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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 Pharmaco Economics, 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.
JIPS 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

We all hope that this year would be the end of the pandemic, so life will start
again. We started -although slowly- getting back to normal life. Teaching and
meetings are again face to face, and researchers are again working together. Jordan
Journal of pharmaceutical Sciences (JJPS) is not an exception; our editorial team
enjoyed face to face discussions, selecting reviewers and taking decisions related
to research works after those hard times working completely online before. JIPS
continues to publish the 4 issues of (JJPS) on regular times: one issue every quarter
with 10 accepted articles per issue. Despite the enthusiasm, ambition and optimistic
teamwork of the editorial team, challenges are still being faced; particularly waiting
time from submission till sending a decision to the researcher. One of the main obstacles that causes the
delay is the electronic system of submission, tracing and evaluation, as most researchers, reviewers and
editorial members are suffering from the current user-unfriendly system. Meetings of the Jordanian
journals’ Editors-in-chief with the administrative and technical people in the Deanship of Scientific
Research led to a promise for introducing a completely new electronic system that will make life much
easier for researchers, reviewers, editorial board members and even the editorial working team. The
latter just finished its trial version with good feedback so far. JJPS people are looking forward to having
this new faster system implemented soon hoping that the second issue for 2022 will be fully and easily
practiced by all .

JJPS teams started already to classify reviewers according to their time of response to the reviewing
process, working with (A) class reviewers would decrease times for researchers who submitted their
work to the JJPS waiting for the feedback. In general, we have distinguished colleagues from more than
30 universities in Jordan representing all scientific pharmaceutical domains and with a diversified
experience: recent comers from well-known high ranking world universities as well as wise experienced
current available scientists .

The University of Jordan recently agreed its new financial budget for 2022; the good news is that the
scientific research budget allocated this year is double than the previous year. Which hopefully would
reflect on the quality of the research performed and subsequently published for the academicians in the
region.

Prof Ibrahim Alabbadi
Editor-in-Chief
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Editorial Commentary
Publishing Strategy: A Career Development

In every job the individual performs, whether small or big, a strategy or a framework
that directs the overall goal should be implemented. For academics, publishing
manuscripts is one of the most important aspects of their work, and therefore, the
publishing strategy should be an essential part of their 3-5 years short-term plan. In such
a strategy, several elements should be considered.

The first element/question is, what aspects or disciplines should the research project
be? Should it be on scientific passion, knowledge gained while studying, or something
read about and clicked to an observation? A publishing strategy helps plan the research -
project and outcomes when a research project is available. These outcomes will be one or two, or even three,
"short stories," and each of these short stories will be a publishable manuscript in a peer-reviewed journal. In this
context, a short story reflects several sets of experiments that answer few questions to reach a short story. Of
course, each short story needs a follow-up from the same project or a continuation project. For instance, if a
pharmaceutical researcher read or observed that consuming particular food or drink, or natural product, may
increase the pharmacodynamic of drug x. The latter opens an idea to the researcher for investigation. For instance,
the investigator should think of performing in vivo testing in an animal model to investigate the pharmacokinetic
interaction and pharmacodynamic effect of the drink on drug X, followed by a set of in vitro experiments
establishing the possible mechanisms of that effect. Besides the number of "short stories," the publishing strategy
will also outline the time estimates for writing and publishing each manuscript.

The second element in publishing strategy is that while writing a "short story," the investigator thinks and searches
for the best targeted journal(s). Nowadays, there are many scientific journals, and researchers should be aware of the
journal selection. In this regard, the journal's scope, indexing, ranking, impact factor, and rejection rate are the most
critical points that need the researcher's attention, followed by peer-reviewing time, charges for publication, and open
access options. Based on the above criteria, the researcher should prioritize his journal selection and work, accordingly.
Another critical point is the awareness of the institution's requirements for journal selection. Many predatory or
fraudulent journals claim to be scholarly journals, which the researchers should be aware of. Therefore, searching the
journal/publisher's website and looking for legitimate/predatory clues are essential before selecting a journal.

The third element in publishing strategy is the type of projects that build the researcher's career path. This is
an essential aspect of the publishing strategy that enables the researcher to focus on few research disciplines
within areas of expertise. The published manuscripts are the academic currency of career development. It is not
uncommon for researchers to switch their research focus during their career path. However, focusing on the "short
stories" on each project is always recommended, whereby each series of short stories determines the research
focus.

The publishing strategy directs the researcher's overall goal and sets the career development path. Thus, every
young researcher must have a publishing strategy to set their career development. Herein, the Jordan Journal of
Pharmaceutical Sciences editorial board encourages investigators to place the journal in their publishing strategy
and to be part of their career development.

Prof. Khalid Matalka
Matalka’s Scientific Writing,
Burlington, MA, 01803
United States of America
Matalkascientific@gmail.com
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The Effect of Black Garlic Extract on Levels of IL-6, TGF-, TNF-a, IL-10,
Vaginal pH, Bacterial Colonies in Pregnant Rats Aerobic Vaginitis Model

Tri Ratna Juital”, Rezha Alivia Hildayantit, Sri Wahyuni!, Kusworini Handono?, Yahya Irwanto?®,
Bambang Raharjo®, Rahajeng Rahajeng?®, Tita Septi Handayani*

!Master Program in Midwifery, Faculty of Medicine, Brawijaya University, Malang, Indonesia.
’Department of Clinical Pathology, Faculty of Medicine, Brawijaya University, Malang, Indonesia.
3Department of Obstetrics and Gynecology, Faculty of Medicine, Brawijaya University, Malang, Indonesia.
“Department of Nursing, Faculty of Health Science, Dehasen University, Bengkulu, Indonesia.

ABSTRACT

The purpose of this study is to prove the effect of black garlic in various doses on the levels of TNF-a, IL-10,
TGF-B, IL-6, acidity (pH) of vaginal fluid, and the amount of bacterial colonization in pregnant rats (Rattus
norvegicus) aerobic vaginitis model. Garlic 750 grams was heated in a magic com at 70°C for 14 days, extracted
by maceration method, and 3.072mL of methanol as solvent. Aerobic vaginitis model using a probe with different
doses for each group respectively; 100, 120, 160 mg/mL (Body Weight). The results showed a significant effect
on decreasing TNF-a levels, (r= -0.717 with sig/p= 0 0.02 < 0.05), IL-6 (decreased levels of IL-6 = 64.2% for P2
group), and a negative relationship with IL-10 (r=-0.527 with sig/ p = 0.036 < 0.05) and decreasing pH values (r
=-0.797 sig/p = 0.00 < 0.05). The increase in TGF-f levels and the decrease in the number of colonies were not
significant (increase in TGF-p levels = 64.2% and r = 0.295 sig/p = 0.268 > 0.05). Black garlic extract was able to
reduce the pH (increase acidity) of vaginal fluids. Black garlic has an immunomodulatory activity that can

significantly reduce levels of TNF-o and IL-6.

Keywords: Levels of TNF-a, IL-10, TGF-f, IL-6, pH, colony, Aerobic Vaginitis.

Introduction

Reproductive tract infections, including sexually
transmitted infections, are still a public health problem in
developing countries, including Indonesia [1]. AV is a
recently proposed term for female reproductive tract
infections [2]. The prevalence of AV ranges between 7 and
12%, while AV in pregnancy shows a rate of 4-8%. AV
can also be associated with dyspareunia, sexually
transmitted infections (such as HPV, HIV, trichomonas
vaginalis and chlamydia trachomatis), chorioamnionitis,
fetal infection, premature birth, and cervical dysplasia. [3]

*Corresponding author: Tri Ratna Juita
juitatriratna@gmai.com

Received: 13/7/2021  Accepted: 14/2/2022.
DOI: https://doi.org/10.35516/jjps.v15i4.669

Aerobic bacteria are frequently found in patients with
AV, including group B Streptococci (GBS), S. aureus, E.
Coli and Enterococci. The pathogenesis of AV may be
related to an imbalance of local immune modulation, lack of
estrogen and excessive colonization of enteric bacteria [4].
AV has several characteristics such as a reduced number of
colonies or even absence of Lactobacillus colonies, foul
vaginal odor, and increased pH, vagina of women with AV
often appears red and edematous, and may even show minor
erosions or ulcerations. While the vaginal fluid in patients
with AV is yellow to green and a bit thick and slimy [3].

AV is characterized by an abnormal vaginal microflora
accompanied by an increased local inflammatory reaction and
immune response. Changes that occur from normal vaginal
flora to pathogenic bacteria will activate the local immune
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The Effect of Black ...

system as reflected in increased levels of cytokines produced
by monocytes or macrophages and lymphocytes. [5]. The
release of proinflammatory cytokines such as IL-8, IL-6, (IL)-
1B, and TNF-a usually occurs after initial exposure to
bacterial products. TNF-a is usually found in low and non-
elevated levels in the lower genital tract of women with
normal vaginal flora[5]. Given the increased local production
of IL-8, IL-6, (IL)-1pB, and TNF-o associated with AV during
pregnancy, it is not surprising that AV is associated with an
increased risk of preterm delivery, chorioamnionitis and
funicitis in the fetus. [6]

Herbal therapy is one of the issues of alternative
medicine that is growing very rapidly in society [7].
Indonesia is a country that has a variety of herbal plants
that are rich in antioxidants, antibacterial and anti-
inflammatory, one of which is widely used is garlic. The
effectiveness of fresh garlic (Allium sativum linn) acts as
an antioxidant and anti-inflammatory [8] Garlic can be
processed through fermentation which will then produce
black garlic or black garlic. Black garlic is known as a
fermented product of garlic that is heated at a certain
temperature with a humidity of 70-80% from room
temperature within one month. [9] Black garlic products
have a high content of polysaccharides, protein, phenolic
compounds, sulfur compounds and low sugar content. The
number of polyphenols in black garlic increased six-fold
with each peel. In addition, the total polyphenols and the
number of flavonoids in black garlic are known to increase
significantly during the heating process [10]. Black garlic
has stronger antibacterial properties and 2 times higher
antioxidants than ordinary garlic because it contains SAC
[11]. The discovery of antibacterial compounds that are
higher than garlic is expected to be more effective in
overcoming pathogenic bacteria that can cause disease.
Black garlic also has anti-inflammatory properties that can
inhibit  inflammation,  especially by inhibiting
inflammatory mediators, such as NO (Nitric Oxide), TNF-
A, and IL-1. In addition, black garlic can function as an
immunomodulator and regulate the expression of IL-6, IL-

Tri Ratna Juita, et al.,

10, and TNF-Aa. [12]. Other studies have also suggested
black garlic as the main agent for the treatment of
inflammation and infectious diseases [13]. Based on this
background, the researcher views the need for research to
determine the effect of giving black garlic on levels of
TNF-A, IL-10, TGF-B, IL-6, the degree of acidity (pH) of
vaginal fluids, and the amount of bacterial colonization. in
pregnant rats (Rattus norvegicus) a model of aerobic
vaginitis.

Research purposes

The study aims to prove the effect of giving black
garlic in various doses on levels of TNF-a, IL-10, TGF-p,
IL-6, the degree of acidity (pH) of vaginal fluids and the
amount of bacterial colonization in pregnant rats (Rattus
norvegicus) aerobic vaginitis model.

Research question

Can the administration of black garlic extract (Black
Garlic) affect the levels of TNF- a, IL-10, TGF-f, IL-6, the
degree of acidity (pH) of vaginal fluid, and the amount of
bacterial colonization in pregnant rats (Rattus norvegicus)
aerobic vaginitis model?

Methods

Experimental Animals

Rattus Norvegicus pregnant female aged more than 14
weeks with a body weight of 150-200 grams and has never
been given any treatment. The maintenance, treatment and
surgical procedures of animals are carried out strictly in
accordance with the Guidelines for the Use of Laboratory
Animals. The research was conducted after obtaining
ethical approval from the Ethics Committee of Universitas
Brawijaya Malang. Duplicate experiments were used.

Taking Care of Experimental Animal

Acclimatization of experimental animals to the new
environment was carried out for 7 days with constant
conditions of water, cage, food, and room temperature
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(27°C-28°C). During the treatment, the rats were placed in
a plastic cage (35 x 28 x 12 cm) containing 0.5-1 cm thick
rice husks and the husk pad was replaced every three days.
The cages were covered with netted wire and each cage
was occupied by 3 rats. Rats were fed in the form of
commercial pallets, given water which was placed in
special bottles ad libitum and provided every day.

Pregnant Rat Model Aerobic Vaginitis

Day 1 pregnant rats were injected with dexamethasone
sodium phosphate (5 mg/ml) 0.2 mg/rat was injected
intraperitoneally into rats three times/day (1st to 3rd day of
gestation). Inoculation using Staphylococcus aureus
bacteria stock strain from the Laboratory of Microbiology,
Faculty of Medicine, Universitas Brawijaya Malang,
Indonesia which has been cultured, concentrated, and
diluted with Brain Heart Infusion (BHI) to a concentration
of 2x10° CFUs/ml with a given dose of 0.8 ml/rat. Mice
were inoculated intravaginally using a soft plastic tube
(infusion tube) 0.4 ml long connected to a 1cc syringe pre-
filled with bacteria and the inoculation was repeated three
times every two days in pregnant rats (4th day of gestation,
to -6 and 8). On the ninth and tenth days, vaginal swabs
were taken for diagnostic examination, namely the degree
of acidity (pH) of vaginal fluid, the number of bacterial
colonization, the percentage of leukocyte cells and the
percentage of parabasal cells. This method of making AV
model mice was adopted from research conducted [14].

AV diagnosis

1. The degree of acidity (pH) of the vagina using
indicator pH.

2. Percentage of leukocytes and parabasal cells with
gram stain

Vaginal swabs of rats using a cotton swab were rubbed
onto the object glass and gram staining was performed.
Crystal violet (2%), Lugol program, Alcohol (95%),
Safranin (0.25%). Leukocytes and parabasal cells viewed
using a microscope (400x magnification).
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3. Number of Bacterial Colonies

Vaginal swabs rats with sterile liquid amies were
cultured on media Mannitol Salt Agar (MSA) was
incubated for 24 hours at 37°C for bacterial culture
Staphylococcus aureus and the number of colonies was
counted using the Colony counter.

Producing the Extraction

Black Garlic is processed from garlic (Allium sativum)
which is produced by a home industry in Malang, East
Java, Indonesia. Garlic 750 grams heated in magic com at
70°C for 14 days. Extraction is carried out in carried out at
UPT Laboratory of Herbal Materia Medica, Batu,
Indonesia by maceration method and the solvent is
methanol 3.072 mL, evaporation time is 2 hours to obtain
black garlic extract with a weight of 197 grams. The
extraction results were analyzed qualitatively to identify
the active compound content.

Giving Black Garlic Methanol Extract

The methanol extract of black garlic was diluted using
aqua dest with a dose according to the treatment group.
Giving black onion extract is given 1 time per day for 8
days to pregnant rats on 11th, 12th, 13th, 14th, 15th, 16th,
17th, and 18th days parentally (orally) using a probe with
different doses for each group, namely 100 mg/mL (P1),
120 mg/mL (P2), 160 mg/mL (P3).

Measurement Analysis of TNF-a, IL-10, TGF-g, IL-6.
levels

TNF- a and IL-10. levels measured from cardiac blood
serum, and levels of IL-6 and TGF-B measured from
cardiac blood plasma with the Enzyme-Linked
Immunoabsorbent Assay (ELISA) kit, according to the
manufacturer's instructions.

Data Analysis
For statistical analysis calculations were carried out
with SPSS 20.0 for Windows software. Several tests were
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used; Shapiro-Wilk Test, Levene Test, One -Way
ANOVA with a statistical significance p-value of < 0.05.

Results

1.1 Parabasal Cells and Leukocytes

The presence of leukocytes and parabasal cells in AV
is more than 10 leukocytes surrounding the epithelial cells,
and more than 10% are parabasal cells.

Figure 1.1 Observation of leukocytes and parabasal
cells using gram staining and viewed under a
microscope with a magnification of 40x/400 times
magnification on day 10. Yellow arrows are
leukocytes and red arrows are parabasal cells.

1.2 TNF-o levels

Figure 1.2 shows a diagram of the average TNF-a
levels of the five sample groups. The most decrease in
TNF- o levels occurred in the P2 treatment group
(120mg/mL black garlic dose). There seemed to be a
decrease in TNF-A levels in all treatment groups compared
to positive controls and the data analysis also showed that
the mean decrease in TNF-o levels was significantly
different (p=0.02<0=0.05).

From the correlation test, it was found that r = -0.717
with sig/p = 0.02 <0.05, meaning that there was an effect
of black garlic on the decrease in TNF-a levels.

A regression test was conducted to measure the effect
of black garlic. From this test, it was obtained that r= -
0.717 with sig (p= 0.02 < 0.05), meaning that there was an
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effect of black garlic on the decrease in TNF-a, levels.
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Figure 1.2 Mean Levels of TNF-a,

1.3 IL-6 Levels

Based on the results of the average IL-6 levels of all
observations, the picture shown in the histogram in Figure 1.3
is obtained. The positive control group had the highest mean
IL-6 level, which was 496,122 + 148,162 pg/mL, while the
P3 group had the lowest average of 177,619 + 30,161 pg/mL.
When compared to the three treatments given black garlic
methanol extract at various doses for 8 days, the P1 group had
the highest mean IL-6 level, while the P2 group had the lowest
mean IL-6 level, which had a 64.2% decrease percentage
from the positive control group.
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Figure 1.3 Average Levels of IL-6
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1.4 1L-10 Levels

Figure 1.4 shows a diagram of the mean levels of IL-
10 thein negative control, positive control (rats inoculated
with s. aureus), 3 groups of mice inoculated with s. areus,
administration of L. reuteri and administration of black
garlic extract decreased IL-10 levels the most in the P3
treatment group (160 mg/mL black garlic dose) and the
most decrease in I1L-10 levels occurred in the P2 treatment
group (black garlic dose 120 mg/mL). There was a
decrease in the mean levels of IL-10 in all treatment groups
compared to the positive control, but the decrease in the
mean levels of IL-10 was not significantly different
p=0.119. In the statistical test, the results obtained r = -
0.527 with sig/p = 0.036 <0.05, meaning that there was an
effect of black garlic on the decrease in IL-10 levels. In
statistical tests there appears to be a significant negative
relationship.
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Figure 1.4 Average Levels of IL-10

1.5 TGF-p levels

Based on the results of the average TGF-p levels of all
observations, the picture is obtained as shown in the
histogram of Figure 1.5. The negative control group had
the highest mean TGF-B level of 18,878 + 3,075 ng/L
while the P1 group had the lowest average of 14,234 +
1,595 ng/L. When compared to the three treatments given
black garlic methanol extract at various doses for 8 days,
the P3 group (160 mg kg BWW/day) had the highest mean
TGF-B level, while the P1 group (100 mg kg BWW/day)
had the lowest mean TGF level -p.
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Figure 1.5 Average TGF-p Levels

1.6 The degree of acidity (pH) of vaginal fluid

The diagram below shows the highest pH of vaginal
fluid (lowest acidity) was found in the positive control
group and the lowest pH was found in the negative control
group. There was a decrease in the pH of the vaginal fluid
(increased acidity) in all treatment groups.

The most decrease in the acidity of the pH of the
vaginal fluid was in the P3 group, namely the
administration of black garlic extract at a dose of 160
mg/mL. From the correlation, it was found that r=-797
sig=0.00 (p< 0.05), which means that there is a significant
relationship between the decrease in the pH of the vaginal
fluid. Thus, there is an effect of giving black garlic extract
on increasing the acidity (decreasing pH) of vaginal fluid
in pregnant rats with the AV model.
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Figure 1.6 Diagram of the Average Degree of
Acidity (pH) of Vaginal Fluid
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1.7 Number of Bacterial Colonies

The picture below shows a comparison of bacterial
colonies. In Figure 1.7, it can be seen that the largest
number of colonies decreased in the black garlic group at
a dose of 160 mg/mL. Staphylococcus aureus bacteria
showed golden yellow colony growth surrounded by
yellow zones due to mannitol fermentation. K- (negative
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control group), K+ positive control (inoculation of
Staphlococcus aureus), P1 (inoculation of Staphlococcus
aureus and black garlic at a dose of 100 mg/mL), P2
(inoculation of Staphlococcus aureus and black garlic at a
dose of 120 mg/mL). P3 (inoculation of Staphlococcus
aureus and black garlic at a dose of 160 mg/mL).

Figure 1.7 On Mannitol Salt Agar (MSA) media

1.8 Comparison of Analysis Tests on the Number of
Pregnant Mice Colonies with Aerobic Vaginitis Model

Figure 1.8 shows that the highest number of bacterial
colonies was found in the positive control group and the
lowest number of bacterial colonies was found in the
negative control group. There was a decrease in the
number of colonies in all treatment groups. The decrease
in the number of bacterial colonies was greatest in the
group given L. reuteri and of the three doses of black garlic

200 169.25

The Number of Bacterial
Colonies

that could reduce the number of colonies the most was a
dose of 160 mg/mL.

Based on the correlation test, it was found that r = 0.295
sig = 0.268 (p> 0.05), which means that there is no
significant relationship to the decrease in the number of
bacterial colonies. Thus, there was no effect of black garlic
on decreasing the number of bacterial colonies in pregnant
rats with the AV model.
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Figure 1.8 Diagram of the Average Number of Colonies
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Discussion

Effect of Black Garlic Extract on TNF-a Levels

Figure 1.2 shows a decrease in TNF- levels in the
treatment group. If we look in more detail, a decrease in
TNF-a levels is seen in the treatment group with the
second dose of black garlic 120mg/mL. This indicated that
there was a decrease in TNF-a levels in all treated groups
compared to the positive control group and the data
analysis also showed that the mean decrease in TNF-a
levels was significantly different (p-value = 0.002 < 0.05).
Based on the explanation above, if TNF-a levels decrease,
it is possible that unwanted pregnancy outcomes such as
miscarriage and PROM can be avoided. This opinion is
strengthened in the research of Reig et al., (2017) [15]
which explains that TNF-a is a proinflammatory Thl
cytokine that plays a major role in inflammatory
mechanisms, regulating implantation, placentation, and
ultimately in pregnancy outcome.

The effect of black garlic on reducing TNF-a levels
was strengthened in research [13] which states that
Extracts from black garlic have been shown to prevent the
production of nitric oxide (NO) and proinflammatory
cytokines, including TNF-a and PGE2. Another opinion
suggested that the activity of black garlic to improve the
immune system was tested by measuring the increase in
natural Killer (NK) cells, cytokines IFN-,, TNF-a, and IL-
2. Black garlic extract acts first on T lymphocytes and to
activaacrophage cells and release cyines. These activated
cells will increase the activity of NK cells to attack
abnormal cells [9]. In this study, it was shown that
pregnant rats model AV (inoculated with S. aureus
bacteria) decreased TNF-a levels, thus indicating the effect
of black garlic extract on TNF-a levels.

Effect of Black Garlic Extract on IL-6 Levels

The results showed that the mean levels of IL-6 were
increased in the AV model pregnant rats compared to the
healthy pregnant rats. IL-6 is a pro-inflammatory cytokine,
it will cause a reaction from the immune system, namely
infection if its levels increase. Increased levels of IL-6
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activate the transcription factor NF-B through IKK.
Activated NF-B then translocated to the nucleus resulting
in a transcription process, this led to an increase in the
proinflammatory cytokine IL-6. As a result, infections are
increasing.

The research of Chenghui Xie et al. (2011) [16]
flavonoids are potent anti-inflammatory agents, which
effectively inhibit the expression of the proinflammatory
cytokines TNF-o and IL-6 at very low micromole levels
by inhibiting NF-B activation and p38 and JNK
phosphorylation in macrophages. And in the research of
Kim et al. (2009) [17] stated that the active compound,
namely tannins, was able to inhibit the inflammatory
reaction induced by LPS by inhibiting the activation of
NF-«kB.

In this study, giving methanol extract of black garlic to
pregnant rats AV model decreased the mean levels of IL-6
with the three treatment groups, namely P1 (100), P2 (120)
and P3 (160), when compared to KP. Researchers suspect
that flavonoid compounds and tannins can inhibit the
activation of NF-xB. Thus, the IL-6 transcription process
does not occur so the IL-6 levecrease.

Effect of Black Garlic Extract on Levels of IL-10

Based on the mean value of the data in Figure 1.4,
serum IL-10 levels in the positive control group were
higher than the average serum IL-10 levels in all treatment
groups. In this study, pregnant rats with AV model had
higher mean levels of IL-10 than healthy rats. In previous
studies on AV, no one has reported on IL-10 levels and
reports on IL-10 levels in AV model animals are still very
limited. Previous studies were concerned with measuring
IL-10 levels in bacterial vaginitis. Based on Faure's
research (2016) [18] showed that in pregnant women with
BV without adverse pregnancy outcomes associated with
a vaginal immune response consisting of increased
expression of IL-22, IL-8, and IL-10. In contrast, BV with
adverse pregnancy outcomes was associated with
decreased IL-10, IL 22 and IL-8 compared with healthy
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controls. 1L-10 is thought to function as a controller of the
inflammatory process [19].

This study showed that black garlic had an
effectaffected10 levels. In statistical tests, it appears that
there is a significant negative relationship, where the larger
the dose, the tendency for I1L-10 levels to decrease. Based
on previous research, there has been no study that has
clearly described the relationship between black garlic and
IL-10 levels, but black garlic can function as an
immunomodulator and regulate the expression of TNF-
Aa, IFN-y IL-6, and IL-10. [12].

Effect of Black Garlic Extract on TGF—f§ Levels

The average results in Figure 1.5 of this study indicate
that TGF- levels have decreased in the group of infected
mice compared with healthy mice. The decrease in TGF-$
levels in the positive control group in this study indicated
that TGF-B as an anti-inflammatory cytokine. This is
thought to occur because the levels of proinflammatory
cytokines, especially IL-6, have decreased so it becomes a
marker for the start of the inflammatory process.

TGF-B is also considered to have a role as an
immunosuppressant. TGF-B activation is able to in can
production of IL-2 and IFN-y. Through this inhibition,
TGF-B functions in controlling the immune response and
inflammation [20]. TGF-p as a controllis of the immune
system by activating Treg cells. Treg cells will regulate the
activation of Thl and Th2 cells so that their activities are
balanced. Thl plays a role in activating IFN-y and IL-2
which increases macrophage activation for phagocytosis,
while Th2 induces IL-4 and IL-10 activation which
functions to inhibit IFN-y synthesis so that inflammation
does not continue to occur.

Researchers also suspect that this happens because
black garlic is only heated for 14 days with the active
compounds produced only flavonoids and tannins in small
quantities so that it has antioxidant activity that is not too
strong. The absence of other active compounds such as
saponins is also thought to have not been maximized by
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methanol extract in increasing TGF-B levels. While in
research Eva A et al. (2020) [21] said, the optimal heating
time for making black garlic is 35 days which contains
large amounts of flavonoids, tannins, and saponins.

Effect of Black Garlic Extract on the degree of
acidity (pH) of vaginal fluids

Data on the degree of acidity (pH) of vaginal fluids
were obtained using rats. From the results, it can be said
that there was an increase in the degree of acidity (pH) of
vaginal fluid in the positive control group when compared
to the negative control group. This indicates that the
treatment of mice inoculated with S. aureus bacteria will
show a significant increase in the degree of acidity (pH) of
vaginal fluids (p= 0.00 < =0.05). This proves the opinion
of Donders et al., (2017) [3] that clinical signs and
symptoms in AV patients are an increase in vaginal pH >
4.5, inflammation of the vagina, itching or burning
sensation, dyspareunia, fluid retention. The most decrease
in the acidity level of vaginal fluid is in the P2 group,
namely the administration of black garlic extract at a dose
of 120 mg/day. mL.

The administration of black garlic extract according to
the results of this study was able to reduce the degree of
acidity of the vaginal fluid. This is presumably due to the
content contained in black garlic extract, namely
flavonoids, saponins, and tannins. This chemical has an
antibacterial effect. In this study, the researchers
conducted a phytochemical test of the content of black
garlic using methanol as a solvent and the results showed
that there were flavonoidwereannin and terpenoid
compounds in black garlic. This is reinforced by research
by Saeful Amin (2015) [22] Black garlic extract contains
flavonoid and saponin compounds. This is in line with the
opinion of Rahmawati (2012) [23] that garlic also contains
essential oils (terpenoids), which have antibacterial and
antiseptic properties. A decrease in the number of bacterial
colonies in the treatment group inoculated with S. aureus
bacteria will affect the acidity of the vaginal fluid because
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the presence of S. aureus bacteria will affect the balance of
the acidity (pH) of the vaginal fluid. This is evidenced by
AV which is associated with an increase in vaginal pH (>
4.5), a decrease in the number of Lactobacillus present in
the vagina, and an overgrowth of pathogenic bacteria such
as E. coli, Group B Streptococcus (GBS), S. aureus, and
Enterococci [3].

In this study, it was found that there was a decrease in
vaginal pH which indicated that there was an effect of
black garlic extract on vaginal pH.

Effect of Black Garlic Extract on the Number of
Bacterial Colonies

In this study there was a tendency to increase the dose
and decrease the number of colonies but the statistical test
was not significant. Researchers suspect this could happen
because the dose given is still lacking. In another study, it
was stated that the content of black garlic which contains
the compound allicin is hydrophobic so that it can pass
through cell membranes which can then react directly with
bacterial cells. However, the mechanism of changes in
bacterial metabolism after allicin exposure has not been
described in detail. According to Cavallito's hypothesis,
allicin can attack cysteine residues in long-chain amino
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ABSTRACT

This study evaluates the pharmacological activity of the methanolic extract of Cissus elongata Roxb. leaves. Dried
leaves of C. elongata were extracted with methanol. The crude extract was then tested to identify the presence of
different phytoconstituents. To evaluate the pharmacological effects of this plant- analgesic, anti-diarrheal, anti-
inflammatory and antipyretic, tests were conducted using animal models. Analgesic activity was evaluated by an
acetic acid-induced writhing test, formalin-induced paw-licking test paw-licking immersion test. Castor oil-
induced anti-diarrheal test was performed to evaluate anti-diarrheal activity. Xylene-induced ear edema and
brewer’s yeast-induced pyrexia test were performed to investigate anti-inflammatory and antipyretic activity
respectively. Phytochemical screening revealed the presence of carbohydrates, tannins, fat, and fixed oil. In
writhing test, the extract showed 45.68+3.99 % and 52.28+1.67 % inhibition of writhing at a dose of 200 mg/kg
and 400 mg/kg respectively whereas it was 73.09+1.01 % for the standard drug compared to the control group. In
the formalin-induced paw-licking test, the percentage inhibition of licking by both doses of the extract was more
in the delayed phase than in the acute phase. In the tail immersion test, 200 mg/kg dose didn’t show a significant
effect but 40 Omg/kg showed significant (*P<0.05 vs. control) analgesic activity at 30 min, 60 min and 120 min
time periods. In an anti-diarrheal study, 400 mg/kg dose showed (68.42+0.87 % inhibition of diarrhea) almost
similar anti-diarrheal effect as the standard drug loperamide HCI (71.05£0.58 %). In xylene induced ear edema
test, both doses of the extract showed little anti-inflammatory effect compared to the standard drug but both doses
showed significant (*P<0.05 vs. control) reduction in body temperature in the antipyretic study.

Keywords: Analgesic, anti-diarrheal, anti-inflammatory, antipyretic, Cissus elongata.

1. Introduction Organization (WHO) has enumerated that around 80%
From primitive times various segment of plants have people of in developing and underdeveloped countries
been being used to treat many diseases. The World Health depend on conventional medicines to satisfy their basic

N S .
*Corresponding author: Md. Emran Hossain health needs'. New sources of biologically active

me.hossain@just.edu.bd compounds are being introduced from plant origin which
Received: 19/9/2021  Accepted:14/2/2022. are considered as one of the richest sources of drugs in the
DOL https://doi.org/10.35516/jjps.v15i4.670 traditional medicinal system?. Nowadays drugs of natural
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origin are becoming more popular 3. There are about 5000
different types of plant species growing in Bangladesh and
around 250 species are used as medicinal plants .

Cissus elongata Roxb. belongs to Vitaceae family,
traditionally known as ‘Dhemna’ or ‘Chemna’ in local areas
of Bengal®. This plant is primarily distributed in East and
South-East Asia including China and Taiwan. In Bangladesh,
it is usually found in hilly areas like Chittagong, Banand
darban®. It is a very large, glabrous climbing shrubs, having
profoundly lobed elliptic-lanceolate, serrate leaves (12-17.5
cm) with digitately 3-5 foliolates’. Some phytochemicals like
alkaloids, flavonoids, sterols, tannins, terpenoids and
saponins were found in C. elongata 8. Moreover, this plant has
antioxidant, antibacterial, and, antifungal properties. Ethnic
people use C. elongate to be cured of various malady such as
cardiac ailments, infections, anti-poisonous, gastrointestinal
abnormalities®. Till now, we have not noticed any study
regarding the analgesic, antipyretic, anti-diarrheal and anti-
inflammatory activity of the methanolic extract of Cissus
elongata leaves. Therefore, the current study aimed to
investigate the analgesic, anti-diarrheal, anti-inflammatory,
and antipyretic activity of the methanolic extract of C.
elongata Roxb. leaves.

2. Materials and Methods

2.1 Collection of Plant

The mature leaves of Cissus elongata were procured
from Monirampur, Jashore, Bangladesh in October, 2020.
Collected plant was identified by Sarder Nasir Uddin,
Principal Scientific Officer at the Bangladesh National
Herbarium. A dried specimen was deposited in the national
herbarium for future concern.

2.2 Preparation of Extract

Cissus elongata leaves were extracted using methanol
as solvent. After collection, Leaves were thoroughly rinsed
and dried under sunlight for seven days. The leaves were
then crushed to make fine powder by a grinder. 1000 gm
of grinded powder was soaked in an adequate amount of
methanol one week days at ambient temperature with
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occasional stirring and shaking. The mixture was then
filtered and the filtrate was concentrated using a rotary
evaporator to obtain the viscous extract of C. elongata. The
obtained thick mixture was dried at ambient temperature.®

2.3 Drugs and Chemicals

Diclofenac sodium, tramadol HCI, loperamide HCI,
dexamethasone, and paracetamol were purchased from
local medicine shops manufactured by Square
Pharmaceuticals Ltd., Bangladesh. Other reagents and
chemicals were obtained from Merk, Germany.
Analytical-grade chemicals and reagents were used for this
study.

2.4 Experimental Animals

Swiss albino mice (Mus musculus) of both sex, 5-6
weeks of age, collected from the Pharmacology lab,
Jahangirnagar University, Bangladesh, were selected for
the investigation. These animals were apparently healthy
and weighed 20-30 g and were kept at a controlled
temperature (25 + 1°C). The standard guideline for treating
and handling animals adopted by the Animal Ethical
Committee of the Jashore University of Science and
Technology was pursued for in vivo tests and all the
experiments were carried out following the internationally
accepted principles for laboratory animal handling.®

2.5 Evaluation of Phytochemical Screening of
Methanolic Extract of C. Elongtata

Phytochemical screening was conducted to identify the
presence of phytochemicals such as carbohydrates,
alkaloids, tannins, flavonoids, fat and essential oils.
Freshly prepared methanolic extract of C. elongata
(MECE) were subjected to various identification tests to
identify the presence of different phytochemicals %2,

2.5.1 Molisch’s Test for Carbohydrates

500 mg of methanolic extract of C. elongata was
accurately weighted. The weighted extract was dissolved
in 5 mL of distilled water. The prepared solution was
filtered through a membrane filter. The filtrate was
collected and a few drops of Molisch’s reagent was
introduced to it. About 1 mL of concentrated H,SO4 was
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added to it with care. The mixture was kept at ambient
temperature for 2 minutes and 5 mL of deionized water
was added to it. A reddish color band was formed in the
middle of the two solvents which confirms the presence of
carbohydrates 2.

2.5.2 Test for Fat & Fixed Oils

Approximately 5 drops of a solution prepared for the
previous test were mixed with 1% CuSOa solution and
stirred for two minutes. After that, a few drops of instantly
prepared 10% (w/v) sodium hydroxide solution was added
slowly. The presence of fat & fixed oil was confirmed with
the formation of a clean blue solution .

2.5.3 Mayer’s Test for Alkaloids

About 50 mg of C. elongata extract was taken. 5 mL of
1% HCl was added to it and gently stirred to dissolve. Then
the solution was filtered through a membrane filter.
Around two mL of the filtrate was taken in a glass test tube.
A few drops of Mayer’s reagent were added to it. A white
creamy precipitate is formed if an alkaloid is present??.

2.5.4 Fecls Test for Tannins

5 mL distilled water was used to dissolve the crude
extract (50 mg) in which a few drops of 5% FeCl; were
added. The presence of tannin was confirmed when a
bluish black color solution was formed **.

2.5.5 Alkali Test for Flavonoids

About 100 mg of plant extract was dissolved in 10 mL
of methanol. The prepared solution was filtered using a
membrane filter and filtrate was collected. 1 mL of filtrate
was taken into a test tube and a few drops of freshly
prepared 10% sodium hydroxide solution was added to it.
A deep yellow color was formed. A few drops of
concentrated hydrochloric acid were added to it. The
presence of flavonoid is confirmed if the color is lost upon
the addition of acid *.

2.6 In Vivo Experiments of Methanolic Extract of
C. Elongata

2.6.1 Acute Toxicity Study:

Acute toxicity study was performed to determine whether
the test samples show any toxicity or adverse effects on the

Md. Emran Hossain, et al.,

tested animals. Acute toxicity usually occurs within a very
short period usually within 24 hours of exposure upon
administering a large single dose or multiple doses. This study
was performed according to the Organization of Economic
Cooperation and Development (OECD) guideline. Ten
animals were taken to perform this study. They were divided
into two groups and each group consisted of five animals.
Between these two groups, one group was given MECE at
different doses, while the other group served as control.
Extract was administered to the animals of test groups at a
dose of 100, 200, 600, 1200, 1800, 2500 and 3500 mg/kg of
body weight. After administration, the animals were closely
observed for five to six hours to identify whether any
symptoms of toxicity such as mortality, difficulty in
breathing, change in behavior, irritation, flow of saliva,
seizure, pupil enlargement or constriction, changes in food
habit, locomotion or any other symptoms take place. The
animals were further observed for two weeks to identify any
toxicity 3,

2.6.2 Evaluation of Analgesic Activity of Methanolic
Extract of C. elongata

2.6.2.1 Acetic Acid-Induced Writhing Test in Mice

This experiment was performed following the method of
Koster et al.**. Swiss albino mice of both sexes were taken
and divided into four groups, each group having five animals.
Group | (Control group) received 1% tween 80 in 0.9%
normal saline intraperitoneally at a dose of 10 ml/kg body
weight. Group Il (positive control group) was administered
diclofenac sodium intraperitoneally at the dose of 10mg/kg
body weight. Groups 11 and Group 1V were given a

methanolic extract of C. elongata at a dose of 200 mg/kg
and 400 mg/kg respectively through the intraperitoneal route.
After 45 minutes of administering the drugs, 0.7% acetic acid
(10 ml/kg) was injected through an intraperitoneal route into
each mouse. After 15 minutes of injecting acetic acid, the
mice were observed closely for 5 minutes and the number of
abdominal constrictions was counted in this period. Percent
inhibition of writhing was calculated using the following
formula. —
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% inhibition = 1 —
No.of writhing (extract or standard drug)

x 100%

No.of writhing (normal control)

2.6.2.2 Formalin-Induced Paw-Licking Test in Mice

For the formalin-induced paw-licking test, the animals
were divided into four groups each group having five mice.
One group received the standard drug diclofenac sodium
at a dose of 10 mg/kg and was considered as the standard
group, another group received 1% tween 80 in 0.9%
normal saline and was considered the control group. The
other two groups received extracts at a dose of 200 mg/kg
and 400 mg/kg respectively. 1 h later respective treatment
mice of every group were injected 20 pL of 2.7 % formalin
into the sub-plantar space of the left hind paw. Paw licking
time was recorded at the early phase (0-5 min) and late
phase (20-25 min) after the administration of formalin .

2.6.2.3 Tail Immersion Test

This test was carried out according to the method of
Aydin et al, which was utilized to assess the
central mechanism of pain-relieving action 6. Mice were
assembled and treated as depicted already. Tramadol (100
mg/kg) was utilized as the reference medicine.
The animals fasted for 16 h with free access to water. The
basal response time  ofthe  mouse was  measured
by inundating the tail tips of the mouse (final 1-2 cm) in
hot water of (55 + 1) °C. The time taken to withdraw the
tail from the water was recorded and compared with the
control group. The latent period of the tail flick reaction
was recorded 30 min before and after 30, 60, 120 and 180
min of the particular treatment of each bunch-

2.6.3 Evaluation of Anti-diarrheal Activity of
Methanolic Extract of Cissus elongata

2.6.3.1Castor Oil Induced Anti-diarrheal Test

This test was executed by the adjusted strategy of
Shoba and Thomas!’. Mice were chosen on the basis of
defecating diarrheal feces by orally applying 0.5 ml castor
oil orally. The mice fasted for 16 h with water ad libitum.
Mice of the control group received 1% tween 80 in 0.9%
normal saline (10 ml/kg), and the standard group was
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administered 3 mg/kg loperamide HCI. The other two
groups received plant extract at a dose of 200 mg/kg and
400 mg/kg body weight. 30 minutes later, each mouse
received 0.5 ml of castor oil. Blotting paper was set for
each mouse and was changed every hour. The number of
diarrheal feces was recorded for a period of 4 h and
the rate of the hindrance of defecation was calculated for
each group of mice.

2.6.4 Determination of In-Vivo Anti-inflammatory
Activity

2.6.4.1 Xylene-Induced Ear Edema Test

This experiment was conducted by the method of Tang
et.al with slight modification 8. Each animal was divided
into four groups of five. They were given plant extract (200
and 400 mg/kg), dexamethasone (100 mg/kg), and 1%
tween 80 in 0.9% normal saline (10 mL/kg) orally. One
hour after the respective treatment of mice, 20 pL xylene
was added to the interior and posterior surface of the right
ear lobe to cause edema. The left ear was freed from xylene
treatment and was regarded as a control. They were
anesthetized for 30 minutes and both ears were separated
and cut circularly with a 7 mm diameter cork borer. The
left and right parts of the ear were weighted, and the
percentage inhibition of ear edema was determined by
comparing it with the xylene-free left ear 8,

2.6.5 Evaluation of Antipyretic Activity of C.
elongata

2.6.5.1 Brewer’s Yeast-Induced Pyrexia Test

This experiment was carried out by Srinivasan et al.
with slight modification®®. Rectal temperature of each
mouse was measured carefully before inducing pyrexia
by employing a digital thermometer that was inserted 2 cm
into the rectum. 15% (w/v) suspension of brewer’s yeast
was injected subcutaneously at a dose of 10 mL/kg within
the back underneath the scruff of the neck and rubbed
completely. The mice that showed an increment in
temperature of at least 0.6 °C after 18 hours of infusion
were regarded as pyretic mice and chosen for this test.
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Mice were fasted overnight with water ad libitum before
giving respective treatment. Distilled water (control),
paracetamol (100 mg/kg, standard) and plant extract (200
mg/kg and 400 mg/kg, test sample) were given orally to
the pyretic mice for examining their antipyretic action.
The rectal temperature of each pyretic mouse was
observed at 1, 2, 3, and 4 h by a digital thermometer.

2.6.6 Statistical Analysis

All results are presented as mean * standard error (SE).
All tests were analyzed statistically by one-way ANOVA
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followed by Dunnett’s t-test. P < 0.05 was regarded as
statistically significant. All data were analyzed using SPSS
software (version 16; IBM Corporation, New York, USA).
3. Results

3.1 Phytochemical Screening

The Phytochemical screening of C. elongtata revealed
the presence of carbohydrates, tannins, fat and fixed oils.
The result of the phytochemical screening has been
summarized in table 1.

Table 1: Phytochemical screening of methanolic extract of C. elongata leaves (MECE)

Phytoconstituents

Test name

Observation (MECE)

Carbohydrates

Alkaloids Mayer’s test
Tannins FeCls test
Flavonoids Alkali test
Fat and fixed oils ~ CuSO, test

Molisch’s test, Fehling’s test  + + +

+++

+++

3.2 Acute Toxicity Study

No sign of toxicity was observed during the
observation period of two weeks. Both the experimental
and test groups showed similar results which indicate that
the methanolic extract of C. elongtata leaves does not
cause any acute toxicity to the test animals.

3.3 Evaluation of Analgesic Activity

3.3.1 Acetic Acid-Induced Writhing Test Result

Table 2 presents the percent inhibition of writhing by
different groups of mice. Among the plant extracts, the
maximum percent inhibition (52.28+1.67%) was obtained
by MECE 400 mg/kg.

Table 2: Effect of methanolic Extract of C. elongata leaves (MECE) in acetacid-induced writhing test

Group Dose No. of writhing Inhibition (%6)
Control 10ml/kg  39.40+3.07 0.00+0.00
Diclofenac Sodium 100mg/kg 10.60+1.07* 73.09+£1.01*
MECE 200mg/kg 21.40+4.05* 45.68+3.99*
MECE 400mg/kg 18.80+1.88* 52.28+1.67*

All experimental values are denoted as mean + standard error of mean
(SEM). n=5 mice in each group. ¥*P<0.05, vs. control (Dunnett’s t test).

3.3.2 Formalin-induced paw licking
The percent inhibition of formalin-induced paw licking is
exhibited in table 3. Both MECE 200 mg/kg and 400 mg/kg

showed increased inhibition of formalin-induced paw licking
from acute to delayed phase (40.46+7.87% to 76.70+3.04%
and 72.75+8.03% to 84.09+3.01% respectively).
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Table 3: Effect of methanolic extract of C. elongata leaves (MECE) in formalin-induced paw-licking test

Group Dose Licking in Inhibition in Licking in Inhibition in
acute phase (s) acute phase (%) delayed phase (s) delayed phase (%0)
Control 10ml/kg 129.0+5.73 0.00+0.00 53.5745.69 0.00+0.00
Diclofenac Sodium 100mg/kg  66.71+6.40* 48.28+6.3.99* 6.24+1.81* 88.35+1.76*
MECE 200mg/kg  76.80+8.07* 40.46+7.87* 12.48+3.62* 76.70+3.04*
MECE 400mg/kg  35.14+8.36* 72.75+8.03* 8.52+3.33* 84.09+3.01*

All experimental values are denoted as mean + SEM. n= 5 mice in each group. ¥*P<0.05, vs. control (Dunnett’s t-test).

3.3.3 Tail immersion test
Both the standard group and MECE had effectively
increased the latency up to 60 min after their respective

treatment. The maximum effect (4.88+0.58 s) of the extract,
MECE 400 mg/kg, was obtained at 60 min which was
significant (P<0.05) in comparison to the control (Table 4).

Table 4: Effect of methanolic extract of C. elongata leaves (MECE) in tail immersion test

Group Dose 0 min 30 min 60 min 120min 180 min
Control 10ml/kg  1.94+0.15 1.98+0.12 1.97+0.05 1.88+0.06  1.87+0.12
Tramadol HCI  100/kg 2.10+£0.19 5.00£0.43* 5.59+0.39* 4.3040.27* 2.51+0.15
MECE 200ml/kg 1.69+0.29 2.04+0.15 2.18+0.34 2.07+0.30  1.99+0.39
MECE 400ml/kg 1.89+0.14 3.56+0.75* 4.88+0.58* 2.60+0.67* 2.27+0.23

Values are presented as mean + standard error of mean. n=5 mice in each group. *P<0.05, vs. control

(Dunnett’s t test).

3.4 Evaluation of Anti-diarrheal Activity

3.4.1 Cast the or Oil the induced oil-inducedeal Test

In case of castor oil-induced anti-diarrheal test,
loperamide HCI, MECE 200 and 400mg/kg inhibited
diarrhea in mice. Both doses of the extract, 200 and

400mg/kg significantly reduced the total number of
diarrheal feces. Highest and significant percentage
inhibition of diarrhea (68.42+0.87%) was revealed by
MECE 400 mg/kg (Table 5).

Table 5: Effect of methanolic extract of C. elongata leaves (MECE) in castor oil-induced anti-diarrheal test

Group Dose Number of diarrheal feces % inhibition of diarrhea
Control 10ml/kg 7.60+0.60 0.00+0.00
Loperamide HCI 3mg/kg 2.20+0.58* 71.05+0.58*
MECE 200mg/kg 5.60+0.67* 26.31+0.67*
MECE 400mg/kg 2.40+0.87* 68.42+0.87*

All experimental values are denoted as mean = SEM. n= 5 mice in each group. *P<0.05, vs. control (Dunnett’s t test).

3.5 Evaluation of Anti-inflammatory Activity

3.5.1 Xylene-Induced Ear Edema Test

Table 6 shows the results of various groups’ percent
inhibition of xylene-induced ear edema are presented. All
groups had significant ear weight variations and inhibition of
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ear edema in comparison to the control group.
Dexamethasone (DM) showed the highest inhibition
(48.08+1.13%). However, MECE at 400 mg/kg exhibited the
highest inhibition (35.85+0.40%) between the two doses of

the plant extract.
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Table 6: Effects of methanolic extract of C. elongata leaves (MECE) in xylene induced ear edema test

Group Dose Ear weight difference (mg) Inhibition (%0)
Control 10ml/kg 13.00+1.58 0.00£0.00
Dexamethasone 100mg/kg 6.75+1.03* 48.08+1.13*
MECE 200mg/kg 9.96+1.19* 23.38+1.59*
MECE 400mg/kg 8.34+0.87* 35.85+0.40*

All experimental values are denoted as mean £ SEM. n= 5 mice in each group. *P<0.05, vs. control (Dunnett’s t test).

3.6 Evaluation of Antipyretic Activity

3.6.1 Brewer’s Yeast-Induced Pyrexia Test

The antipyretic effect of the different doses of the
groups (control, standard and extract) are shown in table 7.

The highest antipyretic effect of the plant extract was
observed one hour after its administration. There was
significant post-treatment antipyretic activity of MECE
(200 and 400 mg/kg) when compared to the control.

Table 7: Effects of methanolic extract of C. elongata leaves (MECE) in Brewer’s yeast-induced pyrexia test

Initial rectal Rectal temperature in °C after 18hrs of yeast injection
Group Dose temperature
Oh 1h 2h 3h 4 h
(°C)
Control 10ml/kg 36.85+0.17 36.97+0.11  36.99+0.04  36.09+0.08  36.66+0.04  36.76+0.13
Paracetamol 100mg/kg 37.70+0.31* 38.01+0.35* 37.22+0.25* 37.11+0.28* 37.01+0.28* 37.27+0.16*
MECE 200mg/kg 36.80+0.62* 37.10+0.40* 37.05+0.21* 36.97+0.23* 36.89+0.24* 36.99+0.06*
MECE 400mg/kg 37.05+0.67* 37.33+0.21* 37.22+0.14* 37.14+0.14* 37.09+0.10* 37.20+0.11*

Values are presented as mean + SEM. n=5 mice in each group. *P<0.05, vs. control (Dunnett’s t test).

4. Discussion

In this experiment, the suppositional analgesic, anti-
diarrheal, anti-inflammatory and antipyretic activities
of C. elongata were evaluated to observe its medicinal
effects in vivo.

Pain can be defined as the sensational unpleasant
experience to the body due to actual or potential tissue
damage . Various biochemical mediators such as
prostaglandins, bradykinins, substance P etc. work on the pain
receptors which cause the release of the sensation by tissue
damage and is thought to be the primary reason for painful
sensation 2. Analgesics such as NSAIDs, steroids, opioids
etc. are used to suppress pain all over the world 222, The
methanolic extract of C. elongata was used to observe its
analgesic activity by undertaking a writhing test, paw-licking
test and tail immersion test.

A writhing test is a chemical procedure in which pain

is induced at a circumferential area by an irritant concept
via nociceptors ?*. The frequency of writhing is reduced
with the use of analgesic compounds . It is employed for
the assessment of circumferentially acting analgesics
through prostaglandin (PG) pathways, acid-sensing ion
channels, and peritoneal mast cells 2627, Acetic acid is used
as the inciter of writhing response by which various
endogenous noxious mediators like serotonin, histamine,
substance P, etc. are released and nociceptive neurons are
being stimulated % which accommodates the localized
inflammatory response for the perception of pain . The
secretion of arachidonic acid from tissue phospholipids
and prostaglandins biosynthesis results in the provocation
of pain . In this study, methanolic extract of C. elongata
(MECE) at 400 mg/kg dose has shown significant
antinociceptive activity by reducing acetic acid-induced
writhing response. This effect is considered to be achieved

- 455 -



Jordan Journal of Pharmaceutical Sciences, Volume 15, No. 4, 2022

by inhibiting the arachidonic acid metabolites synthesis %,

Formalin-induced paw-licking test is a well-
established test method to evaluate the analgesic effect
exerted by any test substance. In the in vivo model,
formalin is used to produce an explicit biphasic response
indicating early phase and late phase 3. Different types of
responses are attained in these phases with the use of
various types of analgesics. Hence, the possible
mechanism of antinociceptive activity of the proposed
analgesics can be elucidated by effectuating this test 2.
Opioids which are usually centrally acting analgesics
generally inhibit not only the initial but also the delayed
phase of pain equally 3. However, dexamethasone, a
peripherally acting drug only inhibits the pain of
delayed phase®. In this formalin test, the predominant
inhibition of nociception at the late phase suggests that the
peripheral action might be the reason for its
antinociceptive effect. However, elaborative studies are
required to confirm the accurate mechanism of action of
this plant extract.

Tail immersion test is a well-established experimental
model to measure the centrally acting analgesic effect of a
drug or any test substance by producing acute pain . The
result of this test exhibited a significant increase in tail
withdrawal reflex time in response to heat stimuli after the
administration of MECE to the experimental animal which
appraises the central analgesic property of MECE. From
these three experimental results, we can infer that the
MECE may inhibit the release of endogenous pain
mediators and can exert both central and peripheral
analgesic effects.

Inflammation is the body's response against any
harmful stimulus like allergen and damage of tissue, but
massive inflammation can cause different disorders such
as allergy, metabolic abnormalities etc. %. The process
which is involved in arachidonic acid metabolism is
associated with the onset of inflammatory action. The
pathway follows either of two ways: generation of
leukotrienes (LTs) by 5-lipoxygenase (5-LO) enzyme or
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synthesis of prostaglandin (PGs) by cyclooxygenase
(COX). COX-2 significantly simulates the inflammatory
factors 3. Many drugs are available for inhibiting or
minimizing inflammatory responses such as steroidal
drugs, NSAIDs, immunosuppressants etc. 3. However, the
significant level of adverse effects of these agents has led
to the exploration of natural pharmacological agents to
avoid or reduce adverse effects. The xylene-induced ear
edema test is commonly used as an acute inflammatory
model. Xylene releases different substances like
bradykinin, serotonin, histamine etc. which can mediate
inflammation process and ear edema through the
enhancement of vascular permeability and promotion of
vasodilation ¥. It causes fluid accumulation on the
treatment site. The inhibition of this fluid accumulation
also called the anti-inflammatory effect of proposed
substances is ascertained by the xylene-induced ear edema
model . MECE markedly inhibited the increase in
vascular permeability which resulted in the generation of
an anti-inflammatory effect. However, for confirming the
exact anti-inflammatory mechanism of the extract,
extensive study is required.

The increased gastrointestinal motility and secretion
and a decrease in the absorption of fluid and electrolytes is
characterized as diarrhea. . Castor oil is popular as a
diarrheal agent that prevents the reabsorption of NaCl and
H2O by altering the transport of H,O and different ions
through the gastrointestinal mucosal membrane. A hyper-
secretory response (decrease of Na* and K* absorption) is
obtained due to the rapid flow of luminal content through
small and large intestines. Consequently, the stimulation
of peristaltic activity causes diarrhea °. Ricinoleic acid,
the active component of castor oil, is responsible for
induction of diarrhea and can irritate the intestinal mucosa
and release inflammatory mediators . Therefore, the anti-
diarrheal activity of MECE may be due to the inhibition of
peristaltic activity of Gl tract.

Fever is a complex physiologic response triggered by
infectious or aseptic stimuli which is also commonly found
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in the critically ill patients “°. The initiation of fever is
mediated by the release of pyrogenic cytokines (tumor
necrosis factor a, interleukin 1, interleukin 6, and
interferons) #1. The temperature of the body increases,
when the concentrations of endogenous pyrogenic
substances like prostaglandin E (2) (PGE (2)) and
cyclooxygenase (COX) enzymes rise within certain areas
of the brain (hypothalamus) #2. Antipyretic agents are
widely consumed which function by inhibiting COX
enzyme and PGE 2 within the hypothalamus #2.

Brewer’s yeast-induced pyrexia test is widely used to
observe the antipyretic activity of test agents. Moreover,
Brewer’s yeast acts as a fever-inducing factor which
activates PGE 2 and causes the elevation of body
temperature of experimental animals. MECE is thought to
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ABSTRACT

Infectious diseases caused by bacteria are a concern in the world of health. The microbe Mycobacterium
tuberculosis which causes tuberculosis (TB) is one of the main disease problems in the world, as evidenced by the
existence of 10.4 million sufferers and 1.8 million deaths in the world in 2015. During 5 years (2015 to 2020), the
World Health Organization was done some comprehensive programs it can reduce mortality up to 13%. However,
since early 2020 were increased the mortality rate again as in 2015. In addition, the increasing incidence of
bacterial resistance to antibiotics has triggered various studies to find alternative antibacterial agents. This study
is related to the anti-tuberculosis activity (against M. tuberculosis strain Hz7Rv with the liquid dilution method
with Middlebrook 7H9 (MB 7H9) and solid dilution with Lowenstein-Jensen (LJ)) in ethyl acetate patikan kebo
(Euphorbia hirta L.) extract. The investigation of antimycobacterial tuberculosis, it was found that a concentration
of 800 ug/mL had anti-tuberculosis activity against Mycobacterium tuberculosis Ha7Rv. The active compound as

a result of isolation is the triterpenoid (taraxasterol) group.

Keywords: Middlebrook 7H9 method, Lowenstein-Jensen method, antituberculosis, Euphorbia hirta L.

INTRODUCTION

Infectious diseases caused by bacteria are a concern in
the world of health. Tuberculosis (TB) is an infectious
disease caused by Mycobacterium tuberculosis (M.
tuberculosis), an intracellular obligate and aerobic bacillus
that multiplies within macrophage.r? In 2015, there were
10,4 million cases of tuberculosis with a mortality rate of
1,8 million patients.® The World Health Organization with
its programs can reduce the mortality of TB patients by up
to 13% from 2015 to before Covid-19. However, with this
pandemic (since early 2020) the mortality rate has
increased again as in 2015.4

The main drugs used for tuberculosis are Rifampicin,
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Isoniazid, Ethambutol and Pyrazinamide.®> The drug must
be taken regularly and consumed in the long term.
Tuberculosis patients are often resistant to Mycobacterium
tuberculosis because they take drugs irregularly. With
resistance, the use of traditional medicine is highly
recommended because it has the same efficacy as
chemicals and is more economical.® Several types of plants
that can be used as traditional anti-TB drugs are n-hexane
extract of Maerua edulis, n-hexane extract of Securidaca
long pedunculate, ethyl acetate extract of
Tabernaemontana elegans, and dichloromethane extract
of Zanthoxylum capense which are known to have anti-TB
activity based on research from Luo et al.”

Indonesia is one of the countries in the world that has
a lot of biodiversity, especially plants. More than 40,000
species of plants in Indonesia, 940 of which are known to
have medicinal properties.® Medicinal plants play an
important role as therapeutic agents.® One of the plants that

© 2022 DSR Publishers/The University of Jordan. All Rights Reserved.
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have the potential as an antibacterial against
Mycobacterium tuberculosis and can be used as an
antituberculosis drug is Euphorbia hirta (E. Hirta). L.

E. Hirta is usually erect, slender-stemmed, spreading
up to 80 cm tall, though sometimes it can be seen lying
down. The plant is an annual broad-leaved herb that has a
hairy stem with many branches from the base to the top.
The leaves are opposite, elliptical, oblong, or oblong-
lanceolate, with a faintly toothed margin and darker on the
upper surface. The flowers are small, numerous, and
crowded together in dense cymes (dense clusters in upper
axils) about 1 cm in diameter.20-1!

According to Mothana et al.*? and Sudhakar et al.*3 that
E. Hirta has biological activities such as anthelmintic,
antipyretic, anti-inflammatory, antioxidant, antibacterial,
antifungal and anticancer. Compounds that have a role in
the antibacterial activity of E. Hirta are reducing sugars,
terpenoids, alkaloids, steroids, tannins, flavonoids and
phenolic compounds.415

The ethanol extract of E. Hirta leaves is known to have
antibacterial activity with MIC values of 4.22 mg/mL
against Shigella dysenteriae, 15.95 mg/mL against
Eschericia coli, and 31 pg/mL against S. thypii,'6*” while
the methanol extract of E. Hirta is known to have an MBC
value of 0.125 mg/mL against Pseudomonas aeruginosa,
0.25 mg/mL against Bacillus cereus, and >1 mg/mL against
Proteus vulgaris.®® The methanol extract of E. Hirta also
acts as an antibacterial against E. coli and Klebsiella
pneumonia with a MIC value of 0.250 mg/mL.*° The ethyl
acetate extract of E. Hirta had a MIC value of 0.5 mg/mL
against Proteus mirabilis, S. thypii, and Bacillus subtilis.

In this study, the active compound was isolated from
the ethyl acetate extract of E. Hirta. The isolation process
used preparative Thin Layer Chromatography, then
characterized by infrared and mass spectroscopy, and H
NMR. Previously, the antituberculosis activity was tested
against M. tuberculosis strain Hs7Rv by liquid dilution
method with Middlebrook 7H9 (MB 7H9) and solid
dilution with Lowenstein-Jensen (LJ).
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MATERIALS AND METHODS

Research Material

The research materials consist of main ingredients,
chemicals and supporting materials. The main ingredient
is the E. Hirta herb which was harvested on August, 3
2020 from Milati Regency, Sleman, Yogyakarta,
Indonesia. Mycobacterium tuberculosis strain Hz;Rv
ATCC 25618 which is still sensitive to first-line OAT, was
obtained from the laboratory of the Faculty of Medicine,
Gadjah Mada University.

The chemicals used for the extraction, isolation and
identification of compounds were aquadest, alcohol, n-
hexane, ethyl acetate, various eluents (developer for
mobile phase TLC), detection reagents, silica gel plate
F254, Nutrient Broth media, Nutrient Agar, and spiritus.
While the materials for the antituberculosis test were
Middlebrook 7H9 Broth (Merck) liquid media, the
composition of the media was LJ (KH2PO4, Magnesium
citrate, MgSO.. 7H,0, L-aspargine, sterile distilled water,
duck eggs, potato flour, 70% ethanol, 2% Malachite green,
glycerol), DMSO 5%, McFarland no. 1, technical ethyl
acetate, silica gel plate 60 F254 (Merck), ethyl acetate p.a.
(Merck), toluene p.a. (Merck), chloroform p.a. (Merck),
methanol p.a. (Merck), quercetin p.a. (Sigma-Aldrich),
thymol p.a (Sigma-Aldrich), quinine p.a. (Sigma-Aldrich),
detection reagents (Dragendorff, Ce(S04)2, ethanolic
H2S04, ammonia, vanillin sulfuric acid, sulfuric acid
anisaldehyde, KMnO4, citronic acid, FeCI3) are readily
available in the laboratory with p.a. solvents, and spiritus.
The supporting materials used are aluminum foil, cotton,
gauze, umbrella paper, filter paper, and plastic wrap.

Research Procedure

Euphorbia hirta L. plant was identified in the
Department of Pharmaceutical Biology, Faculty of
Pharmacy, Gadjah Mada University.

Mycobacterial tuberculosis Antibacterial Test on
The Ethyl Acetate Extract of E. Hirta

Microbial preparation was carried out aseptically in the
LAF (Laminar Air Flow). One ose of microbial stock on
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sloping agar media was taken to be suspended in liquid
media and then incubated for 18-24 hours in an incubator
at a temperature of 36-39°C. The next day, the suspension
was diluted with liquid medium and compared its turbidity
with a standard 0.5 McFarland in order to have the same
concentration of 1 x 108 CFU/mL.

The antituberculosis test method of the E. Hirta herb
was carried out by testing the antibacterial activity of the
thick extract of the E. Hirta herb against M. tuberculosis
strain Hz7Rv. Liquid dilution with Middlebrook 7H9 broth
(MB 7H9) and solid dilution with Lowenstein-Jensen (LJ)
to test the antimycobacterial activity by knowing the
minimum level to kill bacteria (MBC). The level for
testing is 200 pg/mL; 400 pg/mL; 800 pg/mL.

The antimycobacterial activity test was started with
liquid dilution in MB 7H9 medium for 10 days to grow M.
tuberculosis, then observed macroscopically and
compared the color and turbidity. After that, it was
followed by solid dilution in Lowenstein-Jensen (LJ)
medium to visualize the results of the liquid dilution of the
growth of M. tuberculosis colonies. Lowenstein-Jensen
(LJ) media will change from bluish green to yellow if it is
proven to be contaminated with gram-negative bacteria.
The presence of mycobacterial growth in LJ is
characterized by a cream color, dryness, a rough surface
and not easily emulsified.

Active Compounds Analysis by Thin Layer
Chromatography (TLC)

Active Compounds analysis was carried out by Thin
Layer Chromatography (TLC). Three samples of ethanol
extract, the n-hexane fraction, and the ethyl acetate
fraction of E. hirta leaves in a viscous form previously
dissolved with 70% ethanol. The mobile phase used is
acetic acid 15% and toluene: ethyl acetate (9:1) is put into
the expansion vessel and given filter paper.

Samples were spotted on silica gel Fzs4 as much as 10
spots for each sample or until it was visible in UV light.
The plate was eluted for 8 cm and then dried and observed
under UVzs nm and UVse nm lamps. A qualitative

Tatang Irianti, et al.,

examination was carried out on the chemical content of E.
hirta leaves. Detection of these groups of compounds
using spotting reagents of alkaloids, flavonoids and
terpenoids.

Euphorbia hirta L. Leaves Fractionation

Euphorbia hirta L. leaves were washed with water
until clean. The leaves of Euphorbia hirta L. were dried
and then made simplicia in powder form. Extraction was
carried out by maceration method using 70% ethanol as
solvent. A total of 100 grams of simplicia powder was put
into a vessel then poured with 150 mL of 70% ethanol,
closed and left for 24 hours protected from light while
repeatedly stirring and then filtered.

Fractionation of the thick ethanol extract of E. Hirta
leaves was started by dissolving in hot water. Furthermore,
the extract was partitioned using an n-hexane filter with a
ratio of extract volume: n-hexane is 1:1. The soluble
fraction was n-hexane and the upper phase was the n-
hexane fraction. The soluble n-hexane fraction was
collected, the solvent was evaporated and weighed, this
fraction was called the n-hexane fraction. The lower or
insoluble n-hexane phase was extracted using ethyl acetate
solvent with a volume of 1:1 with the same method as
partitioning with n-hexane solvent. The partition was
repeated until the ethyl acetate phase became colorless.
The result of this fractionation is called the ethyl acetate
fraction.

Active Compound Isolation

Tracing the target compound by using thin layer
chromatography (TLC). The eluted compound was
sprayed with a Serium Sulfate spot viewer. Spots with
brown color at UV 254 and fluorescence at UVsss belong to
certain groups of compounds. So that certain groups of
compounds will be isolated and tested for their potential
activity as antituberculosis.

Isolation of the compound from the ethyl acetate
fraction of the E. Hirta herb with preparative TLC and n-
hexane as mobile phase: ethyl acetate (4:1 v/v), while the
stationary phase is silica gel 60 PF254 specifically for
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preparative TLC. The resulting chromatogram was
detected using visible light, UV245 nm and UV3ss nm light
and scraped and then collected. Furthermore, it was
dissolved in methanol with the help of a magnetic stirrer
for £ 15 minutes then filtered and the filtrate was dried.
Compounds resulting from TLC were tested for purity
using TLC. Pure compounds were identified by UV-Vis
spectrophotometry, FTIR, GC/MS, *H-NMR.

Data Analysis

The results of the antibacterial potency test of E. hirta
leaves using the liquid dilution method were visually
analyzed for the level of turbidity. The data obtained were
in the form of Minimum Inhibitory Concentration (MIC)
in pg/mL. The results of the liquid dilution test were
scratched onto solid media and visually analyzed for
bacterial growth as Minimum Killing Concentration
(MBC) in pg/mL.

Chromatogram profiles were analyzed qualitatively
with comparisons of alkaloids, flavonoids and terpenoids.
Observations with visible light and UV2s4 or UV3ss before
and after spraying with spotting reagent for detection of
alkaloids, flavonoids and terpenoids. While the results of
the isolation using preparative TLC were tested for purity
using TLC and the target compound was elucidated its
structure using FTIR, GC-MS, and *H-NMR spectrometry.

RESULTS AND DISCUSSION

Ethanol extract of Euphorbia hirta leaves is a thick
greenish brown extract, has a distinctive aroma, is sticky,
and weighs 43.81 g with a yield of 15.11% wi/w.
Fractionation with n-hexane is used to separate non-polar
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compounds such as chlorophyll. Meanwhile, ethyl acetate
was used to separate semi-polar compounds from crude
extracts.?® Thus, the n-hexane fraction has non-polar
properties and the ethyl acetate fraction has semi-polar
properties.?* The yield of the fractionated ethanol extract
of E. Hirta was 4.78% w/w n-hexane fraction and 6.68%
wi/w ethyl acetate fraction.

Anti-Mycobacterium tuberculosis (M. tuberculosis)
Activity Test

Anti-M. tuberculosis activity test by liquid dilution
method in Middlebrook 7H9 Broth (MB 7H9) media
which is an Agar-based medium. The advantage of this
media is that it can see growth early, because the color of
the medium is transparent, besides that it can determine the
morphology of the colony when viewed with a
microscope.?? Then proceed with the solid dilution method
using Léwenstein Jensen media (LJ media). The use of two
media will provide good homogeneity between media,
materials, and bacteria.?®> The parameter of anti-M.
tuberculosis ethyl acetate extract of E. Hirta was the MBC.

The anti-M. tuberculosis activity test used three
concentrations of the test compound 200, 400, and 800
pg/mL. Anti-M. tuberculosis activity test was started by
dilution of liquid in MB 7H9 medium for 10 days, then
observed and compared the color and turbidity (Figure 1).
On MB 7H9 media, the growth of Mycobacterium
tuberculosis was indicated by the presence of turbidity in
the lower layer of the media. The difference in color
between the extract and the control causes difficulties in
observing the turbidity level of the media, so it is necessary
to visualize using the solid dilution method with LJ media.
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Figure 1. Anti-Mycobacterium tuberculosis Activity Test Result from Ethyl Acetate Extract of E. Hirta with
Liquid Dilution on MB 7H9 Media

Description: Test 1 (a); Test 2 (b); Test 3(c); PK (800,
400, 200) = Ethyl acetate extract of E. Hirta with
concentration series 200, 400, and 800 pg/mL; PK K(E) =
Control of ethyl acetate extract of E. Hirta K (+) = Control
of growth of M. tuberculosis K(M) = Control of media;
K(P) = 5% DMSO solvent control; K(A) = Rifampicin
antituberculosis control 40 pg/mL

Visualization of liquid dilution using solid dilution
method in LJ media was carried out to make it easier to
observe more clearly the growing M. tuberculosis
colonies. The color of LJ media without mycobacteria is
bluish green, if LJ media is blue it indicates the presence
of bacterial contamination. The color of LJ media will
change to yellow and then pink with the growth of Gram

Solvent
Control

Growth
Control

positive bacteria.?* The growth of M. tuberculosis in LJ is
characterized by the formation of cream-colored, dry
granules, the presence of a rough surface and is not easily
emulsified, while the growth of non-tuberculosis
mycobacteria on LJ media is characterized by colonies that
are smooth, flat, white, easily emulsified.?

Observations showed that the three results of repeated
tests on LJ media (Figure 2), it can be seen that LJ media
is a suitable medium for the growth of M. tuberculosis
because the growth control of LJ media changes color and
the surface of LJ media becomes rough indicating the
growth of M. tuberculosis. LJ media was not contaminated
as evidenced by the controlled media remained bluish
green.

Figure 2. Control for Anti-Mycobacterium tuberculosis Activity Test Using Solid Dilution Method on LJ Media

Description: Test 1 (a); Test 2 (b); Test 3(c)
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From the results of three tests of antibacterial activity
on LJ media (Figure 3), it is known that the ethyl acetate
extract of E. Hirta with concentrations of 200 and 400
pg/mL did not show antimycobacterial activity against M.
tuberculosis because at these concentrations the growth of
M. tuberculosis was still found, which is characterized by
a change in the color of the LJ medium to beige with a
rough surface. At a concentration of 800 pg/mL, tests 1, 2

and 3 showed anti-M. tuberculosis activity because there
were no physical changes in LJ media and remained clean
bluish green without spots (no growth of M. tuberculosis
on the media). The extract with a concentration of 800
pg/mL was the MBC of the ethyl acetate extract of E. Hirta
against M. tuberculosis, and that the ethyl acetate extract
of E. Hirta had antimycobacterial activity against M.
tuberculosis.

Figure 3. Anti-Mycobacterium tuberculosis Activity Test from Ethyl Acetate Extract of E. Hirta (200, 400 and
800 pg/mL) Using Solid Dilution Method on LJ Media

Description: Test 1 (a); Test 2 (b); Test 3(c)

Characterization of Active Compounds

Table 1. TLC System for Identification Groups of Compounds

Alkaloids Terpenoids | Flavonoids
Stationary Phase | Silica gel Fzs4
. Chloroform: ethyl acetate: Chloroform: ethyl acetate:

Mobile Phase Toluene: ethyl acetate (92:8)

methanol (3:2:1) methanol (4:2:1)
Comparison Quinine Thymol Quercetin

 Dragendorff's reagent * Vanillin sulfuric acid * Sitroborate
Spraying * NaNO; « Sulfuric acid anisaldehyde » Ammonia vapor

* Ethanolic H2SO4 * KMnO4 * FeCls
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Identification of the ethyl acetate extract group in the
E. Hirta herb was carried out using the Thin Layer
Chromatography (TLC) method. TLC is used to separate
various compounds in a mixture depending on their
solubility in the solvent system.?® Samples with a
concentration of 20 mg/mL identified three groups of
alkaloids, flavonoids and terpenoids with three eluent
compositions and detected with three spraying reagents for

Tatang Irianti, et al.,

each group of compounds (Table 1).

Before being eluted, the TLC vessel was saturated with
the mobile phase. The spot color and hRf were observed
after the elution process and after spraying under visible
light, UV light at 254 nm and 366 nm. The identification
results of the three groups of compounds showed that the
ethyl acetate extract of the E. Hirta herb contained
alkaloids, flavonoids and terpenoids.

Figure 4. Results of TLC Identification of Alkaloids (1), Flavonoids (I1) and Terpenoids (I11)

There are three target compounds after optimization
with preparative TLC (Figure 5) and isolation of the ethyl
acetate fraction of E. Hirta with n-hexane: ethyl acetate
(4:1 viv) as mobile phase and silica gel 60 PF254 as
stationary phase specifically for preparative TLC (Figure
5). The isolation results of the three target compounds
were named Isolate A, Isolate B, and Isolate C. After the
isolation was tested by TLC, isolates A and C were not
detected so that the identification of the target compound
was only carried out on isolate B. Isolate B from TLC was

PITAA

PITAB

PITAC

tested for purity using TLC.

Isolate B (weight 11.6 mg) is a colorless, crystalline
isolate, and is soluble in both methanol and a mixture of n-
hexane: ethyl acetate. This isolate was purified by TLC
and with three different eluent systems (Figure 6) showing
that a single spot on each chromatogram after eluting. The
three mobile phase systems are Chloroform-Ethyl acetate
(4:1 viv), Chloroform-n-hexane (1:3 v/v) and n-hexane-
ethyl acetate (2:1 v/v).

Figure 5. Preparative TLC Chromatogram
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31 32 3.3} 31 32 33 31 32 33

Figure 6. Purity Test for Isolate B by TLC Method Using 3 Different Eluents
1. Chloroform-Ethyl acetate (4:1 v/v); 2. Chloroform-n-hexane (1:3 v/v) and 3. n-hexane-ethyl acetate (2:1 v/v))

The infrared spectrum of isolate B (Figure 7) shows the
presence of an OH group in the structure of this isolate
compound. This is indicated by the absorption band of O-H
stretching at a wave number of 3421 cm™. The presence of a
band in this region in the infrared spectrum of a compound is
a strong indication that a molecule contains the O-H

functional group. Alcohol in a concentrated phase (in KBr
pellets) holds strong hydrogen bonds and provides absorption
until a wide absorption occurs. C-H stretching on the
molecule is indicated by the absorption band at 2361 cm™.
The presence of a C=C group (trans alkene) on the isolate B
molecule was indicated by an absorption band at 1577 cm™.

Figure 7. Spektrum of Fourtier Transform Infrared (FTIR) Isolate B

The *H-NMR spectrum of isolate B (Figure 8) showed
that this molecule did not have an aromatic group, due to
the presence of a peak in the chemical shift area of 0.757-
1.707 ppm which is the H of the aliphatic compound.
Meanwhile, the mass spectrum of isolate B (Figure 9)
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shows a peak at 426 m/z and a base peak at 43 m/z. Some
of the fragmentation peaks were 257, 247, 229, 218, 207,
189, 175, 161, 147, 135, 121, 107, 91, 81, 68, 43, 41 and
28 m/z, and compared with the MS spectra of taraxasterol
there were 12 same fragments.?’
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Figure 8. Spectra of Mass Spectrometry (MS) Isolate B
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Figure 9. Spectra of Hydrogen-1 Nuclear Magnetic Resonance (*H-NMR) Isolate B

Based on data from IR, *H NMR and MS, the active
compound of anti-Mycobacterium tuberculosis strain
Hs7Rv was suspected to be taraxasterol (see figure 10),
which is a triterpenoid. Triterpenoid and phenolic
compounds have been isolated from various plants in
euphorbiacea, such as beta amyrin, qurcitrin, myricitrin, -

sitosterol, gallic acid, ellagic acid, a-Amerin, and [-
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amyrin.® While Pirmansyah et al.?® reported that
Euphorbia milii has potential as an antibacterial and Afrida
and Sanova® stated that Euphorbia thymifolia Linn. was
active as an antibacterial in their research. Isolation and
Endophytic Fungi Euphorbia antiquorum L. identified and
produced active compounds as antibacterial by TLC-
Bioautography method.3!



Jordan Journal of Pharmaceutical Sciences, Volume 15, No. 4, 2022

HO

Figure 10. Chemical Structure of Taraxasterol®

The antituberculosis activity of E. Hirta has previously
been studied. Nirmal et al.*® studied anti-tuberculosis in
Lantana camara L., Euphorbia hirta L., Mukia
maderaspatana (L.) M. Roem, and Abutilon indicum (L.)
in crude methanol extract of plants against multi-drug
resistant (MDR) clinical isolates of Mycobacterium
tuberculosis (Mtb) and Mtb Hs;Rv using the Luciferase
Reporter Phage (LRP) assay. The MIC (Mimimum
Inhibitory Concentration) of the selected plant fraction
against the Mtb strain was found in the range of 400-1600
g/mL where as Mukia maderaspatana (L.) M. Roem
showed the lowest MIC of 400 g/mL and this was
validated by two different methods. The four medicinal
plants studied are known to be useful as potential sources
for anti-TB drug formulations. The difference between this
study and Nirmal et al. lies in the method. This study used
the Lowenstein-Jensen (LJ) method. Lowenstein-Jensen
(LJ) culture is the gold standard method of identification
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of Mycobacterium tuberculosis with sensitivity and
specificity of 99% and 100%, respectively.3+3®

CONCLUSION

The antimicrobial activity of the ethyl acetate extract
of E. Hirta was investigated as MBC value of 800 pg/mL.
Based on the FTIR, MS and *H-NMR spectra, the active
compound in the ethyl acetate fraction was presumed to be
taraxasterol as a triterpenoid compound.
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ABSTRACT

Microbial biotransformations of various anabolic steroids are reviewed. Studies on oxidation, reduction, and
carbon bond cleavage are highlighted. Various anabolic steroid substrates, their metabolites and the
microorganisms used for the biotransformations are compiled covering the literature from the period 1984-2018.
Keywords: Microbial biotransformation; Review; Anabolic steroidal substrate; Metabolite; Compilation.

1. Introduction

Microorganisms have been used extensively for the
hydroxylation of steroids since their enzymes catalyze
reactions with high regio- and stereospecifity. Their ability
to oxidize steroidal compounds has immense synthetic and
commercial importance. This was realized for the first time
in 1952 when Murray and Peterson of Upjohn Company
patented the process of 11a-hydroxylation of progesterone
by a Rhizopus species [1]. Since then, steroids subjected to
microbial biotransformations have proliferated in order to
obtain new steroidal derivatives for evaluation as drugs
and hormones.

The importance of anabolic steroids lies in their
therapeutic use in medicine to stimulate muscle growth in
patients with AIDS [2] and treat severe burn injury, trauma
and chronic infections [3]. There are many reviews on
microbial biotransformation of steroids [4—8]. However,
no reviews on the microbial biotransformation of anabolic
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steroids have been recently reported in the literature.

The areas which are now receiving attention in
microbial biotechnology are: application of newer
concepts of genetic engineering of microorganisms with
improved characteristics such as the production of
artificial ~ insulin by the genetic modification
of Escherichia coli [9], solubility enhancement for
carrying out biotransformation of substrates that are
insoluble in water by using different media, including
aqueous, aqueous: organic and organic solvents, gas: solid
systems, supercritical fluids and ionic liquids [10],
immobilization of enzymes or whole cells in a suitable
matrix for economic utilization [10], development of a
continuous process for better and economic product
recovery such as the microbial production of vanillin
which has been successfully used in the food industry [11];
and manipulation of culture media for improvement in
product yields by use of cyclodextrin [7].

In this review, our interest lies in the preparation of novel
steroids that are difficult to synthesize by chemical means.
Microbial transformations of two-twenty anabolic steroids
(androstenediol (1), androstenedione (2), 4-chloro-17a-
methyl testosterone (3), 4-chlorotestosterone (4), 4-

© 2022 DSR Publishers/The University of Jordan. All Rights Reserved.
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chlorotestosterone acetate (5), dehydroepiandrosterone (6), 1-
dehydro-17a-methyltestosterone (7), 1-dehydrotestosterone
(8), ethylestrenol (9), 17a-ethyl-19-nortestosterone (10),
mestanolone (11), mesterolone (12), methandienone (13), 4-
methoxytestosterone (14), methyltestosterone (15), 4-

] [ LTI

Mohammad Yasin Mohammad, et al.,

methyltestosterone (16), 17-methyl-1-testosterone (17),
nandrolone (18), nor androstenedione (19), oxandrolone (20),
oxymetholone (21) and testosterone (22)) (Figures—1 and —2)

are reviewed here.

Tl
Tilirn-

AN 6
HO
R,
R
Androstenediol (1): R1=0H,R.=H Androstenedione (2): R1=R2=Rs=Rs=C=0,Rs=H
Dehydroepiandrosterone (6): R1 = R 4-Chloro-17a-methyltestosterone (3): Ry = R2 = C=0,
=C=0 R; =Cl, R4 = OH,
Rs = CH3
4-Chlorotestosterone (4): R; = R, = C=0, R3 = Cl,
Ri=OH,Rs=H
4-Chlorotestosterone acetate (5): R1 = R, = C=0,
Rs=Cl,
R4 = OCOCH3,
Rs=H

4-Methoxytestosterone (14): R1 = R, = C=0,

R3 = OCH3, R4 = OH,
R5 =H

Methyltestosterone (15): R; = R, = C=0, R3 =H,

R4 = OH, R5 = CH3

4-Methyltestosterone (16): R1 = R; = C=0, R3 =CHj,

R4:OH,R5:H

Testosterone (22): R1 =R, =C=0, R3=Rs = H,

Rs=0OH
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Tl

-

fes] [ [TTLID)

o
1-Dehydro-17a-methyltestosterone (7): Ry = OH, Ethylestrenol (9): R1=R;=H, R3=0H,

R, = CH3; Rs=CyHs
1-Dehydrotestosterone (8): R1=OH, R, =H 170-Ethyl-19-nortestosterone (10): R; = Ro=
Methandienone (13): R1=0OH, R, =H C=0,

Rs; = OH,
R4 = C2H5
Nandrolone (18): R; = R, = C=0,
R3 = OH, R4 =H
Norandrostenedione (19): Ri=R;=R3=Rs =
C=0

Fig. 1: Anabolic steroid substrates used in this review.

Cxandrolone (200

Oxymetholone (217

Fig. 2: Anabolic steroid substrates used in this review.
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Studies on oxidation, reduction and carbon—carbon
bond cleavage are compiled; including the microorganism
used, the product obtained and the reference as well
(Tables 1-3).

This review attempts to present the situation during the
period from 1984 to 2018.

2. Results and Discussion

Large scale experiments showed that microbial oxidations
of various anabolic steroids 1-22 by different
microorganisms were predominant, including regio-selective
hydroxylations at C-6, C-7, C-11, C-12, C-14, C-15
positions on steroidal skeletons with high stereospecifity,
dehydrogenations between carbons 1-2, 4-5, regiospecific
keto formations at C-3, C-7 C-11, C-17, and Baeyer-
Villiger lactonizations at C-17 (Table-1). On the other hand,
reductions of some anabolic steroids such as 2, 4, 6, 8, 12, 19,
21 and 22 were also obtained in smaller numbers of
metabolites as compared to oxidations, including reductions
of ketones to alcohols and hydrogenations of olefinic carbons
between carbons 4-5 and 6-7 (Table-2). Carbon-carbon
bond cleavages, especially decarboxylations at C-17, have
been performed on dianabol (13) and 17-methyl-1-
testosterone (17) by Rhizopus stolonifer, and Oxymetholone
(21) by Fusarium lini (Table-3). Structures of metabolites
were deduced through comparative spectroscopic studies
with substrates 1-22.

2.1. Oxidation
Most studies of microbial oxidations on anabolic

Mohammad Yasin Mohammad, et al.,

steroids describe the hydroxylation process. The 6a-, 7a-,
11a- and 15a-hydroxylations are now extensively
achieved by microbial transformations with high yields
and minimum costs. For instance, the biotransformation of
mestanolone (11) by Rhizopus stolonifer yielded two
metabolites with 11.4% and 18.0% vyields [25]. Other
hydroxylations that seem to have an attention in industries
are 9a-, 7p-, 11B-, 15B- and 16fB-hydroxylations. On the
other hand, the rest of oxidation studies involved Baeyer-
Villiger  lactonizations, keto  formations, and
dehydrogenations. Kolek, et al. reported one step Baeyer-
Villiger lactonization of androstenediol (1) by Penicillium
camemberti to yield a single metabolite (testolactone) [12].
Similarly, Al-Aboudi, et al. produced testolactone from
testosterone (22) by the plant pathogen fungus, Rhizopus
stolonifer [34], while 22 was subjected to dehydrogenation
easily by Fusarium lini to form 1-dehydrotestosterone
with a high regiosepecifity [34]. Oxidation studies on
microbial transformations of substrates 1-22 that included
microorganisms, metabolites and references are compiled
(Table 1). In this review, the most useful microorganisms
subjected to the oxidation of anabolic steroids are fungi.
Fungi are an extremely diverse group of organisms.
Among them, plant pathogen fungi are causing diseases
associated with roots such as wilts and rots. The plant
pathogen fungus Rhizopus stolonifer had the largest
contribution in the oxidation of anabolic steroids followed
by Fusarium culmorum and the entomopathogenic fungus
Beauveria bassiana, respectively.
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Table 1. Oxidation

Substrate

Microorganism

Product

% Yield”

Reference

Androstenediol (1)

Penicillium camemberti

Testolactone

[12]

Mortierella isabellina

(i) 3B,70,17B-Trihydroxyandrost-
5-ene
(ii) 3B,7pB,17B-Trihydroxyandrost-
5-ene
(iii) 3B,17p-Dihydroxyandrost-5-
en-7-one

[13]

Androstenedione (2)

Paecilomyces victoriae

(i) 7a-Hydroxyandrostenedione

(ii) 7a-Hydroxy-17a-methyl
testosterone

[14]

Phycomyces blakesleeanus

140-Hydroxytestosterone

[15]

4-Chloro-17a-
methyltestosterone (3)

Fusarium culmorum

(i) 6p-Hydroxy-4-chloro-17a-
methyltestosterone
(ii) 15a-Hydroxy-4-chloro-17a-
methyltestosterone

[16]

4-Chlorotestosterone (4)

Fusarium culmorum

(i) 6p-Hydroxy-4-
chloroandrostenedione
(ii) 15a-Hydroxy-4-
chloroandrostenedione
(iii) 3B,15a -Dihydroxy-4-
chloro- 4-androstene-17-one
(iv) 3B,15a-Dihydroxy-4a-
chloro-5a-androstan-17-one

[16]

4-Chlorotestosterone  acetate

®)

Fusarium culmorum

3B,15a-Dihydroxy-4a-chloro-5a-
androstan-17-one

[17]

Dehydroepiandrosterone
(DHEA) (6)

Rhizopus stolonifer

(i) 17p-Hydroxyandrost-4-ene-3-
one
(ii) 3p,11p-Dihydroxyandrost-4-
ene-17-one
(iii) 3B,7a-Dihydroxyandrost-5-
ene-17-one
(iv) 3B,7a,17B-Trihydroxyandrost-
5-ene
(v) 11B-Hydroxyandrost-4,6-
diene-3,17-dione

[18, 19]
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Substrate Microorganism Product % Yield” | Reference

Macrophomina phaseolina | (i) Androstane-3,17-dione [20]
(ii) Androst-4-ene-3,17-dione
(iii) Androst-4-ene-17p-ol-3-one
(iv) Androst-4,6-diene-17p-ol-
3-one
(V) Androst-4-ene-3p-ol-
6,17-dione
(vi) Androst-4-ene-3p,73,17p-triol
(vii) Androst-5-ene-
3B, 7a,17p-triol

Mucor piriformis (i) 3p-Hydroxyandrost-5-ene-7,17- [21]
dione

(ii) 3B,17p-Dihydroxyandrost-5-
en-7-one

(iii) 3B,7a-Dihydroxyandrost-5-
en-17-one

(iv) 3B,7a,17B-Trihydroxyandrost-
5-ene

Penicillium (i) Androst-4-ene-3,17-dione [22]

griseopurpureum Smith (i) 17a-Oxa-D-homo-androst-
4-ene-3,17-dione
(testololactone)

(iii) 15a-Hydroxyandrost-4-
en-3,17-dione

(iv) 150-Hydroxy-17a-oxa-
D-homo-androst -4-ene-3,17-

dione
(V) 14a-Hydroxyandrost-4-
en-3,17-dione
(vi) 7a-Hydroxyandrost-4-en-
3,17-dione
Penicillium glabrum | (i) Androst-4-ene-3,17-dione [22]
(Wehmer) (i) 17a-Oxa-D-homo-androst-

4-ene-3,17-dione
(testololactone)
(iii) 3p-Hydroxy-17a-oxa-
D-homo-androst-5-en-17-one
(iv) 3p-Hydroxy-17a-oxa-
D-homo-5a-androstan-17-one

Beauveria bassiana (i) 5-Androsten-33,11a,17p-triol [23]
(if) 7a-Hydroxy
dehydroepiandrosterone

1-Dehydro-17a- Beauveria bassiana 11a-Hydroxy-1-dehydro-17a- [23]
methyltestosterone (7) methyltestosterone
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Substrate

Microorganism

Product

% Yield”

Reference

1-Dehydrotestosterone (8)

Beauveria bassiana

(i) 11a-Hydroxy-1-
dehydrotestosterone
(ii) 11a-Hydroxyandrost-1,4-
diene-3,17-dione
(iii) 11a-Hydroxytestosterone
(iv) 11a-Hydroxyandrost-4-ene-
3,17-dione

[23]

Ethylestrenol (9)

Rhizopus stolonifer

(i) 17a-Ethyl-3p,17p-
dihydroxy-19-norandrost-4-ene

(i) 17a-Ethyl-17B-hydroxy-
19-norandrost-4-en-3-one

[24]

17a-Ethyl-19-nortestosterone
(10)

Fusarium culmorum

(1) 6B-Hydroxy-17a-ethyl-19-
nortestosterone
(if) 15a-Hydroxy-17a-ethyl-19-
nortestosterone
(iii) 11a-Hydroxy-17a-ethyl-19-
Nortestosterone

[16]

Mestanolone (11)

Rhizopus stolonifer

(i) 11a-Hydroxymestanolone
(110,17B-dihydroxy-17a-
methyl-5a-androstan-3-one)

(ii) 60-Hydroxymestanolone
(6a,17p-dihydroxy-17a-
methyl-5a-androstan-3-one)

114 %

[25]

Macrophomina phaseolina

(i) 17p-Hydroxy-17a-
methyl-5a-andros-1-en-3,11-
dione
(ii) 14a,17p-Dihydroxy-17a-
methyl-5a-androstan-3,11-
dione
(iii) 17B-Hydroxy-17a-
methyl-5a-andros-1,14-dien-
3,11- dione

(iv) 17p-Hydroxy-17a-
methyl-5a-androstan-
3,11- dione

(v) 110-Hydroxymestanolone
(110,17B-dihydroxy-17a-
methyl-5a-androstan-3-one)

0.9%

1.6%

0.3%

0.78 %

5.6 %

[26]
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Substrate Microorganism Product % Yield” | Reference
Cunninghamella (i) 9a,11B-Dihydroxymestanolone 0.7 % [26]
blakesleeana (9a,11p,17B-trihydroxy-17a-

methyl-5a-androstan-3-one)
(ii) 2B,11a-Dihydroxymestanolone 0.92 %

(2B,11a,17B-trihydroxy-17a-
methyl-5a-androstan-3-one)

Mesterolone (12) Cunninghamella (i) la-Methyl-1B,11B,17p- [26]

blakesleeana trihydroxy-5a-androstan-3-one

(i) la-Methyl-7a,11p,17p-
trihydroxy-5a-androstan-3-one

(iii) 1a-Methyl-1B,60,173-
trihydroxy-5a-androstan-3-one

(iv) la-Methyl-18,11q,17p-
trihydroxy-5a-androstan-3-one

(v) La-methyl-11a,17p-dihydroxy-
5a-androstan-3-one

(vi) 1a-methyl-6a,17p-dihydroxy-
5a-androstan-3-one

(vii) la-methyl-7a,17Bdihydroxy-
5a-androstan-3-one

Macrophomina phaseolina | la-Methyl,17p-hydroxy-5a-androstan- [26]
3,6-dione

Cephalosporium (i) (10, 5a)-1-Methylandrostane- [27]

aphidicola 3,17-dione

(i) (1o, 50, 15a)-15-Hydroxy-1-
methylandrostane-3,17-dione

Fusarium lini (i) (5a)-1-Methylandrost-1-en- [27]
3,17-dione

(i) (1o, 5a, 60, 17p)-6,17-
Dihydroxy-1-methylandrostan-
3-one

(iii) (10, 5a, 15a, 17B)-15,17-
Dihydroxy-1-methylandrostan-
3-one

(iv) (50, 150, 17p)-15,17-
Dihydroxy-1-methylandrost-1-
en-3-one
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Substrate

Microorganism

Product

% Yield”

Reference

Rhizopus stolonifer

(i) (10, 5a)-1-Methylandrostane-
3,17-dione

(if) (50))-1-Methylandrost-1-en-
3,17-dione

(iii) (10, 5a, 6a, 17p)-6,17-
Dihydroxy-1-methylandrostan-
3-one

(iv) (1o, 5a, 7a, 17B)-7,17-
Dihydroxy-1-methylandrostan-
3-one

(v) (1a, 50, 110, 17p)-11,17-
Dihydroxy-1-methylandrostan-
3-one

(vi) (50, 150, 17p)-15,17-
Dihydroxy-1-methylandrost-1-
en-3-one

[27]

Methandienone
(methandrostenolone,
dianabol) (13)

Rhizopus stolonifer

110,17B-Dihydroxy-androsta-1,4-
diene-3-one

[25]

Cunninghamella elegans

(i) 6B,17p-Dihydroxy-17a-
methylandrost-1,4-dien-3-one
(ii) 15a,17p-Dihydroxy-17a-
methylandrost-1,4-dien-3-one
(iii) 11a,17p-Dihydroxy-17a-
methylandrost-1,4-dien-3-one
(iv) 6B,12p8,17p-Trihydroxy-17a-
methylandrost-1,4-dien-3-one
(V) 6B,150,17B-Trihydroxy-17a-
methylandrost-1,4-dien-3-one

(28]

Macrophomina phaseolina

(i) 17p-Hydroxy-17a-
methylandrost-1,4-dien-3,6-
dione

(ii) 7B,17p-Dihydroxy-17a-
methylandrost-1,4-dien-3-one

(iii) 15B,17p-Dihydroxy-17a-

methylandrost-1,4-dien-3-one

(iv) 17p-Hydroxy-17a-

methylandrost-1,4-dien-3,11-
dione

(v) 11B,17B-Dihydroxy-17a-
methylandrost-1,4-dien-3-one

[28]

4-Methoxytestosterone (14)

Fusarium culmorum

6p-Hydroxy-4-
methoxyandrostenedione

[16]
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Substrate

Microorganism

Product

% Yield”

Reference

Methyltestosterone (15)

Mucor racemosus

(1) 70-Hydroxymethyltestosterone

(if) 150-Hydroxymethyl
testosterone

(iii)12a, 150-Dihydroxymethyl
testosterone

35.0%
21.0%

22.0%

[29]

Fusarium culmorum

(i) 6p-Hydroxy-17a-
methyltestosterone
(i) 15a-Hydroxy-17a-
methyltestosterone
(iii) 12B-Hydroxy-17a-
methyltestosterone

[16]

Beauveria bassiana

11a-Hydroxy-17a-methyl testosterone

[23]

4-Methyltestosterone (16)

Fusarium culmorum

(i) 6p-Hydroxy-4-
methylandrostenedione

(ii) 6B-Hydroxy-4-
methyltestosterone

[16]

17-Methyl-1-testosterone (17)

Rhizopus stolonifer

(i) Methandrostenolone (17f-
hydroxy-17a-methylandrost-
1,4-diene-3-one)

(i) 11a,17p-Dihydroxy-androsta-
1,4-diene-3-one

18.0 %

[25]

Nandrolone
Nortestosterone) (18)

(19-

Rhizopus stolonifer

(i) 19-Norndrost-4-en-3,17-dione
(ii) 60,17p-Dihydroxy-
19-norndrost-1,4-dien-3-one

[24]

Beauveria bassiana

11a -Hydroxy-19-nortestosterone

(23]

Cunninghamella
echinulata

(i) 10B,12p,17B-trihydroxy-19-
nor-4-androsten-3-one
(if) 10B,16a,17p-trihydroxy-19-
nor-4-androsten-3-one
(iii) 6B,10B,17p-trihydroxy-19-
nor-4-androsten-3-one
(iv) 10B,17p-dihydroxy-19-nor-4-
androsten-3-one
(v) 6pB,17p-dihydroxy-19-nor-4-
androsten-3-one

[30]

Cunninghamella
blakesleeana

(i) 6pB,10B,17p-trihydroxy-19-
nor-4-androsten-3-one

(if) 10B,17p-dihydroxy-19-nor-4-
androsten-3-one

(iii) 10B-hydroxy-19-nor-4-
androsten-3,17-dione

(iv) 16B,17p-dihydroxy-19-nor-4-
androsten-3-one

(30]
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Substrate

Microorganism

Product

% Yield”

Reference

Norandrostenedione (19)

Fusarium culmorum

(i) 6B-Hydroxy-19-nortestosterone
(if) 6B-Hydroxy-19-
norandrostenedione

[16]

Corynespora
melonis

9a-Hydroxy-19-norandrostenedione

[31]

Nocardia restrictus

9a-Hydroxy-19-norandrostenedione

[31]

Oxandrolone (20)

Rhizopus stolonifer

(i) 11a-Hydroxyoxandrolone
(110,17B-Dihydroxy-17a-
methyl-2-oxa-5a-androstan-3-
one)
(if) 6a-Hydroxyoxandrolone
(60,17B-Dihydroxy-17a-
methyl-2-oxa-5a-androstan-3-
one)
(iii) 9u-Hydroxyoxandrolone
(9a,17p-Dihydroxy-17a-
methyl-2-oxa-5a-androstan-3-
one)

25.0%

5.0%

8.0%

[32]

Oxymetholone (21)

Macrophomina phaseolina

(i) 17p-Hydroxy-2-
(hydroxymethyl)-17a-methyl-
5a-androstan-1-en-3-one

(ii) 20,17a-Di(hydroxymethyl)-5a-
androstan-3p3-17p-diol

[33]

Rhizopus stolonifer

20,17a-Di(hydroxymethyl)-5a-
androstan-3p-17p-diol

[33]

Fusarium lini

(i) 17p-Hydroxy-2-
(hydroxymethyl)-17a-methyl-
5a-androstan-1-en-3-one

(i) 17a-Methyl-5a-androstan-
2a,3pB-17p-triol

(iii) 17p-Hydroxy-2-
(hydroxymethyl)-17a-

methylandrost-1,4-dien-3-one

[33]

Testosterone (22)

Beauveria bassiana

(i) 11a-Hydroxytestosterone
(ii) 50-Androstan-11a,17B-diol-3-
one
(iii) 11a-Hydroxyandrost-4-ene-
3,17-dione
(iv) 5a-Androstan-11a-0l-3,17-
dione

[23]
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Substrate Microorganism

Product % Yield” | Reference

Rhizopus stolonifer

(i) An

1,

3,
(V) 11

(if) Testolactone
(iii) 17B-Hydroxy-5a-androstan-

(iv) 11a-Hydroxyandrost-4-en-

drost-4-en-3,17-dione [34]

6-dione

17-dione
a-Hydroxytestolactone

Fusarium lini

(i) An

(v) 11

en

(ii) Androst-1,4-dien-3,17-dione
(iii) 1-
Hydroxyandrost-1,4-dien-3-

one)
(iv) 11a-Hydroxyandrost-1,4-dien-
3,17-dione

(11¢,17B-Dihydroxyandrost-4-

(vi) 110,17B-Dihydroxyandrost-
1,4-dien-3-one

drost-4-en-3,17-dione [34]

Dehydrotestosterone (17f3-

a-Hydroxytestosterone

-3-one)

Curvularia lunata

ene-3,

17-Dehydrotestosterone

(androst-4- [35]

17-dione)

Pleurotus oestreatus

15a-Hydroxytestosterone
dihydroxyandrost-4-en-3-one)

(150,17p- [35]

Aspergillus famigatus

15B-Hydroxytestosterone

[36]

Phycomyces blakesleeanus

v) A

(i) 6B-
(i) 7o-Hydroxytestosterone
(iii) 1-
(androsta-l,4-diene-3,17-dione)
(iv) 1-
hydroxyandrosta-1,4-
diene-3-one)

Hydroxytestosterone [15]
Dehydroandrostenedione

Dehydrotestosterone (17f-

ndrostenedione

* Available % yields in the literature

2.2. Reduction

The reduction of anabolic steroids by microorganisms
has been also reviewed. Reductions of anabolic steroids by
microorganisms involved transformations of ketones to
alcohols and hydrogenations. Ahmad et al. reported the
reduction of 3-keto to 3a-hydroxy form in mesterolone
(12) by Cephalosporium aphidicola to produce a single
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metabolite with a high stereospecifity [27], while
Choudhary, et al. reported the hydrogenation between C-5
and C-6 on dehydroepiandrosterone (6) by Macrophomina
phaseolina to form androstanedione (2) [20]. Studies on
microbial reductions of some anabolic steroids that
included microorganisms, metabolites and references are
compiled (Table-2).
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Table 2. Reduction

Substrate

Microorganism

Product

% Yield”

Reference

Androstenedione (2)

Phycomyces blakesleeanus

(i) Testosterone
(ii) 14a-Hydroxytestosterone

19.0%

[15]

4-Chlorotestosterone (4)

Fusarium culmorum

(i) 3p,15a -Dihydroxy-4-
chloro- 4-androstene-17-one

(ii) 3pB,15a-Dihydroxy-4a-
chloro-5a-androstan-17-one

[16]

Dehydroepiandrosterone
(DHEA) (6)

Rhizopus stolonifer

(i) 3B,17p-Dihydroxyandrost-5-
ene
(ii) 3B,17p-Dihydroxyandrost-4-
ene

(18]

Macrophomina phaseolina

(i) Androstane-3,17-dione

(if) Androst-4-ene-17p-ol-3-one

(iii) Androst-4,6-diene-17p-ol-
3-one

(iv) Androst-5-ene-33,17p—diol

(v) Androst-4-ene-3,73,17B-triol

(vii) Androst-5-ene-
3B,7a,17p-triol

[20]

Mucor piriformis

(i) 3p,17p-Dihydroxyandrost-5-
ene

(it) 3p,17p-Dihydroxyandrost-5-
en-7-one

(iii) 3B,70,17p-Trihydroxyandrost-
5-ene

[21]

Penicillium glabrum (Wehmer)

3p-Hydroxy-17a-oxa- D-homo-5a-
androstan-17-one

[22]

Beauveria bassiana

Androstenediol

[23]

1-Dehydrotestosterone (8)

Beauveria bassiana

(i) 11a-Hydroxytestosterone
(ii) 11a-Hydroxyandrost-4-ene-
3,17-dione

[23]

Mesterolone (12)

Cephalosporium aphidicola

(1a, 3B, 50, 17p)-1-
Methylandrostane-3,17-diol

[27]

Norandrostenedione (19)

Fusarium culmorum

6p-Hydroxy-19-nortestosterone

[16]
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Substrate Microorganism

Product

% Yield”™

Reference

Oxymetholone (21) Macrophomina phaseolina

(i) 17p-Hydroxy-2a-
(hydroxymethyl)-17a-methyl-
Sa-androstan-3-one

(i) 20-(Hydroxymethyl)-17a-
methyl-5a-androstan-3p-17f3-
diol

[33]

Aspergillus niger

(i) 17p-Hydroxy-2a-
(hydroxymethyl)-17a-methyl-
5a-androstan-3-one

(ii) 20-(Hydroxymethyl)-17a-
methyl-5a-androstan-3p-17f3-
diol

[33]

Rhizopus stolonifer

(i) 2a,17a-Di(hydroxymethyl)-5a-
androstan-3p-17p-diol

(i) 17p-Hydroxy-2a-
(hydroxymethyl)-17a-methyl-
5a-androstan-3-one

[33]

Fusarium lini

(i) 17p-Hydroxy-2-
(hydroxymethyl)-17a-methyl-
5a-androstan-1-en-3-one

(ii) 17a-Methyl-5a-androstan-
2a,3pB-17B-triol

(iii) 17p-Hydroxy-2-
(hydroxymethyl)-17a-

methylandrost-1,4-dien-3-one

(33]

Testosterone (22) Beauveria bassiana

(i) 5a-Androstan-11a,17B-diol-3-
one

(i) 5a-Androstan-11a-0l-3,17-
dione

[23]

* Available % yields in the literature

2.3. Carbon-carbon bond cleavage

The carbon-carbon bond cleavage in anabolic steroids that
took place by microorganisms has been compiled. The
process includes full oxidations of methyl carbons to
carboxylic acids. Carboxylic acids are easily eliminated in the
form of CO; (). For instance, Mohammad, et al. reported the
demethylation at C-17 on 17-methyl-1-testosterone (17) by

Rhizopus stolonifer to form androstenedione (2) with 18.0%
yield [25]. However, decarboxylation was performed at C-2
rather than C-17 on oxymetholone (21) by Fusarium lini to
yield 17a-Methyl-50-androstan-2a,3-17p-triol [33]. Studies
on carbon-carbon bond cleavage of anabolic steroids by
microorganisms are compiled (Table-3).
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Table 3. Carbon-carbon bond cleavage

Substrate Microorganism Product % Yield™ | Reference
Methandienone (Methandrostenolone, Rhizopus 110,17B-Dihydroxy-androsta- [25]
dianabol) (13) stolonifer 1,4-diene-3-one
17-Methyl-1-testosterone (17) Rhizopus 11a,17p-Dihydroxy-androsta- | 18.0 % [25]

stolonifer 1,4-diene-3-one
Oxymetholone (21) Fusarium lini 17a-Methyl-5a-androstan- [33]
20,3p-17p-triol

* Available % yields in the literature

3. General Experimental Methods
3.1. Applications of microorganisms
3.1.1. Microorganisms and culture medium

Microorganisms are grown on potato dextrose-agar or
sabouraud glucose agar at 25 °C, and stored at 4 °C. The
media for microorganism differ from one organism to
another, but generally the following ingredients are used
in distilled H,0: glucose, peptone, yeast extract, KH,PO4,
glycerol, KCI, MgS0.4.7H,0, and NaCl [34].
3.1.2. Fermentation and extraction conditions

The medium is distributed into conical flasks and then
sterilized in an autoclave at 121° C for 15 minutes. Mycelia
are inoculated into all the flask media, and the flasks are
placed in an incubator with rotary shaking at 28° C. After
the complete growth of microorganism, substrate is
dissolved in a particular organic solvent that is not toxic to
microorganism, and then equally distributed to each
cultural flask and flasks are again placed on incubated
shaker to allow the occurrence of fermentation. An
additional flask labeled as a negative control, which
contained a microorganism without substrate, is placed
with the incubated flasks under the same conditions, and
another additional flask, labeled as a positive control,
which contained a substrate added to the medium without
microorganisms, is also placed with the incubated flasks.
After the completion of fermentation, the mycelia are
separated from the medium by filtration and then the
medium is placed in a separatory funnel for extraction. The
metabolites are extracted using a suitable organic solvent.
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This extraction is repeated three times. The crude extract
containing the metabolites is collected by evaporating the
organic solvent, using vacuum on rotavap, and then
analyzed by TLC [34].
3.1.3. Isolation of transformed products

Different chromatographic techniques can be used to
isolate the metabolites [30-39]. The crude extract is
adsorbed on silica and subjected to column
chromatography. The metabolites are eluted and purified
by solvent mixtures of different polarities.
3.1.4. Structural elucidations of metabolites

Structures of the metabolites are elucidated through
comparative spectroscopic studies (UV, FT-IR, 1D-NMR,
2D-NMR, MS) with the substrate [30-37].
3.2. Applications of immobilized enzymes onto support
materials
3.2.1. Support materials

The support (carrier) can be a synthetic organic
polymer such as acrylic resins [40], a biopolymer such as
cellulose, starch, agarose, carragenans, and chitosan [41],
or an inorganic solid such as alumina, silica, zeolites, and
mesoporous silicas [42]. A variety of matrixes have been
used as support materials for enzyme immobilization [43].
3.2.2. Immobilization of enzymes onto solid supports

Enzyme immobilization onto solid supports is a
possible alternative to in-solution digestion. Different
reactive groups of the supporting material (—OH, —NH,,
and —COOH) can be utilized for covalent protein binding
using relatively simple coupling strategies [44]. These


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3787205/#CR42
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approaches include co-polymerization with
polyacrylamide gels, binding onto microbeads, silica-
based substrates, synthetic polymers, and the inner walls
of open capillaries or Micro-channels in microfluidics.

4. Conclusion:
Microbial biotransformation technology has proven to be
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ABSTRACT

This study aimed at assessing the safety of a mixed extract of Trigonella Foenum-graecum seeds and Withania
Somnifera root (TFWS), which effectively relieves male menopausal symptoms. To this end, male and female
Sprague-Dawley rats were divided into the following groups and repeatedly administered TFWS orally for 90
days: control, low-dose (500 mg/kg/day), intermediate-dose (1,000 mg/kg/day), and high-dose (2,000 mg/kg/day)
groups. The animals were monitored for general symptoms; their body weights and electrolyte levels were
measured; urinalysis, blood chemistry, biochemistry tests, and histopathological tests were performed to assess
the toxicity of TFWS. The no-observed-adverse-effect level of TFWS was 2,000 mg/kg/day for all male and female
rats. While in the TFWS-administered and control groups, most parameters were within the normal range; some
rats in the high-dose group showed changes not induced by the test substance but which may be specific to an
individual animal or may occur naturally. Thus, based on our findings, we consider that TFWS may be a safe, non-

toxic substance for alleviating male menopausal symptoms.

Keywords: Trigonella Foenum-graecum, Withania Somnifera, rats, safety, toxicity.

1. Introduction

The incidence of hormone-related disorders such as
menopausal symptoms, sexual dysfunction, and prostatic
hypertrophy is expected to increase with the transition
from aging to an aging society. Female menopausal
symptoms are easy to identify and manage to owe to
markedly reduced levels of estrogens, which are female
sex hormones, which occur with aging. Male menopausal
symptoms, on the other hand, are harder to identify and are
often managed late since the levels of testosterone, which
is a male sex hormone, decrease gradually. In general,
testosterone levels in men start to decrease by 3.1-3.5
ng/dL per year from the age of 30 years.t?® Male
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menopause refers to the period after the age of 30 years
during which various symptoms develop because of an
aging-induced reduction in blood testosterone levels.
These symptoms include low energy, erectile dysfunction,
reduced muscle mass, abdominal obesity, and anxiety.*>
Trigonella foenum-graecum, commonly known as
fenugreek, is an annual plant in the family Fabaceae. It is
cultivated worldwide as a semiarid crop®, including
Yemen’, and its seeds have traditionally been used for
medicinal purposes.®® Fenugreek seeds have been used to
treat kidney and bladder symptoms for a long period and
have been recently found to increase energy, maintain
blood glucose and insulin balance, and aid weight
management.1®! Fenugreek seed extract has been reported
to positively affect sexual health and quality of life through
its anabolic activities and androgen activation.'?> The
beneficial effects of the extract are attributed to the
extract’s ability to increase testosterone levels. Fenugreek
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seed extracts may effectively treat menopausal symptoms
in older men and have been reported to improve male
menopausal symptoms by increasing the total and free

testosterone  levels inhibiting  5oa-reductase  and
aromatase.*3
Withania  somnifera, commonly  known as

Ashwagandha, is an annual evergreen shrub in the
Solanaceae family that grows in Yemen, it is widely
utilized in Yemen, a traditional system of medicine in
Yemen’, and is deemed an “adaptogen,” a herb that
protects the body from stress and helps the body address
the effects of stress. Ashwagandha has been shown to
decrease cortisol levels in persons under chronic stress,
restore healthy adrenal function, and normalize the
sympathetic nervous system'#5, Ashwagandha root
extract is used to treat sexual weakness, erectile
dysfunction, and performance anxiety in men and has been
advocated to ameliorate diminished sexual desire in
women and all forms of sexual dysfunctions®,
particularly where a depleted nervous system is playing a
role.

While numerous studies have proven the beneficial
health effects of newly developed or existing substances,
they have been mostly limited to verifying only the
positive effects of the active ingredients. Few studies have
assessed the toxic effects of active ingredients when
ingested. Hence, in this study, we assessed the safety of
TFWS, which is a mixed extract of T. Foenum-graecum
seeds and W. Somnifera roots that has been found to relieve
male menopausal symptoms, by conducting a toxicity test
through oral administration to rats.

2. Materials and methods
2.1. Procurement of test substance and extraction
process

The seeds of Trigonella Foenum-graecum (fenugreek)
were purchased from Yassin spices in Sana’a city,
Yemen,and were collected from the Hajjahgovernmentt,
Yemenfromg Jan to Feb 2020. Also, the roots of Withania
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Somnifera (Ashwagandha) were purchased by Yassin
spices in Sana’a city, Yemen)and were collected from the
Hajjah goverment, Yemen from March to July 2020.
fenugreek seed and Ashwagandha roots were identified
and authenticated by Dr. Hassan M. Sugail, Assistant
professor of Plant Taxonomy, Department of Biology,
Faculty of Science, Hajjah University, Yemen.

The fenugreek seed and Ashwagandha roots were dried
separately under shade at room temperature following the
published procedure?®, then they were finely powdered
using a mill with ultra-centrifugal (Retsch ZM-200,
Germany). The powdered seeds were kept in dark airtight
container before extraction.

A 100 g of crushed fenugreek seed and 100 g of
crushed Ashwagandha roots were extracted separately
using ethanol 70% four times and then put on a shaker at
35 °C. After continues shaking for 3 days, the mixture was
filtered through a No.1 paper filter (Whatman). The extract
was transferred into a round flask and solvent was
evaporated using rotary evaporator, (Rotavapor R-200,
Biichi, Germany) at 40 °C. Finally, the yield of extraction
was calculated using Eq. (1).

Extraction i ld(V [y) _ Amount of extracted (ml) L100 (1
Hracton e \yy ™) = Weight of dry sample used (g) @

The dry crude extract yield from fenugreek seed was
5.55 £ 0.05% (v/w), while the dry crude extract yield from
Ashwagandha roots was 2.89+ 0.03% (v/w).

Chemical composition of fenugreek seed and
Ashwagandha roots referenced from PubChem were
alkaloids amino acids, saponins, steroidal, flavonoids,
fibers, lipids, coumarin, vitamins, minerals, mucilage,

volatile oil, tannins and glycosides?®2,
2.2. Laboratory animals and breeding environment

Five-week-old male and female rats, weighing 180-
200g for males and 150-170g for females were purchased
from Sana’a Zoo, Sana’a, Yemen. They were housed in
stainless steel cages in a well-ventilated room in the animal
house of the collage of Medical Sciences, Al-Razi
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University. The animals were kept under controlled
environmental conditions with free access to a standard
laboratory diet and water ad libitum during the entire
period of the study. During one week of acclimatization,
the animals were monitored for any abnormal symptoms.
Only animals deemed to be normal were used in the
experiment. All animal experiments were carried out in
accordance with the Guide for the Care and Use of
Laboratory Animals published by the National Institute of
Health (NIH) 1978. Animal handling and all related
procedures were carried out by the procedures approved
by the research committee of the college of Medical
Science,  Al-Razi

(021/CMS/2021).
2.3. Administration dose and experimental group
composition

The laboratory animals were divided into control and
TFWS-administered groups, with 10 animals per group.
Each group was further divided into male and female
groups. Ten rats were randomly allocated to a group such
that their body weights were close to the mean body weight
of the group. The animals were identified by tail
marking.’® Considering that the test substance was a
natural extract, the administration dose was set to 2,000
mg/kg/day for the high-dose group, which is greater than
the standard dose limit for repeated-dose toxicity tests
(1,000 mg/kg/day); 1,000 mg/kg/day for the intermediate-
dose group; and 500 mg/kg/day for the low-dose group.
Thus, the animals were divided into four groups, including

the control group.
2.4. Test substance preparation and administration

The test substance was prepared at concentrations of
2,000, 1,000, and 500 mg/10 mL/kg using water as the
solvent for oral administration. Using a syringe with a
zonde for enteral administration, the test substance was
directly administered into the stomach. The volume
administered was calculated as 10 mL/kg, based on the
most recently measured body weight of the animals. The
test substance was administered once daily for 90 days.

University, Sana’a, Yemen

Mohammed Sadeg A. Al-Awar

2.5. Observations
2.5.1. General symptom monitoring and weight
measurement

All animals were monitored once daily for the type,
onset, and severity of general symptoms and twice a day
for fatal conditions or death. The animals were monitored
for the entire course of TFWS administration (90 days).
Body weights of all animals were measured on the first day
of TFWS administration, once a week thereafter, and once
on the day before the autopsy and on the day of the
autopsy.

2.5.2. Urinalysis

Urinalysis was conducted for all five animals in each
group 13 weeks after TFWS administration. Fresh urine (1
mL) collected from rats in metabolic cages for 3-4 h was
used for the general analysis and urine sediment analysis.
The total urine volume was measured based on the amount

of urine that was continuously collected for 24 h.
2.5.3. Autopsy and blood collection

The rats were fasted for over 17 h before the day of the
autopsy and anesthetized via isoflurane inhalation. Blood
samples were collected from abdominal arteries. An
autopsy was conducted on all organs, and the findings

were recorded.
2.5.4. Hematology and serum biochemistry tests

A portion of the blood collected during the autopsy was
added to a vacutainer tube (Vacutainer, BD, USA)
containing EDTA-2K, an anticoagulant. General blood test
parameters (White blood cell count [WBC], red blood cell
count [RBC], hemoglobin concentration [HGB],
hematocrit [HCT], mean corpuscular volume [MCV],
mean corpuscular hemoglobin [MCH], mean corpuscular
hemoglobin concentration [MCHC], red cell distribution
width [RDW], hemoglobin distribution width [HDW],
platelet [PLT], mean platelet volume [MPV], and
reticulocyte [RET]) and leukocyte (neutrophil [NEU],
lymphocyte [LYM], monocyte [MONO], eosinophil
[EQS], basophil [BASQ], large unstained cells [LUC])
counts were measured using an automated hematology
analyzer, K-96 (ADVIA 2120, Siemens, USA).

For serum biochemistry test, blood samples were
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added to vacutainer tubes containing clotting activators
and allowed to coagulate at room temperature for 10-15
min. Next, serum was obtained by centrifuging the blood
samples for 10 min at 4,000 rpm (MF80, Hanil, Korea) and
then analyzed using an automated hematology analyzer K-
97 (KONELAB 20XT, Thermo Fisher Scientific, USA).
Electrolyte levels were measured using the K-99
electrolyte analyzer (744 Na+/K+/Cl- Analyzer, Siemens,

USA).
2.5.5. Organ weight measurement

For all animals, organs were harvested during the
autopsy, and their weights were measured using a
precision scale. The organs investigated in this
measurement included adrenal, pituitary, testis, ovary,
epididymis, thymus, prostate, spleen, kidney, heart, lung,

brain, and liver.
2.5.6. Histopathological examination

The harvested organs were fixed in 10% neutral-
buffered formalin. The fixed organs and tissues were
subjected to a conventional processing procedure that
involved trimming, dehydration, and paraffin embedding
to prepare tissue sections. Sections were then cut and
stained with hematoxylin and eosin. In a histopathological
examination, all fixed organs and tissues from the control
and high-dose groups were examined under a microscope.
The organs and tissues studied in this examination
included prostate, kidney, liver, spleen, lung, heart, and
kidney. Organs observed as abnormal in these groups were

also examined in the low- and intermediate-dose groups?.
2.6. Statistical analysis

Mean values between the control and TFWS-
administered groups were compared using parametric or
non-parametric multiple comparison methods. Statistical
analyses were performed using the SPSS 19.0 (IBM,

USA).
2.6.1. Continuous data

One-way analysis of variance (ANOVA) was used to
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evaluate the significance of the differences in the mean
body weight, feed consumption, blood chemical and
biochemical parameter values, and organ weights. If a
significant difference was found, the homogeneity of
variance was evaluated using Levene’s test. If the
homogeneity of variance was satisfied, Duncan’s multiple
range test was used. Dunnett’s t-test was used for

heteroscedastic data.
2.6.2. Non-continuous data

Urinalysis results were expressed as severity after scale
transformation as shown in Table 1, and statistical analysis
was conducted. If significant differences were found in the
Kruskal-Wallis H test, the Mann-Whitney U test was
performed to confirm the statistical significance of the
differences with respect to the control group.

3. Results
3.1 Toxicity criteria

The criteria were used to determine toxicity. The no-
observed effect level (NOEL) is the maximum
concentration at which a test substance does not cause
toxic or pharmacological changes. The no-observed-
adverse-effect level (NOAEL) is the maximum
concentration at which a test substance does not induce
adverse effects or lead to an evident disease. The lowest-
observed-adverse-effect level (LOAEL) is the minimum
toxic concentration at which a test substance induces
adverse effects.

3.2. Body weight and abnormal symptoms

No deaths or unusual symptoms were observed in any
group, including the control group, throughout the 90-day
repeated oral dose toxicity study period. No significant
differences in weight change were observed in any
experimental group, compared to the control group (Figure
1,2).
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Figure 1. Bodyweight changes in male rats
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3.3. Urinalysis and blood test

No significant findings and differences in urinalysis
results were found between the experimental and control
groups (Table 1). No unusual findings or significant
differences in the general blood test results and reduction
in leukocyte count were observed between the male
experimental and control groups (Table 2). While the red
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blood cell counts were significantly reduced in the female
high-dose group (2,000 mg/kg/day) compared to that in the
control group, the reduction was small and within the
normal range and thus deemed a change unrelated to the
test substance (P < 0.05) (Table 2).
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Table 1. Urinalysis of male and female rats

Groups (mg/kg/day)
Tests Results Severity Male Female
Gl G2 G3 G4 Gl G2 G3 G4
GLU - 0 5 5 5 5
BIL - 0 5 5 5 5
KET - 0 4 3 2 4
+/- 1 1 1 1 3 1
1+ 2 1 2 2
SG <1.010 1
1.015 2 5 2 1 2 3
1.020 3 3 3 1 1 5
1.025 4 2 1
1.030 5 1
pH 8.0 3 1 1 1 1 1
8.500 4 4 5 4 4 4 3 4
>9.0 5 1 1
PRO - 0 1 4 4 3 3
+/- 1 2 1 2 1
1+ 2 3 1 3 1 1
2+ 3 1 1 1
3+ 4 1 1
UROa) 0.2 0 5 5 5 5
NIT - 0 3 5 5 4
+ 1 2 1
OB - 0 1 3 2 5 5 5 5
+/- 1 5 3 2 3
1+ 2 1
LEU - 0 2 1 3 5 4 5
+/- 1 1 1 1
1+ 2 1 1
2+ 3 1 2 2
No. of animals 5 5 5 5 5 5 5 5
a) The unit of urobilinogen is Ehrlich unit (EU)/dL. GLU, glucose; BIL, bilirubin; KET, ketone body; SG, specific
gravity; PRO, protein; URQO, urobilinogen; NIT, nitrite; OB, occult blood; LEU, leukocyte.
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Table 2. Hematological values of male and female rats

. Male groups (mg/kg/day) Female groups (mg/kg/day)
Tests Units
G1 G2 G3 G4 G1 G2 G3 G4
WBC 103/uL | 3.44+£1.07 | 285+0.82 | 3.17+0.88 | 3.52+0.87 | 1.70+0.69 | 1.92+0.59 | 1.86 +0.70 | 2.12+0.71
RBC 106/uL | 8.64+0.26 | 8.51+0.51 | 8.61+0.30 | 8.60+0.49 | 8.09+0.35 | 7.87+0.22 | 7.89+0.33 772+
0.36*
HGB g/dL 153+0.88 | 154+0.56 | 154+0.70 | 15.2+0.64 | 16.3+0.39 | 16.0+0.44 | 16.2+0.46 | 16.0+0.36
HCT % 438+1.18 | 434109 | 43.7+1.23 | 43.4+123 | 427+£1.02 413+ 41.8+1.37 41.7 %
0.94* 0.84*
MCV fL 50.8+2.10 | 51.2+2.27 | 50.8+1.97 | 50.5+2.02 | 52.8+1.53 | 52.6 £ 0.67 | 53.0+1.01 | 54.1+3.48
MCH Pg 177+131 | 181+1.10 | 179+1.13 | 17.7+£1.10 | 20.2+0.82 | 20.3+0.43 | 205+0.76 | 20.8 +1.36
MCHC g/dL 348+164 | 354+121 | 352+1.03 | 350+1.02 | 383+£0.71 | 38.7+£0.55 | 38.7+£1.05 | 38.4+0.59
RDW % 134+081 | 129+053 | 129+0.63 | 128+0.49 | 11.7+£0.93 | 11.4+045 | 11.3+0.52 | 11.8+1.37
HDW g/dL 283+040 | 271+0.32 | 261+0.29 | 268+041 | 235+£0.26 | 230+£0.10 | 2.27+£0.13 | 2.35+0.08
PLT 103/uL | 865+ 279 929+10 | 980+69.4 | 940+ 74.6 996 + 981 + 1009 + 1094 +
173.1 164.4 114.9 161.9
MPV fL 75+0.73 7.2+0.40 7.1+£0.37 7.1+£031 | 7.4£0.56 7.4+0.58 7.1+£0.36 7.3+£041
RET % 1.73+032 | 1.59+0.29 | 1.51+£0.25 | 1.49+0.27 | 1.91+£041 | 2.04+0.33 | 1.81+0.36 | 1.92+0.41
NEU % 22.8+8.37 | 24.7+£9.12 | 24.0+8.67 | 220+ 3.84 221+ 18.7+4.71 | 18.6+7.20 | 19.4+9.84
18.48
LYM % 71.3+856 | 70.2+8.74 | 70.3+9.29 | 72.3+4.88 711+ 75.7+4.84 | 76.8 +6.83 75.1+
23.99 11.07
MONO % 2.7+0.71 26+064 | 29081 29+090 | 39%5.28 24+0.72 2.2+0.86 25+0.83
EOS % 22+079 | 1.7+048 | 1.8+073 | 1.8+050 | 24+0.79 | 25+091 | 1.7+090 | 2.1+0.96
BASO % 0.1+007 | 01+0.05 | 0.1+0.09 0.1+0.07 | 0.1+0.10 0.1+0.10 | 0.1+0.08 0.1+0.11
LUC % 09+058 | 0.7+032 | 09+101 | 09+041 | 05+039 | 06+0.34 | 0.7+0.37 | 0.7+0.39
No. of animals 10 10 10 10 10 10 10 10

WBC, white blood cell, RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red cell distribution width; HDW, hemoglobin

concentration distribution width; PLT, platelet; MPV, mean platelet volume; RET, reticulocytes; NEU, neutrophils, LY M,
lymphocytes; MONO, monocytes; EOS, eosinophils; BASO, basophils; LUC, large unstained cells.

3.4. Serum biochemistry and electrolyte tests

No unusual findings or significant differences in the
results of the serum biochemistry test and electrolyte
measurements were observed between the male
experimental and control group. While the total cholesterol

(CHO) level was significantly higher in the female high-
dose group (2,000 mg/kg/day) than in the control group,
the increase was small and within the normal range and
thus deemed unrelated to the test substance (P < 0.05)
(Figure 3&4).
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Figure 3. Serum biochemical values of male and female rats (ALP, ALT, AST, CHO, CPK, GLU, TG, Na+ & Cl-)
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Figure 4. Serum biochemical values of male and female rats (ALB, BIL, BUN, CRE, GGT, IP, PRO, A/G, Ca+ & K+)

»~

w

=

2

ALB (g/dL) Bll{mmol/L)  BUN{mmol/L) CRE(mg/dL) GGT{U/L) IP{mg/dL) PRO(g/dL) A/fG (ratio) Ca2+¢(mmol/L)  K+(mmol/L)

Tests

Male

mGi1
mG2
mG3
mG4
female
=G1
il -

mG3

G4

ALB. albumin: BIL. bilirubin: BUN. blood urea nitrooen: CRE. creatinine: GGT. camma-

3.5. Organ weight measurement

No unusual findings or differences in organ weights
were observed between the male experimental groups and
the control group. While the absolute weight of the liver
significantly increased in the female high-dose group
(2,000 mg/kg/day) compared to that in the control group,
the increase was within the normal range and deemed
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unrelated to the test substance (P < 0.05). While the
relative weight of the heart significantly increased in the
high-dose group (2,000 mg/kg/day) compared to that in the
control group, the increase was within the normal range
and deemed unrelated to the test substance (P < 0.05)
(Figure 5, 6).
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Figure 5. Absolute organ weights of male rats
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Figure 6. Absolute organ weights of female rats
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3.6. Histopathological examination to the test substance (Table 8). Inflammatory cell
Inflammatory cell infiltration, local inflammation, and infiltration and local inflammation were observed in the
congestion were observed in the prostate, kidney, liver, kidney, liver, and heart of some animals in the female
spleen, and heart of some animals in the male high-dose high-dose female group (2,000 mg/kg/day). The same
group (2,000 mg/kg/day). These symptoms were also symptoms were observed in the control group and thus
observed in the control group and thus deemed unrelated deemed unrelated to the test substance (Table 4).
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Table 3. Histopathological findings of male and female rats

Male groups (mg/kg/da Female groups (mg/kg/da
Organs Observed signs groups (mg/kg/day) Organs Observed signs groups (mg/kg/day)
Gl | G2 | G3 | G4 Gl G2 G3 G4
Prostate | Inflammatory cell A A Inflammatory cell 1
infiltration ) infiltration
Kidney :
Inflammatory cell 3 Hyaline casts 1
Kidney | infiltration
Regeneration 1 Mineralization 1
Liver | Focal inflammation 2 2 Liver | Focal inflammation 3 3
Spleen | Congestion 2 2 Spleen | Congestion 1
Lung Mineralization Inflammatory cell
1 Heart | = = . 1
infiltration
Heart | Inflammatory cell 1
infiltration
No. of animals 10 10 10 10
4. Discussion dose groups showed inflammatory cell infiltration in the

Sexual expression is a normal and healthy part of
human behavior. Positive sexual experiences are related to
health and well-being throughout life; hence, there is a
need to think about sexual health as not simply the absence
of sexual disorders, but as a key factor affecting the quality
of life?®. FSD is characterized by problems in the
psychophysiological variations combined with the “sexual
response cycle.” These variations are often due to
underlying neurovascular, hormonal, or psychogenic
aetiologies?®.

TFWS has previously been found to relieve various
male menstrual symptoms by improving testosterone
levels. 12132527 |n this 90-day repeated oral dose toxicity
study, the NOEL of TFWS was determined to be 2,000
mg/kg/day for both male and female rats. The maximum
recommended starting dose of TFWS is 32.25 mg/kg/day
or 1,935 mg/day for an adult weighing 60 kg. This is
approximately five-fold higher than the proposed dose
limit of 400 mg/day for an adult weighing 60 kg.

Male rats showed changes unrelated to the test
substance, which  determine the NOEL, in
histopathological examinations.?® Some rats in the high-

prostate and kidney; however, these symptoms were also
observed in the control group. Furthermore, mild
inflammation in the prostate and kidneys can occur
naturally with aging. Since local liver inflammation,
splenic congestion, and inflammatory cell infiltration in
the heart observed in the experimental groups were also
observed in the control group, these changes were not
deemed to have been induced by the test substance.
Female rats showed changes unrelated to the test
substance, which determine the NOEL, in the blood
biochemistry test, organ weight measurement, and
histopathological ~ examination.?®>®  The  serum
biochemistry test revealed that the total CHO level
increased by 26% in the high-dose group (2,000
mg/kg/day) compared to that in the control group but was
still within the normal range. The absolute weight of the
liver increased by 10.3% in the high-dose group compared
to that in the control group but was still within the normal
range. The histopathological examination revealed
inflammatory cell infiltration in the kidney in one rat in the
high-dose group. Inflammatory cell infiltration can also
occur naturally with aging. A few rats in the high-dose
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group showed local liver inflammation; however, this was
also observed in the control group. The overall test results
for the experimental groups were within the normal range
compared to those obtained for the control group;
however, a few changes unrelated to the test substance
were observed. These changes are not induced by the test
substance, but are rather specific to certain animals or are
natural phenomena. Based on these findings, we
considered TFWS to be a safe and non-toxic substance.
5. Conclusion

A repeated oral dose toxicity test on rats was performed in
this study to assess the safety of a mixed extract of TFWS, which
has been shown to relieve menopausal symptoms in men. There
were no deaths or unusual symptoms in any of the groups,
including the control group. Weight change, eye examination
results, urinalysis results, feed consumption, blood test results,
and histopathological examination results were all normal. When
compared to the control group, all test results in the experimental
group were within the normal range. The NOEL was determined
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ABSTRACT

Background: Hydroxyethyl Ester of Mefenamic acid (HEMA), which is an available derivative of mefenamic
acid (MFA) in the literature, was shown to exert a strong resistance to enzymatic hydrolysis in various buffer
solutions as well as in the plasma. However, there are no studies yet that investigate the biological effects of HEMA
as a possible active drug in-vivo. This study provides an in-vivo investigation of the efficacy and toxicity of HEMA
in comparison to those of a related drug, MFA, that has a similar chemical structure.

Methods: Acute toxicity evaluations were conducted in various groups of mice following administration of high
equimolar doses of HEMA and MFA and were measured at various parameters including the percentage of
catalepsy, seizure score, percentage of clonic-tonic seizure and death, grimace scale score (GSS) and locomotor
activity. In addition, the anti-inflammatory and anti-nociceptive effects of HEMA were evaluated in the
carrageenan-induced paw edema test and acetic acid-induced writhing test, respectively.

Results: The findings of this study revealed that the percentage of catalepsy, clonic-tonic seizure and death as well
as seizure and grimace scale scores were lower in mice treated with HEMA than those treated with equimolar
doses of MFA. In addition, treatment with HEMA caused a comparable anti-inflammatory activity in the
carrageenan-induced paw edema test and a significantly (p<0.05) higher anti-nociceptive effect in the acetic acid-
induced writhing test than that of MFA.

Conclusion: Results obtained from this study may indicate that HEMA has superior therapeutic advantages for
the management of acute and inflammatory events with a less potential risk of neuromuscular adverse effects.

Keywords: Mefenamic acid, Ester, Seizure, catalepsy, antinociceptive.

1. INTRODUCTION

Structural modification of existing drugs is a well-
established approach in drug design and development -2,
This approach involves the alteration, addition, or removal of
functional groups in drug structure that could help to produce
new drug derivatives with improved functional properties ©.

*Corresponding author: Qais Jarrar
jarrarg@yahoo.com

Received: 4/11/2021  Accepted:19/3/2022.
DOI: https://doi.org/10.35516/jjps.v15i4.674

The main objective of such an approach is to enhance the
clinical outcomes in term of enhancing the therapeutic effects
and reducing drug toxicities ©),

Mefenamic acid (MFA),which is a common non-steroidal
anti-inflammatory drug (NSAID), is a highly lipophilic agent
that is rapidly absorbed across the gastrointestinal tract and
distributed throughout tissue fluids ©. It can cross the blood-
brain barrier and interacts with various molecular targets in the
brain including the cerebral cortex and hippocampus®®- From
the clinical point of view, the presence of MFA in the plasma,
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above the minimum effective level, is associated with a high
risk of muscle twitching that ends by grand mal convulsion in
38% of the patients (7,8). A couple of comparative
investigations also revealed that MFA treatment in humans is
implicated in a large number of central nervous system (CNS)
convulsions compared to other NSAIDs (9). On the other hand,
a line of emerging evidence has recently shown that MFA
exerts multiple biological effects that potentiate its use in a wide
range of clinical applications (10). For example, MFA has
emerged as a potent drug to treat schistosomiasis (11). In
addition, MFA is thought to reduce depressive symptoms and
improve cognitive impairment disorders in the rodents (12,13).
MFA use was also reported to be effective as adjuvant therapy
in the treatment of castration-resistant prostate cancer in a
randomized control trial (14). These together may indicate that
MFA is a promising therapeutic for various diseases, but its
neuromuscular adverse effects may considerably offset its
therapeutic advantages. In line of these, the present study was
conducted with the assumption that reducing the
neuromuscular adverse effects of MFA using the structural
modification approach may constitute an inflection point on its
clinical development. Therefore, there is a constant need for
developing various analogs of MFA that inherit great
therapeutic benefits and pose minor adverse effects on the
biological systems.

Hydroxyethyl ester of MFA (HEMA) is an analog of
MFA that has been available in the literature since 1979.
Structurally, the hydroxyethyl moiety of HEMA binds via
an ester bond to the carboxylic acid group of MFA, which
is responsible for the development of seizure in MFA
treatment (15). The ester bond of HEMA showed strong
resistance to enzymatic degradation and exhibited high
stability in the plasma and various buffer solutions (16,17).
It is therefore expected that HEMA has less toxicity on the
neuromuscular system than MFA while its therapeutic
effects remain to be answered. Based on the findings of
previous studies, there is a contradiction in the research
regarding the functional role of the carboxylic group as an
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essential pharmacophore in various NSAIDs. However,
the recent trend of the research may incline to refute the
functional relationship between the carboxylic acid group
and the therapeutic response (18). In light of this, the
present study provides a comparative investigation on
neuromuscular toxicity, antinociceptive activity, and anti-
inflammatory effect between HEMA and MFA.

2. Chemicals and methods

2.1. Chemicals and instruments

Mefenamic acid, dimethyl sulfoxide, 2-chloroethanol and
carrageenan were purchased from Sigma, US. Acetic acid and
formalin were obtained from BDH, UK. The ‘H- NMR of
HEMA was recorded on a Bruker 500MHz spectromter
(Bruker DPX-500) and was analyzed using TopSin 3.2
Windows software. Activity cage (Ugo Basile, Italy) was
used for measurement of locomotor activity in mice.

2.2. Synthesis of HEMA

Synthesis of HEMA was conducted according to a
procedure described previously (16). A mixture of the sodium
salt of mefenamic acid (3.0 g, 0.011 mol); in dry DMF (15 ml)
with potassium iodide (0.18 g, 0.0012 mol) was stirred for 5-10
minutes to obtain a suspension, and then bromoethanol (1.5 g,
0.012 mol) was added in a dropwise manner. The reaction
mixture was stirred for 7 hr with heat at 70°C. After the reaction
was completed, the reaction mixture was treated with 30 ml
ethyl acetate to form a precipitate, which was filtered on a
Whatman ® cellulose filter paper (Grade 40 Ashless Filter
Paper 150 mm). The filtrate was treated with 15 ml of aqueous
solution of sodium thiosulfate (5% wi/v) for 3 times. After
evaporation of the organic solvent, the obtained oil was poured
into a beaker containing ice water to produce a solid precipitate.
The precipitate was filtered by a Buchner funnel and
recrystallized by ethanol to yield 2.4 g. melting point 80°C; IR
1680 cm-1 (ester),IHNMR (CD3CN), d, 2.1(s, 3H, CH3), 2.3
(s, 3H, CH3), 3.8 (t,2H, CH2), 4.3 (t, 2H, CH2), 6.6-8 (m, 7 H
aromatic), 9.2 (s, 1H, NH). Scheme 1 shows synthesis reaction
of HEMA.
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Scheme 1. General scheme for HEMA synthesis

2.3. Animals

Male Swiss albino mice weighing between 21-33 g
were used in various experiments. These mice were born
and reared in the animal facility of Isra University, Jordan.
All animals were subjected to controlled conditions (22-25
C, 67-79% humidity and 12/12-hour light/dark cycle), and
were housed in polypropylene cages (30*22*16 cm?d)
provided with a free access to pelleted diet and tap water.
All experiments were conducted between 9am-5pm with
the permission granted by Scientific Research Committee
of Isra University (2019/2018/17-174). All procedures of
animal use and handling were conducted according to the
laboratory guidelines of animal care (19).

2.4. Toxicological evaluations

Acute toxicity study was conducted according to
procedures described by OECD guidelines (OECD
Guidelines, 2010). The main objective of this study is to
evaluate the acute adverse effects of HEMA in comparison
to those of MFA. The adverse effects were evaluated
across various measuring parameters using various
experimental sessions. For each session, mice were
distributed into three groups (n=6/each group) as follows:

Group | (Vehicle control): Each mouse of this group
received a single non-toxic dose of drug vehicle (DMSO,
1.2 mL/kg), via the intraperitoneal (i.p) route. The dose

was selected based on a previous study (20)

Groups Il (Positive control): Each member of this
group received a single dose of MFA via the i.p. route.
Different doses were used in various experimental sessions
for induction of the adverse effects via the i.p. route. All
doses were selected based on a previous study (15).

Group Il (test group): Mice of this group were
received HEMA at equimolar dose to MFA.

Details of experimental procedures were presented in
subsections as stated below.

2.4.1. Assessment of acute distress after drug dosage

Acute distress that is associated with HEMA side
effects was evaluated in comparison to the distress
produced by MFA treatment (40 mg/kg) using the mouse
grimace scale (Fig.1). At 30 minutes after the treatments,
mice were transferred individually in a glass box
(30*30*30 cm?®) and observed for 15 minutes. During the
observation, a series of photos (n=60 photos) was taken
randomly by pointing the camera directly at the mouse’s
head. These photos were cropped to create a clear focus on
the mouse’s face and reduce the risk of bias due to body
posture. The feature of the mouse’s face in these photos
was analyzed across five action units: orbital tightening,
nose bulge, check bulge, ear position and whisker change
(Fig.1). Each action unit was taken a value of 0 (indicates
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the action unit was absent in all photos), 1 (indicates the
action unit was present in at least one photo with a mild
feature) or 2 (indicates the action unit was obvious). The

Not present

Moderate

Islam Adel, et al.,

sum of scores was taken in each mouse and the totals were
averaged in each group.

Severe

Whisker change

Fig.1. Grimace scoring scale for assessment of distress following drug dosage

2.4.2. Assessment of catalepsy

Catalepsy was evaluated in mice treated with HEMA
in comparison to those treated with MFA at 40 mg/kg.
After 30 minutes of the treatments, mice were placed
individually in an open arena and were gently forced to
place their front paws on a 5-cm high wooden bar. The
mouse which showed no resistance against the bar for 20
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seconds were considered as cataleptic mice. The
percentage of catalepsy was calculated in each group and
used as index for measuring muscle spasm in mice.

2.4.3. Assessment of seizure

Seizure was evaluated in mice treated with HEMA in
comparison to those treated with MFA at 80 ma/kg.
Immediately after treatments, mice were transferred to a
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glass beaker for observation. The percentage of seizure
was calculated in each group and seizure score was

estimated using the scoring scale presented in Table 1.

Table 1. Scoring scale of seizure in mouse

Score Observation
1 Akinesia (loss of voluntary movement)
{’é _J_ d_fE>L
2 Head nodding (head movement in alternating up and down
arcs along the vertical cervical axis), partial myoclonus
D
__'/.__‘___L_/J-’—\._F.
3 Contentious whole-body myoclonus
=y
4 Rearing tonic seizure (The mouse shows standing up position
with clonic bilateral forelimb movements)
A
7/
5 Tonic-clonic seizure, wild rush and jumping
U J

2.4.4. Assessment of death

Death was evaluated in mice treated with HEMA in
comparison to those treated with MFA at 80 mg/kg. The
number of deaths over 14 days post-treatment was counted in
each group and the mortality percentage was then calculated.

2.4.5. Assessment of locomotor activity

The locomotor activity of mice treated with HEMA was
evaluated in comparison to that seen in mice injected with
MFA (40 mg/kg) using the actophotometer model. After 30
minutes of treatments, mice were placed individually for 10
minutes in the actophotometer for evaluation of the locomotor

activity. The number of light beam interruptions that resulted
from the horizontal movement of mice was counted and was
used as index for the locomotor activity.

2.5. Therapeutic evaluations

The therapeutic effects of HEMA was evaluated using
various in-vivo experiments. For each experiment, mice
were distributed to three groups and treated as follows:

Group | (Vehicle control): Each mouse of this group
received drug vehicle (DMSO, 1.2 mL/kg), via the
intraperitoneal (i.p) route.

Groups Il (Positive control): Each member of this
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group received intraperitoneal dose of MFA (20 mg/kg)

Group 111 (test group): Mice of this group were injected
intraperitoneally with HEMA at an equimolar dose to MFA.

3.5.1. Assessment of anti-inflammatory effect

The anti-inflammatory effect of HEMA was evaluated
in comparison to that of MFA using the carrageenan-
induced paw edema test as described previously (21). After
30 minutes of drug treatment, mice were challenged with
sub-planter injection of carrageenan solution (1%, 0.1 mL)
in the right hindpaw . Paw thickness was measured
immediately (at time 0) and at 1,2,3 and 4 hours after
carrageenan injection using a digital caliper. Reduction in
paw thickness in comparison to those of vehicle control
was used as index of anti-inflammatory effect.

3.5.2. Assessment of anti-nociceptive effect

3.5.2.1. Acetic acid-induced visceral pain test

The acetic acid-induced writhing test was used to

evaluate the anti-nociceptive effect of HEMA according to
a procedure described previously (22,23). After 30 minutes
of drug treatment, each mouse was injected intraperitoneally
with 0.6% of acetic acid solution and was then placed in
transparent Perspex box for observation. Following a 5-
minutes lag period, the writhing responses which
characterized by limb extension, tail erection and body
elongation were cumulatively counted over a period of 30
minutes. Reduction of writhing effects in comparison to
vehicle mice was used as index of anti-nociceptive effect.

3.5.2.2. Formalin -induced paw licking test

The anti-nociceptive effect of HEMA against formalin-
induced paw licking was evaluated in comparison to that
of MFA using a method described previously (24). After
30 minutes of drug treatment, mice received sub-plantar
injection of formalin into right hind paw for induction of
pain that characterized by repeating paw licking behavior.
The time spent for licking the paw was measured during
the initial phase (0-10 minutes) and during the late phase
(15-30 minutes). Reduction in the licking time was used as
index for anti-inflammatory effects of drugs.
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2.6. Statistical analysis

Data obtained from different animal experimentations
are presented as an average of duplicate trial + standard
deviation (SD). The statistical difference between groups
was calculated by one-way analysis of variance (ANOVA)
followed by post hoc Tukey’s test using Statistical
Package for the Social Sciences (SPSS) program, version
22.0 (IBM). A probability value of less than 0.05 (p<0.05)
was set as a significant difference.

3. Results

3.1. Acute toxicity test

Data obtained from the acute toxicity study revealed
that treatment with MFA, via the intraperitoneal route, was
capable to induce multiple side effects in a dose-dependent
manner. At 40 mg/kg, mice showed a prominent change in
grimace score with a marked decrease in the locomotor
activity that was associated with muscles spasm and
catalepsy. On the otherhand, treatment with 80 mg/kg
induced tonic-clonic seizures that are usually ended up
with death. In this study, HEMA was synthesized as a
modified structure from MFA aiming to reduce the acute
adverse effects, particularly on the nervous system. The
results showed that mice treated with HEMA had
significantly lower grimace scores than those received
MFA (Fig.2), which were manifested by a significant
decrease in the severity of eyelid close with normal ear
position and check and nose bulges that were almost
similar to vehicle control. In addition, mice treated with
HEMA showed a lower decrease in locomotor activity as
compared to mice treated with MFA (Fig.3). The incidence
of catalepsy and seizure was less evidenced in mice
injected with HEMA (Fig.4 and Fig.5 respectively). The
severity of seizure was also reduced in mice treated with
HEMA as they exhibited non-fatal head-nodding whereas
mice treated with MFA showed tonic-clonic seizures
(Fig.6). Moreover, the number of deaths during 14 days
period was higher in the group that received MFA than that
treated with HEMA (Fig.7).
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Fig.2. Mean of grimace score in mice received vehicle, MFA and HEMA. (*) Indicates significant (p<0.05)
difference from vehicle group. (#) Indicates significant (p<0.05) difference from MFA group.
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Fig.3. Mean of photo cell counts in mice received vehicle, MFA and HEMA. (*) Indicates significant (p<0.05)
difference from vehicle group. Note that there is a significant decrease in locomotor activity in the group treated
with MFA but not group treated with HEMA
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Fig.6. Mean of seizure scores in mice received vehicle, MFA and HEMA. (*) Indicates significant (p<0.05)
difference from vehicle group. (#) Indicates significant (p<0.05) difference from MFA group.
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Fig.7. Percentage of mortality in mice received vehicle, MFA and HEMA
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3.2. Carrageenan-induced hind paw edema test

Measurements of hind paws thickness following
carrageenan injection showed a maximum increase of paw
edema at 3-4 hours post injection. Pretreatment with MFA
and HEMA caused significant decrease in paw thickness
as compared to vehicle effect at 3 hours following
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carrageenan injection (Fig.8). Although mice treated with
MFA showed higher decrease of paw thickness than group
treated with HEMA at various time points, the statistical
analysis didn't find any significant difference between
these groups (Fig.8).

—m—Vehicle

—&— MFA

—&— HEMA

3 4 5

Time after carrageenan injection (hours)

Fig.8. Mean of paw thickness in mice received vehicle, MFA and HEMA. (*) Indicates significant (p<0.05)
difference from vehicle group.

3.3. Acetic acid-induced writhing response test

Observation of mice following acetic acid injection
showed writhing responses that were represe nted by
multiple attack of hind limbs extension and waist twisting.
However, pretreatment with MFA and HEMA
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significantly reduced the number of writhing responses as
compared to the effect of vehicle (Fig.9). In addition, the
reduction of writhing effects was significantly lowered in
group treated with HEMA than group treated with MFA
(Fig.9).
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Fig.9. Mean of writhing effect numbers in mice received vehicle, MFA and HEMA. (*) Indicates significant
(p<0.05) difference from vehicle group. (#) Indicates significant (p<0.05) difference from MFA group.

3.4. Formalin-induced hind paw licking test the time spent for paw licking during the late phase only
Observation of mice following formalin injection as compared to the effect of wvehicle (Fig.10). No
showed paw licking behaviors at two distinctive phases. significant difference in paw licking time between group
Pretreatment with MFA and HEMA significantly reduced treated with HEMA and group treated with MFA.
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Fig.10. Mean of paw licking time in mice received vehicle, MFA and HEMA. Subfigure (A) represents the first
phase of the formalin induced licking test. Subfigure (B) represents the second phase of the formalin induced
licking test. (*) Indicates significant (p<0.05) difference from vehicle group.
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4. Discussion

Chemical modifications on drugs is a common
pharmaceutical approach that has a great potential to enhance
the pharmacodynamics and pharmacokinetics and create
novel drugs (25,26). For example, many efforts have been
made for enhancing the therapeutic activity of NSAIDs and
reducing their toxicity by developing chemical derivatives or
using prodrug approach (27). Concerning MFA, which is a
potent analgesic and antipyretic drug, the CNS toxicity
manifested by serious convulsions is common in a clinical
practice after ingestion of high doses (8,9). Therefore, the
recent trend in MFA development is to reduce its CNS
toxicity by masking the carboxylic acid moiety. A previous
study demonstrated that binding MFA with alpha-tocopherol
reduced the CNS toxicity by increasing the latency to the
convulsions (15). In this study, the potential risk of CNS
toxicity of HEMA was evaluated in comparison to that of
MFA. The finding revealed that mice treated with HEMA
showed less seizure percentage, seizure score, catalepsy
percentage and mortality percentage. These results together
indicate that treatment with HEMA has less potential to cause
CNS adverse effects than MFA. The neurobiology of CNS
convulsion, catalepsy and motor dysfunction is thought to be
caused by disruptions in the GABAergic, glutamatergic, and
dopaminergic systems (28-32). However, a line of molecular
research revealed that MFA is capable to interact with
GABAEergic function in a dose-dependent manner. (33,34). In
this regard, the ability of HEMA to prevent CNS toxicity is
assumed to be attributable to pharmacokinetic changes or a
change in drug release profile that reduce the risk of
GABAEergic disruption.

Paw edema thickness of mice, following a sub-planter
injection of carrageenan, has been frequently used in
experimental works as an index for development of acute
topical inflammation in paw tissues (35,36). It was well
identified that development of edema due to carrageenan
injection has a biphasic nature (37). The initial phase is
attributed basically to histamine and serotonin secretion
due direct tissue damage following carrageenan injection.
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On the other hand, the late phase, which start at 3-6 hours
after carrageenan injection, involves a massive production
of prostaglandin that works as a potent inflammatory and
nociceptive mediator. In this study, mice treated with
HEMA showed significant reduction in paw thickness at
the second phase only when compared with vehicle mice.
These results may indicate that treatment with HEMA
produced a considerable anti-inflammatory effect in vivo
that may relate to a possible inhibitory effect on
prostaglandins synthesis. The results also revealed that the
anti-inflammatory of HEMA in carrageenan-induced
licking test was statistically comparable to that of MFA,
indicating that HEMA attained the anti-inflammatory
properties of MFA.

Pain is abnormal sensory perception characterized by
uncomfortable sensation that works as alarming signal to
harmful stimuli (38). It constitutes a fundamental symptom
in various diseases and pathological conditions including
acute and chronic inflammations (39). It has been
identified by various health care organizations as one of
the most disabling disorders that reduces the quality of life
and interferes with social activities(40,41). The
pathogenesis of pain has a complex nature that involves
dysregulation of various molecular and biochemical
pathways in the peripheral and central nervous system
(42). Treatment of pain with opioid and non-opioid
analgesics has been reported with suboptimal therapeutic
effects or associated with serious adverse effects(43,44).
Therefore, it is always coveted to develop safer and
effective drugs for the use in the pharmaceutical and
clinical practice. In this study, HEMA was evaluated, for
the first time, as possible analgesic drug in acetic acid
induced writhing test and formalin induced paw licking
test in mice.

Acetic acid induced writhing test is a well-accepted and
validated method for evaluating of anti-nociceptive activity in
mice (45,46). Injection of diluted acetic acid in the abdominal
cavity renders mice to exhibit a pain response that basically
manifested by arching of back, limb extension and tail
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erection that together known as "writhing response " (46). A
line of evidence revealed that common analgesics were
effective in reducing writhing response following acetic acid
injection (45,47). In this study, HEMA caused significantly
stronger inhibition that produced by the vehicle and MFA.
This may indicate that HEMA exerts a sufficient analgesic
property for the clinical use.

Formalin test demonstrates a biphasic response of paw
licking in mice following formalin injection (24,48). The
initial phase, which also known as neurogenic phase, starts
immediately after formalin injection and last for
approximately 5 minutes. The second phase (inflammatory
response) occurs during 15-30 minutes following formalin
injection. It is reported that active drugs act differently on
both phases based on its mechanism of actions (49).
Centrally acting drugs were found to inhibit both phases,
whereas most NSAIDs tends to inhibit the second phase
only. Therefore, it is well accepted that generation of pain
during the second phase may occur basically due to a serial
of inflammatory events following paw tissues damage
after formalin injection. In this study, HEMA caused a
significant inhibition in the second phase which was
compared to that produced by MFA. These results may
indicate that the analgesic effect of HEMA owes to it is
anti-inflammatory properties in-vivo.
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ABSTRACT

Amoxicillin trihydrate-loaded hydrogel beads were prepared and characterized as a controlled drug delivery
system to improve patient compliance. An ionotropic gelation process was used to prepare the hydrogel beads
using calcium chloride (CaCl2) as a crosslinking agent. The effects of CaCl2, sodium alginate, poloxamer 407
(PL) concentration, and preparation temperature were investigated. Spherical hydrogel beads were obtained with
high encapsulation efficiency (85.74+1.09) %. FTIR analyses confirmed the compatibility of amoxicillin with the
used excipients. In vitro swelling and cumulative drug release studies were performed over 24 hours in HCI
medium, pH 1.2. Prepara-tion temperature was found to influence both the index of beads swelling (SI) and the
cumulative release of amoxicil-lin. The study demonstrated the capability of PL to enhance the cumulative release
of amoxicillin, correlating with swelling behavior. The proposed hydrogel beads have the potential as a promising
drug delivery system for controlled release of amoxicillin, over 24 hours, and thus reduced dosing frequency.
Keywords: Controlled drug delivery, Sodium alginate, Hydrogel beads, Poloxamer 407, Amoxicillin.

INTRODUCTION

Amoxicillin trihydrate (o-amino-hydroxybenzyl
penicillin) is a semisynthetic, orally absorbed, broad-
spectrum antibiotic . It is used to treat many infections, such
as respiratory, urinary, and genital infections 2. Amoxicillin
has been widely used in triple therapy for gastric Helicobacter
pylori infection in combination with a second antibiotic and a
proton pump inhibitor 3, 4. It has a short half-life of 61 min,
thus it has been used at 500 mg every 8 hours 5. Because of
the high patient compliance, Llor et al mentioned that nearly
80% of users did not adhere to the amoxicillin dosage
regimen 8. Controlled drug delivery systems have many
advantages over the immediate release dosage forms
including (i) the reduction in drug plasma level, fluctuation
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and adverse side effects, (ii) the improvement in patient
tolerability and compliance, (iii) and finally, the reduction in
healthcare costs ”.

Hydrogels are of special interest in the development of
controlled drug delivery systems due to the ease of drug
dispersion in their ~matrices, their soft tissue
biocompatibility and the high level of controlling the drug
release compared to other systems 8. Hydrogels are
crosslinked polymers capable of absorbing a large volume
of water due to the abundance of hydrophilic groups in
their network structure. °. In the controlled swelling
systems, a drug is dispersed in the polymer, however,
when the water uptake occurs the polymer swells and the
drug diffuses out. The release rate of drug depends on the
rate of water diffusion and chain relaxation °. Hydrogels
are being used for the encapsulation of several drugs as
drug delivery vehicles and controlled release systems for
different medicines including amoxicillin °. Moreover,
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Narkar and co-workers have successfully employed gellan
hydrogel beads as an effective vehicle for the sustained
delivery and release of amoxicillin %,

In this study, hydrogel beads have been formed using
sodium alginate (SA). SA is a linear polysaccharide
copolymer which is composed of g-D-mannuronic acid
(M) and a-L-guluronic acid (G) of repeating units linked
by a 1—4 linkage 2. SA can be composed of one or more
units, or alternating sequences of M blocks, G blocks, or
heterogeneous blocks of MG 23, It is rich in carboxylic
groups, which facilitate the formation of a three-
dimensional gel structure (or so-called Egg box model).
This can be achieved by interacting with multiple many
positive triple or double electrolytes such as barium, zinc,
aluminum and finally calcium (Ca) which is preferable due
to its non-toxicity 2.

However, there are some problems challenged the drug
release from Ca-sodium alginate matrix. First, the low of
encapsulation efficiency during the crosslinking process
(gel formation) which is time-consuming (i.e. takes long
time). Second, the gel porosity which could result in a
burst release of the loaded drug * 5. Therefore, many
efforts are being currently made to improve the
performance of Ca-sodium alginate hydrogel beads as
controlled drug delivery carriers '°. The attempts include
the addition of other polymers, such as, chitosan and
sodium carboxymethyl cellulose (Na CMC) 6,

In this research, poloxamer 407 (PL) (Pluronic F127)
was added, a non-ionic and a synthetic triblock copolymer
consisting of poly (oxyethylene-propylene oxide- ethylene
oxide) (POE-POP-POE) where POE units is 70% and POP
units is 30% 7. PL is being currently employed in mucosal
drug delivery because of its thermo-sensitive properties at
the physiological temperature 8 1°,

PL has a low toxicity 7, therefore it can be used for
developing injectable drug delivery depot matrices % 2L,
Because of its thermal sensitivity, PL has been used for
controlled drug delivery system. However, the excess of
aqueous fluids causes the packed PL micelles to dissociate
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resulting in a loss of gel integrity . Considering the
mentioned challenges of both polymers, PL was added
during the crosslinking process to improve the
performance of hydrogel beads as a drug carrier. This was
found to increase encapsulation efficiency and improve the
controlled release of amoxicillin.

MATERIAL AND METHODS

Sodium alginate extracted from Laminaria Hyperborea
with MW of 1.97 x 105 and M/G ratio of 0.59 was
purchased from BDH Chemicals Limited, UK.
Amoxicillin  trinydrate was purchased from DSM
Sinochem Pharmaceutical India Pvt. Ltd, India. Poloxamer
407 was purchased from BASF, USA. CaCl, was
purchased from Eurolab, Great Britain. Water used to be
of high purity deionized and double distilled. All other
chemicals used were of analytical grade.

Preparation of hydrogel beads

Hydrogel beads were prepared by ionotropic gelation
method using (1, 5, 10) % CaCl, concentration as a cross-
linker. Briefly, sodium alginate was hydrated into 100 mL
of distilled water overnight. Two g of amoxicillin were
dispersed in the alginate solution and stirred with magnetic
stirring to form a viscous coarse dispersion. Six mL of the
resulting dispersion was then dropped into 60 mL of CaCl,
solution (as gelling agent) at 15 and 25°C. Considering that
temperature affects the viscosity of suspensions and
solutions in our case it was necessary to consider the

temperature change as a parameter to be studied.
Preliminary studies were done to compare between 25 and
4 °C. It was found that at 4 °C, the viscosity of the
suspension was very high, and the preparation process
became complicated and took a long time. So it was tried
another temperatures like 15 and 25 °C. A vibration
bathroom (Biobase, China) was used to control the
temperature of 15 °C.

In some formulations, poloxamer 407 was added into
CaCl, solution. Thus, hydrogel beads were formed and
allowed to complete the crosslinking reaction for 30 min



Jordan Journal of Pharmaceutical Sciences, Volume 15, No. 4, 2022

before being filtered and washed once by soaking with 60
mL of distilled water. All collected hydrogel beads were
finally dried in an air convection type oven (Carbolite
LHT4/30, England) at a temperature of 35°C for 24 h 22 23,
Totally, 11 formulations were prepared as it showed in
Table 1.

Characterization of hydrogel beads

Particle size analysis

Particle size was determined using a Trinocular stereo
microscope, smz-143, Motic, China. 20 dried hydrogel
beads were randomly sampled from each formulation and
measured. The results were expressed as mean values +
standard deviation of 20 measurements.

Mass testing

To determine the average mass, 20 dried hydrogel
beads were randomly sampled from each formulation and
accurately weighted using Precise scale 320 XB balance
(220A, Switzerland). The results were expressed as mean
values + standard deviation of 20 measurements.

Fourier transform infrared (FTIR) spectral
measurements

FTIR spectra were obtained using Nicolet (IRAffinity-
1S, Shimadzu,Japan) instrument to confirm the formation
of composite structure as well as to confirm the
compatibility of the drug with polymers used to prepare
hydrogel beads. FTIR spectra of amoxicillin loaded
hydrogel beads, placebo hydrogel beads, and pure
amoxicillin were all taken by grinding them separately
with KBr and making pellets under a hydraulic pressure.
The spectra were acquired over the wavenumber of the
range of 4000-500 cm™ at ambient temperature.

Drug content

Three weighted hydrogel beads were grounded to get
the powder using an agate mortar and placed in a beaker
containing 25 mL of the fresh phosphate buffer pH=6.8 for
24 h to allow their complete dissolution using a shaker
(Heidolph, Germany). Samples were then filtered using
the Through Whatman filter paper (0.45um). The
polymeric debris was washed twice with 10 mL buffer to

extract any adhered drug. The filtrate was analyzed at 272
nm by UV spectroscopy (SP-3000 Plus, Optima, Japan).
The encapsulation efficiency (EE%) and drug loading
(DL%) were calculated using the following equations,
respectively:
actual drug content in beads

EE% = x 100
o Theoretical drug content

DL% = actual drug content in beads % 100
0T weight of beads

Swelling study and drug release study

Swelling and release studies were carried out in HCI
solution pH=1.2 (stomach condition) during 24 hours at
37+£0.5°C using a USP rotating basket apparatus
(ERWEKA DT 600 HH, Germany) at 100 rpm. In each
experiment, 30 hydrogel beads were weighted and placed
in the apparatus vessel containing 500 mL of the swelling
or the dissolution medium. For the swelling study,
hydrogel beads were carefully taken out at time intervals,
drained with filter paper to remove excess water and
weighted. Mass changes were calculated using the
following equation:

_ weight swollen beads — weight dry beads
h weight dry beads
00 g y

SI %
X1

In a separate experiment, samples of tested medium
were with-drawn at the same time intervals, filtered and
the released amount of amoxicillin was determined by UV
spectroscopy (SP-3000 Plus, Optima) at 272 nm.

Analysis of in vitro drug release and mechanism

In order to predict and correlate the release behavior of
amoxicillin from these hydrogel beads, it was necessary to
plot in different models of data treatment as follows:

1. Dependent-model method 2. 2) Independent-model
method (data analysis) 2°

Similarity factor (f;) dissolution profile comparisons
are used to assess the similarity of the dissolution
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characteristics of the two formulations.
f2 = 50 x log [(1+ (3) Tty (ReTy2)® x100]

where n is the number of time points, R is the dissolution
value of the reference at time t, and T is the dissolution
value of the test at time t.

Statistical analysis

Statistical significance was measured using the
Student’s t-tests and one-way analysis of variance
(ANOVA). All values were presented as the mean *
standard deviation (STD). Each experiment was repeated
at least three times. Values of p<0.05 were regarded as
statistically significant (*).

Scanning electron microscopy

Scanning electron microscopy (SEM) images of the
typical external structure of the dried hydrogel beads F4
were taken using Vega TC TESCAN, UK operated at an
accelerating voltage of 20 kV under low-vacuum mode.

RESULTS AND DISCUSSION

Hydrogel beads size analysis

The dimensions of the amoxicillin-loaded beads were
measured are an important parameter for characterizing the
release rate. The beads measured 919.45+41.16 pm,
1002.58+34.11 pum, 1173.85 £25.14 um at 1, 5, and 10%
CacCly, respectively. They were significantly impacted by
the increase in CaCl, concentration, as shown in (Figure
1A) (p<0.05). There were consistent with a previous study
%, Ca?* cross-linkage with the poly-G and/or MG blocks
generates a gel of a characteristic structure, called an egg-
box structure contrary poly-M 2, which may interact with
the calcium ions by synergistic interactions. Therefore,
increasing the concentration of calcium ions may occupy
more space within the beads, expanding their dimensions.

Similarly, SA was found to significantly affect the
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beads’ size (p< 0.05), which is in agreement with an earlier
study ?7. The particles measured 1173.85+25.14 pm and
1269.05+18.34 um at 3 and 4 % SA concentrations, as
depicted in (Figure. 1B). This increase can be reasoned to
the improved dispersion viscosity which makes the droplet
size bigger 2%, SA solution with a higher concentration,
5%, was previously investigated earlier, however, the high
viscosity made the preparation process time-consuming.
Interestingly, inclusion of PL was demonstrated to
significantly reduce the hydrogel beads’ size (p< 0.05),
measuring 1229.33+ 20.08 um and 1258.67+18.02 um at
10% and 15% PL, respectively. The value however was
1359.80+23.08 um at 5% PL, vyielding insignificant
amoxicillin  release (p< 0.05). These observations
correspond with previously published data %, and can be
attributed to the PL being a surfactant, that increases the
intra- and inter-interactions of SA chains and thereby
reduces the water molecules available between the chains.
This increases the interactions between SA and amoxicillin
as a consequence, resulting in an improvement of the cross-
linking effectiveness between SA and calcium ions.
Furthermore, as shown in Figure. 1C, elevating the
preparation temperature (from 15°C to 25°C) significantly
increased the beads’ size (p< 0.05). This can be attributed
to the enhanced viscosity of the dispersion, since the lower
temperatures facilitate a slower reaction of calcium ions
with SA. The data is consistent with an earlier report where
the hydrogel beads prepared at 8°C exhibited bigger sizes
than those at a higher temperature, 25°C . The statistical
analysis indicated that the effect of both factors
(preparation temperature and PL concentration) together
was significant (p< 0.05), a result that could be explained
by the temperature impact on the PL solution viscosity.
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Figure 1: Determination of beads’ size prepared under different condition. The effect of (A) CaCl2, (B) SA, (C)
PL concentration and preparation temperature on the beads' size. The data shows the mean values £SD (n=20). *
Significantly statistical difference (p<0.05).

Hydrogel beads mass

The mass of hydrogel beads was determined to validate
the earlier observations on beads' size. The beads'
weighted 2.52+0.47, 3.49+0.37 and 4.35+£0.29 mg at 1, 5,
10% CaCl, concentration as shown in figure 2A. As
Figure. 2B presents, the average mass of dried beads at 3
and 4% SA concentrations were 4.35:0.29 mg and
5.64+0.20 mg. This can be justified by the hygroscopic
properties of Ca?* 2% and the hydrophilic properties of SA,
which led to the corresponding increase in the droplet
content of water. The concentration effect of SA was more
noticeable compared to CaCly, since the molecular weight
of SA is 47000-370000 g/mol 3. A significant mass of

CaCl2 1% CaCl2 5% CaCl2 10%

CaCl, concentration (%)

Beads weight (mg)
o N B O X
Beads weight (mg)

O R N WM UIO N

SA 3%
SA concentration (%)

amoxicillin was shown in (figure. 2A and 2B) using both
CaClzand SA concentrations (p<0.05). As per figure 2C,
the differences were significant (p<0.05) only at 10 and
15% PL concentrations. The beads' weighted 5.5+0.12 mg,
5.15+0.15 mg and 4.67+0.13 mg at 5, 10 and 15 PL,
respectively. This could be linked to the hydrogel beads'
size and their water content. Finally, the decrease in
medium viscosity, achieved at the higher temperature
25°C, could be responsible for the significant drop in the
beads' mass (Figure. 2C). The statistical analysis indicated
that the effect of both factors (preparation temperature and
PL concentration) together was significant (p< 0.05).

&
E 8
%D 6 = = - _
2L 4
: I
3 2
©
g 0
PLO% PL5% PL10% PL15%
0,
SA4% C 25°C M15°C PL concentration (%)

Figure 2: Determination of beads' mass prepared under different conditions. The effect of (A) CaClz, (B) SA, and
(C) PL concentration and preparation temperature on the beads' mass. The data shows the mean values +SD
(n=20). * Significant statistical difference (p<0.05).

FTIR spectroscopy
The FTIR spectra of (a) amoxicillin only, (b) alginate
placebo beads, (c) amoxicillin-loaded alginate hydrogel
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beads, (d) alginate and PL beads, (e) amoxicillin-loaded
alginate and poloxamer beads are shown in Figure 3. The
major peaks of amoxicillin were observed in the pure
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powder, F4, spectrum A and F9 spectra. In F4 spectrum, 3C), 1519 cm? (benzene ring C=C stretch) (peak-5 in
the peaks are recognized at 3460 cm™ (OH of amoxicillin Figure 3C), and finally 1334 , 1257 , 1284 and 1028 cm™
and SA) (peak-1 in Figure 3C), 2970 cm? (CH of (CO either of amoxicillin and SA) (peaks 6, 7, 8. 9 in
amoxicillin and SA) (peak-2 in Figure 3C), 1778 cm? B Figure 3C). This results were compatible with previous
lactam CO stretch (peak-3 in Figure 3C), 1640 cm reports 6 11,

(carboxylic C=0 to amoxicillin and SA) (peak-4 in Figure

‘ K/‘\/“”‘“N
E’ i e - |

W00
(]
%7
&0
L
40 o o )
400 Wiemanbee [erwl]

Figure 3: (A) FTIR spectra of amoxicillin, (B) Ca-alginate placebo beads, (C) amoxicillin loaded Ca-alginate beads
(F4), (D) Ca- alginate-PL placebo beads, (E) amoxicillin loaded Ca-alginate-PL beads (F9).

In F9 spectrum, the peaks observed at 3450 cm™ (OH (CH to amoxicillin, SA, and PL) (peak-3 in Figure 3E),
to amoxicillin and SA) (peak-2 in Figure 3E), 2970 cm™ 1778 cm™* B lactam CO stretch (peak-4 in Figure 3E), 1640
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cmt (carboxylic C=0 to amoxicillin, and SA) (peak-5 in
Figure 3E), 1519 cm* (benzene ring C=C stretch) (peak-6
in Figure 3E), and finally 1325, 1252, 1282, and 1031
cmt (CO either to amoxicillin, SA and PL) (peaks 7, 8, 9.
10 in Figure 3E). Thus it was supposed that the interactions
might be Van der Waals and dipole interactions between
amoxicillin, SA and PL.
Encapsulation efficiency

The beads’ encapsulation efficiency (EE) of
amoxicillin was determined using a spectrophotometer at
272 nm. (Figure. 4A suggests a correlation between CaCl,
concentration and EE, as reported previously 32, This
observation might be due to (i) the improved density of the
three-dimensional network (that produced smaller pore
size) and (ii) the increased rate of bead formation, these
altogether resulted in a significantly efficient
encapsulation of amoxicillin (p<0.05) . EE values were
28.69+2.45 %, 36.93+2.82 and 44.70+0.59% at 1%, 5%,
and 10% CaCly, respectively.

Using higher concentrations of SA was found to
significantly improve the EE of amoxicillin (p< 0.05) ,
corresponding with previously published data ?7. As

60 70

EE (%)
EE (%)

Figure. 4B shows), EE was 61.70+2.52 % at 4% SA
concentration. This was probably because of the increase
in dispersed viscosity and number of hydrogen interactions
between the SA strands, yielding smaller internal and
external bead' pores, which limited the elusion of
amoxicillin during crosslinking stage.

Moreover, PL was added to the CaCl; solution in some
formulations to improve the encapsulation efficiency. PL
significantly (p<0.05) increased EE only at 10% and 15 %
concentrations as shown in (Figure. 4C). EE values were
65.16+1.51 %, 71.07+3.76% and 76.40+3.27 % at 5, 10,
and 15 % of PL concentration, respectively. This may be
due to an increase in the viscosity of the crosslinking
solution, emulsifying more amount of amoxicillin, and
reducing the pore size. On the other hand, at 15°C, EE was
significantly (p<0.05) increased as shown in (Figure. 4C).
This might be due to an increase in the SA dispersion
viscosity, leading to a slower leakage of amoxicillin during
crosslinking process. Again, the statistical analysis
indicated that the effect of both factors (preparation
temperature and PL concentration) together was

significant (p< 0.05).
I | I | I
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EE (%)
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Figure 4: Determination of beads’ encapsulation efficiency prepared under different conditions. The effect of (A)
CacClq, (B) SA, and (C) PL concentrations and preparation temperature on the beads' EE. The data shows the mean
values +SD (n=3). * Significant statistical difference (p<0.05).

Drug loading

Drug loading related to the hydrogel beads' mass and
the amount of amoxicillin loaded in it. Therefore, all
previously studied parameters that affect one or two of

these factors will inevitably affect them. Such as
increasing both CaCl, and SA concentrations contributed
to a significant (p< 0.05) decrease in drug loading as
shown in (Figure 5A) and (Figure 5B), respectively. It was
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found that DL decreased from 15.35+0.77 % to
12.21+0.25 % when the concentration of CaCl; increased
from 1 to 10 %. This can be linked to the fact that both
CaCl, and SA concentrations contributed to the increase of
the hydrogel beads' mass. In contrast, DL significantly
increased (p<0.05) with increasing PL concentration as
shown in (Figure 5C). The differences were significant
only at 10 and 15 % PL concentrations (p<0.05). The
results were 11.26+0.22 %, 13.29+0.32 %.

This may be due to decreasing hydrogel beads' mass
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= [
(=] w

Drug loading (%)
g
w

Drug loading (%)

(=]

SA 3%

CaCl, concentration (%)

=
[we)

SA concentration (%)

Rasha Alinasri, Amin Swed, Haifaa Alali

and increasing the amount of amoxicillin within them.
These results contradict an earlier research 3 because of
different way of adding PL, leading to decrease the EE
which related to DL results. Similarly, preparation
temperature significantly increased DL (p< 0.05), may
because of its contribution to increasing the amount of
amoxicillin within the hydrogel beads. The statistical
analysis showed that the effect of the two factors
(preparation temperature and PL concentration) together
was significant (p< 0.05).

E,-?:' 20
® 15 =
5 - =
3 10 =
[=')
Z 5
=)
0
SA 4% PLO% PL5% PL10% PL15%

25°C m15+C PL concentration (%)

Figure 5: Determination of beads’ drug loading prepared under different condition. The effect of (A) CaCl., (B) SA,
(C) and PL concentrations and preparation temperature on the beads' DL. The data shows the mean values £SD
(n=3). * Significantly statistical difference (p<0.05).

Swelling study and drug release study in vitro

First, F4 and F8 were selected to perform swelling
study and drug release study. The aim here was to study of
the effect of only temperature preparation. It was found
that all studied hydrogel beads had the same swelling
profile as shown in (Figure 6A) and (Figure7A),
respectively. They absorbed amount of water during the
first 2 hours resulting from increasing Sl. It may be
because of the hydrophilic properties of hydrogel beads. In
this context, Pasparakis and Bouropoulos reported that
calcium-alginate hydrogel beads swelling was achieved in
a period of time due to the equilibrium between the
osmotic pressure and the forces of the crosslinking bonds
that hold the 3D network 33. This explains how the
osmotic pressure is higher than the force of the
crosslinking bond, which causes rapid release of
amoxicillin 34 existing on the surface and in the surface
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layers. Then, it was observed that the SI was decreased and
the hydrogel beads dissolved releasing the remaining
amount of amoxicillin existing in the core of them (their
core). No significant decrease in SI and cumulative
amoxicillin release were observed among formulations
(F4, F7) as shown in (Figure 6A). This was confirmed by
the f2 of the drug release profile considering the formula
F4 is the reference formulations. f2=75.76 is an acceptable
result as it was in the acceptance range (50-100) 25. This
may be because the crosslinking reaction is slightly slower
at 15°C than 25°C.

A 25°C was selected as temperature because the
viscosity of solutions and suspensions was less at this
temperature, and thus the preparation was easier. So, the
studies were completed with hydrogel beads (F4, F5, F6
and F7) to know the effect of PL on Sl and cumulative
amoxicillin release. As shown in (Figure 7 A) and (Figure
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7 B), respectively, that the dissolution study was consistent
with the swelling study. The Sl and cumulative amoxicillin
release increased with increasing PL concentration (5, 10,
15%). That can be linked to the fact that PL was a
surfactant and a hydrophilic polymer, resulting from
adsorbing more amount of water and emulsifying more
amount of amoxicillin. In this case, PL has been reported
that the largest factors contributing to solubilization of
drug by poloxamers are the number of micelles that would
form in the solution and the micellar core surface area

Sweeling index (%)

0 2 4 6 8 10 12 14 16 18 20 22 24

........ WY

accessible to drug molecules 35. This is due to the
amphiphilic structure of PL acting like a self-emulsifying
system 36. Significant differences were observed between
formulations F4, F6 and F7.

It was calculated f2 considering the formula F4 is the
reference formula. It concluded from Table 2 that F5 and
F6 were similar to F4 (80.12) and (63.95), respectively. On
the other hand, F7 had (f2= 42.40). It was out of the
acceptance range (50-100) 25.

cumulative release (%)

0O 2 4 6 8 10 12 14 16 18 20 22 24

Time (h)
.......... e

Figure 6: Effect of preparation temperature on Sl (A) and cumulative release (B), F4 at 25°C and F8 at 15°C.

The initial fast release (burst effect) was attributed to
the diffusion of the drug particles from the coating layer of
the hydrogel beads, while subsequent release was due to

100

80

cumulative release (%)
()]
o

slow diffusion of the entrapped drug from the interior core
of the alginate matrix.
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Time (h)
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Figure 7: Effect of PL concentrations on Sl (A) and cumulative release (B) at 25°C.
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Scanning electron microscopy

It was chosen the best formulation as shown later to know
the surface morphology and to investigate the presence of
pores. Obtained hydrogel beads were spherical and

SEMMAG 70 x Dat 3SE VEGAN. TESC
S¢ pd: 7 Ex: RESOLUTION 500 pm

N-ALKaM & A Obald

il
Arab European University n

Rasha Alinasri, Amin Swed, Haifaa Alali

homogenous regardless with small crystals probably due to
partially crystallized amoxicillin formed during the drying
step (Figure 8A). Scanning electron micrograph showed
relatively rough surface with some pores (Figure 8B).

SEM WRG 100k Det SE
Scan speed: 7 SM: RESOLUTION
SEM HV. 20.00 kv
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Arab Eurcpean University n
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Figure 8: SEM image of (a) dried beads F4, (b) the surface of F4.

CONCLUSION

The amoxicillin-loaded hydrogel beads were prepared
using an ionotropic gelation process. SA, CaCl2, PL
concentrations and preparation temperature were
investigated in order to understand their effects on beads
properties. Poloxamer was added to improve the
encapsulation efficiency and amoxicillin release profile.
The SEM data confirmed that the hydrogel beads were
spherical. FTIR analyses demonstrated the compatibility
of amoxicillin with the used excipients. Sodium alginate,
calcium chloride, poloxamer and preparation temperature

-532 -

had significantly increased encapsulation efficiency and
drug loading. In vitro swelling and drug release studies in
HCI pH=1.2 over 24 h revealed insignificant decrease in
swelling index and drug release over a range of
temperature degrees. Poloxamer concentration contributed
to increase swelling index and cumulative drug release.
These hydrogel beads containing amoxicillin can be a
promising drug carrier to improve patient compliance and
reduce frequency of dosing.

Amoxicillin release profiles can be further confirmed
by performing in vivo release studies.
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ABSTRACT

Drug molecular salt composed of the antihypertensive compound losartan (LOS) as the anion and the
antihypertensive drug amlodipine (AMLO) was prepared. The prepared salt (LOS-AMLO) was characterized by
measurement of purity, water content, solubility, partition coefficient, and melting behavior in addition to common
spectroscopic techniques (UV, FTIR and NMR). NMR spectral shifts of particular protons of LOS in particular
were quite useful in explaining the points of interaction and association between the two ionic species so that a 3D
structure could be proposed. LOS-AMLO exhibited a significantly lower melting point than its parent compounds
(65 °C) which places the salt within the ionic liquids category, in a broad sense of the definition. LOS-AMLO
was found to have much lower solubility than LOS with a substantially higher apparent partition coefficient. The
high partition coefficient together with lower melting temperature is favorable properties for the transdermal
permeation of pharmaceuticals. However, diffusion studies through the human stratum corneum, from an aqueous
solution based on propylene glycol revealed a vast decrease in the permeation of both drugs from the molecular
(ionic liquid) salt form. Interestingly the experiment demonstrated that the salt structure might be maintained
during permeation but with indications of strong chemical interaction between the salt and the constituents of the
barrier.

Keywords: Amlodipine, losartan, transdermal, delivery, ion-pair.

INTRODUCTION

Transdermal drug delivery (TDD) is an attractive route
of administration of drugs due to several advantages.
Advantages of TDD include convenience, non-
invasiveness, avoidance of variables that affect drug
absorption in the GIT, and overall potential improvement
of bioavailability. The very low permeability of stratum
corneum (SC) to most foreign compounds is the main
obstacle facing TDD, which explains why were not many
drugs made commercially available in that format. For a
drug to be a good candidate for TDD, it has to have suitable
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physicochemical properties, such as solubility in oils and
water of more than 1mg/ mL at pH 6 to 7.4 and an optimum
partition coefficient, i.e., logP lies in the range 1-3 [1].
High partition coefficients help dissolve the drug in the
fatty constituents of the SC, while adequate hydrophilicity
allows partitioning into the viable tissues of the epidermis.
Therefore, for very hydrophilic drugs, skin penetration is
generally poor [2]. Over the past few decades, there have
been efforts to investigate and develop novel strategies for
enhancing the transdermal permeation of drugs including
use of permeation enhancers [3]. The formation of
lipophilic ion pairs has been investigated to increase the
SC penetration of charged hydrophilic compounds, and
promising enhancements were demonstrated [4-5].

In this study, we investigated the effect of ion pair
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formation between the acidic antihypertensive drug
losartan (LOS) and the basic drug amlodipine (AMLO).
Losartan is the prototype of angiotensin Il receptor
blockers that are used for treatment of hypertension. LOS
is a non-carboxylate weak acidic compound with a pKa
value of 5.55 [6] and LogP = 4.5 [7].

The bioavailability of LOS, which is marketed as
potassium salt in tablet preparations (LOS-K, Fig. 1), is
variable and low mounting to about 30% due in a good part
to extensive liver metabolism, but to some extent, due to
hindered absorption [8]. Therefore, transdermal route
might present a good alternative to the oral one for LOS-
K. However, at physiological pH, LOS-K is almost fully
ionized and thus highly hydrophilic (water solubility > 600
mg/ mL) with a low apparent partition coefficient (log
Papp = 1.01; [9]). Therefore, transdermal diffusion of the
unmodified LOS-K through skin might not be optimum.
Our choice of Amlodipine (AMLO) as the cationic counter
ion, was based on its substantial lipophilicity, in addition
to being an antihypertensive drug by itself that has been
marketed in combination dosage forms with other
angiotensin Il receptor blockers. Amlodipine besylate

10
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(AMLO-BES, Fig. 1) is a widely used antihypertensive
that belongs to calcium channel blockers group of drugs.
Amlodipine is a basic compound (pka = 8.60) with
substantial lipophilicity (log Papp = 3) [10]. Amlodipine
besylate is almost completely ionized at physiological pH
with a reported water solubility of ~ 1.59 mg/
mL[11].Thus, we aimed at preparing a drug-drug salt
comprising both antihypertensive drugs that might offer
favorable physicochemical properties; namely enhanced
lipophilicity. Drug-drug salts are gaining much attention
as they potentially offer advantages related to
physicochemical and pharmacological properties of
pharmaceutical compounds [12].

Few studies utilizing penetration enhancers have been
reported on the enhancement of LOS-K permeation
through skin. One of the earliest studies on transdermal
permeation of LOS-K has shown improvement of
permeation (48.94%) using capsaicin aspermeability
enhancer [13]. Other studies were also reported with
variable levels of success [14-15]. However, none of the
reported studies examined the effect of ion-pair (molecular
salt) of LOS-K on its permeation through skin.

22 N1 ! 8 NH2
9 29
o > Boon
o O 13 23
12 24 28
25 27
26

Figurel. Chemical structures of LOS-K and AMLO-BES

Experimental

Materials

LOS-K and AMLO-BES were kind gifts from The
Jordanian Pharmaceutical Manufacturing Group (JPMG,

Amman, Jordan), and Al Hayat Pharmaceutical Industries
Company (HPIC, Amman, Jordan) respectively. HPLC
grade methanol (Fisher chemicals, Loughborough, UK)
and tetrabutylammonium bromide (TBAB) (ICN
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Biomedicals Inc, Caliofornia, USA) were employed.
Human female skin sheets obtained from a hospital in
Amman, following a plastic surgery to the abdominal area
of a healthy female volunteer (the approval of donation
was granted after the research objectives were explained to
her).  Trypsin as lyophilized powder from porcine
pancreas, 1,000-2,000 units/mg was obtained from (Sigma
Aldrich®, Missouri, USA) and stored at -20°C.

Equipment

Two HPLC units were employed; the first was utilized
for the various characterization work of the prepared salt
while the second was only used for determination of the
amount of drugs diffused through SC. The first unit was
composed of a pump (Sykam® S1125, GmbH, Germany)
with a Sykam®UV/VIS detector (3245, GmbH, Germany).
Clarity® Chromatography Software (developed by
DataApex) was used for monitoring chromatograms
(Madison, USA). The second unit was composed of
Shimadzu LC-2010A HT HPLC system (Kyoto, Japan)
equipped with an autosampler, degasser, column
temperature controller, UV-VIS detector and LC solution
software. HPLC column was

BDS Hypersil® phenyl column (150*4.6mm 1.D., 5 pm
particle size) equipped with a proper guard column. Water
content in the prepared samples was carried out using
Mettler-Toledo Karl Fischer  (KF)  Titrator
(Ontario,Canada). UV spectra were obtained using UV-
Vis  spectrophotometer  (Cecil Instruments  Ltd,
Cambridge, UK). Thermal analysis was carried out using
NETZSCH DSC (NETZSCH-Geratebau GmbH, Bavaria,
Germany). Fourier Transform Infrared spectrum was
obtained using Nexus 670 Thermo Nicolet FTIR (Spectra-
Tech Inc, Tennessee, USA).NMR measurements where
carried out using NMR Bruker 500 MHz-Avance Il
instrument  (Bruker, Massachusetts, USA).In-vitro
diffusion studies were performed using PermeGear
jacketed Franz diffusion cells (Hellertown, PA,
USA).Volume of receptor and donor compartments were
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8 and 1.8 mL respectively; with receptor opening surface
area (effective diffusion area) of 1 cm?.

Methods

Preparation of losartan -amlodipine salt (LOS-
AMLO)

The proposed salt of LOS and AMLO (LOS-AMLO)
was prepared by reacting LOS-K, at equimolar amount
with AMLO-BES. An accurately weighed 9 g (19.53*10
% mole) of LOS-K were transferred to a beaker
contained10mL DW and dissolved with the aid of heating
(50°C) and stirring. The equimolar amount of the cation
(AMLO-BES) was dissolved in 10 mL of methanol, which
was added, while stirring, to the aqueous LOS-K solution.
Distilled water was then added drop wise, which allowed
immediate precipitation of the product out of solution. The
formed salts were transferred onto filter paper (by
filtration) and dried properly inside a desiccator filled with
fresh CaCl.granules. The dried salt was then grinded using
a dry mortar and pestle and filled inside a tightly closed 10
mL plastic tubes.

Characterization of LOS-AMLO salt

HPLC methods

Two HPLC analytical methods were developed and
employed in this study. Both methods were capable of
separating and quantifying LOS and AMLO. The first one
is an isocratic elution system that was employed for
determination of drugs in all pertinent characterization. In
the course of method development various mobile phase
compositions, pH, mobile phase additives e.g.
tetrabutylammonium bromide (TBAB), were tested.
The finally recommended mobile phase consisted of
0.063% w/v TBAB, 35% v/v acetonitrile: 65% viv
phosphate buffer (50mM, pH 3.5), and a detection
wavelength of 210nm with a flow rate of 2 mL/min and an
injection volume of 100 pl. The method was validated for
linearity, selectivity and precision with satisfactory results.
All RSD values (n>3) were less than 2%, and typical
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calibration equations for LOS and AMLO were:
y=89.451x+95.878

(R?=0.9999) and y=35.041x + 54.151 (R? =0.9997)
respectively.

For diffusion studies, the employed chromatographic
conditions comprised a gradient mobile phase based on
acetonitrile (solvent B) and phosphate buffer pH 3.5
(solvent A) as follows: 15% B to 30% B within 3min, 30%B
to 50% B within 2min, 50% B to 10% B within 1min, 10%
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B to 80% B within 2min. The temperature of the column
was maintained at 25 °C, and the flow rate was kept at
1mL/min, with a detection wavelength set at 230 nm and an
injection volume of 100pL. The method was fully validated
for selectivity, linearity, precision and accuracy; a summary
of the validation data is presented in Table 1. Representative
chromatograms showing the separation of the two analyses
and lack of interference (selectivity) are presented in
supplementary material (Fig. S1).

Table 1: Summary of the validation data for the quantitative determination of LOS and AMLO in diffusion
experiments by HPLC.

Linearity range (ug/mL)

Equation r

Highest RSD in recovery

LOS | 0.8-50

y =617070x -78289 | 0.9997 | 0.331

AML | 1.2-144

y = 32866x + 189563 | 0.9997 | 1.292

Water content

The potentially formed salt in addition to the two
parent compounds (LOS-K and AMLO- BES) were
analyzed for their water content, i.e., traces of water using
KF titrator. The analyzed sample weight in each case was
around 0.2 g and the results of water content were
expressed as mean % w/w (n=3).

Determination of molar ratio of association

The molar ratio of association between LOS and AMLO
was estimated by completely dissolving a 0.05 g sample of
LOS-AMLO in methanol up to100 mL (n=3). Solutions were
then diluted ten times in phosphate buffer (pH 6.8) before
being injected onto HPLC. Relevant calibration equations
were employed to determine the average concentrations of
LOS and AMLO (pg/mL) in the sample. Thus, the number
of moles of each component, and eventually the molar ratio
between LOS and AMLO could be estimated.

Saturation Solubility
Saturation solubility studies were determined in two
media: phosphate buffer (50mM, pH 6.8) and 60%

propylene glycol (PG) in phosphate buffer (pH 6.8).
Solubility values were determined in triplicate by placing
excess amounts of the solid product.

Apparent Partition Coefficient (Log Papp)

From supernatants of saturation solubility experiments,
300 plI were transferred to a new properly labeled tube
containing 300 ul of 1-octanol. Tubes were incubated in
the shaking water bath, which was set at 37°C and 200 opm
for 24 hr. Aliquots from the aqueous layers were carefully
withdrawn and suitably diluted with phosphate buffer
(pH6.8) and injected onto HPLC. Concentration of each
of LOS and AMLO in aqueous layer could be determined
using the relevant calibration equations, while their
concentrations in octanol were determined by difference.

UV Spectroscopy

UV spectra were recorded in the range 200 — 350nm
for separate solutions of each of LOS, AMLO and their salt
product at concentrations of 5 pug /mL. Moreover, a series
of suitably diluted solutions of each compound were
prepared (1-200 pg/mL), and their UV absorbance values
at 250 nm were recorded.
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Differential Scanning Calorimetry

Differential scanning calorimetric scans were obtained
for the parent compounds and the salt product in the range
0 — 300 °C with a heating rate of 10 °C /min. Two DSC
thermograms were also obtained for samples of LOS-
AMLO after being heated on a hot plate with controlled
temperature to either 80 or 190 °C.

FTIR and NMR

Fourrier—transform infrared (FTIR) and proton nuclear
magnetic resonance (*H-NMR) spectra were obtained for
LOS-AMLO and its parent compounds. Bruker NMR
spectrophotometer (500 MHz) was employed using
deuterated dimethylsulfoxide (DMSO) as a sample solvent.

In vitro diffusion studies

In-vitro diffusion studies were performed using stirred
Franz diffusion cells of 1cm? diffusion area. The cells were
jacketed with water at 32 °C. The drugs in the donor
compartment were prepared as solutions using a suitable
solvent system that was found to provide sufficient
solubility for both of LOS and its AMLO salt, which is
60%PGin phosphate buffer (50mM, pH=6.8).

Preparation of skin was made according to previously
published techniques [16] The intact excised human skin sheets
were immediately transferred after the surgery to the lab where
it was defatted, cleaned by tapping with dry wipes, neatly
placed on a paperboard that was wrapped with aluminum foil
so that the skin surface is facing upward, and then kept in a
plastic bag stored at -20°C until use. 3 days from the diffusion
study time, the frozen skin sheets were thawed and 10 circular
discs (more than six/every single diffusion study) of 25 mm
diameter, were punched out using an iron metal puncher. SC
isolation was done using trypsin [17].The punched whole
thickness skin discs were placed in a covered Petri dish and
soaked in 1%wiv trypsin solution in DW with SC side up and
incubated for 24 hr in an incubator at 32°C. The SCs were then
transferred into another Petri dish to be washed from trypsin by
soaking for 2 hr in two consecutive 20 mL portions of DW.
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Before use, the SCs were visually inspected to ensure the
absence of any damages or scratches.

The prepared SC sheets were soaked in60%
PG/phosphate buffer, pH 6.8 for 30 min, placed on a piece
of cellulose membrane previously soaked in the same
solvent system then mounted on the diffusion cells. The
receiver compartment (8 mL) was filled with 60%
PG/phosphate buffer 6.8 previously filtered by 0.45um
nylon filter and equilibrated at 32°C. The donor
compartment was then placed and fastened by a clamp.
Adjustment of the receiver volume was made followed by
placing 1mL of the corresponding drug-containing
solution having a concentration equivalent to 80% of the
drug solubility in 60% PG/phosphate buffer, pH 6.8. The
donor was covered by parafilm, and the cells were stirred
at 32°C for 24hr. At specified time intervals (0.25, 0.5, 1,
2,3,5,7,12 and 24hr), 500uL of the receiver medium was
withdrawn and immediately replaced with an equal
volume of fresh medium previously filtered by 0.45um
nylon filter and equilibrated at 32°C. The experiments
were performed as 3-5 replicates. The obtained samples
were analyzed using the HPLC method described above.
The diffusion profiles were constructed by plotting the
average cumulative diffused amount (ug) versus time (h).

Results and Discussion

Characterization

Color change was perhaps the first obvious indication that
a new product was obtained since the obtained material
exhibited a yellowish color that was unlike either of LOS-K
or AMLO-BES indicating salt formation. Appearance of two
peaks in the HPLC chromatograms obtained for LOS-AMLO
that corresponds to retention times of the parents compounds
represented a strong evidence on that the product was indeed
a salt. Because on HPLC, the two ions of the salt (ion pair)
are expected to be separated apart according to their
characteristic retention behavior with a net result that each
would elute at the characteristic retention time of the parent
compound [18-19]. As regards the counterions of the parent
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compounds i.e. potassium and besylate, they seemed to form
a separate ion pair from the product (LOS-AMLO). The best
evidence for this conclusion was obtained from NMR spectra
which showed loss of the characteristic signals for the
aromatic protons of besylate (at 7.57 ppm) as the product was
formed (detailed discussion in NMR section).

Water content and binding ratio

The obtained average water contents for LOS-AMLO as
determined by Karl Fisher titration was 2.1%. Analysis of a
sample of LOS-AMLO by HPLC revealed it contained
48.2% and 49.8% of AMLO and LOS respectively. Thus, the
percentage of total weight of LOS and AMLO in the sample
was 97.9% of sample weight, which reflects high purity of the
sample given that the percentage of water was 2.1%.
Moreover, these values support the existence of the two drugs
(LOS and AMLO) within the prepared salt in a 1:1 ratio.
Saturation solubility and apparent logarithm partition
coefficient

Saturation solubility was determined in two media:
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phosphate buffer (50mM, & pH = 6.8), and 60% propylene
glycol in phosphate buffer (50mM, & pH = 6.8).
Similarly, the apparent octanol/aqueous partition
coefficients were determined using the two aqueous
phases mentioned above. For the product LOS-AMLO,
since it appeared to dissociate to two species, LOS and
AMLO, and these were separable and quantifiable on
HPLC, solubility and partition coefficients were
determined in terms of each of LOS and AMLO. A
summary of the results is presented in Table 2. Our
solubility data agreed reasonably with those reported
previously for the parent compounds [9, 20-22].

In phosphate buffer (pH 6.8), the measured solubility
for LOS-AMLO (in terms of LOS) was 1000 times less
than that of the parent compound LOS-K (0.4 versus >
684.2). In terms of AMLO, which is intrinsically much
more lipophilic than LOS at the studied pH, the solubility
of LOS-AMLO showed only about 5 times decrease in
comparison to AMLO (0.23 versus 1.29 mg/mL).

Table 2: Saturation solubility (mg/ml and mM shown in bold line between sequared brackets), and apparent
Log P in octanol/ buffer. Two buffer systems were employed; (50mM, pH=6.8), and the same but containing 60%
PG; at 37 + 1 °C, (n=3; RSD is shown between brackets).

Studied compound/ Salt Phosphate buffer pH 6.8 Buffer containing 60%PG
Solubility Log Papp Solubility Log Papp
(mg/mL) (mg/ml)
LOS-AMLO (as LOS) 0.40 (0.11) 158.78 (0.03)
1.68 (0.15 0.91 (0.42
[0.95] (0.15) [375.5] 042)
LOS-AMLO (as AMLO) | 0.23(0.18) 137.21 (0.05)
1.95(0.41 1.28 (0.34
[0.54] (0.41) [324.5] (0:34)
> 684.21 (0.06) 275.90 (0.11)
LOS-K S[1618] 1.23 (0.09) [652.4] 0.21 (0.34)
1.2 2 - -
AMLO-BES 3 19] (026) 1.48 (0.87)

The observed huge decrease in solubility was a clear
evidence of a lipophilic ion pair (salt formation), which is
understandably having lower aqueous solubility. In
accordance with expectations, partition coefficients increased

for LOS-AMLO in comparison to parent compounds.
However, the increase in partition coefficients did not seem
to parallel that of solubility i.e. while the solubility of LOS-
AMLO decreased 1000 times (measured as LOS), there was
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only 3-4 orders increase in partition coefficient.

In fact, the choice of solvent systems containing propylene
glycol (PG) incorporated in phosphate buffer was based on the
preliminary data that showed vastly reduced solubility of LOS-
AMLO in simple phosphate buffer solutions. Thus, in order to
have LOS-AMLO dissolved at sufficiently high concentrations
that might enable reasonable permeation through SC in
diffusion studies; PG was incorporated in phosphate buffer. In
the solvent systems where PG was employed, differences in
solubility of the various salts were minimized so that the system
appeared to encourage the dissolution of the more lipophilic
species e.g. LOS-AMLO while it minimizes the solubility of
the extremely hydrophilic parent LOS-K. On the other hand,
more obvious differences in log p were revealed using systems
containing PG; so that the partition coefficients of LOS-AMLO
was about 15 times higher in comparison to LOS-K. These
findings (making LOS more lipophilic) were encouraging to
undertake diffusion studies.

UV spectroscopy
UV spectra were obtained for LOS, AMLO and the
product salt LOS-AMLO (supplementary material, Fig. S2).

The obtained spectrum for the product exhibited a different
shape than either of the parent compounds suggesting
molecular interactions that are maintained in solution state
(Phosphate buffer pH 6.8).Solutions having increasing
concentrations of either LOS-AMLO or its parent compounds
were prepared and their absorbance measured and plotted
against concentration (Fig. 2).Although this experiment
represents obtaining a calibration curve for each compound,
the purpose was in fact to firstly test if the absorptivity of the
product differ from that of the parent compounds. Secondly,
it was performed in order to look for possible breaks (more
than one slope) in the obtained absorbance versus
concentration plot of the product as compared to parent
compounds. Presence of breaks in the plot could reflect
dissociation or aggregation of the salt in agueous solution
(Phosphate buffer pH 6.8).

While the plot for LOS-K was linear, that for LOS-
AMLO exhibited breaks in linearity (i.e two linear parts).
That might be explained as a result of changes between
dissociated and un-dissociated forms of the salt as
concentration was changed, where the two species having
different absorptivity values.

Absorbance at 250 nm

0 T T

OAMLO-BES MLOS-K ALOS-AMLO

0 10 20

Concentration (mg/mL

30 40 50 60

Fig. 2. Plot of measured absorbance values for LOS ~AMLO and its parent compounds against concentration.
Note the break in slopes for the lines belonging to LOS-AMLO in particular.
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Differential scanning calorimetry
The obtained DSC thermograms for LOS-K, AMLO-
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BES and their proposed salt product (LOS-AMLO) are
presented in Fig.3.

Endotherm

Temperature (°C)

Figure3. DSC thermograms for:LOS-K (A), AMLO-BES (B)and LOS-AMLO (C).

For LOS-K and AMLO-BES the obtained DSC
thermograms were identical to the previously reported
profiles [23-24] showing sharp and symmetric
endothermic melting peaks at ~270 °C and ~ 200°C
respectively. The thermogram of LOS-AMLO was
obviously different from that of LOS-K and AMLO-BES
as their characteristic melting peaks at ~ 270 and 200°C
disappeared, and new three endothermic peaks emerged at
lower temperatures. The first endothermic peak at ~
64.8°C represents melting of the salt (with potential
dissociation), the broad endothermic peak centered at
about 100 reflects loss of water or evaporation process (or
potential breakdown accompanied by evaporation e.g.
methanol from the ester group, see later discussion), while
the third one at about 190 °C might due to chemical
modifications (break down reactions) of the compounds.
The exothermic peak towards the end of the thermogram
(>220 °C) indicates an apparent burning (decomposition).

In order to better understand the multiple endothermic
transitions that occurred in the thermogram of LOS-
AMLO, a sample was heated on a hot plate under

controlled temperature and actual melting was observed at
about 65 °C. Samples were taken at 85 as well as at 190
°C. These samples were further investigated using either
DSC or NMR spectroscopy. The obtained DSC
thermograms for the samples, after being heated, was
different than that obtained for the original ones which
supports chemical conversion of the prepared salt at
temperatures >85°C. 'H-NMR spectra for the samples
heated at 85 and 190 °C were obtained, and compared to
that of LOS-AMLO, and showed significant changes that
further supported the chemical conversion of the prepared
LOS-AMLO salt (Supplementary material, Fig. S3).
Almost all proton resonances in NMR spectrum of AMLO
exhibited significant decrease in intensity or splitting
pattern or both while those for LOS exhibited minimal
changes. This observation suggests that the chemical
change (break down) involved mainly AMLO, and accords
very well with a previously published report [24] regarding
thermal degradation of AMLO —-BES. AMLO-BES was
shown to break down when heated up to 196 °C most
probably accompanied with the release of ammonia and
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methanol [24]. That accords very well with our NMR
results which show an almost complete loss of the
resonance corresponding to the aromatic amine proton (at
about 8.5 ppm) of AMLO i.e. lost as ammonia. Visual
inspection of the sample during melting confirmed
chemical reactions occurring at those particular
temperatures as vapor was seen coming out of the sample
at 85°C (mostly methanol from hydrolysis of the methyl
ester group) and at 190°C(most likely ammonia).
However, presence of AMLO as a counter ion for LOS
within the ion pair salt (LOS-AMLO) seemed to accelerate
its thermal degradation as at least one of the degradation
reactions started at about 85°C.

In terms of physicochemical and pharmaceutical
properties, the observed significant decrease in melting
point for the salt (~65 °C) in comparison to parent
compounds (200 and 270 °C) is expected to be favorable
for transdermal permeation of the drugs through skin.
Previous studies on ibuprofen, revealed a positive effect of
decreasing drug melting point on its transdermal
permeation [25].In strict sense, the obtained salt satisfy the

definition of ionic liquids [26]. lonic liquids have been
shown to offer potential solutions to limitations of
transdermal delivery of pharmaceuticals either as
enhancers or as being active by themselves [27].

Fourier-transform infrared spectroscopy

The obtained FTIR spectra for LOS-K, AMLO-BES and
their proposed salt product (LOS-AMLO) are presented in
Fig. 4 and in Fig. S4 (supplementary material). FTIR spectra
for the two parent compounds agreed with those previously
reported [28-29]. The FTIR spectrum of LOS-AMLO
differed from that of the two parent compounds mostly within
the frequency range of 2800-3500 cm?, where the distinctive
peaks of hydroxyl groups of LOS-K exist. In addition,
obvious changes in the region of the carbonyl functionweres
also evident in the FTIR spectra of the LOS-AMLO salt. All
of theses changes to accord with salt formation with
significant changes in the hydrogen bonds that formed
between molecules involving OH of LOS, NH and carbonyl
groups of AMLO.

e |_OS-K

e W-lm

AMLO-BES === OS-AMLO

- 90

- 70

- 50

% Transmittance
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Wavenumber (cm-1)

2000 1500 1000

Fig. 4: FTIR spectra for: LOS-K(A), AMLO-BES (B) and LOS-AMLO (C)
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Proton nuclear magnetic resonance

The aliphatic and the aromatic regions of the obtained
'H-NMR spectra for LOS-K, AMLO- BES, LOS-AMLO
are shown in Fig. S5(supplementary material) and Fig.5
respectively. The spectra of LOS-K and AMLO-BES
agreed well with the previously reported spectra [30-31].
Peak assignments for protons of the parent compounds
together with the observed major changes in chemical
shifts are  shown inTableS1  (supplementary
material).Accordingly, the most affected protons of LOS
in LOS-AMLO were the aromatic protons (No. 14 and 16,
shielded) and to a lesser extent proton 19, and the two
aromatic protons at Cy and Cy (deshielded). The most
shifted protons in AMLO were the aromatic amine proton
(No.1) which became more deshielded with significant
peak broadening. To a lesser extent, protons number 8 and
9 of AMLO became more shielded upon the formation of
LOS-AMLO salt. That is consistent with the negatively
charged tetrazole group of LOS being in close proximity
of the two basic amine groups, with a twist in the aliphatic
side chain pairing the tertiary amine, thus the aromatic
amine proton (No. 1) would then become less
accommodated (exchangeable) and resonate at higher
frequency (Fig.6). That is also consistent with the
observation that there was almost no shifts in the
frequencies of the aromatic protons of AMLO, and that is
because the only aromatic protons in AMLO (chlorinated
phenyl ring) would be nearly perpendicular to the aromatic
ring plane of LOS according to the proposed structural
arrangement (Fig.6). On the other hand the amino proton
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of pyridine is likely to be close enough to the tetrazole ring
of LOS, and perhaps contributing through H-pi
interactions [32], and thus becoming more electron
deficient and acidic (Fig.6). Another distinct change was
the disappearance of the signal of the OH group in LOS (at
~5.3), which reflects changes in the pattern of hydrogen
bonding system that were formed within the salt
molecules, and obviously readily exchangeable with
residual water molecules. Therefore, an approximate three
dimensional structure could be proposed based on the
observed NMR shifts and using a specialized software that
calculates atomic distances and account for potential
spatial clashes between the two molecules (Fig. 6). The
proposed three dimensional structures suggests the
existence of the aliphatic side chain of LOS in close
proximity to the plane of the chlorinated aromatic ring of
AMLO, thus allowing for aliphatic C-H/pi interactions[33]
which help to explain the observed upfield shifts in the
frequency of LOS protons (No. 8 and 9).

For AMLO- BES, other seriously affected protons
were the proton at Nipand Sio (besylate group) in addition
to all aromatic protons of besylate moiety, which
disappeared in the salt. The disappearance of the signal for
besylate accords with the replacement of besylate anion by
LOS as an anion. The disappearance of the signal for
proton on No. 10 reflects its involvement in acid-base
interaction with a high degree of hydrogen bonding
involvement between LOS and AMLO moieties. That is
also consistent with what one would expect, because the
difference in pKa between LOS and AMLO is 3.05 [12].
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Fig. 5: 'H-NMR spectra for the aromatic region for LOS-K (A), AMLO-BES (B), LOS -AMLO (C).
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Fig. 6:Proposed3D molecular structure showing points of associations between the two molecules of LOS and
AMLO in the salt product; A, B and C are enlargements of the selected sections in the central drawings to provide
closer look.
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The stoichiometry of association between LOS and
AMLO could be determined by the ratio of integrated
peaks areas for particular protons on the two compounds.
The signals for the three protons of the methyl group (Ci,
at~ 0.78 ppm) for LOS and the signals for the protons of
AMLO (Cz, at ~3.5 ppm) were employed for this
comparison. Accordingly, an approximate ratio of
association between LOS and AMLO of 1:1 was
concluded, which was consistent with HPLC analysis.
Diffusion Study

Because only little amount of LOS could be dissolved
from LOS-AMLO using simple buffer system, an aqueous
system based on PG was employed in transdermal
diffusion experiments. PG based solvent system would
provide higher concentration gradient for LOS-AMLO,
thus favoring higher efflux. Moreover, PG is known to act
as a permeation enhancer by itself [34], and the system also
revealed differences in partition coefficients of the
prepared salts in comparison to parent compounds.

The cumulative diffused amounts of each of LOS and
AMLO from their parent compounds (AMLO- BES and
LOS-K) as well as from the prepared LOS-AMLO salt are
presented inFig.7. It was evident that the permeation of LOS
and AMLO from the prepared salt was significantly lower
than that achieved from the parent salts. The diffused amount
of AMLO-BES was intrinsically 10 times higher than that of
LOS-K. However, it was interesting to observe that the
permeated amounts of LOS or AMLO from the salt (LOS-
AMLO) were almost equal (about 10 [g each, corresponding
to 23.6 and 24.5 nanomole for LOS and AMLO respectively)
inspite of that value being much lower than either of the
parent compounds whose intrinsic permeateion values were
vastly different from each other. This observation clearly
suggests that both LOS and AMLO, in the prepared salt,
permeates SC as one entity rathar than a dissociated
individual species of LOS and AMLO.

Although the lipophilicity of LOS became significantly
higher in its LOS- AMLO form (log P apparent 0.9 versus
-0.21) which is a shift towards ideal values, and should
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favour its permeation, the experimental evidence revealed
otherwise, suggesting the contribution of other factors.
One possible explanation is that the larger size of the ion
pair molecular salt as compared to individual compounds
hinders its permeation.

Another important factor is the solubility of the salt form
in the solvent environment of the SC. The hydrated SC was
soaked in 60% PG/phosphate buffer, pH 6.8 for 30 min prior
to starting the diffusion experiments; however, it is possible
that the diffusion of PG into the hydrated SC may create a
different PG/water ratio and thus altering the solubiltyof the
salt. Lower PG/water ratio are associated with decreased salt
solubility hence lowering partitioning of the salt to the SC. It
is also possible that the salt enters the SC but crystallizes there
as a result of the unfavored solvent environment. Finally, the
potential chemical interaction of the salt with the SC
constituents should also be taken into consideration. Previous
studies have demonstrated chemical interactions of some
pharmaceutical compounds with skin constituents and
subsequent effect on skin permeability [35]. The possibility
of the salt crystallizing inside the SC or to interact with its
constituents highlights potential retention of the salt form and
deposit formation in SC.

The permeation profiles for LOS (Fig. 7), shows the
occurrence of physically untenable negative lag times in both
cases of LOS-K and LOS-AMLO. Such an observation often
indicates donor depletion [36]or insufficient sink conditions
[37]. No indications to occurunce of any of these effects
could be observed in the diffusion expirements. The total
permeated amounts were much lower than those introduced
in the donor compartment, thus donor depletion was not an
issue. In addition the concentration of LOS in the recievor
compartment at the end of the expirement was 52.3ug /8 ml
and 9.4ug/8 ml for the parent compound and salt form
respectively, which comprizes less than 10% of the
corresponding solubility in 60% PG/buffer (Table 2), hence
the sink conditions were met. So, it can be safely concluded
that there is a rapid equilibration for LOS between the donor
vehicle and the SC and there is no drastatic changes in the
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initially permeated amount in both cases. This obsevation
together with the observed vast reduction in permeation of
LOS from LOS-AMLO support the possibilty that LOS is
strongly retained inside the SC. The retention effect of LOS
is attributed to its binding to spesific SC components rather
than to its crystallization since the very slow LOS flux
occurred in the case of the salt form only, wich also leads to
the conclusion that AMLO is playing a role in this interaction.

In regrad to AMLO permeation, there was a drastic
difference in the lag time between the parent compound
and LOS-AMLO salt form as AMLO started to appear in
the reciever after 30 min and 7 hr respectively. It seems
that salt-SC interaction combined with decreased AMLO
permeability take place and lead to decreased flux and
increased lag time for the salt form.For the first glance the
7 hr lag time for AMLO might contradict the conclusion
that both drugs travel together through SC, because LOS
started to diffuse almost immediately. However, that could
be explained as initially both drugs enter SC as one
lipophillic salt (ion pair), but immediately they would be
involved in interaction with the constituents of SC. Thus
ther will be the equilibria for the dissociated species with
their salt form in addition to equilibria between each of

60

—8-L0S in LOS K
—E&—LO0S in LOS-AMLO

LN
(=]

o+
=

Diffused Amount (ug)
w
=

20
10 m
0
0 5 10 15 20 25
Time (hr)

the involved species and the constituents of the SC. It
appeared that AMLO in particular had higher affinity
towards SC components, therefore it would be retained in
the initial phase of diffusion until enough of it diffused to
saturate the interaction sites. After that it copes up with
the rate of diffusion of LOS so that the molar ratio between
the diffused LOS and AMLO from the salt form
approaches 1-2 at 12-24 hrs.

Although the cases of LOS-AMLO ion pair salt
appeared to hinder the transdermal permeation of the
individual drugs, in contrast to other cases with different
drugs [38], still some benefits of the observed retardation
could be exploited. The ineraction of LOS-AMLO salt
with SC components and subsequent deposit formation
can be the key for its potential employment in the
development of prolonged release transdermal patch
delivery systems, i.e, to accomplish the release over
several days. Further studies wih proper techniques,
including specialized spectroscopy, are needed and have
been already started to reveal and further characterize the
nature of this interaction. The role of PG in the occurrence
of the salt-SC interaction and characterstics of the release
needs also to be addressed.
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Fig. 7: Cumulative diffused amount for LOS (A) and AMLO (B) from solutions of LOS-AMLO salt or the
parent compound (AMLO-BESand LOS-K).
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Conclusion

An ion pair drug-drug salt (LOS-AMLO) could be
prepared from LOS-K and AMLO-BES. Water solubility
of LOS from the prepared salt vastly decreased in
comparison to the LOS-K (>1000 times). LOS-AMLO is
significantly more lipophilic than LOS (about 10 times in
phosphate buffer/ PG system), with a significantly lower
melting point (~65 °C), thus placing the compound within
the category of ionic liquids. Although the obtained
physicochemical properties might suggest a favorable
transdermal absorption profile, practical diffusion
experiments revealed the complete opposite. Using human
SC, diffusion experiments revealed that both of LOS and
AMLO exhibited much lower permeability from the
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ABSTRACT

The study aims to develop a co-processed excipient (CPE) containing microcrystalline cellulose (MCC) and
crospovidone (CPV) using the wet massing technique. Preformulation studies were carried out on CPE to
characterize its physicochemical properties. Optimization of the formulation of CPE was carried out using a
mixture of experimental designs. The optimization study suggested a composite excipient containing MCC (99 %)
and CPV (1 %). Solid state characterization of CPE revealed a material that is predominantly crystalline in nature.
The particle size of CPE increased in comparison to starting material. FT-IR confirmed the compatibility of MCC
and CPV when co-processed together to yield a single composite excipient. There was a decrease in moisture
content and moisture sorption capacity of CPE when compared to MCC. Powder characterization revealed an
improvement in bulk flow properties of CPE relative to MCC. In summary, the physicochemical properties
obtained suggest that CPE will be a suitable tableting excipient in solid dosage formulation by direct compression.
Keywords: Microcrystalline cellulose, crospovidone, co-processing, optimization, particle engineering, tablet.

1. INTRODUCTION

Excipients are a necessary requirement in tablet
formulations because of their diverse functionalities 2.
They are rightly called functional components of a
formulation because they influence the performance of the
dosage form, hence they are crucial in determining the
success of the formulation. For most formulations,
excipients constitute about 60 - 80 % by weight.
Considering the impact that excipients have on solid
dosage form development, it has become necessary to keep
developing excipients with improved functionality and
performance.

Over the years, co-processing as a particle engineering
technique has been applied by many researchers to develop
high-functionality excipients 3. This process involves the
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combination of two or more excipients at sub particle level
with the aim of synergizing the superior qualities of the
component excipients in composite particles while
minimizing the limitations of the component excipients +°,
The functional attributes acquired by the co-processed
excipient have been linked to physical changes occurring
at the particle level with little or no change occurring
chemically 3. Performance evaluation of co-processed
excipients have shown improvements in flowability,
compressibility, dilution potential, lubricant sensitivity,
disintegration and dissolution when compared to the
individual excipients and their physical mixtures ¢. Many
of the co-processed excipients developed so far have been
commercialized and integrated into the mainstream of
pharmaceutical development e.g., Prosolv®, Ludipress®,
StarLac®, etc.

A typical excipient that has been used in the tablet
formulation is microcrystalline cellulose (MCC). MCC is
a pure partially depolymerized cellulose synthesized from

© 2022 DSR Publishers/The University of Jordan. All Rights Reserved.
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a-cellulose precursor (type 1), obtained as a pulp from
fibrous plant material, with mineral acids, hydrochloric
acid, used to reduce the degree of polymerization 7. Since
its introduction in late 1950s, MCC has been recognized as
the single most important tablet excipient developed in
modern times. Many studies have proven MCC to be a
utility excipient and it remains the most widely used direct
compression excipient serving as a dry binder,
disintegrant, an absorbent, diluent, a lubricant, and anti-
adherent & MCC is commercially available in different
particle sizes, density, and moisture grades that have
different properties and applications. Among the most
commonly used grades of MCC are Avicel PH 101 and
Avicel PH 102 (FMC Corporation, USA). Avicel PH 101
is the original grade of MCC, while PH 102 is available as
a partially agglomerated product with a larger particle size
and slightly better flowability. However, both grades do
not differ significantly in their compressibility. Currently,
MCC is the most compressible of all direct compression
fillers and has the highest dilution potential and capacity °.
Nonetheless, MCC has been shown to exhibit poor
disintegrating property when used in concentrations
exceeding 20 % as a multifunctional excipient in direct
compression formulations 1%, Disintegration facilitates
the release of the drug from the tablet and makes it
available for action. Thus, the performance of the tablet
dosage form has been linked to its ability to disintegrate
readily when it comes into contact with the gastrointestinal
(GI) fluid. It is therefore imperative to improve the
disintegration profile of MCC as a multifunctional
excipient in direct compression formulations. Hence, the
goal of this study was to develop an MCC-based co-
processed excipient with improved capacity for
disintegration when used as a direct compression excipient
in tablet formulation. This study will focus on optimizing
the formulation of the co-processed excipient containing
MCC and CPV using the design of experiment (DoE)
approach and characterizing its physicochemical
properties. To the best of our ability, no co-processed
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excipient exists combining MCC and CPV alone in
composite particles. The choice of both excipients was
based on their material and functional properties: MCC is
a direct compression binder and deforms by plastic
deformation®?2 while CPV is a super disintegrant that yields
by brittle fracture under the effect of pressure 314,

2. General Experimental

2.1. Materials

Paracetamol (Burgoyne Burbidge’s and Co.
Laboratory Chemical Mumbai, India), Microcrystalline
cellulose, PH. Eur. NF, JP (VIVAPUR® 102),
Crospovidone (Viva Pharm® PVPP XL-10), (JRS Pharma,
Rosenberg, Germany).
2.2. Experimental Design

Design of Experiment (DoE) was employed to optimize
the composition of the CPE containing MCC and CPV.
Multivariate experiments were generated using the Simplex
Lattice Mixture Design (Design-Expert ver. 12, Stat-Ease,
Inc., Minneapolis, MN 55413, US) to quantify the impact of
varying the composition of CPE on tablet properties. The
input variables of MCC and CPV ranged from 90 — 99 % and
1—10 % respectively. Ten (10) experimental formulations of
CPE were prepared based on the composition of the mixture
design experiments given in Table 1. Tablets were prepared
by mixing 100 mg of paracetamol, 396 mg of CPE and 4 mg
of magnesium stearate to obtain an approximate weight of
500 mg for each tablet. Tablet formulations were compressed
directly on a Single Punch Tablet Press using 12 mm flat-
faced punches at a compression load of 7 KN. The tablet
properties of tensile strength and disintegration time were
evaluated as response variables for the design and data
obtained was fitted into regression models. Model fitting and
analysis was done using analysis of variance (ANOVA)
integrated in the Design Expert Software and mathematical
equations were generated for each response to quantify the
impact of each input variable on the response. Two
component mixture plots were drawn for each response to
determine the optimum level content for each component of
the co-processed excipient.
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Table 1. Composition of Mixture Design Experiments

Components
Formulation | MCC (%) | CPV (%)
1 96 4
2 93 7
3 99 1
4 92.25 7.75
5 96.75 3.25
6 90 10
7 99 1
8 90 10
9 99 1
10 94.5 5.5

MCC — Microcrystalline cellulose, CPV — Crospovidone

2.3. Preparation of CPE

About 100 g of CPE was prepared by wet massing
technique as described by Goyanes et al ° with
modifications. The quantities of MCC and CPV were
calculated based on the optimized composition, weighed
out on an electronic balance (Mettler, Philip Harris Ltd,
England) and mixed for 5 min using a mortar and pestle.
The powder blend was further massed with 20 mL of
distilled water and the wet mass was screened through a
0.5 mm sieve to achieve uniformity in particle size. The
co-processed material was then allowed to dry in an oven
(Gallenkamp Oven BS size 3, England) at 40 °C for 1 h
and kept in an airtight container for further studies.

2.3.1. Particle Size Analysis

Particle size analysis was carried out by optical
microscopy using a light microscope (Fisher Scientific
Company, Kent, UK). A minimum of 100 particles were
counted for each sample using a calibrated eyepiece
micrometer for measurement and the parameter of dso was
determined for each sample.

2.3.2. Scanning Electron Microscopy (SEM)

Particle shape and morphology of MCC, CPV and CPE
were examined using a scanning electron microscope
(Phenom ProX, The Netherlands). The samples were

placed initially on a double adhesive which was placed on
a sample stub and then sputter-coated with gold under
vacuum in an argon atmosphere prior to observation. The
SEM images of the samples were taken at an acceleration
voltage of 20 kV at various magnifications.

2.3.3. Powder X-ray Diffraction

X-ray diffraction analysis was carried out on MCC,
CPV and CPE using a Rigaku Miniflex 300 Il Benchtop
X-Ray diffractometer (Rigaku Corporation, Tokyo,
Japan). The samples were positioned in the holding tray of
the machine and scanned from 5 to 90 ° on a 20 scale,
measuring the angle between the emitted ray and the
reflected ray. The raw data obtained were analysed with
DIFFRAC plus EVA, version 9.0 (Bruker, AXS,
Karlsruhe, Germany) diffraction software.

2.3.4. Differential Scanning Calorimetry (DSC)

DSC thermograms of MCC, CPV, and CPE were
collected using a DSC Q2000 (TA Instruments, Delware,
USA). Samples weighing 5 mg were deposited in standard
aluminium pans with perforated lid and heated at a rate of
10 °C/min from 25 °C to 200 °C. Data acquisition was
performed under an inert atmosphere of nitrogen at a flow
rate of 50 mL/min. The DSC cell was previously
calibrated with high-purity indium as metallic standard.
Analysis of scan was carried out using the Universal
Analysis software, version 4.5A (TA Instruments, New
Castle, DE, USA).

2.3.5. Fourier-Transformed Infra-red (FT-IR)
Spectroscopy

IR scans of MCC, CPV, and CPE were collected over
a range 4000 — 650 cm™ using a Cary 630 FT-IR
Spectrometer (Agilent Technologies, USA). Each sample
was subjected to an average of 32 scans at a nominal
resolution of 8 cm, employing background spectrum of
gold. The Cary 630 MicroLab PC software was used for
data collection and SpectraGryph 1.2 - spectroscopy
software was used to analyse the data.

2.3.6. Angle of Repose, Bulk and Tapped Densities

Angle of repose of MCC, CPV and CPE was measured
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using the fixed funnel method °. Each powder sample
weighing 20 g was poured through a fixed funnel
suspended at a height 8 cm above the bench surface. The
height and diameter of the conical heap of powder formed
was measured and Eq. 1 was used to calculate the angle of
repose. A mean of three replicates was recorded as the final
angle of repose for each sample.

2h
Tan @ = ik e EqL 1

where h is height of heap of powder cone (cm), d is
diameter of the cone base (cm), and @ is the angle of
repose.

Bulk and tapped volumes of the powders were
determined according to the method were specified by
USP ¥ and the densities calculated using Eq. 2 & 3
respectively. The parameters of Carr’s index (CI) and
Hausner’s ratio (HR) were computed using Eq. 4 & 5
respectively. A mean of three replicates with standard
deviation was recorded for each parameter.

Bulk Density (BD)
weight

= Bulk volume (VB) TR

Eq.2

Tapped density (TD)
weight

Tapped volume (V) 4

TD — BD
T 71D
TD

cl X100 %.........Eq.4

HR .Eq.5

2.3.7. Swelling Capacity

To measure swelling capacities of MCC, CPV and
CPE, 1 g sample of each material was poured into
respective 100 mL measuring cylinders and the tapped
volume occupied by each sample was noted as V1. Water
was added to the various samples to the 100 mL mark in
the measuring cylinder. After 24 h of standing, the final
volume of the sediment was recorded as V; and swelling
capacity was calculated using the equation below:
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V, =V
g =22 1

x 100 .............Eq.6
1

Moisture content and Moisture sorption capacity

The residual moisture present in the samples of MCC,
CPV and CPE was determined by gravimetric analysis.
Each powder sample (1 g) was dried to constant weight at
105 °C. Moisture content was calculated using Eq. 7 and
expressed as the percentage weight loss.

Initial weight — Final weight

Initial weigt

Moisture sorption capacity for each material was
determined using a 1 g sample. Each sample was exposed
to a RH=75 % in a desiccator containing saturated solution
of NaCl in its reservoir. The samples were kept at room
temperature (25 + 2 °C) in this controlled environment for
a period of five days and the amount of moisture sorbed
over this period was calculated as the weight gain
expressed in percentage.

3. RESULTS AND DISCUSSION

3.1 Optimization studies

Several formulations of CPE were prepared and
screened to optimize the composition of CPE. A summary
of the tablet responses obtained for each experimental
formulation is presented in Table 2. Tensile strength
values ranged from 0.24 — 1.1 MPa and was found to be
higher in formulations containing higher concentrations of
MCC. Tablets also disintegrated in less than a minute
across all the investigated formulations with rapid
disintegration times recorded with formulations containing
higher concentrations of CPV. Hence, increasing the
concentration of MCC produced stronger tablets with
relatively longer disintegration times while the reverse was
the case when the concentration of CPV increased. This
increase in tensile strength has been attributed to the
excellent binding characteristics of MCC as a direct
compression excipient '8, The mechanical properties of
MCC demonstrates a high degree of plasticity during
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compression giving rise to tablets with higher tensile
strength that takes a longer time to disintegrate °. This has
been attributed to extensive hydrogen bonding during
plastic deformation leading to an increase in bonding
surface area and bond strength 7. This agrees with the
findings of Apeji et al % who studied the impact of several
binders including MCC on the tableting properties of co-
processed excipient developed using these binders. The
co-processed excipient containing MCC performed better
in terms of tensile strength as a result of plastic
deformation characterized by a lower yield pressure.

The overall effect of CPV on tensile strength and
disintegration of CPE has been attributed to its super
disintegrating properties. The effect on tensile strength may
be due to the micronized particle size of CPV as observed
during particle size analysis (Table 4), where the particle size
ranged from 10 -120 pm. Due to its relatively small particle
size, CPV may have been adsorbed onto the surface of MCC
during co-processing thereby lowering the bonding surface
area and bonding strength of MCC particles resulting in a
reduction in tensile strength of tablets. The corresponding
effect on disintegration time has been associated with a
reduction in tensile strength of tablets. Tablets of lower tensile
strength are expected to disintegrate faster due to the
relatively weak interparticulate bonding matrix and increased
porosity of the tablet. The rapid disintegration time observed
with increasing concentrations of CPV may be linked to its
cross-linked structure 2. CPV is a water insoluble synthetic
cross-linked  polyvinylpyrrolidone  that  exerts its
disintegration effect primarily by strain recovery and to a
lesser extent by wicking and secondary swelling %. Kaur et al
23 repo super disintegrant concentration of super disintegrant
is above a critical level of 5 %, the disintegration time remains
almost constant. This explains why formulations of CPE
containing higher concentrations of CPV exceeding 5 %
maintained a constant disintegration time between 10 - 20 s at
higher concentrations.

Table 2. Response Results of Tensile Strength and
Disintegration time of the Mixture Design Experiments

Responses
Formulation TS (MPa) DT (min)
1 0.63+0.08 0.23+0.02
2 0.46+0.06 0.1+0.04
3 1.09+0.13 0.84+0.3
4 0.4+0.04 0.11+0.01
5 0.69+0.25 0.2840.17
6 0.24+0.05 0.13+0.01
7 1.1+0.14 0.78+0.38
8 0.27+0.07 0.13+0.03
9 1.09+0.27 0.93+0.7
10 0.51+0.08 0.20+0.09

3.2. Summary Statistics for the Model

Summary statistics for the models selected for each
response variable is given in Table 3. Each model was
significant for the corresponding response variable at p <
0.05, justifying their selection. The goodness of fit of the
model denoted by R? was high for both responses
indicating a high degree of correlation between the
experimental and predicted responses. The Pred R? was in
reasonable agreement with the Adj R? as their difference
did not exceed 0.2. This implies therefore that the model
selected for each response was reliable. The lack-of-fit
statistic was found to be insignificant at p < 0.05 for both
responses implying that the model selected fits the design.
An adequate precision greater than 4 was obtained for both
responses implying that the models selected had adequate
signal to navigate the design space for the purpose of
searching for optimum solutions.

The models for both responses were transformed by
inverse Sqrt as recommended to improve the fitness of the
model to the design.
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Table 3. Model Summary Statistics

Response | Source | Stddev| R? | AdjR? | Pred R? | Adeq. Precision | Seq. p-value | Lack of fit p value
TS Linear 0.167 0.837 | 0.816 0.768 12.07 0.0002 0.198
DT Quadratic | 0.375 0.837 | 0.790 0.700 8.56 0.0187 0.115

The coded equations in terms of pseudo-components
for tensile strength (TS) and disintegration time (DT) is
given below in Eq. 8 & 9:

The coded equations given above was useful in
identifying the relative impact of each factor variable on
the response by comparing the factor coefficients. The

two-component mix plots based on the equations above for

1/Sqrt (TS) = +1.09%*A +193*B ................ Eq.8 both responses are given in Figures 1 & 2.
Figure 1 is a two-component mix plot illustrating the
1/ Sqrt (DT) =+1.26xA +276xB +337 *E/;Bg effect of each factor variable on tensile strength (TS). The

plot shows that TS increases with increase in the
proportion of MCC and decreases with increase in the
proportion of CPV.

Where A and B represents the relative proportions of
MCC and CPV respectively in the co-processed excipient.

Design-Expert® Software

; Two Component Mix
Component Coding: Actual

1.2
TS (MPa)
@ Design Points :
1
X1 =AMCC
X2 =B: CPV
0.8
‘o
o
=
n
= 0.6
0.4
0.2
] | I | I
A: 90 92.25 945 96.75 99
B: 10 7.75 5.5 3.25 1
A: MCC (%)
B: CPV (%)

Figure 1. Two-component mix plot showing the effect of the factor variables, MCC and CPV, on tensile strength of tablets

Figure 2 is a two-component mix plot illustrating the proportion of MCC and decreases with increase in the
effect of each factor variable on disintegration time (DT).
The plot shows that DT increases with increase in the

proportion of CPV.
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Figure 2. Two-component mix plot showing the effect of the factor variables, MCC and CPV, on disintegration
time of tablets

Formulation Optimization and Validation

Numerical optimization was performed using
statistical models to find the optimal formulation of the co-
processed excipient (CPE). The tablet tensile strength was
set to maximum, and the disintegration time minimized as
criteria for selecting an optimum formulation of CPE.
According to the statistical prediction, the optimal
formulation was:

MCC —-99 %

CPV-1%

TS —0.948 MPa

DT - 0.632 min

Desirability — 0.953

An experiment was performed using the selected
mixture to validate the different response models. All the
observed results of the measured responses were within the
prediction intervals and in good agreement with the
predicted results (Table 4).

Table 4. Predicted and observed results of the optimized formulation (CPE)

Factors/Responses | Criteria Predictions | Observations
MCC In range (90 — 99 %) 99 % 99 %

CPV In range (1 — 10 %) 1% 1%

TS Maximize (0.24 — 1.09 MPa) | 0.948 MPa | 0.88 MPa

DT Minimize (0.1 - 0.93 min) 0.632 min 0.76 min
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3.4. Solid State Characterization

The SEM images for CPV, MCC and CPE are
presented below in Figure 3. Particles of CPV are smaller
in size, appearing as aggregates of primary particles.
Particle morphology of MCC appears irregular and fibrous
with some degree of roughness of the surface. CPE
particles appeared to have the same surface morphology
and shape of MCC possibly because MCC constitutes 99
% of CPE. Materials characterized by irregular shape and
rough surfaces tend to bind more firmly and form solid
compacts owing to the effect of mechanical interlocking

Fatima Haruna, Yonni Eshovo Apeji, Avosuahi Rukayat Oyi

24 particle morphologies of MCC as examined by SEM
showed that MCC is primarily composed of irregularly
shaped particles with intercalated microfibrillar structure
(Figure 3). Co-processing of MCC with CPV had little or
no effect on the morphological appearance and shape of
MCC which may be due to the relatively low proportion of
CPV present in the co-processed excipient. The
improvement in particle size and flow behaviour of CPE
may therefore be attributed to the method of co-processing
as a particle engineering technique rather than the presence
of CPV in its particulate structure.

W I ﬂ'?'c
_: '..’? ?A" f“‘ "‘ y o]

Figure 3. SEM images of (a) CPV, (b) MCC, and (c) CPE

The diffraction curves of CPE, MCC and CPV are
presented in Figure 4. The diffraction patterns of CPE and
MCC are characterized by three distinct peaks occurring at
angles 15°, 16.4°, and 22.5° on the 2 Theta scale. The
PXRD pattern obtained for MCC corresponds to that
reported by Rojas et al.?® confirming the crystalline nature
of MCC. This implies that MCC crystallinity was
maintained in CPE. Crystalline materials are characterised
by prominent, sharp diffraction peaks which correlate with
the degree of crystallinity of the material and is typical of
most active pharmaceutical ingredients (API) that occur as
crystals and some excipients like MCC. However, most
excipients are classified as predominantly amorphous in
nature and therefore do not produce sharp diffraction peaks
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when exposed to X-ray ?’. The diffraction curve of CPV
shows a halo pattern suggesting that the material is
amorphous. The diffraction peaks identified in MCC were
maintained in CPE suggesting that CPV and MCC are
compatible. Co-processing MCC with CPV did not alter
the crystallinity of MCC implying that there was no
modification of the molecular structure of MCC as a result
of processing. Although CPV produced a diffraction halo
pattern that corresponds to amorphous materials 282°, it
was not sufficient to cause a significant change in the
crystallinity of MCC possibly because of the low
proportion of CPV employed in co-processing. For
tableting purposes, excipients that are largely amorphous
are preferred because of their superior compressibility .
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Figure 4. PXRD patterns of CPV, MCC and CPE

Overlay plots of the DSC thermograms of CPE, CPV,
and MCC is presented in Figure 5. All three materials
showed an endothermic transition corresponding to loss of
moisture occurring between 50 — 100 ° C. A greater degree
of moisture loss was observed with MCC owing to its
higher moisture content (14 %) (Table 5). Moisture
loss possibly occurred as a result of dehydration during
heating of the sample 3. The DSC scans of MCC and CPE
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were not characterized by a melting phase transition
because of the strength of intermolecular interaction
between polymeric strands and the high molecular weight
of MCC which results in thermal degradation rather than
melting at elevated temperatures 7. This is consistent with
the findings of PXRD as shown above in Figure 4.
However, the absence of a melting peak for CPV
corresponds to its amorphous nature.
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Figure 5. DSC thermograms of CPV, MCC and CPE

FT-IR spectra for MCC, CPV and CPE is displayed as
Figure 6. The IR spectrum of MCC showed absorption
bands occurring at the following frequencies: 3331 cm* (O-
H stretching), 2894 cm® (C-H stretching), 2322 cm?
(O=C=0 stretching), 1636 cm™ (C=C stretching), and 1314
cm® (O-H bending). This finding was consistent with that
reported by Ciolacu et al 2. The IR spectrum of CPV was
characterized by absorption bands appearing at the
following frequencies: 3391 cm™ (N-H stretching), 2324
cm! (O=C=0 stretching), 1648 cm™ (C=0 stretching), 1423
cm? (C-H bending), 1283 cm™* (C-N stretching), 842.8
(C=C bending). These absorption bands were replicated in
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CPE implying that co-processing MCC and CPV did not
result in any significant chemical reaction. This agrees with
some findings in literature reporting the absence of chemical
change during co-processing 334, The absorption bands of
MCC predominated in the IR spectrum of CPE owing to its
higher proportion (99 %) in the co-processed excipient
(CPE). There was no shift in position, or the
appearance/disappearance of peaks as observed in the FTIR
spectrum of CPE, revealing that there was no chemical
interaction or modification of the interacting excipients
during coprocessing. Excipient-Excipient compatibility was
therefore established by FT-IR.
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Figure 6. FT-IR spectra of CPV, MCC and CPE

3.5. Powder Properties

Powder properties of MCC, CPV and CPE are
presented in Table 5 showing the mean and standard
deviation values in parenthesis. Based on the median
diameter (dso), CPE had the largest particle size while CPV
had the smallest particle size. Particle size increased as a
result of co-processing. This is consistent with the findings
of other studies carried out involving co-processing where
the co-processed excipient developed had a larger particle
size relative to the constituent excipients 326, The angle of
repose values was ranked in the following order,
CPE<MCC<CPV, with CPE having a value of 18.23 °and
CPV having a value of 43.90 °. As a general rule, values of
angle of repose < 30 ° corresponds to free-flowing powders
37, The flow properties of MCC were improved as a result
of co-processing giving rise to CPE with an angle of repose
< 30 ° (Table 5). Particle size enlargement of CPE
translated to an improvement in the flow behaviour of CPE
as reported in Table 5. This can be attributed to a reduction
in interparticulate friction and cohesion between particles
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that normally hinders free flow of powders *. Many
studies have reported a correlation between particle size
and flow characteristics of the powder with an increase in
particle size leading to enhanced flowability *°. The flow
behaviour of a co-processed excipient designed for direct
compression is a critical material attribute that is required
for the robust formation of tablets by direct compression 3.
The improved flow of CPE will most likely impart
flowability to the powder mix giving rise to uniformly
sized tablets in weight and drug content.

Higher porosity values were obtained for MCC and
CPE in comparison to CPV indicating that MCC and CPE
had a greater degree of porosity compared to CPV. This
corresponds well with the swelling capacity of all three
materials as highly porous MCC gave rise to a greater
degree of swelling (MCC>CPE>CPV) as seen in Table 5.
The ability of a material to swell in the presence of water
is a function of its hydrophilicity, wetting and hydration
potential 4041,
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Table 5. Powder Properties of MCC, CPV and CPE
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Parameters MCC CPV CPE

Dio | Dso | Deo | Dio | Dso | Deo | Dio | Dso | Deo
Particle size (p) 70 | 100 | 170 | 20 |40 |70 |90 | 180 | 280
Angle of Repose (°) 28.07 (2.30) 43.90 (4.65) 18.23 (1.70)
Bulk Density (g/mL) 0.32(0.004) 0.60 (0.01) 0.34 (0.01)
Tapped Density (g/mL) | 0.40 (0.01) 0.78 (0.01) 0.45 (0.004)
Carr’s Index (%) 19.42 (1.77) 23.83 (1.75) 23.65 (0.93)
Hausner’s Ratio 1.24 (0.03) 1.31 (0.03) 1.31 (0.03)
Porosity (%) 78.25 (0.73) 51.88 (0.78) 76.78 (0.28)
Swelling capacity (%) | 25 11.11 16.67
Moisture Content

14 8 3
(%)
pH 7.5 7.6 7.5

MCC - Microcrystalline cellulose, CPV — Crospovidone, CPE — Co-processed excipient

There appeared also to be a link between porosity and
moisture sorption capacity as shown in Figure 7 where
highly porous MCC had the highest moisture retaining
capacity. This implies that MCC has a higher degree of

hygroscopicity compared to CPE. Moisture content was
found to be higher for MCC (14 %) when compared to that

of CPV (8 %) and CPE (3 %).
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Figure 7. Moisture sorption capacity of MCC and CPE
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The reduction in moisture content of CPE suggests that
co-processing MCC with CPV lowered its capacity to
adsorb or retain moisture as evidenced by the moisture
sorption capacity (Figure 7). The improvement in flow
property of CPE may also be attributed to its low moisture
content considering the impact moisture content has on
bulk  powder properties like flowability and
compressibility 4243, For the purpose of maintaining the
stability of a formulation or product, it is necessary to use
excipients that are less hygroscopic or non-hygroscopic to
guide against instability during development and storage.
A similar study involving the co-processing of mannitol
and crospovidone was carried out by Katsuno et al 4 and
yielded a product with good stability profile, rapid
disintegration and increased hardness of the tablets. Other
studies have also reported that co-processing with
crospovidone yielded a product with good flowability and
low hygroscopicity *°.
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Studying the Effect of Functional Group and Size of Silica Nanoparticles Loaded

with Quercetin on their in vitro Characteristics
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ABSTRACT

Silica nanoparticles (SNs) possess unique properties making them ideal carriers for many agents. Both the size
and the surface chemistry are important features that impact the in vitro characteristics of their loaded agents. In
this study, different surface functionalization of SNs with a particle size of 200 nm (propyl thiol, propy! carboxylic
acid, and propyl amine) and two different sizes of propyl amine SNs (200 and less than 100 nm) were investigated.
The nanoparticles (NPs) parameters were characterized using Dynamic Light Scattering (DLS) and their
Encapsulation Efficiency (EE) and Loading Capacity (LC) with quercetin were measured using UV
Spectrophotometer. Quercetin cumulative release was studied in phosphate buffer saline (PBS) (pH 7.4, 37°C) and
its in vitro cytotoxicity toward HeLa cells was evaluated using an MTT assay. Our results showed that the mean
particle size of all samples increased after drug loading and the polydispersity (PD) values were all within the
acceptable range (0.2-0.5). All SNs exhibited negative values of zeta potential with the highest value for propyl-
carboxylated NPs. The EE and LC percentages of quercetin in SNs depend on the type of surface functional group
where the aminated SNs showed higher percentages compared to the other groups. A direct relation was observed
between the drug release rate and the cytotoxicity where the highest and smallest values were exhibited by thiolated
and aminated SNs, respectively. Surface modifications have thus a more pronounced effect on the in vitro
properties of our studied SNs compared to the size.

Keywords: Silica nanoparticles; quercetin; surface functionalization; size of SNs; DLS analysis; cumulative

release; MTT assay.

1. INTRODUCTION

Nanotechnology has drawn a great attention in the
pharmaceutical and medical fields by playing an important
role and acting as a driving force for their evolution®. It is
also a part of drug delivery field that not only enhances the
efficacy of already available drugs but also provides a
chance for the discovery of new therapiest. This
technology utilizes particles within the size range of 1-
1000 nm referred to as nanoparticles (NPs) into which
many therapeutic agents can be either entrapped,
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encapsulated or attached to their surfaces?. Numerous
medications, including hydrophilic and hydrophobic tiny
medications, vaccinations, and biological
macromolecules, can be given using nanoparticles®. It is
well known that particle size and size distribution are the
most important features to impact particles’ in vivo
distribution as well as targeting ability?. Therefore, their
small size allows their entry into the cells more efficiently
than larger molecules®. It had been reported that the
cellular uptake of nanoparticles by Caco — 2 cells (human
epithelial colorectal adenocarcinoma) are up to 2.5 fold
higher than 1 pm micro-particles °. Therefore, they are
used as carriers for different therapeutic agents to be
delivered to their sites of action inside the human body?.
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Targeted drug delivery can also be achieved by such
delivery systems as they transport the therapeutic agents to
their required site of action without affecting other tissues
which in turn will reduce the undesirable adverse effects®.
Such targeted delivery can be achieved by either attaching
a specific molecule on NPs' surface such as antibodies or
by manipulating physical stimuli such as pH*
Additionally, these systems are known to increase the
bioavailability and the absorption of medications that are
poorly soluble in water, such as hydrophobic
pharmaceuticals®. In addition, such systems can protect the
therapeutic  agents from undesired metabolism,
degradations and clearance which in turn will lower the
required dose used, improve patient compliance and lower
the cost*. Moreover, they can be utilized in different routes
of administration including oral, parenteral, nasal and
other?. Among all NPs found Silica nanoparticles (SNs)
are recently of great interest in the field of drug delivery
systems. They are inorganic-based solid particles with a
honeycomb — like porous structure into which many drugs
can be incorporated 2. They have superior properties
including: simple synthesis techniques, relatively low cost,
good thermal and chemical stability and biocompatibility
at adequate concentration”®. More importantly, they have
a large surface area and pore volume allowing for high
drug concentration to be loaded, if needed®. Simply, by
manipulating the synthesis parameters such as pH,
temperature and reaction time, different particles sizes and
shapes can be obtained®. The control of both the shape and
the particle size are highly essential to assure efficient
cellular internalization of the delivery systems. In addition,
NPs * morphology and electrostatic interaction between
their surface groups and cells also impact their cellular
uptake %1, The outer surface of the particles can also be
easily modified by adding different functional groups®. It
has been found that both the size and the surface functional
groups affect many of the particles’ characteristics such as
their liver metabolism, uptake by human lymphocyte cells
and many others®2. For instance, it was revealed that the
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cellular uptake of aminopropyl vinyl modified particles is
more efficient compared to the vinyl modified and
unmodified ones'?. NPs’ size, on the other hand, has a
great significance in developing a successful delivery
system by influencing many important points such as the
NPs’ cellular uptake, tumor penetration and blood
circulation half-life. As drug delivery systems, SNs can
be used to encapsulate different therapeutic agents'“and
some of NPs’ properties such as their size and surface
functional groups would affect the in vitro characteristics
of the drugs when encapsulated into these NPs, such as the
drugs’ loading, release rate and cytotoxicity profiles. The
effect of certain simple functional groups on the
encapsulation efficiency, loading capacity, physical
stability, drug cumulative release and cell toxicity has not
been thoroughly studied on many therapeutic agents such
as quercetin.

Quercetin(3, 3, 4, 5, 7-pentahydroxyflavone)(Figure
1)15,is the most abundant natural flavonoids that present in
many fruits and vegetables such as grapes, onions and
many others*6. The stability of quercetin can be drastically
reduced as a result of either degradation or oxidation
during processing and storage!’. However, many factors
are found to affect its stability such as temperature, pH,
metal ions and others'®2°. This promising potent flavonoid
has numerous health beneficial effects?. It displays a wide
variety of pharmacological impacts including anti-
inflammatory, anti-diabetic, hepato-protective and anti-
obesity?>?, It is considered a powerful antioxidant along
with its capability to eliminate free radicals?*. Its
antioxidant ability is due to the presence of antioxidant
pharmacophore such as the catechol group in the ring B
and the hydroxyl group (OH) at the position 3 of ring AC
%5, Based on previous studies, quercetin is considered the
most powerful scavenger of (ROS) such as peroxides and
nitrate radicals which makes quercetin a good inhibitor of
lipid peroxidation®*. This property along with its ability to
increase  glutathione levels help in preventing
atherosclerotic plaques formation, thus reduce the risk of
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cardiovascular and neurodegenerative diseases?*?, It was
reported by previous studies that quercetin is able to block
the action of several enzymes such as xanthine oxidase,
phosphate oxidase and NADP that are responsible for the
formation of oxidative species??. In addition, quercetin has
an anti- inflammatory effect by preventing Ca*2dependent
cell death®. Most important, quercetin has a cancer
preventive effect by different mechanisms including the
anti-oxidant effect, enzymes inhibition which involve in
carcinogens activation and modifications in signal
transduction pathways?. In addition, it has a synergistic
effect when combined with other anti-cancer agents such
as cisplatin®. However, quercetin exhibit variable
characteristics regarding its aqueous solubility which will
eventually impact its activity?®.Being a lipophilic, it has a
moderate solubility in organic solvent such as ethanol with
solubility of about 4 mg/ml at 37 °C % and highly soluble
in DMSO of about 150 mg/ml at 25 °C?%. It had been
reported by previous studies that the aqueous solubility of
quercetin range from about 2.63 ug/ml at 25 °C to 1490
ug/ml at 140 °C%. Therefore, its low hydrophilicity and
poor solubility result in very minimal gastro — intestinal
absorption and subsequent low oral bioavailability up to
only 17 % in rats and 1 % in man332, In addition to
solubility challenges, physiological instability is another
issue that limited quercetin clinical applications as well as
its poor absorption, fast metabolism and short half - life
which all restrict severely its bioavailability®. In order to
overcome these disadvantages, it is highly recommended
to get advantages of different applicable delivery systems

such as NPs%. Such systems are able to improve the poor
solubility by reducing the drug aggregation due to their
favoring greater surface area, thus, better dispersion for
drug loaded nanoparticles will be achieved®. Quercetin
was already included in different types of delivery systems
including nano-materials such as cyclodextrins or
methoxyoly (ethylene glycol)-Poly (lactide), chitosan
NPs, micelles and liposomes to evaluate the best delivery
vehicle for such flavonoids®>=2¢. It has been reported by
previous studies that using NPs with many modifications
such as folic acid incorporation or PEG successively
implement better anti-proliferative effect toward different
types of tumors with better stability of released quercetin
in tumor cells with limited distribution in normal cells as
well as enhanced neuro  protection  against
neurodegenerative diseases 223738,

One of the most obstacles associated with NPs is their
high surface energy resulting in their aggregation 3°. In
order to eliminate such difficulties and to gain the
maximum drug bioavailability, different functional groups
had been used as a surface coating to NPs such as
cyclodextrin, PEG and many others®”:3, Our goal here was
to study the effect of three specific functional groups on
the in vitro characteristics of 200nm SNs (EE, LC,
stability, release rate and cell toxicity) when loaded with
quercetin. In addition, we will investigate the NPs’ size
effect on the same characteristics. Furthermore, the three
different functional groups will be compared with
unmodified SNs which will be treated as a control sample.
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Figure 1: Chemical structure of quercetin

2. Materials and Methods

2.1. Materials

Silica NPs (200 nm), propyl thiol silica NPs (200 nm),
propyl carboxylic acid silica NPs (200 nm), 3- aminopropyl
silica NPs (of less than 100 nm), quercetin hydrate and
phosphate buffer saline were all purchased from Sigma
Aldrich. Propyl amine silica NPs (200 nm) were purchased
from Nanoshell company UK. Cell culture components
including the tissue culture media was obtained from Caisson
Laboratories, fetal calf serum and Trypsin — EDTA from
Biowest, gentamicin sulfate and Penicillin-Streptomycin
were hoth obtained from EuroClone Italy.

2.2. Methods

2.2.1. Preparation of quercetin stock solution and
quercetin loaded silica NPs

In order to obtain a standard solution having a

-572 -

concentration of (100 ug/ml) of quercetin, an accurately
weighed 10 mg of quercetin powder was transferred to
100ml volumetric flask, dissolved well with methanol and
diluted to the mark. Then 1ml from the standard solution
was transferred to a 10 ml volumetric flask and diluted to
the mark by adding methanol to obtain a solution with a
quercetin concentration of (10ug/ml) which in turn will be
the stock solution. For SNs' loading, 4 ml of this solution
was mixed with 0.01 g of SNs (Propyl thiol SNs 200 nm,
Propyl carboxylic acid SNs 200 nm. Propyl amine SNs 200
nm, Unmodified SNs 200 nm and 3-Aminoproyl modified
SNs of less than 100 nm as shown in scheme 1). This
mixture was then stirred for 24 hrs and the resulting SNs
were centrifuged for at least 25mins at 14000 rpm. After
centrifugation step, they were washed well with deionized
water then dried®.
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Propyl amine SNs
200 nm

NH,

Unmodified SNs
200 nm

G on

Propyl amine SNs
Less than 100 nm

NH»

Propyl thiol SNs
200 nm

SH

Propyl carboxylic acid SNs
200 nm

O
OH

Scheme 1: Unmoditied and modified SNs with ditferent functional groups (Propyl amine, propyl thiol and
Propyl carboxylic acid) and sizes (200 nm and less than 100 nm) which investigated in this study

2.2.2. Quercetin calibration curve construction in
methanol and PBS

From the stock solution (10 ug/ml), different
concentrations (2, 4, 6 and 8 ug/ml) were prepared by
drawing each time 1 ml of the stock solution and complete
the volume with either pure methanol or BPS according to
our required concentration and calibration curve, by
applying the following equation:
Concentration 1 * volumel = Concentration 2 * volume 2

The absorbance of each solution was measured at A
=372 nm (Amax for quercetin®). Two different calibration
curves (in methanol and PBS) were then plotted at this
specific wavelength and the line equation was generated.

2.2.3. DLS analysis

The mean particle size of all modified SNs was
measured using the DLS technique (Zetasizernano series,
Malvern U.K). The particle size was measured using dilute
suspensions of SNs (5x10* mg/ml) before and after
quercetin loading in PBS with a refractive index of 1.326
for PBS and 1.48 for SNs and viscosity = 1.2 cp. All
suspensions were vortexed for at least 5 mins in order to
separate the large aggregates, if exist. The measurements
were performed in triplicate with 10 runs for each and the
average was then taken. The polydispersity (PD) and the

zeta potential averages were also measured simultaneously
before and after quercetin loading.

2.2.4. Evaluation of encapsulation efficiency and
loading capacity of the NPs

A precise amount (0.01 g) of five different samples of
SNs were mixed separately with 4 ml of quercetin stock
solution (10 pg/ml) and stirred for 24 hrs. The NPs were
then separated by centrifugation at 14000 rpm for 25 mins.
The supernatant absorbance was then measured using UV
spectrophotometer at A= 372 (A max for quercetin). By
applying the line equation of our set calibration curve in
methanol, the amount of free (un trapped) quercetin in the
supernatant was measured and then the LC and EE were
calculated using the following equations:
EE%-= (weight of initially added drug — weight of free drug
in supernatant) / weight of initially added drug x 100 %*.
LC%= (weight of initially added drug- weight of free drug
in supernatant) / weight of NPs x 100 %%,

2.2.5. Assessment of in vitro drug release

A precise quantity of modified SNs loaded with
quercetin (0.015 g) were first mixed with 2 ml PBS (pH
=7.4) in a dialysis bag (SnakeSkin Dialysis Tubing, 22mm
x 35 feet dry diameter, 3.5K MWCO), and then added to a
clean beaker containing 23ml PBS and shaken inside a
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water bath at 37°C. At various times (1, 2, 4, 6, 24, 26, 28
and 30 hrs.), a sample of 1ml was drawn and replaced with
1ml of fresh PBS. The amount of quercetin released was
measured using UV spectrophotometer based on
calibration curve in BPS.

2.2.6. Antiproliferative (cell viability) assay

Frozen HeLa cells were thawed carefully in water bath
at 37 °C, re-suspended in cell culture media and allowed
to grow in cell culture flasks inside the incubator for 24
hrs. Under aseptic conditions, grown cells were de —
attached with trypsin and counted. Into 96- well tissue
culture, HeLa cells (100 pl/well) were dispensed in tissue
culture medium which consist of DMEM media, 10 % fetal
bovine serum, 1 % L — glutamine, 1 % penicillin
streptomycin and 0.1 % gentamicin solution at an
optimized concentration of 1000 cells/well. After 24 hrs,
the media was completely removed and 200 ul of 0.15
mg/ml of different quercetin loaded SNs suspensions were
added to the cells and incubated for 48 hrs. Then, cell
viability was determined using MTT (3-(4, 5-
Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide)

Lina M. Ibraheem, Areen M. Khattabi

assay. From each well, 100 ul of culture media was
removed and 10 pl of thiazolyl blue tetrazolium solution
was added to the wells and left in CO2 incubator for at
least 3 hrs. Finally, MTT solubilization solution (100
pl/well) was added in order to stop the reaction, mixed
well and incubated for 1 hr. Absorbance was measured
using microplate reader at 550 nm and cell viability was
calculated to determine the cell toxicity percentage.
3. Results and Discussion

3.1. DLS analysis

Favorable characteristics of SNs such as their high surface
area and diverse surface functionalization, allow such NPs to
be suitable for loading of many drugs and their involvement
in other biomedical applications®. However, among the most
important properties that need to be controlled are the size and
surface charge. The mean particle size and the polydispersity
(PD), which provides an indication of the heterogeneity of
particle size in a mixture®, of all samples of SNs were
measured in PBS by DLS technigque using (Zetasizernano
series, Malvern U.K), as shown in Table 1.

Table 1. DLS analysis of SNs in PBS (pH=7.4) before and after quercetin loading, data were shown as mean +SD (n=3).

Mean Zeta Mean Zeta
Unloaded SNs particle PD+SD potential Loaded SNs particle PD+SD potential
sizexSD (mV)xSD sizexSD (mV)xSD
Unmodified 204.8+13.28 | 0.378+0.038 | -16.9#2.92 | Unmodified 295.8+50.64 | 0.46+0.18 -20.7+£1.83
SNs 200 nm SNs 200 nm
Propyl thiol SNs | 236.3+15.64 | 0.223+0.156 | -13.6+0.40 Propyl thiol SNs | 249.4+19.41 | 0.42+0.06 -13.9+0.55
200 nm 200 nm
Propyl 204.1+3.37 0.33+0.237 | -18.98+1.99 | Propyl 290.4+8.16 0.44+0.14 -19.95+0.94
carboxylic acid carboxylic acid
SNs 200 nm SNs 200 nm
Propyl —amine | 203.3£19.29 | 0.34+0.039 | -11+0.5 Propyl amine | 214.7+16.85 | 0.46+0.09 -14.1+0.4
SNs 200 nm SNs 200 nm
Aminopropyl 128.2 +25.9 0.49+0.03 -7.542.67 Aminopropyl 161.9+4.19 0.333+0.037 | -14.4+0.45
SNs of less than SNs of less than
100nm 100nm
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The experimentally measured particle size for the
unloaded samples was close to their original sizes (200 nm
and less than 100 nm). The PD of unloaded samples was
measured simultaneously and found to be within the
acceptable range (0.2- 0.5)*.The average particle size for all
loaded samples was mainly higher than the unloaded samples
suggesting a successful quercetin loading and/or adsorption,
as shown in Table 1. The adsorption arises from the
interaction that occurs between the different functional
groups on the surface of SNs and the quercetin groups via,
most likely, the hydrogen bonds resulting from quercetin B
ring that can rotate freely along the 1'-2 connecting bond as
well as the 3-2-1'-2" angle plus the non-aromatic hexagonal
ring C which gives the molecule more flexibility to be
adsorbed on SNs’ surfaces, as shown in Figure 1 which
represents the chemical structure of quercetin.

The PD values were also slightly increased after loading
except for the aminopropyl SNs of less than 100nm. This can
be explained by the fact that after drug loading, the particle
size of the aminopropyl SNs (less than 100 nm) increased and
thus reducing the surface area and the tendency for
aggregation. In addition, for SNs of less than 100 nm, the
presence of quercetin after loading appeared to have much
less effect on their stability as compared to those of 200 nm.

Simultaneously, zeta potential was measured in PBS
for SNs before and after quercetin loading (Table 1). Zeta
potential is the charge that arises between the solid surface
of the NPs and its liquid media at the interface*®. Although
it is of great importance in evaluating the NPs’ stability but
it is not the absolute measure to describe stability*®. This
measurement describes the degree to which charged
particles repel“®. Therefore, higher zeta potential values
implies higher degree of repulsion among particles and
thus higher stability and lower chance for aggregation®. It
is also known that the magnitude of the charge on the
nanoparticle surface depends on the solution pH. The zeta
potential for the unloaded and unmodified SNs was found
to be -16.9 mV. The unmodified SNs have only silanol
groups on their surfaces. The pKa value for the silanol

group is 5.6%. At neutral pH, since their pKa is lower than
pH, silanol groups will be deprotonated resulting in an
overall negative surface charge. The pKa of propyl thiol
and propyl amine SNs are 10.2 and 10.56, respectively.
They will both be protonated at neutral pH. Since the
percentage of modification of our NPs is less than 25%°%3,
the zeta potential values were -13.6, -11 mV and -7.5 mV
for SH-SNs, NH2-SNs 200nm and NH2-SNs 100 nm,
respectively. Even though all possess negative charge,
they were generally less than the unmodified ones due,
most likely, to the effect exhibited by the surface
protonated groups. The pKa of propyl carboxylic acid is
4.81*°which will be de-protonated at neutral pH and thus
had the highest negative value. After quercetin loading, the
net zeta potential increased for all samples. According to
previous studies, the pKa value of quercetin at neutral pH
is about 6%. Therefore, at neutral pH, quercetin will be
negatively charged as a result of its hydroxyl groups
causing an elevation in the net negative charge of the
loaded SNs. In addition, the increased values of zeta
potential after drug loading indicates the presence of drug
molecules adsorbed on NPs’ surface to a certain extent.

3.2. Measuring the encapsulation efficiency and
loading capacity of the NPs

Encapsulation efficiency refers to the capability of the
therapeutic agent to be entrapped into NPs while loading
capacity gives an idea about the ability of NPs to entrap
drugs. Both measurements are important parameters to
evaluate the performance of a drug delivery system.
Particularly when designing a delivery system for cancer
therapy, it is beneficial to ensure that the system provides
a high drug loading so that increasing the amount of
therapeutic agent delivered to the cancer cells®t. Generally,
the surface modifications affect the interaction between
NPs and the therapeutic agents. The values of both LC and
EE were close for unmodified, propyl thiolated and propyl
carboxylated SNs. On the other hand, these values were
the highest for propyl aminated SNs (both 200 and less
than 100 nm), as shown in Table 2. These findings are most
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likely attributed to the preferable interaction between
propyl amine functional groups and quercetin through
hydrogen bond formation. The strength of the
intermolecular hydrogen bond between quercetin and

Table 2.EE (average %) and LC (average %) for SNs loaded with quercetin, data wear shown as mean + SD (n=3).

Lina M. Ibraheem, Areen M. Khattabi

propyl thiol, propyl carboxylic acid and silanol groups
seems to be weaker than propyl amine, therefore, all have

smaller values of EE and LC.

SNs EE%=z SD LC%z+ SD
Unmodified SNs 200 nm 79.29%+1.52 | 0.312+0.002
Propyl thiol SNs 200 nm 81.12%=+2.22 | 0.321+0.007
Propyl carboxylic acid SNs 200 nm 76.31%+3.81 | 0.301+0.015
Propyl amine SNs 200 nm 98.4%+0.18 | 0.393+0.0007
Amino propyl SNs of less than 100 nm | 99.21%+0.13 | 0.396+0.0005

3.3. In vitro drug release study
Surface functionalization affects drug loading as well
as the rate of drug release. Both surface charge and
hydrophobicity of SNs are significant parameters that
modulate drug release 2. Quercetin release was studied at
pH 7.4 using warm PBS (37 °C) as the release medium to
simulate physiologic conditions. The release patterns of
quercetin from SNs are plotted in Figure 2 as cumulative
release percentage at different time intervals (1, 2, 3, 4, 6,
100
920
80
70

60
cumulative
release % 30

40

I
1

30

20

10

24, 26, 28 and 30 hrs). Release results were obtained based
on calibration curve in PBS (Figure 2).

Results showed that the free quercetin dissolved faster
than quercetin loaded SNs where the difference was
statistically significant at all time intervals. Within the first
6 hrs, about 42% of drug was released then increased after
24 hrs to reach a maximum of about 90% at 30 hrs. On the
other hand, quercetin loaded SNs samples exhibited a
much slower release pattern at the exact time intervals.

1

/ —Unmodified silica NPs 200 nm

——Propyl thiol SNs 200 nm
~——Propyl carboxylic acid SNs 200 nm
——Propyl amine SNs 200 nm
——aminopropyl SNs less than 100 nm

Free querectin

0 5 10 15 20 25 30 35
Time (hr)
Figure 2: Cumulative release percentage of free quercetin and quercetin loaded SNs, data wear shown as mean
+ SD (n=3). One Way Anova Calculator was used to assess the differences, when free quercetin was excluded; P
value <0.0001 after 6 hrs, P<0.001 at 1, 3 and 4 hrs and P<0.01at 2 hrs, when quercetin was included; P value
<0.00001, at all-time intervals.
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For quercetin loaded SNs, sustained drug release was
generally observed with all samples with a statically
significant difference among them even though the difference
was more statically significant when free quercetin was
included. Also, the difference was more significant between
SNis after 6 hrs compared to the first four hrs, as shown from
the calculated P values (Figure 2). Within the first 6 hrs,
quercetin release from SNs was found to be only between 9 —
13 %. The release percentages were then increased over time
to reach their maximum values at 30 hrs. At this time interval,
propyl thiol SNs exhibited the highest percentage compared
to other NPs. As also shown inFigure2, both sizes of aminated
NPs exhibited similar pattern at the first 6 hrs with a slight
difference after 30 hrs. Both aminated as well as carboxylated
modified SNs were associated with the slowest cumulative
release that might be related the favorable interaction of these
groups and quercetin that eventually restrict its release.

3.4. In vitro cell viability assay

In vitro cytotoxicity is highly dependent on cell — type as
well as the characteristics of NPs’ drug carrier. For cell
viability assay, a suspension of quercetin loaded SNs with a
concentration of 0.15 mg / ml as well as free drug was
incubated with HelLa cells for 48 hrs under the same
conditions. Then, MTT assay was conducted to evaluate the
cell toxicity and P values were calculated between two
different individual groups as well as between all groups

Free quercetin ]
X
propyl thiol SNs 200 nm

.

unmodified SNs 200 nm

propyl carboxylic acid SNs 200 nm

]****
] *kkkk

| I N N B B
0 10 20 30 40 50 60 70 80

% of cells toxicity

3-aminopropyl SNS less than 100 nm
Propyl amins SNs 200 nm

simultaneously (Figure 3). All P values were less than 0.05,
indicating a statistically significant difference, except the one
between propyl thiol and unmodified SNs. As shown in
Figure 3, the highest cell toxicity percentage of about 60%
was associated with free quercetin. For quercetin loaded SN,
the highest cell toxicity was shown with propyl thiol SNs
which is in agreement with its cumulative release as propyl
thiol SNs showed the fastest quercetin release compared to
other loaded SNs. The lower cell toxicity associated with
propyl carboxylic acid compared to both unmodified and
propyl thiol SNs might be explained by their lower drug
content as was shown from their EE values (Table 2). The
minimal in vitro cytotoxicity was observed with both
quercetin loaded aminated SNs. This is in consistent with
their slowest release rates behavior which in turn might be
related to the favorable interaction between quercetin
hydroxyl groups and amine group on SNs’ surfaces.

Indeed, quercetin loaded aminated SNs of less than 100
nm showed a higher percentage of toxicity compared to the
bigger aminated NPs (200 nm) with a P value of 0.005.
This result is in agreement with the fact that the NPs’ size
is one of the key factors influencing the biological uptake
and the internalization kinetics of NPs 3. In general,
smaller NPs are more easily up-taken by cells compared to
larger ones 2.

Figure 3: The results of MTT cell viability
assay used to get the percentages of cell
toxicity for HelLa cells after incubation with
0.15 mg/ml of quercetin loaded SNs as well
as free quercetin for 48 hrs. Data were
shown as = SD (n = 3).

Unpaired t test was used to assess the
differences between the two groups while the
One Way Anova Calculator used to assess the
difference between all groups: P*=0.025, P **
= 0.52, P ***=(0.0008, P****= 0,001, P*****=

0.005, P ****** <005

kkkkkk
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Despite the fact that free quercetin exhibited a higher
cytotoxicity compared to the loaded SNs, diverse
advantages can be achieved from these NPs. The slower
release rate observed would reduce the side effects
especially toward normal cells in the case of loading with
anticancer agents. In addition, all the characteristics of SNs
can be exploited to enhance the drug delivery such as their
high EE and the capability of further surface modification
with other groups to target specific cells. Keeping in mind
that in vitro studies are different than in vivo behavior, such
systems can protect the therapeutic agents from undesired
metabolism, degradations and clearance which in turn will
lower the required dose used, improve patient compliance
and lower the cost*. Moreover, cellular targeting can be
achieved by systems such as NPs. In cancer therapy,
targeting is crucial so that normal cells are protected and all
therapeutic doses reach their site of actions in order to get
the maximum benefits with the minimal adverse effects®.

The reason of the overall low cytotoxicity of our SNs
might not due only to their slow cumulative release behavior
but also to the effect of their surface charge. In general,
positively charged NPs have higher internalization than
neutral and negatively charged NPs®. For instance, it was
found that positively charged silica, silica-titania hollow and
gold NPs are more cytotoxic than negative variants of
similar sizes in non-phagocytic cells®. The type of
functional group itself also might determine the extent of
NPs' internalization. Thus, to better evaluate the extent of
our SNs’ internalization, and to better assess the relation
between their release rate, cell toxicity and their uptake, a
further research is needed in the near future.

4. Conclusion

Silica NPs are found to be ideal carriers for many
therapeutic agents due to their special properties. Our
objective here was to study the effect of three specific
functional groups (propyl thiol, propyl carboxylic acid and
propyl amine SNs, 200 nm) on their encapsulation
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efficiency, loading capacity, physical stability, drug
release rate and cell toxicity when loaded with quercetin.
In addition, we aimed to investigate the NPs’ size effect on
the same characteristics using two different sizes of propyl
amine SNs (200 and less than 100 nm). The physical
stability of the NPs was characterized using DLS analysis.
The results showed an increase in the size, PD and zeta
potentials after drug loading suggesting a successful
quercetin loading. EE and LC were also investigated where
the highest percentages were observed with aminated SNs
due to favorable drug — carrier interaction as explained
before. The in vitro quercetin release study was performed
in PBS at 37°C and the subsequent cytotoxicity against
HelLa cells was evaluated by MTT assay. Quercetin
cumulative release from SNs and the cytotoxicity results
were in agreement as the highest release and percentage of
cytotoxicity were observed with propyl thiolated SNs and
the lowest with aminated ones. Moreover, both sizes of
aminated NPs exhibited nearly similar results in terms of
their EE, LC and cumulative release rate and a slightly
higher cytotoxicity of the smaller ones. The surface
functional group has thus a more pronounced effect on
studied in vitro characteristics compared to the size effect
and it can hence serve a basic tool for controlling the
loading, cumulative release and cytotoxicity of variety of
therapeutic agents and their subsequent clinical efficacy.
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