81 65.12 79.17 63.79 100 100 100 12.12
800 26.85 98.18 29.41 40.90 41.18 97.5 98.81 100 5.08
600 22.22 71.70 6.06 7.14 22.08 92.72 96.43 61.70 0
400 6.38 44,78 0 0 7.77 58.97 65.79 33.33 0
200 0 30.93 0 0 0 9.1 18.18 4.69 0
100 0 23.62 0 0 0 0 0 0 0
20 0 19.11 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
LCso 850 380 880 820 825 350 310 500 -
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The obtained results revealed variable amounts of these
standard compounds present in the tested samples (Table
3 and Figures 2-4).

HPLC-fingerprint analysis
In this study, fourteen standard phenolic compounds
were used as reference compounds (Table 3 and Figure 1).

Table (3): Areas under peaks and concentrations of the ethyl acetate extract, fractions [I11] and fractions [I] of

Desmodium tortuosum against fourteen standard phenolic compounds

Compounds Standard EtOACc Fr. 11 Fr.1
Rt, Area Conc. | Area Conc Area Conc. | Area Conc.
Gallic acid 3.116 829.87 40 251.48 12.12 184.41 10.18 1117.40 | 61.67
Chlorogenic acid | 3.515 335.32 46.9 000 0.00 38.63 6.18 3360.69 | 537.32
Catechin 3.844 612.25 1485 | 49.66 12.05 000 0.00 000 0.00
Caffeic acid 4,973 1068.72 | 30 424.88 11.93 80.72 251 824.82 25.67
Syringic acid 5.357 882.99 30 725.16 24.64 98.10 3.78 124433 | 47.96
Rutin 5.774 983.74 120 136.13 16.61 000 0.00 631.64 86.11
Ellagic acid 6.901 757.02 70 59.08 5.46 42.89 4.45 000 0.00
Coumaric acid 7.680 946.65 20 120.48 2.55 21.57 0.53 526.83 12.86
Vanillin 8.387 1007.61 | 30 253.4 7.54 76.72 2.59 526.02 17.77
Ferulic acid 9.022 857.80 20 000 0.00 000 0.00 333.67 9.08
Naringenin 9.450 836.92 20 339.42 8.11 000 0.00 5373.64 | 150.72
Propyl gallate 10.277 | 409.00 8.33 599.80 12.22 1214.67 | 27.79 215492 | 49.31
Quercetin 10.711 | 868.80 60 2297.64 158.68 1304.04 | 100.53 | 7089.20 | 546.52
Cinnamic acid 11.200 | 1280.68 | 10 2044.55 15.96 2439.54 | 21.46 541.86 4.77
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Fig. 1. High performance liquid chromatography chromatogram of fourteen standard phenolic compounds
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Fig. 2. High-performance liquid chromatography-fingerprint chromatogram of the ethyl acetate extract
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Fig. 3. High-performance liquid chromatography-fingerprint chromatogram of the n-butanol fractions (4-12)
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Fig. 4. High-performance liquid chromatography-fingerprint chromatogram of the n-butanol fractions (73-78)

5. GC-MS analysis representing 89.44% of the total extract composition. The

Chemical composition of the ethyl acetate extract of qualitative GC-MS analyses of the unsaponifiable extract

Desmodium tortuosum, as shown in (Figure 5 and Table resulted in the identification of thirty-two compounds

1S), indicates the presence of thirty-three compounds (Figure 6 and Table 2S).

RT 0D00-580

Refative Abundance

Time (min)

Fig. 5. GC-MS analysis of the ethyl acetate extract of Desmodium tortuosum.
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Table 1S: Chemical constituents identified in the ethyl acetate extract of Desmodium tortuosum using GC-MS analysis

Area

No M.W. M.F. R.T. % Name Structure
(o)
1 86 CoHu 162 016 Hexane <N-> /\/\
2 102 CsH1002 2.1 0.07 Propionate
(o]
3 130 C7H140, 4.38 0.08 Propyl Butrate 0
/\)I\O/\
4 128 CgnsO 4.93 3.36 Heptanone<2-
Methyl -4->
5 140 CioH20 6.8 0.53 Decene
6 122 CgH100 10.98 7.43 Phenyl Ethyl
Alcohol
OH
7 178 CuH10,  20.85 531 Benzyl Butyrate
0]
o)
8 196 Ci4Hog 22.95 0.21 Tetra-decene /\/\/\/\/\/
9 358 CasHas 23.01 0.33 Benzene,(1-
propylheptadecyl)
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No M.W. M.F. R.T. Aor/(e)za Name Structure
10 120 CgHgO 2351 0.35 Norbornadiene7ca
rbaldehyde
11 218 CigHzs 24.34 0.64 Benzene, decyl
12 204 CisHayy 25.2 11.08 Himachalene <o->
13 320 CioH2s0,  25.58 0.13 Glutaric acid, (o) (o)
isohexyl phenethyl )j\/\/”\
ester
14 204 CisHag 25.85 1.20 Acoradiene ,
15 232 CisH240  25.95 0.06 Cyclohexanol,5-

methyl-2-(1-
methyl-1-
phenylethyl)
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No M.W. M.F. R.T. Aor/(e)za Name Structure
16 232 Ci7H2s 26.64 5.78 Benzene,(1-

methyldecyl)
17 246 CigHao 27.23 9.96 Benzene, (1-

pentylheptyl)
18 246 CigHao 2735 11.88  Benzene, (1-

butyloctyl) @\q\/\/
19 246 Ci7HxO  27.58 8.21 Undecanal, 3-

phenyl

20 246 CigHao 28.02 6.50 Benzene, (1-

ethyldecyl)

- 700 -



Cytotoxicity, Antioxidant Activities ...

Maha Elshazly et al.

No M.W. M.F. R.T. Aor/(e)za Name Structure
21 112 C/H:.0 28.42 0.43 3-Hexen-2-one,5- (o)
methyl )I\/\
22 358 CasHas 28.89 0.07 Benzene,1-(1-
heptyldodecyl) 4-
methyl
23 218 CieHas 29.64 2.28 Benzene, (1-
propylheptyl)
24 274 CaoHas 30.08 3.05 Tridecane,2-
methyl-2-phenyl
25 220 CisH4O  30.62 3.73 Caryophyllene
Oxide
26 260 CigHa2 30.84 3.42 Benzene, (1-
methyldodecyl)
27 128 CgH160 31.17 0.07 2,4,4-Trimethyl-2- (o)
penten-1-ol AN
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No MW. MF  RT. Aor/ea Name
(0]

Structure

28 348 CaHiO,  31.28 0.09 Benzaldehyde
dioctyl Acetal

29 344 CosHaa 31.53 0.16 Benzene, (3-
octylundecyl)

30 246 CigHzo 32.01 0.09 Benzene,(1,1-

(o) OH

31 252 CisHgOs  32.18 0.32 Anthraquinone-1- (o)
carboxylic acid

32 140 CgH120, 34.71 2.30 4-Oxo-trans-2-
octenal

33 252 CigHss 38.6 0.07 Octadecene <1->

9 Isoprene compounds

3 Monoterpene compounds

16 Sesquterpenes

2 Diterpene compounds

4 Sestraterpene compounds

15 Oxygenated compounds

18 Deoxygenated compounds

Total 89.44%
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Fig. 6. GC-MS analysis of methanol extract of Desmodium tortuosum.

Table 2S: Chemical constituents identified in the unsaponifiable matter of Desmodium tortuosum using GC-MS analysis
Area

NO M.W. M.F. R.T. % Name Structure

1 98 CeH100 3.57 0.17 Hexanal<2- H

>

(o) N
H H

2 128 CoH00 4.45 0.77 Nonane<N-

>

OH
3 116 C7H1s0 6.1 22 Heptanol<
N-> /\/\/\/O H
4 142 CgH140, 6.23 0.19 Isopropyl
Tiglate
(o)
\( AN
(0] H
Hexanoate \/O\"/\/\/
(o]
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NO M.W.

M.F.

R.T.

Area
%

Name Structure

6 156

7 704

8 182

9 118

10

11 186

12 144

13 186

C11H24

Ca3H360,

C12H22o

C6H1402

C4SH5805

C11H2.0;

CgH160;

CllHZZOZ

10.6

10.14

20.94

25.58

26.70

27.08

28.81

29.15

0.44

0.16

0.26

0.17

0.19

0.55

0.22

0.39

Undecane

<N-> \/\/\/\/\/

6-C-
Xylosyl-8-
Cgluco-
Sylapigenin
permethylat
ed
derivative

4-Dodecen- =
lal O

Meso-3,4- OH

Hexanediol

7,13,19,25- |

Tetratertbut

y127,28,29,

30 , ~
etrahydroxy

2,3- = ~_—
bishomo-3- |

O- -Xacalix OH

[4] arene

OH

Decanoic

acid, 0\
methyl
ester

Heptanoic
acid,

methyl /0
ester

Methyl 8-
methylnona
noate
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NO  MW. M.F. RT. Area Name Structure

%
(o)

14 72 C3H,0, 29.33 0.17 Beta-
PROPIOL
ACTONE

Tetra-acetyl
15 664 CssHs601 30.34 0.20 derivative
1 Of- 25-
hydroxybra
ssinlide

16 224 CisHz2 31.13 0.22 Hexadecen

e<l-> I P2 P P P N

17 144 CgH160, 32.52 0.78 Octanoic

acid H O\"/\/\/\/

o)

18 116 C7H1s0 32.66 0.19 3-
Hexanol,2-
methyl

OH
19 60 CsHsO 32.77 0.30 1-Propanol

~_COH

O-
Octadeceno \/\/\/\/\/\/\/\/WO\
ic acid
(2),methyl o
ester
3Hydroxyl
21 628 CysHisOs 3378 0.18 (4{13[4(3-
o o o o
hydroxy 3-
2 O IO
acryloyl)
phenyl]
tridecyl}
phenyl)3-
phenylprop
-2-enlone

22 254 CieH3z00,  34.33 3.31 11-Tetradecer )\
o o X

20 296 CioH30,  33.03 0.63

23 198 CioH2,0,  34.49 25.50 10-

Undecenoic 2=~ o\
acid,methyl

ester
o
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NO MW. MF RT. Area Name
%

Structure

Nonadecan
24 312 CaoHi0, 34.8 2.63 oic
acid,methyl ~_O
ester

25 294 CioH3,0,  35.17 1.13 9,12
Octadecadi
enoic acid
Z,2),
methyl
ester

26 172 CioH20, 35.25 0.25 Nonanoic
acid,
methyl
ester

27 216 CiH203  35.32 0.20 2,4,6-
Tripropyll,
3,5-
trioxane

Formic

28 102 CsH1002 35.60 0.18 acid, 2-
methylprop

yl ester

5,8-
29 294 C19H340, 35.98 3.07 Octadecadi
enoic acid,
methyl
ester
Cyclohexan
30 364 CaeHs, 36.55 0.29 e,1,4-
dimethyl 2-
octadecyl

4(2-
31 158 CgH1 O3  38.22 0.33 Methyl-2-
propenoxy)
butanoic
acid

0.52
32 114 C7H10 38.69 1-
Propene,3

(1,1- ~

dimethyl

ethoxy)
12 Isoprene compounds 7 Monoterpene compounds
1 Diterpene compounds 1 Sestreterpene compounds
1 Sesquaterpene compounds 1 Tetraterpene compounds
2 Other compounds 29 Oxygenated compounds
Total 41.28%
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1- Quantification of total phenolic contents (TPCs)

The results of the total phenolic content showed a
remarkable variation among the tested samples, which
may be due to the diversity of secondary metabolites in
each individual sample. The results were in the following
order: [I] fractions (162.63 pg/ml) > [1I1] fractions (115.70
+7.15 pg/ml) > 85% methanol (97.79 + 6.31 ug/ml) >90%
MeOH (88.15 +2.38 pg/ml) > EtOAc (64.74 £ 6.31 pg/ml)
> Pet. ether (61.98 = 4.13 pg/ml) > 70% methanol (60.15
+1.88 pg/ml) > n-BuUOH (57.75 + 3.98 pg/ml) (mg GAE/g
dry extract). Previous reports showed a highly positive
correlation between total phenolic contents and
antioxidant activities, reflecting the effective role of
phenolic compounds as free radical scavengers [32-34].

2. Antioxidant activity

2.1. Free radical scavenging antioxidant activity
using DPPH assay

The oxidative stress associated with generation of
destructive effects and harmful health problems as cancer,
immunosuppression, inflammation, ischemic heart disease,
atherosclerosis, aging, diabetes, and Alzheimer’s disease 5%,
Therefore, the naturally occurring compounds exhibit a strong
antioxidant potential due to their abilities to mask the reactive
species. Different extracts of Desmodium tortuosum were
evaluated for their free radical scavenging antioxidant activity
using 2,2'-diphenyl-1-picrylhydrazyl (DPPH) assay. The
results revealed that the antioxidant activities (expressed as
SCx values in pg/ml) were arranged in the following order;
90% MeOH (1.12 + 2.36 pg/ml) > CH,Cl, (2.12 £ 4.08 pg/ml)
> Pet. ether (2.53 + 4.08 pg/ml) > n-BuOH (2.93 £ 4.09 pg/ml)
> EtOAc equal to Fraction [111] (3.46 + 4.08 pg/ml) > Fraction
[11 (3.76 £ 6.22 pg/ml ) in comparison with ascorbic acid as
standard with SCso= 7.50 pg/ml. Moreover, numerous studies
have demonstrated that the high activity antioxidant maybe due
to the presence of a complex pattern of the bioactive
polyphenolic compounds [37-38].

3. Cytotoxicity

3.1. Brine shrimp lethality bioassay test

The BLST assay is a quick and inexpensive method

Maha Elshazly et al.

used to evaluate the lethality of various extracts, fractions
or compounds [39]. The results present revealed that the
cytotoxic activities of the tested samples are in the order:
n-BuOH (LCse= 310), EtOAc (LCso= 350), 70 % (LCso=
380). Methanol extracts showed very week activity.
According to the global guidelines, values above 1000
pg/ml are considered nontoxic, from 1000 to 500 pg/ml
are weakly toxic, and that below 500 pg/ml are toxic [40].

4. HPLC-fingerprint analysis

HPLC-fingerprint analysis is a simple and quick
technology widely used to identify the chemical components
of plant extracts compared to standard materials [41-42].
Ethyl acetate and two fractions of n-butanol extracts [(I) and
(111) &] of D. tortuosum leaves were subjected to chemical
profiling through the HPLC-fingerprint technique to identify
their chemical ingredients and to characterize the available
classes of secondary metabolites [43]. In this study, fourteen
standard phenolics were used as reference compounds,
including gallic acid (1), chlorogenic acid (2), catechin (3),
caffeic acid (4), syringic acid (5), rutin (6), ellagic acid (7),
coumaric acid (8), vanillin (9), ferulic acid (10), naringenin
(112), propyl gallate (12), quercetin (13), and cinnamic acid
(14). The obtained results revealed the variable amounts of
the above-mentioned standard compounds in the tested
samples. Quercetin, syringic acid, rutin, and cinnamic acid
were detected as the major ingredients. On the other hand,
coumaric acid, ellagic acid, vanillin, and naringenin were
detected as minor components in the ethyl acetate extract.
Both chlorogenic acid and ferulic acid are absent. Moreover,
quercetin, propyl gallate, cinnamic acid, and gallic acid were
recognized as major constituents in fraction [111]. Caffeic acid,
coumaric acid, vanillin, and ellagic acid were observed as
minor ingredients in the n-butanol fraction [I11], and the
absence of catechin, rutin, ferulic acid, and naringenin (Table
6 and Figure 4). Also, quercetin, chlorogenic acid, naringenin,
gallic acid, and rutin were detected as major constituents in
the methanolic fraction [I], where cinnamic acid, ferulic acid,
and coumaric acid were detected as minor components, and
the absence of catechin and ellagic acid (Table 3 & Figure 4).
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Numerous reports stated that there are strong positive
relations between the amounts of phenolic compounds in the
tested samples and their bioactivities. Due to the unique
chemical skeleton and heavy hydroxylation patterns of
phenolic compounds, these compounds act as potent free
radical scavengers [43-49].

GC-MS analysis

The chemical composition of the ethyl acetate extract of
Desmodium tortuosum indicates the presence of thirty-three
compounds, representing 89.44% of the total extract
composition.  These compounds were identified
qualitatively based on their retention times and mass
spectral fragmentation patterns. They are mainly
categorized into fifteen oxygenated compounds (45.4%)
and eighteen non-oxygenated compounds (54.54%),
classified into six groups: one saturated aliphatic compound
(3%), three unsaturated aliphatic compounds (9%), seven
oxygenated aliphatic compounds (21%), eighteen aromatic
compounds attached to an aliphatic chain (54%), three
sesquiterpene compounds (9%), and one anthraquinone
compound (3%). The major identified compounds include
Benzene (1-butyloctyl) (11.88%), Himachalene <o->
(11.08%), Benzene (1-pentyl heptyl) (9.96%), Undecanal,
3-phenyl (8.21%), Phenyl Ethyl Alcohol (7.43%), Benzene
(1-ethyldecyl) (6.50%), Benzene (1-methyldecyl) (5.78%),
and Benzyl Butyrate (5.31%).

Qualitative GC-MS analyses of the unsaponifiable
matter of D. tortuosum resulted in the identification of
thirty-two compounds (Table 5), representing 41.19% of the
total extract composition. These compounds were identified
qualitatively based on their retention times and mass
spectral fragmentation patterns. They are categorized into
twenty-seven oxygenated compounds (84%) and five
deoxygenated compounds (15%). All compounds are
classified into six groups: twenty-five oxygenated aliphatic
compounds (78%), one saturated aliphatic compound (3%),
one unsaturated aliphatic compound (3%), one flavonoid
derivative compound (3%), one steroid derivative

- 708 -

compound (3%), and three aromatic compounds conjugated
with an aliphatic chain (9.3%). The major identified
compounds include 10-Undecenoic acid, methyl ester
(25.50%), 5,8-Octadecedienoic acid methyl ester (3.07%),
and Nonadecanoic acid methyl ester (2.63%).

The data for both extracts indicate that D. tortuosum is
rich in different types of aliphatic fatty acids. Most of the
identified compounds are cited in the literature for their
various biological activities. For example, 1-Octadecene has
shown antibacterial, antioxidant [50], and anticancer effects
[51]. Dodecanoic acid methyl ester exhibited antibacterial,
antiviral, and antifungal properties [52], while 1-
Hexadecene demonstrated antibacterial, antifungal [53-55],
and antioxidant activity [56]. 9-Octadecenoic acid (2)
methyl ester has been reported for its antioxidant and
anticancer effects [41-57]. The major identified compound
Benzene (1-butyloctyl) has antimicrobial activity [58].

CONCLUSION

Different extracts of D. tortuosum were prepared and
evaluated for their biological and chemical characteristics.
Among all the tested extracts, the 90% methanol extract
showed the highest antioxidant activity. On the other hand,
the cytotoxic test showed weak toxic effects, with the most
active extract being n-BuOH (LCso= 310). Regarding its
chemical content, HPLC-Fingerprint Analyses indicated the
presence of phenolic compounds in both the ethyl acetate
extract and the two butanol fractions, which are responsible
for antioxidant activity. Additionally, GC-MS analysis
determined the presence of many fatty acids and other
aliphatic compounds with a variety of biological activities.
The plant is considered a candidate for further chemical and
pharmaceutical investigations.
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ABSTRACT

Bosentan monohydrate (BM) is utilized for the treatment of pulmonary arterial hypertension, exhibiting poor
aqueous solubility and bioavailability. This study aims to enhance the dissolution rate of the drug using
Eudragit®EPO through spray drying. The drug and Eudragit®EPO were combined in ratios of 1:1, 1:2, 1:3, 1:4,
and 1:5 (w/w) to generate compositions SD1 to SD5. SD5, at a 1:5 drug-to-carrier ratio, demonstrated a statistically
significant increase in saturation solubility and drug content. Six tablet formulations (F1 to F6) containing SD5
and tableting excipients were developed and processed. Formulation F2, consisting of 26.36% HPMC K4M and
23.63% MCC, exhibited the highest dissolution and drug release. The probable mechanism underlying BM
dissolution in SD involves its amorphous form and the solubilizing effect facilitated by hydrogen bonding between
BM and Eudragit®EPO. The carrier's binding effect likely contributed to high tensile strength, low friability, and
extended disintegration time. Direct mixing of SD with HPMC might have improved the uniformity of SD within
the tablet matrix and the release profile. This study demonstrates the efficacy of spray drying in preparing SD of

BM with Eudragit®EPO, potentially enhancing its solubility and stability.
Keywords: Bosentan monohydrate, Eudragit®EPO, Solubility, Dissolution, Solid-dispersion, Spray drying.

1. INTRODUCTION

It is commonly recognized that approximately 40% of
recently developed medications exhibit low water solubility,
compromising absorption and increasing gastro mucosal
toxicity. Three primary criteria affecting a drug’s
bioavailability include its solubility, permeability, and
dissolution [1]. According to the Biopharmaceutical
Classification System (BCS), drugs are categorized based
on their solubility and permeability [2]. Drugs with poor
solubility belong to BCS class Il and V. The poor solubility
of drugs poses a challenge to bioavailability. In such cases,
strategies such as particle size reduction, polymorphism,

*Corresponding author: Ashok A. Hajare
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Received: 6/10/2022  Accepted: 25/6/2023.
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molecular encapsulation, incorporation of surface-active
agents, and solid dispersion (SD) can be employed to
enhance solubility [3]. In the case of SD, the carrier
component dissolves upon exposure to aqueous solutions,
releasing drug molecules as tiny, dispersed particles [4]. The
bioavailability of weakly water-soluble drugs is ultimately
improved due to increased surface area and dissolution rate.
By reducing particle size and increasing particle porosity,
the drug in a soluble hydrophilic carrier enhances the rate of
dissolution [5]. Therefore, enhancing the bioavailability of
these medications and minimizing their negative effects by
altering their drug release profile is conceivable.

SD is a prominent technique used for dissolution rate
and solubility enhancement, as well as for improving the
oral absorption of weakly water-soluble drugs [2]. SD is a
composite mixture prepared by mixing one or more solid

© 2023 DSR Publishers/The University of Jordan. All Rights Reserved.
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particles and dispersing them into an inert medium through
fusion, solvent evaporation, or the melting method. SD
contains a hydrophilic matrix for solubility enhancement
and a hydrophobic drug whose solubility is to be
improved, wherein the matrix can be either crystalline or
amorphous [6]. SD was originally used to create a eutectic
combination of pharmaceuticals with water-soluble
carriers to overcome the limited bioavailability of
lipophilic drugs [7,8]. Spray drying is a superior method
compared to other methods as it operates at comparatively
low temperatures, preventing most decomposition that
occurs during the fusion process in the melting method.
Spray drying has no solvent limitations and is most
suitable for large-scale production [9]. Previously, SD of
BM was made using hydroxypropyl B-cyclodextrin (HP -
CD) and polyethylene glycol (PEG) 4000 polymers, but
BM in such SD retained its crystallinity, limiting its
solubility [10]. Additionally, PEG 4000 exhibits an
uncontrolled rate of hydration, rheological changes during
shelf-life, and the possibility of microbial contamination
during use [6].

Sayali Raut et al.

Eudragit® EPO is a cationic polyelectrolyte belonging
to methacrylate copolymers. It is composed of
dimethylaminoethyl methacrylate, butyl methacrylate, and
methyl methacrylate in a molar ratio of 2:1:1 [11]. It
carries a positive charge, so when dissolved in an aqueous
medium, it forms a solid dispersion (SD) with a drug that
has a negative charge [12]. Samples containing coated
drug particles, as well as reference formulations with an
equivalent amount of this polymer, exhibited higher tensile
strength, lower friability, and longer disintegration times
[11]. These outcomes result from the binding effect
exhibited by Eudragit® EPO. Additionally, a modified
processing method, in which the molten drug-carrier mass
was directly mixed with hydroxypropyl methylcellulose
(HPMC), improved the uniformity of the drug in the tablet
matrix and the release profile [13].

Bosentan monohydrate (BM) is used to treat
pulmonary artery hypertension (PAH) and possesses dual
endothelin receptor antagonistic characteristics [14]. The
structure of BM is shown in Figure 1.

pé

Figure 1. Structure of Bosentan Monohydrate

BM is prescribed at a daily dose of 125-250 mg for
treating pulmonary arterial hypertension (PAH). It exhibits
a plasma peak concentration between 3-5 hrs after
administration, with a biological half-life of 5.4 hrs [15].
The oral bioavailability of BM is 50%, with variability in

its absorption due to its poor aqueous solubility. The
aqueous solubility of BM is 1 mg/100 mL, categorizing it
as BCS class Il [16]. Hence, the present study aimed to
formulate BM-loaded Eudragit® EPO solid dispersion
(SD) microparticles with the primary objective of
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achieving rapid drug release in the acidic pH of the
stomach. To enhance solubility, SD was attempted by
spray drying using polymers along with hydroxypropyl -
cyclodextrin (HP B-CD). Additionally, efforts were made
to formulate tablets of SD with hydroxypropyl
methylcellulose (HPMC) K4M, microcrystalline cellulose
(MCC) as binders, and talc and magnesium stearate as
glidant and lubricant to create an improved dissolution
profile for therapeutic effectiveness.

2. RESULTS AND DISCUSSION

Particles produced through spray drying have smaller
sizes, enhancing their surface area and expediting the
dissolution process.

The carrier incorporated in the solid dispersion (SD)
significantly improves the drug's solubility through
enhanced particle wettability, thereby increasing the drug's
bioavailability. Drugs formulated as SD exist as
supersaturated solutions in metastable polymorphic forms,
leading to increased solubility and availability in the
amorphous state [17, 18, 19]. Therefore, SD of the poorly
soluble Bosentan monohydrate (BM) was formulated to
enhance its solubility.

The well-known gastro-soluble polymer Eudragit®
E100 is available in powder form as Eudragit® EPO.
Tertiary amino groups in the polymer ionize at an acidic

pH, making Eudragit® E100 soluble in gastric fluid when
the pH is lower than 5. Researchers have utilized
Eudragit® E100 to prepare SD of hydrophobic drugs with
dissolution rate-dependent bioavailability due to its
excellent solubility in gastric fluids [20].

2.1 Preparation and optimization of SD

Improved bioavailability results from the increased
surface area achieved through small particle size. Spray
drying was employed to produce SD, as it allows for rapid
solvent evaporation, quickly converting the drug-carrier
solutions into solid particles. The prepared SD was further
evaluated for the following parameters.

2.2 Evaluation of SD powder:

SD compositions (SD1 to SD5) were optimized by
evaluating the prepared SD for drug content and saturation
solubility.

2.2.1 Flow properties and Heckel plot of SD powder:

The solid dispersion (SD) compositions were evaluated
for various flow properties, including the angle of repose,
Hausner’s ratio, and Carr’s index. The results are
displayed in the table below. The SD5 composition
exhibits an angle of repose of 27.32+0.2°, Hausner’s ratio
of 1.18+0.85, and Carr’s index of 14.7+0.47%, indicating
good flow and compressibility for the SD5 composition
[21].

Table 1. Flow properties of BM SD

Batch Angle of Bulk density Tap density Hausner’s Carr’s index

code Repose (°) (glcm?) (g/cm?®) ratio (%)
SD1 42.40+0.3 0.4718+0.019 0.6178+0.021 1.31+0.16 23.6+0.41
SD2 46.10+0.6 0.4627+0.017 0.5547+0.042 1.20+0.21 16.6+0.11
SD3 38.20+0.5 0.4579+0.036 0.5741+0.063 1.25+0.42 20.2+0.17
SD4 48.19+0.9 0.4905+0.085 0.5853+0.051 1.19+0.57 16.2+0.58
SD5 27.3240.2 0.4375+0.074 0.5131+0.011 1.18+0.85 14.7+0.47

(n= 3, meantSD)

The Heckel plot for the BM-loaded Eudragit® EPO
solid dispersion (SD) exhibited a Type C curve, indicating
particle rearrangement and fragmentation of large
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aggregates under low compressional pressure. As the
compression force increased, the curves became linear due
to plastic deformation. It can be inferred that the curved
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region at low pressures is associated with individual particle
movement in the absence of interparticle bonding. The
transition from curved to linear corresponds to the minimum

Sayali Raut et al.

pressure required to form a coherent compact, indicating the
formation of coherent compacts in this region.

Table 2. Heckel plot of BM SD

Weight In
Pressure | Thickness | Diameter | Radius £t Elt Volume Density Hardness | Relative | 1/1- an
of table -
(Tons) (cm) (cm) (cm) (nr?h) (mg/ml) (Kg/cm?) | density RD
(mg) RD)
0.5 0.31+0.3 0.8 0.4 200+0.1 | 0.1557+0.4 | 1284.52+0.7 4+0.1 0.7739 442 | 1.4861
1 0.30+0.1 0.8 0.4 200+0.7 | 0.1507+0.2 | 1327.1440.1 5+0.3 0.7996 | 4.99 | 1.6074
1.5 0.29+0.2 0.8 0.4 200+0.5 | 0.1456+0.1 | 1373.62+0.2 7+0.2 0.8276 5.80 | 1.7578
2 0.27+0.5 0.8 0.4 200+0.4 | 0.1356+0.3 | 1474.9240.1 8104 0.8886 8.97 | 2.1938
25 0.24+0.4 0.8 0.4 200+0.6 | 0.1205+0.6 | 1659.75+0.5 9+0.5 1 -
3 0.24+0.6 0.8 0.4 20040.2 | 0.1205+0.5 | 1659.75+0.4 9+0.1 1 -
(n=3, mean+SD)
Heckel Plot y =0.9319x+0.4772
R*=0.7842
3.5
3
25
=
M2
—
e
= 1.5
-
=
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Figure 2. Heckel plot of BM-loaded Eudragit® EPO SD

2.2.2 Scanning Electron Microscopy (SEM):

SEM studies were conducted to qualitatively examine
the shape and surface morphology of the BM-loaded
Eudragit® EPO solid dispersion (SD), and the obtained
images are presented in Figure 3. According to Lee H et
al., the pure bosentan drug exhibited irregular, non-
spherical morphology, a polydisperse size range, and a
crystalline particle state. In contrast, the BM-loaded
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Eudragit® EPO SD revealed irregularly folded and
flocculated round morphology with a smooth surface and
monodisperse size range.

The differences in particle morphology between the
pure drug and the spray-dried formulations suggested the
conversion of the drug from a crystalline form to an
amorphous form, consistent with the XRPD results [22].
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Figure 3. SEM of BM-loaded Eudragit® EPO SD

2.2.3 Particle size: further formulation [22].

The particle size of the spray-dried dispersions is
presented in Table 3. The SD5 composition has the smallest Table 3. Particle size of BM SD5
particle size of 213.4 nm, which enhances the surface area of Batch code | Particle Size (nm)
smaller particles, promoting better wetting and faster SD5 213.4+0.6
dissolution. This, in turn, leads to improved drug solubility (n= 3, mean+SD)

and bioavailability. Consequently, SD5 will be utilized for
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Figure 4. Particle size of BM-loaded Eudragit® EPO SD5
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2.2.4 Drug content:

The spray-dried dispersions were solid, free-flowing,
fine powder with a drug content of 74.2% and 94.4%, as
shown in Table 4. SD5 exhibited a drug content of 94.4 +
0.9% with uniform drug distribution, good flowability, and
compressibility, as observed in the flow properties.

2.2.4 Saturation solubility:

Saturation solubility showed statistically significant

Sayali Raut et al.

improvements in solubility, increasing from 55.54+0.21 to
138.16+0.47 pg/mL. BM was formulated into SD
employing a carrier Eudragit® EPO at a 1:5 ratio, as
detailed in Table 4. In SD, the saturation solubility of BM
increased to 138.16+0.47 pg/mL. Based on the overall
evaluation, especially the saturation solubility and drug
content, the composition SD5 was selected for preparing
tablet formulations.

Table 4. Drug content and saturation solubility of BM SD

Batch code BM : Eudrz.agit® Solubility in Drug Saturation solubility
EPO ratio water (mg/mL) | content (%) (mg/mL)

Pure drug - 0.009 - 50.61+.043
SD1 1:1 0.085 74.2+0.5 55.54+.021
SD2 1:2 0.091 82.7+0.7 88.72+0.19
SD3 1:3 0.098 83.9+0.4 104.33+0.36
SD4 1:4 0.099 91.5+0.1 123.63+.058
SD5 1.5 0.103 94.4+0.9 138.16+0.47

(n= 3, meantSD)

2.3 Formulation of tablets:

The composition SD5 was selected for the formulation of
tablets among various compositions. The wet granulation
technique was employed in this instance for tablet creation.
HPMC K4M and MCC were used as binders, while talc and
magnesium stearate served as glidant and lubricant. The
choice of HPMC K4M was based on its ease of usage, better
compressibility, high drug loading capacity, good stability
over a wide pH range, and quick swelling [23]. MCC was

selected for its ability to hold water, aiding in uniform
granulation [24]. Talc was included to reduce interparticulate
friction, van der Waals forces, and electrostatic charges,
improving powder flow properties [25]. Magnesium stearate,
an affordable and chemically stable lubricant, was used for its
high lubrication power and high melting point [26]. Six tablet
formulations, F1 to F6, were designed using SD5 and other
tableting excipients, as detailed in Table 5.

Table 5. The formulation composition of BM SD tablets

Compoenents (mg) F1 F2 F3 F4 F5 F6
SD5 powder 90 90 90 90 90 90
HPMC K4M 56.74 | 52.73 | 48.75 | 44.74 | 40.73 | 37.75
MCC 43.26 | 47.27 | 51.25 | 55.26 | 59.27 | 62.25
Talc 7 7 7 7 7 7
Magnesium stearate 3 3 3 3 3 3
Total weight 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

2.4 Evaluation of Tablets:

evaluated to determine an optimized tablet formulation.

Six tablet formulations (F1-F6) were prepared and
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2.4.1 Thickness:

Tablet thickness is crucial for administration comfort
and therapeutic efficacy [27]. It influences disintegration
and dissolution behavior. The thickness of tablet
formulations (F1-F6), measured by digital vernier caliper,
ranged from 2.85+0.42 to 3.92+0.05 mm, as shown in Table
6. This falls within the pharmacopoeial limit for thickness,
which specifies that the tablet diameter should be 8 mm or
less.

2.4.2 Hardness:

Tablet hardness should be within an optimal range, as
both excessively high and low hardness can impact
disintegration. The hardness of the tablets was determined
using the Monsanto hardness tester. The hardness of all
tablet formulations was in the range of 3.7+£0.47 to 5+0.31
kg/lcm2, as detailed in Table 6. This falls within the
pharmacopoeial specifications of 3-6 kg/cm?.

2.4.3 Friability:
Tablet friability measures the resistance of compressed
tablets against coating and packaging during

manufacturing and shipping. The pharmacopoeial limit for
friability is less than 1% of the tablet mass. The % loss of
tablets for formulations F1-F6 ranged from 0.38+0.02 to
0.54+0.03%, as indicated in Table 6. The friability test
results suggest compliance with the official limits,

ensuring sufficient tablet strength.

2.4.4 Weight variation:

Tablet weight variation is crucial for verifying dosage
consistency and supporting tablet strength, safety, and
identity. The weight variation of tablets in each batch was
assessed using an analytical balance, as detailed in Table
6. The % weight variation for batches F1-F6 ranged from
4.18+0.07 to 7.54x0.8%, in compliance with
pharmacopoeial specifications of £7.5%.

2.4.5 Disintegration time:

Disintegration time reflects the duration needed to
break down a tablet into smaller pieces, creating a larger
surface area for faster dissolution. In vitro disintegration
time was determined using a disintegration tester, and the
results for formulations F1 through F6 ranged from 325
to 45+1 sec, as presented in Table 6. These values align
with pharmacopoeial standards of 3 minutes.

2.4.6 Drug content:

The drug content of all prepared tablet formulations was
assessed using a UV-visible spectrophotometer. The drug
content in formulations ranged from 93.15+0.2 to
95.41+0.05%, as shown in Table 6. Formulation F2 exhibited
the highest drug content at 95.41+0.05%, surpassing the
values obtained for other formulations.

Table 6. Evaluation of bosentan tablets

Batch Thickness Hardness Friability Weight Disintegration time | Drug content

code (mm) (kg/cm?) (%) variation (%) (sec) (%)
F1 2.91+0.21 4.5+0.23 0.39+0.05 4.5610.10 36+2 93.55+0.21
F2 3.92+0.05 5.0+0.31 0.54+0.03 7.54+0.8 45+1 95.41+0.05
F3 2.85+0.42 4.4+0.73 0.38+0.02 5.22+0.12 38+3 94.85+0.75
F4 3.75+0.81 4.5+0.99 0.45+0.08 4.18+0.07 4014 93.15+0.12
F5 2.94+0.58 3.9+0.93 0.39+0.09 3.17+0.5 33+6 94.32+0.32
F6 2.86+0.65 3.7+0.47 0.45+0.04 2.45+0.20 3215 94.62+0.89

(n=3, mean+SD)

Based on the data analysis of the evaluated tablet
characteristics, including a thickness of 3.92+0.05 mm,
hardness of 5.0+0.31 kg/cm2, friability of 0.54+0.03%,
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weight variation of 7.54+0.8%, disintegration time of 45+1
sec, and drug content of 95.41+0.05%, Formulation F2
was concluded to be the optimized one.
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2.4.7 In vitro drug release:

In vitro drug release from plain BM and the optimized
F2 BM SD was studied using USP XXII type |1 dissolution
test equipment. The results of in vitro drug release were
plotted as cumulative percent drug release vs. time, as
illustrated in Fig. 1. At the end of 9 hours, Formulation F2
exhibited the highest dissolution rate of 98.21%, while for
the same duration, the release from plain BM was 38.7%.
Comparisons with previously reported work concluded
that BM could be successfully formulated with HPMC
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K4M and HPMC K15M. Formulation containing BM:
HPMC K4M in the ratio 1:0.5 was optimized, maintaining
a drug release of 96.3 £ 0.53% for 12 hours. Furthermore,
the cumulative drug release obtained through the
dissolution study of BM formulated with Eudragit® EPO
was 98.21%, sustaining drug release up to 9 hours.
Therefore, the BM tablet formulation containing
Eudragit® EPO appeared as an effective polymer that
enhanced the drug's dissolution ability.

—— Plain BM
——BM SD

8 10

Figure 5.A plot of Cumulative % Drug Release versus Time of Plain BM and BM SD

2.4.8 XRPD Analysis:

The X-ray powder diffraction pattern of pure BM and
Formulation F2 is presented in Fig. 2. The drug's
diffractogram pattern was indicated by the existence of
sharp peaks at 21.8° and 27.8°, confirming its crystallinity.
In Formulation F2, in addition to a decrease in the

sharpness of peaks, the multiple sharp peaks that were
present with the plain drug were statistically decreased,
suggesting amorphization of the drug. This physical
change demonstrates that the BM was dissolved to a
molecular level in a SD, which further controls the drug's
ability to effectively dissolve in the medium [28].
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Figure 6. XRPD Analysis of (A) Bosentan monohydrate and (B) F2 formulation

2.49FTIR Analysis:

The FTIR distinctive peaks in BM, Fig. 3, appeared at
2960.73 cm for CHs-stretching, 3493.09 cm? for OH-
stretching, 1080.14 cm for C-O stretching in ether, and
1384.89 cm? for S=O stretching. The CH; and OH

Transmittance (%)

stretching peaks at 2927 cm™ and 3383 cm? for
formulation F2 showed only a minor change. It reflects
intermolecular hydrogen bonding potential of F2
formulation. These findings were close to results reported
by Hajare et al. (2020) for clobetasol propionate [29].
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Figure 7. FTIR spectra of (A) Bosentan monohydrate and (B) HPMC K4M (C) Eudragit EPO (D) MCC (E) F2 formulation

2.4.10 DSC Analysis:

A popular thermal analysis method known as
differential scanning calorimetry (DSC) provides accurate
data on a material's physical and energetic properties. The
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melting point endotherm of BM was found to be at 104.2
°C, whereas that of the F2 batch was found at 68.8 °C. The
DSC thermogram of formulation F2 showed reduced and
diffused endothermic peaks, as seen in Figure 7. The
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diffused DSC pattern of the formulation indicated that the
endothermic peak had shifted, and its strength had
decreased, indicating that the drug had changed from being
crystalline. The drug's dissolving rate statistically
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increased as a result of its conversion from the crystalline
to the amorphous state, as the latter has high internal
energy and is thought to be in a highly disordered
condition [30].

(A)

XS Wer

\ A
200.0 4200 200.0

Figure 8. DSC Thermogram of (A) Bosentan monohydrate and (B) F2 formulation

2.4.11 Drug release kinetics study:

To estimate the mechanism of drug release from SD,
the in vitro release data was fitted to multiple drug release
kinetics models. The findings showed that the formulation
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was best explained by Higuchi release kinetics (square root
kinetics), as depicted in Figure 6, indicating that the drug
diffuses at a slower pace as the distance for diffusion
increases.
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Figure 9. Comparative plots of (a) zero-order release kinetics, (b) first-order release kinetics, (¢) Higuchi
(SQRT) release kinetics, and (d) Korsemeyer-Peppas model for the selected SD formulation

2.4.12 Stability study:

According to ICH guideline requirements, stability
tests of the optimized formulation F2 were performed for
three months at 40°C and a relative humidity of 75%. After
90 days, the sample was removed and tested for drug

content and percent drug release, as shown in Table 7. At
the end of the 3 months, the drug content was within the
pharmacopoeial limit (95.32%), indicating that the
prepared solid dispersion of BM was stable.

Table 7. Drug content and release data for stability study

Sr. No. Drug content (%) Drug release (%)
0" Day 90" Day 0" Day 90" Day
1 95.41 95.35 98.21 98.12
2 95.48 95.21 98.30 98.21
3 95.35 95.40 98.28 98.31
Mean | 95.41+0.053 | 95.32+0.080 | 98.26+0.038 | 98.21+0.077

(n= 3, meantSD)

3. CONCLUSION

BM, classified as a BCS Class Il drug, poses challenges
due to its poor water solubility. Eudragit® EPO, a newly
introduced polymer, has been investigated for its ability to
enhance solubility and dissolution of BM. The preparation
of solid dispersion complexes of the drug with Eudragit®
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EPO using spray drying has proven effective in enhancing
the drug's solubility and dissolution. The likely mechanism
behind the improved dissolution of BM involves a physical
change in the state of the solid dispersion and the
solubilizing effects facilitated by hydrogen bonding
formed between Eudragit® EPO and the drug molecules.
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Further exploration of Eudragit® EPO in extensive
research, encompassing various model drugs, stability
studies, and clinical testing, is warranted.

4. MATERIALS AND METHODS
4.1 Materials

Bosentan monohydrate was provided by Megafine
Chemicals Pvt. Ltd., Mumbai, India. Evonik Industries
Pvt. Ltd., Mumbai, supplied Eudragit® EPO. HPMC K4M
was purchased from Loba Chem Ltd., Mumbai, India.
Analytical-grade chemicals were utilized for all
compounds and reagents.

4.2 Preparation and optimization of solid
dispersion:

Solid dispersion (SD) was created via spray drying
because it enables speedy solvent evaporation, resulting in a
quick transformation of the drug: carrier solution into solid
particles. Different drug carrier ratios of BM were dissolved
in methanol (10% wi/v) with Eudragit® EPO (1:1, 1:2, 1:3,
1:4, and 1:5). To obtain a clear solution, the liquids were
thoroughly mixed. Using a spray drier (Labultima, Mumbai,
India), the clear solutions were dried at an inlet temperature
of 80 °C, output temperature of 55 °C, feed pump rate of 8
mL/min, aspiration rate of 45 mbar, and atomization air
pressure of 2.5 kg/cm2. To remove any remaining solvents,
the resultant SD was vacuum desiccated for 24 h. The dried
bulk was then triturated and passed through mesh 80 to
ensure a consistent particle size and kept in a tightly sealed
container until it was used [31]. Furthermore, the prepared
compositions were evaluated for drug content and saturation
solubility to optimize the composition of BM SD.

4.3 Evaluation of prepared solid dispersion:

4.3.1 Flow properties and Heckel plot of SD powder:

A. Angle of repose

The angle of repose is a measurement of a powder's or
granules' flowability. The powder is carried freely through
the fixed funnel to create a heap of specified height, and
the angle formed by the powder with that of the base is
determined, from which the flow type of the sample is
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identified. The powder's angle of repose was calculated
using the fixed funnel free-standing cone technique using
the formula [21]:
0= tan‘l% ....... (Equation 1)

Where, h: Height between the lower tip of a funnel and
the base of a heap of granules, r is the radius of the base of
heap formed.

B. Bulk density

The bulk density of all batches of S-SNEDDS was
assessed by gently pouring 5g of powder through a glass
funnel into a 10 mL graduated cylinder and recording the
volume filled by the sample. The following formula was
used to compute the bulk density [21]:

. g\ _ Weight of samplesing
Bulk density (E) — Volume occupied by sample

(Equation 2)

C. Tapped density

A glass funnel was used to pour 5 g of powder into the
10 mL graduated cylinder. A consistent volume was attained
by tapping the cylinder from a distance of 2 inches. After
recording the volume of powder occupied after tapping, the
tapped density was obtained as follows [21]:

Weight of samples (g)
Tapped volume occupied by sample

(Equation 3)

Tapped density (ﬁ) =

D. Hausner’s ratio

The Hausner ratio was calculated to characterize the
flow of a powder blend. When the Hausner ratio exceeds
1.25, it is regarded to be a sign of poor flowability. The
following was the formula [21]:

Tapped bulk density

Hausner’s ratio = (Equation 4)

Loose bulk density

E. Carr’s Compressibility Index (CCI)
Carr's compressibility index was calculated with the
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formula as follows [21]:

TBD-LBD

%CCI = sy X 100............ . (Equation 5)

Where, TBD = Tapped bulk density, LBD= Loose bulk
density.

F.  Heckel plot

A single punch machine (KBR Manual Hydraulic
Press) equipped with a round flat-faced stainless steel die
cavity with a diameter of 10 cm was used for the
preparation of the compacts. In advance of the
compression, the punch faces and the die wall were
lubricated with a 2% magnesium stearate suspension in
acetone. Six tablets of 200 + 3 mg weight were prepared at
each of the 6 different compression pressures (0.5, 1, 1.5,
2, 2.5, and 3 tons). Compact weight, hardness, diameter,
and thickness of out-of-die tablets, and radius, were
measured. Compact density was calculated using its
weight (w), diameter (d), and thickness (t). Out-of-die
tablet relative density at any compression pressure was
calculated as the ratio of compact density to true density.
The negative natural logarithm of tablet porosity was taken
as its densification. Finally, the graph of In (1/1-Rd) versus
pressure was plotted to analyze the compression properties
of the powder compacts [21].

4.3.2 Scanning Electron Microscopy (SEM):

Morphological analysis was performed using Scanning
Electron Microscopy (JEOL JSM-6360, Japan). The
samples were fixed on a brass stub using double-sided
adhesive tape and made electrically conductive by coating
in a vacuum (6 Pa) with platinum (6 nm/min) using a
Hitachi lon Sputter (E-1030) for 120 s at 15 mA. The SEM
images were analyzed using an image analysis system
(Imagelnside Ver 2.32) [32].

4.3.3 Particle size determination:

The particle size of all freshly prepared BM-SD
formulations was determined by using Zetasizer version
11(Malvern Instruments, Worcestershire, UK) with the

manufacturer’s software [32].
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4.3.4 Drug content determination:

The percentage of drug content in SD was estimated by
dissolving the SD equal to 10 mg of BM in 100 mL of
methyl alcohol. This solution was further diluted with
phosphate buffer (pH 6.8) and the absorbance of each of
these solutions was measured at 273 nm [32].

Percentage drug content =
Actual amount of drug
Theoretical amount of drug

(Equation 6)

4.3.5 Saturation solubility studies:

To the glass vials holding 5 mL of phosphate buffer
(pH 6.8), each SD was introduced individually. These vials
were shaken in the orbital shaker cum incubator at 20 rpm
for 24 h at 37£0.5 °C. Samples were filtered using
Whatman filter paper (No. 41), and relevant dilutions with
phosphate buffer (pH 6.8) were prepared, and finally
evaluated spectrophotometrically by detecting absorbance
at 273 nm [33]. Depending on the results of drug content
and saturation solubility studies, one composition was
optimized and used to prepare tablets.

4.4 Formulation of tablet:

The optimized SD (SD5) was passed through # 80
followed by the addition of calculated amounts of each
tableting ingredient o form a uniform blend. This blend
was gradually supplemented with an appropriate amount
of the granulating agent to support tablet formation. The
resulting granules were passed through #22/44 and dried
at 40 °C for 12 h. On completion of drying, binders HPMC
K4M, and MCC were incorporated, followed by the
addition of talc as glidant and magnesium stearate as
lubricant. The tablets were prepared by the direct
compression and evaluated for several pharmacopoeial
tests to optimize the formulation [34].

4.5 Evaluation of tablets:

4.5.1 Weight variation:

All 20 tablets from the optimized tablet formulation
batch were separately weighed individually. The weight of
each tablet was compared against the average weight of
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tablets. The following formula was then used to calculate
the percent weight variation [35].

Individual weight

%Weight variation = x 100  (Equation 7)

Average weight

4.5.2 Thickness:

To measure the thickness and diameter, a digital
vernier caliper was used. This test was done to examine the
uniformity in tablet size and thickness. It was determined
by arbitrarily picking 5 tablets from each formulation and
measuring with a vernier caliper to calculate the mean
thickness [35].

4.5.3 Hardness:

The hardness of the tablet depends on the quantity of
material filled in the die and the amount of compressional
force applied. Tablet hardness affects the resistance offered
by them during handling, transportation, or storage before
use. Tablets' hardness was determined by employing a
Monsanto hardness tester [36]. The top plunger was pushed
against a spring by spinning the threaded bolt while the
lower plunger was kept in contact with the tablet, and the
reading recorded was zero. A hardness test for tablets was
conducted on randomly selected 5 tablets from the
optimized batch. This force applied continued until the
tablet broke. The fracture force was measured and
subtracted from the zero-force value [37].

4.5.4 Friability:

The Veego friabilator was used to test friability.
Normally, a pre-weighed tablet sample from each created
batch was placed in a friabilator and rotated 100 times.
After a subsequent reweigh, the tablets were measured
again, and the following formula was used to determine the
% loss [35].

Initial weight — Final weight

0 iabilitv =
/oFI‘lablllty Initial weight

x 100  (Equation 8)

4.5.5 In vitro disintegration time:
The USP disintegration tester was used to conduct a

Sayali Raut et al.

disintegration test, (Model ED-2L, Electrolab, Mumbai). In
order to perform this test, the disintegration medium used
was phosphate buffer (pH 6.8) kept at 37 +2 °C. A total of 6
tablets were put in the tubes of a tester, and the amount of
time it took for each tablet to disintegrate and dissolve in the
medium without leaving any residue was noted [37].

4.5.6 Drug content:

The weight of randomly selected 5 tablets was
recorded individually and the average weight was
calculated. These tablets were powdered in a mortar using
a pestle. The powder weight equivalent to 40 mg of BM
was transferred into a volumetric flask containing
phosphate buffer (pH 6.8) and the volume was made up to
100 mL. Further, the solution was kept aside for a day to
allow for the complete dissolution of the drug. This
solution was then diluted to obtain a solution of strength
10 pg/mL. This diluted solution was filtered, and
absorbance was recorded at 273 nm on a UV-visible
spectrophotometer [36].

4.5.7 XRPD Analysis:

XRPD analysis of powdered samples was
accomplished by using an X-ray diffractometer (Bruker,
Germany). It was used to measure the angle of diffraction
in the range of 4 - 40° within the reproducibility limit of
+0.001. The rate meter's scanning speed of 2°0/min was
used to record the XRPD pattern automatically. The XRPD
patterns of pure drug and formulation were recorded and
analyzed [38].

4.5.8 FTIR Analysis:

A Diffuse Reflectance Fourier Transform Infrared
Spectroscopy (DRS-FTIR) (Bruker, Germany) was used to
obtain the FTIR spectra of BM and tablet formulation. Dry
KBr was mixed with 2 to 3 mg of samples, and the spectra
were scanned throughout a wave number in the range of
4000 to 400 cm! [39].

4.5.9 DSC Analysis:

The DSC thermogram of the BM and its tablet
formulation was used obtained using Hitachi 7020 to
assess its thermal behavior. The sample was heated at a
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constant rate of 10 °C/min throughout a temperature range
of 25 - 350 °C while being hermetically enclosed in
aluminum pans. An inert atmosphere was maintained by
purging with nitrogen at a flow rate of 60 mL/min [40].

4.5.10 Dissolution study:

In vitro drug release studies provide information about
the amount of drug released from the formulation. The
dissolution of the tablets was examined using USP XXII
type Il dissolution test equipment (Electrolab-TDT 08L).
These paddles are placed in a vessel containing the
dissolution medium in the dissolution test apparatus,
rotating at 50 r.p.m. Aliquots were taken out at scheduled
time intervals of up to 9 hrs and evaluated
spectrophotometrically using a UV-visible
spectrophotometer (Jasco V630) at a maximum
wavelength of 273 nm [35].
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Chemical Composition of the Essential Oils of the Flowers Asphodelus aestivus
Brot. Grown Wild in Jordan

Ali Alsarhan!”, Katreen BaniSalman?, Suleiman Olimat?
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2 Department of Medicinal Chemistry and Pharmacognosy, Faculty of Pharmacy, Jordan University of Science and Technology, Irbid, Jordan.

ABSTRACT

Recent technological developments and methodological advances in GC-MS have become a common tool for
investigating the quantity, quality, and chemical diversity of plant secondary metabolites. The flower parts of
Asphodelus aestivus Brot. were studied, leading to the isolation and identification of various secondary
metabolites, primarily essential oils: alcohol (26.9%); aldehyde (23%); alkanes, acetate derivatives, and aliphatic
derivatives (19.2%); ketones (7.7%); and epoxides (3.8%). The principal oil components were 18.79% vetocitral
C (trans), 17.27% hexadecyl acetate, 14.5% hexanal (2E), and 9.6% sabinene hydrate (trans). The identification
of oil components was performed by matching their spectra with the mass spectra data bank.

Keywords: Medicinal plants, Asphodelus aestivus Brot, Jordan flora.

INTRODUCTION

Asphodelus L. is a genus comprising about 20
species in the Asphodelaceae family. They are native to
Europe, North Africa, and Asia, primarily the
Mediterranean. Many have a small rhizomatous crown
and thick, fleshy roots that were first described by Carl
Linnaeus in 1753 [1]. Asphodelus aestivus Brot, syn.
(Asphodelus microcarpus Salzm. et Vivi ) is a stout,
robust herb with roots consisting of several spindle-
shaped tubers, widely distributed across the coastal
Mediterranean region [2].

Medicinal plants and their respective phytochemicals,
mainly secondary metabolites, are utilized to address
specific nutrient deficiencies and sustain secure food and
primary healthcare medicines [3]. Natural materials
derived from plants have played a significant role in drug

*Corresponding author: Ali Alsarhan
asarhan@jadara.edu.jo
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discovery and in improving the healthcare system [4-8].
The World Health Organization (WHO) estimates that
approximately 80 percent of the world's population relies
on natural resources for their basic healthcare needs, while
the remaining 20 percent uses integrated natural resources
[8]. In the 21% century, 11 percent of the 252 essential
medicines considered by the WHO as crucial came
exclusively ~ from  flowering plants [9]. The
species Asphodelus L. (Asphodelaceae) is consumed in
large quantities in the cuisines (e.g., soups, pastries, etc.)
of several countries and cultures [4]. Asphodelus aestivus
is found on agricultural lands, around roads, and on
calcareous soils in pastures in the Mediterranean basin [3,
7]. Asphodelus aestivus is used for food and as a folk
medicine for eczema, stomach diseases, and hemorrhoids
[6, 7]. Currently, there is a growing interest in
phytochemicals as potential new sources of natural
antioxidants, with the goal of using them in foods and
pharmaceutical preparations to replace synthetic
antioxidants [10].
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EXPERIMENTAL

Plant Material

The flowers of A. aestivus were collected from the
Rujm Al-Shoof area (15 km northeast of Amman) in
February 2022. The taxonomic identities of the collected
plant material were confirmed with the assistance of a
plant taxonomist (Dr. Mohammad Gharaibeh, Faculty of
Agriculture, Jordan University of Science and
Technology) and by comparing a collected voucher
specimen with those of known identity in the herbarium of
the Faculty of Agriculture, Jordan University of Science
and Technology. A voucher specimen (ID No.: Phar 09-4)
of the collected plant was deposited in the research
laboratory of the Department of Medicinal Chemistry and
Pharmacognosy, Faculty of Pharmacy, Jordan University
of Science and Technology.

Oil distillation

The flowers of the collected plant material of A.
aestivus were air-dried and ground to about a 0.5 mm
particle size (30-35 mesh). Essential oils were obtained by
subjecting 395 g of the ground materials to hydro
distillation using the Clevenger-type apparatus (JSGW,
India) for 4 h. The obtained oils (n = 2) were dried over
anhydrous sodium sulfate, Na2SO4, and stored in dry,
dark glass bottles at 4°C for later analysis.

Analysis of the Essential Oils

A quantitative analysis using gas chromatography with
a flame ionization detector (GC-FID) was conducted using
a Hewlett Packard HP-8590 gas chromatograph equipped
with a split-splitless injector (split ratio 1:50) and an FID
detector. The column (OPTIMAS (5% diphenyl 95%
dimethyl polysiloxane)) was a fused silica capillary
column (30 m x 0.25 mm; 0.25 pm film thickness). The
oils were separated under a linear temperature program set
at a 3°C/min heating rate from 60-250°C and then held at
250°C for 5 min. The temperature of the injector and
detector were maintained at 250°C and 300°C,
respectively. The relative peak area for each component of
the oil was measured. The concentrations of the oil

Ali Alsarhan et al.

components were calculated as a percentage content using
their relative peak areas assuming a unity response by all
components. Each sample was analyzed twice.

GC-MS Analysis

A GC-MS analysis was conducted on a Varian
Chrompack CP-3800 GC/MS/MS-200, equipped with a
split-splitless injector and a DB-5 GC column (5%
diphenyl 95% dimethyl polysiloxane, 30 m x 0.25 mm ID,
0.25 pm film thickness). The injector temperature was set
at 250°C with a split ratio of 1:10. Detector and transfer-
line temperatures were 160°C and 230°C, respectively. A
linear temperature program was used to separate the
different oil components. Temperature programming was
applied at a 3°C/min heating rate, starting from 60°C to
250°C, and then held at 250°C for 5 min. The mass
detector was set to scan ions between 40-400 m/z using full
scan mode and electron impact (El, 70 eV). Each sample
was analyzed twice. A hydrocarbon mixture of n-alkanes
(C8-C20) was separately applied on a GC-MS using the
same chromatographic conditions. The Linear retention
index (arithmetic Kovat’s index) was calculated for each
component separated by GC-MS using the values of its
retention time and the retention times of the reference n-
alkanes applying the Van Den Dool equation [11-14
,16,17].

The identification of oil components was performed by
matching their spectra with the mass spectra data bank
(Wiley, Nist, and Adams 2007 libraries), and also by
comparing their calculated arithmetic indices with the
reported values in the literature [11, 13, 15 -17].

RESULTS AND DISCUSSION

The simultaneous use of mass spectral and retention
(Kovat’s) index matching enabled the unequivocal
identification of more than 98% of the components in the
collected oil obtained from the flowers of the plant under
study, as determined by GC and GC-MS. The oil yield
(expressed as % v/w of dried material) was 0.35%. The
analyses permitted the identification of 26 compounds in
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the oils of A. aestivus. The identified components and their
corresponding contents are presented in Table 1: Octane
(1), hexanal (2), hexanal (2E) (3), N-heptanal (4), acetonyl
acetone (5), ethyl hexanoate (6), octanol (N-) (7), sabinene
hydrate (trans) (8), vetrocitral C (trans) (9), isopulegol
(neoiso-) (10), terpinol (gamma-) (11), octenol acetate
(2E) (12), geraniol (13), undecanal (14), decadienol
(2E,4E) (15), docdecanol (n-) (16), pentadecane (17),
liguloxide (18), hepatadecane (n-) (19), heptadecane (n-)
(20), longifolol (21), acoron (22), farnesyl acetate (2E, 6E)
(23), nonadecane (n-) (24), methyl hexadecanoate (25),
and hexadecy! acetate (26).

The essential oil was characterized by high percentage
levels of aldehydic volatile oil (hexanal, hexanal (2E), N-
heptanal, vetrocitral C (trans), undecanal) (40.94%);
followed by alkane and acetate derivatives (octane, ethyl

hexanoate, pentadecane, hexadecane (n-), heptadecane (n-),
farnecylacetate (2E,6E), nanodecane (n-),
methylhexadecanoate, hexadecyl acetate) (31.15%);
alcoholic volatile oil (octanol (N-) isopulegol (neoiso-),
terpinol (gamma-), octenol acetate (2E), geraniol,
decadienol (2E,4E), dodecanol (n-), longifolol)) (14.38%);
bicyclic monoterpene (sabinene hydrate (trans) (9.6%);
ketanes volatile oil (acetonyl acetone, acorone) (2.9%) and
epoxides (liguloxide) (1.68%).

Vetrocitral C (trans) 18.79% was the principal oil
component, with 17.27% hexadecyl acetate, 14.5%
hexanal (2E), and 9.6% sabinene hydrate (trans) (shown in
bold in Table 1) as the major oil constituents (8).

The identification of oil components was performed by
matching their spectra with the data bank mass spectra
(Wiley, Nist, and Adams 2007 libraries).

Tablel: Chemical composition the essential oil hydro-distilled from the flowers parts of Jordanian A. aestivus

No | Rlexp | RIlit | Content % Compound
1 801 800 2.75 Octane

2 802 801 2.15 Hexanal

3 851 855 14.5 Hexanal (2E)

4 903 902 35 N- Heptanal

5 925 924 1.3 Acetonyl acetone

6 998 998 1.7 Ethyl hexanoate

7 1070 1068 3.6 Octanol (N-)

8 1100 1098 9.6 Sabinene hydrate (trans)
9 1107 1105 18.79 Vetrocitral C (trans)
10 1171 1171 1.3 Isopulegol (neoiso-)
11 1199 1199 2.2 Terpinol (gamma- )

12 1206 1209 11 Octenol acetate (2E).
13 1252 1249 19 Geraniol

14 1308 1306 2.0 Undecanal

15 1321 1321 1.1 Decadienol (2E,4E)

16 1469 1470 15 Dodecanol (n-)

17 1498 1500 1.3 Pentadecane

18 1537 1536 1.68 Liguloxide

19 1598 1600 1.17 Hexadecane (n-)
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No | Rlexp | RIlit | Content % Compound
20 1700 1700 1.56 Heptadecane (n-)
21 1715 1714 1.68 Longifolol
22 1819 1820 1.6 Acorone
23 1844 1846 15 Farnesyl acetate (2E, 6E)
24 1897 1900 2.8 Nonadecane (n-)
25 1981 1921 1.1 Methyl hexadecanoate
26 2002 2003 17.27 Hexadecyl acetate
40.94 Aldehide v. oils
31.15 Alkane and acetate
derivatives v. oils
14.38 Alcohol v. oils
9.6 Bicyclic monoterpene v. oils
2.9 Ketanes v. oils
1.68 Epoxides v. oils
RI exp: Linear (arithmetic) retention index calculated on DB-5 equivalent column
RI lit: reference retention index value from literature
*Average% content of 4 determinations (2 oil samples, 2 replicates each), for
which the standard deviation (SD) values were within 2% ( +2%) of the mean
Compounds in bold are the major components (>1.0%)

CONCLUSION

The flower parts of Asphodelus aestivus Brot. were
studied, leading to the isolation and identification of
various secondary metabolites, mainly essential oil. The
major essential oil components were vetrocitral C (trans),
hexadecyl acetate, hexanal (2E), and sabinene hydrate
(trans). The identification of oil components was
performed using GC-MS.
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Extracellular Synthesis of Magnesium Oxide at Nano and Bulk Scale: Antifungal
Effect Against Candida albicans, Aspergillus niger
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ABSTRACT

The antifungal activity of magnesium oxide nanoparticles (MgO-NPs) prepared by the cactus plant (Opuntia ficus
indica) at the nano and macro scale was evaluated against important human pathogens: Candida albicans and
Aspergillus niger. The nanoparticles were characterized using UV-Vis, FTIR, DLS, EDX, and FESEM. UV-Vis
analysis revealed a peak at 300 nm, and FT-IR analysis showed that the biomolecules played an important role in
ions reduction, leading to the growth of MgO-NPs. A peak close to 400 cm—1 was observed, indicating Mg-O-Mg
bonding. EDX analysis confirmed the presence of MgO-NPs. MgO-NPs were identified as nanospheres with
diameters between 15.5 and 78.01 nm (average 42.28 nm), while MgO-Bulk was identified as macrospheres with
lengths between 105.2 and 1313.9 nm (average 356.09 nm) using FESEM. Z-average sizes by DLS analysis were
46.04 nm and 377 nm. In vitro antifungal assays were evaluated using two methods: well diffusion and the
microdilution method, and MgO-NPs showed the highest effect in both. The Minimum Inhibitory Concentration
(MIC) for MgO-NPs was equal to 1.5 mg/mL and 6.25 mg/mL for C. albicans and A. niger, respectively.
Keywords: MgO nanoparticles; Biosynthesis; ficus indica; Antifungal activity; Candida albicans; Aspergillus niger.

1. INTRODUCTION:

From ancient times, fungal infections have
significantly contributed to the ever-increasing morbidity
and mortality ratel. The increasing clinical and
microbiologic resistance of Candida spp. and Aspergillus
spp. isolates to several antifungal agents is becoming a
serious problem?3, Death rates due to invasive fungal
infections are often 50% or higher®. The risk of failure of
surgical operations and medical treatment will increase in
the absence of effective drugs®. Nanotechnology is a
science that uses various techniques to synthesize
nanoparticles®. Nanoparticles possess several properties
compared to larger particles of the same material, mainly
due to their large surface area in relation to volume. The
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influence of this factor is significant, as materials larger
than 100 nm are expected to have physical and chemical
properties regardless of size, but this is different for
nanoparticles. Foremost among them is their antifungal
properties”®. Metal oxides were attractive because of their
easy modifiability and a variety of shapes®. Among
metallic nanoparticles, extensive research has been carried
out using MgO-NPs and their applications in the
biomedical field as drug delivery system!®, anti-
microbial®!, and anti-cancer agents'?, water purification
and also in pharmaceutical products®.

MgO has gained keen interest due to its ecofriendly
nature, the availability of greater specific area,
biocompatibility, low cost, and the easy convenience of its
sources®. In addition, The Food and Drug Administration
(FDA) recommended MgO-NPs as safe materials®,
Studies in this regard are few compared to other minerals.
Presently, green synthesis of metal nanoparticles using
plant extract gets a lot of attention since it is eco-friendly

© 2023 DSR Publishers/The University of Jordan. All Rights Reserved.
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and cost-effective °. It has been known since the early 20th
century®. Cactus is one of the plants used as bioactivators
for the fabrication of nanoparticles, which has many types.
In recent years, the cacti genus has received a lot of
attention for its therapeutic benefits, in the foreground, its
antimicrobial effect’*. MgO-NPs synthesis via green route
is limited in the literature and few studies on MgO-NPs
green synthesis using Nephelium lappaceum L.%5,
Azadirachta indica'é, Aloe vera'’, Betel leaf '8, Sargassum
wighti *°, Rhizophora lamarckii, were reported previously.
In this study, Opunita ficus indica extract mediated green
synthesis of MgO-NPs, which was investigated for the first
time. O.F.1 is a well-known elaborate plant that belongs
to Cactaceae?®. It has been used in traditional folk
medicine for its antifungal and antibacterial effects 2.

2. MATERIALS AND METHODS

1.2 Materials:

The Opuntia ficus indica (O.F.I) cladodes were freshly
collected from wild plants growing in Homs, Syria
(34°21'N 38°19'E). Double-distilled water (DDW) was
used in the experiments. Sodium hydroxide 98% (Medex,
UK), Ethanol GR (Eurolab, UK). All the chemical
materials were obtained from Aldrich. Fungal species:
Aspergillus niger was obtained from the Microbiology lab
at Pharmacy College, Al-Baath University, Syria, Candida
albicans ATCC 10231 was obtained from the Atomic
Energy Commission, Damascus, Syria.

Equipment: Ultrasonic bath (POWERSONIC 405,
Hwashin Technology Co., Korea), Sensitive balance
(Sartorius TE214, Germany), UV-1800 spectrophotometer
(Shimadzu, Japan), Rotary evaporator (Heidolph
Instruments, Germany), Ultrapure TM water purification
system (Lotun Co., Ltd., Taipei, Taiwan), Zetasizer
instrument  (DLS; Zeta-size Nano-ZS; Malvern
Instruments, UK), FTIR spectrometer (SHIMADZU),
mixer (Germany DI 18 basic), FESEM (European).

2.2 Methods: Experiments were performed triples.

1.2.2 Preparation of the extract: The healthy Opuntia

Taif AlHoly, Walid Khaddam

ficus indica was collected, washed under running tap
water, dried for 5 minutes at room temperature, and finely
chopped. Briefly, 30 g of the plant was suspended in a
500ml beaker (100:50 mL) (DDW: Ethanol) and treated
with ultrasound for 30 min at 50°C. The obtained extract
was filtered through Whatman number 1 filter paper, and
it was concentrated by a rotary evaporator until it removed
all the ethanol. A freshly prepared extract was used for the
synthesis of MgO-NPs.

2.2.2 Biosynthesis of MgO-NPs: In the experiment,
MgO-NPs were prepared by slowly mixing 10 ml of plant
extract with 90 ml of 107(-3) M aqueous solution of
magnesium nitrate dropwise under vigorous agitation by a
mixer and adding NaOH (0.1 N) until pH reached 11.
Then, the mixture was left overnight by magnetic stirring
and at 35°C. The magnesium nitrate ions were reduced to
magnesium oxide nanoparticles using the plant extract.
The formation of MgO-NPs has been observed by a color
change. Thereafter, the solvent of nanoparticles was
evaporated by a rotary evaporator. Finally, the obtained
precipitate was dried at 60°C and calcinated at 500°C for
3 hours to produce MgO-NPs.

3.2.2 Characterization of MgO-NPs:

the formation of MgO-NPS was confirmed by:

. Ultraviolet-Visible (UV-Vis) Spectroscopy

The optical features of MgO-NPs were determined
using UV-Vis spectroscopy. The highest absorbance
(Amax) of a stock solution of the MgO-NPs, diluted with
distilled water (1:1 ratio), was measured in the wavelength
range from 200 to 600 nm to confirm the presence of the
specific Surface Plasmon Resonance (SPR) peak of MgO-
NPs.

e  Fourier Transform Infrared Spectroscopy
(FTIR) Analysis

The MgO-NPs, which were calcinated at 500°C, and
the dried form of the extract at 80°C were pelletized with
KBr and analyzed using an FTIR spectrometer??, The
absorption was recorded in the field extending from 400 to
4000cm.
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e Dynamic Light Scattering (DLS)

DLS was used to measure the mean diameter and
polydispersity index (PDI). It was performed by the
Zetasizer instrument at 25°C. The particle diameter
determined in this way is known as the hydrodynamic
diameter. The value of PDI ranges between 0 and 1, with
a value close to 0 being mono-dispersed and a value close
to 1 representing a poly-dispersed sample. It is important
to synthesize nanoparticles with a lower size and higher
absorbance?.

e Field Emission Scanning Electron Microscope
(FE-SEM) Analysis

Samples were prepared by placing a drop of colloidal
on a slide and drying it at 25°C. FE-SEM images were
taken, and Image J and Origin 2017 were utilized to
prepare histograms for dimensions.

e Energy-dispersive X-ray spectroscopy (EDX):

EDX analysis confirmed the presence of MgO -NPs.
EDX relies on the characteristic X-ray emission of MgO.

4.2.2 In Vitro Antifungal Activity of MgO-NPS

The antifungal activity of the MgO-NPs was evaluated
using agar well diffusion against Aspergillus niger and
Candida albicans ATCC 10231. The tested fungal strains
were grown on Sabouraud Dextrose agar plates and
incubated for 1, 5 days at 37°C and 25°C for C. albicans
and A. niger, respectively? 24 The turbidity of the
suspension: for Candida Albicans, the turbidity was
adjusted by spectrophotometry to an optical density of
0.08-0.12, and for Aspergillus niger was an optical density
of 0.09 to 0.13%*. One milliliter was uniformly distributed
on Czapek dox agar plates. Using a sterile cork-borer,
wells (8 mm) were cut; The wells were closed with a drop
of agar so that the nanoparticles would not settle to the
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bottom of the well, 50,100 puL of MgO-NPs and 50,100 pL
of MgO-Bulk were transferred to each well individually
and left for 2 h at 25 °C, and then the plates were incubated
for 1, 5 days at 25, 35°C for C. Albicans, A. niger
respectively. After incubation, the inhibition zones are
determined and recorded. = Moreover, different
concentrations of MgO-NPs were evaluated as antifungal
to detect the minimum inhibitory concentration (MIC).

5.2.2 NCCLS Microdilution Method

This method was used as described in the National
Committee for Clinical Laboratory Standards. The MIC of
MgO-NPs was defined as the lowest concentration which
resulted in a prominent decrease in turbidity compared to
that of growth-control wells®.

3. RESULTS AND DISCUSSION

1.3 UV-visible spectroscopy:

MgO ions were bioreduced to MgO-NPs when Opuntia
ficus-indica extracts were added. The formation of MgO-
NPs was confirmed by UV-Vis spectrophotometer studies
within a range of 200-600 nm. The specific SPR peak of
MgO-NPs after 24 hours was found to be centered at 300
nm in the spectrum, indicating the presence of MgO-NPs.
This finding aligns with studies by Dobrucka R?, and
Prasanth R et al ¥. The obtained SPR peak confirms the
reduction of Mg (NO3)2 to MgO-NPs, and it is evident that
the phytochemicals present in O.F.1 may function as a
capping and stabilizing agent toward the MgO-NPs. MgO-
Bulk showed a modest peak at 300 nm, lower than the
nanoparticle peak. As shown in Figure 1, the frequency
and width of the surface plasmon absorption depend on the
size and shape of the metal nanoparticle®,
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Fig 1. UV-vis absorption spectrum of MgO-NPs, MgO-Bulk

2.3 Fourier transform infrared spectroscopy
(FTIR) analysis: FT-IR measurements were conducted to
identify the possible biomolecules responsible for the
reduction of Mg~(+2) and capping of the MgO-NPs
synthesized using O.F.l extract. From the two spectra
(Figure 2a, b), we observed a decrease in the quantities of
plant components (alcoholic, amino compounds, alkanes,
alkenes, carboxylic acids, etc.)®. This decrease is
indicative of their participation in the fabrication of

(@)

nanoparticles, as evident in the peak that expresses phenols
and alcohols, which decreases in the spectrum of
nanoparticles. There is also the appearance of a clear peak
(7) in the nanoscale sample at 466 cm”(-1) (Fig. 2b), which
corresponds to Mg-O %7 This result is similar to an
Indian study that showed a peak at 450-560 cm ~13% 3,
and in contrast to the result in Poland in 2016, they used
the Artemisia abrotanum plant, which gave a peak at 407-
419 cm ~1%,
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Fig 2. FTIR spectrum of (a) Opunita ficus indica, (b) MgO-NPs synthesis by Opunita ficus indica

3.3 Dynamic Light Scattering (DLS): DLS analysis
of MgO-NPs synthesized using O.F.I and MgO-Bulk is
shown in Fig. 3, with a Z-average size of 46.90nm. This
differs from a study conducted in 2020 in which the

dimensions of nickel oxide fabricated by O.F.l was 20-
35nm®, and this is due to the difference in the metal's
ability to ionize®, and it showed Z-average size at 377.3
nm for MgO-Bulk.

Size (r nm)

Diam. (nm) % Intensity Wikith (nm)
Z-Rverage (r.nm): 46 90 Peak 1: 1025 938 7053
Pdl: 0.714 Peak 2: 2.293 6.2 0.3601
Intercept: 0366 Peak 3: 0.000 0.0 0.000
Result quality : Refer to quality report
Size Distribution by Intensty
1000 10000
Size (r.nm)
Diam. (nm) % Intensity Width (nm)
Z-Average (rnm). 377 3 Peak 1: 1415 100.0 1678
Pdi: 1.000 Peak 2: 0.000 0.0 0.000
Intercept: 0895 Peak 3: 0000 0.0 0.000
Result quality : Refer to quality report
Size Distribution by Intensty
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4.3 Field Emission Scanning Electron Microscopy
(FESEM):

FE-SEM analysis of  biosynthesized MgO
nanoparticles indicated a spherical shape with
agglomeration and crystalline solid at both size nano and
bulk particles. The size of particles which were

Taif AlHoly, Walid Khaddam

synthesized by the green method was (42.28 as average)
(Fig. 4), and MgO-Bulk was (356.04nm as average) (Fig.
5), due to histogram, and this is similar to the previously
described. With DLS, this confirms the ability of plant
metabolites to return salt ions.

@)
26.05 nm
100 nm EHT = 10.00 kV Signal A = SE2 Date :13 Nov 2022 ZEISS
WD= 42 mm Mag= 60.00 KX User Text =

Count

Fig 4. a: FESEM for MgO-NPs, b: Histogram of diameters
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Fig 5. a: FESEM for MgO-Bulk, b: Histogram of diameters

5.3 Energy-dispersive X-ray spectroscopy (EDX):
The EDX analysis showed good signals for Mg,0

the pellets were MgO-NPs. The other elements are thought
together with remarkably stronger peaks, confirming that

to have originated from the plant extract which is depicted
in Fig. 6, thus confirming the formation of MgO-NPs.
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Fig 6. EDX analysis of MgO-NPs fabricated by green synthesis method

2.3 Antifungal effect:

1.2.3 well diffusion methods:

After 1 and 5 days of incubating the dishes in the
microbiological incubator, the antifungal activity of the 100
and 50 mg/mL MgO-NPs solution was evaluated. The
antifungal activity of the MgO-NPs solution was compared
with MgO-Bulk against C. albicans and A. niger. The
nanoparticles showed clear inhibition zones with diameters
of 30 £ 0.5 and 25 £ 0.5 mm, respectively, whereas the bulk
particles had no effect at both concentrations against C.
albicans. The antifungal mechanism of MgO-NPs is not
clear, unlike bacteria whose mechanism of action mainly
depends on oxygen free radicals (ROS). For C. albicans, the
mechanism may be due to the destruction of the integrity of
the fungal cell membrane 34. It can be concluded that the
effectiveness is directly related to the concentration used
and increases with its increase, similar to the study of J.
Chen etal *. In our results, the diameters of the inhibition
zones were similar to the study of S. Vijayakumar et al %
but in contrast to the study of E. Vidhya et al, which reported
diameters of 21 + 1.70 mm®’. This difference may be due to
the variation in the number of particles used. The study by
Vidhya et al used 20 pL of nanoparticle suspension, while
in our study, 100 puL. was used, which directly affects the
effectiveness?’.

Regarding A.niger, MgO-Bulk gave a small zone

inhibition 17+0.5, 15+0.5 mm compared with MgO-NPs
which was 25+0.5, 20£0.5 nm. This is similar to the study
Vijayakumar S et al 3 where the inhibition zone was 24 +
0.72 mm, and in contrast to the study by Vidhya E et al
which reported an inhibition zone of 16 mm. This may
explain the difference in the pattern of the studied fungi. The
different antifungal effect between the nano and bulk
particles may be explained by the higher concentration of
reactive oxygen species (ROS) in nanoparticles compared to
bulk particles, causing oxidative stress on fungal cells,
disrupting membrane structure, and altering fungal
permeability, which may damage the cell and exhibit
antifungal activity®.

We infer that, due to the different sizes of the
nanoparticles, it influences the antifungal effect®>. Many
reports indicate that size is the most important factor in the
effectiveness of antibiotics, as size is a critical factor in the
destruction of bacterial and fungal systems for many
reasons. Small sizes allow accumulation and penetration
of bacterial cells, causing damage and, thus, death of
bacteria5. Metal oxide nanoparticles larger than 10 nm in
size enhance permeability upon contact with the organism,
and this is due to the surface area-to-volume effect that
affects the specific surface. For this reason, they can also
have an effect on direct toxicity mechanisms against
bacteria and, consequently, subsequent death®.
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2.2.3 Microdilution methods:

Using broth microdilution, all species demonstrated
sensitivity to MgO-NPs, as shown in Table 1. The MIC for
MgO-NPswas 1.5 and 6.25 mg/mL against C. albicans and
A. niger, respectively. This is an effective value as
observed in in-vitro studies, and higher MIC levels were
noted for MgO-Bulk against A. niger at 25 mg/mL. This
finding aligns with the study by Nguyen NY#. The

different antifungal effects between nano and bulk
particles may be explained by the higher concentration of
reactive oxygen species (ROS) in nanoparticles compared
to bulk particles. This higher concentration causes
oxidative stress on fungal cells, disrupts membrane
structure, and alters fungal permeability, potentially
damaging the cells and exhibiting antifungal activity®.

Table .1: Minimum inhibitory concentration of MgO-NPs, MgOBulk against c. albicans, A. niger (mg/mL)

DMSO | MgO-Bulk | MgO-NPS MIC
- 25 6.25
- - 1.56
* Values were expressed as the means of Triples replicates.

Aspergillus niger

Candida albicans

4. CONCLUSIONS

Nanomaterials represent an emerging field that enables
the more efficient use of antimicrobial compounds. In this
study, the antifungal activity of MgO-NPs fabricated using
Opuntia ficus indica extract was evaluated. The
synthesized MgO-NPs underwent characterization through
UV-Vis spectroscopy, FTIR, DLS, EDX, and FESEM
analyses. The SPR peak at 300 nm observed during
nanoparticle characterization confirmed the formation of
MgO-NPs. FTIR analysis identified the functional groups
responsible for the bioreduction and stabilization of the
synthesized MgO-NPs using the extract. The dimensions
of nano and bulk particles were measured through DLS
and FE-SEM analysis, revealing spherical shapes, and the
EDX spectrum confirmed the presence of magnesium
(Mg) and oxygen. Furthermore, MgO NPs exhibited
significant antifungal activity against Aspergillus niger
and Candida albicans ATCC 10231, assessed through both
Well Diffusion and Microdilution Methods, and were
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compared with bulk particles.

We believe that MgO-NPs hold great potential for
applications in the pharmaceutical industry, serving as an
alternative to antifungal agents facing resistance. MgO
nanoparticles, whether used alone or in combination with
other antifungal compounds, could present a superior
choice for various future applications, such as coating
medical devices or preserving food. Additionally, their
cost-effectiveness makes them a favorable option for
patients.
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Fabrication of Interpenetrating Polymer Network-Based Hydrogel for Colon-

Targeted Release of Nateglinide
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ABSTRACT

Nateglinide is an anti-diabetic agent that experiences modest first-pass metabolism and poor aqueous solubility.
This paper explores the preparation, characterization, and evaluation of interpenetrating polymer network
composite hydrogels of chitosan and poly(meth(methacrylic)) acid as a potential carrier for the drug.
Interpenetrating polymer network composite hydrogels of chitosan and poly(meth(methacrylic) acid incorporating
nateglinide were prepared using N,N'-methylene bisacrylamide and glutaraldehyde as cross-linkers. The
polymerization of chitosan, entrapment of the drug, and its interaction in prepared hydrogels were checked by
FTIR spectroscopy, DSC, and powder XRD studies. The hydrogels were evaluated for their swelling behavior and
in vitro drug release. The morphology of the hydrogels before and after dissolution was studied using SEM. The
hydrogels showed a 93.29 + 4.65% yield and 91.28 + 2.22% drug loading. The hydrogels exhibited pH-sensitive
swelling behavior. The in vitro release profile confirmed that the drug release depended on the swelling of
hydrogels and showed a biphasic release pattern. Chitosan-poly(meth(methacrylic)) acid interpenetrating polymer
network hydrogel, with its biodegradable nature and pH-sensitive release of nateglinide, is an attractive option to
be further explored for targeted controlled drug delivery formulations for the drug.

Keywords: Chitosan-Poly(meth(methacrylic)) Acid hydrogel; Interpenetrating Polymer Network; Nateglinide;

Biodegradable; pH-Sensitive.

INTRODUCTION

Nateglinide (NAT) is used for the treatment of type 2
diabetes. This blood-glucose-lowering drug belongs to the
meglitinide class!. NAT has been classified to belong to
Class Il per the Biopharmaceutical Classification System?
as it has good intestinal permeability but inadequate water
solubility of 0.061 mg/mL® In addition to selectively
blocking beta-cells of the pancreas, it has a short half-life of
1.5 to 2.5 hours®. Rapid intestinal absorption is observed
with NAT. In the physiological intestinal environment,
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where pH is approximately 6.5, the compound is
predominantly ionized due to its pKa value of 3.1%. Over a
dose range of 62 - 240 mg, the drug displays linear
pharmacokinetics, with no dose-dependent time to peak
concentration®. CYP2C9 and CYP3A4 are the primary
cytochrome P450 enzymes involved in its biotransformation
in the liver 7. After oral administration of 120 mg of the drug
10 minutes before a meal, peak plasma concentrations of
10.08 g/mL are reached in approximately 0.5 - 1.0 hours®,
The short half-life and variable bioavailability of this drug
may be due to its poor solubility in water, both of which
could be improved by sustaining its release over time.
Interpenetrating polymer networks (IPN) have been
around since 1914, when Aylsworth invented the first one®.
IPN refers to a network composed of at least two polymers,
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one synthesized in the presence of the other. A physical
crosslinking network is formed when polymer chains in the
second system entwine with polymer chains in the first
system . Since each polymer retains its unique properties,
synergistic improvements in characteristics such as strength
or toughness are observed. Additionally, it's important to
note that IPNs differ from polymer blends in that they
exhibit swelling behavior without dissolution in solvents,
and they effectively suppress creep and flow.

As a consequence of exhibiting superior performance
compared to individual ~ polymers,
Interpenetrating Polymer Networks (IPN) have witnessed a
surge in applications. Their advanced properties have
garnered significant attention in the pharmaceutical industry,
especially in the realm of drug delivery. With the ability to
create nontoxic, biocompatible, and biodegradable polymer
networks, IPNs are gaining prominence for delivering
bioactive molecules, particularly in the context of controlled
and targeted drug delivery. The versatility of IPNs is evident
through the multitude of molecules produced via this
approach, all aimed at enhancing targeting and bioavailability
1714 Over the years, formulators have focused fabricated
these IPNs into various dosage forms 1>2, They have also
made them smarter by making them respond to stimuli such
as magnets 2, temperature %, pH %, ions 7, electrons %, and
light 2.

A hydrogel is a polymeric material capable of holding
large amounts of water in its three-dimensional network due
to its hydrophilic nature®, Despite its ability to swell and
retain moisture, a hydrogel does not dissolve in water. The
hydrophilic functional groups attached to the polymer
backbone contribute to its water-absorbing properties, while
crosslinking between network chains imparts resistance to
dissolution®X. Hydrogels derived from natural polymers,
such as chitosan, have garnered significant attention due to
their biocompatibility and the ease of preparing newer

conventional
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derivatives. However, unmodified chitosan faces challenges
such as low mechanical strength and limited control over the
release of entrapped molecules, stemming from its
hydrophilic nature and excellent solubility in an acidic
medium. Therefore, using modified chitosan hydrogels for
the controlled delivery of bioactive molecules is beneficial
%238 One such modification is the formation of
Interpenetrating Polymer Networks. Chitosan-
Poly(meth(methacrylic)) Acid (C-PMMA) hydrogels are an
example of IPN exhibiting good mechanical strength and
pH-sensitive swelling behavior 3. These hydrogels have
been explored for the controlled release of drugs like
amoxicillin %, meloxicam %, and metronidazole %, to name
a few. The current paper investigates the synthesis,
characterization, and evaluation of this IPN as a potential
carrier for the slow release of NAT.

RESULTS

Characterization of chitosan

Chitosan's molecular weight and N-deacetylation
percentage were measured as 3.5 x 10° Da and 84.6%,
respectively.

High performance liquid chromatography analysis

It was observed that NAT's retention time was 5.3 min,
with a single, sharp peak being obtained. The method was
linear in the range of 2.5 to 20 pg/mL. According to the
calibration curve, the slope was 80440, and the intercept
was -43720. The correlation coefficient was 0.9984.

Synthesis of chitosan-poly(meth(methacrylic)) acid
IPN hydrogel, yield calculation and drug loading

C-PMMA IPN was synthesized through a solution co-
polymerization/crosslinking reaction, employing potassium
persulfate (KPS) as a redox initiator to initiate
polymerization. The results, including yield and drug loading
for various samples, have been tabulated in Table 1.
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Table 1: Yields and drug loading obtained for different formulations of hydrogels

Formulation | Yield (%) n =3 £ SD | Drug loading (%) n =3 £+ SD
K1 93.29 + 4.65 91.28 +£2.22
K2 95.38 + 2.63 89.95+2.91
K3 94.13 + 3.46 92.88 + 3.02
K4 92,58 +2.11 93.47 £ 2.78
Swelling studies composition®”. The percentage swelling index for the
IPNs' swelling properties depend heavily on their gel hydrogels under different pH conditions is depicted in
structure, crosslinking density, and surrounding medium Figure 1.
225+
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Figure 1. % Swelling Index for C-PMMA IPN hydrogels containing NAT (n = 3)

In vitro drug release studies and release kinetics four hydrogels, only K1 released NAT almost entirely after
Figure 2 shows the cumulative release of NAT from 12 h; therefore, it was considered an optimized
C-PMMA IPN hydrogels at different pH conditions. In all formulation.
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Figure 2. % Cumulative Drug Release (CDR) under different pH conditions for NAT from C-PMMA IPN hydrogel

The release of the drug followed zero-order Kinetics
(R? = 0.9965) for the middle three hours (from hours two
to five) when the dissolution media used was phosphate
buffer pH 7.4. 1t displayed Korsmeyer Peppas non-Fickian
diffusion (diffusion coupled with erosion) kinetics with n
> 0.5 at the higher pH of 6.8 (R? = 0.9932, n = 0.6406).
According to our studies, the pH-dependent C-PMMA IPN
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hydrogel system does assist in the controlled release of
NAT in the colon, which could contribute to improved oral
bioavailability of the drug.

FTIR spectroscopic study

The FTIR spectra of chitosan, C-PMMA IPN
hydrogels and NAT are given in Figure 3.
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Figure 3: FTIR spectra of (a) Chitosan, (b) blank C-PMMA IPN hydrogels, (c) NAT, and (d) NAT-loaded C-
PMMA IPN hydrogels

the hydrogel formulation. The endotherms obtained are

Differential Scanning Calorimetry study
shown in Figure 4.

DSC analysis was performed to characterize the
thermal behavior of chitosan, C-PMMA IPN, and NAT in
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Figure 4: DSC thermogram of (a) Chitosan, (b) Blank C-PMMA IPN, (c) NAT, and (d) NAT-loaded C-PMMA IPN
formulation
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Powder X-Ray diffractometry study

IPN, NAT, and NAT-loaded C-PMMA IPN are shown in
The X-ray diffractograms of chitosan, blank C-PMMA

Figure 5.
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o
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Figure 5: X-ray diffractogram of (a) Chitosan, (b) Blank C-PMMA IPN, (c) NAT, and (d) NAT-loaded C-

PMMA IPN formulation
Scanning electron microscopy study

A surface morphology study was conducted on an
optimized hydrogel containing NAT before and after
dissolution. The surface morphology showed a translucent

non-porous membrane (Fig. 6a). Following dissolution,

the surface morphology revealed the presence of open
channel-like structures (Fig. 6b).

10pm ©OO6160

Figure 6: SEM of C-PMMA IPN containing NAT (a) Before dissolution and (b) After the dissolution
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Determination of unreacted glutaraldehyde and
methacrylic acid

The gas chromatography study conducted to quantify
glutaraldehyde levels in the formulations revealed that
only 4.1 ppm of the crosslinker remains. Furthermore, the
unreacted monomer accounted for 1.54 mg. These two
values confirmed that the proportion of unreacted material
was small enough not to affect the toxicity or stability of
the formulation.

DISCUSSION

Synthesis of chitosan-poly(meth(methacrylic)) acid
IPN hydrogel, yield calculation and drug loading

Agueous solutions of KPS decompose into sulphate ion
Aqueous solutions of KPS decompose into sulfate ion
radicals, which further react with water to produce
hydroxyl radicals. In this scenario, chitosan acts as a weak
reducing agent, forming chitosan radicals in response to
these hydroxyl radicals, leading to further polymerization
propagation3®. NHs* groups in chitosan and COO- groups
in  poly(meth(methacrylic)) acid can interact
electrostatically to form polyelectrolytes®. As a result of
the presence of a solvent, heat is dissipated. After
preparing the hydrogels, they were washed with distilled
water to remove the monomer, oligomer, crosslinking
agent, initiator, soluble and extractable polymer, and other
impurities.

Swelling studies

The intrinsic pKa of chitosan is 6.5, below which NH;
groups are ionized, i.e., they are in the -NHz* form. At pH
levels above 4.5, carboxylic groups in methacrylic acid
become ionized “°. Due to the combination of anionic and
cationic groups, the prepared hydrogels were amphiphilic.
Additionally, anions crosslink with chitosan. In acidic
conditions (pH = 1.2), acid groups are not ionized, and
swelling is mainly controlled by protonated amino groups (-
NH;") attached to the C2 carbon of the chitosan #. Within
these hydrogels, poly(meth(methacrylic)) acid might help
protonate amines from chitosan, causing electrostatic
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repulsion between chains of polymers 2. Due to the
polymer's charges, chitosan chains are electrostatically
repelled from each other, and a higher osmotic pressure is
created inside the gel. Gel swelling balances the difference
in osmotic pressure between the network's internal and
external solutions 4. However, the swelling was not
observed in the present case due to high crosslink densities
due to glutaraldehyde. Poly(meth(methacrylic)) acid ionizes
above pH 4.5, resulting in higher swelling. Chitosan amino
groups were ionized at pH 6.8, and ionic bonds dissociated.
This led to the increased swelling ratio of the hydrogel due
to the electrostatic repulsion of COO- ions from
poly(meth(methacrylic)) acid. A similar phenomenon was
seen in the ileocecal phase of the study “%. A hydrogel's
maximum swelling level is determined by the balance
between contractile and repulsive forces within the network.
There is a possibility of the complex dissolving if there is a
high level of swelling. If we maximize the number of
electrostatic interactions between two oppositely charged
polymers, the grade of network complexation will be
maximized. As a result, the network will become more
stable, reducing swelling/eroding behavior in hydrogels.
Due to its tighter structure, the network will be able to
control the release of drugs 4. The C-PMMA IPN hydrogels
were made by crosslinking chitosan with glutaraldehyde;
therefore, the amino groups present were meagre.
Furthermore, the degree of swelling is inversely
proportional to the crosslinking; therefore, the degree of
swelling would decrease at all pH values compared to plain
chitosan hydrogels.

In vitro drug release studies and release kinetics

C-PMMA IPN are hydrophilic that can absorb water
and swell in an aqueous environment. When the IPN come
into contact with a surrounding medium, such as a
physiological solution, they absorb water and increase in
size. The swelling of the IPN creates pores and channels
within the polymer matrix 2. As the C-PMMA IPN swell,
the drug molecules start to diffuse out of the IPN in
response to a concentration gradient. The rate of diffusion
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is influenced by factors such as the molecular weight and
size of the drug molecules, the degree of cross-linking of
the polymer, and the nature of the surrounding medium 4.
NAT is released biphasically in response to pH changes in
the hydrogel. The polymer used is a pH-responsive one
which is soluble at pH 6 and above. Thus, the polymer did
not swell or solubilize at pH 1.2 which mimicked the acidic
conditions of the stomach 4. C-PMMA IPN hydrogels are
amphiphilic since they contain both anionic and cationic
groups. Chitosan's protonated amino groups were mainly
responsible for controlling the swelling of these hydrogels;
under acidic conditions, this effect was negligible. As a
result, drug release in the first two hours in SGF was also
insignificant. However, as pH increased, swelling
increased, resulting in an increase in drug release from the
hydrogel “. In addition to diffusion, the drug release from
C-PMMA IPN can also be affected by polymer
degradation. PMMA is known to undergo hydrolysis under
certain conditions, resulting in the breakdown of polymer
chains. The degradation of the polymer can lead to the
release of encapsulated drug molecules. The rate of
polymer degradation depends on factors such as pH,
temperature, and the presence of enzymes or other
catalysts #’. Overall, the drug release from C-PMMA IPN
involves a combination of swelling, diffusion, and
polymer degradation. These factors collectively contribute
to the pH-dependent controlled and sustained release of
drugs from the polymer matrix, allowing for precise
modulation of drug delivery kinetics .

FTIR spectroscopic study

FTIR spectrum of chitosan revealed a broad absorption
band in the 3500 and 3100 cm™ range, centered at 3400 cmr
1 due to O—H stretching vibration, N-H extension vibration
and the intermolecular H-bonds of the polysaccharide
moieties (Fig. 3a). Axial stretching of C-H-bonds were
observed corresponding to a band at 2881 cm™. A peak at
1676 cm is attributed to the axial stretching of C=0 bonds
of the acetamide group which indicated that the sample was
not fully acetylated. A band at 1557 cm™ owing to the
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angular deformation of the N—H bonds of the amino group
was observed. A band at 1370 cm* due to the symmetrical
angular deformation of CHsand the amide I1l band at 1320
cmt were also noted. The band in the range 1156-898 cm?
corresponding to the polysaccharide skeleton, including the
vibrations of the glycoside bonds, C-O and C-O-C
stretching was observed %%,

In C-PMMA IPN hydrogels (Fig. 3b), an additional
peak around 1720 cm™ was observed which represented
carboxylate ion. Negatively charged carboxylate ion and
positively charged NHs* co-existed in C-PMMA IPN
hydrogels 5. New peaks at 1530-1540 cm* were found in
the blank IR spectra of C-PMMA IPN hydrogels probably
due to the ionic interaction between chitosan and the acids.
Glutaraldehyde was used as cross-linking agent for
chitosan, hence an additional peak at 1680 cm™ was
observed indicating the formation of Schiff’s base as a
result of the reaction between the carbonyl group of
glutaraldenyde and amine group of chitosan chains
ensuring the proper formation of the IPNs 523,

The FTIR spectrum of NAT (Fig. 3c) revealed peaks at
3184.25 cm™ due to NH stretching; at 3064.68 cm™ and
2948.96 cm? attributed to alkyl and phenyl stretching,
respectively; 2655.68 cm* due to N* stretching; 1685.68 cm
! due to C=0 stretching; 1525.59 cm™ and 1385.23 cm* due
to symmetric and asymmetric stretching of NO; group;
1470.5 cm* and 1385.23 cm™ due to bending of geminal
methyl group and at 781.12 cm™ and 703.97 cm™ due to out
of plane bending of 5 and 3 adjacent hydrogen of the
aromatic ring 54. All these peaks were exhibited in the FTIR
spectrum of optimized C-PMMA IPN hydrogel containing
NAT also (Fig. 3d), which confirmed the presence of the
drug in the hydrogel without any significant alteration of the
functional group owing to reaction with other ingredients of
the hydrogel.

Differential Scanning Calorimetry study

At 104.02 °C, pure chitosan displayed a broad melting
endotherm (Fig. 4a). IPN C-PMMA (Fig. 4b) exhibited
melting endotherms at 236.99 °C. Amidation between



Fabrication of Interpenetrating ...

chitosan and poly(meth(methacrylic)) acid may explain
the higher glass transition temperature (Tg). The
carboxylate groups and carboxyl groups in the C-PMMA
IPN react when heated to 200 °C, producing amide bonds
between the ammonium groups and non-protonated amino
groups of chitosan *. NAT exhibited a sharp endotherm at
140.90 °C (Fig. 4c), which matches its melting point . In
C-PMMA IPN, NAT did not show sharp melting
endotherms (Fig 4d), indicating either an amorphous form
of the drug or a solid solution.

Powder X-Ray diffractometry study

Chitosan's XRD pattern presented the most intense
diffraction intensity in the broad peak between 17 and 23
degrees, which reflected the semicrystalline nature of the
material (Fig. 5a), as reported by the literature 36,
According to Figure 5b, there is no sharp crystalline peak
in the diffraction pattern of the blank C-PMMA IPN,
which indicates its amorphous nature. NAT's diffraction
pattern (Fig. 5¢) showed characteristic peaks at 8.16°,
11.54°, 13.14°, 15.22°, 15.98°, 19.76° and 21.06°,
indicating its crystalline nature . NAT-loaded C-PMMA
IPN formulations are devoid of all sharp peaks, as seen in
the diffractogram (Fig. 5d). As a result, it was determined
that the drug was amorphous in the final formulation.

Scanning electron microscopy study

The open channel-like structures could be due to the
ionization of carboxyl groups and dissociation of ionic
crosslinks between chitosan and poly(meth(methacrylic))
acid, which is consistent with swelling results.

EXPERIMENTAL SECTION

General Experimental

Methacrylic acid was sourced from Sigma Aldrich,
USA. Chitosan was donated by Central Marine Fisheries
Research Institute (Cochin, India). NAT was obtained as a
gift sample from Zydus Research Centre, Ahmedabad
(India). N,N-methylene-bis-acrylamide and Potassium
persulfate were purchased from S.D. Fine Chem. Ltd.,
India and Ranbaxy Fine Chemicals Ltd., India,
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respectively. All other chemicals and reagents such as
acetonitrile, methanol, phosphoric acid used were of
analytical grades and used as received.

Characterization of chitosan

In a solvent containing 0.1 M acetic acid and 0.2 M NaCl
maintained at 25 °C, the average molecular weight of
chitosan was determined by Mark-Houwink viscometry #°.

The degree of N-deacetylation was determined by
FTIR using the following relationship:
%N — deacetylation = 100 [1 - (ﬁ) (é)] (8]

In this case, A corresponds to the absorbance at the
given wave number, whereas 1676 and 3400 cm
correspond to amide and chitosan primary amino groups,
respectively. In the case of fully N-acetylated chitosan,
factor 1.33 represents the Aig7e/Asano 8.

High performance liquid chromatography analysis

In this study, High Performance Liquid
Chromatography (HPLC) measurements were conducted
using Shimadzu's LC 2010 AHT system, equipped with a
UV/ Visible detector. We analyzed the samples on a
Kromasil C18 column (250 x 4.6 mm ID, 5 m pore size)
equipped with an auto integrator. In the mobile phase,
0.067 M monobasic potassium phosphate, acetonitrile and
methanol in a 60:30:10 % v/v ratio. The flow rate was 1.0
mL per minute at 50 °C for 15 minutes at a pressure of
1500 PSI. A wavelength of 210 nm was used to detect
NAT with a retention time of 5.3 minutes . This study
used a calibration curve based on concentrations ranging
from 2.5 pg/mL to 20 pg/mL to evaluate all samples (with
20 pL injection volume).

Synthesis of chitosan-poly(meth(methacrylic)) acid
IPN hydrogel, yield calculation and drug loading

C-PMMA IPN hydrogels incorporating NAT were
prepared using N, N'-methylene bisacrylamide (MBA) and
glutaraldehyde as crosslinkers in the presence of redox
initiator, KPS. To prepare a methacrylic acid monomer
solution, 2.8 g of methacrylic acid were dissolved in 0.1 M
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acetic acid (5 mL). Next, we carried out the polymerization
reaction in flasks by dissolving 1 g of chitosan in 2% acetic
acid (40 mL), followed by adding a monomer solution of
methacrylic acid. NAT was added to this solution. To
initiate the reaction, KPS (108 mg) was added, followed by
MBA (4 mg) and glutaraldehyde (0.15 mL). The
polymerization flask was placed in a thermostatic bath at an
elevated temperature of 120 °C for one hour. After allowing
the mass to cool to room temperature, it was filtered and
washed several times with distilled water to remove
unreacted chemical contaminants . The formulae for the
trials for the preparations of IPN are given in Table 2.

Table 2: Formulae for C-PMMA IPN hydrogels

Ingredients Formulations

K1 K2 K3 K4
Chitosan (g) 1.0 |10 |10 |10
Methacrylic acid (g) 28 |28 |28 |28
KPS (mg) 108 | 108 | 108 | 108
MBA (mg) 40 |40 |40 |40
Glutaraldehyde 25% (mL) | 0.15 | 0.15 | 0.15 | 0.15
NAT (g) 05 |10 |15 |20

The vyields of the resultant hydrogels were calculated
using the formula:

% Yield = (%) x 100 @)

Where A is the actual weight of the hydrogel and B is
the theoretical weight of the hydrogel.

Crushed hydrogel samples containing 10 mg of NAT
were used to determine drug loading. After weighing and
transferring the hydrogel samples to a 10 mL volumetric
flask, the volume was filled with methanol. Keeping the
solution aside allowed the insoluble matter to settle. Next,
a 10 mL volumetric flask was filled with 5 ml of
supernatant clear liquid, which was then diluted with
mobile phase to volume and mixed. Using the predefined
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HPLC method, ten pl of the solution was assayed. The
concentration of NAT was calculated, and drug loading
was determined using the following formula:

% Drug Loading = (g) x 100 (3)

X is the actual concentration of NAT in the hydrogel,
and Y is the theoretical concentration of NAT in the
hydrogel.

Swelling studies

Hydrogels were soaked in buffer solutions, and
incubated at 37°C under 150 rpm, and their swelling
behavior was measured. In the first step, dry hydrogels
were immersed in 0.1 M HCI solution at pH 1.2 for two
hours (gastric phase). After that, the hydrogels were
transferred to a sodium phosphate buffer solution at pH 7.4
and were allowed to stand for three hours (small intestine
phase). In the final step, they were transferred to a sodium
phosphate buffer solution at a pH of 6.8 for seven hours
(colonic phase) .2, Samples were removed from the
swelling medium at certain intervals and blotted with filter
paper to remove excess moisture. To calculate the
percentage of swelling, Sl, at each time, we used the
following expression ! :

%s1 = [*52] x 100 )

W;and Wy are the sample weights at time t and in the
dry state, respectively.

In vitro drug release studies and release kinetics

In vitro dissolution studies of NAT from hydrogels
were conducted using a USP XXIV dissolution rate test
apparatus (type Il, model TDT-08 L, Electrolab, Mumbai,
India) fitted with a paddle (100 rev/min) at 37 °C.
Dissolution was conducted in 250 mL simulated gastric
fluid (SGF, pH 1.2) for two hours, in 900 mL phosphate
buffer solution (PBS, pH 7.4) for three hours, and then in
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900 mL PBS (pH 6.8) for 12 hours. A sample equivalent
to 90 mg of NAT was taken for in vitro drug release studies
6364 An aliquot of five mL was withdrawn at
predetermined times, filtered through a 0.45-um
membrane filter, diluted, and analyzed using the
previously described HPLC method. Using the calibration
curve, the % CDR was calculated.

Based on the results of in vitro release studies, various
kinetic equations were fitted to determine the likely
mechanism of the release of drugs from prepared
hydrogels. The kinetic models used in this study were zero
order, first order, Higuchi, and Korsmeyer-Peppas models.
For each model, rate constants were calculated.

Fourier-transformed infrared (FTIR) spectroscopic
study

By analyzing the FTIR spectra recorded for chitosan,
NAT, C-PMMA IPN, and optimized formulation, we
evaluated the changes in polymer structure after forming
hydrogels, crosslinking and the drug-polymer interactions.
An FTIR spectrophotometer (FTIR-8400 S, Shimadzu,
Japan) was used to record the spectra using KBr pellets in a
scanning range of 400-4000 cm™ at a resolution of 2 cm™.,

Differential scanning calorimetry (DSC) study

NAT, C-PMMA IPN, and optimized formulation, were
scanned using an automatic thermal analyzer (DSC 60,
Shimadzu, Japan) equipped with time domain spectroscopy
tread line software. The experiments were conducted using
sealed aluminium-lead pans. At a scanning rate of 10
°C/min, the samples were heated from 50-300 °C.

Powder X-Ray diffractometry (PXRD) study

The powder X-ray diffraction study was carried out to
characterize chitosan, NAT, C-PMMA IPN and the
optimized formulation. X-rays were generated using a
Philips X'Pert 3040/60 in Almelo, Netherlands, capable of
emitting CuKo radiation (A=1.54178AR). Data was
collected in continuous scan mode at 0.01° steps at 26 in
the scanning range of 5-50°.

Scanning electron microscopy (SEM) study

To examine the surface morphology of the optimized
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formulation, scanning electron microscopy was used
before and after dissolution. A dried film was first
mounted on a stub using double-sided adhesive tape. Then,
a scanning electron microscope (JEOL, JSM-5600 LV,
Japan) was used to observe the films after they had been
coated with gold to determine their surface characteristics.

Determination of unreacted glutaraldehyde and
methacrylic acid

Gas chromatography was used to determine the amount
of unreacted glutaraldehyde. To prepare the standard
solution, glutaraldehyde (100 mg) was diluted to 10 mL
with N, N-di-methyl pyrrolidone (NMP). First, a 0.2 mL
sample was diluted to 10 mL with NMP, after which 0.1
mL was withdrawn and further diluted to 10 mL with
NMP. A volume of 5 mL of the resulting standard solution
was injected into a gas chromatograph (2014, Shimadzu).
One gram of blank C-PMMA IPN was dissolved in five
mL NMP and injected into the headspace of a gas
chromatograph. The amount of unreacted glutaraldehyde
was obtained using the following equation:

AUCsample 01 02 01 5 g

x —x —x—x—x10 @)

AUCstd 10 10 10 1

The titrimetric analysis determined the amount of
unreacted methacrylic acid®. A blank formulation
containing C-PMMA was immersed in 100 mL of distilled
water for 48 hours to dissolve the unreacted monomer.
Afterward, it was filtered and diluted with distilled water
to a total volume of 100 mL. One drop of phenolphthalein
was added to this solution, and it was titrated against a
0.001 N sodium hydroxide solution. Each milliliter of
NaOH was equated with 0.08609 mg of methacrylic acid.

CONCLUSION

NAT was entrapped in the IPN hydrogel by
crosslinking chitosan with poly(meth(methacrylic)) acid
without significant changes in its chemical composition, as
evident from the characterization of the hydrogel. In vitro
drug release studies and swelling studies of hydrogels
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show a direct correlation between swelling and drug
release from the hydrogel. The NAT hydrogel delivers its
drug biphasically from the hydrogel, with minimal drug
release under acidic conditions in the stomach, followed
by continuous release under alkaline conditions in the
colon. Consequently, this hydrogel would be ideal for
releasing NAT into the colon after bypassing the stomach.
As NAT is delivered to the colon specifically, the drug's
metabolism would be reduced to a great extent, which is
the leading cause of the low bioavailability of NAT.
Accordingly, we conclude that the C-PMMA IPN
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ABSTRACT

Quality by Design (QbD) is an essential approach to pharmaceutical development and manufacturing that has
garnered significant attention in recent years. Quality in services, products, and procedures equates to customer
satisfaction. Consequently, it facilitates a transition in the pharmaceutical sector and the Food and Drug
Administration (FDA) toward a more scientific, risk-based, comprehensive, and proactive drug development
strategy. The pharmaceutical industry is actively seeking new solutions to ensure product quality and efficiency.
This paper provides a comprehensive overview of QbD principles and their application in the pharmaceutical
industry. The benefits of implementing QbD principles are discussed, encompassing increased efficiency, reduced
costs, and improved product quality, safety, and efficacy. As the pharmaceutical industry continues to evolve, QbD
will remain a crucial aspect of drug development and manufacturing. This article aims to provide pharmaceutical
professionals with a comprehensive understanding of the QbD approach.

Keywords: Quality by Design (QbD), Pharmaceutical Development, Solid Dosage forms, Drug manufacturing,

Risk-based approach.

1. INTRODUCTION:

Quality by Design (QbD) is defined by the
International Conference on Harmonisation of technical
requirements (ICH) for registration of pharmaceuticals for
human use as "a systematic approach to pharmaceutical
development that begins with established objectives and
stresses product and process understanding and process
control, based on strong science and quality risk
management"(1). Along with safety and efficacy, quality
is a primary need for a substance to be considered for drug
qualification and approval (2). Recent efforts have focused
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on constructing "quality," as opposed to merely testing it,
to guarantee the reliability of pharmaceutical products and
systems. Originally proposed by Juran and Godfrey in
1998 (4) , QbD integrates quality into processes using
optimisation strategies to understand and control system
variables, an approach gaining momentum in the auto
industry and recently endorsed by the FDA for
pharmaceuticals (3-5).

QbD prioritizes the creation of an optimal process and
a thorough understanding of performance for the desired
product result. This approach hinges on continuous
improvement based on process insights, aiming for a
'desired state' of 'regulatory flexibility'. It emphasizes
scientific knowledge development, superior design,
performance demonstration, and integrates Quality Risk

© 2023 DSR Publishers/The University of Jordan. All Rights Reserved.
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Management (QRM), Design of Experiments (DoE), and
Process Analytical Technology (PAT) for continuous
learning and lifecycle management (6).

Janet Woodcock, Director of the Centre for Drug
Evaluation and Research, defined a high-quality
pharmaceutical in 2004 as one that consistently delivers
the claimed therapeutic benefit to the user (7), and
therefore, is free of contamination. In this context, ‘quality’
is a metric for assessing ‘excellence in manufacturing,’
characterized by a lack of flaws, deficiencies, and
substantial variances. Notably, QbD for generic
pharmaceuticals is discussed. A fundamental principle of
QbD, as stated in the ICH Q8 guidance, is that "quality
cannot be tested into products; it should be built in by
design™ (8). This study focuses on the use of QbD in
ensuring pharmaceutical quality for solid oral dosage
forms of small molecules. In the drug development
process, the pharmaceutical industry must demonstrate the
safety and efficacy of the new drug in accordance with
government regulations. The adoption of a novel drug
development strategy can potentially bring about
significant financial and operational benefits across the
entire product life cycle.

Given the recent industry shift toward QbD-based
submissions, this article explores the procedures for
developing a market formulation and the necessary
supporting data. It outlines the steps that should be taken
at the beginning of drug development, pre-manufacturing,
and market entry attempts. The paper provides a
foundation for manufacturing facility needs and outlines
the types of data required to address regulatory matters. It
also introduces advanced tools that complement the QbD
approach. In this study, we present a streamlined, universal
method for identifying essential metrics, material
attributes, factors, and quality
characteristics (9). The paper also explains the risk-based
distinctions controlling the assignment of criticality, which
is crucial for ensuring uniformity and facilitating the
incorporation of QbD concepts into the design of
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pharmaceutical production processes. The paper's goal is
to provide an approach and technical mechanism for
developing and deploying a control strategy—a
predetermined group of controls based on current
knowledge of the product and the manufacturing process
designed to guarantee the reliability of both. Control
strategy creation is a methodical procedure that requires
collaboration among professionals from various fields to
bridge the gap between drug research and manufacturing.
The actual application of the early Control Strategy is not
the focus of this study, but rather the methodologies and
principles that went into its creation. Within the context of
the product quality lifecycle, this article details the
development of the Design Space (10, 11). Over the
established design space for materials, process parameters,
environmental, and other factors, precise and reliable
predictions of product quality attributes are possible. In
this paper, we will examine the more technical aspects of
creating a Design Space (12).

1.1. Product and Process understanding and QbD:

Effective management of product variability is
essential for maintaining consistent product quality. Three
principles can guide this endeavor. First, a product's
variance is regulated more by its production process than
by the product itself. It is feasible to reduce product
variability by managing and regulating raw materials,
production parameters, and environmental conditions.
Second, regulating inputs that affect product quality, such
as raw materials and processing parameters, within a
specific range of permissible fluctuation can enable
precise and trustworthy predictions of product quality
features. Finally, while adhering to quality risk
management concepts, product performance must be
understood across material attributes, manufacturing
process alternatives, and process factors. By identifying
and justifying important sources of variability, a quality
risk management plan may be designed to successfully
manage product variability and ensure consistent product
quality (13-15).
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1.2. Management of the Product life cycle and
Iterative Improvement:

Numerous opportunities arise during a product's
lifecycle to enhance its quality, providing manufacturers
with a great deal of leeway in how they choose to do so.
To maintain the highest standards of quality, it is common

practice to track how well a procedure is working. Regular
production yields a variety of new data and knowledge that
may be utilized to refine processes (16). For consistency's
sake, businesses often stick with tried-and-true techniques,
such as the frozen method for handling their styles, as
shown in Figure 1 (17).

Identify the most important Quality Characteristicts

ﬂ

Relate CQA to Process Parameters and material Properties

|

vV

Evaluate the Potential Dangers

H

4

Design Space and Strategy for Control Development

ﬂ

Oversee the whole Product Development Process,
Management of product life cycle

|

v

Find the ideal medication product profile in terms of

Quality

Figure 1: Management of QbD

1.3. Components of an Effective Method:

An effective method, often referred to as a mechanical
method, delivers the intended satisfactory results. The
selection of clear procedures and test parameters, i.e.,
components, is crucial for implementing such an effective
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method (16).
The components of effective method include:
o Controls for the Procedures and
o Controls for the Actual Processing of the Procedures
o Batch-release testing
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e Characterisation

o Comparability tests

e Tests for Consistency

® QbD’ s approach to risk management emphasises the

e

Product
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use of CQAs
1.4. Elements of QbD:
The elements of QbD are as shown in Figure 2 (18).

| profile/ | s
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ment . e
S ( " Elements \"|
—_—— \  of QBD / _ o
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Em— , : N \\
[ Design \
y Space /

Figure 2: Elements of QbD

These Elements of a Quality-based Design strategy

include:

e The TPP can be improved now that links between
quality, safety, and efficacy are possible. The norms
of the product are established as a baseline for further
development and planning.

o Features of Critical Importance Attributes are a type
of property that must fall inside certain bounds,
ranges, or distributions (19).

o In Risk assessment, critical process parameters and
material attributes are compared to critical quality
attributes. Risk assessment instruments, such as the
FMEA and the bone diagram, will be used to
establish the CPPs (20). The planned methods of risk
management are detailed in ICH Q9.

o The use of experiment style allows for the establishment
and representation of a crucial link between CQAs and
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CPPs in a stylistic domain (DOES).

¢ Long-term planning for the organization: the sooner
a problem isolated and resolved after an
unexpected occurrence, the better (21).

e Quality management and maintenance of the
product's lifespan (22) and Quality management
systems for QbD goods at every step of their lifespan
can be established, maintained, and improved using
the ICH-Q10 standard.

1.5. Target Product Profile (TPP):

The TPP details the required format of a drug's label

and packaging for use in research and development.

1.5.1. Target quality product profile (TQPP):

This is a description of the product's intended application,
targeted audience, administrative route, and other essential
features and quality design. For a further discussion of
product quality, the term TQPP may be a natural progression

is
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from the word TPP. To understand and track information that
cannot be orally transmitted from one generation to the next,
the QTPP is necessary. To do this, it is necessary to define the
qualities an ideal drug should possess while also considering
the risks associated with using that drug (23). Quantity, purity,
potency, instrumentation closing system, and individuality
are all aspects of TQPP that can be produced in any quantities.
1.5.2. Considerable Quality Attributes (CQA):
There are many contexts in which CQA can be used to
guarantee the reliability of a product's quality, security,
effectiveness, and stability (Certificates of Conformity, or
CQA for short). The quality of the result can be defined,
measured, and tracked to ensure it stays within acceptable
bounds. Quality characteristics consist of clinically safe
and effective performance, as well as parameter
boundaries nearing failure. Productivity in production is a
hallmark of quality (24).The criticality risk could increase
if the APT manufacturing process becomes more complex.

1.5.3. Considerable Material Attributes (CMA):

If a genuine change in a parameter makes it impossible
for a product to meet a QTPP, then the product must fail.
When selecting which characteristics are most significant,
it is useful to consider one's level of flexibility and the
specificity of each input material. Ranges of CMAs that
are considered safe for use in the pharmaceutical industry
include active pharmaceutical ingredients, inactive
pharmaceutical ingredients, and excipients (24).

1.5.4. Critical Process Parameters (CPP):

It refers to all observable variables involved in the
execution of a given procedure step that must be controlled
to guarantee the desired result. One could think of each thing
in this read as a parameter to a certain method (25). So, here
is how it would go down: Prior to or throughout processes
that significantly affect the final product's visual appeal,
purity, and/or yield, relevant parameters are analyzed for
their potential effects as shown in figure 3 (24).

Target Product Profile

Attributes of Quality Identification

Evaluation of Identification Process

Creation of New Design Spaces

Manage the Control Space

Management of the life Cycle

Figure 3: Important Aspects of QbD
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1.6. Methods of regulation:

A comprehensive approach to producing high-quality
products involves the integration of raw material
specifications, process controls, and final product testing.
This strategy provides a wealth of data on the substance
and process under investigation. PAT serves as a versatile
tool within this approach, adapting well to the context in
which it is applied (18).

2. DESIGN OF EXPERTS (DOE):

The DOE is a versatile statistical tool leveraged in the
design, development, and optimization of various systems,
processes, and products. Its wide range of applications
includes experimental design, variable screening, transfer
function determination, design optimization, and robust
design creation (26). In essence, DOE serves as a flexible
tool for identifying influential inputs on outcomes in
various contexts(27).

2.1. Software for the DOE:

Utilizing efficient statistical software, DOE may be
rapidly conceived of and studied. There are paid and open-
source statistical programs available for this task (28).There
are a variety of popular commercial bundles, like programs
that will be employed to carry out DOE are:

e Minitab

[ ] SAS

e SPSS

e Prisma

e Statistica

o Statgraphics

2.2. Benefits of DOE:

Experimental design, or DOE, aims to elucidate the
relationship between an independent variable and a
dependent variable by gauging the effects of changing the
independent variable. This approach requires modulating
the independent variable while controlling or minimizing
confounding factors. Offering superior control over these
factors compared to other methodologies, experimental
design enables the replication of results under the same
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conditions, fostering trust and confidence in the findings.
Consistency in outcomes enhances the reliability and
validity of the study. With meticulously designed and
executed experiments, researchers can robustly examine
causal relationships and draw substantive conclusions (29).

2.3. Methods of DOE:

2.3.1. Design Space:

The multidimensional interplay of input variables,
including material attributes and process parameters,
within the design space guarantees quality. Post-approval
modifications are complex and require relocation outside
the designated design space. These modifications are
subject to regulatory inspection and approval (30). The
researcher's individual style may influence the relationship
between Y and F, which is a function of the method
parameters and quality/material attributes.

2.3.2. Process Analytical Technology (PAT):

It is a state-of-the-art tool for designing, analyzing, and
controlling the manufacturing of pharmaceuticals by
monitoring critical quality and performance attributes of
raw and in-process Materials & processes in real time (i.e.,
on line, off line, in line) to guarantee the final product
meets specifications (31). The idea behind PAT is to
minimize potential for harm during the production of a
medicine.

2.3.2.1. PAT Implementation at Various Stages:

These are the four stages for the implementation of
PAT(32).

e The first step is the collection of data about the

manufacturing process.

o Data evaluation of process parameters constitutes

the scale-up phase.

o The process understanding phase is temporary.

o Actual Process monitoring and control is the final,

permanent Step.

2.3.2.2. Advantages of PAT in Terms of Quality:

To obtain Quality PAT technology is incorporated
(18). It had advantages which are listed below:

e For the purpose of incorporating quality into
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manufacturing processes
o Effects and variables in the preparation process that
influence the final product quality are correlated.
There are many factors to consider, such as the
surrounding environment, manufacturing methods,
and the raw materials.
e Creates a reliable plan for minimizing any damage
to the process.
e PAT is used to enhance the manufacturing process
all through the product's lifespan.
2.3.2.3. Benefits of PAT:
PAT provides numerous benefits in
manufacturing, including reduced rework,
process control, increased safety through automation, and

product
accurate

quicker validation processes. These advantages help to
reduce errors and improve the overall quality and
efficiency of the product manufacturing process (18).

2.3.3. High Quality Risk Management:

The FDA defines risk management as "a strategic
safety program designed to lower product risk by using one
or more actions or technologies,” which is a pretty good
definition of what quality risk management is. It is a
methodical procedure used to monitor and analyze
potential threats to a drug's quality at every stage of
development as per the ICH for Q9 guideline (33).

The process of risk management is performed for risk
assessment as shown in Figure 4.

Quality Risk Management

I

Identification of Risk

Risk Assessment ‘

]

Risk Analysis

1

Evaluation of Risk

I

Risk Reduction

Risk Control

!

“CoO0HHZEmZWAPZFERY ~ R |

Acceptance process of risk

Risk Review

1

Output/Results of QRM and Risk Events

Figure 4: Process of Risk Assessment (17)
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2.3.3.1. Probability and Risk analysis:

The term "risk" encompasses not just the potential for
harm but also the degree of such harm. The overall quality
of a method or procedure can be enhanced through careful
consideration of the hazards involved. The purpose of a
risk analysis is to determine which factors have the greatest
bearing on the final product's quality. When the FDA,
commerce, research and development (R&D), prototypes,
and numerous manufacturing sites are involved, a risk
assessment can facilitate better communication among
them all (34).

Here are several ways that risk can be assessed: ICH
guideline Q9 outlines a handful of approaches to risk
analysis:

o Analysis of Potential Effects of Failures (AFPA)
e Fault Mode, Effects, and Criticality Analysis
(FMECA)
Fault Tree Analysis (FTA)
Hazard Analysis and Critical Control Points
(HACCP)
Hazard Operational Analysis (HOA)
Preliminary Hazard Analysis (PHA)
¢ Risk Ranking and Filtering (RRF).
Tools in the field of applied mathematics

2.3.3.2. Evaluation of Risk Methods:

»  Failure mode effects analysis (FMEA):

In the pharmaceutical sector, FMEA is a popular method
for evaluating potential dangers. It is an approach that
anticipates potential problems and systematically works to
address them. The term "failure mode" is used to describe any
type of problem that can occur in a product, service, or
manufacturing system. After identifying potential sources of
malfunction, FMEA software ranks the severity of each issue
and recommends solutions (19).The criticality of outcomes
can be studied using this tool, and it can also provide you a
clear picture of the current state of affairs.

»  Failure Mode, Effects and Criticality Analysis
(FMECA):

Extending FMEA methodology, we have FMECA.

Salevendula Sreelekha et al.

Failure Mode, Effects, and Criticality Analysis is an
expansion of FMEA that investigates the severity,
frequency, and detectability of potential outcomes. In
FMECA, all potential points of failure are cataloged and
ranked according to their severity. It is necessary to take
corrective action if the danger associated with this
criticality is unacceptable. This has applications in areas
where there is a high probability of error, such as
manufacturing (19). In addition to contributing to control
plans and other quality assurance procedures, the tool can
be used to design and optimize maintenance plans for
repairable systems.

»  Fault Tree Analysis (FTA):

Assuming that a product's or process's functionality
would fail, fault tree analysis (FTA) is used. The findings
are graphically depicted as a tree of failure modes (19).
This can be use in the investigation of a complaint or
deviation to determine its cause and verify that any
proposed solutions won't introduce new difficulties.

» Hazard Analysis and crucial control points
(HACCP):

It is an organized process that ensures product quality and
safety by identifying, managing, and preventing hazards
associated with product design, development, and production.
HACCP provides extensive documentation to demonstrate
process or product awareness by specifying control and
monitoring criteria. A hazard is defined as a concern for both
safety and quality in a process or product (35).

3. QBD APPROACHES:

Defined objectives, the number of input elements, and
interactions to be researched, as well as the statistical
validity and effectiveness of each design, should all be
considered when choosing the appropriate experimental
design. To help clarify the practical applications of Design
of Experiments (DoE), experiments can be categorized
into two broad groups.

3.1. Screening:

These screening strategies are the most used because of
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their low cost. These experimental layouts make it possible
to examine a large variety of inputs while keeping the total
number of tests to a minimum (36). However, there are
some caveats that should be considered if we are to gain a
more complete picture of how input factors affect response
outcomes.

3.1.1. Two-level full factorial design: A two-level
complete factorial design is the most effective screening
design since it allows for the estimation of primary effects
of input components and their interactions on output
responses. The huge number of experiments required is the
primary drawback of two-level full factorial designs when
compared to fractionate factorial and Placket-Burman
designs (37). For a full factorial design with two levels,
where Kk is the total number of inputs, conducting 2K
experiments is warranted.

3.1.2. Fractional factorial design:

For screening purposes, fractionate factorial designs
are popular because they allow for the assessment of a high
number of input elements with a minimal number of
experiments.

The formula L F-1 is the foundation of this plan (38). A
formulator with three levels and four factors will have
thirty-three iterations if the corresponding equation, LF-1=
34-1=3% =27, is used. Picking the best process run from
among these 27.

3.1.3. Placket-Burman design:

Since the Plackett-Burman (PB) design examines the
interplay between two variables, it is commonly employed to
conduct PB. The PB layout can process 11 variables all at
once. This layout was designed for economic efficiency (38).

Two-level fractionate factorial designs (resolution I11),
such as Plackett-Burman designs, permit investigation of
N input components with N experiments (The value of N
must be a multiple of 4).

3.2. Optimization:

Because they can simulate a wide variety of response
surfaces, these optimization designs are the most used.
Screening designs feature only two levels for each input
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factor, which limits them to simulating a 1% order (linear)
response surface. To represent a 2" order (quadratic)
response surface, optimization designs often require 3-5
levels for each input factor.

3.2.1 Three-level full factorial design:

Since a larger number of experiments are needed, a
three-level complete factorial design is often employed
only when a study of two or three input components is
warranted (37).There should be 3k experiments, where k
is the total number of inputs being evaluated.

3.2.2. Central Composite Design (CCD):

One of the most common optimization designs is the
central composite design (CCD), which requires a lot less
tests than the more common three-level complete factorial
designs(36).

3.2.3. Box-Behnken design:

The Box-Behnken design, a subset of the three-level
fractional factorial design, facilitates the modelling of both
first and second-order response surfaces. It provides a cost-
efficient alternative when there's an abundance of input
variables, as compared to three-level complete factorial
designs. Distinctly, the Box-Behnken Design is not a
component of factorial or fractional factorial; it operates
independently as a quadratic layout (29). Additionally,
these designs can be rotated (or near rotated) and exhibit
three unique levels for each variable.

4. APPLICATIONS, ADVANTAGES AND
DISADVANTAGES OF QBD

4.1. Applications:

4.1.1. Inclusions for FDA Submissions Should
Utilize QbD

Adherence to principles is a fundamental aspect of
Approval. Here are the noted applications (36):

1. Establishment of a stronger scientific foundation

for evaluation.

2. Enhancement of coordination among reviews,

compliance checks, and inspections.

3. Improvement in the quality of data submitted to



Quality by Design Approaches ...

regulatory agencies.
Increased consistency across
outcomes.
Elevation of evaluation standards by establishing a
Quality Management System for Chemistry
Manufacturing and Controls.
Enhancement of decision-making flexibility.
. Ensuring that conclusions are based on scientific
evidence rather than anecdotal accounts.
Inclusion of various fields in the decision-making
process.
9. Focused efforts toward the most critical risks.
4.1.2. Utilizing QbD with various analytical
approaches (2):
QbD applicable for Analytical Methods (2).

processes and

1. Chromatographic methods like HPLC, employed
in stability studies, method development, and
detection of impurities in pharmaceuticals.

2. Hybrid techniques such as Liquid
Chromatography-Mass Spectrometry (LC-MS).

3. Advanced methodologies including ultra-high-
performance liquid chromatography (UHPLC)
and capillary electrophoresis.

4. Moisture content determination via Karl Fischer
titration.

5. Compound identification and quantification using
UV or other vibrational spectroscopy techniques.

6. Genotoxic residue examination.

7. Dissolution study methodologies

4.2. Advantages of QbD implementation in

Pharmaceutical Industry:

Implementing QbD principles holds several benefits
across various areas, despite recognized obstacles to its
practical deployment (39-42). Understanding these
challenges is crucial for regulatory bodies like the MHRA,
striving for broader QbD implementation.

These benefits include:

1. Improved quality control (QC) for pharmaceuticals

and reduction in product variation through the
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establishment of a robust and
minimization of variabilities.

Enhanced financial efficiency and reduced
regulatory  burden due to  streamlined
manufacturing processes and changes within the
"Analytical Design Space" not being considered
method shifts.

Increased transparency leading to improved
comprehension of drug control strategies, thereby
expediting the approval, scale-up, validation, and
commercialization process.

Mitigation of penalties, product recalls, and out-of-
specification results through Quality Risk
Management (QRM) and continuous improvement
mechanisms.

Optimization of regulatory scrutiny resulting in
more chances of first-cycle approval, reduction in
review time for CMC, and updates to regulatory
filings.

Enhanced probability of successful method
transfers from R&D to QC, allowing for the
development of novel methods throughout a
product's lifecycle.

4.3. Challenges:

There is a need to use QbD to enhance the quality of
pharmaceuticals; however, this is often met with resistance
due to a lack of familiarity with the industry. There has
never been more emphasis on the end result than on a solid
scientific understanding of the manufacturing process in
the pharmaceutical sector. The pharmaceutical industry
strongly endorses adopting QbD. The FDA has asked that
the final regulation include terminology criteria for
evaluating control systems and standards for switching out
analytical approaches. There are ten key barriers that
prevent QbD from becoming widespread. The significance
of each of these factors depends on the particular medicine
at hand and the stage of its adoption process (24, 30).

International organizational barriers include:

o Cross-functional misalignment (e.g., disconnects

approach
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between R&D and manufacturing, or quality and
regulatory functions).

e Uncertainty regarding QbD implementation costs
and timelines.

e Incomplete understanding of CQA implications due
to insufficient execution technology (e.g., data
management issues).

e The challenge of ensuring suppliers and contract
manufacturers align with QbD implementation.

The regulatory authority is actively involved (24, 30) with
the next six difficulties:

o Ambiguity in handling QbD applications.

e Unease due to perceived unmet promises of
regulatory benefits.

e Inadequate  collaboration among international
regulatory bodies.

o Insufficient industry support for QbD.

o Limited familiarity with the pharmaceutical process,
hindering QbD implementation.

¢ Difficulty achieving consensus between field
inspectors and the FDA on the QbD approach.

o Industry demand for more comprehensive QbD
guidance.

ABBREVIATIONS:

e Concern that QbD might protract regulatory approval

or yield irrelevant data.

Pharmaceutical businesses believe that QbD may
lengthen the time it takes to submit a regulatory approval
application or provide the regulatory body with irrelevant
information for decision-making.

CONCLUSION:

Quality by Design (QbD) is a vital approach to
pharmaceutical development and manufacturing that aims
to ensure products consistently meet required quality
standards. By implementing QbD  principles,
pharmaceutical companies can reduce costs, increase
efficiency, and enhance product quality, safety, and
efficacy. QbD emphasizes a methodical and scientific
approach to drug development, including the identification
of critical quality attributes and critical process
parameters, risk assessment, and continuous monitoring
and improvement. Ultimately, QbD can help ensure that
patients receive safe and effective medications that meet
their healthcare needs. As the pharmaceutical industry
continues to evolve, QbD will remain a crucial aspect of
drug development and manufacturing.

© © Nk wd PR

QbD : Quality by Design

ICH : International Council for Harmonization
FDA : Food and Drug Administration

Q8 : Pharmaceutical Development

Q9 Quality Risk Management

Q10 Pharmaceutical Quality System
TPP Target Product Profile
QTPP Quality Target Product Profile
. CQA Considerable Quality Attributes
10.CMA Considerable Material Attributes
11.DOE Design of Experts
12.PAT Process Analytical Technology
13.1PQC In - Process Quality Control
14.FTA Fault Tree Analysis
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15.FMEA Failure Mode Effect Analysis
16.HACCP Hazard Analysis and Critical Control Points
17.QMS Quality Management System

18.QRM Quality Risk Management

19.RPN Risk Priority Number

20.PBD Placket Burman Design

21.CCD Central Composite Design

22.BBD Box Behnken Design

23.FFD Fractional Factorial Design

24.CMC Chemistry Manufacturing and Controls
25. AFPA Analysis of Potential Effects and Failure
R&D Research and Development
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ABSTRACT

Background: Job satisfaction is a multifaceted construct that involves the intricate interplay of an employee's
emotional, cognitive, and behavioral characteristics with their job.

Obijectives: To explore the difference in job satisfaction among alumni and student medical representatives (MRS),
as well as to identify the factors that influence the job satisfaction of MRs.

Methods: A cross-sectional face-to-face survey was conducted with medical school students and alumni working
as MRs in various Iragi universities.

Results: A total of 449 MRs participated in this study. A statistically significant difference was found in job
satisfaction items, namely recognition, responsibility, salary, and working conditions between alumni and student
MRs, with higher values observed in the alumni MRs group (p-values of 0.008, 0.003, 0.029, and 0.025,
respectively). More than half of the participants had low levels of job satisfaction.

Conclusions: Alumni and student MRs have similar levels of job satisfaction. The factors that significantly
contribute to job satisfaction among alumni MRs include recognition of good performance, increased autonomy
and responsibilities, competitive salaries, and improved working conditions within the company. The satisfaction

of MRs is significantly influenced by the quality of products and the reputation of the company.

Keywords: Satisfaction, Alumni, Student.

Introduction

The pharmaceutical market in Iraq exhibits distinct
characteristics that set it apart from other nations. Despite
a substantial gross domestic product that surpassed $110
billion in 2019, only $5 billion were designated for the
national health sector, with only a quarter of this budget
being utilized for the reimbursement of medicines [1]. The
shortage of supplied medicines in public healthcare
institutions has created an opportunity for the private
sector to step in and address the gap through international
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m.i.m.aladul@uomosul.edu.ig
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DOI: https://doi.org/10.35516/jjps.v16i4.927

companies and their local distributors [2]. The most recent
records from the Iragi Ministry of Health indicate that the
pharmaceutical market in Iraq is highly competitive, with
over 8,600 registered trade drugs and 28 national
pharmaceutical companies [3]. To expand their market
share or penetrate new markets, pharmaceutical companies
often employ medical representatives (MRs) as a strategic
approach [4].

The role of a medical representative (MR) involves
representing a pharmaceutical manufacturer or distributor
by providing information and persuading healthcare
professionals about the quality, effectiveness, and safety of
medicinal drugs. The MR's objective is to encourage the
prescribing, purchase, and/or use of these drugs [5, 6]. The
profession of a medical representative was initially
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documented in the early 1900s in Europe [6]. This
profession has implemented various strategies to enhance
outcomes by targeting prescribers through calls, visits,
conferences, and symposia, as well as customers or end-
users through advertising using brochures and media.
Additionally, the MRs profession recruit researchers to
further improve their techniques [7]. According to
Buckley's (2004) study, the majority of MRs and
marketing campaigns are targeted toward physicians. This
is achieved through various means, such as in-person visits
accompanied by the distribution of free medical samples,
brochures, and the provision of current research that
supports the efficacy of their products [8, 9].

Job satisfaction is a multifaceted construct that involves
the intricate interplay of an employee's emotional, cognitive,
and behavioral characteristics with their job [10, 11]. It
describes the extent of comfort and contentment of an
employee during work [12]. Recently, organizations and
pharmaceutical companies have directed their efforts
toward exploring and enhancing employees' job
satisfaction, with the ultimate goal of improving
organizational productivity [10]. Studies by Bruke (2005)
and Ahmed and Rafiq (2013) revealed that pharmaceutical
companies with high levels of employee satisfaction are
more competitive and profitable than their counterparts [13,
14]. The company's strategy of incentivizing, rewarding,
and providing professional leadership to its employees is
aimed at ensuring that individuals meet management's
expectations and deliver good results [14]. Despite the
significance of job satisfaction among medical
representatives (MRs), a review of the literature has
revealed a paucity of research investigating this topic. This
study aims to explore the difference in job satisfaction
among alumni and student MRs, as well as to identify the
factors that influence the job satisfaction of MRs.

METHODS
A cross-sectional face-to-face survey was conducted
between October 1st and November 15th, 2022. The study
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received ethical approval from the research committee at
the College of Pharmacy, Mosul University. The
participants were current students of all academic levels or
graduates from Iragi medical schools with different
specialties, including Pharmacy, Medicine, Dentistry,
Nursing, and Veterinary medicine, who are currently full-
time or part-time working or have previously worked as
medical representatives in pharmaceutical companies for
marketing medicines. The data collection process was
conducted at wvarious locations, including private
community pharmacies, drug stores, and academic
institutions such as colleges of pharmacy, medicine, and
dentistry at the universities of Mosul, Baghdad, Duhok,
Hawler, Kirkuk, Najaf, and Basrah. The interviews were
conducted by 1AJ, TAT, FFA, ZSS, and TMJ in a location
convenient for the participants. The interviews took an
average of 10 minutes to complete. Before conducting the
interviews, the interviewers described the aims of the study
and ensured that the interviews would be solely intended
for scientific research. The researchers provided
reassurance to the participants that the survey
questionnaire would not gather any personally identifying
information. Additionally, they emphasized that each
interviewee's response would be anonymized, thereby
ensuring that the respondent's identity remains confidential
and cannot be tracked. Before commencing the interview,
the interviewee provided informed consent to participate
in the study, and they were also informed of their right to
withdraw from the study at any time. After conducting the
analysis, the gathered data were securely stored in a locked
cabinet located within the chief investigator’s office at the
College of Pharmacy.

Study instrument

The study questionnaire comprised three sections. The
first section aimed to explore demographic characteristics,
including gender, age, marital status, province of
employment, educational background, employment status,
type of company, years of work experience, job position,
work zone, and salary. The second section of the study
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comprised a validated job satisfaction scale. The scale
consisted of questions pertaining to various aspects such
as achievement, recognition, responsibility, opportunity
for advancement, company policy and administration,
supervision, salary, interpersonal relations, and working
conditions. This scale was obtained from Roopai's (2012)
study, which utilized content and criterion validity
measures to validate the scale [15]. The job satisfaction
scale for each item ranged from 1 to 5, with 1 indicating a
high level of dissatisfaction (very unsatisfied) and 5
indicating a high level of satisfaction (very satisfied). The
overall score exhibited a range of 5 to 45. The assessment
of job satisfaction factors was conducted using a five-point
Likert scale, ranging from -2 to 2, where -2 indicated a
factor of very low importance, -1 indicated a factor of low
importance, 0 indicated a neutral factor, 1 indicated an
important factor, and 2 indicated a very important factor.
The final section of the study aimed to explore the
factors that influenced the satisfaction of the participants.
These factors include training programs, the attitudes of
the physician, pharmacist, supervisor, and physician
gatekeeper, sales target, location of work, working hours,
quality of the products, and the reputation of the company.
This section was based on a separate study [16]. The
questionnaire's validity was assessed through face and
content validity, whereby it underwent review by a panel
of 11 clinical pharmacy experts from the University of
Mosul and Nineveh University, who were selected based
on their academic credentials. The panel did not make any
modifications to the questionnaire. Subsequently, the
questionnaire underwent a pilot study with a cohort of 20
participants. The reliability of the questionnaire was
confirmed, with the Cronbach’s a coefficient being 0.733.
The participants in this pilot study were pharmaceutical
medical  representatives  employed by
pharmaceutical companies operating within Nineveh

various

province. The participants in the pilot study were excluded
from the main study.

Statistical analysis

Descriptive and inferential statistical analyses were
conducted using the Statistical Package for Social Science
(SPSS) version 25. The determination of the cut-off point
for the satisfaction level was achieved through the
utilization of the median split method [17]. The
Kolmogorov-Smirnov test results indicated that the data
were non-normally distributed. Nonparametric statistical
tests, including Spearman correlation, Mann-Whitney U
test, and Kruskal-Wallis test, were utilized to assess the
correlation between individual satisfaction items and the
overall level of job satisfaction, as well as to identify any
differences in mean scores. The study findings are reported
using numerical values and percentages for categorical
data, while normally distributed quantitative data are
presented as means with standard deviation (SD), and non-
normally distributed quantitative data are presented as
median with interquartile range (IQR). The determination
of the key factors that impact the level of satisfaction
within each group was achieved through the computation
of the total points assigned to each factor based on the
responses received.

RESULTS

The study involved the participation of 449 individuals
identified as MRs, including both alumni MRs (256) and
student MRs (193). The majority of the participants were
male, single, and residing in the mid-north region of Iraq.
Over fifty percent of the participants in the study had either
graduated or were currently studying at the College of
Pharmacy. Additionally, they were employed as Medical
Representatives (MRs) in generic companies, with a work
location limited to the city center, and earning a monthly
salary exceeding $600 (Table 1).
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Table 1: Demographic characteristics of participating MRs

Mohammed Aladul et al.

Variables N Alumni MRs | Student MRs
(N=256) (N=193)
Age# 449 | 27 (25-30) 23 (22-24)
Gender Male 347 | 216 (84.4%) | 131 (67.9%)
Female 102 | 40 (15.6%) 62 (32.1%)
Marital state* Single 302 | 129 (50.4%) | 173 (89.6%)
Married 143 | 125 (48.8%) | 18 (9.3%)
Divorced 2 1 (0.4%) 1 (0.5%)
Widow 2 1 (0.4%) 1 0.5%)
Provinces* Kurdistan 30 | 21(8.2%) 9 (4.7%)
Mid-north 352 | 200 (78.1%) | 152 (78.8%)
South 67 | 35(13.7%) 32 (16.6%)
College of study or graduation* | Pharmacy 246 | 130 (50.8%) | 116 (60.1%)
Medicine 59 | 31(12.1) 28 (14.5%)
Dentistry 41 | 19 (7.4) 22 (11.4%)
Others 103 | 76 (29.7%) 27 (14%)
Working as a med rep* ex-rep 175 | 97 (37.9%) 78 (40.4%)
med rep 274 | 159 (62.1%) | 115 (59.6%)
Company type* Brand 109 | 74 (28.9%) 35 (18.1%)
Generic 256 | 154 (60.2%) | 102 (52.8%)
I do not know 84 | 28 (10.9%) 56 (29.0%)
Years of workingt 449 | 3 (1-4) 1(1-2)
Position inside the company* Owner 6 3 (1.2%) 5 (2.6%)
Team leader 47 | 30 (11.7%) 17 (8.8%)
Marketing manger 7 6 (2.3%) 0 (0 %)
Executive manager 3 2 (0.8%) 0 (0 %)
Supervisor 37 | 35(13.7%) 2 (1.0%)
Medical representative 261 | 133 (52%) 128 (66.4%)
Sale man 88 | 47 (18.4%) 41 (21.2%)
Work zone* The city center only 282 | 161 (62.9%) | 121 (62.7%)
The city borders only 30 | 10 (3.9%) 20 (10.4%)
The city center and borders | 51 | 30 (11.7%) 21 (10.9%)
The whole province 86 | 55 (21.5%) 31 (16.1%)
Salary* Less than 200$ 28 | 10 (3.9%) 18 (9.3%)
Between 200 and 400 67 | 29 (11.3%) 38 (19.7%)
Between 400 and 600 91 | 46 (18.0%) 45 (23.3%)
More than 600 263 | 171 (66.8%) | 92 (47.7%)

t presented as median + interquartile range; * presented as frequency and percentage
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Job satisfaction items

With respect to the items contributing to job
satisfaction among alumni and student MRs, the results
show that interpersonal relations were ranked as the most
highly scored item by the alumni MRs. The Mann-

Whitney U test results indicate a statistically significant
difference in recognition, responsibility, salary, and
working conditions between alumni and student MRs, with
higher values observed in the alumni MRs group (p-values
of 0.008, 0.003, 0.029, and 0.025, respectively) (Table 2).

Table 2 Alumni and student MRs job satisfaction items

Job satisfaction itemns Alumni MRs (N=256) Student MRs (N=193) z- p-

Median (IQR) Median (IQR) value | value
Achievement 3 (3-5) 3 (3-5) -1.754 | 0.079
Recognition 3(3-5) 3(1-3) -2.632 | 0.008*
Responsibility 3 (3-5) 3(1-3) -2.986 | 0.003*
Opportunity for advancement 3(1-4) 3(1-3) -1.551 | 0.121
Company policy & administration 3(3-5) 3(3-4) -0.920 | 0.357
Supervision 3 (3-5) 3 (3-5) -1.025 | 0.305
Salary 3 (3-5) 3 (1-5) -2.185 | 0.029*
Interpersonal relations 5(3-5) 5(3-5) -1.838 | 0.066
Working conditions 3(1-4) 3(1-3) -2.238 | 0.025*

Satisfaction level
The findings illustrated in Table 3 indicate that the job
satisfaction levels between the two groups are comparable,

with a majority of participants - encompassing both alumni
and student Medical Representatives (MRs) - reporting
low levels of job satisfaction.

Table 3 Satisfaction levels of alumni and student MRs

Level of satisfaction

Alumni MRs

Student MRs

Low satisfaction

136 (53.1%) 99 (51.3%)

High satisfaction

120 (46.9%) 94 (48.7%)

The correlation between the overall satisfaction
scores and demographic characteristics of alumni and
student MRs

The Spearman correlation analysis results show

positive correlations between the overall satisfaction score
and the duration of work experience in both alumni and
student MRs. The p-values for these correlations were
0.007 and 0.025, respectively (Table 4).

Table 4 correlation between overall satisfaction level and demographic characteristics of alumni and student MRs

Variables Alumni MRs (N=256) | Student MRs (N=193)
Rho p-value rho p-value
Age 0.078 0.211 0.002 0.974
Number of years of work | 0.168 0.007 0.14 0.025

rho: Spearman’s correlation

-789 -



Comparison of Job Satisfaction ...

The difference between the overall satisfaction scores
and demographic characteristics of alumni and student MRs

Regarding alumni MRs, the Kruskal-Wallis test results
reveal statistically significant differences in the overall
satisfaction level among groups with different
employment statuses, specifically between those currently
working as MRs and those who have resigned.

Mohammed Aladul et al.

Additionally, the results show significant disparities in
satisfaction levels among MRs employed by different
types of companies. Conversely, in the case of student
MRs, the Kruskal-Wallis test results indicate statistical
differences in satisfaction levels among groups holding
diverse positions within the company and earning varying
salaries (Table 5).

Table 5 The difference between overall satisfaction level and demographic characteristics of alumni and student MRs

Alumni MRs Student MRs
Demographics variable Mean (SD) | p-value | Mean (SD) | p-value
Gender* Male 28.42 (8.84) | 0.623 27.48 (8.84) 0.813
Female 27.9 (7.89) 27.29 (7.40)
Marital status** Single 27.66 (8.39) | 0.150 | 27.37(8.28) | 0.862
married 29.20 (8.84) 27.61 (9.93)
divorced 27 (0) 30 (0)
Widow 9 (0) 30 (0)
Province** Kurdistan 29 (6.87) 0.45 23.77 (8.21) | 0.189
mid-north 28.69 (8.92) 27.92 (8.35)
South 25.94 (8.09) 26.06 (8.42)
pharmacist 28.28(9.18) | 0.424 | 27.38(8.22) | 0.545
physician 27.61 (8.7) 27.67 (7.01)
Dentist 25.73 (8.98) 25 (8.47)
Profession ** Others 29.38 (7.66) 29.29 (10.12)
Have you worked as a med rep* | Ex-rep 26.69 (8.72) | 0.024 26.05 (8.57) 0.064
med rep 29.34 (8.54) 28.35 (8.15)
Company type** Brand 32.29 (7.65) | 0.001 | 27.88(8.96) | 0.322
generic 26.98 (8.57) 28.09 (8.28)
I do not know 25.32 (8.67) 25.91 (8.15)
Working zone ** city center only 27.70 (8.55) | 0.338 27.04 (8.38) 0.418
whole province 29.47 (9.0) 26.74 (9.05)
whole city 29.63 (9.98) 28.85 (8.03)
city borders 28.5(3.1) 29.25 (7.84)
Position inside the company** | Owner 35.33(9.6) | 0.184 22.2(7.79) 0.002
team leader 30.63 (9.31) 32.76 (7.15)
marketing manager | 31.5 (5.75) 11(1.14)
executive manager 32 (1.41) 12 (1.4)
supervisor 30.42 (8.52) 23 (2.82)
med rep 27.12 (8.46) 26.15 (7.8)
sale man 27.74 (8.96) 30.02 (9.44)
Salary ** less than 200$ 24 (9.67) 0.13 24.66 (9.97) 0.013
200$- 4003 28.03 (8.01) 28.33 (7.87)
400$ - 6003 25.93 (9.44) 25.06 (7.83)
more than 600$ 29.29 (8.39) 29.31 (8.81)

* Mann Whitney; ** Kruskal-Wallis test
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Factors affecting alumni and student MRs job
satisfaction

Alumni Medical Representatives (MRSs) ranked factors
that positively influence or predict job satisfaction in the
following descending order: quality of products, company
reputation, attitude of the pharmacist, working hours, sales
target, work location, training programs, attitude of other
MRs, and physician's attitude. The participants highlighted

Training programs

Pharmacist's attitude

the negative impact of the gatekeeping attitude of physicians
on their job satisfaction. Conversely, student MRs rated the
factors that positively influence or predict job satisfaction
slightly differently from the alumni MRs. In order of
importance, as determined by the ratings, they were: quality
of products, working hours, pharmacist's attitude, company
reputation, work location, supervisor's attitude, sales target,
training programs, and physician's attitude (Figure 1).

Supervisor's attitude [ —

Scretary's attitud o

Physician's attitude | ————

sales target

Location of work | ——

working hours
Quality of products

Company reputation

-20 0

B Students

20 40 60 80 100

B Graduates

Figure 1 Factors affecting alumni and student MRs job satisfaction

MRs plans to change job

The participating MRs were asked about their
preferences to either remain with their current company,
transition to a different organization, or leave the MR
profession entirely. The results of the survey indicate that
a majority of alumni MRs, specifically 57%, expressed

their intention to remain employed with their current
company. On the other hand, over one-third of the
respondents expressed their desire to permanently leave
the MR profession. In contrast, a smaller proportion of
student MRs reported their intention to remain employed
with their current company (Table 6).

Table 6 the plans of alumni and students MRs to change job

Plans to change job

Alumni MRs|

Student MRs|

Leave MR job forever

98 (38.3%)

66 (34.2%)

Stay with the same company|

146 (57%)

81 (42.0%)

Move to another company

12 (4.7%)

46 (23.8%)
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DISCUSSION

The present study investigates the difference in job
satisfaction between alumni and student MRs, as well as
the various factors that contribute to job satisfaction. This
study intended to enhance the job satisfaction of medical
representatives and address the knowledge gap in this area.
Previous research in this field has primarily focused on
alumni, thus highlighting the need for further investigation
of the experiences of current medical representatives. In
order to comprehend the results of the comparison between
alumni and student MRs, it is crucial to consider that
working students may differ significantly from working
alumni in various aspects. For instance, their financial
motivation and propensity to leave a job may be
unpredictable [18].

Job satisfaction is a multidimensional concept.
Previous research has indicated that these dimensions are
influenced by a combination of demographic and work-
related factors [19-21]. Herzberg's Theory posits that job
satisfaction is influenced by both intrinsic factors, such as
achievement, recognition, responsibility, and
opportunities for advancement, as well as extrinsic factors,
including company policy and administration, supervision,
salary, interpersonal relationships, and working conditions
[22, 23]. The findings of the present study suggest that
alumni MRs consider interpersonal relations to be a crucial
and foundational aspect of their job satisfaction. The
quality of social life and productivity of the MR can be
influenced by the interpersonal relationships they establish
with their manager, peers, colleagues, and external
contacts within and outside the company. According to a
study by Kreitner et al. (2002), positive interpersonal
relationships can serve as a motivator and enhance job
satisfaction [24]. The alumni MRs' ratings of interpersonal
relations were higher than those of the student MRs, as the
former recognized the importance of building relationships
over time and through effective communication skills.
Moreover, a considerable number of medical institutions
incorporate communication skills training into their
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academic program [25, 26].

The findings of the present study indicate that the
recognition item holds greater significance for alumni
MRs compared to student MRs. Recognition refers to
acknowledging or commending a task that has been
accomplished, and to differentiate between scenarios
where tangible incentives are provided in conjunction with
acknowledgments of achievement and those where such
incentives are absent. The studies conducted by Bodla and
Naeem (2004) and Malik and Naeem (2009) have
demonstrated that recognition plays a crucial role as a
motivational factor for MRs [27, 28]. This finding is
consistent with the research conducted by Roopai (2012)
[15].

The item of responsibility held greater significance for
alumni  MRs in comparison to student MRs.
Responsibility, in this context, refers to the act of being
entrusted with tangible duties and possessing the necessary
authority to execute them proficiently. According to a
study conducted by Graham and Messner (1998), there is
a positive correlation between job responsibilities and job
satisfaction among employers [29]. The greater emphasis
on responsibility exhibited by alumni may also be
attributed to their proclivity for working independently to
enhance their sales targets and profits, as well as their
potential for career advancement.

The salary was identified as a significant item in job
satisfaction among alumni MRs, as opposed to students'
MRs. As alumni rely on their salary as their primary source
of income, while students typically work to supplement
their finances and gain practical experience. According to
a study conducted by Kabir and Parvin (2011), salary was
identified as the most significant motivational factor for
job satisfaction among employees working in
pharmaceutical companies [30].

The alumni MRs rated the quality of working
conditions as one of the most significant items influencing
job satisfaction, as opposed to the student MRs. Robbins
(2001) study suggested that the level of job satisfaction
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experienced by employees can be influenced by their
working conditions, as employees prioritize a comfortable
physical work environment. This, in turn, can lead to a
higher level of job satisfaction. Employees may perceive
that unfavorable working conditions can result in poor
performance, given the mental and physical demands of
their jobs [31]. Student MRs might be less affected by the
working conditions since they are working in part-time
jobs and/or due to the fewer chances that are available for
students. Pharmaceutical firms prefer to hire alumni rather
than students. The impact of working conditions on
students’ MRs' job satisfaction may be explained by their
part-time employment status and limited job opportunities.
Pharmaceutical companies exhibit a preference for
recruiting alumni over current students.

The results of the present study indicated that the
majority of Iragi MRs exhibit a low level of job
satisfaction. The findings indicate that alumni and student
MRs exhibit comparable levels of job satisfaction. The
present study findings are consistent with those of Saleh
(2018), who reported that 73% of Ethiopian medical
representatives exhibited low levels of job satisfaction
[32]. However, the findings of this study were inconsistent
with those of Roopai's (2012) study, which reported that
62% of South African medical representatives had high
levels of job satisfaction [15].

The results of the present study indicated that there was
a positive correlation between the number of years of work
and the overall level of satisfaction in both groups. The
level of satisfaction among MRs increases with their
accumulated experience. According to Jaffar et al (2017)
research, there is a positive correlation between the length
of service of MRs within a company and their job
satisfaction [33]. In contrast, a study conducted in India
discovered that the job satisfaction of MRs was not
significantly associated with their length of service within
a company. This finding can be attributed to the tendency
of MRs to leave their jobs after a few years in India [15].

The present study found that job satisfaction varied

between current and former MRs, with higher levels of
satisfaction reported among those who are currently
employed in the field. This phenomenon is not unexpected,
as the persistence of their employment suggests a level of
contentment with their work.

The results of the present study also indicated that the
level of job satisfaction varied between MRs employed in
brand pharmaceutical companies and those employed in
generic companies, and those who were uncertain about
their company's drug production status. A greater level of
satisfaction was observed among alumni MRs who were
employed in brand companies. The present study findings
are consistent with those of Arafat et al. (2015), who
reported that job satisfaction among Bangladeshi MRs was
higher among those employed in brand companies [34].
Similarly, the job satisfaction level was higher among
student MRs who worked as team leaders within the
company. According to Bakhuys Roozeboom et al. (2020)
study, individuals occupying higher positions within their
organizations experienced lower levels of work stress and
organizational stress, leading to higher levels of job
satisfaction [35]. The level of job satisfaction experienced
by MRs was found to be positively correlated with their
salary, with those earning a higher salary reporting greater
job satisfaction than those with a lower salary. The study
conducted by Jaffar et al. (2017) demonstrated a positive
correlation between the job satisfaction of MRs and their
promotion and salary levels [33]. Previous research has
indicated a positive correlation between job satisfaction
and both higher salaries and improved job positions within
the workplace [15, 36].

The present study examined the factors that impact the
job satisfaction of MRs. This study found that the quality
of the products promoted by MRs and their ability to
persuade healthcare professionals to prescribe or sell these
products were identified as the most significant positive
factors by both groups. The alumni MRs have conveyed
that the reputation of the drug manufacturing company is
the second most significant factor that contributes to their
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satisfaction, whereas this factor holds less importance for
the student MRs. This finding is consistent with the
research conducted by Musleh and Al-Dmour (2011) [37].
This could be attributed to the eagerness of student MRs to
secure employment at any company, coupled with the
limited job offers available to them. In contrast, alumni
MRs have access to a wider range of job opportunities,
which allows them to be more selective and opt for
companies with a better reputation.

The pharmacist's attitude was identified as the most
significant factor that positively influenced the satisfaction of
both groups. This could be ascribed to the greater proportion
of pharmacists and/or pharmacy students who took part in the
study. Furthermore, the potential good relationship between
pharmacists and MRs, as pharmacies serve as the ultimate
destination for medical promotion efforts. The attitude of
supervisors was found to be more significant for students than
for alumni MRs, given the greater need for training among
students to achieve professional readiness.

Conversely, the attitude of physicians' gatekeepers
towards medical representatives has been identified as a
detrimental factor that impacts the job satisfaction of alumni
MRs. As physicians' gatekeepers, these individuals have the
authority to regulate the access of MRs to healthcare
professionals, which may impede the representatives' ability
to conduct medical representation calls. The student MR's
level of enthusiasm and persistence may potentially mitigate
the impact of this factor.

Despite the comparatively lower levels of job
satisfaction reported by both alumni and student MRs, a
greater proportion of alumni MRs indicated a desire to
remain with their current company. A smaller proportion
(42%) of student MRs indicated their intention to remain
employed with their current company. This finding may be
attributed to the older employees' preference for job stability
compared to younger ones. Additionally, this could be
attributed to the comparatively lower salaries provided to
MRs who are still students, in contrast to those who have
graduated, as well as the necessity for them to discontinue
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their work at some point to fulfill their education.

The present study bears a number of strengths and
limitations. This research is pioneering in its exploration,
comparison, and contrast of job satisfaction levels among
alumni and student Medical Representatives (MRS) in Iraq
and the Middle East region. It is particularly significant due
to its focus on the distinctive opportunity offered by Iraqi
pharmaceutical companies, which employ students as MRs.
However, the study also carries certain limitations that may
impact its findings' generalizability. Nevertheless,
eliminating these limitations posed a significant challenge.
(1) The subjective nature of job satisfaction, which is
influenced by psychographic factors, can result in varying
levels of satisfaction among MRs from the same company
who are working under similar conditions. (2) The Iraqi
market is characterized by a large number of pharmaceutical
companies that are dispersed across various locations and
are subject to different regulatory frameworks. (3) The
dynamic nature of the profession of MRs poses a challenge
due to the limited availability of interview opportunities. (4)
The study was designed to incorporate interviews with MRs
from various provinces in Irag. The combination of the
aforementioned reasons, coupled with the limitations of
time, led to the selection of convenient sampling as the most
appropriate method for this study. Furthermore, we did not
conduct regression analysis to build a model with the
variables which are significantly and independently
associated with the study outcome. Given the
aforementioned limitations, it is recommended that a more
extensive survey be conducted to encompass all
pharmaceutical companies operating in Irag. This will
provide a more comprehensive understanding of the
satisfaction levels among this population.

CONCLUSIONS

The current study reveals a similarity in job satisfaction
levels between alumni and Medical
Representatives (MRs). Significant contributing factors to
job satisfaction among the alumni MRs included

student
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recognition of good performance, increased autonomy and
responsibilities, competitive salaries, and enhanced
working conditions within the company. Alumni MRs
working in brand companies displayed higher satisfaction.
Meanwhile, holding higher positions within the company
and earning higher salaries were associated with greater
satisfaction among student MRs. Both groups were
significantly influenced by the quality of products and the
company's reputation, highlighting these factors as being
of paramount importance. Policymakers and managers of

REFERENCES

1. Annual statistics report 2019. Baghdad: Directorate of
Planning and Resources Development, Ministry of
Health; 2020
(https://moh.gov.ig/upload/upfile/ar/1349.pdf,accessed
17 April 2021).

2. Al-Jumaili, A. A., Younus, M. M., Kannan, Y. J,
Nooruldeen, Z. E., & Al-Nuseirat, A. (2021).
Pharmaceutical regulations in Iragq: from medicine
approval to post-marketing. Eastern Mediterranean
Health Journal, 27(10).

3. Shull. Irag Pharmaceutical Market. 2022. Online:
https://shullsolutions.com/irag-pharmaceutical-market/
(Accessed Oct 29, 2022).

4. Khazzaka, M. (2019). Pharmaceutical marketing
strategies’ influence on physicians' prescribing pattern in
Lebanon: ethics, gifts, and samples. BMC health services
research, 19(1), 1-11.

5. Zhang, H. (2019, August). Research on the Medical
Representative Against the Context of China’s New
Medical Reform. In 1st International Symposium on
Innovation and Education, Law and Social Sciences
(IELSS 2019) (pp. 442-449). Atlantis Press.

6. Mikhael, E. M. (2014). Evaluating the effect of medical
representative on physician prescribing pattern in
Irag. Asian J Pharm Clin Res, 7(1), 222-223.

7. Chiu, H. (2005). Selling drugs: marketing strategies in
the pharmaceutical industry and their effect on healthcare
and research. Explorations.

pharmaceutical companies should give greater
consideration to these determinants in order to improve
employee satisfaction.

ACKNOWLEDGMENT

The authors would like to acknowledge the participants
for the time they spent during the survey.

FUNDING

This work has not been funded by any funding bodies
or organizations.

8. Buckley, J. (2004). Pharmaceutical marketing-time for
change. EJBO-Electronic Journal of Business Ethics and
Organization Studies.

9. Marco, C. A, Moskop, J. C., Solomon, R. C,
Geiderman, J. M., & Larkin, G. L. (2006). Gifts to
physicians from the pharmaceutical industry: an ethical
analysis. Annals of emergency medicine, 48(5), 513-521.

10. Singhai, M., Dani, S., Hyde, A., & Patel, R. (2016). Job
satisfaction: a review. Res. J. Manag. Sci, 5, 66-68.

11. Amara, N., Naser, A. Y., & Esra’O, T. (2023). Patient
Satisfaction with Pharmaceutical Services in Jordan: A
Cross-Sectional Study. Jordan Journal of Pharmaceutical
Sciences, 16(1), 1-10.

12. Brayfield, A. H., & Rothe, H. F. (1951). An index of job
satisfaction. Journal of applied psychology, 35(5), 307.

13. Burke, R. J., Graham, J., & Smith, F. J. (2005). Putting
the customer second. the TQM Magazine.

14. Ahmed, P. K., & Rafig, M. (2013). Internal marketing.
Routledge.

15. Roopai, D. (2012). Job satisfaction among
pharmaceutical sales represantatives in the context of
Herzberg's  motivation-hygiene theory  (Doctoral
dissertation).

16. Alam, S. M. T. (2012). Factors affecting job satisfaction,
motivation and turnover rate of medical promotion
officer (MPO) in pharmaceutical industry: A study based
in Khulna city. Asian Business Review, 1(2), 126-131.

17. DecCoster, J., Gallucci, M., & Iselin, A. M. R. (2011).
Best practices for using median splits, artificial
categorization, and their continuous alternatives. Journal
of experimental psychopathology, 2(2), 197-209.

-795 -


https://moh.gov.iq/upload/upfile/ar/1349.pdf
https://shullsolutions.com/iraq-pharmaceutical-market/

Comparison of Job Satisfaction ...

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Joo, S. H., Durband, D. B., & Grable, J. (2008). The
academic impact of financial stress on college students.
Journal of College Student Retention: Research, Theory
& Practice, 10(3), 287-305.

Ravari, A., Mirzaei, T., Kazemi, M., & Jamalizadeh, A.
(2012). Job satisfaction as a multidimensional concept:
A systematic review study. Journal of Occupational
Health and Epidemiology, 1(2), 95-102.

Islam, F. M., & Akter, T. A. N. I. A. (2019). Impact of
Demographic Factors on the Job Satisfaction: A Study of
Private  University ~ Teachers in  Bangladesh.
SAMSMRITI-SAMS J, 12, 62-80.

Neelamegam, M. (2010). Job satisfaction and
demographic variables-is there any link?. Perspectives of
Innovations, Economics and Business, PIEB, 6(3), 108-
111

Herzberg, F., 1966. Work and the nature of man.
Cleveland: World Publishers.

House, R.J. and Widgor, L. 1967. Herzberg's dual factor
theory of job satisfaction and motivation. A review of
evidence and a criticism Personnel Psychology, vol. 20,
pp. 369-389.

Kreitner, R., Kinicki, A. and Beulens, M. 2002.
Organizational Behaviour. 2nd ed. Berkshire: McGraw-
Hill.

Garland, M. E. (2006). Assessing the Impact of the
Interpersonal Communication Course.

Hjazeen, R. (2023). Community Pharmacists’
Perspectives  toward Continuing Professional
Development: A Qualitative Study. Jordan Journal of
Pharmaceutical Sciences, 16(2), 449-449.

Bodla, M. A., & Naeem, B. (2004). Motivator and
Hygiene Factors Explaining Overall Job Satisfaction
among Pharmaceutical Sales Representatives. Director
COMSATS University, Sahiwal Campus, Pakistan, MS
Scholar, Department of Management Sciences
COMSATS University, Lahore Campus, Pakistan.
Malik, M. E., and Naeem, B. (2009). Motivational
preferences of pharmaceutical salesforce: Empirical
evidence from Pakistan. Pakistan economic and social
review, 19-30.

- 796 -

29.

30.

31.

32.

33.

34.

35.

36.

37.

Mohammed Aladul et al.

Graham, M. W., & Messner, P. E. (1998). Principals and
job satisfaction. International journal of educational
management.

Kabir, M. N., & Parvin, M. M. (2011). Factors affecting
employee job satisfaction of pharmaceutical sector.
Australian journal of business and management research,
1(9), 113-123.

Robbins, S. P. (2001). Organisational behaviour: global
and Southern African perspectives. Pearson South
Africa, 6th Ed., Prentice-Hall of India.

Saleh, M. (2018). Factors affecting job satisfaction
among medical representatives working in multinational
pharmaceutical companies in Addis Ababa (Doctoral
dissertation, St. Mary's University).

Jaffar, F., Igbal, Q., & Randhawa, T. A. (2017).
Assessment of job satisfaction among medical sales
representatives working in karachi city, pakistan. Indo
American Journal of Pharmaceutical Sciences, 4(6),
1717-1722.

Arafat, S. Y., Rahman, F. H. S. A. |, & Al Asad, S. H.
(2015). Job  satisfaction among the medical
representatives in Bangladesh. Australian journal of
business and management research, 5(1), 22.

Bakhuys Roozeboom, M. C., Schelvis, R., Houtman, I.
L., Wiezer, N. M., & Bongers, P. M. (2020). Decreasing
employees’ work stress by a participatory, organizational
level work stress prevention approach: a multiple-case
study in primary education. BMC Public Health, 20(1),
1-16.

Ali, R., & Habib, O. (2019). A study on job satisfaction
of family physicians in Basrah. The Medical Journal of
Basrah University, 37(2), 51-58.

Musleh, Y. A., & Al-Dmour, H. (2011). Factors
affecting medical representatives’ performance in
generic and non generic pharmaceutical companies in
Jordan: a comparative study. Dirasat: Administrative
Sciences, 36(2), 477-497.



Jordan Journal of Pharmaceutical Sciences, Volume 16, No. 4, 2023

Gl b g Abpal) Galgally Gl copagtiall oSUally Cpimg A1) UB G (At Ll A5

A aid lae oaid I‘AAAJLAQMJJ/(*IJJM/JAMMJJ/MM
T ala sane Bl I sl pas cady A Gl e uld dabild

bl (it cJemsal) Jumsall dasls cdlapall 4K !

gadla

435.\2.} & qL,& ;\_\SJLA\} uﬂn, Aabalall UASLA';U 4;,‘&\ e d;u: ,; @L}S\ L.zvl\ -um\

uu-\-U\ }M sl L)l oh 5

Oo w8 Aubll degenall QLS agjds Db pe dnsl las pasmiie alie e sha) @ qullad)
) Claelal)

G ¢y lagl Longll pualic & Aloan) AV i3 (358 Aubll o34 b Lk Lgsia 449 oL squilal
iesana b Cliagd el af das ae ccSUally Al e Ol Gmssial) c Jeall Gyl bl Al gpesalls
lisine aged S Cams e ST (5 e 0.025 5 <0.029 <0.003 «p 0.008 a8) Gyl
bl Ll (e it

G S S Cale ) dalgad) colS it gl Loyl e ABles Slgie COUally cpmal ool s claliiay)
ety handlil) il lly il gendly ADEAY) 533 caml ¢lVL GlASY) o cumpdll G lagl) Lia
AN Hanes laiall Bagay € I Gl el Ly b AEN 8l Jaall Cagka

gt tars aib ) dana i dufpad] Cilpadl”
m.i.m.aladul@uomosul.edu.ig

2023/9/10 : uill 4lsd fuslis 2023/2/19 :undl Siad )l

-797 -


mailto:m.i.m.aladul@uomosul.edu.iq
mailto:m.i.m.aladul@uomosul.edu.iq

Jordan Journal of Pharmaceutical Sciences, Volumne 16, No. 4, 2023

Methanol Leaves Extract of Zingiber officinale (Roscoe) exhibited Anti-Obesity
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ABSTRACT

This study evaluated the anti-obesity properties of the methanol extract of Zingiber officinale leaves in Wistar rats.
Thirty male rats were distributed into five groups, with six rats in each group, and different groups were treated
with a normal fat diet (NFD), high-fat diet (HFD), HFD + orlistat (20 mg/kg) p.o, HFD + Zingiber officinale (200
mg/kg) p.o, and HFD + Zingiber officinale (400 mg/kg) p.o for fifty-six days. After all administrations, the animals
were sacrificed by cervical dislocation, and various biochemical analyses were carried out. Results showed that
there was a significant decrease (p < 0.05) in body weight and adiposity in the Zingiber officinale, NFD, and
orlistat groups compared to the HFD control. However, there was no significant difference in the body weights of
rats in the Zingiber officinale groups compared to the NFD control and orlistat groups. Furthermore, rats in the
Zingiber officinale groups had normal lipid concentrations, antioxidant status, adipokines, cytokines, liver, kidney,
and cardiac function parameters that were comparable to orlistat and normal control but in contrast with the HFD
control. Findings from the study suggest that Zingiber officinale leaves have significant anti-obesity, antioxidant,

and anti-inflammatory properties.

Keywords: Zingiber officinale, body weight, adipose tissues, cytokines, orlistat, adipokines, antioxidants.

1. INTRODUCTION

Obesity is a chronic disease involving an excess amount
of body fat that develops as a result of a long-term energy
imbalance, i.e., excessive caloric consumption and
insufficient energy output®. Research has demonstrated that
obesity decreases life expectancy because it raises the
possibility of developing numerous medical complications,
such as type 2 diabetes mellitus, dyslipidemia,
cardiovascular diseases, and some types of cancer?.

Orlistat, lorcaserin, and a combination of phentermine
and topiramate are available for the management of
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obesity. However, they may cause gastrointestinal, kidney,
and heart problems®*. Presently, no drug provides
continuous and reasonable weight loss with few side
effects®. Therefore, various efforts are made to lower
weight with pharmacological agents from plants that may
bring minimal adverse reactions®. Traditionally, plants
have been utilized as medicines for treating various
diseases. Leaves of Cymbopogon citratus are used in the
treatment of cold and flu” & Moringa oleifera (leaves and
seeds), Momordica charantia and Tinospora crispa leaves
are used in the treatment of diabetes®®%. It has been
reported that diarrhea is treated with Psidium guajava
leaves!, while indigestion and stomachache are treated
with leaves of Capraria biflora®. Fruits of Passiflora
edulis are used in the treatment of hypertensionl. A.
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falcata and M. aurea leaves are used in the management of
inflammation and skin irritations'?. Research has revealed
that various herbal plants have anti-obesity properties.
Curcuma longa rhizomes have been found to reduce body
weight, serum lipids, and suppress adipocyte
differentiation in high-fat diet-induced rats®. In vitro study
by Kim et al. 1* showed that a mixture of peels of Citrus
unshiu and Diospyros kaki fruits has pancreatic lipase
inhibition activity. Prunus salicina extract attenuated
adipogenesis in murine 3T3-L1 adipocytes cells®.
Findings made by Maia-Landim et al.'® showed that
Garnicia  cambogia and  glucomannan  from
Amorphophallus konjac reduced appetite and weight in
obese people while findings by Nepali et al. ¥ showed that
Chrysanthemum indicum inhibited adipogenesis in high fat
diet induced mice.

Zingiber officinale, commonly called 'ginger," is a very
important medicinal plant. Traditionally, ginger rhizomes
are often used to cure many illnesses, such as indigestion,
loss of appetite, flatulence, nausea, vomiting, allergic
reactions, acute and chronic cough, common cold, fever,
allergic rhinitis, sinusitis, bronchitis, respiratory troubles,
headache, backache, and toothache?®, It is also used for the
treatment of primary dysmenorrhea'®. Ginger leaves have
been employed as a flavor for foods in Asian traditional
medicine. They have been used to reduce toothache,
promote digestion, and reduce constipation®. Reports
have shown that ginger rhizomes possess hypoglycemic
activity and ameliorate type | diabetes ?%. Al-Amin et al.
2 also demonstrated that ginger rhizomes possess
hypolipidemic activity. Research has shown that extract of
ginger rhizomes possess weight lowering, renoprotective,
and antioxidant properties?. Ginger leaves extract have
been reported to possess antioxidant activities and
phytochemicals including flavonoids, tannins, saponins,
and glycosides 2.

There is a paucity of information on the anti-obesity
effect of Zingiber officinale leaves, and most studies on the
plant are on the rhizomes. Therefore, this study aimed at

Osebhahiemen Ibukun et al.

evaluating the anti-obesity property of Zingiber officinale
leaves in Wistar rats fed with a high-fat diet.

2. MATERIALS AND METHODS

2.1 Plants

Fresh leaves of Zingiber officinale were harvested from
a private farm in Ondo City, Ondo State, Nigeria, and
authenticated by a Botanist at the University of Benin. A
specimen with voucher number UBHz 368 was deposited
at the herbarium. The leaves of Zingiber officinale (700g)
were dried in the air, pulverized, and immersed in absolute
methanol (7.5mL) for 72 hours. Filtration was thereafter
carried out using chiffon filter. A rotary evaporator was
then used to concentrate the filtrate (temperature, 40 oC),
and the resulting paste was further dried in an incubator at
400C and stored in an airtight sterile bottle. The percentage
yield of the extract was 4.8%.

2.2 Experimental animals

Wistar rats (male) with weights ranging from 130g to
150g were obtained from the animal house of the
University of Medical Sciences (UNIMED), Ondo,
Nigeria. Ethical approval for the use of animals was
obtained from the UNIMED Research Ethics Committee
with the number UNIMED-AREC/Apv/2022/015

The animals were housed in clean cages at room
temperature (25 + 10C), with a 12-hour light/dark cycle,
and the litter was changed every day. The experiments
were carried out in compliance with internationally
accepted principles for the use and care of laboratory
animals®.

2.3 Experimental procedure

Obesity was induced by a high-fat diet (HFD). The
diets were formulated based on the method of Cha and
Jones?®. The composition of the Normal Fat Diet (NFD)
and HFD is shown in Table 1. Thirty Wistar rats were
distributed into 5 groups, each comprising 6 rats. The dried
extract of Zingiber officinale leaves was dissolved in
distilled water (vehicle) according to the corresponding
dose. The rats were subjected to the following for 56 days:
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» Group 1: NFD + distilled water (NFD control)
 Group 2: HFD + distilled water (HFD control)

* Group 3: HFD + Orlistat (Reference anti-obesity

drug; 20mg/kg, p.o
* Group 4: HFD + Zingiber officinale (200mg/kg, p.0)
» Group 5: HFD + Zingiber officinale (400mg/kg, p.o)

Table 1: Content of NFD versus HFD

NUTRIENT NFD(w/w) HFD(w/w)
Soya beans 15% 15%
Corn starch 60% 40%
Sucrose 10% 10%
Soybean oil 4% 4%

Beef fat - 20%
Vitamins mix 3.5% 3.5%
Minerals mix 1% 1%
Cellulose 6.5% 6.5%

Weights of rats were taken weekly and feed
consumption was recorded daily for eight weeks (56 days).

On the 57th day, the rats were then sacrificed by
cervical dislocation. The body length (nhose-to-anus) was
measured, and their values were used to calculate the
following anthropometric parameters:

Body mass index (BMI): body weight (g)/length?
(cm2)27.

Lee’s index: Body weight (g) (cube root) /nose-to-
anus length (cm) 7.

Epididymal fat, retroperitoneal fat were collected and
weighed. Adiposity index was calculated with the formula
of Boustany et al.?8 as follows:

Adiposity index

_ Epididymal fat + Retroperitoneal fat

" Weight of body (g)- (Epididymal fat + Retroperitoneal fat)
X 100

Blood samples were collected via cardiac puncture into
sterile tubes and allowed to stand for 30 minutes at 20-
25°C. The clear serum was separated at 2500g for 15
minutes using a centrifuge.

Liver and heart samples were harvested. A sample of
the liver (1g) was homogenized in 9 mL of buffer (sodium
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phosphate) pH 7.0, while 0.5 g of the heart was
homogenized in 4.5 mL of buffer at pH 7.0. The
homogenates were centrifuged at 1000 g for 15 minutes,
and the supernatant was stored for subsequent analyses.

1.4 Serum liver function tests

Aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
bilirubin, albumin, and total protein were assayed in the
serum using kits from Randox Laboratories Ltd, Crumlin,
County Antrim, United Kingdom.

1.5 Serum cardiac function tests

Creatine kinase (CK) and lactate dehydrogenase (LDH)
were assayed in the serum using kits from Randox
Laboratories Ltd, Crumlin, County Antrim, United Kingdom.

2.6 Serum kidney function tests

Sodium, potassium, chloride, and bicarbonate ions
were measured with Kkits from Fortress Diagnostics,
Antrim, United Kingdom. Creatinine and urea were
measured using kits from Randox Laboratories Ltd,
Crumlin, County Antrim, United Kingdom.

2.7 Serum lipid profile assay

Total cholesterol (TC), high-density lipoprotein-
cholesterol (HDL-C), and triglycerides (TG) were
measured in the serum wusing Kkits from Randox
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Laboratories Ltd, Crumlin, County Antrim, United
Kingdom.

Low-density lipoprotein cholesterol (LDL-C), very low
density lipoprotein cholesterol (VLDL-C), atherogenic
index (Al) and coronary risk index (CRI) were calculated
using the formula of Friedewald et al .2° as follows:

LDL-C = TC-(HDL-C +TG/5)

VLDL-C=TG/5

Al = (TC-HDL-C) / HDL-C

CRI=TC/HDL-C

2.8 Serum adipokines and cytokines

Adipokines (leptin and adiponectin) were analyzed in
serum using ELISA Kkits by Elabscience Biotechnology
Company, Houston, Texas, USA. Cytokines (tumor
necrosis factor alpha (TNFa) and interleukin-6) were
analyzed in serum using ELISA kits by Elabscience
Biotechnology Company, Houston, Texas, USA.

2.9 Oxidative stress indices

Malondialdehyde (MDA)®, reduced glutathione
(GSH) %' and glutathione peroxidase (GPx) *? were assayed
in the liver and heart homogenates of rats.

2.10 Histological analyses

The liver and kidney were harvested from the animals
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and used for histological analyses. They were immersed in
10% phosphate-buffered formalin, cut into tiny pieces,
rinsed, and dehydrated in increasing grades of alcohol. The
specimens were then cleaned in xylol, embedded in
paraffin, sectioned at 4-6 microns thickness, and stained
with Hematoxylin and Eosin for histopathological
analyses®3.

2.11 Statistical analysis

The results obtained were depicted as mean + SEM.
One-way analysis of variance (ANOVA) was employed to
ascertain the difference in mean between the groups.
Tukey-Kramer test was utilized to check the significance
levels at p-values less than 0.05. Statistical analysis was
performed using SPSS version 23.

2. Results

3.1 Anthropometric parameters of rats

3.1.1 Mean body weight

From week 2 to 8, the mean body weight of rats treated
with leaves extract of Z. officinale was significantly lower
(p < 0.05) than the HFD control and not significantly
different (p > 0.05) from the NFD control and orlistat
group (Figure 1).

Normal fat diet control

High fat diet control

orlistat (20mg/kg)

Zingiber officinale (200mg/kg)

REEE

Zingiber officinale (400mg/kg)

WEEK

Fig 1: Weekly mean body weight of rats

Results are shown as mean+SEM (n = 6)
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3.1.2 Body mass index and Lee’s index
Body mass index and Lee’s index of rats treated with
leaves extract of Z. officinale were significantly lower (p <

0.05) than the HFD control but were not significantly
different (p > 0.05) from the normal control and orlistat
group (Table 2).

Table 2 Body mass index (BMI) and Lee’s index of rats

NFD control

HFD control

Orlistat (20mg/kg)

Z. officinale (200mg/kg)

Z. officinale (400mg/kg)

BMI (g/cm?) | Lee’s index
0.42+0.008% 0.26 +0.003%
0.54 £0.004° | 0.35 +0.003°
0.47 £0.003° | 0.28 £0.0022
0.43 £0.003* | 0.26 +0.003%
0.43 £0.004%¢ | 0.28 £0.0032

Results are shown as mean+SEM (n = 6). Different alphabets in same

column signifies significant difference between means (p < 0.05)

3.2 Feed consumption of rats
Daily feed consumed by rats treated with leaves extract

(2]
(=1
1

—_
o
1

T

of Z. officinale was not significantly different (p > 0.05)
from, orlistat, NFD control and HFD control (Figure 2).

Normal fat diet

-# High fat diet

-+ Orlistat (20mg/kg)

=+ Zingiber officinale (200mg/kg)
Zingiber officinale (400mg/kg)

—_
L=—1

Food consumption (g/rat/day)
[ ]
[ =]

WEEK

Fig 2: Food consumption of rats

Results are shown as mean+SEM (n = 6)

3.3 Serum lipid profile of rats

The Zingiber officinale leaves extract group had
significantly lower (p < 0.05) total -cholesterol,
triglycerides, LDLC, VLDLC, Al, and CRI than the HFD
control but was not significantly different (p > 0.05) from
the normal control and orlistat group. However, HDLC
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was significantly higher (p < 0.05) in the Zingiber
officinale leaves extract group than the HFD control, and
no significant difference was seen in HDLC of the leaves
extract group compared to the normal control/orlistat
group (Tables 3 and 4).
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Table 3: Serum lipid profile of rats

Osebhahiemen Ibukun et al.

Total cholesterol Triglycerides HDL-C LDL-C VLDL-C

(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
NFD control 79.34 £1.60° 76.50 £ 1.07° 29.20 £1.62% | 34.74 £0.22° 15.40 £0.40?
HFD control 108.57+1.00° 106.30 +1.08° 18.02 +1.05° | 69.20 +0.20° 21.25 +0.10°
Orlistat (20mg/kg) 80.00 £ 1.47° 86.21 +0.50? 29.00 £1.20* | 33.73+£1.28? 17.25+ 0.512
Z. officinale (200mg/kg) | 81.40+3.00? 75.70 + 1.502 29.90 £1.20% | 36.35 +1.05? 15.15 +1.222
Z. officinale (400mg/kg) | 82.50 + 1.25% 82.25 + 2.50? 28.20 £1.03* | 37.07 £1.08? 16.21 £0.85?

Results are shown as mean+SEM (n = 6). Different alphabets in same column signifies significant difference between means (p < 0.05)

Table 4: Atherogenic index and coronary risk index of rats

Atherogenic index | Coronary risk index
NFD control 1.72+0.20? 2.72+0.82?
HFD control 5.05+0.32° 6.03+0.50°
Orlistat (20mg/kQg) 1.76+0.282 2.76x0.782
Z. officinale (200mg/kg) | 1.73+0.502 2.70£0.65?
Z. officinale (400mg/kg) | 1.90+0.252 2.91+0.55?

Results are shown as mean+SEM (n = 6). Different alphabets in same column signifies

significant difference between means (p < 0.05)

3.4 Adiposity of rats

The Zingiber officinale leaves extract group had
significantly lower (p < 0.05) epididymal fat than the HFD
control, significantly higher (p < 0.05) than the NFD control
but was not significantly different (p > 0.05) from the orlistat
group (Table 5).

The Zingiber officinale leaves extract group had

significantly lower (p < 0.05) retroperitoneal fat and adiposity
index than the HFD control but significantly higher (p < 0.05)
than the NFD control. Zingiber officinale (200mg/kg) had
significantly lower (p < 0.05) retroperitoneal fat and adiposity
index than Zingiber officinale (400mg/kg) and the orlistat
group (Table 5).

Table 5: Epididymal fat, retroperitoneal fat and adiposity index of rats

Epididymal fat (g) | Retroperitoneal fat (g) | Adiposity index (%6)
NFD control 0.73+0.102 0.58+0.012 0.73+0.01?
HFD control 3.02+0.20° 1.90+0.020° 2.26+0.05°
Orlistat (20mg/kg) 1.68+0.15¢ 1.35+0.03¢ 1.67+0.01¢
Z. officinale (200mg/kg) 1.40+0.20° 1.25+0.014 1.44+0.01¢
Z. officinale (400mg/kg) 1.60+0.10¢ 1.40+0.01° 1.66+0.01¢

Results are shown as mean+SEM (n = 6). Different alphabets in same column signifies significant difference between means (p < 0.05)

3.5 Kidney function parameters of rats
There was no significant difference (p > 0.05) in
sodium, potassium, and chloride concentrations of the

Zingiber officinale leaves extract groups compared to HFD
control, orlistat, and NFD control. However, bicarbonate
concentration in Zingiber officinale leaves extract groups
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was significantly higher (p < 0.05) than HFD control,
orlistat, and NFD control (Table 6).

The concentration of urea in Zingiber officinale leaves
extract groups was significantly lower (p < 0.05) than HFD
control but not significantly different (p > 0.05) from
orlistat and NFD control (Table 7).

The concentration of creatinine in Zingiber officinale
leaves extract groups was significantly lower (p < 0.05) than
HFD control but significantly higher (p < 0.05) than orlistat
and NFD control (Table 7). Zingiber officinale (200mg/kg)
had significantly lower (p < 0.05) creatinine concentration
than the Zingiber officinale (400mg/kg) group (Table 7).

Table 6: Serum electrolytes concentration of rats

Na*(mmol/L) | K*(mmol/L) | ClI:(mmol/L) | HCOs (mmol/L)
NFD control 115.17+.148% | 16.08+0.92% | 83.45+£1.89% | 142.78+0.94%
HFD control 117.83+ 1.607 | 13.73+1.50* | 92.97+4.68% | 79.00+3.33"
Orlistat (20mg/kg) 118.17+2.01% | 13.89+0.37% | 93.03+2.26% | 135.94+1.19°
Z. officinale (200mg/kg) | 111.5+1.95® | 11.21+0.69% | 93.08+2.67% | 154.39+2.30¢
Z. officinale (400mg/kg) | 117.00+1.68% | 12.46+0.52% | 89.72+2.22% | 151.38+3.68¢

Results are shown as mean+SEM (n = 6). Different alphabets in same column signifies significant difference between

means (p < 0.05)
Table 7: Urea and creatinine concentration of rats
Urea (mg/dL) | Creatinine (mg/dL)
NFD control 27.34+1.312 27.68+1.062
HFD control 38.14+0.35° 155.03+1.50P
Orlistat (20mg/kg) 26.32+0.428 89.69+1.71°¢
Z. officinale (200mg/kg) | 26.23+0.382 124.56+1.72¢
Z. officinale (400mg/kg) | 25.31+0.462 134.41+0.81°¢

Results are shown as mean+SEM (n = 6). Different alphabets in same column

signifies significant difference between means (p < 0.05)

3.6 Effect of leaf extract of Zingiber officinale on
liver function parameters of rats

The activity of ALT in Zingiber officinale leaves
extract groups was significantly lower (p < 0.05) than HFD
control but significantly higher (p < 0.05) than orlistat and
NFD control (Table 8).

The activity of AST in Zingiber officinale leaves
extract groups was significantly lower (p < 0.05) than HFD
control. Zingiber officinale (200mg/kg) had significantly
lower (p < 0.05) AST activity than Zingiber officinale
(400mg/kg) and NFD control but was not significantly
different from the orlistat group (Table 8).

The activity of ALP in Zingiber officinale leaves
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extract groups was significantly lower (p < 0.05) than HFD
control. Zingiber officinale (200mg/kg) had significantly
lower (p < 0.05) ALP activity than Zingiber officinale
(400mg/kg) and orlistat group but was not significantly
different from NFD control (Table 8).

The concentration of bilirubin in Zingiber officinale
leaves extract groups was significantly lower (p < 0.05)
than orlistat and HFD control. Zingiber officinale
(400mg/kg) had significantly lower (p < 0.05) bilirubin
concentration than Zingiber officinale (200mg/kg) and
NFD control (Table 9).

The concentration of total protein in Zingiber officinale
leaves extract groups was significantly greater (p < 0.05) than
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HFD control but not significantly different from NFD control.
Zingiber officinale (200mg/kg) had significantly greater (p <
0.05) total protein than the orlistat group (Table 9).

The concentration of albumin in Zingiber officinale

Osebhahiemen Ibukun et al.

leaves extract groups was significantly greater (p < 0.05)
than HFD control, significantly lower than NFD control, but
not significantly different from the orlistat group (Table 9).

Table 8: Liver function enzymes of rats

ALT (U/L) | AST (U/L) | ALP (U/L)
NFD control 21.89+0.29° | 19.17+0.12° | 48.38+0.11°
HFD control 30.60+1.40° | 27.57+0.22° | 53.60+0.02
Orlistat (20mg/kg) 21.20+0.34° | 14.82+0.23° | 50.42+0.09°
Z. officinale (200mg/kg) | 23.68+0.26° | 14.68+0.29° | 48.33+0.12
Z. officinale (400mg/kg) | 24.80+0.33° | 19.30+0.24* | 50.35+0.10°

Results are shown as meant+SEM (n = 6). Different alphabets in same column
signifies significant difference between means (p < 0.05)

Table 9: Bilirubin, total protein and albumin concentrations of rats

Bilirubin(umol/L) | Total protein (g/dL) | Albumin (g/dL)
NFD control 18.2440.73? 7.17+0.35% 4.14+0.022
HFD control 34.73+0.81° 6.01+0.06° 2.74+0.01°
Orlistat (20mg/kg) 21.83+0.42°¢ 7.03+0.01°¢ 3.94+0.02¢
Z. officinale (200mg/kg) 18.37+0.79? 7.42+0.082 3.80+0.03°
Z. officinale (400mg/kg) 15.41+0.41¢ 7.28+0.12% 3.72+0.06°

Results are shown as mean+SEM (n = 6). Different alphabets in same column signifies significant

difference between means (p < 0.05)

3.7 Cardiac function tests

The activity of creatine kinase in Zingiber officinale
leaves extract groups was significantly lower (p < 0.05)
than HFD control and the orlistat group but not
significantly different from NFD control (Table 10).

The activity of lactate dehydrogenase in Zingiber

officinale leaves extract groups was significantly lower (p <
0.05) than HFD control but significantly higher (p < 0.05)
than NFD control. Lactate dehydrogenase of Zingiber
officinale (200mg/kg) was significantly lower (p < 0.05)
than Zingiber officinale (400mg/kg) but was not
significantly different from the orlistat group (Table 10).

Table 10: Cardiac function enzymes of rats

Creatinine kinase (U/L) | Lactate dehydrogenase (U/L)
NFD control 10.47+0.192 23.25+1.422
HFD control 16.56+0.18" 84.93+0.80°
Orlistat (20mg/kg) 12.62+0.03° 58.74+0.65°¢
Z. officinale (200mg/kg) 10.60+0.272 58.87+0.43°
Z. officinale (400mg/kg) 11.26+0.18? 75.48+0.23¢

Results are shown as mean+SEM (n = 6). Different alphabets in same column signifies significant

difference between means (p < 0.05)
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3.8 In vivo antioxidant parameters of rats

For both the liver and heart, GSH concentration in
Zingiber officinale leaves extract groups was significantly
higher (p < 0.05) than HFD control but significantly lower
(p <0.05) than NFD control. However, GSH concentration
of Zingiber officinale (400mg/kg) was significantly higher
(p < 0.05) than Zingiber officinale (200mg/kg) and the
orlistat group (Tables 11 and 12).

For liver MDA concentration, Zingiber officinale
leaves extract groups were significantly lower (p < 0.05)
than HFD control, while Zingiber officinale (200mg/kg)
had significantly lower (p < 0.05) MDA concentration than
Zingiber officinale (400mg/kg), NFD control, and the
orlistat group (Table 11).

In the heart, MDA concentration of Zingiber officinale

leaves extract groups was significantly lower (p < 0.05) than
HFD control but significantly higher (p < 0.05) than NFD
control and the orlistat group. Also, Zingiber officinale
(400mg/kg) had significantly lower (p < 0.05) MDA
concentration than Zingiber officinale (200mg/kg) (Table 12).

Liver GPx activities in Zingiber officinale leaves
extract groups were significantly higher (p < 0.05) than
HFD control but not significantly different from NFD
control. GPx activity of Zingiber officinale (400mg/kg)
was significantly higher (p < 0.05) than Zingiber officinale
(200mg/kg) and the orlistat group (Table 11).

Heart GPx activities in Zingiber officinale leaves extract
groups were significantly higher (p < 0.05) than HFD control,
significantly lower (p < 0.05) than NFD control but not
significantly different from the orlistat group (Table 12).

Table 11: Antioxidant parameters in liver of rats

GSH (ng/mg protein) | MDA (nmoles /mg protein) | GPx (nmoles/ min/ mg protein)
NFD control 1.94+0.012 0.89+0.012 0.81+0.02%
HFD control 0.82+0.01° 2.53+0.13° 0.24+0.02°
Orlistat (20mg/kg) 1.67+0.01¢ 0.64+0.02° 0.73+0.02%
Z. officinale (200mg/kg) 1.44+0.01¢ 0.45+0.03¢ 0.76+0.01%
Z. officinale (400mg/kg) 1.74+0.02¢ 0.90+0.01? 0.87+0.01¢

Results are shown as mean+SEM (n = 6). Different alphabets in same column signifies significant difference between means (p < 0.05)

Table 12: Antioxidant parameters in heart of rats

GSH (ng/mg protein) | MDA (nmoles /mg protein) | GPx (nmoles/ min/ mg protein)
NFD control 1.49+0.02? 0.46+0.032 1.73+0.07?
HFD control 0.65+0.02° 1.80+0.01° 0.56+0.02°
Orlistat (20mg/kg) 1.16+0.01° 0.42+0.012 1.21+0.04¢
Z. officinale (200mg/kg) 1.05+0.014 0.64+0.01° 1.04+0.01¢
Z. officinale (400mg/kg) 1.31+0.02¢ 0.55+0.01¢ 0.96+0.02°

Results are shown as mean+SEM (n = 6). Different alphabets in same column signifies significant difference between means (p < 0.05)

3.9 Adipokines and cytokines concentrations

There was no significant difference (p > 0.05) in leptin
concentration of Zingiber officinale leaves extract groups,
NFD control, HFD control, and the orlistat group. The
concentration of adiponectin in Zingiber officinale leaves
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extract groups was significantly higher (p < 0.05) than
HFD control and the orlistat group but significantly lower
than NFD control. Also, adiponectin concentration of
Zingiber officinale (400mg/kg) was significantly higher (p
< 0.05) than Zingiber officinale (200mg/kg) (Table 13).
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The concentration of TNFa in Zingiber officinale leaves
extract groups was significantly lower (p < 0.05) than HFD
control, NFD control, and the orlistat group. Also, TNFa of
Zingiber officinale (400mg/kg) was significantly higher (p <
0.05) than Zingiber officinale (200mg/kg) (Table 13).

Osebhahiemen Ibukun et al.

The concentration of IL-6 in Zingiber officinale leaves
extract groups was significantly lower (p < 0.05) than HFD
control, not significantly different from the orlistat group,
but significantly higher than NFD control.

Table 13: Adipokines and cytokines concentrations of rats

Leptin (pg/mL) | Adiponectin (ng/mL) | TNFa (ng/mL) | IL-6 (ng/mL)
NFD control 213.83+4.12° 2.63+0.012 179.94+1.37% | 264.86+0.742
HFD control 213.51+2.192 0.63+0.01° 296.09+1.41° | 395.43+1.08°
Orlistat (20mg/kg) 222.02+2.528 1.93+0.04¢ 206.85+1.32¢ | 301.35%0.38°
Z. officinale (200mg/kg) | 223.60+3.342 2.28+0.08¢ 151.29+2.05¢ | 302.67+0.89°
Z. officinale (400mg/kg) | 222.77+0.582 2.49+0.01° 167.50+1.12% | 300.18+2.31¢

Results are shown as mean+SEM (n = 6). Different alphabets in same column signifies significant difference between

means (p < 0.05)
3.10 Liver and kidney histology of rats
3.10.1 Liver histology
NFD control showed normal hepatic histology with
clearly delineated portal triads, central veins, and spirally

NFD control

Orlistat (20mg/kg)

Plate 1: Histological changes in liver of experimental groups. H&E; Magnification = x400. Black arrow- hepatic
nuclei; white arrow- portal triad

3.10.2 Kidney histology

NFD control showed normal renal histology with distinct
renal corpuscles consisting of intact glomeruli and narrow
Bowman spaces surrounding the glomeruli. Additionally,
numerous intact tubules (proximal and distal tubules) were

Z. officinale (200mg/kg)

arranged hepatocytes. Hepatocytes featured large nuclei
with conspicuous nucleoli. No obvious pathological
changes or hepatocyte degeneration were observed in
other groups (Plate 1).

Z. officinale (400mg/kg)

seen in the kidney cortex. Extract and orlistat treated groups
also showed mostly intact renal histology. However, HFD
control showed mild hemorrhage into the tissue parenchyma
with mild inflammatory infiltrate (Plate 2).
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NFD control

Orlistat (20mg/kg)

Z. officinale (200mg/kg)

Z. officinale (400mg/kg)

Plate 2: Histological changes in kidney of experimental groups. H&E; Magnification = x400. G — glomerulus; T -
renal tubules; arrows — mild haemorrhage with inflammatory infiltrate

DISCUSSION

This study was conducted to evaluate the anti-obesity
effect of methanol leaves extract of Zingiber officinale in
Wistar rats fed with HFD. HFD-induced obesity in rats is
regarded as a reliable technique for studying anti-obesity
activity®*.

In this research, consumption of calorically dense HFD
led to an increase in body weight, weights of epididymal
and retroperitoneal fats. However, Z. officinale leaves
extract-treated groups had significantly lower (p < 0.05)
body weights than HFD control but were not significantly
different from NFD control and the orlistat group. There
was also a significant decline (p < 0.05) in adiposity of Z.
officinale leaves extract groups compared to HFD control,
which was comparable to that of the reference drug,
Orlistat. Orlistat is a derivative of lipstatin that inhibits the
activity of pancreatic lipase, resulting in reduced dietary
fat absorption®. Similarly, Nazish et al. * reported a
significant decrease in body weights and adiposity of rats
fed with HFD and treated with Z. officinale rhizomes
compared to HFD control. The ability of methanol leaves
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extracts of Z. officinale to decrease body weight and
adiposity of rats might be attributed to singular or
synergistic activities of the phytochemicals in it. Leaves of
Z. officinale have been reported to be rich in flavonoids,
tannins, saponins, and glycosides?®®. Some of these
compounds have anti-obesity properties. Specifically,
flavonoids have been found to possess anti-obesity effects
by inhibiting adipogenesis and lipogenesis®’. In addition,
saponins have been found to exhibit anti-obesity effects by
inhibiting adipocyte hypertrophy®®,

Lipid profile, CRI, and Al have been shown to be
significant determinants of metabolic disturbances such as
atherosclerosis, cardiovascular diseases, hypertension, and
dyslipidemia. Any increase in concentrations of lipids
raises the risk for atherosclerotic plaques, cardiovascular
diseases, and endothelial dysfunction®. In this study,
methanol leaves extract of Z. officinale demonstrated an
anti-dyslipidemic effect by restoring the lipid profile,
lowering Al and CRI in the rats. These results support
those of Ramadan et al.*’ in which Z. officinale rhizomes
produced anti-dyslipidaemic effect in HFD induced rats.
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Acreliable and fast method for the determination of obesity
in rats was described by Lee 4 and was named “Lee index”.
Lee index and fat mass have a positive correlation. Rats with
Lee’s index equal to or greater than 0.3 are considered obese,
according to Malafaia et al.*> BMI is another anthropometric
parameter that can be used to estimate obesity in rats®.
Results obtained indicated that Z. officinale leaves extract-
treated groups had significantly lower (p < 0.05) BMI and
Lee’s index than HFD control but were not significantly
different from NFD control and the orlistat group.
Furthermore, Z. officinale leaves extract, orlistat, and NFD
groups had Lee’s index below 0.3 and can be regarded as non-
obese, whereas HFD control had Lee’s index higher than 0.3
and may be regarded as obese rats based on the explanation
by Malafaia et al.*.

Results from this study showed that the extract of Z.
officinale leaves exhibited anti-obesity activity in rats without
affecting feed consumption. This is because there was no
significant difference in daily feed consumption of Z
officinale (methanol leaves extract) groups compared to HFD
control. Research by Nazish et al. % also showed that Z.
officinale rhizomes also produced anti-obesity effect in rats
fed with HFD without altering feed consumption of the rats.

HFD is known to affect liver metabolism, causing
steatosis, which is a complicated disorder related to
mitochondrial changes and increased formation of reactive
oxygen species*. This concept explains the significant
reduction (p < 0.05) in AST, ALT, ALP, bilirubin with an
increase in the concentration of albumin and total proteins
of the Z. officinale leaves extract, NFD control, and orlistat
groups compared to HFD control. AST activity and
albumin concentration of Z. officinale leaves extract
groups were not significantly different from the orlistat
group, and Z. officinale leaves extract groups had
significantly higher (p < 0.05) ALT than NFD control.
Similar findings were made by Vanissa et al. * where
treatment of HFD fed rats with Z. officinale rhizomes
extract restored liver function of rats to normal.

Obesity and dyslipidaemia are risk factors for

Osebhahiemen Ibukun et al.

cardiovascular diseases*®. This research showed that there
was a significant reduction (p < 0.05) in the activities of
cardiac function enzymes (creatine kinase and lactate
dehydrogenase) in Z. officinale leaves extract, NFD
control, and orlistat groups in comparison with HFD
control. Creatine kinase of Z. officinale leaves extract
groups was significantly lower than the orlistat group but
was not significantly different from NFD control.
Cardioprotective effects of Z. officinale rhizomes extract
in rats have been reported by Ojo et al.*’.

HFD induced obesity may cause renal injury and
inflammation %, In this study, renal injury of rats induced by
HFD was ameliorated by the methanol leaves extract of Z.
officinale and orlistat in their respective groups. This explains
the observed significant decrease (p < 0.05) in kidney
function markers (urea and creatinine) in the leaves extract of
Z. officinale, NFD control, and orlistat groups in comparison
with HFD control. Urea levels for the methanol leaves extract
of Z. officinale groups were not significantly different from
orlistat and NFD control, whereas creatinine levels for the
methanol leaves extract of Z. officinale groups were
significantly higher than orlistat and NFD control. Low
bicarbonate concentration is synonymous with metabolic
acidosis, which indicates kidney failure*. The result from this
study also revealed that bicarbonate concentrations in
Zingiber officinale leaves extract groups were significantly
higher (p <0.05) than HFD control, orlistat, and NFD control.
Furthermore, renal histology revealed that the methanol
leaves extract of Z. officinale and orlistat groups had normal
kidney histology similar to NFD control, whereas HFD
control had inflammation and mild hemorrhage. These
findings are in agreement with those of Vanissa et al., in
which the extract of Z. officinale rhizomes protected the
kidney of rats fed with HFD.

Research has shown that the consumption of HFD causes
oxidative stress because it attenuates the hepatic antioxidant
enzyme system and increases the levels of products of lipid
peroxidation in the liver and plasma®. Methanol leaves
extract of Z. officinale protected against oxidative damage
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caused by HFD in rats by significantly (p < 0.05) raising the
activity of an antioxidant enzyme, GPx, and the concentration
of GSH (a powerful antioxidant that directly quenches ROS),
thus leading to lowered concentration of MDA (a product of
lipid peroxidation) in the liver and heart of rats when
compared to HFD control. Liver and heart GSH levels of Z.
officinale leaves extract groups were significantly lower (p <
0.05) than NFD control. Heart MDA levels for Z. officinale
leaves extract groups were significantly higher (p <0.05) than
orlistat and NFD control. No significant difference was
observed in the liver GPx activities of Z. officinale leaves
extract groups and NFD control. These results support that of
Ramadan et al. “° where Z. officinale rhizomes led to a
reduction in oxidative stress of rats fed with HFD.

Methanol leaves extract of Z. officinale also showed a
protective effect against inflammation induced by HFD.
This is seen from the significant reduction (p < 0.05) in the
concentration of proinflammatory cytokines (TNFa and
IL-6) in comparison with HFD control. TNFa levels of Z.
officinale leaves extract groups were significantly lower (p
< 0.05) than orlistat and NFD control. However, IL-6
levels of Z. officinale leaves extract groups were
significantly higher (p < 0.05) than NFD control but not
significantly different from the orlistat group.

Leptin (an appetite-suppressing hormone) is synthesized
by adipocytes, and it acts on the hypothalamus, resulting in
reduced food intake®!. There was no significant difference (p
> 0.05) in leptin concentrations of all groups. This could
justify why feed consumption of rats (appetite) in various
groups did not differ significantly. This result supports that of
Hussain et al. 5 whose work also showed no significant
difference in leptin levels of HFD- obese control rats and
other non-obese rats. Adiponectin is produced largely in
adipocytes. One of its major physiological effects is that it
decreases gluconeogenesis and lipogenesis in the liver,
thereby resulting in decreased blood glucose and fat
concentrations®. Unlike leptin, adiponectin levels are
lowered in obesity. There is an inverse relationship between

-810 -

adiponectin levels and the percentage of body fat>. Thus, in
this study, adiponectin levels of Z. officinale leaves extract
groups were significantly higher (p < 0.05) than HFD control.
Also, adiponectin levels of Z. officinale leaves extract groups
were significantly lower (p < 0.05) than NFD control but
significantly higher (p < 0.05) than the orlistat group.

CONCLUSION

This study has shown that the methanol leaves extract of
Z. officinale possesses significant anti-obesity properties
that are similar to orlistat (a reference anti-obesity drug).
This anti-obesity effect might be mediated through the
regulation of fat metabolism. Additionally, the methanol
leaves extract of Z. officinale protected rats against oxidative
damage, inflammation, liver, kidney, and cardiac toxicity
induced by HFD. However, further study to characterize the
active compounds in the extract is recommended.
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ABSTRACT

Numerous amphibian species, particularly those of the genus Rana, have been found to produce linear,
amphiphilic, and cationic antimicrobial peptides (AMPs). Such AMPs are gaining more attention in
pharmaceutical applications due to their principal method of action, which involves penetrating and rupturing the
intended cell membranes with relatively low resistance. Brevinin is a large family of AMPs extensively studied
during the last few decades, primarily consisting of two groups of peptides: Brevinin-1 and Brevinin-2. These
peptides are cationic and establish secondary structures in the biological membrane environment. In this
discussion, we explore the effects of structural parameters (net charge, hydrophobicity, amphiphilicity, helicity,
peptide length, etc.) of Brevinin on their antimicrobial activity. As a general rule, an increased net charge tends to
enhance antimicrobial activity. However, it is important to note that excessive net charges can also elevate
hemolytic activity. The amino acid composition significantly influences hydrophobicity and helicity, which, in
turn, impact the activity of the peptides. Moreover, these structural parameters are interconnected; modifying one
parameter will affect others. Striking an optimal balance in these factors will provide a Brevinin analog with the
highest antimicrobial activity and the lowest hemolytic activity.

Keywords: Antimicrobial peptides; Brevinin; Helicity; Hydrophaobicity; Net charge; Hemolytic activity.

1. INTRODUCTION

The irrational use of antibiotics contributes to
antimicrobial resistance in infectious pathogens, posing a
severe global public health concern [1]. Increased
antimicrobial resistance has resulted in the failure of
traditional medicine to treat conditions effectively,
heightened infection risks, prolonged hospital admissions,
and, ultimately, an economic burden on nations [2, 3].
Therefore, it is vitally necessary to develop active
antimicrobial compounds with lower resistance levels.

Antimicrobial peptides (AMPs) play a significant role
in combating resistant microbes due to their rapid and
broad-spectrum effectiveness against fungi, viruses, and
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both Gram-positive and Gram-negative bacteria [4, 5]. In
contrast to conventional antibiotics, AMPs bind to the
bacterial membrane, causing disruption rather than
targeting a specific site. The barrel-stave, carpet, or
toroidal models are employed to describe the membrane
disruption caused by AMPs [6-8], making it challenging
for microorganisms to develop resistance against them [9].

AMPs are typically small, naturally occurring peptide
molecules consisting of 10 to 50 amino acids. Most AMPs
carry a net positive charge at physiological pH due to the
presence of basic amino acids, facilitating electrostatic
interactions with the membranes of negatively charged
microorganisms [10]. An important structural feature of
these peptides is amphiphilicity, characterized by the
presence of hydrophobic residues on one side and
hydrophilic residues on the other side of the molecule [11].
Amphiphilicity also aids in binding to the hydrophobic and
hydrophilic regions of the target pathogen. In the presence

© 2023 DSR Publishers/The University of Jordan. All Rights Reserved.
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of lipid membranes, many AMPs adopt a distinct
secondary structure, such as a-helix or B-sheet, essential
for antibacterial activity [12, 13].

AMPs are ubiquitous in almost every living organism,
serving as a component of their innate immune system.
Extracted from the skin of amphibians, these AMPs have
demonstrated superior efficacy against microorganisms,
offering a potential solution to current antimicrobial
resistance problems [14].

Amphibian AMPs are categorized into peptide families,
including brevinins, cathelicidin, temporins, esculentin,
ranatuerin, etc., based on shared structural properties and
their ability to combat pathogens [15]. Brevinin (Figure 1)
is a crucial amphibian AMP family isolated from the
Ranidae, exhibiting high biological activities and distinctive
structural properties [16]. Originally identified in Rana
brevipoda porsa [17], hundreds of Brevinin peptides have
been discovered and their data deposited in the database
[18]. These peptides exhibit various bioactivities,
encompassing antimicrobial, anticancer, hypoglycemic,
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anti-inflammatory, and more [19].

Researchers have designed numerous Brevinin analogs,
aligning with common AMP features and the predicted
secondary structure of peptides, to explore the structure-
activity relationship and enhance their antimicrobial
activity. For instance, Lin et al. extracted Brevinin-2GUb
from the skin secretion of Hylarana guentheri, producing
analogs to investigate its cationic activity [20]. The
augmentation of cationic charges significantly enhances the
compound's bioactivity while mitigating its toxicity effects.
AMPs exhibit various structural parameters (amphiphilicity,
net charge, charge density, length, hydrophobicity,
hydrophobic  moment, and helicity) influencing
antimicrobial activity. Hence, this study delves into the
structural features of Brevinin analogs and the impact of
structural changes on their antimicrobial activity.
Understanding the structural activity relationship of
Brevinins is crucial for identifying the most effective
peptide to serve as a template for developing new
antimicrobial agents with medicinal properties.

OQ "(s/\l\'lH

Figure 1. Chemical structure of Brevinin-1

2. Importance of SAR study of Brevinin

A structure-activity relationship (SAR) study is crucial
for understanding the correlation between structural
parameters and the antimicrobial activity of peptides.
Researchers can create synthetic analogs of parent
peptides to enhance antimicrobial efficacy. For example,
synthetic hybrid peptides derived from natural indolicidin
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and ranalexin exhibit greater antibacterial activity
compared to their parent analogs against Streptococcus
pneumoniae [21]. Larger antimicrobial peptides may
demonstrate increased hemolytic tendencies, whereas
shorter peptides with higher cationic content tend to reduce
hemolytic activity [22].

An in-depth exploration of peptide structure is essential
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for the rational design of a-helical AMPs with heightened
antimicrobial activity and specificity [23]. Examining the
SAR of AMPs is also vital for comprehending the diverse
mechanisms responsible for the antimicrobial activities of
peptides [24]. It is imperative for researchers to expand
SAR studies to unearth novel peptide analogs with

Table 1. Some notable Brevinin family AMPs with th

enhanced antimicrobial activity. Brevinin, a substantial
group of AMPs, exhibits a broad-spectrum activity against
bacteria, viruses, fungi, and other parasites (Table 1).
Understanding the structure-activity relationship of
Brevinin is pivotal for discovering more bioactive analogs,
contributing to advancements in medical science.

eir sequences, sources, and major bioactivities

Name Length Amino Acid Sequence* Bioactivities Source References
Brevinin-1 24 FLPVLAGIAAKVVPALFCKITKKC Antibacterial, high Rana [17]
hemolytic activity brevipoda
porsa
Brevinin-1AVa 17 FLPLLAASFACTVTKKC Antibacterial Rana arvalis [25]
Brevinin-1Ba 24 FLPFIAGMAAKFLPKIFCAISKKC Antibacterial Lithobates [26]
berlandieri
Brevinin-1BYa 24 FLPILASLAAKFGPKLFCLVTKKC Antibacterial, Rana boylii [27]

antifungal and
hemolytic activity

Brevinin- 20 LLSLALAALPKLFCLIFKKC Antibacterial and Rana [28]
1CDYa weak hemolytic chensinensis
activity
Brevinin-1CG1 24 FLSTALKVAANVVPTLFCKITKKC Antibacterial, Amolops [29]
antifungal and low chunganensis
hemolytic activity
Brevinin-1CSa 24 FLPILAGLAAKIVPKLFCLATKKC Antibacterial and Rana cascadae [30]
strong hemolytic
activity
Brevinin-1DYb 20 FLSLALAALPKLFCLIFKKC Antibacterial, Rana [31]

antifungal, anticancer, | dybowskii
candidacidal and
strong hemolytic

activity
Brevinin-1E 24 FLPLLAGLAANFLPKIFCKITRKC Antibacterial Pelophylax [32]
saharicus
Brevinin-1HN1 24 FLPLIASLAANFVPKIFCKITKKC Antibacterial, Odorrana [33]
antifungal, hainanensis
candidacidal and low
hemolytic activity
Brevinin-1HSa 24 FLPAVLRVAAKIVPTVFCAISKKC Antibacterial activity Odorrana hosii [34]
Brevinin-1ITa 20 IVPFLLGMVPKLVCLITKKC Antibacterial, Rana italica [35]
cytotoxic and
hemolytic activity
Brevinin-10Ka 22 FFGSMIGALAKGLPSLISLIKK Antibacterial Rana [36]
okinavana
Brevinin-10Kc 22 FFGSIIGALAKGLPSLISLIKK Antibacterial Rana [36]
okinavana
Brevinin-1Pa 24 FLPIIAGVAAKVFPKIFCAISKKC Antibacterial, Rana pipiens [26]
antifungal and
candidacidal activity
Brevinin-1PLb 24 FLPLIAGLAANFLPKIFCAITKKC Antibacterial, Lithobates [37]
antifungal and palustris
candidacidal activity
Brevinin-1Ra 24 VIPFVASVAAEMMQHVYCAASRRC Antibacterial Pelophylax [38]
ridibundus
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Name Length Amino Acid Sequence* Bioactivities Source References
Brevinin-1Sa 24 FLPAIVGAAGQFLPKIFCAISKKC Antibacterial and Rana [39]
antifungal activity sphenocephala
Brevinin-1SE 23 FLPLVRGAAKLIPSVVCAISKRC Antibacterial activity Rana sevosa [40]
Brevinin-1SN1 24 FLPAVLKVAAHILPTAICAISRRC Antibacterial and Hylarana [41]
hemolytic activity spinulosa
Brevinin-1SPa 24 FFPIIAGMAAKLIPSLFCKITKKC Antibacterial, Lithobates [42]
antifungal, septentrionalis
candidacidal and
hemolytic activity
Brevinin-1T 20 VNPIILGVLPKFVCLITKKC Antibacterial, high Rana [43]
hemolytic activity temporaria
Brevinin-2 33 GLLDSLKGFAATAGKGVLQSLLSTASCKLA | Antibacterial, high Rana [17]
KTC hemolytic activity brevipoda
porsa
Brevinin-2DYe 37 GLFSVVTGVLKAVGKNVAKNVGGSLLEQL Antibacterial Rana [31]
KCKISGGC dybowskii
Brevinin-2GHb 30 GVITDALKGAAKTVAAELLRKAHCKLTNSC | Antibacterial Rana guentheri [44]
Brevinin-2GHc 31 SIWEGIKNAGKGFLVSILDKVRCKVAGGCN Antibacterial Hylarana [44]
P guentheri
Brevinin-2GRa 33 GLLDTFKNLALNAAKSAGVSVLNSLSCKLS Antibacterial, Odorrana [45]
KTC antifungal, grahami
candidacidal and
hemolytic activity
Brevinin-21Sa 33 SLLDTFKNLAVNAAKSAGVSVLNALSCKISR | Antibacterial, Odorrana [46]
TC Antifungal and ishikawae
candidacidal activity
Brevinin-2JD 33 GLLDTFKNLALNAAKSAGVSVLNSLSCKLS Antibacterial, Odorrana [47]
KTC antifungal, jingdongensis
candidacidal and weak
hemolytic activity
Brevinin-2LT 33 GLMSVLKKAGKHVAKNVAASLMDSLKCKI | Antibacterial Rana latastei [48]
TGGC
Brevinin-2R 25 KLKNFAKGVAQSLLNKASCKLSGQC Antibacterial, Pelophylax [49]
antifungal, anticancer, | ridibundus
candidacidal activity
Brevinin-2Ra 29 GILDSLKNFAKDAAGILLKKASCKLSGQC Antibacterial Pelophylax [50]
ridibundus
Brevinin-2Ta 33 GILDTLKNLAKTAGKGILKSLVNTASCKLSG | Antibacterial, Pelophylax kl. [51]
QC antifungal, esculentus
candidacidal, anti-
inflammatory and
wound-healing
activity
Brevinin-Eu 24 VIPFVASVAAEMMQHIFCAASRKC Antibacterial, very Euphlyctis [52]
low hemolytic activity | cyanophlyctis
Brevinins-ALa 24 FLPMLAGLAANFLPKLFCKITKKC Antibacterial, Amolops [53]
antifungal, and strong | loloensis
hemolytic activity
*Refer to table S1 in the appendix
3. Structural features of Brevinin approximately 24  residues,  while  Brevinin-2

The Brevinin family is divided into two subfamilies:

Brevinin-1

and

Brevinin-2.
(FLPVLAGIAAKVVPALFCKITKKC)

(GLLDSLKGFAATAGKGVLQSLLSTASCKLAKTC) has
a length of approximately 33 residues. Brevinin-1 exists in
two forms: cyclic and acyclic Brevinin-1 [36]. Acyclic

Brevinin-1
comprises
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Brevinin-1 lacks Cys residues but has an amidated C-
terminus, while cyclic Brevinin-1 features a disulfide bond at
its C-terminus. Although the primary structure of Brevinins
may vary among species, they typically contain a highly
conserved portion in the 'Rana box' sequence. The Rana box
is usually situated at the C-terminus, and its structure is
[Cys18-(Xaa)4-Lys-Cys24] for Brevinin-1 [54]. While the
length and amino acid composition of the peptides may vary,
they all carry a net positive charge at neutral pH. Bacterial cell
membranes, lacking neutral and zwitterionic lipids compared
to mammalian cell membranes, make it easier for Brevinins

to selectively attach to the anionic phospholipids of bacterial
cell membranes [55].

Brevinins typically exist as randomly arranged coils in
an aqueous solution but adopt an amphipathic a-helical
shape in environments that mimic hydrophobic
membranes, such as 50% trifluoroethanol (TFA) [56]. The
peptide structure and the side chains of Brevinin-1 in a
33% trifluoroethanol solution are depicted in Figure 2. The
a-helical structure is believed to disturb the phospholipid
bilayer of the targeted membranes under such
circumstances.

FLPILASLAAKFGPKLFCLVTKKC

A

Figure 2. Structure of Brevinin-1BYa. (A) The solution NMR structure of Brevinin-1BYa in 33% trifluoroethanol
(PDB ID: 6G4l) visualized in PyMOL (version 2.4.1.), (B) Helical wheel representation of Brevinin-1BYa obtained
from HeliQuest server (https://www.heliquest.ipmc.cnrs.fr/). The positively charged, negatively charged,
hydrophobic, and hydrophilic amino acids are each represented by a different color: blue, red, yellow, and purple,
respectively. The letters ‘N' and ‘C' stand for the N-terminal and C-terminal, respectively.

3.1. Net charge

The peptides belonging to the Brevinin family are
cationic. Typically, the positively charged residues
(arginine, lysine), combined with negatively charged
residues (aspartate, glutamate) in the peptide sequence, are
totaled to determine the net charge of a peptide. The
positive charge of the peptide molecule plays a crucial role
in binding to the negatively charged surface of
microorganisms [57]. Previous studies suggest that
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cationic peptides need a net charge of at least +2 to exhibit
antibacterial effects effectively [58]. In general, higher net
charge enhances the antibacterial action of peptides. For
instance, Brevinin-2PTb (charge +5) demonstrates greater
antimicrobial activity than Brevinin-2PTc (charge +4) and
Brevinin-2HSa (charge +3) against E. coli 25726 [36].
However, it's essential to note that the impact of net charge
is not always linear with activity. Another critical
consideration is that an increased net charge of the peptide
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also escalates hemolysis of human red blood corpuscles.
Figure 3 illustrates the effects of net charge on the activity
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of various peptides [59, 60, 41].
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Figure 3. Relationship between charge and antimicrobial & hemolytic activity of Brevinin-2 related peptides (A) and
Brevinin-1 peptides (B). The antimicrobial activity was measured in minimal inhibitory concentration (MIC) against
Staphylococcus aureus 25923. The hemolysis of 50% human red blood cell concentration was considered as HCso. *
A marked point indicates a value greater than that point (>200uM).

Figure 3A illustrates that a peptide with a net charge of +4
exhibits the most potent antimicrobial activity, while one with
a net charge of +2 shows hemolytic activity. Additional
research by Islam et al. emphasizes that the optimal charge
selection is crucial in peptide design to achieve maximum
antimicrobial activity with minimal hemolysis [61]. In this
context, we also observe that peptides with net charges of +3
and +5 display superior antimicrobial action with
considerably low hemolytic activity.

Conversely, Figure 3B demonstrates that a peptide with a
net charge of +5 has the best antimicrobial activity with the
lowest hemolytic activity.

3.2. Hydrophobicity

The hydrophobicity of a peptide is measured by the
solubility of its amino acids in water. The composition of
a peptide determines its hydrophobicity, with a higher
proportion of hydrophobic residues making the peptide
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more hydrophobic and vice versa.

The hydrophobicity of an AMP is a critical factor for
its insertion into the pathogen's membrane. Trp, a
hydrophobic amino acid, enhances its ability to bind to
lipids, influencing the interfacial region of lipid bilayers
[62]. A hydrophobicity threshold is presumed to play arole
in selective bacterial membrane insertion and subsequent
cell death. However, increased peptide hydrophobicity is
associated with higher hemolytic activity [63]. In a
previous investigation, Brevinin-2PRc and Brevinin-2PRd
showed lower toxicity against red blood cells because their
hydrophobicity decreased when Phe was replaced with
Leu [64]. Another study demonstrated a linear relationship
between hydrophobicity and hemolytic activity [65]. Thus,
scrutinizing peptide hydrophobicity is crucial to avoid
hemolysis. In Figure 3, we depict the relationship between
the hydrophobicity of several Brevinin peptides and their
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antimicrobial and hemolytic activity [66, 29]. The peptides
share similar net charges and lengths, and their
hydrophobicity values were calculated using HeliQuest.
In Figure 4A, it is shown that peptides with lower
hydrophobicity values exhibit lesser antimicrobial activity,
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with the optimal action observed at 0.75; beyond this point,
increasing hydrophobicity leads to a reduction in activity.
The diminished activity of highly hydrophobic peptides is
attributed to their self-aggregation, preventing them from
passing through the microbial cell wall [63].
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Figure 4. Relationship among hydrophobicity and antimicrobial activity (A) and hemolysis (B) of Brevinin peptides.
The antimicrobial activity was measured in minimal inhibitory concentration (MIC) against Escherichia coli 25922.
The *hemolysis of 50% human red blood cell concentration was considered as HCso. Marked points indicate values

greater than that point (>100pnM).

Hemolytic  activity ~ demonstrates a  direct
proportionality to the hydrophobicity value of Brevinin
peptides (Figure 4B). Given these two phenomena, it is
advisable to design peptides with hydrophobicity that
promotes antimicrobial activity while concurrently
minimizing hemolytic activity.

3.3. Peptide length

The length and amino acid composition of Brevinins
vary, but they all feature a distinctive "Rana Box" at the C-
terminus, where positively charged residues cluster. Kumari
and Nagaraj demonstrated that the disulfide bridge and the
cationic cluster at the C-terminus of Brevinin 1E have no
impact on antimicrobial activity but do affect hemolytic
activity. Peptides lacking a disulfide bridge at the 'Rana Box'
exhibit lower hemolytic activity due to a loss of rigidity [67].
Conversely, the activity of Brevinin-1GHa was diminished

by removing the Rana Box from the C-terminus [68]. This
reduction in activity may be attributed to a decrease in
helicity. The N-terminal end of Brevinin-2GUb contains
active fragments from the first to the nineteenth amino acids.
However, the amino acid composition should offer
sufficient hydrophobicity and net charge for interaction with
the microbial membrane [20]. Despite being a 12-amino-
acid-containing peptide, Brevinin-1OSf exhibits superior
antimicrobial and lower hemolytic activity compared to
Brevinin-10S (24 amino acids) [69]. A C-terminus
truncated peptide, Brevinin-2GK (1-25), demonstrated
higher antibacterial activity than the parent Brevinin-2GK
(33 residues), despite having less hemolytic activity. This
suggests that the N-terminal helical segment of Brevinin-
2GK is the primary cause of membrane rupturing [70].

It is evident that maintaining a balance between a-
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helicity, positive charge, and hydrophobicity, rather than
peptide length, is crucial for effective antibacterial
activity.

3.4. Amphiphilicity

The amphiphilic nature of a peptide is essential for
membrane activity [11]. This characteristic enables the
interaction with lipid heads on the membrane and deep
insertion into the membrane by segregating hydrophobic
residues to one side of the helix.

Analog studies of Brevinin-10S demonstrated a direct

Kamrul Hasan Arnab et al.

antimicrobial and hemolytic activity of peptides [69].
Figure 5 illustrates the linear relationship between the
amphiphilicity index and the activity of four Brevinin-1
analogs (OSc, OSd, OSe, and OSf).

Among these peptides, the one with the lowest
amphiphilicity exhibits the lowest activity (high MIC and
HC50 values). Activity against microbes and red blood
cells increases with the rise in amphiphilicity. Therefore,
selecting a peptide with high antimicrobial activity and

proportionality  between amphiphilicity and the
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s
= 300+
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considerably low hemolytic activity is of utmost
importance.
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Amphiphilicity Index

Figure 5. Relationship between amphiphilicity index and activity of four Brevinin-1 analogs. The amphiphilicity
index is obtained from the Database of Antimicrobial Activity and Structure of Peptides (https://dbaasp.org/home).
The MIC value was measured against Staphylococcus aureus (NCTC 10788), and HCso was considered as the
concentration required for the hemolysis of 50% of horse red blood cells. Marked points indicate values greater than

that point (>512uM for HCso).

3.5. Helicity

Helicity refers to the ability of an antimicrobial peptide
to adopt a helical structure in a specific environment, such
as negatively charged phospholipids in the bacterial cell
membrane. Increased helicity enhances antimicrobial
activity, selectivity, and stabilizes the o-helical structure.
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The combination of a-helicity and hydrophobicity is
heightened by a cationic charge, which, in turn, increases
hemolytic activity compared to antimicrobial activity [71].

While the structural properties of peptide a-helices
may be crucial for bacterial cell death, their content may
not directly correlate with antibacterial efficacy [72]. For
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instance, OSd, due to the formation of a greater amount of
a-helical composition than OSc, exhibits significantly
increased antibacterial activity. Despite a more
pronounced a-helical structure, OSd is less effective in
inhibiting bacterial growth compared to both OSe and OSf,
which have lower helicity [69].

Analog studies of Brevinin-2GUb revealed reduced
ability to generate a secondary structure (a-helix) in the
analogs, resulting in lower activity on both the microbial
surface and red blood cells [68]. A similar outcome was
observed for B1CTcul, where the peptide's binding
affinity to the bacterial membrane and hemolytic activity
were relatively low due to its diminished capacity to adopt
an o-helical structure [73].

4. CONCLUSION
Antimicrobial peptides (AMPS) represent a promising
alternative to traditional antibiotic molecules due to their

remarkable activity against pathogenic  species.
Amphibian skin serves as an excellent source of animal
AMPs, with Brevinin being a well-studied peptide over the
past few decades. The activity of Brevinins can be
modulated by manipulating various structural features.
The net charge exhibits a direct relationship with activity,
while hydrophobicity and a-helicity are predominantly
associated with hemolytic activity. However, designing an
active peptide requires consideration of multiple
parameters. Positive charge, hydrophobicity, a-helicity,
and amphipathicity interact intricately to delineate the
cytolytic actions of Brevinins against both bacteria and
mammalian cells. This study contributes to the design of
novel, functional antimicrobial molecules with potential
therapeutic applications.

Conflict of interest statement: The authors declared
no conflict of interest.

Table S1: Amino acid coding system.

Amino acid name Abbreviation Single !et'ger Structure
abbreviation
(@]
Alanine Ala A HiC OH
NH»
NH 0
Arginine Arg R HoN N/WI)J\OH
H
NH,
0
: (@)
Asparagine Asn N Y%OH
NH2  NH»
0]
L O,
Aspartic acid Asp D OH
OH NHy
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Amino acid name Abbreviation féggg!:gg; Structure
O
Cysteine Cys C HS/‘\‘)J\OH
NH»
o] (@]
Glutamic acid Glu E HOWOH
NH
O o]
Glutamine Gln Q HZNJ\/%OH
NH,
Glycine Gly G HoN
OH
0]
Histidine His H (NNOH
HN | NH,
CH; O
Isoleucine lle | HiC OH
NH,
0
Leucine Leu L HO CHy
NH; CHj
0
Lysine Lys K HQN\/\/\I)LOH
NH>
@)
Methionine Met M ch/s\/\HkOH
NH;
0
Phenylalanine Phe F WOH
NH;
o]
Proline Pro P C#LOH
NH
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Amino acid name Abbreviation Single !etFer Structure
abbreviation
0
Serine Ser S HO/\HLOH
NH;
OH O
Threonine The T HSC)\HJ\OH
NH»
O
Tryptophan Trp w %LOH
HN NH»
o)
Tyrosine Tyr Y /@’AI)LOH
NH;
HO
CH; O
Valine Val \Y HSC)\HJ\OH
NH.
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Native Medicinal Plants (Moringa oleifera Lam, Brucea javanica (L.) Merr.,
Eclipta prostrata (L.), Callisia fragrans (Lindl.) Woodson, and Zingiber zerumbet
(L.) Smith) in An Giang, Vietnam: A Preliminary Investigation for
Rhabdomyosarcoma Treatments using in-vitro RD cell cytotoxicity test
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ABSTRACT

Cancer, one of the deadliest diseases worldwide, is projected to affect 30.2 million people by 2040. Among the
various cancer types, rhabdomyosarcoma (RMS) is a unique tumor primarily impacting the muscular system of
children. The current treatment for RMS has limited efficacy and numerous side effects, emphasizing the need for
novel therapeutic approaches. This study investigates the potential treatment of the RMS cell line RD using extracts
from five folklore-based medicinal plants in An Giang, Vietnam. The plants—Moringa oleifera Lam, Brucea
javanica (L.) Merr., Eclipta prostrata (L.), Callisia fragrans (Lindl.) Woodson, and Zingiber zerumbet (L.) Smith—
were extracted and fractionated using three solvents: ether, ethanol, and water. These fractions underwent
phytochemical screening and cytotoxicity testing on the in-vitro RMS cell line RD. The results indicate that the
ether fraction of Eclipta prostrata (L.) and the ether and ethanol fractions of Zingiber zerumbet (L.) Smith exhibit
moderate cytotoxic effects on RD cell lines, with IC50 values of 37.08 + 1.23 pg/mL, 23.15 + 1.17 pg/mL, and
45.63 + 2.39 pg/mL, respectively. These findings provide preliminary data for further in-depth research into the
anticancer properties of these plants, which are widely grown in the South of Vietnam.

Keywords: rhabdomyosarcoma; Moringa oleifera Lam; Brucea javanica (L.) Merr.; Eclipta prostrata (L.);

Callisia fragrans (Lindl.) Woodson; Zingiber zerumbet (L.) Smith; cytotoxicity; fractionation.

1. INTRODUCTION

According to the 2020 statistics from the Global
Cancer Observatory (GCO), more than 19 million people
worldwide have cancer, with Asia accounting for 49.3%,
or about 9.5 million people!. Predictably, by 2040, the
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number of people with cancer is expected to reach 30.2
million. Currently, cancer ranks as the second leading
cause of death worldwide, significantly impacting both the
mental and physical lives of patients>®. Among the more
than 100 types of cancers, rhabdomyosarcoma (RMS)
stands out as a special and rare tumor, primarily affecting
the muscular system of children, especially the skeletal
(voluntary) muscles*. Most cases of RMS are diagnosed in
children aged <6, with risk factors and etiology remaining
unknown. RMS is often sporadic, associated with familial
syndromes, and can be categorized into different types:
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embryonal RMS (~60%), alveolar (~20%), pleomorphic
(~10%), and spindle/sclerosing (~10%)*. This disease has
been reported as the 3rd most common cancer and the most
common soft tissue sarcoma in children®. Moreover, it can
metastasize and develop into common cancers such as
uterine cancer, stomach cancer, colon cancer, lymphoma,
and limb cancer®. The current treatments for RMS,
including surgery, radiation therapy, and chemotherapy
(vincristine, actinomycin D, and
cyclophosphamide/ifosfamide), yield poor and inadequate
outcomes, especially in patients with metastatic and/or
recurrent RMS”8, For instance, the long-term event-free
survival in metastatic RMS patients is <20%%%°. Last but
not least, these treatments often result in numerous side
effects such as fatigue, hair loss, nausea/vomiting, and
diarrhea'’. Therefore, it is crucial and urgent to search for
novel treatments that offer better oncological outcomes
with long-term safety for RMS patients.

To this end, a potential source for finding novel RMS
chemotherapeutic treatments is the medicinal/herbal plants
that grow wildly or are cultivated across ASEAN
countries. Specifically, in Vietnam, a country with a rich
source of medicinal plants, with over 7,000 described
species, of which 3,830 species possess therapeutic
properties!?. In fact, in most Vietnamese hospitals,
medicinal plants have been comprehensively utilized in
complement with modern medicine, with over 700 official
medical products containing herbal ingredients'®!4, In the
Mekong Delta, a green area in the South of Vietnam,
nearly 1,000 medicinal plant species have been exploited,
with 500-700 species originating from the forests in
provinces with mountainous terrain, such as An Giang. An
Giang, a frontier province bordered with Cambodia, is
famous for its extremely diverse and rich vegetation,
harboring numerous precious medicinal herbs'>®. Among
them, five particular plants have gained much interest,
namely moringa (Moringa oleifera Lam, Moringaceae,
Chum Ngay [Vietnamese], MO), Macassar kernels
(Brucea javanica (L.) Merr., Simaroubaceae, Xoan rung

Duyen Thi My Huynh et al.

[Vietnamese], BJ), ink plant (Eclipta prostrata (L.),
Asteraceae, Co muc [Vietnamese], EP), basket plant
(Callisia fragrans (Lindl.) Woodson, Commelinaceae,
Luoc vang [Vietnamese], CF), and shampoo ginger
(Zingiber zerumbet (L.) Smith, Zingiberaceae, Gung gio
[Vietnamese], ZZ), due to their well-known
ethnopharmacology (i.e., folk remedies) in supporting
cancer treatments’’2%. In the literature, these medicinal
plants have been widely reported for their diverse
pharmacological effects, including anti-inflammation,
anti-malarial, antibacterial, anti-diabetic, and anti-
oxidant!®21-24 Nevertheless, limited information on the
chemotherapeutic properties of these plants has been
published, especially for RMS treatment.

Therefore, this study, for the first time, investigated the
ability of these five plants to treat RMS in in-vitro cell
culture settings. Prior to the cytotoxicity tests, the plants
were extracted, and their phytochemical compositions
were determined accordingly. We hypothesized that the
plants would possess potential action on RMS,
significantly contributing to the literature on novel
ethnopharmacological medicinal plants in An Giang,
Vietnam.

2. MATERIALS AND METHODS

2.1. Materials

The samples of MO leaves, BJ seeds, EP leaves, ZZ
roots, and CF leaves were collected in Tinh Bien district,
An Giang province, Vietnam, in February 2021. The plants
were identified by a botanical specialist with specialized
botanical documents provided by the An Giang Forest
Protection Department. Voucher specimens (CTUMP-
111, CTUMP-112, CTUMP-113, CTUMP-114, and
CTUMP-115 for MO, BJ, EP, ZZ, and CF, respectively)
were kept at the Faculty of Pharmacy, Can Tho University
of Medicine and Pharmacy. The collected plants were
dried, ground, and sieved to appropriate sizes. The RD cell
line (ATCC CCL-136™) was imported from ATCC.

Chemicals for determining plant compositions (i.e.,
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diethyl ether, ethanol, and acetic acid) were imported from
Xilong, China; 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), fetal calf serum
(FCS), Eagle's minimum essential medium (EMEM),
penicillin-streptomycin (Pen-Strep), trypan blue, trypsin-
EDTA, L-glutamine, and dimethyl sulfoxide (DMSO) were
bought from Sigma-Aldrich, Singapore. The positive
control Anzatax® (paclitaxel 30 mg/5 mL) was purchased
from Merck, Australia. All other chemicals were of reagent
grade or higher.

2.2. Plant extraction

Fresh samples of MO leaves, BJ seeds, EP leaves, ZZ
roots, and CF leaves, after being harvested, were washed,
sliced, dried at ambient temperature, and finely ground to

appropriate sizes. The plant powders with a moisture
content of <13% were then extracted and fractionated with
three solvents of different polarity, including diethyl ether,
water, and ethanol, following the process demonstrated in
Figure 1. Briefly, 100 g of the plant powders were
macerated with 1200 mL of ether (plant:solvent ratio of
1:12 w/v) for 24 h. The product was divided into two parts:
the solution and the plant residues. The solution was
condensed with a rotavapor until the moisture content
reached <20%, and then used to determine phytochemical
compositions and investigate cytotoxicity on cancer cells.
The residues were further fractionated with ethanol and
water and then divided into two fractions similar to the
ether solvent.

Plant powder (100 g)

l

Ether fraction

Diethyl ether

\

Plant residue

Ethanol fraction

Ethanol

A4

Plant residue

i

Water fraction

Water

A\ 4

Plant residue

Figure 1. Plant fractionation procedure of 05 selected medicinal plants, including Moringa oleifera Lam (MO)
leaves, Brucea javanica (L.) Merr. (BJ) seeds, Eclipta prostrata (L.) (EP) leaves, Callisia fragrans (Lindl.) Woodson
(CF) leaves, and Zingiber zerumbet (L.) Smith (ZZ) roots
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2.3. Phytochemical determination ethanol, and water) were determined following standard
The chemical constituents, in terms of the main procedures described in Figure 2. Each test was repeated
compound groups, of the plant fractions (i.e., ether, in triplicate to confirm the results.

S A L B B E A

.., -Evaporate - Evaporate - React - React with - React with - Evaporate - Evaporate - Dilute in
- Extract with . o - React
idic water solvent . s@vent, re- with hot HCI 10/0. FeCls . sc.leent. - h SQIX’ent. re- ethanol or
ﬁ‘; ith - React with  dissolvein  HCl 10% - React with - React with dissolve in Na»CO dissolve in acetone
].Dr:::;;l:ffs Raymond-  ethanol 25% in10min KOH 10%  gelatin/NaCl ethzlmol 25% 3 ethanol 25%
reaguent Marthoud - Conduct - Dilute in - Re?":t with
= reagent cyanidin water, shake Fehling reagen
reaction
- Dark green
o - Red color color in FeCls Stable Air Brick-red White
Precipitation ~ Purple color ~ Red color ~ Red color  j, HCl - White foam in bubbles  precinitation  precipitation

- Blue color precipitationin  >15 min
in KOH gelatin/NaCl

I T T

-«
-«—
-—

-«

l

Proanthocyanidin | «—
Polyuronide

Alkaloid
Cardiac glycoside

Flavonoid

Anthoeyanidin
Tannin
Saponin
Organic acid

Redox compound

Figure 2. Phytochemical determinations procedures of the fractions (ether, ethanol, and water fractions) of 05
medicinal plants, Moringa oleifera Lam, Brucea javanica (L.) Merr., Eclipta prostrata (L.), Callisia fragrans (Lindl.)
Woodson, and Zingiber zerumbet (L.) Smith.
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