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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 JIPS is welcoming submissions in pharmaceutical
business domain such as PharmacoEconomics, Pharmaceutical Marketing, and Management.
Intellectual property rights for pharmaceuticals, regulations and legislations are also interesting topics

welcomed from our colleagues in Schools of Law.

On a current topic in Pharmaceutical Sciences are also considered for publication by the Journal.
JJPS is indexed in SCOPUS (Q3). The Editorial Team wishes to thank all colleagues who have
submitted their work to JJP). 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

Another year went by. It was an extraordinary year that none of us will soon
forget, not only because of hard health times, but also because of the bad
economic crisis. However, after every dusk comes the light, hoping that 2021
would be the start of the dawn. Jordan Journal of pharmaceutical Sciences (JJPS)
completed 2020 publishing 4 issues on regular times; one issue per quarter
(achieving an extra issue than the years before), besides having 10 articles per
issue (instead of 5) in order to decrease the waiting time for the accepted articles to be published;
trying to serve as much researchers as we can.

One of the achievements is the diversity areas of submissions to JJPS, the latter makes JJPS
distinguished with an added value of a different taste that hopefully matches the journal readers’
desires in Jordan as well as in the region. Nowadays we have submissions not only in the
pharmaceutical chemistry, pharmacognosy and pharmacology, but also in pharmacy practice, clinical
pharmacy, pharmaceutical care and behavioral areas related to humans and patients such as
psychological considerations during the COVID-19 pandemic. Furthermore, JIPS received
submissions from all around the world; giving readers the opportunity to be exposed more to different
scientific research patterns worldwide with an increase in number of submissions by 62% in 2020
compared to 2019. Moreover, citations increased in 2020.

The new members in the editorial board are distinguished professors representing almost all fields
of pharmaceutical sciences from different backgrounds coming from diversified research schools from
USA, Canada, Europe, Australia, and Jordan. Also, they came from different work environments:
governmental and private higher education institutions. The latter started smart and hard work toward
becoming one of your choices to submit your article in any of the pharmaceutical fields.

In the new issues of JIPS in 2021, we will see an editorial commentary written by one of our
colleagues in JJPS expressing one of the interests and thoughts related to the status que in general
from their point of view.

Finally, it is really a great honor to have a new advisory board consisting of well-known scientists
from different regional and international countries representing almost all pharmaceutical fields; the
JJPS family is sure that the respected scientists will have a positive impact and will add value
particularly in the quality of manuscripts accepted for publication. Looking forward to more
achievements in 2021.

Prof Ibrahim Alabbadi
Editor-in-Chief
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Editorial Commentary

Dear Colleagues and Researchers,

As one of the Editorial Board members of the Jordan Journal of Pharmaceutical Sciences (JJPS), it
is my pleasure to write for all my colleagues in the field of pharmaceutical analysis. Although JIPS is
a peer-reviewed journal for original research articles, review articles, and short communications
related to all aspects of pharmaceutical sciences, I am encouraging you to submit your most recent
advances and research work in pharmaceutical and biomedical analysis fields, including drug analysis,
analytical methodology, quality control, and instrumentation.

JIPS is indexed in Scopus (Elsevier), Ulrich's Periodicals Directory, Google Scholar, and EBSCO.
Furthermore, JJPS has an open access policy, which enables your research to become available to all
scientists in the field and thus, increases exposure and citation.

It has to be mentioned that the journal is overseen by an Editorial Advisory board, which consists
of eminent and competent researchers in all fields of pharmaceutical sciences. In addition, the editorial
board members have rich academic qualifications. Therefore, with the network of both boards, the
widespread of the journal is distinguished.

At the end, I encourage all scientists involved in the pharmaceutical analysis field to submit their
work, or their postgraduate students work and sense the professionalism that they will encounter from
JJPS editorial staff and board. At JJIPS, we believe in a quick scientific reviewing process since
responding to authors promptly is ideal for pursuing widespread scientific knowledge.

Hoping for more collaborations between us in the future.

Professor Wael Abu Dayyih

Department of Pharmaceutical Medicinal Chemistry and Pharmacognosy
Faculty of Pharmacy and Medical Sciences

University of Petra

wabudayyih@uop.edu.jo
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The bleeding and clotting time analysis of the stem extract of Musa paradisiaca var.
sapientum (L.) Kunze on hemostatic response

Hendrik Setia Budi'®, Wisnu Setyari Juliastuti!, Yuniar Putri Sulistyowati*

!Department of Oral Biology, Faculty of Dental Medicine, Universitas Airlangga
*Correspondence : Hendrik Setia Budi, Department of Oral Biology, Faculty of Dental Medicine, Universitas Airlangga. JI. Prof. DR.
Moestopo No 47 Surabaya, Indonesia, 60132.

ABSTRACT

A herbal medicine that can be used to accelerate bleeding is the Ambonese banana stem sap (Musa paradisiaca var.
Sapientum) through secretion of Adenosin Diphosphate (ADP) and von Willebrand Factor (vWF) in the process of
platelet adhesion on the injury vessels. The aim of this study to test the influence of Ambonese banana stem extract
in a concentration of 25%, 50% and 100% against hemostatic response on mice. 24 animal study were randomly
assigned into four groups. Group 1 was the control, group of 2 was given 25% extract concentration, group of 3 was

given 50% extract concentration and group of 4 was given 100% extract concentration of Ambonese banana stem

per-oral. Then all the groups were examined their bleeding and clotting time. The administration of Ambonese banana
stem extract at the concentrations of 25%, 50 %, and 100% significantly shortened both bleeding time and clotting
time compared to control group (p = 0.00). The group with 100% extract of the Ambonese banana stem having the
shortest bleeding time and clotting time. The conclusions of this study showed Ambonese banana stem extract has

potential as the hemostatic agent by shortening bleeding and clotting time on mice.
Keywords: Ambonese banana stem extract, bleeding time, clotting time, hemostatic.

1. INTRODUCTION

The surgical procedures come with a risk of
complications which may include pain, nerve injury,
swelling, excessive bleeding (hemorrhage), and infections.
Severe intraoperative or postoperative hemorrhage is one
of the few life-threatening complications for which a
dentist may have to initiate management.!? The bleeding
disorder, it doesn't clot fast enough. This results in too
much bleeding or long-lasting bleeding, and become port
de entry of infection.>*

Hemostasis is a complex process that leads to the
formation of a blood clot at the site of vessel injury and

three phases can be distinguished by vascular spasm,

Received on 25/6/2019 and Accepted for Publication on
16/7/2020.

-1-

formation of a platelet plug and coagulation. Primary
hemostasis starts immediately after damage of the vessel
wall with vasoconstriction as a result of local contraction
of vascular smooth muscle cells.’> The von Willebrand
factor (VWF) binds to the exposed subendothelial
collagens. Platelets are tethered to the site of endothelial
cell injury through the binding of VWF to the glycoprotein
Ib receptor of the platelet.®

In major oral and maxillofacial surgical procedures,
electrocautery and suture ligatures are most commonly
used to control bleeding from small and major vessels.
However, when the use of pressure is not effective, the use
of electrosurgical instruments could endanger teeth or
nerves, systemic and, or topical hemostatic agents may be
needed.”® The study shown the effectiveness of Plasma
Rich in Growth Factors (PRGF) in controlling bleeding
after dental extractions in patients with haemophilia. In

this fascinating study there were no risks related to the use

© 2021 DSR Publishers/The University of Jordan. All Rights Reserved.



The bleeding and clotting...

of blood derivatives, yet good haemostasis and healing of
soft tissues were achieved. In other words, the post-
extraction socket healed better and faster which can
prevent further bleeding.’

Indonesia is a rich-tropical country in natural resources
with the second highest biodiversity in the world after Brazil.
Natural resources, such as plants and animals in Indonesia,
are very varied, which can be used for improving natural
products. The importance of biodiversity, e.g., in traditional
medicine and agriculture, is deep-rooted in Indonesian
society.!°A plant that can be efficacious as a drug and has long
been used to accelerate wound healing and tooth pain relief
by the people of the village of Trunyan, Bali is Ambonese
banana stem extract.!! In banana plants, there are significant
compounds, such as saponins, flavonoids, anthraquinones,
and tannins contained in both its fruit and sap, as well as lectin
compounds found in banana stems. Lectin plays a role in
stimulating mitotic cells which has an effect on accelerating
wound healing and bleeding cessation.'>!* Meanwhile,
tannins are astringent, stopping bleeding in the wound.'* This
study aimed to prove Ambonese banana stem extract (Musa
paradisiaca var. Sapientum) administration can accelerate

wound healing through hemostatic response.

Materials and Methods

Plant material and methods

Collected from the Plant Conservation Center
Botanical Gardens Purwodadi, Pasuruan, Indonesia,
Ambonese banana tree will be able to be harvested at age
12-13 months, with the height is about 2.5-3 m, and the
stem diameter is about 17.3-18.9 cm wide. Determination
was carried out by the Indonesian Institute of Sciences
(LIPI) Purwodadi, Pasuruan, Indonesia number
1036/IPH.UPT.03.4/HM/IX to prove that the type of
banana tree used is a type of Ambonese banana.

Preparation of the sample

To get Ambonese banana stem’s sap in large quantities,
the stem need to be cut at the lower end part, then clean it

to remove the impurities. After that, made it into small

Hendrik Setia Budi, Wisnu Setyari Juliastuti, Yuniar Putri Sulistyowati

pieces weighing 200 grams, add 200 ml of sterile distilled
water and blend until smooth. The sap and water that have
been mixed together are then filtered using a Buchner
funnel connected with a vacuum pump (Gast, USA brand)
with whatman filter paper number 1. The filtration results
are dried using a freeze dryer so that it can be stored for a
long time. The making of Ambonese banana stem extracts
with concentration of 25%, 50% and 100% was carried out
by dissolving dried preparations in sterile aquadest.

Experimental design

The ethical approval to conduct the study was taken
from the Research Ethics Committee, Faculty of Dentistry,
Universitas Airlangga. This research used a randomized
post-test only control group design. We used 24 male mice
divided into 4 groups. The first group was the control
group with the administration of vehicle. The second group
was given Ambonese banana stem extract at a
concentration of 25%. The third group was given
Ambonese banana stem extract at a concentration of 50%.
The fourth group was given Ambonese banana stem
extract at a concentration of 100%. Those extracts were
given for 3 consecutive days. Bleeding and clotting time
examinations then were conducted in each group.

Bleeding time experimental

The mice (Mus muscullus), male, 20-30 gram of body
weight were anesthetized with diethyl ether using
inhalation method. Mice are put in a transparent box for
easy viewing, which contains cotton with ether, and within
a few seconds the activity of the mice begins to decline and
then falls asleep. The mice’s tail was cut 3 cm long from
the tip of the tail, blood that came out after cutting was
dropped on absorbed paper. The stopwatch was started to
run along with the visible blood coming out of the mice
that had been cut. Blood dripped on absorbent papers that
should not touch the wound. The stopwatch was then
stopped when blood did not drip anymore on the absorbent
papers.!> Mice are generally feed containing low fiber
(5%), protein (20%) and fat (5-10%) in pellet.
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Clotting time experiment

Blood was taken from the heart of anesthetized mice
by surgery using a scalpel, and then 1cc of blood was taken
using a tuberculin syringe directly from the heart. The
stopwatch was started to run along with the entry of blood
on the syringe. The blood that had been taken was then
inserted into capillary tube to measure the clotting time.
Afterwards, the tubes were tilted slowly and re-stood up at
10-second intervals until the blood in the tubes did not
flow again when they were tilted to a tilt angle of 90°. The
stopwatch was stopped when the blood had not flowed
even though the tubes were tilted at an angle of 90°.
Surgical wounds then were stitched and oral antibiotics
and analgesics were given.'®

Statistical analysis

All the data were tabulated and assessed using the

Statistical Package for Social Sciences (SPSS) version
20.0. Comparison of various time among four study groups
were done using ANOVA test and post hoc Tukey test. A
p-value < 0.05 was considered to be statistically signifiant.

Results

Phytochemical components

The Saponin, flavonoid, tannin, anthraquinone and
using UV-Visible
Spectrophotometer by comparing the absorbance values of

lectin  levels were analyzed
standard compounds with the extract of ambon banana
stem sap. Detection of saponin compounds with a
wavelength of 215 nm, flavonoids with wavelengths of
226 nm, of 275 nm,

anthraquinones with wavelengths of 285 nm and lectins

tannins with wavelengths

with wavelengths of 228 nm (see table 1).

Table 1. The concentration of each component in Ambonese banana stem extract

Components Number of replicant Concentration (mg/100mL)
Saponin 3 1.30
Flavonoid 3 0.28
Tannin 3 1.50
Antraquinone 3 0.30
Lectin 3 0.11

Hemostatic properties of plant extract

Bleeding time is a clinical laboratory test performed to
evaluate platelet function. It involves the creation of a
standardized incision and timing the cessation of bleeding.
At sites of vascular injury, platelets are recruited to
exposed subendothelial extracellular matrix components
via specific platelet receptors involved in adhesion and
aggregation. The herbal medicines contain a lot of
different compounds which some of them have great
complexities. Plants substances such as polysaccharides,
mucilages and tannins may modulate and modify the

effects of “active components”.

Results of the One-way ANOVA test showed that the
administration of Ambonese banana stem extract at the
concentrations of 25%, 50 %, and 100% significantly
shortened both bleeding time and clotting time compared
to control group (p = 0.00). Ambonese banana stem extract
at the concentrations of 100% even had the shortest
bleeding time compared to the other groups. In other
words, the higher the concentration is, the shorter the
bleeding time is. Similarly, in the clotting time
examination, the group given Ambonese banana stem
extract at the concentration of 100% had the shortest

clotting time compared to the other groups (see table 2).
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Table 2. Bleeding and clotting time test

Groups Xt SD
Bleeding Time (second) Clotting Time (second)
1 14953+ 33.2 183.32 % 195
2 752+ 23.2 128°+ 25.8
3 53.2¢+ 7.9 947t 17.1
4 359+ 853 86.33°t 13.2

The values with different superscript letters in a column

are significantly different (p<0.05).

Discussion

The results of this research showed that bleeding time
and clotting time in Group 1 (control) had a significant
difference when compared with Group 2 (given Ambonese
banana stem extract at the concentration of 25%), Group 3
(given Ambonese banana stem extract at the concentration
of 50%) and Group 4 (given Ambonese banana stem

extract at the concentration of 100%). In other words, the

administration of Ambonese banana stem extract at the
concentrations of 25%, 50%, and 100% can accelerate
both bleeding time and clotting time in mice.Moreover, it
is also known that Group 1 needed the longest bleeding
time compared to the other groups (see figurel).
Ambonese banana stem extract actually contain various

active compounds, namely lectins and tannins.'7!3

Bleeding Time Analysis

100 \ -

Time (second)
rd

—

. —

Control

Group 1

Group 2 Group 3

Figure 1. Examination of bleeding time by cutting the mice’s tail.

C-type lectins are a subgroup of lectins, carbohydrate-
which and bind
carbohydrates in a Ca2+ ion-dependent manner. They play

recognizing proteins, recognize

a crucial role in hemostasis, a complex system to stop
which

activation, and thrombus formation.'® The mechanism of

bleeding, encompasses coagulation, platelet

lectin in accelerating the process of hemostasis is through
some stages.?’ After an injury to a blood vessel, platelets

normally in a state of silence will turn into active and move
towards an injured blood vessel to form a platelet plug at
aninitial phase. This phase is called platelet adhesion,
which is the attachment of platelets to injured tissue.?!-3
Tannic acid is a commercial compound which is
similar to the plant polyphenol tannin, that stops bleeding
from mucous membrane via vasoconstriction.” Tanin is

another active compound contained in Ambonese banana
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stems playing a role in increasing ADP secretion in blood.
ADP
released by the body during vascular injury. ADPs and

compound is a vasoactive chemical substance

other chemicals, including serotonin, then trigger platelets
to deform irregularly and become sticky with each other.
Thus, one platelet and another will be easier to bind. An
increase ADP levels in the blood then will result in high
platelet aggregation so that platelet plugs as a mechanism
for body hemostasis will soon be formed and will
accelerate the bleeding time indicated in this research by
the rapid cessation of blood coming out of the mice that
were cut off.2*

Ambonese banana stem extract at the concentration of
100% is thought to have higher active compounds of
tannin and lectin than concentrations of 25% and 50%.
This high level of the active compounds, tannins and
lectins, can increase platelet activity to adhesion and
aggregate platelets when a vascular injury occurs. This is

in accordance with the results of this research that showed

that the group of mice with Ambonese banana stem extract
at the concentration of 100% had the shorten bleeding
compared to the other groups.

In addition to accelerating the bleeding time, the
administration of Ambonese banana stem extract at the
concentrations of 25%, 50% and 100% can also accelerate
the process of clotting time in mice (see figure 2).
According to Ogle (2008), clotting time is an ability of
blood to change from liquid to semi-solid. After the
platelet plug is formed, the blood clotting cascade begins.’
This process runs through extrinsic and intrinsic blood
clotting pathways involving 13 blood clotting factors.
After the process, a prothrombin activator is formed which
has a task of converting prothrombin to thrombin. Next,
thrombin converts soluble fibrinogen into solid fibrin
polymer threads. These fibrin threads will later become
nets that will capture plasma, blood cells, and platelets to

become a clot.”?

Clotting Time Analysis
200 :
175 :
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=
g
S 125 e
£ 100+ | -
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Control Group 1 Group 2 Group 3

Figure 2. Examination of clotting time with modified Lee and White tube methods.

High platelet aggregation activities, furthermore, were
found in the group with the administration of Ambonese
banana stem extract since the effects of the active
tannins and lectins,

compounds, will be directly

proportional to the increased clotting time in mice. The
solid fibrin threads formed then will attract more platelets
carrying out more aggregation. As a result, the blood
clotting process will occur faster. The results of this
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research are the same as those reported by Bamidele, et al.
(2010), examining the effects of methanol ageratum
conyzoides leaf extract on hemostatic responses in mice.
The research conducted by Bamidele, et al. (2010), finds
that a decrease in bleeding time will compensate for a
decrease in clotting time in mice.?®

Based on the previous hypothesis, the higher the
concentration of Ambonese banana stem extract is, the
higher the platelet aggregation activity occurs. If more
platelets are attached to one another, then the fibrin threads
that have formed in the initial phase of blood clotting will
attract more thrombocytes, and blood clots will also occur
faster. But, the decrease in clotting time in the group with
Ambonese banana extract at the concentration of 100%
was not significantly different from the group with
Ambonese banana extract at the concentration of 50%.
Even though at the concentration of 100% had the fastest
clotting time compared to the other groups.However,
based on the results of Duncan's distance test, Ambonese
banana extract at the concentration of 50% did not differ
significantly compared to that at the concentration
0f100%.

This may occur due to the influence of blood clotting
factors working on blood clotting cascade. Before the
formation of fibrin threads which will later capture blood
cells and plasma, blood clotting cascade occurs first,
affected by various factors including 13 intrinsic and
extrinsic blood clotting factors, such as fibrinogen,
prothrombin, thromboplastin tissue, calcium, and vitamins
K. In this study, unfortunately, there was no observation on
the blood clotting factors. Hence, it is assumed that there
was less significant difference between the group with the
administration of Ambonese banana stem extract at the
100% and the group with that at the concentration of 50%.
This finding may be influenced by the blood clotting factors.

Hendrik Setia Budi, Wisnu Setyari Juliastuti, Yuniar Putri Sulistyowati

Finally, based on the results, it can be said that the
study hypothesis has been proven. The administration of
Ambonese banana stem extract has an effect on
accelerating the hemostasis response in mice characterized
by an increase in both bleeding time and clotting time. The
active compounds of tannins and lectins working
synergistically in mice can lead to an effect on accelerating
both bleeding time and clotting time.

Indonesia is a rich-tropical country which plants are used
as an alternative medicines. However, deeper research needs
to be done to prove the efficacy of drugs from plants in order
to be used by the community. Although this research has
proven the benefits of Ambonese banana stem sap as
hemostatic, the platelet activity on the wound needs to be
known to support this study.

The use of plant-derived medicines continues to be
developed through biomolecular research so that they can
be used as a standardized medicine. Ambonese banana
stem has the potential to be developed into hemostatics
through several studies that have been done before, and
even has been patented for cancer therapy. Topical and
hemostatic drugs are also capable for tooth extraction or
scaling and root planning in gum disease that are needed
for patients with blood disorders, such as hemophilia,
which are still common in Indonesia, even in the world.

Conclusions
Ambonese banana stem extract (Musa paradisiaca var.
Sapientum) have a potential as hemostatic agent by

shortening bleeding and clotting time on mice.
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ABSTRACT

Honey is now being renowned as an alternative treatment due to its broad-spectrum antibacterial activity and the
inability of bacteria to develop resistance after exposure to it. Honey has been shown to be bactericidal against E. coli,
S. aureus and P. aeruginosa as it destabilizes the bacteria’s cell wall. This study was designed to evaluate the effect
of a Malaysian Kelulut honey on established biofilm, prevention biofilm and on level of gene expression in S. aureus,
P. aeruginosa and E. coli. Established biofilm and prevention biofilm assays were conducted on three strains of S.
aureus, P. aeruginosa and E. coli using 96-well plates with five different concentrations of honey namely 5%, 10%,
20%, 30%, and 40% (w/v) and the level of gene expression assay was conducted using RT-qPCR. Kelulut honey was
able to reduce the biofilm mass formation up to 39%, 41% and 37% in S. auerus, P. aeruginosa and E. coli
respectively. The lowest concentration of Kelulut honey found to prevent biofilm formation in S. auerus, P.
aeruginosa and E. coli was 30% (w/v). Approximately fourfold reduction in the total number of viable bacterial cells
of S. auerus, P. aeruginosa and E. coli was observed following treatment with 40% (w/v) Kelulut honey. The RT-
gPCR showed that twelve genes including argF, purC, adh, fabG, fliA, fliC oprB, oprH, yjfO (bsmA), ycfR (BhsA),
IsrA and thaA were downregulated, whilst, eight genes including scdA, pyk, menB, oprC, lasR, algU, rpoS and evgA
were upregulated after exposure to Kelulut honey. This study showed the efficacy of Kelulut honey against biofilm,
and that different concentrations of honey possess different degrees of potential effect on established biofilm. Also, a
decreased expression of virulence genes in these bacteria will impact their pathogenicity.

Keywords: S. aureus, P. aeruginosa, E. coli, Gene expression, Malaysian Kelulut honey, Biofilms.

1. INTRODUCTION considering that microorganisms are known to develop

numerous mechanisms of resistance [3, 4], antibiotics are

All over the world, deaths from infectious diseases losing their effectiveness rapidly [5]. Also, it is more difficult
amounts to more than 17 million each year and most of these to treat the diseases caused by antibiotic resistant bacteria as
deaths have been linked to bacterial infections [1, 2]. Bacterial opposed to treating the diseases caused by non-resistant ones
infections are generally treated with antibiotics but [6]. Antibiotic resistant bacteria have been spreading
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— worldwide and this has led to the increase in medical costs,
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hospital stays and death cases [7-9]. For this reason, recent

studies are looking into the use of alternative antimicrobial
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strategies including the utilization of plants and honey
products in the treatment of bacterial infections [10-13].

Among the oldest and highly reputable traditional
medicines is honey, and the long history has seen the
application of this substance in treating a number of human
diseases [14-16]. The emergence of "apitherapy," which
comprises the application of honey and other products
associated with bees in treating ailments [17, 18], have
preserved the positive reputation of honey. This reputation
has continued up to the present day, leading to the
emergence of a relatively new branch of alternative
medicine, called "apitherapy", which focuses on medical
applications [19, 20] of honey and other bee products [21-
24]. Nowadays, different types of honey have been used in
many countries as an alternative to pharmaceutical
products for treating contaminated, infected, and burn
wounds [20, 25-27]. This is attributed to the effectiveness
of these honeys in inhibiting or killing a broad spectrum of
bacteria [28- 30].

Honey comes in various kinds and in many countries,
honey has been used as an alternative to pharmaceutical
products particularly in the treatment of contamination,
infection, and burn wounds [31, 32]. The use of honey has
been factored by its ability in inhibiting or destroying a
broad spectrum of bacteria [28, 33]. Accordingly, several
studies have been carried out in understanding the impacts
of honey on bacterial structures [34-40], but most have
been focusing on Manuka honey only and mainly on
Pseudomonas aeruginosa and Staphylococcus aureus. It is
hence necessary to examine other types of honey such as
Kelulut honey and other microorganisms such as
Pseudomonas aeruginosa and Staphylococcus aureus
Escherichia coli.

For Kelulut honey, its bactericidal effect on S. aureus,
P. aeruginosa and E. coli has been investigated in vitro.
From the electron microscopy, it appears that Kelulut
honey deformation the cells and the cells appeared curved,
distorted and the cell density was markedly decreased [40-
42]. The antimicrobial activity of honey may be attributed

-10 -
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to several factors, including high osmolarity, acidity, in
addition to the presence of hydrogen peroxide (H,O,) and
non-peroxide components, such as methylglyoxal [42-47].
In addition to exerting direct antimicrobial effects, some
honey varieties have been implicated in the differential
expression of a number of genes essential for bacterial
survival and virulence, including those involved in stress
tolerance [48], virulence factor production [49], as well as
multicellular behaviors, such as biofilm formation [50],
and quorum sensing [51].

Several studies have addressed different aspects of
Kelulut honey varieties, including their physicochemical
properties , their chemical composition [52-55], their
antibacterial and antibiofilm activities [40, 56], and their
therapeutic usefulness [42, 57, 58]. However, it is not yet
known whether these anti-biofilm activities, as well as any
possible anti-quorum sensing and anti-virulence activities
possessed by this honey could be attributed to alteration of
bacterial gene expression. [59-63]. Therefore, The effects
of Kelulut honey on gene expression in S. aureus, P.
aeruginosa and E. coli have not been empirically studied
in the past, and for this reason, the examined genes were
chosen following the published expression profiling
studies, whereby the cells of E. coli, S. aureus and P.
aeruginosa have been treated with honeys different from
those tested in the present study. As such, these genes were
chosen based on the genes involved in the generation of
biofilm, quorum sensing, motility and stress survival in
these test organisms. Accordingly, six genes of E. coli
(YjfO (bsmA), ycfR (BhsA), tnaA, IsrA, evgA, and rpoS),
seven genes of S. aureus (argF, purC, adh, fabG, scdA, pyk
and menB), seven genes of P.aeruginosa (fliA, fliC, oprB,
oprH, oprC, lasR and algU) were chosen for the
expression analysis. As shown by past studies, the
exposure to honey downregulated and upregulated the
differential gene expression involved in biofilm
construction, quorum sensing, motility and stress

endurance in these test organism [59-66].
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MATERIALS AND METHODS

Bacterial strains and culture conditions

Three strains of S.auerus (ATCC 25923), P.aeruginosa
(ATCC 27853) and E.coli (ATCC 25922) were used
throughout the study. Cultures of bacteria were supplied by
Microbiology Laboratory, University of Sultan Zainal Abidin
(UniSZA). The supplied bacteria were reconstituted into sterile
Mueller Hinton Broth (MHB) (Oxid, UK) and incubated at
37°C. After 24 hours, they were sub-cultured on Mueller
Hinton Agar, (MHA) (Oxid, UK) and incubated again at 37°C
for another 24 hours before being processed for long storage at
-80° in eppendorf tube containing MHB, and 15% glycerol.
Working bacterial culture was prepared by inoculating a
loopful of primary culture from -20° storage into Erlenmeyer
flask containing 15 ml of MHB broth [60-61]. The inoculum
was incubated at 37°C for 24 hours. After incubation time, the
noculum was incubated at 37°C for 24 hours. Then, the
suspension was adjusted to be equal to 0.5 McFarland standard
[62, 67].

Honey samples

Kelulut honey samples were purchased from a bee farm
located in Kelantan, a state in Malaysia. All honey samples
were stored in airtight amber glass bottles and stored at
room temperature until further analysis [52].

Established biofilm reduction assay

Bacterial cultures were adjusted to 0.5 McFarland
standard as previously described. Two hundred microliter
of the culture was transferred into wells of 96-well plates
and the plate was incubated for 48 hours at 37°C without
shaking. Wells containing only bacterial culture served as
positive control and wells containing honey only served as
corresponding negative control. After 48 hours of
incubation, planktonic cells were removed and then 200 pl
of different concentrations of 40%, 30%, 20%, 10% and
5% (w/v) of honey were added to the wells and then the
wells were incubated overnight. After incubation, the plate
was washed with PBS. The plate was fixed with 2 ml pl of
2.5% glutaraldehyde for 10 minutes. Then, the plate was
washed with PBS. The attached cells or biofilm was then

-11 -

stained with 200 pl of 0.1% crystal violet for 15 minutes
and washed two times with PBS. Absorbance was
determined at 540 nm wavelength using microtitre plate
reader (Tecan Infinite 200 PRO, Austria). This assay was
repeated in triplicate [68-71]. The reduction of biofilm
mass was calculated following the formula shown below:

Biofilm (%) = OD (positive control) — OD (treatment) x 100%
OD (positive control)

Biofilm Prevention assay

To determine the concentration of Kelulut honey
required to prevent a biofilm of S. aureus, P. aeruginosa
and E. coli and forming in vitro, a range of concentrations;
40%, 30%, 20%, 10% and 5% (w/v) of Kelulut honey were
freshly prepared in Muller Hinton Broth (MHB; Oxoid,
UK) from a stock solution of 50% (w/v) honey.
Approximately 200ul of diluted honey was dispensed into
wells of 96-well plates and inoculated with 200ul of a
diluted overnight culture of the test organism (population
density of 2.5x10% colony forming units (cfu/ml). Wells
without inoculum served as a corresponding negative
control and wells without added honey used as a positive
control. The plates were incubated for 48 hours at 37°C
and the extent of biofilm formed was evaluated by
determining optical density (at 540nm) using microplate
reader (Tecan Infinite 200 PRO, Austria) [70, 72]. The
experiment was conducted at least three times.

Determination of biofilm viability (by total cell count)

To determine the effect of Kelulut honey on biofilm
viability, the liquid phase from 48 hours biofilm formed in
wells was discarded and contents were washed with 300ul
sterile maximum recovery diluent (MRD, Oxoid, UK) to
remove planktonic cells. A further 200pl of MRD was added
to the washed biofilm and a sterile pipette tip was then used
to scrape the bottom of the well to release adherent biofilm.
The total viable count of the resulting suspension was deter-
mined using the surface drop count [73]. Diluted suspensions
were plated onto nutrient agar (NA; Oxoid, UK). The plates
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were and incubated for overnight at 37°C and cfu per well
was calculated [52, 68, 74].

Extraction of RNA from S. aureus, P. aeruginosa
and E. coli for RT-qPCR

Initially, the inoculum was adjusted as described
previously, and 100 pL of inoculum was pipetted into
microtiter plate with 100 uL of 20 % (w/v) concentration of
honey. Meanwhile, wells with inoculum only without honey
was used as a positive control. Then, the plate was incubated
for 48 hours at 37°C. After that, 1 ml of samples, treated and
untreated, were re-suspended in PBS and vortexed for 3
minutes and centrifugated at 3,500g for 5 minutes. The
supernatant was discarded and the pellet was washed again
with PBS. Total RNA from treated and untreated sample was
extracted using kit SV Total RNA Isolation System
(Promega, UK). Total RNA concentrations was examined
using Implen NanoPhotometer® NP80. Total RNA was
converted to cDNA following the manufacturer’s instructions
kit (Promega, UK). For each reaction, qPCR mastermix was
prepared by following the manufacturer’s instructions
(Promega, UK) and PCR primers were used as shown in
Tables 1, 2 and 3. The following PCR protocol was used:
denaturation at 95°C for 2 minutes in one cycle, amplification
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at 95°C for 15 seconds in 40 cycles and a final elongation
annealing at 60°C for 1 min in 40 cycles. Densitometry was
performed using the Applied Biosystems Step One Software
v2.3. To determine and calculate the level of gene expression,
a modified 2** Ct method was used [60-62, 70]. The
experiment was performed in triplicate.

Statistical analysis

Data were expressed as mean + standard deviation.
Independent student’s t-test from SPSS version 20 was
used to compare between honey-treated and control
groups. The significance level was set at P<0.05.

RESULTS

Established biofilm reduction assay

In general, honey samples were able to reduce the mass
of established biofilm on S.auerus, P.aeruginosa and
E.coli. The data show that different concentrations of
honey sample produced different degrees of inhibitory
effects on different strains of bacteria. Figure 1 shows that
40% (w/v) concentration of Kelulut honey was the most
effective to reduce the biofilm mass of S. auerus (39%), P.
aeruginosa (41%) and E. coli (37%).

Percentage of reduction (%)

- S anerus u P aernuginosa E. cali

30 l -
25
20

15 I

ol
10 :
e

3

o

40 30 20 10 5

Honey concentration (%a)

Figure 1: Percentage of reduction of S.auerus, P.aeruginosa and E.coli biofilm mass after exposure to Kelulut honey
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Table 1: Gene specific primers of S.auerus used for RT-qPCR analysis [62]

Gene name | Amplicon Size (bp) | Direction Primer sequence (5° — 3°)
argF 143 Forward | CCAAGCAGAATTCGAAGGA
Reverse GGATGCGCACCTAAATCAAT
purC 117 Forward | GAAGCGCATTTTCTCAACAA
Reverse CCCTTACCTGCCATTGTGTC
adh 124 Forward | GTTGCCGTTGGTTTACCTGT
Reverse TTCAGCAGCAAATTCAAACG
scdA 132 Forward | CGAAAGCAGCGGATATTTTT
Reverse GCGAACCTGGTGTATTCGTT
pykA 126 Forward | TGCAGCAAGTTTCGTACGTC
Reverse GGGATTTCAACACCCATGTC
menB 109 Forward | CTGGGGAAGGTGATTTAGCA
Reverse ACCGCCACCTACAGCATAAC
fabG 122 Forward | CCGGGACAAGCAAACTATGT
Reverse CCAAAACGTGCTAACGGAAT
yqiL* 125 Forward | GACGTGCCAGCCTATGATTT

Reverse ATTCGTGCTGGATTTTGTCC

* ygiL was used as a reference gene for S.aerus

Table 2: Gene specific primers of P.aeruginosa used for RT-qPCR analysis [61], [66]

Gene name | Amplicon Size (bp) | Direction Primer sequence (5° — 3’)
oprB 140 Forward TGACGACGACAAGACAGGAC
Reverse GGTCGTTGGAAAGGTTCTTG
oprC 105 Forward GCCTGAACATCCTCACCAAC
Reverse CGGTGAGCTTGTCGTAGGTT
oprH 102 Forward CTCGACAAGGTGATCGACAA
Reverse GGTGTCGGAGATGTTCTCGT
fliA 192 Forward CTCCAATTGAGCCTCGAAGA
Reverse TTCGTTGTGACTGAGGCTGG
fliC 121 Forward GCTTCGACAACACCATCAAC
Reverse AGCACCTGGTTCTTGGTCAG
lasR 129 Forward | CGGTTTTCTTGAGCTGGAAC TCGTAGTCCTGGCTGTCCTT
Reverse
algu 113 Forward GCGAGTTCGAAGGTTTGAGT
Reverse CTGCAGAGCTTTGTCGATTG
rpoD* 146 Forward GCGACGGTATTCGAACTTGT
Reverse CGAAGAAGGAAATGGTCGAG

*rpoD was used as a reference gene for P.aeruginosa
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Table 3: Gene specific primers of E.coli used for RT-qPCR analysis [60]

Gene name Amplicon Size (bp) Direction Primer sequence (5° — 3’)

yjfO (bsmA) 76 Forward CGCCAGTAACGGACCATC
Reverse GTGCTTACGCTACCTATTCG

ycfR (BhsA) 81 Forward CGAAGTTCAGTCAACGCCAGAAG
Reverse TCCAGCGATCCCAGATTTGTCC

tnaA 174 Forward CTGGATAGCGAAGATGTG
Reverse CGGAATGGTGTATTGATAAC

evgA 155 Forward TAGCGGAGACGATAATAATAATTC
Reverse GTTGACTGAAGGCGGAAG

rpoS 199 Forward CTCAACATACGCAACCTG
Reverse GTCATCAACTGGCTTATCC

IsrA 178 Forward TACTCATAACCTTCGTGGATTCTG
Reverse TACTTGCGGCGAGGCTTC

ftsA* 152 Forward GAAGAAGTGACGCAAGAAGATG
Reverse ACGCCCGAAAGTCCTACC

* ftsA was used as a reference gene for E.coli

Biofim prevention after treatment with Kelulut honey

The lowest concentration of Kelulut honey that pre-

vented S.auerus, P.aeruginosa and E.coli forming a
biofilm in vitro was found to be 30% (w/v). Inhibitory

Biofilm density (OD340)

0.8

0.7

0.6

Control

effects are normally expressed as the MIC; here this was
determined by assessing optical density. All methods gave
similar endpoints, although slighter wider variation was
seen by different species (Figure 2).

u S anerus | P aeruginosa w E coli

Honey concentration %o (w/v)

Figure 2: The effect of Kelulut honey on biofilm formation. Varying concentrations of honey were incubated

with S.auerus, P.aeruginosa and E.coli to determine the lowest concentration required to prevent biofilm formation.

The extent of biofilm was assayed by optical density
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Determination of biofilm viability (by total cell count)

Treatment of S.auerus, P.aeruginosa and E.coli
biofilms established over 48 hours with Kelulut honey
resulted in up to 4 fold log reductions in TVCs. From
biofilm formation in the absence of Kelulut honey, 5.0 x
108 cfum 4.9 x 10% and 4.8 x 10® of S.auerus,
P.aeruginosa and E.coli respectively were recoverable
from biofilms. There was an approximately 2.61 log, 2.8
log and 2.78 log reduction in viable cells of S.auerus,

500

400
300
200
10

0

cfix 10%/well

=}

Control 5 10

P.aeruginosa and E.coli respectively following exposure
to 20% (w/v) Kelulut honey and 3.1 log, 3.5 log and 3.2
log reduction in viable cells of S.auerus, P.aeruginosa and
E.coli respectively after treated with 30% (w/v) Kelulut
honey compared to untreated biofilm. The reduction in
viable cells was even more marked using 40% (W/v)
Kelulut honey, resulting in a 4.3 log, 4.2 log and 4.4 log
P.aeruginosa and E.coli
respectively compared to untreated biofilm (Figure 3).

reduction of S.auerus,

m S.anerus m P.aeruginosa m E.coli

20 30 40

Honey concentration % (w/'v)

Figure 3: The effect of Kelulut honey on biofilm formation of S.auerus, P.aeruginosa and E.coli determined by
total cell viability.

Gene expression of S. aureus after exposure to
Kelulut honey

As shown in Figure 4 and Table 4, the expression of
seven corresponding genes of S. aureus did show the level

of different expression (Figure 2). Four genes (argF, purC,

-15-

adh, and fabG) had significantly (P<0.05) decreased levels
of expression 1.5-fold, 2.2-fold, 3-fold and 1-fold (P<0.05)
respectively, and three genes (scdA, pyk and menB)
showed increased expression 5-fold, 7-fold and 3-fold

(P<0.05) respectively after honey treatment.



Effects of Selected Malaysian... Mohammad Alkafaween et al.,

™

.
argl purc alh SabG -
0
|
. :
- 4 -
- | -
- -

-6 - -

od [control] cells

Relative to untr
I

-

-8 Genes

Figure 4: shows the alterations in gene expression profiles associated with the exposure of S. aureus to Kelulut
honey as determined by qPCR. Experiments were run with three technical replicates of each. Mean values of fold
changes (= SD) are shown in relation to untreated (control) S. aureus cells. Asterisks **P < 0.01; ***P< 0.001

indicate statistically significant difference in the expression of each gene between treated samples and control.

Table 4: Genes down and up regulated in S. aureus detected by RT-qPCR after exposure to Kelulut honey

Expression .
Expression Fold
Gene name Average AACt Fold Change Change P-value SD
(2"*-AACY)
argk 0.59 0.66 -1.5 0.04 * 1.2
purC 2.09 0.23 -4 0.04 * 1.3
adh 1.50 0.35 -3 0.04 * 1.1
fabG 0.01 0.99 -1 0.04 * 1.3
SCdA -2.32 5.00 5 0.04 * 1.0
pykA -2.81 7.00 7 0.04 * 1.2
menB -1.58 3.00 3 0.04 * 0.8
Gene expression of P.aeruginosa after treatment and 4.5-fold respectively. Three genes (oprB, oprH and
with Kelulut honey oprC) associated with the outer membrane were decreased
Based on Figure 5 and Table 5, seven genes of 2-fold and 6-fold respectively except oprC which was
P.aeruginosa showed different degrees of gene expression increased 4-fold, and two genes (lasR and algU) associated
including two genes (fliA and fliC) of flagellum-associated with biofilm formation were increased 2.3-fold and 4-fold
genes that were significantly (P<0.05) decreased 3-fold respectively in the level of gene expression.
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Figure 5: shows the alterations in gene expression profiles associated with the exposure of P. aeruginosa to
Kelulut honey as determined by qPCR. Experiments were run with three technical replicates of each. Mean values
of fold changes (= SD) are shown in relation to untreated (control) P. aeruginosa cells. Asterisks **P < 0.01; ***P<

0.001 indicate statistically significant difference in the expression of each gene between treated samples and control.

Table 5 : Genes down and up regulated in P. aeruginosa detected by RT-qPCR after being treated with Kelulut honey

Expression .
Expression Fold
Gene name Average AACt Fold Change Change P-value SD
(2"*-AACY)
fliA 1.58 0.33 -3 0.04 * 1.8
fliC 2.17 0.22 -4.5 0.04 * 2.1
oprB 1.00 0.50 -2 0.04 * 1.6
oprH 2.58 0.17 -6 0.04 * 2.3
oprC -2.00 4.00 4 0.04 * 1.1
lasR -1.02 2.03 2.3 0.04 * 1.0
algu -2.32 5.00 5 0.04 1.0
Gene expression of E.coli after exposure to Kelulut honey the level of gene expression, 5-fold, 3-fold, 8-fold and 2-
According to Figure 6 and Table 6, six genes (yjfO fold respectively except rpoS and evgA genes which were
(bsmA), ycfR (BhsA), tnaA and Isr, rpoS and evgA) increased 7-fold and 4-fold respectively after treatment
involved in biofilm formation, quorum sensing and stress with honey.

survival in E.coli were significantly (P<0.05) decreased in
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Figure 6: shows the alterations in gene expression profiles associated with the exposure of E. coli to Kelulut

honey as determined by qPCR. Experiments were run with three technical replicates of each. Mean values of fold
changes (= SD) are shown in relation to untreated (control) E. coli cells. Asterisks **P < 0.01; ***P< 0.001 indicate

statistically significant difference in the expression of each gene between treated samples and control.

Table 6 : Genes down and up regulated in E. coli detected by RT-qPCR after treatment with Kelulut honey

Expression .
Expression Fold
Gene name Average AACt Fold Change Change P-value SD
(2*-AACY)
yjfO (bsmA) 2.32 0.20 -5 0.04 * 2.1
ycfR (BhsA) 1.59 0.33 -3 0.04 * 1.6
tnaA 3.00 0.12 -8 0.04 * 2.3
IsrA 1.00 0.50 -2 0.04 * 1.4
rposS -2.81 7.00 7 0.04 * 1.2
evgA -2.00 4.00 0.04 * 0.9
DISCUSSION different susceptibility to honey, but the differences in

In this laboratory study, Kelulut honey was found to
prevent the formation of S.auerus, P.aeruginosa and E.coli
biofilms, as well as inhibiting and disrupting established
biofilm. Although determining the density of the bacterial
growth in each well yielded information rapidly, the entire con-
tents of the well contributed to turbidity, rather than only the
biofilm that was adherent on the walls of each well. Whereas
this was appropriate in experiments to estimate the
concentration of honey needed to prevent and inhibit a biofilm

forming. The results show that different bacterial species has
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susceptibilities may be found between different strains of the
same species. As such, the results obtained for each strain
cannot be generalized to the whole bacterial species. Equally,
the results demonstrate the ability of honey in preventing and
inhibiting the growth of biofilm bacteria, even when the
concentrations used are very low. Relevantly in Okhiria et al.
(2009), Manuka honey was found to considerably decrease the
P. aeruginosa biofilm at 40% (w/v) concentration of honey,
while 30% (w/v) concentration of honey showed no significant
inhibition [75]. In fact, the effectiveness of Manuka honey
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against S. aureus and P. aeruginosa biofilms has been reported
[76]. Manuka honey was also found to interrupt the preformed
biofilms of Streptococcus pyogenes and Pseudomonas
aeruginosa [39, 61, 70]. Relevantly in Ansari et al. (2013),
jujube honey was found to disrupt the pre-formed biofilms of
Candida albicans [77].

Inhibition of biofilm formation can be explained by the
presence of flavonoids, previously reported, which are
capable of reducing biofilm synthesis because they can
suppress the activity of the autoinducer-2 responsible for
cell-to-cell communication [78-80]. This statement can be
applied in this study which supports the effectiveness of
honey in reducing biofilm biomass. The presence of
lysozyme is able to breakdown the established biofilm by
digesting the bacteria [81]. The flavonoid pinocembrin
which is believed present in honey is a very unique
antibacterial factor [82]. Flavonoid pinocembrin is an
antioxidant that is able to kill bacteria and thus might
contribute to the reduction of biofilm biomass [82].

As demonstrated by RT-qPCR, the expression of argF,
purF, adh and fabG genes had decreased, while the genes
of scdA, pykA and menB were increased in expression of S.
aureus. Such results show the ability of Kelulut honey in
impairing the efficacy of ligand binding that is needed for
adherence, demonstrating the improved virulence and
biofilm formation in S. aureus. Meanwhile, the agrF locus
comprises a quorum-sensing gene cluster that carries five
genes namely agrB, agrD, agrC, agrA and hla. These
genes ease the generation and the discovery of an
autoinducing peptide (AIP) in the regulation of the
expression of genes coding for factors of virulence [83-
84]. The decreased expression of argF, purF, adh and
fabG genes in S. aureus following the Kelulut honey
treatment might show that the honey restricts the biofilm
formation. Also, the levels of SCdA gene in S. aureus were
increased, while changes in the expression of sCdA will
impact the cross-linking of peptidoglycan.

The analysis of gene expression found differential
expression of fliC, fliA, oprB, oprC, oprH, lasR and algU

-19-

genes of P.aeruginosa when Kelulut honey was applied,
suggesting the impact of Kelulut honey on numerous
aspects of the flagellar regulon. In turn, the differential
suppression of fliC and fliA occurred. Hence, the
repression of flagella-associated genes allows Kelulut
honey to mediate the de-flagellation of P.aeruginosa
which leads to decreased motility, adherence and
virulence. Also, it is likely that the reduced expression of
the two outer membrane proteins (OprB and oprH) caused
the reduced survivability of P.aeruginosa. Furthermore,
the exposure to Kelulut honey appeared to downregulate
the genes of yjfO (bsmA) and ycfR (BhsA) in E. coli.
Relevantly, yjfO (bsmA) and ycfR (BhsA) have been
characterized as biofilm-promoting genes in E. coli [85-
86]. It can therefore be stated that Kelulut honey can inhibit
or disrupt E. coli biofilms.

Genes such as thaA and ISrA genes have been shown to
greatly affect the quorum-sensing network of E. coli, [65].
Following the application of Kelulut honey in this study,
both genes were downregulated leading to the potential
supposition that the tested honey may inhibit quorum-
sensing, which means that the honey may reduce the
virulence of pathogens such as E. coli. Meanwhile,
following the Kelulut honey treatment, the evgA and rpoS
genes in E. coli were upregulated and this finding is in line
with that of Blair et al. (2009) who reported the
upregulation of rpoS and evgA genes in E. coli after being
treated with Manuka honey [64]. Similar to Wasfi et al.
2016, the outcomes of this study also show the
downregulation of rpoS and evgA genes in E. coli genes
following the honey exposure [60]. It is possible that the
similarity in expression pattern denotes the similarity in
the phytochemical constituents and/or similarity in the
antimicrobial mechanisms of the experimented honeys.
Previous study showed that the sof and sfbl were decreased
in the expression of S. pyogenes after treated with 20%
(w/v) concentration of Manuka honey [70]. Study by
Roberts et al., (2014) showed that six genes of P.
aeruginosa including, fliA, fliC, flhF, fleN, fleQ and fleR
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were reduced in gene expression after treated with 12%
(w/v) and 24% (w/v) concentration of Manuka honey [61].
Previous study showed that tnaA and yjfO (bsmA) genes
were downregulated in expression of E. coli in the range
from 12.5 to16.2-fold change after treated with 25% (w/v)
concentration of Egyptian honey [60]. Study by Roberts et
al., (2012) showed that algD of P. aeruginosa increased
16-fold in the expression whereas oprF decreased 10-fold
after treated with 12% (w/v) concentration of Manuka
honey [39]. Previous study reported that ycfR (BhsA) and
evgA genes of E. coli were upregulated in expression in the
range from 2.2 to 4.19-fold respectively after treated with
25% (w/v) concentration of Egyptian honey [60]. Study by
Al-kafaween et al., (2020) showed that the expression of
sof and sfbl decreased 7.82-fold and 9.23-fold respectively,
whereas the expression of algD and oprF decreased 6.28-
fold and 11.11-fold respectively after exposure to 20%
(w/v) concentration of Kelulut honey [53].

Honey contains various polyphenols, which differs
according to the origin and bee species [87, 88]. Various
polyphenols, of which some are also detected in honey,
have been proven to curb the development of many
diseases. They perform this action via several specific
mechanisms such as regulation of a specific gene
expression or altering metabolic pathways by means of
promoting or blocking specific pathways [87, 89].
However, differences in honey samples may affect the type
of polyphenols found in honey. As one type of honey
might not contain all of the polyphenols and the protective
effects of polyphenols are varied, it is advisable to
consume variety of honey samples . The therapeutics
effects of stingless bee honey such as antidiabetic, wound
healing, anticancer, treatment of eye disease, and effects of

fertility as proven by many scientific studies [87, 88].
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Among the physicochemical parameters of honey, the
acidity and the osmolarity represent the principal factors
responsible for the antimicrobial activity of honey.
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CONCLUSION

In this study, we compared patterns of gene expression
in E. coli, S. aureus and P. aeruginosa cells treated with
and without Kelulut honey. We have also shown that
Kelulut honey was able to reduce biofilm formation of E.
coli, S. aureus and P. aeruginosa. Differential gene
expression in response to honey exposure exhibited
downregulation of several genes of S. aureus, P.
aeruginosa and E. coli. The obtained results indicate that
Kelulut honey may represent promising antibiofilm and
anti-virulence agent for treatment and modulation of
infections caused by E. coli, S. aureus and P. aeruginosa.

ACKNOWLEDGEMENTS

This work was supported by grant:
UniSZA/2018/DPU/13: R0034-R013. We thank all the
staff members of the Faculty of Health Sciences and
Microbiology Laboratory, Universiti Sultan Zainal Abidin
for their support and commitment.

CONFLICT OF INTERESTS

The authors declare that there is no conflict of interest
regarding the publication of this article.

Preventive medicine, 54 (1):38-41.

2. Cohen, M. L. (2000). Changing patterns of infectious
disease. Nature, 406(67), 762-767.

3. Rossolini, G. M., Arena, F., Pecile, P., & Pollini, S.



Jordan Journal of Pharmaceutical Sciences, Volume 14, No. 1, 2021

(2014). Update on the antibiotic resistance crisis.
Current opinion in pharmacology, 18(5), 56-60.

4. Liao, X., Ma, Y., Daliri, E. B. M., Koseki, S., Wei, S., Liu,
D.,& Ding, T. (2020). Interplay of antibiotic resistance and
food-associated tolerance  in  foodborne

pathogens. Trends in Food Science & Technology, 95 (4)
97-106.

. Jeukens, J., Freschi, L., Kukavica-Ibrulj, I., Emond-
Rheault, J. G., Tucker, N. P., & Levesque, R. C. (2017).

Genomics

stress

of antibiotic-resistance prediction in
Pseudomonas aeruginosa. Annals of the New York
Academy of Sciences.

. Fymat, A. L. (2017). Antibiotics and antibiotic
resistance. Biomed J Sci & Tech Res, 1(1), 1-16.

. Fair, R. J., & Tor, Y. (2014). Antibiotics and bacterial
resistance the 21st century. Perspectives
medicinal chemistry, 6 (8)144-145.

. Munir, M., Wong, K., & Xagoraraki, [. (2011). Release

of antibiotic resistant bacteria and genes in the effluent

in in

and Dbiosolids of five wastewater utilities in
Michigan. Water research, 45(2), 681-693.

. Frieri, M., Kumar, K., & Boutin, A. (2017). Antibiotic
resistance. Journal ~ of
health, 10(4), 369-378.

10. Mahmoud, I. S., Altaif, K. I., Abu Sini, M. K., Daoud,

S., & Agel, N. N. (2020). Determination of

Antimicrobial Drug Resistance among Bacterial

infection and  public

Isolates in Two Hospitals of Baghdad. Jordan Journal
of Pharmaceutical Sciences, 13(1).

Sofowora, A., Ogunbodede, E., & Onayade, A. (2013).
The role and place of medicinal plants in the strategies for

1.

disease prevention. African Journal of Traditional,
Complementary and Alternative Medicines, 10(5), 210-
229.

Maddocks, S. E., & Jenkins, R. E. (2013). Honey: a
sweet solution to the growing problem of antimicrobial
resistance?. Future microbiology, 8(11), 1419-1429.
Abd Jalil, M. A., Kasmuri, A. R., & Hadi, H. (2017).

Stingless bee honey, the natural wound healer: A

12.

13.

-21 -

review. Skin Pharmacology and Physiology, 30(2), 66-
75

Allam, H., Bennaceur, M., Ksouri, R., Sahki, R.,
Marouf, A., & Benamar, H. (2020). Identification of
of the

Antioxidant and Antibacterial Properties of Thymelaea

15.

Phenolic Compounds and Assessment
microphylla Coss. et Dur. from Western Algerian
Sahara (Ain-Sefra Province). Jordan Journal of
Pharmaceutical Sciences, 13(3).

Ahmad, G., Masoodi, M. H., Tabassum, N., & Mir, R.

A, (2020). and Anti-

inflammatory Activity of Various Extracts Obtained

from Floral Spikes of PRUNELLA VULGARIS L.

Jordan Journal of Pharmaceutical Sciences, 13(1), 41-

52.

17. Pe¢anac, M., Janji¢, Z., Komarcéevi¢, A., Paji¢, M.,
Dobanovacki, D., & Miskovi¢-Skeledzija, S. (2013).
Burns treatment
pregled, 66(6), 263-267.

18. Qureshi, N. A., Ali, G. L., Abushanab, T. S., EI-Olemy, A.
T., Alqaed, M. S., El-Subai, I. S., & Al-Bedah, A. M.
(2017). History of cupping (Hijama): a narrative review

16.

Phytochemical Analysis

in ancient times. Medicinski

of literature. Journal of integrative medicine, 15(3), 172-
181.

19. Samarghandian, S., Farkhondeh, T., & Samini, F.
(2017). Honey and health: A review of recent clinical
research. Pharmacognosy research, 9(2), 121.

20. Majtan, J., Majtanova, L., Bohova, J., & Majtan, V.
(2011). Honeydew honey as a potent antibacterial
agent in eradication of multi-drug resistant

Stenotrophomonas maltophilia isolates from cancer

patients. Phytotherapy Research, 25(4), 584-587.

Celik, K., & Asgun, H. F. (2020). Apitherapy: Health

and Healing from the Bees. Tudas Alapitvany, 5(1),

17-40

Majtan, J. (2009). Apitherapy--the role of honey in the

chronic

21.

22.
wound healing process. Epidemiologie,
mikrobiologie, imunologie: casopis Spolecnosti pro

epidemiologii a mikrobiologii Ceske lekarske



Effects of Selected Malaysian...

spolecnosti JE Purkyne, 58(3), 137-140.

23. Vandamme, L., Heyneman, A., Hoeksema, H. E. N. D.
R. I. K., Verbelen, J. O. Z. E. F., & Monstrey, S.
(2013). Honey in modern wound care: a systematic
review. Burns, 39(8), 1514-1525.

24. Zainol, M. 1., Yusoff, K. M., & Yusof, M. Y. M.
(2013). Antibacterial activity of selected Malaysian
honey. BMC  Complementary and  Alternative
Medicine, 13(1), 1-10.

25. Abu Bakar, M. F., Sanusi, S. B., Abu Bakar, F. 1., Ong, J.
C., & Mian, Z. (2017). Physicochemical and antioxidant
potential of raw unprocessed honey from Malaysian
stingless bees. Pakistan Journal of Nutrition, 16(11), 888-
894.

26. Lu, J., Turnbull, L., Burke, C. M., Liu, M., Carter, D.
A., Schlothauer, R. C., ... & Harry, E. J. (2014).
Manuka-type honeys can eradicate biofilms produced
by Staphylococcus aureus strains with different
biofilm-forming abilities. PeerlJ, 2(1),326-243.

27. Khan, S. U., Anjum, S. 1., Ansari, M. J., Khan, M. H.
U., Kamal, S., Rahman, K., ... & Khan, D. (2019).
Antimicrobial potentials of medicinal plant’s extract
and their derived silver nanoparticles: A focus on
honey bee pathogen. Saudi journal of biological
sciences, 26(7), 1815-1834.

28. Lotfy, M., Badra, G., Burham, W., & Alenzi, F. Q.
(2006). Combined use of honey, bee propolis and
myrrh in healing a deep, infected wound in a patient
with diabetes mellitus. British Journal of Biomedical
Science, 63(4), 171-173.

29. Kumar, A., Cascarini, L., McCaul, J. A., Kerawala, C.
J., Coombes, D., Godden, D., & Brennan, P. A. (2013).
How should we manage oral leukoplakia?. British
Journal of Oral and Maxillofacial Surgery, 51(5), 377-
383.

30. Lusby, P. E., Coombes, A. L., & Wilkinson, J. M.
(2005). Bactericidal activity of different honeys against
pathogenic bacteria. Archives of medical

research, 36(5), 464-467.

-22 -

Mohammad Alkafaween et al.,

31.Molan, P. C. (1992). The antibacterial activity of
honey: 1. The nature of the antibacterial activity. Bee
world, 73(1), 5-28.

32. Emineke, S., Cooper, A. J., Fouch, S., Birch, B. R., &
Lwaleed, B. A. (2017). Diluted honey inhibits biofilm
formation: potential application in urinary catheter
management?. Journal of Clinical Pathology, 70(2), 140-
144.

33.Visavadia, B. G., Honeysett, J., & Danford, M. H.
(2008). Manuka honey dressing: An effective
treatment for chronic wound infections. British Journal
of Oral and Maxillofacial Surgery, 46(1), 55-56.

34.McLoone, P., Oluwadun, A., Warnock, M., & Fyfe, L.
(2016). Honey: A therapeutic agent for disorders of the
skin. Central Asian journal of global health, 5(1).

35. Mundo, M. A., Padilla-Zakour, O. 1., & Worobo, R. W.
(2004). Growth inhibition of foodborne pathogens and
food spoilage  organisms by  select raw
honeys. International journal of food
microbiology, 97(1), 1-8.

36. Al-Maaini, R. A. S. (2012). Honey as an antimicrobial
agent against multi-drug resistant Gram negative
bacterial rods (Doctoral dissertation, University of
Wales).

37.Roberts, A. E., Maddocks, S. E., & Cooper, R. A.
(2012). Manuka honey is bactericidal against
Pseudomonas aeruginosa and results in differential
expression of oprF and algD. Microbiology, 158(12),
3005-3013.

38. Al-kafaween, M. A., Hilmi, A. B. M., Jaffar, N., Al-
Jamal, H. A. N., Zahri, M. K., & Jibril, F. 1. (2020).
Antibacterial and Antibiofilm activities of Malaysian
Kelulut honey against Pseudomonas aeruginosa ATCC
10145 and
19615. Jordan Journal of Biological Sciences, 13(1),
69-76.

39.Ng, W.J., Chan, Y.J.,, Lau, Z. K., Lye, P. Y., & Ee, K.
Y. (2017). Antioxidant properties and inhibitory

effects of Kelulut honey against Staphylococcus aureus

Streptococcus  pyogenes ATCC



Jordan Journal of Pharmaceutical Sciences, Volume 14, No. 1, 2021

planktonic and  biofilm  cultures. International
Journal, 12(37), 28-33.

40. Mavric, E., Wittmann, S., Barth, G., & Henle, T. (2008).
Identification and quantification of methylglyoxal as the

of  Manuka

from  New
Zealand. Molecular nutrition & food research, 52(4), 483-
489.

41.Eswaran, V., Priya V., and Bhargava, H. (2015).

Comparative study of the biochemical, antioxidative

dominant  antibacterial  constituent

(Leptospermum  scoparium)  honeys

and anti-microbial activity of Apis and Kelulut honey
collected from different geographical areas of India.
World Applied Sciences Journal, 33(1): 160-167.

42. Brudzynski, K., Abubaker, K., & Castle, A. (2011).
Re-examining the role of hydrogen peroxide in
bacteriostatic  and  bactericidal  activities  of

honey. Frontiers in microbiology, 2, 213.

Mohd-Aspar, M. A. S., Edros, R. Z., & Hamzah, N. A.

(2019). Antibacterial Properties of Kelulut, Tualang

and Acacia

43.

Honey against Wound-Infecting
Bacteria. Pertanika Journal of Tropical Agricultural
Science, 42(4).

Albaridi, N. A. (2019). Antibacterial potency of
honey. International Journal of Microbiology, 3(2). 1-
10.

Revello, M. G., Gorini, G., Zavattoni, M., Furione, M.,
& Gerna, G. (2004). Congenital rubella infection

following rubella outbreak in northern Italy, 2002:

44,

45.

need for an effective vaccination

of Clinical
Microbiology and Infectious Diseases, 23(10), 780-
783.

46.Jenkins, R., Burton, N., & Cooper, R. (2014).

Proteomic and genomic analysis of methicillin-

programme. European Journal

resistant Staphylococcus aureus (MRSA) exposed to
manuka honey in vitro demonstrated down-regulation
of wvirulence markers. Journal of Antimicrobial
Chemotherapy, 69(3), 603-615.

47. Abbas, H. A. (2014). Comparative antibacterial and

-23 -

antibiofilm activities of manuka honey and Egyptian
clover  honey. Asian Journal of  Applied
Sciences, 2(2)34-45.
48. Wang, R., Starkey, M., Hazan, R., & Rahme, L. (2012).
Honey’s ability to counter bacterial infections arises
and QS
inhibition. Frontiers in microbiology, 3(5), 144-152.
49. Al Kafaween, M. A., Hilmi, A. B. M., Khan, R. S.,
Bouacha, M., & Amonov, M. (2019). Effect of Kelulut
honey on Escherichia coli cell culture growth: In vitro
study. Journal of Apitherapy, 5(2), 10-17.
50. Al-kafaween, M. A., Mohd Hilmi, A. B., Jaffar, N.,
Nagi Al-Jamal, H. A., Zahri, M. K., Amonov, M., ... &
Elsahoryi, N. A. (2020). Effects of Kelulut honey on
the
aeruginosa ATCC 10145 and Streptococcus pyogenes
ATCC  19615. Jordan of
Sciences, 13(2).
Fatima, . J., AB, M. H., Salwani, 1., & Lavaniya, M.
(2018). Physicochemical characteristics of malaysian

from both bactericidal compounds

Gene Expression Profile of Pseudomonas

Journal Biological

51.

stingless bee honey from trigona species. ITUM
Medical Journal Malaysia, 17(1),34-42.

Garedew, A., Schmolz, E., & Lamprecht, 1. (2003). The
antimicrobial activity of honey of the stingless bee

52.

Trigona spp. Journal of Apicultural Science, 47(1), 37-49.
Boorn, K. L., Khor, Y. Y., Sweetman, E., Tan, F.,
Heard, T. A., & Hammer, K. A. (2010). Antimicrobial
activity of honey from the stingless bee Trigona

53.

carbonaria determined by agar diffusion, agar dilution,
broth and time-kill
methodology. Journal of applied
microbiology, 108(5), 1534-1543.

54. Mohammad AK., Hilmi, AB., Khan, R.S.(2020). In
Vitro Investigation on the Effectiveness of Kelulut

microdilution

honey against Biofilm Formation by Escherichia coli.
EC Microbiology, 16(3), 5-10.

55.Ng, W.J., Lye, P. Y., Chan, Y. J,, Lau, Z. K., & Ee, K.
Y. (2017). Synergistic effect of Kelulut honey and

ampicillin on Staphylococcus aureus isolated from



Effects of Selected Malaysian...

infected wound. International Journal of
Pharmacology, 13(4), 403-407.

56. Lyczak, J. B., Cannon, C. L., & Pier, G. B. (2000).
Establishment of Pseudomonas aeruginosa infection:
lessons from a versatile opportunist. Microbes and
infection, 2(9), 1051-1060.

57. Coggan, K. A., & Wolfgang, M. C. (2012). Global
regulatory  pathways and  cross-talk  control
Pseudomonas aeruginosa environmental lifestyle and
virulence phenotype. Current issues in molecular
biology, 14(2), 47.

58. Roberts, A. E. L. (2014). The inhibition of
Pseudomonas aeruginosa by manuka honey (Doctoral
dissertation, Cardiff Metropolitan University).

59. Wasfi, R., Elkhatib, W. F., & Khairalla, A. S. (2016).
Effects of selected Egyptian honeys on the cellular
ultrastructure and the gene expression profile of
Escherichia coli. PloS one, 11(3), 150-162.

60. Roberts, A. E., Maddocks, S. E., & Cooper, R. A.
(2015). Manuka honey reduces the motility of
Pseudomonas aeruginosa by suppression of flagella-
associated genes. Journal of  Antimicrobial
Chemotherapy, 70(3), 716-725.

61.Jenkins, R., Burton, N., & Cooper, R. (2014).
Proteomic and genomic analysis of methicillin-
resistant Staphylococcus aureus (MRSA) exposed to
manuka honey in vitro demonstrated down-regulation
of wvirulence markers. Journal of Antimicrobial
Chemotherapy, 69(3), 603-615.

62. Al-kafaween, M. A., Hilmi, A. B. M., Jaffar, N., Al-
Jamal, H. A. N., & Zahri, M. K. (2019). Determination
of optimum incubation time for formation of
Pseudomonas aeruginosa and Streptococcus pyogenes
biofilms in microtiter plate. Bulletin of the National
Research Centre, 43(1), 1-5.

63.Cooper, R., Jenkins, L., & Hooper, S. (2014).
Inhibition of biofilms of Pseudomonas aeruginosa by
Medihoney in vitro. Journal of wound care, 23(3), 93-

104..

-24 -

Mohammad Alkafaween et al.,

64. Merckoll, P., Jonassen, T. @., Vad, M. E., Jeansson, S.
L., & Melby, K. K. (2009). Bacteria, biofilm and
honey: a study of the effects of honey on
‘planktonic’and biofilm-embedded chronic wound
bacteria. Scandinavian journal of infectious diseases,
41(5), 341-347.

65. Lu, J., Cokcetin, N. N., Burke, C. M., Turnbull, L., Liu,
M., Carter, D. A, ... & Harry, E. J. (2019). Honey can
inhibit and eliminate biofilms produced by Pseudomonas
aeruginosa. Scientific reports, 9(1), 1-13.

66. Maddocks, S. E., Lopez, M. S., Rowlands, R. S., &
Cooper, R. A. (2012). Manuka honey inhibits the
development of Streptococcus pyogenes biofilms and
causes reduced expression of two fibronectin binding
proteins. Microbiology, 158(3), 781-790.

67. Miles, A. A., Misra, S. S., & Irwin, J. O. (1938). The
estimation of the bactericidal power of the
blood. Epidemiology & Infection, 38(6), 732-749.

68. Bouacha, M., Ayed, H., & Grara, N. (2018). Honey bee
as alternative medicine to treat eleven multidrug-
resistant bacteria causing urinary tract infection during
pregnancy. Scientia pharmaceutica, 86(2), 14.

69. Okhiria, O. A., Henriques, A. F. M., Burton, N. F,,
Peters, A., & Cooper, R. A. (2009). Honey modulates
biofilms of Pseudomonas aeruginosa in a time and dose
dependent manner. Journal of ApiProduct and
ApiMedical Science, 1(1), 6-10.

70. Alandejani, T., Marsan, J. G., Ferris, W., Robert, S., &
Chan, F. (2008). Effectiveness of honey on S. aureus
and P. aeruginosa biofilms. Otolaryngology—Head and
Neck Surgery, 139(2), P107-P107.

71. Ansari, M. J., Al-Ghamdi, A., Usmani, S., Al-Waili, N.
S., Sharma, D., Nuru, A., & Al-Attal, Y. (2013). Effect
of jujube honey on Candida albicans growth and
biofilm formation. Archives of medical research,
44(5), 352-360.

72.Sanchez, E., Morales, C. R., Castillo, S., Leos-Rivas,
C., Garcia-Becerra, L., & Martinez, D. M. O. (2016).

Antibacterial and antibiofilm activity of methanolic



Jordan Journal of Pharmaceutical Sciences, Volume 14, No. 1, 2021

plant extracts against nosocomial microorganisms.

Evidence-based and alternative
medicine: eCAM, 2016.

73. Vikram, A., Jayaprakasha, G. K., Jesudhasan, P. R,
Pillai, S. D., & Patil, B. S. (2010). Suppression of

bacterial cell—cell signalling, biofilm formation and

complementary

type III secretion system by citrus flavonoids. Journal
of applied microbiology, 109(2), 515-527.

74.Nassar, H. M., Li, M., & Gregory, R. L. (2012). Effect
of honey on Streptococcus mutans growth and biofilm
formation. Applied and environmental
microbiology, 78(2), 536-540.

75.Glinski, Z., & Jarosz, J. (2001). Infection and
immunity the honey
mellifera. Apiacta, 36(1), 12-24.

76.Ng, W. J,, Lim, K. Y., Chong, J. Y., & Low, K. L.
(2014).

Enterococcus spp. biofilm. Journal of Medical and

in bee Apis

In vitro screening of honey against
Bioengineering Vol, 3(1).

77.Novick, R. P., Ross, H. F., Projan, S. J., Kornblum, J.,
Kreiswirth, B., & Moghazeh, S. (1993). Synthesis of
staphylococcal virulence factors is controlled by a
regulatory RNA molecule. The EMBO
journal, 12(10), 3967-3975.

Haslinger-Loffler, B., Kahl, B. C., Grundmeier, M.,
Strangfeld, K., Wagner, B., Fischer, U., ... & Sinha, B.

(2005). Multiple virulence factors are required for

78.

Staphylococcus  aureus-induced  apoptosis  in
endothelial cells. Cellular microbiology, 7(8), 1087-
1097.

Uhlich, G. A., Gunther, N. W., Bayles, D. O., &
Mosier, D. A. (2009). The CsgA and Lpp proteins of
an Escherichia coli O157: H7 strain affect HEp-2 cell
invasion, motility, and biofilm formation. Infection
and immunity, 77(4), 1543-1552.

80. Weber, M. M., French, C. L., Barnes, M. B., Siegele,

D. A, & McLean, R. J. (2010). A previously

79.

-25-

uncharacterized gene, yjfO (bsmA), influences

Escherichia coli biofilm formation and stress
response. Microbiology, 156(Pt 1), 139.

Lee, J. H., Park, J. H., Kim, J. A., Neupane, G. P., Cho,
M. H.,, Lee, C.S., & Lee, J. (2011). Low concentrations
of honey reduce biofilm formation, quorum sensing,

O157:

81.

and virulence in  Escherichia coli
H7. Biofouling, 27(10), 1095-1104.

82.Blair, S. E., Cokcetin, N. N., Harry, E. J., & Carter, D.
A. (2009). The unusual antibacterial activity of
medical-grade Leptospermum honey: antibacterial
spectrum, resistance and transcriptome

analysis. European journal of clinical microbiology &

infectious diseases, 28(10), 1199-1208.

Zulkhairi Amin, F. A., Sabri, S., Mohammad, S. M.,

Ismail, M., Chan, K. W., Ismail, N., ... & Zawawi, N.

(2018). Therapeutic properties of stingless bee honey

83.

in comparison with European bee honey. Advances in
pharmacological sciences, 2018.
84.Guzman JD. Natural cinnamic acids, synthetic
derivatives and hybrids with antimicrobial activity.
Molecules. 2014;19(12):19292-349.
Guzman, J. D. (2014). Natural cinnamic acids,
synthetic derivatives and hybrids with antimicrobial
activity. Molecules, 19(12), 19292-19349.

Morroni, G., Alvarez-Suarez, J. M., Brenciani, A.,

85.

86.
Simoni, S., Fioriti, S., Pugnaloni, A., ... & Giovanetti,
E. (2018). Comparison of the antimicrobial activities
of four honeys from three countries (New Zealand,
Cuba, and Kenya). Frontiers in microbiology, 9, 1378.
Tesovnik, T., Cizelj, 1., Zorc, M., Citar, M., BoZig, J.,
Glavan, G., & Narat, M. (2017). Immune related gene

expression in worker honey bee (Apis mellifera

87.

carnica) pupae exposed to neonicotinoid thiamethoxam
and Varroa mites destructor). PLoS

One, 12(10), e0187079.

(Varroa



Effects of Selected Malaysian... Mohammad Alkafaween et al.,

Al A3 Apaghinl) iy gall ) jailly dusaad) LY oppS o (allall Ciglglidl Jue 8
SYsS LSydly dgsladl

165 taaa?aund) aad jlas Alg)psid Jlaad) salad! als S golcd aglasl) dase
Liadle ecpalall o) Ualil) dasls cdaall agle 4]
OV leliidl dasla caball asley Alauall 2482

gaidle

ny dagladll joglat e Lyl 58 aae g Cadall ausly LSl sliaall adalis o o 23S (V) Jual) i
3o Y (SWsS LSa s Alassl AEB Al Luagiial) )<l aa adhall due Juall of i o4l el
cLaally ¢ dgeall 3y o gullal) CagloliQll Jue 180 aniild Al jall 538 Cranea AnaKll LS s il
shal & G¥sS LSy dladsll 48N, A dl) dpagaiell lsSall (8 all jaeil) (e oy ¢ Sl (o)
LSy ls dplaisll 28D, 4uadl dugiial) Chyeall S o Al (gpaall sLially Ligaall dudeY) ciliagad
/UJJ) %740 « 730 « 720 ¢ 710 < /5 g{;dwd\ (e ddbide 3S)5 dued ae jilig ySie dagl aladiuly (YsS
Qs e Bals 1 glslll Juse (S L (RT-qPCR) oS eSall poasil alatialy sal) juuatl) (el (Ggiena -(pan
Lplanll A8B L Auadl) gl <Al 8 737 5 741 5 739 ) dead dawiy Digaal) dudeY) AES s
Lagiiall Sl & digaal) LseY) (5 piar 4l ang gl Juaal 5855 Bl L sl e (9¥sS LSyl
LSl WAL JleaY) aaall & Galiail Jaagl (ans [ O3g) 730 OIS (@YsS LSpaiyls Anlaisll A, auadl
(02> [ ©s) 740 doaiy mDall 2ns (5YsS Lpayly Anplassll A&, L A duagiiall clyo<all (g JSI BLall ALLAY
51liC oprB sfliA 5fabG sadh spurC sargF Jaiis lua Hde 8 o RT-qPCR ekl <slslll e (50
TP\ PN K| I WS PP P P ‘?_'\:\;j\ nl) (Sgia aledsl StnaA yIsrA gycfR (BhsA) 5yjfO (bsmA) soprH
5rpoS salgU  slasR 50prC smenB spyk sscdA Jadiy Glis duldl il jaeil) (gginee g Ul 5 el ¢
¢Rugal) e s auleld Gl Gl e duleld bl s3a Cayglil, caglolSl Juual (il 3as evgA
S o Wl A3 sl LeY) e dasall il (e dihie cilags Wb Juall (e ddisall 58050 s

coabedl Ll e LyaCill sda 8 desill Gl oo aedl) (alids)

bl (gLl Caslol€ e ¢ anll yuaril ¢ V5S US, 1y Aol A& el ) A giiall ol 1Y clal

2020/9/8 il algd fuais 2020/1/16 il WDiad oty

- 26 -



Jordan Journal of Pharmaceutical Sciences, Volume 14, No. 1, 2021

Pharmacy students’ attitudes to provide rational pharmaceutical care: A multi-
institutional study in Jordan

Mohammad B. Nusair!, Hamza Alhamad?, Tareq Mukattash®, Raghad Al-sheyyab*, Sayer Alazzam?

1Department of Clinical Pharmacy and Pharmacy Practice, Faculty of Pharmacy, Yarmouk University, Irbid- Jordan

2 Faculty of Pharmacy, Zarga University, Zarga, Jordan

3 Department of Clinical Pharmacy, Faculty of Pharmacy, Jordan University of Science and Technology, Irbid- Jordan

ABSTRACT

This study aims to assess the Jordanian pharmacy students' attitudes and perceptions toward providing rational
pharmaceutical care. The study was conducted by administering an anonymous online survey (Standard
Pharmaceutical Care Attitude Survey; PCAS) to pharmacy students at five public universities in Jordan.
Descriptive statistics were used to describe participants response on the questionnaire items and one-way ANOVA
were used for inferential statistics. A total of 884 responses met the eligibility criteria. The majority of participants
(n=614, 69.5%) reported that they have been introduced to the pharmaceutical care concept in their program. The
majority of participants reported positive attitudes toward the professional duty and benefit of pharmaceutical,
more negatives attitudes were reported toward the return on effort. Participants who had a clerkship experience
had significantly more positive attitudes toward six items of the PCAS. In conclusion, pharmacy students in Jordan
have positive attitudes toward providing rational pharmaceutical care. The majority, however, perceived
pharmaceutical care to be time-consuming and not worth the additional workload that it places on pharmacists.

This study highlights opportunities to achieve more positive attitudes by mandating pharmaceutical care courses

in pharmacy schools in Jordan and exposing students to real-world scenarios.

Keywords: Pharmacy education; Pharmaceutical care; Pharmacy students; Jordan

1. INTRODUCTION

Advances in pharmacy practice and the introduction of
pharmaceutical care have transformed the pharmacy
profession from traditional dispensing practices to more
patient-centred care.! Pharmaceutical care has an impact
on enhancing patient's medications and improving

patients' quality of life.> Pharmacists are currently

Received on 10/2/2020 and Accepted for Publication on
21/9/2020.
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providing more services to patients in addition to the
traditional role of dispensing medication.! As an integral
part of the health care team, the pharmacist takes
responsibility for a patient's medication-related needs and
problems, optimizing patient's use of medicine, reducing
unnecessary medicine and polypharmacy, and improving
patient's quality of life.?

The advancement of the pharmacist's role to be part of
the health care team to maximize the health care provided to
the patient should be met with expanding the scope of the
pharmacist from being a medicine compounder, dispenser,

or seller to include pharmaceutical care provision.*

© 2021 DSR Publishers/The University of Jordan. All Rights Reserved.
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Pharmaceutical care is an essential element of
healthcare that involves patient interviewing to take
medication history, identifying, preventing, and resolving
potential and actual medication-related problems such as
drug-drug interaction, adverse drug reactions,
polypharmacy, unnecessary medications, and designing an
evidence-based care plan.>> A recent study from Jordan
reported that the lack of patient-centred practices and
medication  review  services  while  providing
pharmaceutical care might contribute to the increase in the
drug-drug interactions and drug-related problems.®

Pharmacy profession should be redirected in education
and practice toward pharmaceutical care services by
changing the undergraduate pharmacy curriculum to be
more oriented to pharmaceutical care services.”® Also,
new methods to enhance students' ability to understand
new skills concerning pharmaceutical care practice, such
as adding clinical and patient-oriented courses that help in
identification, analysis, and prevention of drug therapy-
related problems, should be a primacy for all pharmacy
schools in Jordan.”® To update the curricula of pharmacy
education in Jordan, pharmacy schools are required to
update their curricula’ to mimic the changes in the
pharmacy profession that have taken place in more
developed countries.'

The BSc. in pharmacy curricula in Jordan has little
focus on pharmaceutical care skills, with little patient-
oriented programs training courses.®® For instance, only
Jordan University of Science and Technology and the
University of Jordan have a mandatory pharmaceutical
care course in their BSc. pharmacy and PharmD
curricula.'®!? Other universities either having an elective
pharmaceutical care course such as Yarmouk university'?
or teaching pharmaceutical care in one course integrated
with communication skills such as the Hashemite
University.'* While in other universities' pharmaceutical
care, we could not identify pharmaceutical care in their
curricula (e.g., Mutah University).'> However, an ongoing

plan of curricula changes based on the Center for the
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Advancement of Pharmacy Education (CAPE) outcomes
has been reviewed and approved by all pharmacy school
deans in Jordan. These new curricula will be implemented
within the next two years and should incorporate more
pharmaceutical care credit hours.

Pharmacy students' attitudes and perceived
preparedness can be used as an influence and assessment
tool to conduct pharmacy curricular change, revise, and
improve pharmacy curricula.'®!7 Regrettably, the concept
of pharmaceutical care among Jordanian pharmacy
students, has not been studied yet. Therefore, this study
aims to assess the Jordanian pharmacy students' attitudes
and perceptions toward providing rational pharmaceutical
care.

Methods

Design

This cross-sectional study aimed to describe Jordanian
pharmacy students' attitudes toward pharmaceutical care.
The study was conducted at the beginning of the summer
semester between July and August 2019. An anonymous
online survey (Standard Pharmaceutical Care Attitude
Survey; PCAS) to pharmacy students at public universities
in Jordan. The study's protocol was approved by the
Institutional Review Board (IRB) at King Abdullah
University Hospital (reference number: 76/117/2018).

Participants

The study protocol aimed to recruit pharmacy students
from all pharmacy schools in Jordan. However, the
researchers had limited access and responses from private
universities’ students. Therefore, we modified our study
protocol to invite pharmacy students in public universities to
take part in this study. There are five public universities in
Jordan that have pharmacy and PharmD programs: the
university of Jordan (BSc. pharmacy and PharmD), Yarmouk
University (BSc. Pharmacy), Jordan University of Science
and Technology (BSc. pharmacy and PharmD), Mutah
University (BSc. Pharmacy) and the Hashemite University
(BSc. Pharmacy). Pharmacy and PharmD students from these
public universities were invited to participate in this study
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through social media groups (e.g., Facebook). The study
protocol aimed to target students who were in their 37,4 5%,
and 6™ academic year since first and second year courses are
primarily introductory and basic science courses.'*!?
Therefore, responses from 1% and 2™-year students were
excluded. Participants were provided with an electronic
information study sheet and provided an online form of
informed consent before taking the survey.

PCAS Survey

The online survey was prefaced with pharmaceutical
care definition according to Helper and Strand '* and
consisted of two sections. The first part consisted of eight
demographic of
participants. The second part was the 13-item PCAS that
attitudes

questions to elicit information

aimed to assess participants’ toward
pharmaceutical care. PCAS is a five-point Likert scale
(1=strongly disagree to S=strongly agree) with evidence of
validity and reliability and has been extensively used in the

19-23 constructs:

literature. PCAS measures three
professional duty (three questions), return on effort (two
questions), and professional benefit (eight questions).
Return on effort items were negatively worded and reverse
scored so that the higher scores represent more positive
The

questions were all written in English with an Arabic

attitudes toward pharmaceutical care. survey
translation for each question to ensure participants
understanding for all questions. The survey was piloted on
19 pharmacy students for face wvalidity and no
modifications were suggested. The pilot sample completed
the survey in 4.5 minutes on average and their responses

were not included in the final results.

Data Collection and Analysis

Data collected using  SurveyMonkey®
(SurveyMonkey, Palo Alto, CA, USA) and exported directly
to Statistical Package for Social Sciences (SPSS) software
version 25 for analysis. Descriptive statistics used to analyze

WeEre

responses (i.e., mean score with standard deviations and
percentage frequencies). In order to facilitate interpretation
across the three constructs of PCAS, summated total scales
were transformed to a 0-100 scale. Cronbach's alpha was
calculated to estimate the internal consistency of the
responses to PCAS. One-way ANOVA was used to assess the
influence of socio-demographic characteristics of participants
on their attitudes toward pharmaceutical care.

Results

A total of 1098 responses were completed, and 214
responses were excluded as they came from first- and second-
year students. The response rate could not be calculated based
on the Facebook groups members as many of these members
did not meet the inclusion/exclusion criteria. However, we
estimated the response rate to be 19.6% based on the total
number of students enrolled in the eligible academic years at all
five public universities. Out of the 884 responses who met the
eligibility criteria, 700 (79.2%) were females with an average
age of 22.04 years (Table 1). The majority of participants (n=
605, 68.4%) were enrolled in a BSc pharmacy program 605
(68.4%) and have had an internship in a community pharmacy
and/or hospital setting (n=673, 76.1%). The majority of
participants (n=614, 69.5%) reported that they have been
introduced to the pharmaceutical care concept in their program
(Table 1). The Cronbach alpha was found to be 0.746 for the
13 PCAS items, which indicate acceptable overall reliability.

Table 1: Sociodemographic characteristics of participants (n=884)

Variable N(%)
Female 700 (79.2%)
Gender Male 184 (20.8%)
Third 203 (23%)
. Fourth 299 (33.8%)
Academic Year Fifth 327 (37%)
Sixth 55 (6.2%)

-29.



Pharmacy students” attitudes...

Mohammad B. Nusair, et al.

Variable N(%)
University of Jordan 249 (28.2%)
Yarmouk University 210 (23.8%)
University Jordan University of Science and 217 (24.5%)
Technology
Mutah University 106 (12%)
Hashemite University 102 (11.5%)
Proeram BSc Pharmacy 605 (68.4%)
£ PharmD 279 (31.6%)
Excellent 156 (17.6%)
. Very Good 354 (40%)
Cumulative GPA Good 306 (34.6%)
Satisfactory 68 (7.7%)
. Yes 614 (69.5%)
Took pharmaceutical care course No 270 (30.5%)
}ll"ralgmig in <.:0mmun1ty pharmacy and/or 673 (76.1%)
Training experience ospital setting
No previous training experience 211 (23.9%)
Age (mean = SD) 22.04 £1.40
Overall, participants had positive attitudes toward problems and should perform pharmaceutical care (Table 2).

pharmaceutical care practice (Table 2). The majority of
participants reported to have positive attitudes toward the
professional duty and benefit of pharmaceutical, more
negatives attitudes were reported toward the return on effort
(Table 3). Over 90% of participants agreed that pharmacists'

primary responsibility to prevent and solve medication-related

On the other hand, 76.1% of participants agreed that pharmacy
students can perform pharmaceutical care during their
clerkship. Despite that over half of the participants believed that
pharmaceutical care does not take too much time and effort,
58.5% of them reported that it is not worth the additional

workload it places on the pharmacists (Table 2).

Table 2: Students' attitudes towards pharmaceutical care per PCAS item (n=884)

Mean | Strongly . Strongly
+SD Agree Agree Neutral | Disagree Disagree
All pharmacists should 4.56 + | 527 331 19 6 1
perform pharmaceutical care | 0.59 (59.6%) (37.4%) | (2.1%) (0.7%) (0.1%)
The primary responsibility
Professional ;)itz}rllagﬁ;f)llsliciri)leletzlth T | 434+ 39 4135 >3 3 0
0, 0, 0, o
duty prevent and solve 0.71 (44.8%) (46.9%) | (6.0%) (0.3%)
medication problems
Pharmacists primary
o 420 + | 337 410 108 o
requns1b111ty shoulq be to 0.77 (38.1%) (46.4%) | (12.2) 29(3.3%) | 0
practice pharmaceutical care
Providing pharmaceutical
Return on . 1.59 + o 185 140 319 0
effort Zif;?fl;e;*too muchtime |5y | 63(T1%) 1 90904y | (15.8%) | 36.1%) | 177 (20%)
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Mean | Strongly . Strongly
+SD Agree Agree Neutral | Disagree Disagree
Providing pharmaceutical
care is not worth the 244 + | 185 332 140 142 85 (9.6%)
additional workload that it 1.25 (20.9%) (37.6%) | (15.8%) | (16.1%) e
places on the pharmacist”
Pharmacy students can
perform their 397 + | 268 405 135 74 (8.4%) 2
pharmaceutical care during | 0.90 (30.3%) (45.8%) | (15.3%) e (0.2%)
their clerkship
Iltlglrri(atcheeuﬁr;cltgr: ifs 453 | 494 369 17 4(0.5%) |0
saluable 0.56 (55.9%) (41.7%) | (1.9%) e
;Iﬁ?ﬁigclelﬁ‘zglrzrrfeo asa | 445 =] 459 378 36 10(1.1%) | !
0 0 0 170 0
pharmacist practitioner 0.64 (51.9%) (42.8%) | (4.1%) (0.1%)
Providing pharmaceutical
. . 4.08 + 0 388 119 o 8
;::\r:aizip;;)fessmnally 0.89 318 (36%) 43.9%) | (13.5%) 51 (5.8%) (0.9%)
Professional I feel that the
benefit pharmaceutical care is the 441 + | 438 379 55 12(1.4%) | 0
right direction for the 0.67 (49.5%) (42.9%) | (6.2%) e
provision to be headed
f:afreee Lﬁiilfffﬁn would 440 x| 437 377 >3 16(1.8%) | |
benefit pharmacists 0.69 (49.4%) (42.6%) | (6%) 2 (0.1%)
iaff: lrrtll(l)’c\‘/tei}ll:;n vjicﬁumal 4.56 = 525 333 21 3(03%) |0
0 0 o =270
improve patient health 0.56 (59.4%) (37.9%) | (2.4%)
I feel that practicing
g:ﬁ:gf‘x”“iilf:;ﬁxfl 451 + | 507 333 34 9 1
phamacyyczreer as a 0.63 (57.4%) (37.7) (3.8%) (1%) (0.1%)
pharmacy practitioner

* items were reverse scored.

Table 3: PCAS constructs descriptive analysis (scores transformed to a 0-100 scale)

Mean + standard deviation | Minimum: Maximum score | Range
Professional Duty 87.27 +£10.39 40:100 60
Return on Effort 60.32 + 19.36 20:100 80
Professional Benefit | 87.29 +£9.29 45:100 55

Students' attitudes toward pharmaceutical care were
influenced by some socio-demographic variables (Table
4). Females participants had significantly more positive

attitudes toward the two times of return on effort among

231 -

participants who had an internship

three other items (Table 4). BSc pharmacy students had
significantly had more positive attitudes toward the value
of pharmaceutical care than PharmD students. Moreover,

in community
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pharmacy and/or hospital settings had significantly more

positive attitudes toward the clerkship item among five

Mohammad B. Nusair, et al.

have any internship (Table 4).

other items when compared to participants who did not

Table 4: Statistically significant association between sociodemographic characteristics and PCAS items

Demographlc PCAS question Demographic Vfll‘lable P value
variable subcategories
Male Female
All pharmacists should perform pharmaceutical care 4.45+0.57 4.59+0.59 .004
Providing pharmaceutical care takes too much time and effort | 2.05 + 1.30 147 +1.17 <.001
Gender Providing pha@aceutlcal care 1s not.worth the additional 284417 2664125 < 001
workload that it places on the pharmacist
I think the practice of pharmaceutical care is valuable 4.40 £ 0.56 4.57+0.56 <.001
| fe.el that pharmaceutical care movement will improve 4.48 + 0.58 458 4055 0.030
patient health
BSe PharmD
Program Pharmacy
I think the practice of pharmaceutical care is valuable 4.57+0.55 4.46+0.57 .041
No previous | Had an
internship internship
All pharmacists should perform pharmaceutical care 4.47 £ 0.64 4.58 £0.57 .017
Phamac1st§ primary responsibility should be to practice 4.03 4075 4244077 001
pharmaceutical care
Providing pha.rmaceutlcal care is not. worth the additional 2364 1.18 247 127 041
workload that it places on the pharmacist
Traini X .
raining Pha.rmacy. students.can perform their pharmaceutical care 3814082 4024092 002
during their clerkship
I feeI. that the pharmaceutical care is the right direction for the 4204071 4444065 004
provision to be headed
I fe.el that pharmaceutical care movement will improve 448 4 0.58 459+ 0.55 018
patient health
I feel that practicing pharmaceutical care will p§neﬁt my | 4294070 4554062 001
professional pharmacy career as a pharmacy practitioner
Yes No
All pharmacists should perform pharmaceutical care 4.59+0.57 4.49 £ 0.61 .021
Haven been | I feel '[h%l'[ pharmaceutical care movement would benefit 443 +0.68 43140711 023
introduced to | pharmacists
h tical ; p—
pharmaceutical | I fe.el that pharmaceutical care movement will improve 460+ 055 448+ 058 004
care at school patient health
I feel that practicing pharmaceutical care will benefit my | 4.54 + 0.62 4.44 +0.66 .037

professional pharmacy career as a pharmacy practitioner

® One-way ANOVA test was used. Statistical significance represented by p <0.05
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Discussion

The Jordanian government has a robust obligation
concerning health and education programs. Pharmacy
practice and education are developing, evidenced by the
increase in the number of pharmacy schools and pharmacy
students.?* To illustrate more, there were eight pharmacy
schools before 2009,% with eighteen pharmacy schools
now.?* However, the focus of pharmaceutical care in the
pharmacy curricula is inefficient and lacking patient-
oriented program training.”-%2

Continuous revisions of the pharmacy curriculum to
keep up with the changing of the pharmacists' role is
needed.!” Pharmacy students' attitudes and perceived
readiness can be used to revise, improve, and influence the
pharmacy curricular change. This study described the
attitudes of Jordanian pharmacy students toward
pharmaceutical care. Overall, pharmacy students in this
study had positive attitudes toward pharmaceutical care
practice. The finding of our study is consistent with the
results of many studies where American,?>?' Nigerian,?’
Nepal,'® Saudi,?? Qatari?®> pharmacy students all positive
attitudes toward pharmaceutical care practice. However,
pharmacy students in this study had negative attitudes
toward the return on effort for providing pharmaceutical
practice. This is somehow consistent with previous studies
in the Middle East region.?>%3

Data from our study suggested that some socio-
demographic variables influenced students' attitudes
toward pharmaceutical care. Females found to have more
positive attitudes towards pharmaceutical care than males.
Findings were supported by the results of previous
studies.?>?

introduced to pharmaceutical care in their program or had

Moreover, participants who have been
a clerkship experience had significantly higher positive
attitudes when compared to those who did not. Similarly,
Chisholm and Wade reported that an overall increase in
students' attitudes toward pharmaceutical care when they
were introduced to actual patients in the classroom.?® This

concordance suggests that we can achieve higher students'

-33 .-

attitudes toward pharmaceutical care when training our
students with real-world scenarios in the classroom and in
clerkship.

The scope of practicing pharmaceutical care, attitudes
and barriers toward this practice have not been thoroughly
o the of

implementing pharmaceutical patient care in ensuring

examined in Jordan,” despite importance

medication safety, enhancing cost-effective use of
medicines, reducing medicines related morbidity and
32930 Although

Jordanian pharmacists have positive attitudes toward the

mortality and its economic burden.

implementation of pharmaceutical care practice, several
identified which the

implementation of pharmaceutical care practice in

barriers have been limit
Jordan.”® Those barriers include the level of knowledge
about providing pharmaceutical care, lack of a private
the

communicational difficulties in with physicians, lack of

counseling area at community pharmacies,
access to patient medical records,” and weak emphasis on
pharmaceutical care education and training of the
undergraduate pharmacy education (i.e., BSc. in Pharmacy
and PharmD) curricula in Jordan.?2¢

The slow change in the education programs and lack of
pharmaceutical care jobs contribute to the present situation
where the primary roles of the pharmacist in Jordan are
more dispensing and marketing.® In contrast, the future of
pharmaceutical care in Jordan looks bright with the
establishment of PharmD and Master of clinical pharmacy
programs at the major universities in Jordan since the last
two decades. Consequently, the role of the pharmacist in
Jordan is expected to be expanded as a drug therapy
consultant while providing pharmaceutical care, which is
considered possible to be applied in Jordan.?

Strengths and Limitations

The strength of our study is that it is the first study
conducted in Jordan to assess the pharmacy students'
attitude, perception toward providing pharmaceutical care
using the PCAS assessment tool. However, our study has

limitations that need to be taken into consideration while
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interrupting the results. Data from our study are self-
reports of student's attitudes toward pharmaceutical care,
where there is a risk that students may describe themselves
in a more favorable light or to appear or referred to as hard-
working students (i.e., social desirability bias). Moreover,
the results of positive pharmacy students' attitudes towards
providing pharmaceutical care from our study in Jordan
may not be generalizable to other private schools of
pharmacy in Jordan.

Our study is the first to evaluate pharmacy students'
attitudes toward providing pharmaceutical care and is
considered a vital contribution that helps influence the
pharmacy curricula revision and change. Our study
provides a piece of evidence to explore changes regarding
the shift toward pharmaceutical care education and
practice in Jordan. Results from our study are expected to
influence the policy decision-making process of updating
the pharmacy school curricula taking into consideration
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Chemical composition of essential oil from Semenovia suffruticosa
and their antimicrobial’s effects in drinking water
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ABSTRACT

This study reports the chemical composition and antibacterial activity of the essential oil from aerial parts of
Semenovia suffruticosa (which is endemic to Iran). The essential oil of aerial parts extracted by hydro distillation
method and was investigated using GC& GC-MS techniques. The oil yield (w/w %) was 0.77 on dry weight. Sixty
components were recognized consists of 84.99 % of total oil .The major components found in the oil: cis-ocimene
(19.31%), linalool (9.00), cinnamy valerate(8.19%), a-terpinolene (5.49% ) ,6-amyl-a-pyrone(4.55%) and
unknown compounds (1.70 %).The percentage of oxygenated terpenoids and total terpenoids in the essential oil
are 22.69 and 61.42 respectively. Antimicrobial effects of this oil were examined according to Agar dilution
method. The results of Minimal inhibition Concentration presented, in the following: Staphylococcus aureus (8
pg.mL1), Salmonella typhi (32 pg.mL™"), Escherichia coli (32 pg.mL"), Candida albicans(8 pg.mL™"), Aspergillus
niger(32 pg.mL"), shows that the highest dilution of essential oil has been on Candida albicans and the lowest
dilution of essential oil that is capable of control on micro-organism, has been pseudomonas aeruginosa . The
antimicrobial effects of essential oil have been demonstrated in drinking water using the heterotrophic plat
technique. The increase of this essential oil among the samples resulted in decreasing the number of micro-
organisms colonies.

Keywords: Umbellifera, Essential oil composition , Agar dilution method Heterotrophic plat count

(H.P.C) technique.

1. INTRODUCTION

Eleven species of genus Semenovia are found in Iran, five
of them are endemic'. Semenovia suffruticosa is a perennial
plant species of Apiaceae (Umbeliferae) family that grows
only in altitudes of 2300 - 2500m Taftan Mountain (Sistan &
The Semenovia

suffruticosa has comb-like leaves or bifurcate divisions and

Baluchestan province, Iran). plant
long petioles with hard pods. The stems are almost cylindrical
trunk and 45 — 70 cm long, with low bifurcate branches, and
sometimes with shallow grooves on the surface. Terminal

Umbels are within 7 — 10 cm radiuses with almost equal parts

Received on 6/6/2019 and Accepted for Publication on
1/10/2020.
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and glabrous, and 40 - 50 cm long in fruit-containing state
Umbellules have 12 - 15 flowers and peduncle is shorter
thanthe ripe fruit Apiaceae family? plants contain compounds
such as coumarin, furanocoumarin, cromenocoumarin,
terpene, sesquiterpene, triterpenoid saponins and acetylene
compounds®.

The essential oils of Semenovia suffruticosa (Freyn
Bornm) Manden. And S.Tragioides Boiss. Manden were
extracted from the aerial parts by hydro distillation method
.The subject of our previous has been studies, the major
components were linalool (13.9%), lavandulyl acetate (11.5
%), (E)-B-ocimene (9.7%) and cinamy isovalerate (9.4%) in
the latter*. The antimicrobial tests were carried out at the
department of biological sciences, north Tehran branch, and
LA. University of Tehran the
microorganisms: Staphylococcus

using following

aureus

© 2021 DSR Publishers/The University of Jordan. All Rights Reserved.
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PTCC1113,Staphylococcus epidermidisPTCC1349,
Staphylococcus saprophytic us PTCC 1379 (Gram-positive
bacteria), Salmonella typhi PTCC 1185, Shigella Flexnery
PTCC 1234 and Escherichia coli PTCC 1330(Gram-negative
bacteria) identified by Iranian research organization for
sciences of technology (IROST)’ . Bacteria, molds and yeasts
that require organic carbon to grow are called heterotrophic.

Most bacteria, including many of the bacteria associated with
drinking water systems, are heterotrophic. Concentrations of
heterotrophic bacteria are determined using a variety of
commonly recognized international methods® NBH methods
use colony formation in culture media to approximate
concentrations of heterotrophic organisms in drinking water
samples, where bacteria are more common than molds and
yeasts. NBH methods do not provide an indication of the
specific  heterotrophic ~ bacteria  present or their
sources’.Heterotrophic bacteria are present in all types of
water. In groundwater, concentrations of heterotrophic
bacteria are generally low and stable over time. In surface
waters and underground water under the direct influence of
surface water, their concentrations vary and can be minimized
through effective treatment. Treatment of drinking water does
not eliminate or inactivate all heterotrophic organisms®.As a
result, these organisms pass through the treatment system to
the distribution or plumbing systems. Heterotrophic bacteria
can also enter the distribution system through open treated
water tanks, during pipe repairs, or due to back-ups of
pipeline projects or the addition of new piping systems®® .The
National Primary Drinking Water Regulations regulations

-38 -
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established by the Environmental Protection Agency of the
United States (US EPA) states that the concentration of
heterotrophic bacteria is not necessarily an indicator of health
effects, but a low concentration of bacteria Heterotrophs in
drinking water is associated with good maintenance of the
treatment system and distribution network. This regulation
establishes that treatment techniques for surface and ground
water subject to the influence of surface waters should be used
to limit the concentration of heterotrophic bacteria in drinking
water to less than 500 CFU.mL"' , Measured using the
standard method on agar incubated at 35 °C for 48 h'® .This
standard is not based on health considerations, but reflects the
fact that at concentrations greater than 500 CFU.mL",
heterotrophic bacteria can interfere with certain methods of
recovery of total coliforms and E. coli 2 .The Drinking
Water Inspectorate of England and Wales, based on the
Directive of the EU Council on the quality of water intended
for human consumption'®, has not established limit
Quantitative analysis of the concentrations of heterotrophic
bacteria in drinking water, but stated that no abnormal
changes in these concentrations should be observed in tap
water, treatment plants or service tanks'*. Measuring the
heterotrophic plate count (H.P.C) is an analytical method that
can be a useful operational tool for monitoring general
bacteriological water quality through the treatment the
process and in the distribution system. Each drinking water
system will have a baseline range of H.P.C bacteria levels

depending on the site-specific characteristics'®.
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Materials and Methods

Plant material

The aerial parts of Semenovia suffruticosa (which is
endemic to Baluchestan- Iran) were collected during the
flowering stage from the heights of Taftan Mountain in
Baluchestan (South eastern of Iran) in June 2010. Plant
identification was carried out by Dr. Mozaffarian '
Botanist in the Research Institute of Forests and
Rangelands (Tehran-Iran).

Preparation of sample

The aerial parts were freeze-dried in the shade at the
ambient temperature and stored in double-layer paper bags
at the room temperature, protected from the direct light,

1718 They were then sieved to

until further analysis
particles with 0.5 mm sizes. All reagents used were of the

analytical grade with the highest purity available.

Essential oil isolation

The essential oil was extracted by mixing e g.50 +0.01g
of plant powder with 400+0.1mL in 2 L- balloon of
distilled water at 95 °C temperature for 2.5 h using a

Image of Semenovia suffruticosa plant in Taftan Mountain (April mont)

-390 .

Clevenger-type apparatus based on the recirculation of
water according to the method recommended in the
European Pharmacopoeia'® . The oil dried over anhydrous
sodium sulfate .After filtration, the solvent was removed
by distillation under reduced pressure in a rotary
evaporator at 30 °C and the pure oil kept at 4 °C in the dark
until the moment of analysis. After determining the
optimum conditions such as water volume, kind of
balloon, time of the process of essential oil tracting proper

amount of the plant sample®.

GC-MS Analysis

The analysis of the essential oil was performed using a
Hewlett-Packard 6890 Network GC System, equipped
with a 60m* 0.25mm id, 0.25pm an HP-5Ms capillary
column, and a HP 5973 mass selective detector. Helium
was the carrier gas at 1 ml.min’!, the temperature was at
250 °C and 260 °C respectively. The column temperature
was set at 40 °C for 1 min, then programmed from 40 °C to
250 °C atarate of 3 °C.min’!, and finally, held isothermally

for 20 min for GC-MS detection an Electron Ionization
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System was used with ionization energy of 70
eV.Retention indices were calculated by using the injector
and MS transfer line retention times of Cg-Cs6 n- alkanes
that were injected with the oil at the same chromatographic
conditions according to Van Den Dool method?!.The
individual constituents were identified by their identical
retention indices, referring to known compounds from the
literature and also by comparing their mass spectra with
either at the compounds or with the Wiley7 mass spectral

database??.

Antimicrobial activity

The antibacterial, anti-yeast, and antifungal activities
were observed by mean of Ager Dilution method within a
concentration range of 0.5 -64 (ug.mL™'). The Minimum
Inhibitory Concentration (MIC) of the aerial parts oil was
determined for four different bacteria.

Ager Dilution method

Firstly, the mentioned micro-organisms were cultured
on culture environment of Muller- Hinton (for bacteria)
and sabred Dextrose Ager for fungi in order to obtain a
fresh culture to fresh or to prepare) after 24 h at 37 °C for
bacteria and 48h at and sabred Dextrose Ager for fungi in
order to obtain a fresh culture to fresh or to prepare after
24 h at 37 °C for bacteria and 48 h 5 °C for fungi. The
different concentrations given of essential oil were
prepared in Ager-having culture environment as a form of
two fold 1/2,1/2 ,so that the dilutions were prepared from
the concentration of 256 pg.mL!
(256,128,64,32,16,8,4,2,1,1/2) according to standard of
NCCLS( or CLSI) bacterium should be added 10*
CFU.mL"". To achieve this at the first a suspension of half
Mc. Farland was provided from bacteria, and it was diluted
10 times and then from each bacterium, 5 pg was taken.
Thereafter, they were put on the water plots of the Ager
culture environment and the different concentration of
essential oils. To examine growth and not-growth of

micro-organisms, all the plots were kept at certain the
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temperature. After 24 h for bacteria and 48 h for fungi, the
results were analyzed. All experiments were repeated for
at least 3 times®.

Heterotrophic plat count

The Heterotrophic plat count (H.P.C), represents an
indication of aerobic and anaerobic bacteria that derive
their energy and carbon from organic compounds. The
number of these bacteria depends on the composite of
culture environment, ancubation period (1-7 d) and the
temperature of incubation (20-35) °C. This group consists
of pseudomonas aeruginosa, Stahylococcus aureus,
Escherichia coli, Aspergillus niger
H.P.C bacteria in drinking water is variable and mostly

microorganisms.

under the influence of the temperature, remained chlorine
existence and the concentration of absorbable organic
materials. The amount of H.P.C should not exceed 500
organisms/ml. The H.P.C is a useful parameter to evaluate
water quality in distribution systems and water filtering
house?!.Utilization of antimicrobial effects (H.P.C
technique) of this essential oil was tested for samples of
city-sewage (water and waste water). The effective
essential oil concentration for its anti-microbial property
has been tested in the H.P.C test with 0.1, 0.3, 0.5, and 0.7,
1.1(mL) concentration for Semenovia suffruticosa oil
(figure 1). All experiments were repeated for at least 3
times.

Statistical analysis

The measurements was done in triplicates to test the
reproducibility of them. All results are presented as mean
+S.E. Statistical analyses were performed by student’s t-
test. The values of P<0.05 were considered statistically
significant.

Results and discussion

The essential oil of Semenovia suffruticosa was
extracted by hydro distillation method. The oil
yield(w/w%) was 0.77 based on dried weight of sample.
The chemical composition of the oil was investigated

using the GC-MS technique. Sixty compounds amounting
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to about 84.99 % of the oil were identified, are: the major
components found in the oil:cis-ocimene (19.31%)

,linalool (9.00 %),cinnamy valerate (8.19%), a-terpinolene

(5.49%),6-amyl-a-pyrone

isovalerate(3.71%),y-terpinene(3.68%),a-bisabolol
(2.93%) and unknown compounds (1.70%)(Table 1). The

percentage of total monoterpenes and total sesquiterpene

(4.55%),isobutyl- in the essential oil are 53.50and 7.92 respectively.
Table(1)

Chemical composition of the essential oil of Semenovia suffruticosa
Compound RI %
o-pinene 906 0.17
sabinene 946 0.39
1,8-Cineole 948 0.72
3-octanone 956 0.09
B-myrcene 960 0.46
isobutyl isobutyrate 977 3.71
0-3-carene 983 0.17
a-terpinene 989 0.05
m-methylanisole 992 0.09
o-cymene 998 1.12
limonene 1002 0.24
cis-ocimene 1014 19.31
n-butyl isovalerate 1017 0.28
B-ocimene Y 1020 0.98
y-terpinene 1035 3.68
p-cresol 1055 1.76
a-terpinolene 1065 5.49
linalool 1078 9.00
amyl isovalerate 1081 2.77
allocimene 1098 0.21
amyl valerate 1116 0.45
pulegone 1117 0.23
ethyldimethylthiophene 1146 4.64
1,8-metnthadien-4-ol 1153 0.17
4-terpineol 1155 0.09
p-cymen-8-ol 1160 0.27
a-terpineol 1166 0.11
trans-2,6-dimethyl-3,5,7-octatriene-2-ol 1169 0.14
p-allylanisole 1171 0.17
cis-2,6-dimethyl-3,5,7-octatriene-2-ol 1177 0.15
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Compound RI %

cis-3-hexyl valerate 1201 0.63
hexyl isovalerate 1207 1.77
trans-3-hexyl valerate 1208 0.11
cis-4-decen-1-ol 1222 0.06
trans-4-decen-1-ol 1232 0.05
4-hydroxy-3-methylacetophenone 1250 0.34
eugenol 1318 0.09
o-copaene 1340 0.41
pentanoic acid,phenylmethyl ester 1350 0.85
methyleugenol 1358 2.19
Trans-caryophyllene 1374 0.31
unknown 1383 0.85
unknown 1412 0.22
trans-beta-farnesene 1419 0.28
unknown 1423 0.28
6-amyl -0 -pyrone 1438 4.55
Granyl-isovalerate 1441 1.28
germacrene D 1458 0.25
zingberene 1462 0.12
lavanduilyl acetate 1470 0.20
bicyclogermacrene 1473 0.86
d-cadinene 1494 0.79
cis- a-bisabolene 1506 0.47
germacrene B 1535 0.18
geranyl butyrate 1541 0.14
spathulenol 1555 0.14
geranyl isovalerate 1566 0.14
m-methylstyrene 1573 0.27
cinnamyl isovalerate 1589 0.27
valencene 1599 0.17
unknown 1621 0.35
cinnamyl valerate 1653 8.19
a-bisabolol 1658 2.93
angecin 1750 0.07
ficusin 1803 0.03
1-hxadecene 1827 0.05
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Table (2)
Chemical composition of the essential oil of Semenovia suffruticosa by chemical class
Chemical class Number of compounds | Percent of chemical class
Total monoterpenes 27 53.50
Hydrocarbon monoterpenes 12 32.37
Oxygenated monoterpenes 15 21.13
Total sesquiterpenes 13 7.92
Hydrocarbon sesquiterpenes | 10 6.36
Oxygenated sesquiterpenes 1.56
Other hydrocarbon compounds 0.32
Other oxygenated compounds 17 18.61
Other compounds 4.62
Unknown compounds 4 1.70
Hydrocarbon terpenoids 22 38.73
Oxygenated terpenoids 18 22.69
Total terpenoids 40 61.42
Total without unknown compounds 60 84.99
Table (3)

The presented of Minimal inhibition Concentration of the essential oil from aerial parts of Semenovia suffruticosa

for microorganisms

Microorganis Bacterial yeast Fungus
Salmonella Escherichia Pseudomonas Staphylococcus Candida Aspergillus
Essential oil typhi coli aeruginosa aureus albicans niger
. 32 32 32 pg.mL! 8 8 32
Aerial parts .
pg.mL- pg.mL! pug.mL! pg.mL! pg.mL!
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Figure (1): The variation of number of colonies as rate a function the variation of volume of the essential oil of

Semenovia suffruticosa

The results of this examination are completely adapted
with results of GC-MS technique of essential oil that confirms
the existence of 22.69 % oxygenated terpeniods.In the
essential oil of plant, this is oxygen-containing terpenoid
compounds, in remarkable rate.So Semenovia suffruticosa
essential oil has a good percent of total terpenoids (Table 2).
Antimicrobial effects of this essential oil were exactly
estimated and examined in laboratory.It,s
sensitiveness(Minimal Inhition Concentration) to mentioned-
micro-organisms in the following: staphylococcus aureus(8
pgmL™), Pseudomonas aeruginosa (32 ug.mL"),
Salmonella typhi(32 ug.mL™), Escherichia coli (32 pg.mL™),
Candida albicans(8 ug.mL™"), Aspergillus niger(32 pg.mL
1, shows that the highest was recognized by comparing with
standard the samples in the way of dilution, and minimum
controlling the concentration was calculated Staphylococcus
aureus and Candida albicans (Table 3).

The following microorganisms:Staphylococcus
aureus(gram-positive bacteria), Pseudomonas aeruginosa
,Salmonella typhi and Escherichia coli (gram-negative
bacteria) , Candida albicans (anti-yeast) , Aspergillus niger

(antifungal), shows that the highest dilution of capable of the
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control on micro-organism has been pseudomonas
aeruginosa. Comparison of the results showed that the
antimicrobial feature of the oil is much greater oil due to its
more combinations of oxygenated terpenoids, for instance
linalool, 4- terpinol and alpha-terpineol.

Antimicrobial effects of this essential oil on water
pollution were tested according to figure 1.In water
polluted, H.P.C levels (number of colonies) are generally
high. In water polluted under the direct the influence of
different volumes of addition essential oil H.P.C bacteria
concentration can be variable but are minimized through

effective disinfection!> 2.

Conclusion

In this study was to determine the essential oil
antimicrobial effect was used of Agar dilution method.For
the purposes of this standard six-microbial strains (a
Gram-positive, four bacteria Gram in the negative,and two
fungus strain) were used, use standard strains with the
same identification code genetic microorganisms were
identified to ensure that guarantee a reproducibility of

results and possibility to compare the results of this
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research is with the results of other researchers. So Gram-
positive bacteria than Gram-negative bacteria and fungi,
Candida. albicans is more sensitive to oil than the oil is
more sensitive fungus Aspergillus niger. Lipid outer
membrane of bacteria a Gram positive has pores that are
called purines. This high-water conduit by multiple
membrane proteins created and just let the free
dissemination of hydrophilic molecules into the oil. So
cannot easily hydrophobic properties pass of Gram-
cell membrane. Anti-microbial

negative bacterial

experiments suggest that the essential oil of this plant can
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ABSTRACT

Coronavirus Disease 2019 (COVID-19) pandemic by the infection of the new SARS-CoV-2 has been spread
quickly worldwide. Since then, an effort has been made to find a therapeutic drug candidate to prevent and cure

the infection. An in silico study is one of the most effective ways to do a screening of potential drugs by studying

the interaction of the drug compounds with the protein target of the viruses theoretically. In this work, we reported

the in silico study of 17 drugs candidates as anti-SARS-CoV-2 based on molecular docking. Three of the protein
target used were crystal proteins of coronavirus with PDB ID of 2GX4, 6FV1, and 4LMT. The result showed that
redemsivir showed the most promising drug candidate followed by hesperidin and chloroquine based on the

CDOCKER energy and interaction formed form the molecular docking.
Keywords: Coronavirus, docking, in silico, Redemsivir, SARS-CoV-2.

1. INTRODUCTION

In late December 2019, an outbreak of pneumonia with
an unknown cause was reported in Wuhan, China (Zhu et
al., 2020; Hui et al., 2020; Lu et al., 2020). The World
Health Organization (WHO) was then affirmed the
outbreak as the Public Health Emergency of International
Concern by the end of January 2020. The status was later
declared as Pandemic on March 11, 2020, with the name
of Coronavirus Disease 2019 (COVID-19), which is
caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (Guan et al., 2020; Huang et
al., 2020; Wu et al., 2020; Paraskevis et al., 2020). The
COVID-19 has spread quickly around the world, as of May
8, 2020, about 3,759,967 positive cases and 259,474
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mortality have been reported globally (WHO, 2020).

Currently, there are no registered antiviral drugs for
treating COVID-19 (Verma et al., 2020). Research and
development of new preventive and therapeutic agents are
needed immediately to prevent the uncontrolled number of
deaths. Early prevention can be done by isolation or
quarantine and followed by treatment according to the
symptoms as to minimize the transmission (Zhang et al.,
2020). Another possible solution to overcome this
pandemic is to search and develop of broad-spectrum
antiviral drugs by targeting the main protease of viruses
(Xu et al., 2020). Repurposing some available drugs is one
of the choices to search for the therapeutic agents for the
treatment of COVID-19 as they reduce the time for drug
development (Pandey et al., 2020).

Drug repurposing is an approach to search therapeutic
agents for COVID-19 by using the current drugs that have
been used in a different disease. Antimalarial agents
(quinine, antiviral

chloroquine, hydrochloroquine),

© 2021 DSR Publishers/The University of Jordan. All Rights Reserved.
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(Lopinavir, ritonavir, remdesivir, ribavirin, Oseltamivir),
and antibiotics (azithromycin, Tetracycline) are reported to
be potential candidates for repurposing against SARS-CoV-
2 (Pandey et al., 2020). Some flavonoids such as hesperidin,
myricetin, curcumin, thymol, eugenol, quercetin with broad
biological activity also have been studied as the therapeutics
compound against COVID-19 (Adem et al., 2020; Ngwa et
al., 2020; Zahedipour et al., 2020; Kulkarni et al., 2020;
Colunga Biancatelli et al., 2020). Based on the literature,
several flavonoid-based phytomedicines show a high
binding affinity to the spike protein, helicase, and protease
on the Angiotensin-converting enzyme (ACE) 2 receptor
(Ngwa et al., 2020; Kulkarni et al., 2020).

Generally, coronavirus consists of structural (spike,
membrane, envelope, and nucleocapsid protein) and non-
structural proteins (Papain like protease/PLpro, Main
protease/Mpro, and RNA-dependent RNA
polymerase/RdRp) (Lavecchia and Fernandez, 2020). The
chymotrypsin-like cysteine protease (3CLpro) is the main
protease that can be found in all generations of
coronaviruses such as SARS-CoV and Middle East
respiratory syndrome coronavirus (MERS-CoV). The
main protease 3CLpro has an essential role in replication
and also gene expression of the virus (Lokhande et al.,
2020). Thus, 3CLpro is proposed as the potential targets
against SARS-CoV-2 (Chen et al., 2020). The crystal
structures of coronavirus main protease such as 6LU7.pdb
(Peele et al., 2020), 6M03.pdb (Singh and Florez, 2020),
1LVO.pdb (Hall and Ji, 2020), 6WO01.pdb (Chikhale et al.,
2020), and S5R7Y.pdb (Kumar et al., 2020), 6YB7
(Vijayakumar et al., 2020) have been reported as the
protein target in the in silico study of some repurposed
drug against COVID-19. Inhibition of some spike proteins
with crystal structure 2GHV.pdb (Hall and Ji, 2020),
6MO0J. pdb (Chikhale et al., 2020), and 6LZG.pdb
(Vijayakumar et al., 2020) also have been studied using
molecular docking. Spike protein is chosen as the target in
the reduction of the infection of COVID-19 because it

plays a role in the transmission and virulence of the virus
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(Hall and Ji, 2020). Meanwhile, nucleocapsid proteins in
coronavirus can also be used as the target of the therapeutic
drug because it is important in replication, transcription,
and to build the structure (Tok and Tatar, 2017). Some
studies have presented the in silico result of the crystal
structure of SARS-CoV-2 nucleocapsid protein such as
6M3M.pdb (Kang et al., 2020; Bhowmik et al., 2020).

In this work, we performed in silico study of some
commercial drugs such as remdesivir, chloroquine,
hesperidin, and also proposed some candidate compounds
against SARS-CoV-2 by targeting the main protease and
nucleocapsid proteins of coronavirus. It has been reported
that SARS-CoV-2 shows a 96% similarity with the protein
sequences of SARS-CoV (Liu et al., 2020). Therefore, it is
predicted that compounds with good activity against
SARS-CoV would have good potential against SARS-
CoV-2. The main protease of SARS-CoV (2GX4.pdb) (Xu
et al., 2020), human coronaviruses (HCoV) NL63
(6FV1.pdb) (Zhang et al., 2020), and nucleocapsid protein
(NP) of HcoV OC43(4LMT.pdb) (Chang et al., 2016) was
used as the protein targets. The binding energy and
interaction of the compounds against the coronavirus
protein were evaluated to determine the best candidate
compounds for SARS-CoV-2.

MATERIALS AND METHODS

Material

In this research, all of the docking studies were
performed in a personal computer with Intel® Inside
Core™ 17 processor (4 GHz, 8 GB RAM, 64-bit system
type, and Windows® 10 Ultimate Operating system). The
molecular structure of the compounds was drawn using
ChemDraw Pro.15.0 software and the molecular docking
was executed on the Discovery Studio 2016 (Accelrys, San
Diego, USA) software.

Methods

Molecular docking was performed to the crystal
proteins of coronavirus that were retrieved from Protein
Data Bank (https://www.rcsb.org/) with PDB ID of
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2GX4.pdb (resolution of 1.93 A); 6FV1.pdb (resolution of
2.30 A); and 4LMT.pdb (resolution of 1.71 A). Protein and
co-crystal ligands were separated first before the docking
process in Discovery Studio software. Docking
preparation of the protein was carried out by adding
hydrogen atoms and adjusting the ionizable amino acids
(residues) at default protonation (pH 7.4). The ligands
were prepared to build 3-dimensional geometrics and to
minimize the energy before the docking process. All of the
docking processes were carried out following the standard
protocol implemented from Discovery Studio software
(Syabhri et al., 2020).

During the docking process, the ligands were allowed to

flex and the receptor was rigidly maintained. The docking

tolerance from the docked conformer of ligand-receptor
was set in 0.25 A and the number of the nonpolar or polar
hotspots in the receptor (to start the conformer fitting) was
set at 500. The conformations of the ligands obtained from
the docking process were fixed at 500 within the relative
energy threshold of 20. Interactions of the ligand-receptor
were observed in a grid box size of 90x90x90 with a grid
map in Table 1. The validity of the docking methods was
determined based on theroot mean  square
deviation (RMSD) value <2.0 A. The RMSD value
obtained from the re-docking results of the co-crystal
ligands to each protein of 2GX4, 6FV1, and 4LMT were
1.133; 1.850; and 1.890 A, respectively.

Table 1. Grid map and radius applied in the docking process

PDB ID X(A) Y(A) Z(A) Radius (A)
2GX4 17.480279 1.480907 22.008395 9.00
6FV1 53.612154 12.144000 48.989128 10.00
4LMT 62.809955 15.413273 7.969364 9.00
RESULTS AND DISCUSSION CDOCKER energy (-64.4841 kcal/mol) among the 17

Preliminary stages using molecular docking is
beneficial as it can predict the binding affinity between the
compound (ligand) and protein. In this work, a molecular
docking study of 17 compounds as a therapeutic candidate
toward SARS-CoV-2 was performed to three different
coronavirus crystal proteins such as 2GX4, 6FV1, and
4LMT (Table 1). The 2GX4 is a crystal structure of 3C-
Like (3CL) protease inhibitor complex of SARS
coronavirus and 6FV1 is the main protease from the human
coronavirus NL63. Meanwhile, 4LMT is a crystal
structure of nucleocapsid (N) protein of human
coronavirus OC43.

Table 2 presented the CDOCKER energy (in kcal/mol)
from the ligand-protein complex. Principally, the lower
energy produced from the molecular docking process, the
more stable interaction between the compounds (ligands)

and protein targets. Remdesivir (1) showed the lowest
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tested compounds against 2GX4 crystal strucure protein of
SARS-CoV. This docking energy was the closest to the
CDOCKER energy of the native co-crystal ligand (NOL)
with the energy of -83.2383 kcal/mol. It also can be seen
that remdesivir (1) showed the lowest CDOCKER energy
to 6FV1 (-63.6467 kcal/mol) and 4LMT proteins (-
53.0987 kcal/mol), compared with the other 16
compounds. It was revealed that both 2GX4 (from SARS-
CoV) and 4LMT proteins (from HCoV-OC43) are
categorized as B-coronavirus, while 6FV1 (from HCoV-
NL63) is a-coronavirus. Thus, it can be interpreted that
remdesivir has broad-spectrum antiviral activity. This
result has a good agreement with some reported studies
about the antiviral activity of remdesivir (Sheahan et al.,
2020; Wang et al., 2020; Wu et al., 2020).

Hesperidin (2) displayed the best CDOCKER energy
of -61.5854 kcal/mol to the 6FV1 protein, which closes to
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the energy of remdesivir (1). Hesperidin was also placed
as the second candidate of the drug for COVID-19 with
lower docking energy against the crystal structure of 2GX4
(-59.5070 kcal/mol) and 4LMT (-50.1548 kcal/mol). The
in silico study of hesperidin has been reviewed which is
proposing the potential antiviral effect of hesperidin to the
proein of SARS-CoV-2 (Bellavite and Donzelli, 2020). It
has been published that hesperidin showed the suitable
binding against the spike protein also lower binding energy
to 3CLpro and Mpro of SARS-CoV-2.

Chloroquine (3) has the third-lowest CDOCKER
energy of -46.2102 kcal/mol toward 6FV1 protein after

remdesivir and hesperidin. Chloroquine (3) is widely

Jufrizal Syahri, Beta Achromi Nurohmah, Emmy Yuanita

reported to be the potential drug for the handling of
COVID-19 (Colson et al., 2020). The interesting docking
result of this compound (3) was that it displayed similar
CDOCKER energy for all the tested proteins. This result
encourages the previous study that proposed the use of
Chloroquine (3) as an anti-SARS-CoV-2 drug candidate
(Rebeaud and Zores, 2020; Devaux et al., 2020; Singh et
al., 2020), although it still brings some debates (Touret and
de Lamballerie, 2020; Jaffe, 2020). Chloroquine is still
used as an antimalarial drug and it might lead to a serious
threat concerning the expanding of the antimalarial drug

resistance when it is not well-controlled.

Table 2. The CDOCKER Energy of some potential drugs

CDOCKER Energy (kcal/mol)

No Compounds
2GX4 6FV1 4LMT

1 Remdesivir —64.4841 —63.6467 —53.0987
2 Hesperidin -59.5070 —61.5854 —50.1548
3 Chloroquine -46.2048 -46.2102 —45.7560
4 Aminoalkylated Chalcone 1 —45.6236 —47.9247 —38.8552
5 Aminoalkylated Chalcone 2 —45.3461 —46.4737 —40.0853
6 Aminoalkylated Chalcone 3 —45.3258 —47.0167 —40.2087
7 Aminoalkylated Chalcone 4 —45.0230 —45.4285 —39.9402
8 Myricetin —43.8472 —47.8862 —57.8559
9 Curcumin —43.1526 —43.7372 —36.5257
10 Oseltamivir —42.7158 —42.5152 —29.2826
11 Quercetin -39.6190 —44.0359 —60.6573
12 Aminoalkylated Eugenol -36.4853 —45.7011 -30.7630
13 Quinine —34.0921 —-38.1999 —32.9204
14 Ribavirin —31.6247 —33.5869 -31.1901
15 Eleutherin —28.4200 —36.1497 —28.3069
16 Eleutherinone —26.1505 -32.1959 -26.0152
17 Xanthone —19.5651 —25.2077 —19.4864

Aminoalkylated chalcone compound (4-7), which was
reported to be active as antimalarial (Syahri, 2020),
showed a CDOCKER energy that closes to the chloroquine
(Table 2). This result indicates that the compound (4-7)

-5

also has the potential to be used as anti-SARS-CoV-2 drug
candidates. Meanwhile, myricetin (8), curcumin (9),
oseltamivir (10), and quercetin (11) exhibited
moderate/medium CDOCKER energy to the tested
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protein, except compounds (11) and (10) that displayed
low CDOCKER energy of -60.66573 and -57.8559
kcal/mol to the 4LMT protein, respectively. It means that
both of the compounds have a specific mechanism of
action against the nucleocapsid protein. On the other hand,
aminoalkylated eugenol (12), quinine (13), ribavirin (14),
eleutherin (15), eleutherinone (16), and xanthone (17)
were displaying higher energy for all the tested proteins.
Table 3 presented the interaction of the drug compounds
(ligands) to the tested protein in the 2-dimension view.
Based on the interactions formed, it can be seen that
remdesivir (1) and hesperidin (2) have formed the highest
number of hydrogen bonds to all the tested proteins.
Remdesivir showed hydrogen bonds to the amino acid
residues of Glul66, GIn189, His41, Cys145, and Asn142
(2GX4). The absence of H-bonds to His163 and Gly143 in
the docking of 1-2GX4 complex proposed the reason for the
higher CDOCKER energy of remdesivir compared with the
co-crystal ligand (NOL). The 1-6FV1 complex presented
the formation of H-bonds to Glul66, Glnl64, Glyl142,
Prol89, Asnl4l, and Ilel65 residues. Meanwhile, 2-D
interaction of 1-4LMT complex displayed the H-bonds to
the Glul70, Argl22, Glu56, Tyr124, Alal71, Tyr 63, and
Aspl165 amino acid residues. Interaction of Hesperidin (2)
with 2GX4 was formed via H-bonds to Glul66, Asnl42,
Leul4l, Aspl87, Met49, His164, and Met165 amino acid
residues. Furthermore, H-bonds interaction of 2-6FV1 can
be seen to the Asnl41, Glul66, Cys144, Phel39, His163,
Ile140, GIn164, Thr47, and Ser190 residues. Lastly, 2-
4LMT complex showed H-bonds interaction to Alal71,
Argl6d, Aspl69, Aspl65, Prol66, Glul70, yr124, Tyr63,
and Ser64 residues. This result was in agreement with the
CDOCKER energy produced by these two compounds,
indicating the higher potential as anti-SARS-CoV-2.
Chloroquine (3) has produced the most hydrogen bond
to the 6FV1 protein compared with the other two tested
proteins. It was predicted that chloroquine (3) has a
specific inhibition mechanism of action to the main

protease NL63 of human coronavirus. Meanwhile,
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compounds (4-17) were displayed fewer hydrogen bonds
to all of the tested protein that indicates a lower potential
as the candidate drugs for treating COVID-19.

Based on the in silico study, remdesivir, hesperidin,
and chloroquine are highly recommended as candidates for
anti-SARS-CoV-2. According to Wang et al. (2020),
remdesivir and chloroquine are very effective in inhibiting
COVID-2019, proved by thein vitro activity of both
compounds with ECsy values of 3.7 and 10 pM,
respectively. Ko et al. (2020) have also reported that
remdesivir was a potential drug for COVID-19 therapy.
Furthermore, remdesivir was previously reported to be
active (in vitro) against the Ebola virus with an ECsg value
of 0.06-0.14 uM (Warren et al., 2016), SARS-CoV with
ECs value 0.069 uM, and MERS-CoV with an ECsg value
of 0.074 pM (Sheahan et al. 2017). Based on the clinical
trials on monkey and mouse animals, remdesivir also has
a very low toxicity level (Warren et al., 2016).

Hesperidin has been reported the be potential to halt the
infection of SARS-CoV-2 based on computational
screening (Utomo et al., 2020; Adem et al., 2020). In
nature, the high content of hesperidin can be found in the
peel of citrus fruits (Bellavite and Donzelli, 2020). As it is
abundantly available in nature, hesperidin could be
proposed to be used as a therapeutic compound for
also the treatment of COVID-19.

Moreover, hesperidin also showed a good safety profile

prevention and

and good tolerability according to human and animal
studies (Bellavite and Donzelli, 2020). To conclude, this
study strengthens the previous report that recommends
remdesivir, hesperidin, and chloroquine as the drug
candidates for the treatment of SARS-CoV-2.

CONCLUSION

This work proposed the potential of Redemsivir as
anti-SARS-CoV-2 drug candidates based on the in silico
studies by observing the CDOCKER energy and the
interaction formed to the target protein from the molecular

docking. Therefore it is expected that redemsivir could be
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ABSTRACT

Background: Tea leaves are processed to produce black tea products and green tea products. Green tea is produced
from the leaves without going through an enzymatic oxidation process while black tea undergoes a thorough
enzymatic oxidation process. The enzymatic oxidation process can reduce the EGCG concentration in tea products.
Aim and objectives: This study aims to determine the concentration of EGCG and caffeine simultaneously in domestic
green tea and black tea product of bag packaging using validated TLC-densitometry.

Methods: Silica gel GF254 TLC-plate was used as a stationary phase. The optimization of the mobile phase was
carried out using a variety of organic solvents such as methanol, chloroform, ethyl acetate, n-butanol, and formic acid.
The EGCG and caffeine were extracted from tea products with 40 mL of water at 800C for 40 minutes with stirring
and the analytes in water extract was re-extracted with ethyl acetate. The EGCG and caffeine in ethyl acetate extract
were determined using validated TLC-densitometry.

Results: The mobile phase that optimally separate EGCG and caffeine with the nearest eluted analytes was
chloroform: ethyl acetate: n-butanol: formic acid (20:10:7:3). The EGCG content in five green tea and black tea
samples were in the range of (16.24-23.75) mg/g and (1.10-1.90) mg/g, respectively. Whereas the caffeine content in
the same sample was in the range of (6.58-7.80) mg/g and (3.83-6.20) mg/g, respectively.

Conclusion: The TLC-densitometry method for the determination of EGCG and caffeine in the green tea and the
black tea fulfilled the validation requirements for selectivity, linearities and accuracy. The precision for caffeine
determination fulfilled the AOAC requirements, while the precision for EGCG determination of in green tea (5.23%)
and black tea (7.87%) exceeded the AOAC requirement. TLC-densitometry of the extracts showed that the EGCG

content in green tea was higher than in black tea, while caffeine content was relatively the same on both samples.
Keywords: EGCQG, caffeine, green tea product, black tea product, TLC-Densitometry.

1. INTRODUCTION

Drinking tea is a part of the daily habits of some people.
Nowadays, tea consumption tends to increase because of the
various benefits of drinking tea, especially as nutraceutical.
Information about the concentration of active substances that
have a positive effect on tea products, such as catechin, is very
important. Catechins are polyphenol group substances in tea

leaves which have an antioxidant effect ). The main

Received on 17/1/2020 and Accepted for Publication on
11/10/2020.
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component of catechins is epigallocatechin gallate (EGCG)
@. The EGCG was reported to have a various new founds
effects such as adjunct in the treatment of hyper-cholesterol,
obesity, cardiovascular and cancer ®*%, The other catechin
that effect were
Epigallocatechin (EGC), Epicatechin (EC) and Epicatechin
gallate (ECG). Their molecular structure was shown in Figure

substances have an antioxidant

1. Besides EGCG, another substance with significant
concentration in tea is caffeine @. Caffeine is a medium-
strength CNS-stimulant, which give a fresh-tasting effect.
However, caffeine causes palpitations and difficulty in

sleeping for some sensitive people.

© 2021 DSR Publishers/The University of Jordan. All Rights Reserved.
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Figure (1): Molecular structures of caffeine, EGCG, and the other catechin derivate

The processing of tea leaves can produce green tea and
black tea. Green tea is produced without going through an
enzymatic oxidation process, while black tea undergoes a
complete enzymatic oxidation process. The enzymatic
oxidation process can reduce the EGCG concentration in
the end products ®. In China, the EGCG concentration in
green tea products was reported higher (1.1-62.4 mg/g)
than EGCG concentration in black tea (1.99-3.79 mg/g)
(9 But the caffeine concentration is relatively the same
(21.6-29.6 mg/g). The simultaneous determination of
EGCG and caffeine in Indonesian green tea products and
black tea products was not well informed.

The EGCG concentration in tea leaves was influenced
by species, age of the leaf, climate, and horticultural
practices . Different EGCG analysis methods can
produce a variation of EGCG levels. The similar structure
of catechin derivatives makes a certain method difficult to
distinguish or separate each analytes signal. High-
performance liquid chromatography (HPLC) 78 or TLC-
densitometry © is the common method used for the
determination of EGCG and caffeine simultaneously. The
National Standardization Agency of Indonesia (SNI

3945:2016) stated the minimum requirement for
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polyphenol content in green tea products is 15% 9. The
SNI-3945:2016 does not mention the requirements for
EGCG or caffeine concentrations in green tea (!9 or black
tea D, Nevertheless, some imported tea products have
listed the content of EGCG and caffeine in their brochures.
Therefore, to maintain quality (including product
standardization), loyalty and safety of consumers, the
content of EGCG and caffeine in tea products need to be
mentioned in the packaging/brochures.

This study aims to validate the TLC-densitometry method
for the determination of EGCG and caffeine concentration
simultaneously in green tea and black tea products, in terms
of selectivity, linearity, accuracy, and precision. The validated
TLC-densitometry method then used to determine the EGCG
and caffeine content in green tea and black tea products. Five
samples of each type of tea product were selected based on

consumer preference data.

2. MATERIALS AND METHODS

2.1 Instrument and apparatus

CAMAG TLC Scanner 4, CAMAG chromatography
chamber 20.0 x 10.0 cm, Win CATS software, UV
CAMAG lamp. Mettler Toledo microbalance (d = 0.001
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mg), Ohaus analytical balance (d = 0.001g), Socorec
micropipette (1.0 mL), Eppendorf micropipette (0.1-1.0
mL), capillary micropipette 2.0 uL of Blaubrand IntraEnd,
hot plate Ika C-mag, magnetic stirrer, and Hectic
Zentrifugen EBA-20 centrifuge.

2.2 Material

Unless otherwise specified, the following substances
were of pro analysis (pa) quality of E. Merck. Standard
EGCG pharmaceutical-grade purity (Xi’an Rhongseng Co,
LTD), caffeine, ethyl acetate, chloroform, n-butanol,
formic acid, isopropanol, and silica-gel GF254 TLC plate.

Five samples of green tea bag products were labelled
as Ga®, Je®, Sa®, SS®, To®; and five samples of black tea
bag products were labelled as Po®, Sa®, SS®, Du®, To®.

2.3 Sampling

The five most popular brands of green tea and black tea
of Indonesia domestic products that sold in East Surabaya
were purchased randomly from supermarkets. All samples
registered with “MD” code (legally marketed in
Indonesia).

2.4 Procedure

2.4.1 Preparation of EGCG and caffeine standard
solution

Stock solutions were prepared by dissolving accurately
weighed 10 mg of EGCG and caffeine in 10 mL of ethyl
acetate. Calibration standards were prepared by diluting the
stock solution with the same solvent to obtain various EGCG
and caffeine concentrations. Two microliters of standard
solutions were spotted on silica-gel GF254 TLC plate.

2.4.2 Preparation of EGCG and caffeine extract

Tea powder was removed from green or black tea bag
samples and then mixed homogeneously. Two grams of
the tea powder was accurately weighed and transferred
into beaker glass. The sample was added with 40 ml of
water at 80°C, then stirred using a magnetic stirrer over a
water bath at 80°C for 40 minutes. Subsequently, the
sample was allowed reach room temperature before
transferred quantitatively into a 50 mL volumetric flask,
the mark and shaken

added with water until
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homogeneously 2. The aliquot mixture was transferred to
a centrifuge tube and centrifuged at 2500 rpm for 10
minutes. An aliquot of 25.0 mL of supernatant was
extracted with 10 mL of ethyl acetate twice. The ethyl
acetate phase was collected in a 25 mL volumetric flask
and added with the same solvent until the mark*. Finally,
2.0 pL of the solution was spotted on a silica-gel GF254
TLC plate.

*The black tea sample needed to be concentrated by
evaporating 10.0 ml of the ethyl acetate extract with
nitrogen (N2) gas flow. The residue then re-dissolved with
2.0 mL of ethyl acetate before spotted on silica GF254
TLC plate.

2.4.3 Selectivity and specificity test

Selectivity parameters were R (retardation factor), R
(Resolution) and peak purity. The specificity parameter
was peak identity. Various compositions of mobile phases
were tested to obtain a good resolution (Rs) among EGCG,
caffeine and other analytes in the samples. A good Rs
ideally is more than 1.51®. However, the R, value of 1.2 is
also acceptable because the separation between the two
peaks is relatively completed . Acceptance criteria for
peak purity and peak identity is when r value is more than
0.990019),

2.4.4 Linearity test

Two microliters of EGCG and caffeine standard solutions
in the range concentration of 100 ppm, 200 ppm, 300 ppm,
400 ppm, dan 500 ppm were spotted on TLC plate and eluted
with a mixture of chloroform: ethyl acetate: formic acid: n-
butanol (20:10:3:7) as mobile phase. The developed spots
scanned with a densitometer and detected by UV light
detector at a wavelength of 275 nm. The equation of linear
regression was Y =bx + a. A good coefficient correlation (r)
between analytes concentration and the area is accepted when
the r value is > 0.99 and the coefficient of function variation
(Vx0) <5%.

2.4.5 Accuracy and precision

Accuracy was determined based on the recovery value
of the standard addition. An aliquot of 5.0 mL of ethyl
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acetate extract of green tea that had been obtained on step
2.4.2 was added with EGCG and caffeine standard of 80%,
100% and 120% of analytes concentration. Two
microliters of recovery solution were spotted on the TLC
plate and eluted using the selected mobile phase. The
standards of EGCG and caffeine were added into the black
tea extract that had been concentrated. Percentage
recovery was calculated as follows.

(Total analyt concentration obtained)
- 0 X
sample concentration + standard added concentration

Recovery (%) =

Precision value was determined using the equation
below:
Precision (%) = (Standard deviation of analytes

recovery /mean) x 100

2.4.6 Determination of EGCG and caffeine in the
tea bag sample

Two microliters of ethyl acetate extract that had been
obtained on step 2.4.2 was spotted on the TLC plate. After
eluted using a mixture of chloroform: ethyl acetate: formic
acid: n-butanol (20:10:3:7) as mobile phase, the spots were
scanned using a densitometer and detected at A 275 nm. The
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analytes concentration in the sample spot was determined

based on the calibration curve of EGCG and caffeine.

3. RESULTS AND DISCUSSION

3.1 Selectivity

Different kinds of mobile phases were analyzed and the
mixture of chloroform: ethyl acetate: formic acid: n-
butanol (20: 10: 3: 7) was selected as mobile phase. The
selected mobile phase optimally separated the EGCG and
caffeine from other nearby substances with the R, value in
the range of 0.88-1.57. The range of the R, value among
substances caused by the variation of the matrix sample in
five samples of green tea products and black tea products.

The black tea extract showed more complex
chromatogram compared to the green tea extract.
Additional peaks in the black tea chromatogram indicates
that there is a possibility of the formation of new
compounds that occurs during the long manufacturing
process of black tea, which is involving enzymatic
oxidation processes. The three-dimension chromatogram
profiles of EGCG, caffeine and other substances in the
green tea and black tea extracts were shown in Figure 2.

samples

Standard

caffeine

(b)

Figure (2): Three-dimension chromatogram of EGCG and caffeine in the green tea extract (a) and black tea
extract (b)
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The EGCG and caffeine peaks in black tea were not
completely separated from the adjacent peaks (Rs < 1.5).
Therefore, the area of EGCG and caffeine was measured
based on a modified baseline, ‘valley to valley’ adjustment
program. The modified baseline made the area of EGCG
or caffeine not contaminated by the area of the nearby
substances and resulted in smaller areas than it should be.
As shown in Figure 3c, the peak of EGCG or caffeine was
not completely separated from the closest substances. The
two-dimension (2D) chromatogram profile of the tea
extract showed in Figure 3. The measurement of the area
based on 'base to base' adjustment, made the area of EGCG
or caffeine higher than it should be because of an
additional area of the nearby substances that were not
completely separated. If the area obtained by ‘base to base’
adjustment converted to a concentration based on a
completely separate EGCG or caffeine (Figure 3a) in the
calibration curve, it would result in a concentration that

was higher than it should be.

EGCG
n
I Caffeine
i
1 !""'Tpa,..._.-—!'l .._./\_-..__z ;._
(a)
Caffeine
) L
1 EGCG
\/
b

Peak identity, as a parameter to ensure the similarity
between suspected EGCG or caffeine peak in the sample
with the standard, showed a good correlation (r > 0.9900)
(Figure 4). The peak identity was determined based on the
match factor between the UV spectra of EGCG or caffeine
peak in sample and standard at the same retention factor
(R¢). It can be concluded from the peak identity results that
the suspected EGCG or caffeine in samples were the same
as EGCG and caffeine standards.

The maximum wavelength of EGCG and caffeine were
275 nm and 279 nm, respectively (Figure 4). The wavelength
of measurement was set at 275 nm because of its sensitivity.

Peak purity determined by spectra coefficient
correlation (rspecira) between the beginning of the peak with
the middle peak (r s m) and r between the middle peak with
the end of the peak (r m¢). The peak-purity test result of
EGCG or caffeine in green tea or black tea samples
showed an r value > 0.9500, which means that sample-

peaks were not contaminated (data not shown) (9.

EGCG

’ ! 1 . Caffene

“Vallev to valley™ adjustment
‘Base to base” adjustment

Figure (3): The two-dimension (2D) chromatogram of a mixture of EGCG and caffeine standard (a), green tea
sample coded Sa®(b) and black tea sample coded Po® (c)
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Figure (4): The UV spectra profile of the peaks of EGCG (a) and caffeine (b) in the sample (coded Sa®) overlaid
with the standard spectra of EGCG and caffeine

3.2 Linearity
The result of EGCG and caffeine linearity test showed
that the detector response had a linear relationship with the

analytes in the analytical range concentration. The linear
equation as included in Table 1.

Table (1)
The result of linearity test of EGCG and caffeine
EGCG Caffeine
Range of Range of
concentration Parameter concentration Parameter
(ppm) (ppm)

403.4 - 1814 r=0.9974 82.80 —745.2 r=10.9994

(Green tea) r’= 0.9948 (Green tea) r’=0.9988
Vxo=3.85% Vx0=220%

Y =11.008 x + 6244.6 Y =23.455 x +3638.6

81.20 — 568.40 r=0.9991 80.40 — 643.20 r=10.9986

(Black tea) r’=0.9982 (Black tea) ’=0.9972
Vxo0=3.02% Vxo=3.77%

Y =15.75x-365.31

Y =25.50x + 3027

3.3 Limit of detection (LOD) and Ilimit of
quantitation (LOQ)

Based on the standard deviation of the linear equation
function of analyte in the range concentration of (39.32-
147.4) ppm for EGCG and (19.67-147.5) ppm for caffeine,
the LOD and LOQ of EGCG were 7.96 ppm and 26.52
ppm, respectively. While the LOD and LOQ of caffeine
were 5.59 ppm and 18.62 ppm, respectively. As a note, all
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these concentrations were obtained based on the spot area
of 2 pL solution.

3.4 Accuracy and precision

The percentage recovery of EGCG in green tea and
black tea were (95.30 + 5.03) % and (99.44 + 7.83) %,
respectively (Table 2). An independent t-test showed no
significant difference of EGCG concentration in green tea
and black tea samples (P = 0.301 > 0.05%).
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The percentage recovery of caffeine in green tea and
black tea was shown in Table 3. The independent t-test of
caffeine recovery in green tea and black tea revealed that
no significant difference in caffeine concentration in both
samples (P =0.423 > 0.05%).

The result of accuracy test for determination of EGCG
and caffeine simultaneously in tea products using TLC-
densitometry fulfilled the AOAC requirement (¥ for
analytes concentration of 0.1% and 1%, which is 90-108%

and 92-105%, respectively.

The AOAC requirement for the precision of 1%
analyte concentration in the sample is 4%, whereas for
0.1% of analyte concentration in the sample is 6%. The
precision result of EGCG in green tea (5.23%) and black
tea (7.87 %) was out of the required range. However, the
precision of caffeine in green tea (2.91%) and black tea
(5.50%) fulfilled the AOAC requirement.

Table (2)
Accuracy and precision of EGCG determination in tea sample

The EGCQG in the analyzed solution

Samples and EGCG standard Standard Sample + Mean Ccv
V. Sample . . Recovery
addition Addition addition o (%) (%)
(mg) (%)
(mg) (mg)
80% 4.002 3.305 6.737 92.20
4.358 3.403 7.546 97.23
4.159 3.287 6.661 89.46
100% 4.545 4.249 8.433 95.89
95.30 + 523

Green tea 3.824 4276 8.243 101.7

5.03 %
4.543 4.295 8.955 101.3
120% 4.002 5.004 8.200 91.05
3.824 5.052 8.853 99.74
4.159 5.106 8.253 89.08
80% 0.1493  0.1559 0.2934 96.13
0.2847  0.1647 0.4756 105.8
0.0927  0.1677 0.2711 104.1

100% 0.1493  0.1943 0.3413 99.34 99.44 + 287

Black tea 0.2847  0.20064 0.5398 109.9 7.83 (y

0.0927 02017 02473 84.01 ’
120% 0.1493  0.2341 0.3523 91.89
0.2847  0.2505 0.5432 101.5
0.0927  0.2417 0.3421 102.3
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Table (3)
Accuracy and precision of caffeine determination in tea sample

The caffeine in the analyzed solution

Sample and
. Standard Sample + Mean CvV
Caffeine standard Sample . . Recovery
. Addition addition (%) (%)
addition (mg) (%)
(mg) (mg)
80% 1.171 1.141 2.251 97.36
0.942 1.219 2.274 105.23
1.102 1.224 2.258 97.07
G 100% 1.171 1.478 2.531 95.55 08.18 +
reen .
° 0.942 1.458 2322 96.75 T 201%
tea 2.86
1.253 1.418 2.615 97.89
120% 1.513 1.592 3.088 99.45
0.942 1.621 2471 96.41
1.189 1.641 2.772 97.94
80% 0.2524 0.1700 0.4237 100.23
0.2695 0.1604 0.4277 99.47
0.1169 0.1750 0.2714 92.99
100% 0.2524 0.1885 0.4101 93.00 96.59 +
Black tea 0.2695 0.2150 0.4808 99.24 5.52 5.40 %
0.1169 0.2206 0.3326 98.55
120% 0.2524 0.2500 0.5132 101.96
0.2695 0.2566 0.4493 85.39
0.1169 0.2814 0.3911 98.20

3.5 Determination of EGCG and caffeine in green
tea and black tea products

The simultaneous determination of EGCG and caffeine
in green tea and black tea products were shown in Table 4
and Table 5. Data were obtained from triplicate
experiments.

The EGCG concentrations were calculated and
reported as in the dry sample. The water content of green
tea and black tea samples was in the range of 6.94-8.45 %,
whereas the water content requirements for green tea and
black tea according to SNI are < 7% 1%V, In this study,
we used the gravimetric method (heating 105°C in the oven

for 1 hour) for determination of the water content instead
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of Karl Fisher reagent as stated in SNI. Therefore, there
was a possibility that other substances besides the water in
the samples that also evaporated.

The EGCG concentration in green tea samples was
(16.24-23.75) mg/g, while EGCG concentration in black
tea was (1.10-1.90) mg/g. This value was in accordance
with the range of EGCG concentration as mentioned in the
reference @. Nevertheless, the caffeine concentration in
green tea samples (6.58-7.80 mg/g) and black tea samples
(3.83-6.20 mg/g) was lower than caffeine concentration as
reported in the reference (21.6-29.6) mg/g ®. Low caffeine
concentration in domestic tea products is preferred and

safer for caffeine-sensitive tea consumers.
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Table (4)
The EGCG and caffeine concentration in Indonesian green tea product
EGCG (mg/g) Caffeine (mg/g)
Samples
Mean + SD CV (%) Mean + SD CV (%)

Ga® 23.37 +0.06 0.26 7.44+0.27 3.65

Je® 23.75+0.18 0.76 7.73+£0.26 3.38

Sa® 22.85+0.41 1.79 7.50+0.27 3.62

SS® 17.97 +0.67 3.73 6.58 +0.12 1.89

To® 16.24 + 0.23 1.42 7.80 +0.48 6.10

Table (5)
The EGCG and caffeine in Indonesian black tea product
EGCG (mg/g) Caffeine (mg/g)
Samples
Mean + SD CV (%) Mean + SD CV (%)
Po® 1.90 + 0.02 0.90 3.83+0.32 8.76
Sa® 1.27 +0.04 2.96 3.91+0.08 2.28
SS® 1.66 + 0.05 2.77 5.95+0.59 9.87
Du® 1.42 +0.06 4.29 5.38+0.53 10.69
To® 1.11 +£0.06 5.24 6.20+0.15 2.46
4. CONCLUSION 1.90 mg/g). While the caffeine concentration in green tea

The TLC-densitometry method for simultaneous
determination of EGCG and caffeine in the green tea and
black tea products met the validation requirements in terms
of selectivity, linearity, and accuracy. The precision results
for caffeine levels met the requirements, while the
precision of this method for EGCG determination in green
tea (5.28%) and black tea (7.87%) was outside the AOAC
requirement.

The EGCG concentration in green tea products (16.24-
23.75 mg/g) was relatively higher than in black tea (1.10-
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ABSTRACT

This study aims to identify the effect of Hylocereus polyrhizus on the level of VEGFs and TGF-B1 in acute Wistar

rat wounds. Male Albino Wistar rats (n = 54) whose (250-350 g) were divided into 3 groups (negative control,

positive control, and Hylocereus polyrhizus). The animals were wounded at right and left dorsal back with an 8

mm punch biopsy. Hylocereus polyrhizus 7.5% topical cream was applied on the wound surface using a cotton
bud. The VEGF and TGF-B1 were evaluated with ELISA on the 3/, 7, and 14 days. Analyzed using independent
t-test and paired t-test (SPSS 21, Chicago Inc.). The Hylocereus polyrhizus group had higher level of VEGF and
TGF-B1 compared to positive control (p = 0.011; r = -0.584) and (p = 0.000; r = 0.888), respectively, on the 14t
day. It was found that there was an upward trend between the TGFf-1 level and the tissue granulation's score (p:
0.051 and r: -0.466) as well as TGFB-1 levels with epithelialization score (p. 0.001 and r: 0.708) in the Hylocereus
polyrhizus topical group. This study has shown that Hylocereus polyrhizus can accelerate wound healing during

both the inflammation and proliferation phase.

Keywords: Hylocereus polyrhizus, wound healing, VEGF, TGF-B1.

1. INTRODUCTION

There is an increase in the prevalence of acute wounds.
The West Wound Prevalence Survey reported that the
prevalence of acute wounds is 49%, pressure ulcers are
9%, abraded wounds are 17%, limb injuries are 4%, burns
are 1%, malignancy is 1% and other cuts is 9%(-?. A study
from the United Kingdom (UK) reported a higher
prevalence of acute wounds (303 from 826 peoples)
involving various forms of a traumatic wound®. In

Indonesia, the prevalence of acute wounds is higher

Received on 31/3/2020 and Accepted for Publication on
20/10/2020.
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(64.3%) versus chronic wounds in the home care setting®.
This burden prevalence of acute wounds is an emerging
issue that requires new treatments.

Recently, there has been a renewed interest in
complementary therapy. Although various approaches and
attempts have been made in clinics to treat acute wounds
including debridement, modern wound care dressings, and
arterial reconstruction, these approaches are less effective
at healing®. Meanwhile, empirical experience has proved
that the traditional treatment in wound healing that is often
applied includes applying a sap or herbs as an anti-
bacterial and to prevent bleeding>®. In Indonesia, putting
honey on wounds accelerates acute wound healing?”.

Therefore, complementary therapy may have a potential

© 2021 DSR Publishers/The University of Jordan. All Rights Reserved.
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role in the wound healing process.

Red dragon fruit is a common complementary therapy
in Asia. Red dragon fruit (Hylocereus polyrhizus) contains
a variety of active substances that can be used in both
therapeutic approaches in cardiovascular disease and
degenerative diseases®. It has many flavonoids,
polyphenols, and antioxidants®. It also contains B-amyrin
(23,3%), x-sitosterol (19,3%), and octadecane (9,2%)19.
To date, studies investigating Hylocereus polyrhizus in the
wound care setting are rare. Thus, the purpose of this study
was to investigate the potential of Hylocereus polyrhizus
topical cream to accelerate the healing process of acute
wounds in Wistar rats.

MATERIALS AND METHODS

Preparation of red dragon fruit extract

Red dragon fruit was from plantations near Samarinda,
East Kalimantan, Indonesia. It is extracted using methanol,
and the percentage of inhibition of free radicals (DPPH)
was tested. The anti-free radical activity of the red dragon
fruit and vitamin C was extracted as much as 314.69 ppm
and 3.28 ppm of ICso respectively. Every gram of red
dragon fruit contains high levels of polyphenols 1.062
GAE and 8.3 mg of flavonoid content. A topical cream was
made with 7.5% of concentration.

Experimental animals

This was an experimental study using a post-test design
with a control group design. The samples were healthy
male albino Wistar rats (250-350 gr) from the animal
laboratory of the Faculty of Veterinary Medicine, Gadjah
Mada University. Samples were divided into 3 groups
consisting of 18 rats in each group. All groups were treated
using primary topical therapy. In Group I (control),
rubbing petroleum jelly was applied. Group II (established
drug) used Bioplasenton®. Group III used Hylocereus
polyrhizus as a topical therapy at 7.5% Hylocereus
polyrhizus. Later, Fixomull® transparent film (BSN
Medical) was applied s the secondary dressing. Wounds
were then treated and sacrificed on the 3% 7% and 14"
days. This study protocol refers to The Council for
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International Organizations of Medical Sciences (CIOMS)
consensus, and this study was approved by the ethics
committee ~ of  Hasanuddin  University  (NO.
1684/H4.8.4.5.31/PP36-KOMETIK/2015).

Wounded procedure

Fur from the excision area was removed using cream
bleach (Veet®, Reckitt Benckiser) and disinfected with
0.5% of chlorhexidine in 70% alcohol under isoflurane
anesthesia (0.01 pg/kg — 0.05 pg/kg)V. A circle excision
was made in the back area until the fascia profunda with
an 8-mm punch biopsy!?. The diameter of the wound
surface area of the excision of all groups was measured
using a paper ruler (Figure I).

Histological evaluation of wound healing

Skin tissues were fixed in formalin normal buffer
solution 10%, dehydrated in alcohol of various
concentrations (70%, 80%, 90%, and absolute alcohol I
and I1), cleared with xylol, and disembedded in paraffin(!¥,
The tissue was added to liquid paraffin and was allowed to
harden. The tissue was cut with a microtome to five
microns. The sample was rehydrated and stained with
hematoxylin-eosin (HE). The thickness of the granulation
tissue (proliferation) and connective tissue area was
measured using a micrometer video JVC Japan with four-
fold magnification!”. Evaluation of wound healing was
assessed by scoring the epithelialization and the thickness
of granulation tissue!'®. The epithelialization indicator
used a semi-quantitative evaluation of histological
sections!/®, where score 1 = displacement cells (<50%), 2
= transfer of cells (>50%), 3
excision, 4 = closure of the entire excision score +

= closure of the entire

keratinization. Meanwhile, the thickness of granulation
tissue used a histological score(!”, where score 1 = slight,
2 = moderate, and 3 = thick.

VEGF and TGF-1 measurement

Each group was measured with a biomarker consisting
of VEGF and TGF-B1. The VEGF measurements used the
ELISA techniques with serum from scar tissue excisions.

The VEGF measurement used a mouse VEGF-A enzyme-
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linked immunosorbent assay (ELISA;

p/n

BMS619/2/BMS619/2 TEN). The TGF-B1 mouse ELISA
TGF-Platinum kit was p/n MBS608/4/MBS608/4/4 TEN
from Affymetrix eBioscience (Vienna, Austria).
Examination of VEGF and TGF-B1 was conducted at the
Education Laboratory, Hasanuddin University Hospital.

Statistical analysis

Data were reported as the mean and + SD with a

significant level were set up at p < 0.05. Spearman

correlation proved the correlation between the levels of

VEGF, TGF-B1, and length of treatment. Data were
analyzed using SPSS software (version 21; SPSS Inc.,
Chicago, IL, USA).

RESULTS AND DISCUSSION

DPPH of Hylocereus polyrhizus

The ICsg of anti-free radical activity and vitamin C of
the Hylocereus polyrhizus obtained 314.69 ppm and 3.28
ppm (Table I). The results showed that each gram of the
red dragon fruit contains about 8.3 mg flavonoid levels and
10.62 mg GAE of total phenol content (Table II).

Table 1
The percentage inhibition of DPPH free radical by Hylocereus polyrhizus and ICso values.
Replication Concentration (ppm) Absorbant % Retardation ICso (ppm)
100 0.635 28.774
Hylocereus 200 0.589 33.968
. 300 0.485 45.553 314.69
polyrhizus
400 0.382 57.100
500 0.320 64.088
1.0 0.720 17.676
1.4 0.683 21.943
Vitamin C 1.8 0.565 35.352 3.28
2.6 0.511 41.600
3.4 0.429 50.933
Table 1T
Average levels of polyphenols and flavonoids in Hylocereus polyrhizus
Sample Repetition Absorbant Polyphenols Level (%) Mean of Polyphenols Level
1 0.24 1.090
Hylocereus polyrhizus 2 0.233 1.041 1.062
3 0.236 1.059
Sample Repetition  Absorbant  Flavonoids Level (%) Mean of Flavonoids Level
1 0.074 0.830
Hylocereus polyrhizus 2 0.074 0.830 0.830
3 0.074 0.830

VEGEF level on wound healing

The Spearman correlation test evaluated the correlation
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between the VEGF levels based on the length of treatment.
The VEGF levels of Hylocereus polyrhizus group increased
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between day 3 to day 7 after treatment: 169.17+107.54; p =
0.011; r=-0.702. This declined between the 7" and 14" day
(60.34+33.70), but this was not significant (p = 1.000; r =
0.000). In addition, VEGF declined from the 3™ day to the
14" day (46.47+31.26; p = 0.007; r = -0.727) indicating a
correlation between VEGF levels with the duration of
treatment during the first week. On the contrary, VEGF
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levels declined in the second week (7" to 14" day) of
treatment in the Bioplasenton group and increased after
treatment (98.23+66.73; p = 0.015; r =-0.681). Meanwhile,
VEGF significantly declined between the 3 day
(107.45+55.87) to the 14™ day (27.86 + 16.49) (p = 0.000; r
=-0.874) (Table III).

Table I11
Correlation between VEGF levels based on length of Treatment
34 Day 7t Day 7 14" Day Correlation

Group

Mean SD Mean SD Mean SD 37-7"day 7%-14"day 37%-14" day
Control 107.45 55.87 80.49 55.12 27.86 16.49 -0.097 0.389 -0.874™"

Drug-Established 55.19  31.61 98,23 66.73 3455 2141 0.438 -0.681" -0.267
Hylocereus polyrhizus  169.17 10754 60.34 3370 4647 31.26 -0.702"" 0.000 -0.727"

Correlation between VEGF levels based on length of treatment at three different groups were analyzed using Spearman correlation (*p < 0.05, **p <0.01, and ***p <0.001).

The VEGF levels on day 3 were higher in the
Hylocereus polyrhizus topical group (169.17 pg/g +
107.54 pg/g) as well as on day 14 (46.47 pg/g + 31.26
pg/g) compared to the Bioplasenton and control groups
(27.86 ng/g + 16.49 ng/g). VEGF stimulates angiogenesis,
affects epidermal wound closure and repair, and improves
granulation tissue and wound repair quality'®. VEGF
effectively accelerates wound closure that is stimulated by
angiogenesis, epithelialization, and collagen deposition!?.

This study shows that in macro, wound closure is better
in the Hylocereus polyrhizus topical group than the control
and Bioplasenton group (Figure II adnd Figure III) due to
the high levels of VEGF at each stage of wound healing.
VEGF illustrates the development of wound healing.
VEGF
approximately 3-7 days after injury in which the capillary

During the proliferation phase, appears
growth and differentiation are highest. During this period,
VEGF induces the early stages of angiogenesis including
dilation, permeability, migration, and proliferation®®?,
The mean VEGF levels were higher in the Hylocereus
polyrhizus topical group (108.84 pg/g) on day 3-7 versus the

Bioplasenton group (-43.03 pg/g) and the control group
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(26.96 pg/g). Moreover, on day 3-14, the mean difference in
VEGF was higher in the Hylocereus polyrhizus topical
group (122.70 pg/g) compared to the Bioplasenton (20.64
pg/g) and control group (79.58 pg/g). This increase in
VEGEF can predict the occurrence of angiogenesis and better
epithelialization process on the wound healing process.

This study is consistent with research concluding that
the application of topical VEGF increases epithelialization
and increased matrix deposition of collagen and cell
proliferation®). VEGF also stimulates wound healing
through angiogenesis, proliferation, and
epithelialization®”. VEGF is produced by many types of
cells that participate in wound healing including
endothelial cells, fibroblasts, soft tissue cells, platelets,
neutrophils, and macrophages VEGF®@?,

VEGF levels on day 3 were higher in the Hylocereus
polyrhizus topical group (169.17 pg/g + 107.54 ng/g) as
well as on day 14 (46.47 pg/g + 31.26 pg/g) compared to
the Bioplasenton and control group (27.86 ug/g £ 16.49
ng/g). High levels of VEGF are produced during normal
wound healing. This produces a strong angiogenic

response. VEGF protein levels tend to be low in
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individuals who have chronic wounds such as patients with
diabetes.

TGF-B1 levels of each group

Levels of TGF-B1 on the 3™ day after treatment were
relatively similar across all groups (control group
143.11£12.80; Bioplasenton group 143.43+17.69;
Hylocereus polyrhizus group = 141.98+5.16). There was
an increase (p = 0.003; r = 0.775) of TGF-B1 levels on the
7t day after treatment (control group = 167.57+23.37;
Bioplasenton group = 148.62+5.93; Hylocereus polyrhizus
group = 149.59+3.98). While on the day 14" after the
treatment, the TGF-B1 level was lower in the control group
(153.80+6.55; p = 0.158; r = 0.435), whereas both

Hylocereus polyrhizus and Bioplasenton group continued

to and the trend was

(178.59436.62 and 157.53+ 11.46 pg/g).
The Spearman correlation test from the control group

increase, nearly identical

showed that there was no correlation of time of the treatment
(day 3, day 14) with high levels of TGF-B1 (p =0.158, r =
0.435). The same thing also happened in the Bioplasenton
group (p = 0.215, r = 0.386). Otherwise, the result in the
Hylocereus polyrhizus group (p = 0.000. r = 0.872) implies
a correlation of treatment time (day 3 or day 14) with high
levels of TGF-B1. This indicated the tendency of TGF-B1 to
increase over time during Hylocereus polyrhizus-enhanced
wound healing (Table IV).

Table IV
Correlation between TGFp-1 levels based on Length of Treatment
Group 3" Day 7" Day 14™ Day Correlation
Mean SD Mean SD Mean SD 37-7"day 7M-14"day 3r9-14" day
Control 143.11 12.80 167.57 2337 15380 6.55 0.676" -0.314 0.435
Drug-Established 143.43 17.69 148.62 593 157.53 11.46 0.048 0.459 0.386
Hylocereus polyrhizus 14198 5.16  149.59 3.98 17859 36.62 0.755" 0.775™ 0.872"*"

Correlation between TGFf-1 levels based on length of treatment at three different groups were analyzed using Spearman correlation (*p < 0.05, **p <0.01, and ***p <0.001).

Correlation of TGF p-1, granulation score, and
epithelialization score

Spearman correlation testing between the TGFp-1
level with the tissue granulation score showed a correlation
in the Hylocereus polyrhizus topical group that there is a
tendency to improves tissue granulation (p: 0.051 and r: -
0.466); the control group and the Bioplasenton group
showed no correlation between the TGFB-1 level with
tissue granulation’s score (p: 0.498 and r: 0.171) and (p:
0.890 and r: 0.035), respectively.

Another research related use of topical concentration

red dragon fruit extract 7.5% proved better in repairing the
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granulation tissue and epithelialization tissue in the Wistar
Non-DM group compared with the DM Wistar, so red
dragon fruit extract potential to be used as a therapy in
wound healing®?.

In the epithelialization score, the Spearman correlation
testing between the TGFB-1 level with epithelialization
shows that there is a correlation with Hylocereus
polyrhizus topical group (p: 0.001 and r: 0.708), while in
the control group and Bioplasenton group, we found no
the TGFp-1 with the
epithelialization score (p: 0.075 and r: 0.429; and p: 0.651
r: 0.127), respectively (Table V).

correlation between level
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Table V
The correlation between TGF -1 and granulation, TGF -1

and epithelialization based on different groups.

TGF B-1 and Granulation TGF B-1 and Epithelialization

Group - 0 - o

Control 0.171 0.498 0.127 0.615
Bioplasenton 0.035 0.429 0.075
Hylocereus polyrhizus  -0.466 0.708 0.001

All of data were analyzed using Spearman correlation.

TGF-f1 level on wound healing

The results showed that TGF-p1 undergoes variations
in the increased value in each group, but it increases the
TGF-B1 on day 3 (inflammatory phase). This does not
show a significant difference. The average levels of TGF-
B1 increased in the Bioplasenton group (143.43 ng/g). This
was slightly lower than the Hylocereus polyrhizus topical
group (141.98 pg/g) compared to the control group
(143.11 pg/g). On the 14™ day, the average levels of TGF-
B1 decreased significantly in the control group (6.55 pg/g)
and the Bioplasenton group (11.46 pg/g) versus the
Hylocereus polyrhizus topical group (36.62 ng/g).

The presence of TGF-B in the granulation tissues is
important for efficient wound healing because TGF-p1
fibroblast

differentiation of myofibroblasts, and matrix deposition.

stimulates  angiogenesis, proliferation,
Moreover, TGF-B1 also plays an essential role in the three
phases of wound healing: inflammation, proliferation, and
maturation. Besides, hemostasis can be defined as a
blockage of bleeding after injury, and it is involved in
vasoconstriction, platelet collection, and blood
coagulation®?,

The TGF-B1 increases the angiogenic properties of the
endothelial source cells to facilitate blood supply to the
injured area and stimulate fibroblast contraction for wound
closure®. Hylocereus polyrhizus can increase the
formation of fibroblast tissue. TheTGF-B1 is higher in
Hylocereus polyrhizus than the Bioplasenton group and

the control group. The results show that the Hylocereus
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polyrhizus topical group has a p-value = 0.000 implying
that there is a correlation to treatment time (day 3, day 14)
with high levels of TGF-B1 (r = 0.872).

Hylocereus polyrhizus also has a good effect on wound
healing during the granulation phase. The results indicate
that the granulation score of the Hylocereus polyrhizus
topical group categories of thickness was 50% on day 3,
33.3% on day 7, and 0% on day 14. A Kruskal-Wallis
statistical test indicated that p = 0.026 which means that
there are differences in the granulation score of the
Hylocereus polyrhizus topical group based on time (day 3,
day 7, day 14).

In the maturation phase of wound healing, Hylocereus
polyrhizus can nicely epithelialize. The wound closure on
day 14 in the Hylocereus polyrhizus group was keratinized
in one of the rats. The Kruskal-Wallis statistical test
showed p = 0.002, which means that there is a difference
in the epithelialization score of the Hylocereus polyrhizus
topical group as a function of time (day 3, day 7, day 14).

Several studies have been conducted using similar
active substances (polyphenolics) with the same content as
dragon fruit in the treatment of wound healing in rats with
induced allowance®®. Similar observations have also been
done on the effect of dragon fruit extract as a topical cream
for granulation tissue. This supports collagen growth
because it contains hexosamine that can accelerate the
wound healing process®®”.

CONCLUSION

Hylocereus polyrhizus topical (7.5%) increases VEGF
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levels in the inflammatory phase and increases the levels
of TGF-P1 in the proliferative phase. The level of TGF-f1

have a tendency improves tissue granulation and

—_
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ABSTRACT

Objective: Pterocarpous indicus is a plant, which is traditionally used for the treatment of tumours, headaches,
fever, constipation, stomach pains and female irregular ministration. The present study was undertaken to evaluate
the possible analgesic, anti-diarrheal and neuropharmacological activities of the alcoholic extract of P. indicus
leaves in mice.

Materials and Methods: Swiss albino mice of either sex weighing 25-30gm were used for the study. The analgesic
activity was measured by acetic acid-induced writhing inhibition test. Anti-diarrheal activity was assessed using
castor oil-induced diarrhea inhibition test and the neuropharmacological activities were evaluated using hole cross,
hole board, and open field tests. The extract was used at 250 and 500mg/kg b.w.

Results: The experimental results obtained indicated that the alcoholic extract significantly inhibited the acetic acid
induced writhing in mice models at 250 and 500mg/kg body weight. The extract showed a significant sedative effect in
hole cross test at 250 and 500 mg/kg. In hole board test, the extract exhibited significant (p <0.001) anxiolytic-like activity
at 500 mg/kg. The extract showed no significant anti-diarrheal effect in experimental animals.

Conclusion: This investigation confirmed that alcoholic extract of P. indicus has good analgesic and
neuropharmacological property. Further studies are required to elucidate the possible mechanisms and to isolate

the compounds from the alcoholic extract of P. indicus responsible for these bioactivities.
Keywords: Pterocarpus indicus, analgesic, anti-diarrheal, anxiolytic, sedative effect.

1. INTRODUCTION

From the very ancient time, various medicinal plants
have been used as traditional medicines for remedial
purpose. These medicinal plants have the ability of
producing many biological effects due to containing
various interesting chemical constituents [1]. The unique
causes of many momentous drugs that are in current use
are plants used by traditional people. Some of the
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pharmaceutical products presently in use were derived
from plant sources which include anti-cancer drugs like
vinblastine, vincristine and paclitaxel [2]; analgesics,
narcotic like morphine [3] as well as anti- malarial drugs
like artemisinin and quinine [4]. Still a significant
proportion of the population relies on the conventional
system of drugs to treat various diseases [5] and according
to assessment by the World Health Organization (WHO),
around 80 % of the world population immobile relies on
medicines derived from plant sources [6]. Bangladesh is a
worthy source of medicinal plants and there are over 500
different medicinal plant species growing in Bangladesh,

around 250 of which are used to prepare traditional

© 2021 DSR Publishers/The University of Jordan. All Rights Reserved.
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medicines [7]. Pterocarpus indicus belongs to the family
Fabaceae and is spread throughout the regions of India,
Bangladesh and other Southeast Asian countries. In
Bangladesh, the plant is known by the name of Padauk
used as folk medicine to combat tumors [8]. In Philippines,
it is well known by the name of narra. It also exhibits
different pharmacological properties [9, 10]. A number of
the plant’s ingredients have been isolated and studied for
their bioactivities. Among them are: angolensin, an
antifungal component [11], In India a number of medicinal
plants and their formulations are widely used for the
treatment of various disorders [12]. Therefore, in the
contemporary study we aim to investigate whether the
ethyl acetate extract of Pterocarpus indicus (leaves) has

analgesic, anti-diarrheal and CNS depressant activities.

MATERIALS AND METHODS:

Plant collection and extraction

The leaves of Pterocrpus Indicus Willd were collected
from Sundarban, Bangladesh, during the month of
December 2018. After collection, the sample was
identified and authenticated by the authorities of
Bangladesh National Herbarium, Mirpur, Dhaka,
Bangladesh and a voucher specimen (DACB: 46477) has
been deposited for future reference. The leaves were
washed with fresh water, shed-dried and the dried leaves
were grounded into fine powder. The crude extract was
obtained by cold extraction method by taking 400 g
powders in 800 ml of 90% methanol with occasional
shaking and stirring. The whole mixture then underwent a
coarse filtration by apiece of fresh, white cotton material.
Then it was filtered through whatman filter paper. The
extract was concentrated initially by rotary evaporator at
reduced pressure and finally by open air. The yield was
found to be 5.5% w/w. freshly prepared extract was used

in the experiments.

Phytochemical screening:
Different phytochemical groups such as alkaloids,
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tannins, gums, glycosides, flavonoids, saponins and
steroids were recognized by distinguishing colour change
using standard chemical tests. Molisch Test and Fehling’s
Test were used for carbohydrate existence. Biurets’s Test
was used for Proteins detection. Flavonoid Test was used
for detection of flavonoids. Alkaloids were detected using
the Dragendroff’s, Mayer’s and Hager’s test. For
identification of tannin potassium dichromate test, ferric
chloride, and lead acetate tests were followed. Keller-
Kiliani tests were performed to identify glycosides.
Frothing Test for saponins existence, Sulphuric acid test
was performed for the detection of steroid. Molisch test
was performed for detecting the existence of gum in the
samples [13].

Experimental animals:

Swiss-albino mice of 5-6 weeks age and, average
weight of 20-25 g were used for the experiment. The mice
were acquired from Pharmacy Department, Jahangirnagar
University, Dhaka, Bangladesh. The animals were
acclimatized to laboratory condition for nine days prior to
experiments and had free access to standard pellet diet and
water ad libitum properly. The research protocol was
approved by the institutional animal ethical committee of
Jahangirnagar University, savar, Bangladesh Ref No.:
BBEC, JU/M2018 (12) 2 dated: 06.07.2019.

Evaluation of analgesic activity:

Acetic acid induced writhing test

Four groups of six mice each were pretreated with the
vehicle only (1% Tween 80, 10 ml/kg, i.p), diclofenac-Na
(100 mg/kg) and P. indicus alcoholic extract (250 mg/kg
and 500 mg/kg) respectively. Forty-five minutes later each
mouse was injected with 0.7% acetic acid at a dose of 10
mL/kg body weights. The number of writhing responses
was recorded for each animal during a subsequent 3 min
period after 15 min of the I.P. administration of acetic acid
[14,15].

The percentage inhibition was calculated using the
formula:
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% inhibition =

Mean number of wriths by control-Mean number of wriths by treated group

Mean number of wriths by control *100

Evaluation of anti-diarrheal activity:

Castor oil induced diarrheal test

The method defined by Shoba and Thomas was used
for carrying out the test [16]. Before testing, animals were
separated for diarrheal test by administering 0.5 mL of
castor oil orally and those animals that began diarrhea were
selected finally for the test. After selection, selected
twenty-four mice were divided into four groups,
containing six mice in each group. Mice were fasted for 18
h with free access to water before experiment. Animals of
the group 1 received the vehicle only (1% Tween 80, 10
ml/kg, i.p), which served as control; group 2 was treated
with standard drug (Loperamide 3 mg/kg body weight).
Groups 3 and 4 have received different extract doses 250
and 500 mg/kg, respectively. 30 min after administration,
all mice received 0.5 mL of castor oil orally to initiate
diarrhea and were individually placed in cages on blotting
paper. At every hour, the paper was changed. During an
observation period of 4h, the number of diarrheal feces
was recorded and the percentage of inhibition of
defecation was calculated for every group of animals.

Evaluation of CNS activity:

Open Field Test. In this test, 24 mice were arbitrary
selected and divided into four different groups termed as
control group, standard group, and test groups (I and II).
Control group received only 1% (v/v) Tween-80 at a dose
of 10 ml/kg body weight, while standard group received
diazepam at a dose of 3 mg/kg body weight as oral
suspension. The test groups (I and II) were treated with
suspension of plant extracts at the oral dose of 250 and
500mg/kg body weight. All doses were fixed orally with
the help of sterile feeding. After respective treatment,
animals were placed individually in one of the corners of
square grids (100 cm x 100 cm x 40cm). The number of
squares traveled by the mice was monitored for 3min at 0,
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30, 60, 90, and 120 minutes during the observation period.
During the experiment silent environment was strongly
maintained [17].

Hole Board Test. Mice were divided into 4 groups and
each group contained 6 mice with 25-30g in weight. Group
I was given 1% Tween-80, Group II was treated with
diazepam at 3 mg/kg body weight dose, and Groups III and
IV termed as test groups were given alcoholic extract of
Pterocarpus indicus (leaves) at the doses of 250 and
500mg/kg body weight, respectively. At the beginning of
the test, mouse was placed in the edge of the board. The
number of head dips into the holes was counted as the
measurement for a period of 3 minutes on 0, 30, 60, 90, and
120 minutes for the entire observation period. The
experiment was carried out in a sound attenuated room [18].

Hole Cross Test: After respective treatment of afore-
mentioned group, mice were placed individually in the darker
chamber of the box, segregated by a wall with hole into dark
and white chambers. Within 3 minutes, the total number of
crosses from one chamber to the other by the mouse of each
group was counted as 0, 30, 60, 90, and 120 minutes. The test
was conducted in a sound attenuated room [19].

Data Analysis: Statistical analysis for animal
experiments was carried out using Independent-Sample T
Test using SPSS 11.5 for windows. Data were presented
as Mean+SEM. The results obtained were compared with
the vehicle control group. p values < 0.05, < 0.01 and <
0.001 were considered to be statistically significant, highly

significant and very highly significant respectively.

RESULTS:

Phytochemical Screening of the crude alcoholic
extract of Pterocarpus indicus (leaves) was subjected for
chemical group tests and discovered the presence of
reducing tannin, alkaloid, glycoside, saponins, steroid,
flavonoid, phenolic, carbohydrate and terpenoid and
absence of gums (Table: 1).
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Table: 1 phytochemical test results of extract of Pterocarpus indicus.

Tested groups Ethyl acetate extract of Pterocarpus indicus (leaves)
Tannins
Alkaloids
Glycosides

Saponins

Steroids

R N o R

Flavonoids

Gums

Phenolic
Carbohydrate
Terpenoid

+ |+ |+

Evaluation of Analgesic Activity: The crude extract
exhibited 38.00%, and 49.63% writhing inhibition in mice
at oral doses of 250, and 500mg/kg body weights of mice,

respectively. On the other hand, the standard drug
Diclofenac sodium exhibited inhibition of 67.44% at 10-
mg/kg body weight dose (Table 2).

Table 2: The effect of STD, PI 250, PI 500/kg in the acetic acid induced writhing test.

Treatment Number of writhing’s [Mean + SEM] | % Inhibition
Control 21.50+2.92 00

Standard [Diclofenac Sodium] | 7.0+£0.52%*%%* 67.44

Leaves extract [250mg/kg] 13.33+1.80** 38.00

Leaves extract [5S00mg/kg] 10.83£0.75%** 49.63

Values are presented as Mean = SEM (n = 6), ***P <(.001, **P <0.01, *P
< 0.05, which is significant compared with the control group (one-way
ANOVA followed by Dunnett’ test).
Evaluation of Anti-diarrheal activity no significant antidiarrheal effect in mice. The results are
Castor oil induced method shown in Table: 3.

In castor oil induced diarrhea test, the extract showed

Table 3: The effect of STD, PI 250, PI 500/kg in castrol oil induced anti-diarrheal test.

Group Total number of | % Inhibition of | Total number of Diarrhoeal | % Inhibition of
feces (Mean+SEM) | defecation feces (Mean+SEM) diarrhea

Control 8.0 +0.63 00 5.20 +0.37 00

Standard 4.4+ 0.81 45 2.60 + 0.40 50

Leaves extract -1 7.4+0.51 7.5 3.60 +0.93 30.1

Leaves extract - I | 7.8 +2.55 2.5 4.80 +1.85 7.6

Data were analyzed by one-way ANOVA following Dunnet’s post hoc test. Values are expressed as Mean + SEM, n = 6

compared to the control group we found no significant effect.
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Open Field Method. The crude extracts shown
statistically significant reduction in the movements in mice
as compared to control. The decrease in the movement was

manifested at 2nd observation persistent until 4th

observation at every tested dose (250, and 500 mg/kg).
Diazepam exhibited similar results but the effect was fairly

stronger than the extracts (Table 4).

Table 4: CNS depressant activity test of leaves extracts by open field method

Number of movement (% of movements inhibition)
Group Dose ) . . . .
0 min 30 min 60 min 90 min 120 min
Control 10 ml/kg 540.70 6.2+0.37 6.2+0.48 | 6.6+£0.40 | 8.6+0.24
Standard 3 mg/kg 1.6+0.51 1.2+0.37** | 1.6+£0.40 | 1.2+0.58 | 0.2+0.20*
Leaves extract -1 | 250 mg/kg 0+0 0.25+0.25%** 343 2754275 | 3.543.5
Leaves extract - I | 500 mg/kg | 0.75+0.48 | 1.25+0.75%* 1+0.71 | 0.75+0.48 | 1+0.71*

Values are presented as Mean + SEM (n = 6), ***P < 0.001, **P < 0.01, *P < 0.05, which is
significant compared with the control group (one-way ANOVA followed by Dunnett’ test).

Hole Cross Method. The crude extracts shown
statistically significant reduction of locomotors activity in
mice at every tested dose (250 and 500 mg/kg) compared

to control. The decrease in the locomotors activity was

manifested at 2nd observation persistent until 4th
observation. Diazepam (positive control) exhibited similar
results but the effect was fairly stronger than the extracts
(Table5).

Table 5: CNS depressant activity test of leaves extracts by hole cross method

Number of Head dips
Group Dose ) ) . . .
0 min 30 min 60 min 90 min 120 min
Control 10 ml/’kg | 5+0.70 6.2+0.37 6.2+0.48 | 6.6£0.40 8.6+0.24
Standard 1 mg/kg 1.6+0.51 1.240.37*** | 1.6+£0.40 | 1.2+0.58** | 0.2+£0.20%**
Leaves extract -1 | 250 mg/kg | 4.2541.25 | 2.75£1.25 4.25+2.14 | 2.25+¢0.25 | 5.75+1.03
Leaves extract - II | 500 mg/kg | 7.75£2.56 | 2.25+0.96** | 4+1.47 1.2540.25% | 1.75+0.48***

Values are presented as Mean £ SEM (n = 6), ***P < 0.001, **P < 0.01, *P < 0.05, which is significant
compared with the control group (one-way ANOVA followed by Dunnett’ test).

Hole Board Method. In the Hole Board Test, the crude
extract at each dose showed significant reduction in the
number of head dips compared to control, although the
effect of diazepam was stronger than that of the results of

the crude extracts. The effect was started from 2nd
observation of the experiment and lasted to 4th observation
(Table 6).
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Table 6: CNS depressant activity test of leaves extracts by hole board method

Number of movement (% of movements inhibition)
Group Dose - - - - -
0 min 30 min 60 min 90 min 120 min
Control 10 ml/kg 5+0.70 6.2+0.37 6.2+0.48 6.6+0.40 8.6+0.24
Standard 1 mg/kg 1.6£0.51 | 1.2+0.37* | 1.6+0.40** | 1.2+0.58* | 0.24+0.20%**
Leaves extract -1 | 250 mg/kg | 4+£2.70 3+3.46 3.543.11 54+2.22 6.5+1.22
Leaves extract - II | 500 mg/kg | 8.25+1.31 | 4.5+0.66 | 2.5+0.29* 3+0.41 3.5+0.65*

Values are presented as Mean = SEM (n = 6), ***P <0.001, **P <0.01, *P <0.05, which is significant
compared with the control group (one-way ANOVA followed by Dunnett’ test).

DISCUSSION

In the contemporary study, phytochemical tests had
shown the existence of alkaloid, flavonoid, tannin and
saponins in extracts of P. indicus. Presence of these
phytochemical compounds can be correlated to the
biological activities of the test extract. The present study
also investigated the analgesic, anti-diarrheal, and
neuropharmacological properties of P. indicus secondary
bioactive metabolites.

Analgesic activity of extract was assessed by acetic
acid-induced writhing method. Acetic acid causesd
increased levels of local endogenous substances; PGE2,
PGF2a as well as lipoxygenase derived eicosanoids in the
peritoneal fluid that is being responsible for pain sensation
[20,21]. Acetic acid-induced writhing test is widely used
method for evaluation of peripheral analgesic effect
[22,23]. Agents that lowers the number of writhing,
demonstrate analgesia by inhibition of prostaglandin
synthesis, a peripheral mechanism of pain inhibition. Leaf
extract of P. indicus markedly reduced the number of
abdominal constrictions and stretching of hind limbs
induced by the injection of acetic acid in a dose-dependent
manner. This effect was comparable to the effect produced
by standard drug diclofenac sodium. The writhing
response produced after administration of acetic acid is
related to sensitization of nociceptive receptors to
prostaglandins. It is established that nonsteriodal anti-
inflammatory drugs (NSAIDs) such as diclofenac inhibits
the synthesis of prostaglandin; which increases the
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sensitivity of nociceptor and perception of pain [24].

Therefore the result of the acetic acid-induced writhing
model mice suggests that the extract may inhibit the
writhing via inhibition of prostaglandin synthesis. [25].
Previous study [26] stated that P. indicus stem bark extract
also showed significant effect in acetic acid induced
writhing test.

It is well established that various flavonoids, alkaloids,
steroids are involved in analgesic activity [27]. In the
phytochemical group tests of leaf extract, some major
phytochemicals namely; alkaloids, tannins, saponins and
flavonoids were identified. It is supposed that these
polyphenolic compounds may be responsible for analgesic
activity of the leaf extract.

Diarrhea can be defined as the abnormally frequent
excretion of feces of low consistency, which may be due to a
disturbance in the transport of water and electrolytes in the
intestines. Castor oil causes diarrthea due to its active
metabolite, ricilonic acid that stimulates the release of
endogenous prostaglandins and peristaltic activity in the
small intestine, leading to the changes in the electrolyte
permeability of the intestinal mucosa [28,29]. The results of
our study show that there was no significant reduction in the
incident and severity of diarrhea with the crude alcoholic
extract of P. indicus (leaves) in experimental animals.

The Open Field test is one of the most widely used test in
animal behavioral studies. The Opening Board Test (HBT) is
a trial strategy used in scientific research to quantify tension,

stress, neophilia, and emotionality in creatures. Due to its
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capacity to quantify numerous practices, it is a prevalent test
in conduct pharmacology yet the outcomes are dubious. Also,
the approval of nervousness was completed by estimating
outer signs, through Hole Cross tests. There are a few reports
which exhibited that the alkaloids, glycosides, and flavonoids
rich plant extracts possess sedative, anxiolytic, and
antiepileptic properties intervened through their proclivity
with benzodiazepine site of gabaergic complex framework or
are immediate or aberrant modulator delicate his receptor's
increases in GABA activity in the brain producing drowsiness
and facilitating or maintaining sleep [30-34]. Therefore it
appears that the above-mentioned phytochemicals present in
the P. indicus leaves extract may contribute at least to a
limited extent to the calming and sleep inducing impacts on
the CNS. We started our examination to assess CNS
wretchedness impacts of P. indicus departs separate by
account unconstrained locomotors action of mice in hole
Cross and Open Field tests. Our outcome showed that the oral
administrtion of test extract at the dosages 250, and S00mg/kg
caused a marked reduction in number of hole crossed and
laziness to new condition which was reverse for CNS
stimulating agent. All tried portions delivered critical restraint
of motion.

The hole board test is useful for demonstrating anxiety
in animals. This test is entrenched as a way to examine

potential anxiolytic and narcotic impacts of any operators
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ABSTRACT

Background: Miscarriage is associated with moderate to high risk of psychological problems. In Arab countries,
the percentage of people who seek psychological help is low. The epidemiological mental studies for clinical and
community samples are not frequently conducted in Jordan. The purpose is to study the rates of anxiety and
depression one month after miscarriage and compare them to rates immediately after miscarriage.

Subjects and Methods: A cross-sectional sample of 200 women between June 2018 and December 2019with
early pregnancy loss up to 13 weeks of gestation was studied. Assessment for the severity of anxiety and depression
was carried out within 12 hours after miscarriage and one month later, using translated and validated versions of
the Generalized Anxiety Disorder-7andthe Patients Health Questionnaire 9.

Results: The mean age of women was 33.1+ 6.3years and the age ranged between 19-47 years. The number of
miscarriages ranged from 1-12 with a mean of 1.9 + 1.5. Within 12 hours post evacuation; 19.5% of women had
severe anxiety and 22.5% had moderately severe and severe depressive symptoms. One month later; 5.5% had
severe anxiety and 7% had moderate to moderately severe depressive symptoms. Severe anxiety was transient in
about 72% of women and moderate to severe depression was transient in 69%.

Conclusions: Understanding the type and frequency of emotional reactions to pregnancy loss is important.
Screening is advised to target appropriate support to those who need, there-by minimizing psychological morbidity
and its societal cost. Increasing medical staff awareness is needed.

Keywords: Miscarriage, Anxiety, Depression.

1. INTRODUCTION medically straight forward (2). Women are highly reactive

to stress in early pregnancy (3). Early pregnancy loss

Miscarriage is one of the most common complications (EPL) is usually a shocking and traumatic event for women
during early pregnancy (1), and its management is and their families (4). At the time of miscarriage, most

omen experience a period of intense emotional distress
Received on 26/7/2020 and Accepted for Publication on W P p )
23/11/2020. (5) that leads to symptoms of grief such as sadness,

yearning, social isolation and guilt(6). EPL is a risk factor

_ 9 5 - © 2021 DSR Publishers/The University of Jordan. All Rights Reserved.
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for mental illness (7). Its impact on a woman's life can
erroneously be underestimated (7), as it is a significant
source of psychiatric morbidity (4). Untreated anxiety after
EPL is associated with an increased risk of developing
depression (8), as well as a prior pregnancy loss is a risk
factor for developing depression and anxiety during future
pregnancies especially during their first trimester(9).
Although controversial, the presence of anxiety or
depression in a new pregnancy constitutes a risk factor for
perinatal complications (4).

During the initial weeks following a loss, symptoms of
grief may be impossible to distinguish from depression,
and some women may continue to experience depressive
symptoms for months (5). The psychological impact of
miscarriage is sometimes overlooked (2). Expression of
grief and depression may show cultural variations
(10).Arab cultural traditions; values and beliefs towards
mental illnesses are different from those of Westerners
(11). Local studies has shown stigma toward mental illness
(12-14). The percentage of Arab people who seek
psychological help is much lower than those in Western
countries (15). Hence, most studies on the psychological
impact of miscarriage have been carried out in Western
countries(10).Epidemiological mental studies for both
clinical and community samples are not frequently
conducted in Jordan (12), also there is paucity of studies
conducted on mental illness stigma and professional
psychological help-seeking (16).

Hence, we designed this study to look into the rate of
anxiety and depression in women attending Jordan
university Hospital with the diagnosis of EPL immediately
and one month later.

We hope this study will attract the attention of health
providers dealing with these women.

Subjects and Methods:

All women admitted to Jordan University Hospital for
elective termination of previously diagnosed missed
miscarriage or retained products of pregnancy on the basis

of ultrasound scan, between June 2018 and December

-96 -
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2019 were eligible for inclusion in the study. Each woman
had a structured clinical interview by obstetrics’ residents
within 12 hours after evacuation and before discharge.
Those ladies were told that they will receive another phone
call from the same residents one month later. They were
asked the same questions to fill the same questionnaires.
An informed consent was obtained from all participants;
they were informed that their participation is voluntary,
and that they are free to withdraw anytime during the
interview. Women who declined to participate in the study,
women who were discharged before the residents were
able to interview them, those with multiple gestation and
those with miscarriages where fetal measurements were
more than 13 weeks by crown rump length were excluded
from the study (they were 604 women).We had 100%
response rate to the survey phone calls. Hospital records
were reviewed to confirm the histopathology of the
outcome. A structured clinical interview was conducted by
an obstetrical resident using the translated and validated
version of the Generalized Anxiety Disorder -7(GAD 7),
to evaluate anxiety state and we use Patient Health
questionnaire (PHQ 9) for depression evaluation.
Respondents were asked to provide information for their
age and obstetrical history. They were asked to rate the
frequency of anxiety symptoms after evacuation, on a
Likert scale which ranges from 0-3. Each item is scored
from 0 -3. The 0 is (not at all sure), 1 for (several days), 2
(more than half the days), 3 (nearly every day). The total
scores ranged from 0 (no anxiety symptoms) to 21 (all
symptoms occurring daily). A total score of 0-4 represents
minimal or no symptoms of anxiety, 5-9 mild, 10-14
moderate and 15-21 severe.

For depression symptoms using PHQ-9 questionnaire;
there are 9 items for assessment. Each item is scored from
0 (not at all), to 3 (nearly every day). A total score from 0-
4 represents the absence or minimal level of depression, 5-
9 mild, 10-14moderate, 15-19 moderately severe and 20-
27 for severe depressive symptoms. Both questionnaires

were completed during the interview with these women.
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The study was approved by the Ethics Committee for
Medical Research at the Jordan University Hospital and the
University of Jordan. Data were analyzed using SPSS 23. We
obtained the frequency and percentage of women suffering
from mild, moderate and severe anxiety and depression.

We obtained the frequency and percentage of women
suffering from mild, moderate and severe anxiety and

depression immediately after miscarriage and one month later.

Results: A total of 200women were interviewed; their
characteristics were as follows: their mean age was33.1 £
6.3years, ranged from (19—47) years. Number of miscarriages
ranged from (1-12) with a mean of 1.9 +1.5; their parity
ranged from (0-7) with a mean of 2.3+1.5. Table 1

Table 1.Maternal characteristics of women with miscarriage included in the study, Jordan University Hospital, 2020

Women with Women with > Women with no previous
Maternal characteristics miscarriage miscarriages childbirth
n= 200 n=92 n=27
Age years (mean) 33.1+6.3 342+ 6.4 29.0+£97
Age range (years) 19-47 19-45 19-47
Parity (mean) 23+1.5 2.8+1.5 0
Parity range 0-7 0-7 0.0
Number of miscarriages (mean) 2.3+£1.5 3.0£1.5 1.6+£1.0
Miscarriage range 1-12 2-12 1-4

Our results for anxiety immediately post evacuation
showed the following: 62(31.0%) of women had no or
minimal symptoms, 65(32.5%) had mild symptoms,
34(17.0%) had moderate symptoms and 39(19.5%) had

severe symptoms.Graphl

Graph 1

Our results for anxiety one-month post evacuation showed
that: 137 (68.5%) of women had no or minimal symptoms, 33
(16.5%) had mild symptoms, 19 (9.5%) had moderate

symptoms and 11 (5.5%) had severe symptoms. Graph 1

Distribution of anxiety in miscarried women withinin 12 hours and one
month later(post)
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Regarding depression soon after miscarriage for the
total group, there was 62 (31.0%) women with no or
minimal symptoms, 58 (29.0%) with mild symptoms,
35(17.5%) had moderate symptoms, 26(13.0%) had

moderately severe symptoms, and 19 (9.5%) had severe

Graph 2
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symptoms. Graph 2, compared to one month later, where
132 (66.0%) showed minimal or no symptoms at all, 35
(17.5%) had mild symptoms, 19 (9.5%) had moderate
symptoms, 14 (7.0%) suffer moderately severe depression

and no women had severe symptoms. Graph 2

Distribution of Depression in miscarried women withinin 12 hours and
one month later{post)
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For women with no previous children, 10(37%) had
moderate to severe anxiety soon after miscarriage, and 5
(18.5%) stay significantly anxious one month later,
compared to 13 (8.1%) who had moderate to severe
depressive symptoms soon after EPL and 4(14.8%) still
with symptoms one month later.

For women with recurrent miscarriages, we found that 33
(35.8%) of them had moderate to severe anxiety, and 37
(40.3%) had moderate to severe depression soon after EPL.
However, one month later 12(13%) suffered from moderate
to severe anxiety and 15(16.3%) had moderate to severe
depressive.

Discussion:

Miscarriage usually induces an intense period of
emotional distress. This reaction tends to improve over the
following several months, but some residual psychological
concerns remain(1), as some will develop clinically

significant anxiety or depression (1,2).There are many

-08 -

Moderate-severe Severe

Moderate

= Post One month later

studies that focused on anxiety and depression in women
soon after EPL and for different periods that follow which
ranges from weeks to several months.

Lok IH et al in his longitudinal observational study,
showed that (55%) of the miscarrying women scored high
immediately —after miscarriage on General Health
Questionnaire, and 26.8% of the patients scored high on the
Beck Depression Inventory (14). However, Prettyman et al,
reported clinically important levels of anxiety (41 %) and
depression (22 % in the first week following miscarriage (17).
Broen et al in their longitudinal study also showed that 10
days after the event, 47.5% of the women who had a
miscarriage, had high Impact of Event Scale scores (18).

In another prospective study by Engelhard IM et al,
25% of the women with miscarriages met the criteria for
post-traumatic stress disorder at 1 month (19). Jessica
Farren et al found at 1 month screen, 32% of women in the
EPL group met criteria for moderate-to-severe anxiety,
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and the prevalence of moderate and severe depression
symptoms 16% (16).Geller et al stated that miscarrying
women are at increased risk for anxiety symptoms
immediately following miscarriage and this continues until
approximately 4 months post-loss (20).

Cumming GP et al found that 28.3% of women had
scored at or above the clinical threshold for anxiety and
10% for depression in his prospective study, at 1, 6, and
13 months after miscarriage (5).

Mutiso SK in across-sectional study for depression,
found the prevalence of positive depression screen, 34.1%
two weeks after a miscarriage (21); however Klier CM et
al found these women with significantly increased risk
for minor depressive episodes, and majority of these
symptoms developed within the first month after
miscarrying (22).

Other studies showed the prevalence of depression
reduces with time; 26.8 % of patients scored high on the
Beck Depression immediately after miscarriage which
reduced to 18.4 % at 3 months, 16.4 % at 6 months, and
9.3 % at 1 year after miscarriage (3, 23). In general, anxiety
is more marked than depression (24, 25)

In our study, 73 (36.5%) women met the criteria for moderate
to severe anxiety, and 80 (53%) of them had moderate to severe
depressive symptoms soon after miscarriage, in comparison with
30(15%) of women for moderate to severe anxiety, and 23
(16.5%) of them for moderate to moderately -severe depressive
symptoms one month later.

In our study, we noticed that most of women who stay
anxious and depressed one month later were nulliparas,
had recurrent losses, infertile, or and primigravida with
advanced maternal age. Several factors have been
identified that can predict which women may experience
greater emotional distress, such as one prior miscarriage or
recurrent miscarriages, and those with no living children
(2,7, 15, 26).In our study, we noticed that most of women

who stay anxious and depressed one month later were

-99 -

nulliparas, those with recurrent losses, infertility and
advanced maternal age with IVF.

Mental health care is not integrated within the primary
health care system in Jordan (11). Effective screening
measures of psychological morbidity in the context of
miscarriage have not been established. In 2003, The Scottish
Audit of the Management of Early Pregnancy Loss
highlighted the need to train healthcare professionals in the
identification and management of the emotional and
psychological impact of early pregnancy loss (27). The ability
of healthcare professionals to detect those most at risk of
psychopathology following miscarriage would be greatly
enhanced by the availability of a brief screening instrument to
be used in a clinical setting by non-mental health
professionals (5).Failure to identify those women in need may
leave them vulnerable to worsening symptomatology and
significant psychosocial impairment (5)..Screening for
depression and anxiety (1), and initiating counseling within
one week of miscarriage is advised (2), as part of routine care
especially when symptoms and signs are present. The primary
health care team and hospital staff need to take this into
consideration when organizing follow up for women who
have had a miscarriage (24).

We hope this study will attract the attention of different
medical fields dealing with these women, paving the way
for mental status screening after miscarriage and to be
followed by proper intervention.

Conclusion:

Understanding the type and frequency of emotional
reactions to pregnancy loss is important. Although anxiety
and moderate to severe depression were transient in the
majority of women (72% and 69%, respectively); still a
significant proportion of women will continue to suffer for
one month or probably more. Therefore, screening is
advised to target appropriate support to those who are in
need, there-by minimizing psychological morbidity and its
societal cost. Increasing medical staff awareness is needed.
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ABSTRACT

Background: The concept of pharmaceutical care was introduced to the literature by helper and strand before
around thirty years, they defined it as "the provision of drug therapy for the purpose of achieving definite outcomes
that improve a patient's quality of life". Jordan is still moving slowly toward implementing this service which
showed numerous health and economic benefits since its implementation.

Objectives: This study aimed to measure pharmacy the knowledge and perception of pharmacy students
approaching the completion of their studies towards pharmaceutical care and their readiness to implement it in
their practice after graduation.

Methods: An electronic questionnaire was distributed via the internet to pharmacy and doctor of pharmacy students
in public and private universities in Jordan. The questionnaire was composed of 35 question and was divided into
three sections. Section one measured knowledge, while section two explored respondents' perceptions of
pharmaceutical care. The final section collected respondents’ demographic details.

Results: A total of 215 respondent took part in the study. The knowledge score of pharmaceutical care among respondents
was 45%, although the vast majority of them stated that they completed at least one module regarding pharmaceutical
care during their studies. On the other hand, almost 75% of respondents had a positive perception of pharmaceutical care
in Jordan. Results showed statically significant differences among students regarding university type and academic year.

Conclusion: Though respondents completed pharmaceutical care courses during their studies, they had low
knowledge regarding the term and its implementation. Combining didactic and experiential education in crucial to
build proper practice capacities among future pharmacists.

Keywords: Pharmaceutical care; students; pharmacy; knowledge; perception.

1. INTRODUCTION enlarged, in this stage the role of pharmacists changed to

compounding, dispensing and labelling preformed medical

The history of pharmacy profession has noticed several products (1). However, the most remarkable turning point

turning points, in the past, pharmacists were only was the invention of clinical pharmacy by the mid-1960s

responsible for preparing medical products in a small which adopted a patient oriented practice rather than a

scale, after the manufacturing development the scales got product oriented one and allowed pharmacists to interact
more with doctors (2).

Rg/ce/iz";zdo on 1/3/2020 and Accepted for Publication on Despite this drastic change, the introduction of clinical

16/7 .

pharmacy concept to the healthcare system was not enough
and many outpatients suffered from drug related problems
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that could have been avoidable in a more developed health
care system (3). Also, in 1975, Millis report stated that
there was a large disparity between the advancement of
pharmacotherapy and the level of knowledge regarding the
use of therapeutic medications (2). All these factors paved
the way for the introduction of the pharmaceutical care
concept.

In 1990 the concept of pharmaceutical care was
introduced to the scientific literature by helper and strand
where it was defined as " the responsible provision of drug
therapy for the purpose of achieving definite outcomes that
improve a patient's quality of life" (4). Pharmaceutical care
service appeared to be beneficial in improving patient
adherence and solving drug related problems (5). Also, the
application of pharmaceutical care resulted in more
favorable scores of health outcomes in many studies (6, 7).

Taking into consideration that pharmacists are easily
accessible and require no appointments for consultation (8, 9),
this allow them to play a major role in the healthcare system
either in treating or preventing diseases as well (10).
Currently, more and more countries have authorized
pharmacists to prescribe some medications; in the United
States for example pharmacists can provide management for
dyslipidemia and diabetes for some groups of patients (11).

In Jordan with the introduction of pharmaceutical care
modules into the universities pharmacy curriculum and the
opening of doctor of pharmacy program and masters of
clinical pharmacy program (12), the level of
pharmaceutical care knowledge among Jordanian
pharmacists was satisfactory but the application of this
service was limited (13).

also studies showed that more than half of the
Jordanians general public are not familiar with the concept
of pharmaceutical care and they perceived that dispensing
medications is the major role of the pharmacist (14).

It is important to explore pharmacy students'
knowledge about pharmaceutical care and their
perceptions regarding it because simply they will be our

future pharmacists and to know how to guide our
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educational policies to optimize our educational outputs.
This study is the first of its kind in Jordan targeting this
segment, similar studies were conducted in Saudi Arabia
and Qatar where students showed very positive attitudes
regarding pharmaceutical care (15, 16). Although these
studies did not measure students' knowledge of
pharmaceutical care instead the researchers were only
concerned with the attitudes, thus, the aim of this study is
to assess knowledge and perception of undergraduate
students about pharmaceutical care in Jordan.

2. Methods

2.1 Study design, subjects and data collection

This is a cross-sectional survey-based study that
targeted students in many different public and private
universities in Jordan. Data collection was started in May
2019 to September 2019 so it took around four months to
reach our sample size of 215 participants from students
who study bachelor degree of pharmacy and who study
doctor of pharmacy degree as well. We considered the
students in the fourth academic year and higher eligible to
enter the study.

The survey was electronic and we made sure that the
identity of participants kept anonymous. We stated in the
survey that filling it would take approximately 15 minutes.
Having been given this information, they were asked about
their willingness to participate in the survey.

2.2 Questionnaire design

Following an extensive literature review on the
pharmaceutical care in Jordan, a questionnaire was
proposed and designed to suit our planned scope of study
(15-17). The questionnaire was examined by experts in the
field of clinical pharmacy to validate it and was piloted on
50 pharmacy students who were excluded from the study
results.

The questionnaire consisted of 35 questions divided in
three sections: 1) knowledge of pharmacy student of
pharmaceutical care, this part consisted of ten true or false
statements about pharmaceutical care to evaluate students'

knowledge, 2) perceptions of pharmacy students about the
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environment, the qualifications and conditions needed to
implement pharmaceutical care correctly and this part was
mainly in the form of Likert scale questions, 3)
demographics to allow us to compare between participants
based on their demographic variations.

The knowledge related part consisted of a quiz that was
made to evaluate pharmacy students’ knowledge about
pharmaceutical care. It consisted of 10 statements, some
were true, and the others were false. Pharmacy students
were awarded one grade if their answers were correct and
zero grade if the answer was false. Finally, a total
knowledge score out of 10 was calculated for each
pharmacy student.

2.3 Ethical approval

The final version of the questionnaire with full study
outline were approved by the research on human being
committee of the Institutional Review Board (IRB) at
Jordan University of Science and Technology (JUST)
(Approval No. 435-2019).

2.4 Data analysis

Following data collection, the survey responses were
coded and entered into a customized database using the

Statistical Package for the Social Sciences (SPSS),
Version 21.0 (IBM Corp., Armonk, New York, USA).
Descriptive results were presented as means and standard
deviations for continuous variables and percentages for
qualitative variables. An Independent sample t-test was
performed to identify factors significantly affecting
knowledge scores. All tests were two-tailed. A P-value of
<0.05 was considered statistically significant.

3. Results

In this study, we were able to approach only 215
pharmacy students' who are in their final study years who
filled the questionnaire and participated in the study. Of
the respondents 81.9% (n=176) were females while 18.1%
(n=39) were males. The average age of respondents was
22.9 years; nearly two-thirds of the participants (n= 142)
were enrolled in the doctor of pharmacy program and the
around the same percentage of students reported that they
are studying in public university with 61.4% of them (n=
123) being in the fifth or sixth academic year. Socio-
demographic characteristics of the participants are showed
in Table 1.

Table 1. Socio-demographic characteristics of the study participants (n= 215)

Parameter n (%) Mean (£SD)
Gender 39 (18.1)
= Male 176 (81.9)
. Female
Age (years) 22.9 (£2.3)
Academic year
. 4™ year or less 83 (38.6)
. 5% or 6™ year 132 (61.4)
Current educational program
. BPharm 75 (34.9)
" PharmD 140 (65.1)
University classification
= Public University 142 (66.0)
. Private University 73 (34.0)
Regarding students' knowledge of pharmaceutical care, knowledge evaluating section, which represents

their knowledge score was 45% in the true or false

unsatisfactory level of knowledge. The lowest three
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statements that had correct answers were "Identifying drug
therapy problems is a part of the care plan in the
pharmaceutical care process", " Any documentation
system of drug therapy problems must consist of at least
the type of the drug therapy problem and its cause" and "
During pharmaceutical care application the pharmacist is

Rana Abu Farha, et al.

responsible of providing the most effective and the
cheapest drug" with 3.3% (n=7), 5.6% (n=13) and 18.6%
(n= 40) correct answers, respectively. Table 2 represents
the Assessment section of pharmacy students’ knowledge
of pharmaceutical care.

Table 2. Assessment of pharmacy students’ knowledge of pharmaceutical care (n=215)

Statements

Correct Answer, n (%)

Pharmaceutical care components can be summarized by obtaining drug related

needs and identifying drug therapy problems

192 (89.3)

During pharmaceutical care application the pharmacist is responsible of providing 40 (18.6)
the most effective and the cheapest drug

Pharmaceutical care plan must be individualized and be obligatory to clinical 147 (68.4)
pharmacists, not all pharmacists

Duplication is an example of unnecessary drug therapy 128 (58.6)
The aim of pharmaceutical care is to restore the patient to his normal physiological 41 (19.1)
functioning

Taking the patient medical history is a part of the pharmaceutical care assessment 208 (96.7)
process

Identifying drug therapy problems is a part of the care plan in the pharmaceutical 7 (3.3)
care process

Any documentation system of drug therapy problems must consist of at least the 12 (5.6)
type of the drug therapy problem and its cause

Taking too little dose of the correct drug is a problem in the adherence issues 75 (34.9)
Pharmaceutical care is the same as clinical pharmacy 125 (58.1)
Knowledge score (out of 10), mean (SD) 4.5 (1.3)

Despite this low level of knowledge resulted in the
questionnaire, 83.3% of respondents (n= 179) reported that
they have already started their mandatory training in
community pharmacies also 95.4% of the students (n=
205) stated that they were introduced to pharmaceutical
care in the university curriculum in at least one module.

The Simple linear regression analysis for risk factors

affecting students’ knowledge about pharmaceutical care

- 106 -

represented statistically significant differences with regard
to academic year level and type of university (P-values
<0.05) but it failed to show significant differences
regarding gender, age and academic program (P-values
>(0.05). Table 3 represents the results of simple linear
regression analysis for risk factors affecting students’
knowledge about pharmaceutical care.
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Table 3. Evaluation of risk factors affecting students’ knowledge about pharmaceutical care (n=215)

Variables Students’ Knowledge Score P-value
Gender
" Males 4.3 (£1.5) 0.354
] Females 4.6 (£1.2)
Academic years
. 4% year 42 (£1.2) 0.005*
. > 5% year 4.7 (£1.3)
Academic program
Ll BPharm, 4.7 (£1.2) 0.081
Ll PharmD 44 (£1.3)
University type
" Public 4.7 (£1.3) 0.011*
= Private 4.2 (£1.2)

*Significant at a P-value <0.05

Regarding students’ perceptions about pharmaceutical
care, 92.1% of the participants (n= 198) stated that they
fully support the concept of pharmaceutical care, they also
considered pharmaceutical care as a multistep process
aiming to improve patients' quality of life whereas 57.2%
of them (n= 123) perceived that pharmaceutical care is just
an extension to the currently existing pharmacy services.
Around 63% of respondents (n= 135) aim to extend
pharmacy services beyond dispensing for developing their
profession. Only 29.3% (n= 63) agreed that
pharmaceutical care services should be paid. Only 21.9%
(n=47) perceived that pharmaceutical care is the doctors'
role while nearly 41% (n= 87) thought that doctors and

other health professionals will not support a

pharmaceutical care role for pharmacists. Addressing
teaching of pharmaceutical care, 91.6% (n= 197)
considered it important for the students and around half of
respondents (n= 121) stated that Jordan universities teach
pharmaceutical care clearly. Nearly three-quarters of the
participants consider themselves able to identify drug
related problems in patients. Table 4 addresses the
assessment of pharmacy students’ perception about
pharmaceutical care.

Additionally, around 41% of participants are satisfied
with what they were taught of pharmaceutical care at their
universities Also, 19.1% (n= 41) presumed that more than
half of the pharmacists in Jordan provide pharmaceutical

care at their workplace

Table 4. Assessment of pharmacy students’ perception about pharmaceutical care (n=215)

Statements

Strongly Agreed/Agreed n (%)

Pharmaceutical care requires the use of specialized computer software
Pharmaceutical care is just an extension of current pharmacy services
In pharmaceutical care the pharmacist identifies and manages a patients

existing and potential drug-related problems.

Pharmacists require a post-graduate qualification to practice

pharmaceutical care in Jordan.

Pharmaceutical care involves a defined process, all steps of which must

be completed in order to provide this service.

150 (69.8)
123 (57.2)
184 (85.6)
163 (75.8)

191 (88.8)
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Statements

Strongly Agreed/Agreed n (%)

The primary aim of pharmaceutical care is to improve the patients’

quality of life.

All patients taking medicines require pharmaceutical care
The future success of pharmacy will depend on payment for the

provision of professional services other than dispensing
I fully support the concept of pharmaceutical care
Pharmaceutical care is really the doctors’ role

Pharmaceutical care requires major up-skilling of clinical knowledge
Doctors and other health professionals will not support a pharmaceutical

care role for pharmacists

Jordan's universities teach the principles of pharmaceutical care clearly
Teaching pharmaceutical care is important for pharmacy students

I think that I have the ability to identify drug related problems in patients
I consider pharmaceutical care services should not be offered for free

198 (92.1)

167 (77.7)
135 (62.8)

198 (92.1)
47 (21.9)
190 (88.4)
87 (40.5)

121 (56.3)
197 (91.6)
160 (74.4)
63 (29.3)

4. Discussion

While a study conducted in Jordan showed that
applying pharmaceutical care in patients with type 2
diabetes was correlated with improving HbAlc, fasting
blood glucose, lipid profile and patient adherence, but still
the concept of pharmaceutical care is still in developing
stage (18). This fact can be also deducted from viewing the
lack of knowledge about pharmaceutical care from the
general public (14). Although a study in Jordan on
pharmacists revealed that they had a good understanding
level of pharmaceutical care concept while the provision
itself for this service remains limited (13). Several
problems in the healthcare system and educational system
may be concluded from these aforementioned facts, also a
study on children revealed unsatisfactory level of
knowledge with regard to implementing pharmaceutical
care on paediatric patients in final year pharmacy students
segment (19). Furthermore, AbuRuz et al. demonstrated
the effective role of clinical pharmacist in monitoring
medications safety and management of chronic kidney
disease complications for hospitalized patients (14).
Another study in Jordan found that only 23.1% of
pharmacists created a therapeutic plan to be included
within the patient’s permanent record in their pharmacy, in

this study pharmacists showed a desire for practicing
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pharmaceutical care, however, the application of
pharmaceutical care was limited because of lack of
pharmacists practice and the rejection of doctors to
implement pharmaceutical care (20).

This is the first study conducted on pharmacy students’
segment in Jordan to evaluate their level of knowledge
about pharmaceutical care and their perceptions with
regard to it. The study demonstrates a score of knowledge
equals to only 4.5 out of 10, the answers on the ten true or
false statements indicates that students were confused in
pharmaceutical care steps especially when it comes to
identify and resolve drug therapy problems. Nearly 97% of
them answered wrongly in a statement classifying “drug
therapy problems identification step” in the care plan step
in pharmaceutical care.

The answers on the first section also revealed that
students in Jordan do not know how to document a drug
therapy problem, maybe we can return this to the lack of
practical experience on pharmaceutical care among
students, although the majority of them reported that they
started their 1440 training hours. This fact leads us to
question our mandatory training and practices in
community pharmacy and investigate the extent of
pharmaceutical care application in our community

pharmacies.
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The level of knowledge of pharmaceutical care appears
to be higher in students with higher academic level and
those students in public universities rather than private
ones. Many explanations may be suggested to justify these
findings perhaps the level of knowledge wiring and
connection increase while the students proceed in their
academic years, also the many factors like the higher
competitiveness in public universities may contribute to
the increased knowledge score in it.

Regardless of the level of knowledge, students show
positive attitudes regarding pharmaceutical care application.
The majority of them believed that pharmaceutical care
provision is valuable and that the primary goal of
pharmaceutical care is improving patients’ quality of life.
These findings are consistent with other studies conducted in
Saudi Arabia and Qatar (15, 16).

More than three-quarters of participants presumed that
in order to provide pharmaceutical care the pharmacist
must have post-graduate qualification and around 88% of
respondents reported that providing pharmaceutical care
requires major up-skilling in clinical knowledge, these
high percentages for those two questions may indicate that
students perceive providing pharmaceutical care as a
challenging issue these findings resemble those of the
study of pharmaceutical care attitudes in Qatar where 76%
of respondents believed that providing pharmaceutical
care takes too much time and effort (16)

In our study almost three-quarters of participants
perceived themselves able to identify drug related
problems in patients while in a study in the United States
students rated themselves to have moderate ability in
identifying drug therapy problems (21).

Nearly half of the participants only thought that
Jordanian universities teach pharmaceutical care
principles clearly and around half of the participants
indicate that they are not well satisfied with what they had

taught in Jordanian universities about pharmaceutical care.
These results highlight the increasing need to develop
pharmacy curriculum in Jordanian universities to meet
student's expectations which focused more on
pharmaceutical care topics and maybe implementing
training sections during university studies in order to help
students practicing pharmaceutical care under specialists’
supervision. It is noteworthy here that lack of previous
practicing on pharmaceutical care was reported as the top
barrier rendering the implementation of pharmaceutical
care in in a study conducted on Jordanian pharmacists (13).

This study showed that around 62% of pharmacy students
aim to extend their future roles beyond dispensing only and
they think that the development of the pharmacy profession
will depend on the provision of other pharmaceutical services,
perhaps if the statement regarding this point did not include the
payment condition the percentage of agreement between
students will be higher this assumption could be reasonable
when we notice that only 29.3% of the participants agreed or
strongly agreed on putting payments on pharmaceutical care
services.

One of the major limitations of this study is that
findings cannot be generalized and the inherent biases of
self-reported questionnaires.

5. Conclusion

Conclusively, pharmacy students showed positive attitudes
regarding pharmaceutical care, the participants showed low
level of knowledge it despite that the majority of them begun
their mandatory pharmacy training, further investigation should
be done to figure out the causes of this unsatisfactory level of
knowledge and how to solve this problem.
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