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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, JJPS 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 JJPS 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 JJPS  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.  

JJPS 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 JJPS, 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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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.1,2 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.3,4 

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, 

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.5 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.6 

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.7,8 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 
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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.9 

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.10A 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.11 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.12,13 Meanwhile, 

tannins are astringent, stopping bleeding in the wound.14 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 

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.15 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 90o. The 

stopwatch was stopped when the blood had not flowed 

even though the tubes were tilted at an angle of 90o. 

Surgical wounds then were stitched and oral antibiotics 

and analgesics were given.16 

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 

lectin levels were analyzed using UV-Visible 

Spectrophotometer by comparing the absorbance values of 

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, tannins with wavelengths of 275 nm, 

anthraquinones with wavelengths of 285 nm and lectins 

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 𝑿ഥ   SD 

 Bleeding Time (second) Clotting Time (second) 

1 149.5 a 33.2 183.3a 19.5 

2 75.2 b 23.2 128b 25.8 

3 53.2 c 7.9 94.7c 17.1 

4 35 d 8.53 86.33c 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 figure1). 

Ambonese banana stem extract actually contain various 

active compounds, namely lectins and tannins.17,18 

 

 

 

 

 

 

 

 

 

 

 

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

 

C-type lectins are a subgroup of lectins, carbohydrate-

recognizing proteins, which recognize and bind 

carbohydrates in a Ca2+ ion-dependent manner. They play 

a crucial role in hemostasis, a complex system to stop 

bleeding, which encompasses coagulation, platelet 

activation, and thrombus formation.19 The mechanism of 

lectin in accelerating the process of hemostasis is through 

some stages.20 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.21-23 

Tannic acid is a commercial compound which is 

similar to the plant polyphenol tannin, that stops bleeding 

from mucous membrane via vasoconstriction.2 Tanin is 

another active compound contained in Ambonese banana 



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

- 5 - 

stems playing a role in increasing ADP secretion  in blood. 

ADP  compound is a vasoactive chemical substance 

released by the body during vascular injury. ADPs and 

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.24 

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.7 

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.9,25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

compounds, tannins and lectins, 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.26 

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 

of100%. 

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. 

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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  Musa paradisiaca var. sapientum (L.) Kunze ساق لʳʯʴʸلʝ والʙʰʳʯ الʹʚف زمʥ تʲلʻل
   الʙʸقʭة الاسʱʯاǺة على

 
  *یʦنॻار سʦلʦʻʯʴॻاتي وʦʹʴȂ جʦلॻاسʦʯتي، ʣ بʦدȂ،ȏهʹʗر 

       كلॽة ʖʡ الأسʻان،جامعة ایʛلانʳا*
    

ʝـʳمل  
ʙة أحȄة الأدوॽʰʷي العʱال ʧȞʺǽ امهاʙʵʱع اسȄʛʶʱل ʅȄʜʻال ʨارة هʸع عʚز جʨʺة الॽنʨʰالأم (Musa paradisiaca var. 

Sapientum) ʧاز خلال مʛإف Adenosin Diphosphate (ADP) وعامل von Willebrand (vWF) ة فيॽاق عʺلʸʱال 

ʜʽ الأمʨʰني الʺʨز جʚع مʵʱʶلʟ تأثʛʽ اخॼʱار إلى الʙراسة هʚه تهʙف .الʺʸاǼة الأوॽɺة على الʙمȄʨة الʸفائح ʛؗʱو ٪25 ب 
 الأولى الʺʨʺʳعة .مʨʺʳعات أرȃع إلى عʨʷائي ȞʷǼل حʨʽانॽة دراسة 24 تقʦॽʶ تʦ .الفʛʯان على مʛقئ اسʳʱاǼة ٪100 و 50٪

ʗعة كانʨʺʳʺة الʢǼعة ، الʹاʨʺʳʺة الॽانʲال ʗʽʢ25 أع٪ ʜʽ ʛؗت ʟلʵʱʶʺعة ، الʨʺʳʺة الʲالʲال ʗʽʢأع ʜʽ ʛؗت ʟلʵʱʶʺال 

ʜʽ أعʗʽʢ الʛاǼعة والʺʨʺʳعة 50٪ ʛؗ100 ت٪ ʧم ʟلʵʱʶع مʚز جʨʺني الʨʰالأم ʧع ȘȄʛʡ ʦالف. ʦث ʦت ʟʴع فॽʺعات جʨʺʳʺال 

ʗوق ʅȄʜʻال Ȍلʳʱوال. Ȑاء أدʢإع ʟلʵʱʶع مʚز جʨʺني الʨʰات الأمʜʽ ʛؗʱإلى ٪100 و ٪50 و ٪25 ب ʛʽʸتق ʗف وقʜʻال ʗووق 

ʛʲʵʱل الȞʷǼ ʛʽʰعة مقارنة كʨʺʳʺǼ ʦȞʴʱال (p = 0.00). عةʨʺʳʺي الʱال  ȑʨʱʴعلى ت ʟلʵʱʶ100 م٪ ʧع مʚز جʨʺني الʨʰالأم 

 أن على القʙرة لǽʙه الأمʨʰني الʺʨز جʚع مʵʱʶلʟ أن الʙراسة هʚه اسʱʻʱاجات أʣهʛت .الʛʲʵʱ ووقʗ للʅȄʜʻ وقʗ أقʛʸ لها

  .الفʛʯان على والʛʲʵʱ الʜʻف وقʗ تقȘȄʛʡ ʛʽʸ عʧ مʛقئ عامل ʨȞǽن 
  .مʛقئ ، الʛʲʵʱ زمʧ ، الʜʻف زمʧ ، الأمʨʰني الʺʨز جʚع مʵʱʶلʟ الؒلʸات الʗالة:

 
____________________________________________  

ʘʴॼلام الʱخ اسȄله 25/6/2019 تارʨʰخ قȄوتار  ʛʷʻ16/7/2020لل.  
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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-

qPCR showed that twelve genes including argF, purC, adh, fabG, fliA, fliC oprB, oprH, yjfO (bsmA), ycfR (BhsA), 

lsrA and tnaA 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 

 

All over the world, deaths from infectious diseases 

amounts to more than 17 million each year and most of these 

deaths have been linked to bacterial infections [1, 2]. Bacterial 

infections are generally treated with antibiotics but 

considering that microorganisms are known to develop 

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

losing their effectiveness rapidly [5]. Also, it is more difficult 

to treat the diseases caused by antibiotic resistant bacteria as 

opposed to treating the diseases caused by non-resistant ones 

[6]. Antibiotic resistant bacteria have been spreading 

worldwide and this has led to the increase in medical costs, 

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 

to several factors, including high osmolarity, acidity, in 

addition to the presence of hydrogen peroxide (H2O2) 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, lsrA, 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 

inoculum 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 37oC 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 µl 

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 µl of 

2.5% glutaraldehyde for 10 minutes. Then, the plate was 

washed with PBS. The attached cells or biofilm was then 

stained with 200 µl 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 200μl of diluted honey was dispensed into 

wells of 96-well plates and inoculated with 200μl of a 

diluted overnight culture of the test organism (population 

density of 2.5x108 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 300μl 

sterile maximum recovery diluent (MRD, Oxoid, UK) to 

remove planktonic cells. A further 200μl 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 μL of inoculum was pipetted into 

microtiter plate with 100 μL 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 37oC. 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 95oC for 2 minutes in one cycle, amplification 

at 95oC for 15 seconds in 40 cycles and a final elongation 

annealing at 60oC 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-ΔΔ 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%).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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] 

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

CCAAGCAGAATTCGAAGGA 

GGATGCGCACCTAAATCAAT 

Forward 

Reverse 

143 argF 

GAAGCGCATTTTCTCAACAA 

CCCTTACCTGCCATTGTGTC 

Forward 

Reverse 

117 purC 

GTTGCCGTTGGTTTACCTGT 

TTCAGCAGCAAATTCAAACG 

Forward 

Reverse 

124 adh 

 

CGAAAGCAGCGGATATTTTT 

GCGAACCTGGTGTATTCGTT 

Forward 

Reverse 

132 scdA 

 

TGCAGCAAGTTTCGTACGTC 

GGGATTTCAACACCCATGTC 

Forward 

Reverse 

126 pykA 

CTGGGGAAGGTGATTTAGCA 

ACCGCCACCTACAGCATAAC 

Forward 

Reverse 

109 menB 

CCGGGACAAGCAAACTATGT 

CCAAAACGTGCTAACGGAAT 

Forward 

Reverse 

122 fabG 

GACGTGCCAGCCTATGATTT 

ATTCGTGCTGGATTTTGTCC 

Forward 

Reverse 

125 yqiL* 

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

 

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

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

TGACGACGACAAGACAGGAC 

GGTCGTTGGAAAGGTTCTTG 

Forward 

Reverse 

140 oprB 

GCCTGAACATCCTCACCAAC 

CGGTGAGCTTGTCGTAGGTT 

Forward 

Reverse 

105 oprC 

CTCGACAAGGTGATCGACAA 

GGTGTCGGAGATGTTCTCGT 

Forward 

Reverse 

102 oprH 

CTCCAATTGAGCCTCGAAGA 

TTCGTTGTGACTGAGGCTGG 

Forward 

Reverse 

192 fliA 

GCTTCGACAACACCATCAAC 

AGCACCTGGTTCTTGGTCAG 

Forward 

Reverse 

121 fliC 

CGGTTTTCTTGAGCTGGAAC TCGTAGTCCTGGCTGTCCTT Forward 

Reverse 

129 lasR 

GCGAGTTCGAAGGTTTGAGT 

CTGCAGAGCTTTGTCGATTG 

Forward 

Reverse 

113 algU 

GCGACGGTATTCGAACTTGT  

CGAAGAAGGAAATGGTCGAG 

Forward 

Reverse 

146 rpoD* 

 *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] 

Primer sequence (5’ → 3’) Direction Amplicon Size (bp) Gene name 
CGCCAGTAACGGACCATC 
GTGCTTACGCTACCTATTCG 

Forward 
Reverse 

76 yjfO (bsmA) 
 

CGAAGTTCAGTCAACGCCAGAAG 
TCCAGCGATCCCAGATTTGTCC 

Forward 
Reverse 

81 ycfR (BhsA) 
 

CTGGATAGCGAAGATGTG 
CGGAATGGTGTATTGATAAC 

Forward 
Reverse 

174 tnaA 
 

TAGCGGAGACGATAATAATAATTC 
GTTGACTGAAGGCGGAAG 

Forward 
Reverse 

155 evgA 
 

CTCAACATACGCAACCTG 
GTCATCAACTGGCTTATCC 

Forward 
Reverse 

199 rpoS 

TACTCATAACCTTCGTGGATTCTG 
TACTTGCGGCGAGGCTTC 

Forward 
Reverse 

178 lsrA 

GAAGAAGTGACGCAAGAAGATG 
ACGCCCGAAAGTCCTACC 

Forward 
Reverse 

152 ftsA* 
 

 * 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 

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).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 c.f.u.m 4.9 x 108 and 4.8 x 108  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, 

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 

reduction of S.auerus, P.aeruginosa and E.coli 

respectively compared to untreated biofilm (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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, 

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. 
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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 

Gene  name Average ΔΔCt 

Expression 

Fold Change 

(2^-ΔΔCt) 

Expression Fold 

Change 
P-value SD 

argF 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 

with Kelulut honey 

Based on Figure 5 and Table 5, seven genes of 

P.aeruginosa showed different degrees of gene expression 

including two genes (fliA and fliC) of flagellum-associated 

genes that were significantly (P<0.05) decreased 3-fold 

and 4.5-fold respectively. Three genes (oprB, oprH and 

oprC) associated with the outer membrane were decreased 

2-fold and 6-fold respectively except oprC which was 

increased 4-fold, and two genes (lasR and algU) associated 

with biofilm formation were increased 2.3-fold and 4-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 

Gene  name Average ΔΔCt 

Expression 

Fold Change 

(2^-ΔΔCt) 

Expression Fold 

Change 
P-value SD 

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 

According to Figure 6 and Table 6, six genes (yjfO 

(bsmA), ycfR (BhsA), tnaA and lsr, rpoS and evgA) 

involved in biofilm formation, quorum sensing and stress 

survival in E.coli were significantly (P<0.05) decreased in 

the level of gene expression, 5-fold, 3-fold, 8-fold and 2-

fold respectively except rpoS and evgA genes which were 

increased 7-fold and 4-fold respectively after treatment 

with honey. 
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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 

Gene  name Average ΔΔCt 

Expression 

Fold Change 

(2^-ΔΔCt) 

Expression Fold 

Change 
P-value SD 

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 

lsrA 1.00 0.50 -2 0.04 * 1.4 

rpoS -2.81 7.00 7 0.04 * 1.2 

evgA -2.00 4.00 4 0.04 * 0.9 

 

DISCUSSION 

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 

different susceptibility to honey, but the differences in 

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 

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 tnaA and lsrA 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]. 

Among the physicochemical parameters of honey, the 

acidity and the osmolarity represent the principal factors 

responsible for the antimicrobial activity of honey. 

However, there are other factors that are closely related to 

the antimicrobial capacity of honey such as the hydrogen 

peroxide content, and other non-peroxide components 

such as methylglyoxal, the antimicrobial peptide bee 

defensin-1, polyphenols and other compounds from the 

bees [69]. Related gene expression in honey was reflected 

as down-regulation of spaetzle, AMPs abaecin and 

defensin-1 and up-regulation of lysozyme-2 [90]. 

 

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.  
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الʸالȏʚʻ على تʥȂʦؒ الأغॻʵة الȂʦʻʲة والʯعʙʻʮ الʻʱʹي للʦȜʸرات العʹقʦدǻة الʘهॻʮة الʚائفة  تأثʙʻ عʴل الʻؒلʦلʦت

ȏلاʦؕ اॻȜȂʙʵǻة والإȂارʱنʚال 
 

ʥȂالؒفاو ʗʸʲي1مʸحل ʙȜǺ ʦال1،أبʸʱال ʗرزواني جفار1،حامʦ1،نʗʻʴه الॺʀ،2 ȏʙزه ʗʸʲ1،م  
  مالȄʜʽا جامعة الʶلʢان زʧȄ العابʙیʧ، ؗلॽة علʨم الʴʸة، 1

      جامعة الʛʱʰاء،الأردن الʙʽʸلة وعلʨم الʖʢ، ؗلॽة 2
            

    
ʝـʳمل  

 ʙعǼ الʺقاومة ʛȄʨʢا على تȄʛʽʱȞॼرة الʙم قʙوع ʅॽʢا واسع الȄʛʽʱȞॼه الʺʹاد للʡاʷن ʖʰʶǼ یلʙل الآن ؗعلاج بʶالع ʛهʱʷǽ
الʜنʳارȄة والإॽȞȄʛʷǽا ʨؗلاȑ لأنه یʜعʜع الʺʨȞرات العʻقʨدǽة الʚهॽʰة, الʜائفة  ثʗʰ أن العʶل مʙʽʰ للʛʳاثʦॽ ضʙ. الʱعʛض له

اسʱقʛار جʙار الʵلॽة الȄʛʽʱȞॼة. صʺʺʗ هʚه الʙراسة لʱقʦॽʽ تأثʛʽ عʶل الʽؔلʨلʨت الʺالȑʜʽ على الأغॽʷة الȄʨʽʴة ، والغʷاء 
تʦ إجʛاء  ʨؗ.ȑلا الʺʨȞرات العʻقʨدǽة الʚهॽʰة, الʜائفة الʜنʳارȄة والإॽȞȄʛʷǽا الȑʨʽʴ الʨقائي ، وعلى مȐʨʱʶ الʱعʛʽʰ الʻʽʳي في

فʨʴصات الأغॽʷة الȄʨʽʴة والغʷاء الȑʨʽʴ الʨقائي على ثلاث الʺʨȞرات العʻقʨدǽة الʚهॽʰة, الʜائفة الʜنʳارȄة والإॽȞȄʛʷǽا 
ȑلاʨل وهي  كʶالع ʧلفة مʱʵم ʜʽاكʛة تʶʺمع خ ʛʱʽوتʛȞॽحة مʨام لʙʵʱاسǼ5 ، ٪10 ، ٪20 ، ٪30 ، ٪40 / وزن) ٪ ٪

ʁم Ȑʨʱʶوم .(ʦʳحॽاس ʽʰعʱامالʙʵʱاسǼ يʻʽʳال ʛ  ي الؔʺيʶȞخ العʶʻال)RT-qPCR .(لʶل  ؗان عʽت قادرًا على تقلʨلʨلʽؔال
الʺʨȞرات العʻقʨدǽة الʚهॽʰة, الʜائفة الʜنʳارȄة  ٪ في37٪ و 41٪ و 39تʱؗ ʧȄʨؔلة الأغॽʷة الȄʨʽʴة بॼʶʻة تʸل إلى 

ȑلاʨؗ اॽȞȄʛʷǽل والإʶلع ʜʽ ʛؗالي. أقل تʨʱأنه  على ال ʙت وجʨلʨلʽؔة الǽدʨقʻرات العʨȞʺة في الȄʨʽʴة الॽʷن الأغʨؔع تʻʺǽ
ȑلاʨؗ اॽȞȄʛʷǽة والإȄارʳنʜائفة الʜة, الॽʰهʚة 30ؗان  الȄʛʽʱȞॼا الǽلاʵد الإجʺالي للʙفاض في العʵان Ȏحʨل .(ʦʳوزن / ح) ٪

ȑلاʨؗ اॽȞȄʛʷǽة والإȄارʳنʜائفة الʜة, الॽʰهʚة الǽدʨقʻرات العʨȞʺال ʧاة لؔل مॽʴالعلا القابلة لل ʙعǼ ةॼʶʻ40ج ب (ʦʳوزن / ح) ٪
 و fliC oprB و fliA و fabG و adh و purC و argF وتʷʺلأن اثʻي عʛʷ جʽً̒ا  RT-qPCR أʣهʛ .الʽؔلʨلʨت مʧ عʶل

oprH و yjfO (bsmA) و ycfR (BhsA) و lsrA و tnaA  ʦي تʻʽʳال ʛʽʰعʱال Ȑʨʱʶفاض مʵت انʨلʨلʽؔل الʶض لعʛعʱال ʙعǼ
 و rpoS و algU  و lasR و oprC و menB و pyk و scdA وتʷʺل ʲʺانॽة جʻʽاتل ʱعʛʽʰ الʻʽʳي، بʻʽʺا تʦ ارتفاع مȐʨʱʶ ال

evgA  لʶض لعʛعʱال ʙعǼ تʨلʨلʽؔال.  ȑʜʽت الʺالʨلʨلʽؔل الʶة عॽراسة فاعلʙه الʚت هʛهʣه أʱʽة ، فاعلȄʨʽʴة الॽʷالأغ ʙض
ʱʴʺال ʛʽأثʱال ʧلفة مʱʵل لها درجات مʶالع ʧلفة مʱʵʺال ʜʽاكʛʱوأن ال ʛثʕʽا ، س ً́ ǽة. أʵاسʛة الȄʨʽʴة الॽʷل على الأغʺ

  ..انʵفاض الʱعʛʽʰ عʧ جʻʽات الفʨعة في هʚه الȄʛʽʱȞॼا على قابلʱʽها للأمʛاض
 .الʨʽʰفʽلʦ ،الʱعʛʽʰ الʻʽʳي ، عʶل ʽؗلʨلʨت الʺالȑʜʽ  ،الʜائفة الʜنʳارȄة والإॽȞȄʛʷǽا ʨؗلاȑ ،العʻقʨدǽة الʚهॽʰةالʺʨȞرات  الؒلʸات الʗالة:

 
 

 
____________________________________________  

ʘʴॼلام الʱخ اسȄله 16/1/2020 تارʨʰخ قȄوتار  ʛʷʻ8/9/2020لل.  
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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.1 Pharmaceutical care has an impact 

on enhancing patient's medications and improving 

patients' quality of life.2 Pharmacists are currently 

providing more services to patients in addition to the 

traditional role of dispensing medication.1 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.3  

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.4 



Pharmacy students’ attitudes…                                                                                                    Mohammad B. Nusair, et al. 

- 28 - 

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.2,5 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.6 

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.7,8 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.7,8 To update the curricula of pharmacy 

education in Jordan, pharmacy schools are required to 

update their curricula7 to mimic the changes in the 

pharmacy profession that have taken place in more 

developed countries.1 

The BSc. in pharmacy curricula in Jordan has little 

focus on pharmaceutical care skills, with little patient-

oriented programs training courses.8,9 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.10-12 Other universities either having an elective 

pharmaceutical care course such as Yarmouk university13 

or teaching pharmaceutical care in one course integrated 

with communication skills such as the Hashemite 

University.14 While in other universities' pharmaceutical 

care, we could not identify pharmaceutical care in their 

curricula (e.g., Mutah University).15 However, an ongoing 

plan of curricula changes based on the Center for the 

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.16,17 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 3rd,4th,5th, 

and 6th academic year since first and second year courses are 

primarily introductory and basic science courses.10-15 

Therefore, responses from 1st and 2nd-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 18 and 

consisted of two sections. The first part consisted of eight 

questions to elicit demographic information of 

participants. The second part was the 13-item PCAS that 

aimed to assess participants’ attitudes toward 

pharmaceutical care. PCAS is a five-point Likert scale 

(1=strongly disagree to 5=strongly agree) with evidence of 

validity and reliability and has been extensively used in the 

literature.19-23 PCAS measures three constructs: 

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 

attitudes toward pharmaceutical care. The survey 

questions were all written in English with an Arabic 

translation for each question to ensure participants 

understanding for all questions. The survey was piloted on 

19 pharmacy students for face validity 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 were 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 

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(%) 

Gender 
Female 700 (79.2%) 
Male 184 (20.8%) 

Academic Year 

Third 203 (23%) 
Fourth 299 (33.8%) 
Fifth 327 (37%) 
Sixth 55 (6.2%) 
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Variable N(%) 

University 

University of Jordan 249 (28.2%) 
Yarmouk University 210 (23.8%) 
Jordan University of Science and 
Technology 

217 (24.5%) 

Mutah University 106 (12%) 
Hashemite University 102 (11.5%) 

Program 
BSc Pharmacy 605 (68.4%) 
PharmD 279 (31.6%) 

Cumulative GPA 

Excellent 156 (17.6%) 
Very Good 354 (40%) 
Good 306 (34.6%) 
Satisfactory 68 (7.7%) 

Took pharmaceutical care course 
Yes 614 (69.5%) 
No 270 (30.5%) 

Training experience 

Training in community pharmacy and/or 
hospital setting 

673 (76.1%) 

No previous training experience 211 (23.9%) 

Age (mean ± SD) 22.04 ±1.40 

 

Overall, participants had positive attitudes toward 

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 

problems and should perform pharmaceutical care (Table 2). 

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 
± SD 

Strongly 
Agree 

Agree Neutral Disagree 
Strongly 
Disagree 

Professional 
duty 

All pharmacists should 
perform pharmaceutical care 

4.56 ± 
0.59 

527 
(59.6%) 

331 
(37.4%) 

19 
(2.1%) 

6 
(0.7%) 

1 
(0.1%) 

The primary responsibility 
of pharmacist in health care 
settings should be to 
prevent and solve 
medication problems 

4.34 ± 
0.71 

396 
(44.8%) 

415 
(46.9%) 

53 
(6.0%) 

3 
(0.3%) 

0 

Pharmacists primary 
responsibility should be to 
practice pharmaceutical care 

4.20 ± 
0.77 

337 
(38.1%) 

410 
(46.4%) 

108 
(12.2) 

29 (3.3%) 0 

Return on 
effort 

Providing pharmaceutical 
care takes too much time 
and effort* 

1.59 ± 
1.22 

63 (7.1%) 
185 
(20.9%) 

140 
(15.8%) 

319 
(36.1%) 

177 (20%) 
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Mean 
± SD 

Strongly 
Agree 

Agree Neutral Disagree 
Strongly 
Disagree 

Providing pharmaceutical 
care is not worth the 
additional workload that it 
places on the pharmacist* 

2.44 ± 
1.25 

185 
(20.9%) 

332 
(37.6%) 

140 
(15.8%) 

142 
(16.1%) 

85 (9.6%) 

Professional 
benefit 

Pharmacy students can 
perform their 
pharmaceutical care during 
their clerkship 

3.97 ± 
0.90 

268 
(30.3%) 

405 
(45.8%) 

135 
(15.3%) 

74 (8.4%) 
2 
(0.2%) 

I think the practice of 
pharmaceutical care is 
valuable 

4.53 ± 
0.56 

494 
(55.9%) 

369 
(41.7%) 

17 
(1.9%) 

4 (0.5%) 0 

I would like to perform 
pharmaceutical care as a 
pharmacist practitioner 

4.45 ± 
0.64 

459 
(51.9%) 

378 
(42.8%) 

36 
(4.1%) 

10 (1.1%) 
1 
(0.1%) 

Providing pharmaceutical 
care is professionally 
rewarding 

4.08 ± 
0.89 

318 (36%) 
388 
(43.9%) 

119 
(13.5%) 

51 (5.8%) 
8 
(0.9%) 

I feel that the 
pharmaceutical care is the 
right direction for the 
provision to be headed 

4.41 ± 
0.67 

438 
(49.5%) 

379 
(42.9%) 

55 
(6.2%) 

12 (1.4%) 0 

I feel that pharmaceutical 
care movement would 
benefit pharmacists 

4.40 ± 
0.69 

437 
(49.4%) 

377 
(42.6%) 

53 
(6%) 

16 (1.8%) 
1 
(0.1%) 

I feel that pharmaceutical 
care movement will 
improve patient health 

4.56 ± 
0.56 

525 
(59.4%) 

335 
(37.9%) 

21 
(2.4%) 

3 (0.3%) 0 

I feel that practicing 
pharmaceutical care will 
benefit my professional 
pharmacy career as a 
pharmacy practitioner 

4.51 ± 
0.63 

507 
(57.4%) 

333 
(37.7) 

34 
(3.8%) 

9 
(1%) 

1 
(0.1%) 

* 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 

three other items (Table 4). BSc pharmacy students had 

significantly had more positive attitudes toward the value 

of pharmaceutical care than PharmD students. Moreover, 

participants who had an internship in community 
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pharmacy and/or hospital settings had significantly more 

positive attitudes toward the clerkship item among five 

other items when compared to participants who did not 

have any internship (Table 4). 

 

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

variable 
PCAS question 

Demographic variable 
subcategories 

P value 

Gender 

 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 1.47 ± 1.17 < .001 
Providing pharmaceutical care is not worth the additional 
workload that it places on the pharmacist 

2.84 ± 1.7 2.66 ± 1.25 < .001 

I think the practice of pharmaceutical care is valuable 4.40 ± 0.56 4.57 ± 0.56 < .001 
I feel that pharmaceutical care movement will improve 
patient health 

4.48 ± 0.58 4.58 ± 0.55 0.030 

Program 
 

BSc 
Pharmacy 

PharmD  

I think the practice of pharmaceutical care is valuable 4.57 ± 0.55 4.46 ± 0.57 .041 

Training 

 
No previous 
internship 

Had an 
internship 

 

All pharmacists should perform pharmaceutical care 4.47 ± 0.64 4.58 ± 0.57 .017 
Pharmacists primary responsibility should be to practice 
pharmaceutical care 

4.03 ± 0.75 4.24 ± 0.77 .001 

Providing pharmaceutical care is not worth the additional 
workload that it places on the pharmacist 

2.36 ± 1.18 2.47 ± 1.27 .041 

Pharmacy students can perform their pharmaceutical care 
during their clerkship 

3.81 ± 0.82 4.02 ± 0.92 .002 

I feel that the pharmaceutical care is the right direction for the 
provision to be headed 

4.29 ± 0.71 4.44 ± 0.65 .004 

I feel that pharmaceutical care movement will improve 
patient health 

4.48 ± 0.58 4.59 ± 0.55 .018 

I feel that practicing pharmaceutical care will benefit my 
professional pharmacy career as a pharmacy practitioner 

4.39 ± 0.70 4.55 ± 0.62 .001 

Haven been 
introduced to 
pharmaceutical 
care at school 

 Yes No  
All pharmacists should perform pharmaceutical care 4.59 ± 0.57 4.49 ± 0.61 .021 
I feel that pharmaceutical care movement would benefit 
pharmacists 

4.43 ± 0.68 4.31 ± 0.711 .023 

I feel that pharmaceutical care movement will improve 
patient health 

4.60 ± 0.55 4.48 ± 0.58 .004 

I feel that practicing pharmaceutical care will benefit my 
professional pharmacy career as a pharmacy practitioner 

4.54 ± 0.62 4.44 ± 0.66 .037 

 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.24 To illustrate more, there were eight pharmacy 

schools before 2009,25 with eighteen pharmacy schools 

now.24 However, the focus of pharmaceutical care in the 

pharmacy curricula is inefficient and lacking patient-

oriented program training.7,8,26 

Continuous revisions of the pharmacy curriculum to 

keep up with the changing of the pharmacists' role is 

needed.17 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,20,21 Nigerian,27 

Nepal,19 Saudi,22 Qatari23 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.22,23 

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.22,27 Moreover, participants who have been 

introduced to pharmaceutical care in their program or had 

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.28 This 

concordance suggests that we can achieve higher students' 

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 

examined in Jordan,9 despite the importance of 

implementing pharmaceutical patient care in ensuring 

medication safety, enhancing cost-effective use of 

medicines, reducing medicines related morbidity and 

mortality and its economic burden.3,29,30 Although 

Jordanian pharmacists have positive attitudes toward the 

implementation of pharmaceutical care practice, several 

barriers have been identified which limit the 

implementation of pharmaceutical care practice in 

Jordan.7,9 Those barriers include the level of knowledge 

about providing pharmaceutical care, lack of a private 

counseling area at the community pharmacies, 

communicational difficulties in with physicians, lack of 

access to patient medical records,9 and weak emphasis on 

pharmaceutical care education and training of the 

undergraduate pharmacy education (i.e., BSc. in Pharmacy 

and PharmD) curricula in Jordan.8,26 

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.8 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.8  

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 

the changes in the pharmacy profession that have taken 

place in more developed countries. This is significant and 

can influence the ongoing plan of curricula changes that 

have reviewed and approved by pharmacy schools’ deans 

based on the CAPE educational outcomes. These changes 

mandate more pharmaceutical care credit hours be 

implemented within the next two years.  

Conclusion  

Overall, 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. 
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ʰُyلى: دراسة مʯعʗدة الʓʸسʴات في الاردنتʦجهات ʟلॺة الʗʻʶلة نʦʲ تقʤǻʗ الʙعاǻة   الʗʻʶلانॻة ال
 

ʙʻʶن ʗʸʲ1م، ʗʸه الأحʚʸ2ح، ʜʠارق مقʟ3، امʚالع ʙاب،سایॻʵال ʗ3رغ 

 
  الʗʻʶلة الȂʙȂʙʴة والʸʸارسة الʗʻʶلانॻة،كلॻة الʗʻʶلة ،جامعة الʙʻمʦك،الأردن1

  كلॻة الʗʻʶلة ،جامعة الʚرقاء،الأردن2
  الʗʻʶلانॻة،كلॻة الʗʻʶلة،كلॻة العلʦم والʦʹؒʯلʦجॻا،الأردنالʗʻʶلة الȂʙȂʙʴة والʸʸارسة 3

  
    

ʝـʳمل  
وذلʥ مʧ خلال   الʙʽʸلانॽة تقʦǽʙ الʛعاǽة حʨل في الأردنالʙʽʸلة  ʡلॼةتهʙف هʚه الʙراسة إلى تقʦॽʽ اتʳاهات وتʨʸرات 

 ʛʰعه عȄزʨت ʦت ʦّȞʴان مॽʰʱاسʗنʛʱالإن ʝʺلة في خʙʽʸة الॼلʡ راسةʙه الʚه ʗفʙهʱة في الأردن. اسॽمʨȞجامعات ح  ʧم
ʡالʖ،  884ما مʨʺʳعه خلال مʨʺʳعات الʨʱاصل الاجʱʺاعي الʵاصة ʢǼلॼة الؔلॽات الʶʺʵة. أكʺل تعʯʰة الاسॽʰʱان 

ʧʽ (ن = و  ؗʺا وجʙت . خلال دراسʱهʦ٪) أنهʦ قʙ تعʛّفʨا على مفهʨم الʛعاǽة الʙʽʸلانॽة 69.5،  614أفاد غالॽʰة الʺʷارؗ
ʧʽ غال الʙراسة أنَّ  ومع ذلʥ، اعʛʰʱت ة. ʙ الʛعاǽة الʙʽʸلانॽئمʨاقف اʳǽٕابॽة تʳاه الʨاجʖ الʺهʻي وفʨاؗانʗ لʙیهॽʰ ʦة الʺʷارؗ

. الॽʸادلة ؗاهل الغالॽʰة أن الʛعاǽة الʙʽʸلانॽة تʱʶغʛق وقɦًا Ȅʨʡلاً ولا تȘʴʱʶ عʖء العʺل الإضافي الȑʚ تʹعه على
 ʛʳت ʦیهʙل ʧیʚة الॼلʢراسة أنَّ الʙت الʙاقف كʺا وجʨم ʦیهʙاني ؗان لʙʽʺال ʖȄرʙʱة في الȃʛاصʻة عʱاه سʳة تॽابʳǽٕا ʛʲأك 

Ȍ هʚه الʙراسة الʹʨء على فʛص تʴقȘʽ مʨاقف أكʛʲ تʶلّ مقارنة Ǽالʢلॼة الʚیʧ لʧȞǽ ʦ لʙیهʦ تȃʛʳة في الʙʱرʖȄ الʺʙʽاني. 
قʦǽʙ حالات عʺلॽة تʴاكي في الأردن وت ةاʳǽٕابॽة وذلǼ ʥأن تʨؔن مادة الʛعاǽة الʙʽʸلانॽه مادة اجॼارȄه في ؗلॽات الʙʽʸل

  .وتقʦǽʙ الʛعاǽة الʙʽʸلانॽة الʺʲلى للʺʛضى.  لنʛʵاʨʶǼ ȋق العʺللا الʢلॼة ودفعهʦ الʨاقع لإعʙاد
 .الʱعلʦॽ الʙʽʸلاني؛ الʛعاǽة الʙʽʸلانॽة؛ ʡلॼة الʙʽʸلة؛ الأردن الؒلʸات الʗالة:

 
____________________________________________  

ʘʴॼلام الʱخ اسȄله 10/2/2020 تارʨʰخ قȄوتار  ʛʷʻ21/9/2020لل.  
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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%), α-terpinolene (5.49% ) ,6-amyl-α-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 

μg.mL-1), Salmonella typhi (32 μg.mL-1), Escherichia coli (32 μg.mL-1), Candida albicans(8 μg.mL-1), Aspergillus 

niger(32 μg.mL-1), 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 endemic1. Semenovia suffruticosa is a perennial 

plant species of Apiaceae (Umbeliferae) family that grows 

only in altitudes of 2300 - 2500m Taftan Mountain (Sistan & 

Baluchestan province, Iran). The plant Semenovia 

suffruticosa has comb-like leaves or bifurcate divisions and 

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 

and glabrous, and 40 - 50 cm long in fruit-containing state 

Umbellules have 12 - 15 flowers and peduncle is shorter 

thanthe ripe fruit Apiaceae family2 plants contain compounds 

such as coumarin, furanocoumarin, cromenocoumarin, 

terpene, sesquiterpene, triterpenoid saponins and acetylene 

compounds3.   

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)-β-ocimene (9.7%) and cinamy isovalerate (9.4%) in 

the latter4.The antimicrobial tests were carried out at the 

department of biological sciences, north Tehran branch, and 

LA. University of Tehran using the following 

microorganisms: Staphylococcus aureus 



Chemical composition of essential oil…                                                Alireza.Sardashti  and Ali.Kordi Tamandani 

- 38 - 

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)5 . 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 methods6.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 

sources7.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 organisms8.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 systems8,9 .The 

National Primary Drinking Water Regulations regulations 

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-1 , Measured using the 

standard method on agar incubated at 35 °C for 48 h10 .This 

standard is not based on health considerations, but reflects the 

fact that at concentrations greater than 500 CFU.mL-1, 

heterotrophic bacteria can interfere with certain methods of 

recovery of total coliforms and E. coli 11,12 .The Drinking 

Water Inspectorate of England and Wales, based on the 

Directive of the EU Council on the quality of water intended 

for human consumption13, 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 tanks14. 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 characteristics15. 
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Image of   Semenovia suffruticosa plant  in Taftan Mountain (April month) 

 

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 16 

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, 

until further analysis17,18. They were then sieved to 

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 0C temperature for 2.5 h using a 

Clevenger-type apparatus based on the recirculation of 

water according to the method recommended in the 

European Pharmacopoeia19 .The oil dried over anhydrous 

sodium sulfate .After filtration, the solvent was removed 

by distillation under reduced pressure in a rotary 

evaporator at 30 0C and the pure oil kept at 4 0C 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 sample20. 

 

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, 0.25µm an HP-5Ms capillary 

column, and a HP 5973 mass selective detector. Helium 

was the carrier gas at 1 ml.min-1, the temperature was at 

250 0C and 260 0C respectively. The column temperature 

was set at 40 0C for 1 min, then programmed from 40 0C to 

250  0C at a rate of 3 0C.min-1, 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 C8-C26 n- alkanes 

that were injected with the oil at the same chromatographic 

conditions according to Van Den Dool method21.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 

database22. 

 

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 (μg.mL-1). 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 0C 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  0C for bacteria and 48 h 5 0C 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 μg.mL-1 

(256,128,64,32,16,8,4,2,1,1/2) according to standard of 

NCCLS( or CLSI) bacterium should be added 104   

CFU.mL-1.  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 µg 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 

temperature. After 24 h for bacteria and 48 h for fungi, the 

results were   analyzed. All experiments were repeated for 

at least 3 times23. 

 

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) 0C. This group consists 

of pseudomonas aeruginosa, Stahylococcus aureus, 

Escherichia coli, Aspergillus niger   microorganisms. 

H.P.C bacteria in drinking water is variable and mostly 

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 5oo 

organisms/ml. The H.P.C is a useful parameter to evaluate 

water quality in distribution systems and water filtering 

house24.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%), α-terpinolene 

(5.49%),6-amyl-α-pyrone (4.55%),isobutyl-

isovalerate(3.71%),γ-terpinene(3.68%),α-bisabolol 

(2.93%) and unknown compounds (1.70%)(Table 1). The 

percentage of total monoterpenes and total sesquiterpene 

in the essential oil are 53.50and 7.92 respectively. 

 

Table(1) 

Chemical composition of the essential oil of Semenovia suffruticosa 

% RI Compound 

0.17 906 α-pinene 

0.39 946 sabinene 

0.72 948 1,8-Cineole 

0.09 956 3-octanone 

0.46 960 β-myrcene 

3.71 977 isobutyl isobutyrate 

0.17 983 δ-3-carene 

0.05 989 α-terpinene 

0.09 992 m-methylanisole 

1.12 998 o-cymene 

0.24 1002 limonene 

19.31 1014 cis-ocimene 

0.28 1017 n-butyl isovalerate 

0.98 1020 β-ocimene Y 

3.68 1035 γ-terpinene 

1.76 1055 p-cresol 

5.49 1065 α-terpinolene 

9.00 1078 linalool 

2.77 1081 amyl isovalerate 

0.21 1098 allocimene 

0.45 1116 amyl valerate 

0.23 1117 pulegone 

4.64 1146 ethyldimethylthiophene 

0.17 1153 1,8-metnthadien-4-ol 

0.09 1155 4-terpineol 

0.27 1160 p-cymen-8-ol 

0.11 1166 α-terpineol 

0.14 1169 trans-2,6-dimethyl-3,5,7-octatriene-2-ol 

0.17 1171 p-allylanisole 

0.15 1177 cis-2,6-dimethyl-3,5,7-octatriene-2-ol 
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% RI Compound 

0.63 1201 cis-3-hexyl valerate 

1.77 1207 hexyl isovalerate 

0.11 1208 trans-3-hexyl valerate 

0.06 1222 cis-4-decen-1-ol 

0.05 1232 trans-4-decen-1-ol 

0.34 1250 4-hydroxy-3-methylacetophenone 

0.09 1318 eugenol 

0.41 1340 α-copaene 

0.85 1350 pentanoic acid,phenylmethyl ester 

2.19 1358 methyleugenol 

0.31 1374 Trans-caryophyllene 

0.85 1383 unknown 

0.22 1412 unknown 

0.28 1419 trans-beta-farnesene 

0.28 1423 unknown 

4.55 1438 6-amyl -α -pyrone 

1.28 1441 Granyl-isovalerate 

0.25 1458 germacrene D 

0.12 1462 zingberene 

0.20 1470 lavanduilyl acetate 

0.86 1473 bicyclogermacrene 

0.79 1494 δ-cadinene 

0.47 1506 cis- α-bisabolene 

0.18 1535 germacrene  B 

0.14 1541 geranyl butyrate 

0.14 1555 spathulenol 

0.14 1566 geranyl isovalerate 

0.27 1573 m-methylstyrene 

0.27 1589 cinnamyl isovalerate 

0.17 1599 valencene 

0.35 1621 unknown 

8.19 1653 cinnamyl  valerate 

2.93 1658 α-bisabolol 

0.07 1750 angecin 

0.03 1803 ficusin 

0.05 1827 1-hxadecene 
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Table ( 2) 

Chemical composition of the essential oil of Semenovia suffruticosa by chemical class 

Percent of chemical class Number of compounds Chemical class 

53.50 27 Total monoterpenes  

32.37 12 Hydrocarbon    monoterpenes  

21.13 15 Oxygenated monoterpenes 

7.92 13  Total sesquiterpenes 

6.36 10     Hydrocarbon            sesquiterpenes 

1.56 3 Oxygenated sesquiterpenes  

0.32 2 Other hydrocarbon compounds 

18.61 17 Other oxygenated compounds 

4.62 1 Other compounds 

1.70 4 Unknown compounds 

38.73 22  Hydrocarbon terpenoids  

22.69 18 Oxygenated terpenoids 

61.42 40 Total terpenoids 

84.99 60 Total without unknown compounds 

 

Table (3) 

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

for microorganisms 

Microorganis Bacterial   yeast Fungus 

 

Essential oil 

Salmonella 

typhi 

Escherichia 

coli 

Pseudomonas 

aeruginosa 

Staphylococcus 

aureus 

Candida 

albicans 

Aspergillus 

niger 

Aerial parts 
32 

μg.mL-1 

32 

μg.mL-1 

32   μg.mL-1 

 

8 

μg.mL-1 

8 

μg.mL-1 

32 

μg.mL-1 
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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 

μg.mL-1), Pseudomonas aeruginosa (32 μg.mL-1),  

Salmonella typhi(32 μg.mL-1), Escherichia coli (32 μg.mL-1), 

Candida albicans(8 μg.mL-1), Aspergillus niger(32  μg.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 

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 disinfection15, 24.       

 

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-

negative bacterial cell membrane. Anti-microbial 

experiments suggest that the essential oil of this plant can 

be used in filtration of water and waste water. 

Heterotrophic plat count bacterial growth in drinking-

water shows this property25. 

  

List of Abbreviations 

GC-MS: Gas chromatography/Mass spectroscopy 

technique 0C: Degrees a Celsius   mL: Mili liter   min: 

Minute  w/w%: Weight / Weight percent   CFU.mL-1: 

Colony Forming Unit for liquids Chemical class: 

classification of compounds  MIC: Minimal inhibition 

Concentration.  
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ʕȂʚة لॻائॻʸॻؒات الॺʻ ʙؕʯال semenoyasofroticosa  ȏʙʠاء العʸات في الȁوʙȜॻʸادة للʷʸوآثارها ال   
  

            * علي ʦؕردȏ تʸʴانʗاني ،علي رضا سʙدشʯي
  ، ؕلॻة العلʦم، قʤʴ الॻʸॻؒاء، زاهʗان، إیʙانجامعة سʯʴॻان وȁالʦشʯʴان*

  
ʝـʳمل  

ॼات ॽʺॽؗائॽة ونʷاȋ مʹاد للȄʛʽʱȞॼا للʻفȌ الأساسي في بʛاعʦ مʻʸع سȄʨʻʽʺॽاسʨفʛوتȞॽا ʛؗم ʧراسة عʙه الʚوأفادت ه ،
الأصلي في إیʛان، وقʙ اسʛʵُɦجʗ الʨȄʜت الأساسॽة مʧ الʛʰاعʦ بʨاسʢة Ȅʛʡقة تقʛʽʢ الʺॽاه وتʦ الʴʱقȘʽ فʽها بʨاسʢة 
ॼات  ʛؗʺائج أن الʱʻت الʛهʣة. أॽلʱؔة الॽɿॽʢات الॽʻقʱالǼ نةʛʱة الʺقȄا الغازॽɾاʛغʨوماتʛؔات الॽʻة وتقȄا الغازॽɾاʛغʨوماتʛؔال

٪، 5.49٪، إلفا تʨʻʽȃʛʽلʧʽ 8.19٪، سʻʽامʽل فالʛʽات 9لʻʽا لʨل   ٪،cis-ocimene 19.31 الʛئॽʶॽة الʱي بها أعلى نʖʶ هي
ॼات غʛʽ معʛوفة 4.55إمʽل ألفا بʛʽون -6 ʛؗʺة لॼʶʻال ʗان ʜʽ مʧ الʻفȌ الأساسي 0.85٪، وؗ ʛؗأن أعلى ت ʧʽʰا تʺؗ .٪

ʜʽ مʧ الʻفȌ العȑʛʢ قادرة على الʛʢॽʶة على  ʛؗان وأدنى تȞॽʰات ألʹॽʰʺقة على الॽʀʙة الॽʴات الʻالؔائ
 ,Staphylococcus aureus (8 μg/ml), Pseudomonas aeruginosa (32 μg/ml), Salmonella typhi (32 μg/ml)الʱالॽة:

Escherichia coli (32 μg/ml), Candida albicans (8 μg/ml), Aspergillus niger(32 μg/ml)  ʧʽة بॽت الأساسʨȄʜادة الȄوز
  .انʵفاض في عʙد مʱʶعʺʛات الؔائʻات الॽʴة الॽʀʙقةالعʻʽات أدȐ إلى 

ॼات الʻفȌ الأساسॽة  - Semenoyasofroticosa :  الؒلʸات الʗالة: ʛؗأغار  -م ʅॽɿʵʱقة الȄʛʡ–  ةॽʻد تقʙعʥȄʨوفʛʱʽه . 
 

  

 
 

 

 

 

 
____________________________________________  

ʘʴॼلام الʱخ اسȄله 6/6/2019 تارʨʰخ قȄوتار  ʛʷʻ1/10/2020لل.  
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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 

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, chloroquine, hydrochloroquine), antiviral 
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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), 6W01.pdb (Chikhale et al., 

2020), and 5R7Y.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),  

6M0J. 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 

(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™ i7 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 



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

- 51 - 

2GX4.pdb (resolution of 1.93 Å); 6FV1.pdb (resolution of 

2.30 Å); and 4LMT.pdb (resolution of 1.71 Å). 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 

(Syahri 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 Å 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 90×90×90 with a grid 

map in Table 1. The validity of the docking methods was 

determined based on the root mean square 

deviation (RMSD) value <2.0 Å. 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 Å, respectively.  

 

 

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

PDB ID X(Å) Y(Å) Z(Å) Radius (Å) 

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 

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 

CDOCKER energy (-64.4841 kcal/mol) among the 17 

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 β-coronavirus, while 6FV1 (from HCoV-

NL63) is α-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 

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 

No Compounds 
CDOCKER Energy (kcal/mol) 

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) 

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 Glu166, Gln189, 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 Glu166, Gln164, Gly142, 

Pro189, Asn141, and Ile165 residues. Meanwhile, 2-D 

interaction of 1-4LMT complex displayed the H-bonds to 

the Glu170, Arg122, Glu56, Tyr124, Ala171, Tyr 63, and 

Asp165 amino acid residues. Interaction of Hesperidin (2) 

with 2GX4 was formed via H-bonds to Glu166, Asn142, 

Leu141, Asp187, Met49, His164, and Met165 amino acid 

residues. Furthermore, H-bonds interaction of 2-6FV1 can 

be seen to the Asn141, Glu166, Cys144, Phe139, His163, 

Ile140, Gln164, Thr47, and Ser190 residues. Lastly, 2-

4LMT complex showed H-bonds interaction to Ala171, 

Arg164, Asp169, Asp165, Pro166, Glu170, 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, 

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 the in vitro activity of both 

compounds with EC50 values of 3.7 and 10 μM, 

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 EC50 value 

of 0.06–0.14 μM (Warren et al., 2016), SARS-CoV with 

EC50 value 0.069 μM, and MERS-CoV with an EC50 value 

of 0.074 μM (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 

prevention and also the treatment of COVID-19. 

Moreover, hesperidin also showed a good safety profile 

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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considered as the therapeutic drug against COVID-19.  
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6FV1, and 4LMT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



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

- 55 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Effectivity of Remdesivir…                                                        Jufrizal Syahri, Beta Achromi Nurohmah, Emmy Yuanita 

- 56 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



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

- 57 - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Effectivity of Remdesivir…                                                        Jufrizal Syahri, Beta Achromi Nurohmah, Emmy Yuanita 

- 58 - 

 
 
 
 
 
 
 
 
 
 
 
 
 

REFERENCES 
 

1. Adem S., Eyupoglu V., Sarfraz I., Rasul A. and Ali M. 

Identification of potent COVID-19 Main protease (Mpro) 

inhibitors from natural polyphenols: an in silico strategy 

unveils a hope against CORONA. Preprints 2020; 

2020030333 

http://doi.org/10.20944/preprints202003.0333.v1. 

2. Al-Qutob R., Ajlouni MT., Abufaraj M. and Moonesar IA. 

Viewpoint: Jordan’s public and surveillance health 

policies: During and after COVID-19. Jordan J. Pharm. 

Sci. 2020; 13(3):1.  

3. Bellavie P. and Donzelli A. Hesperidin and SARS-CoV-2: 

New light on the healthy function of citrus fruits. 

Antioxidants. 2020; 9(8):742.  

4. Bhowmik D., Nandi R., Jagadeesan R., Kumar N., Prakash 

A. and Kumar D. Identification of potential inhibitors 

against SARS-CoV-2 by targeting proteins responsible for 

envelope formation and virion assembly using docking 

based virtual screening, and pharmacokinetics approaches. 

Infect. Genet. Evol. 2020; 5(84):104451.  

5. Chang CK., Jeyachandran S., Hu NJ., Liu CL., Lin SY., 

Wang YS., Chang YM. and Hou MH. Structure-based 

virtual screening and experimental validation of the 

discovery of inhibitors targeted towards the human 

coronavirus nucleocapsid protein. Mol. BioSys. 2016; 

12:59-66.  

6. Chen Y., Liu Q. and Guo D. Emerging Coronaviruses: 

genome structure, Replication, and pathogenesis. J. Med. 

Virol. 2020; 92:418–423. 

7. Chikhale RV., Gurav SS., Patil RB., Sinha SK., Prasad SK., 

Shakya A., Shrivastava SK., Gurav NS. and Prasad RS. 

SARS-CoV-2 host entry and replication inhibitors from 

Indian ginseng: an in-silico approach. J. Biomol. Struct. 

Dyn. 2020; 1-12. 

8. Colson P., Rolain JM. and Raoult D. Chloroquine for the 

2019 novel coronavirus SARS-CoV-2. Int. J. Antimicrob. 

Agents. 2020; 55:105923. 

9. Colunga Biancatelli RML., Berrill M., Catravas JD. and 

Marik PE. Quercetin and Vitamin C: An experimental, 

synergistic therapy for the prevention and treatment of 

SARS-CoV-2 related disease (COVID-19). Front 

Immunol. 2020; 11:1451.  

10. Devaux CA., Rolain JM., Colson P. and Raoult D. New 

insights on the antiviral effects of chloroquine against 

coronavirus: what to expect for COVID-19?. Int. J. 

Antimicrob. Agents. 2020; 105938.  

11. Guan WJ., Ni ZY., Hu Y., Liang WH., Ou CQ., He JX., Liu 

L., Shan H., Lei CL., Hui DSC., Du B., Li LJ., Zeng G., 

Yuen KY., Chen RC., Tang CL., Wang T., Chen PY., 

Xiang J., Li SY., Wang JL., Liang ZJ., Peng YX., Wei L., 

Liu Y., Hu YH., Peng P., Wang JM., Liu JY., Chen Z., Li 

G., Zheng ZJ., Qiu SQ., Luo J., Ye CJ., Zhu SY. and Zhong 

NS. Clinical characteristics of 2019 novel coronavirus 



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

- 59 - 

infection in China. N. Engl. J. Med. 2020; 382:1708-1720. 

12. Hall DC Jr and Ji HF. A search for medications to treat 

COVID-19 via in silico molecular docking models of the 

SARS-CoV-2 spike glycoprotein and 3CL protease. Travel 

Med. Infect Dis. 2020; 35:101646.  

13. Huang C., Wang Y., Li X., Ren L., Zhao J., Hu Y., Zhang 

L., Fan G., Xu J., Gu X., Cheng Z., Yu T., Xia J., Wei Y., 

Wu W., Xie X., Yin W., Li H., Liu M., Xiao Y., Gao H., 

Guo L., Xie J., Wang G., Jiang R., Gao Z., Qi Jin Q., Wang 

J. and Cao B. Clinical features of patients infected with 

2019 novel coronavirus in Wuhan, China. The Lancet. 

2020; 395(10223):P497-506.  

14. Hui DS., Azhar EI., Madani TA., Ntoumi F., Kock R., Dar 

O., Ippolito G., Mchugh TD., Memish ZA., Drosten C., 

Zumla A. and Petersen E. The continuing 2019-nCoV 

epidemic threat of novel coronaviruses to global health - the 

latest 2019 novel coronavirus outbreak in Wuhan, China. 

Int. J. Infect. Dis. 2020; 91:264-266. 

15. Jaffe S. Regulators split on antimalarial for COVID-19, The 

Lancet. 2020; 395(10231): P1179.  

16. Kang S., Yang M., Hong Z., Zhang L., Huang Z., Chen X., 

He S., Zhou Z., Zhou Z., Chen Q., Yan Y., Zhang C., Shan 

H. and Chen S. Crystal structure of SARS-CoV-2 

nucleocapsid protein RNA binding domain reveals 

potential unique drug targeting sites. Acta Pharm. Sin. B. 

2020; 10(7):1228-1238.  

17. Ko WC., Rolain JM., Lee NY., Chen PL., Huang CT., Lee 

PI. and Hsueh PR. Arguments in favour of remdesivir for 

treating SARS-CoV-2 infections. Int. J. Antimicrob. 

Agents. 2020; 55(4):105933.  

18. Kulkarni SA., Nagarajan SK., Ramesh V., Palaniyandi V., 

Selvam SP. and Madhavan T. Computational evaluation of 

major components from plant essential oils as potent 

inhibitors of SARS-CoV-2 spike protein. J. Mol. Struct. 

2020; 1221:128823. 

19. Kumar A., Choudhir G., Shukla SK., Sharma M., Tyagi P., 

Bhushan A. and Rathore M. Identification of 

phytochemical inhibitors against main protease of COVID-

19 using molecular modeling approaches. J. Biomol. Struct. 

Dyn. 2020; 1-11. doi:10.1080/07391102.2020.1772112. 

20. Lavecchia M and Fernandez J. In silico study of SARS-

CoV-2 Nucleocapsid Protein-Protein Interactions and 

Potential Candidates for their Stabilization. Preprints 2020, 

2020070558. doi: 10.20944/preprints202007.0558.v1. 

21. Lokhande KB., Doiphode S., Vyas R. and Swamy KV. 

Molecular docking and simulation studies on SARS-CoV-

2 Mpro reveals Mitoxantrone, Leucovorin, Birinapant, and 

Dynasore as potent drugs against COVID-19. J. Biomol. 

Struct. Dyn. 2020; 1–12. 

doi:10.1080/07391102.2020.1805019. 

22. Liu W., Morse JS., Lalonde T. and Xu S. Learning from the 

past: possible urgent prevention and treatment options for 

severe acute respiratory infections caused by 2019-nCoV. 

Chem. Bio. Chem. 2020; 21:730-738. 

23. Lu H., Stratton CW. and Tang YW. Outbreak of pneumonia 

of unknown etiology in Wuhan China: the mystery and the 

miracle. J. Med. Virol. 2020; 92(4):401-402.  

24. Ngwa W., Kumar R., Thompson D., Lyerly W., Moore R., 

Reid TE., Lowe H. and Toyang N. Potential of flavonoid-

inspired phytomedicines against COVID-19. Molecules. 

2020; 25(11):2707.  

25. Pandey A., Nikam AN., Shreya AB., Mutalik SP., Gopalan 

D., Kulkarni S., Padya BS., Fernandes G., Mutalik S. and 

Prassl R. Potential therapeutic targets for combating SARS-

CoV-2: Drug repurposing, clinical trials and recent 

advancements. Life Sci. 2020; 256: 117883.  

26. Paraskevis D., Kostaki EG., Magiorkinis G., 

Panayiotakopoulos G., Sourvinos G. and Tsiodras S. Full-

genome evolutionary analysis of the novel corona virus 

(2019-nCoV) rejects the hypothesis of emergence as a 

result of a recent recombination event. Infect. Genet. Evol. 

2020; 79:104212. 

27. Peele KA., Durthi CP., Srihansa T., Krupanidhi S., 

Ayyagari VS., Babu DJ., Indira M., Reddy AR. and 

Venkateswarulu TC. Molecular docking and dynamic 

simulation for antiviral compounds against SARS-CoV-2: 

A computational study. Inform. Med. Unlocked. 2020; 

19:100345. 



Effectivity of Remdesivir…                                                        Jufrizal Syahri, Beta Achromi Nurohmah, Emmy Yuanita 

- 60 - 

28. Rebeaud ME. and Zores F. SARS-CoV-2 and the use of 

chloroquine as an antiviral treatment. Front. Med. 2020; 

7:184. 

29. Sheahan TP., Sims AC., Graham RL., Menachery VD., 

Gralinski LE., Case JB., Leist SR., Pyrc K., Feng JY., 

Trantcheva I., Bannister R., Park Y., Babusis D., Clarke 

MO., Mackman RL., Spahn JE., Palmiotti CA., Siegel D., 

Ray AS., Cihlar T., Jordan R., Denison MR. and Baric RS. 

Broad-spectrum antiviral GS-5734 inhibits both epidemic 

and zoonotic coronaviruses. Sci. Transl. Med. 2017; 

9(3653):eaal3653.  

30. Sheahan TP., Sims AC., Leist SR., Schafer A., Won J., 

Brown AJ., Montgomery SA., Hogg A., Babusis D., Clarke 

MO., Spahn JE., Bauer L., Sellers S., Porter D., Feng JY., 

Cihlar T., Jordan R., Denison MR. and Baric RS. 

Comparative therapeutic efficacy of remdesivir and 

combination lopinavir, ritonavir, and interferon-beta 

against MERS-CoV. Nat. Commun. 2020; 11(1):222. 

31. Singh AK., Singh A., Shaikh A., Singh R. and Misra A. 

Chloroquine and hydroxychloroquine in the treatment of 

COVID-19 with or without diabetes: A systematic search 

and a narrative review with a special reference to India and 

other developing countries. Diabetes Metab. Syndr. 2020; 

14(3):241–246.  

32. Singh S and Florez H. Coronavirus disease 2019 drug 

discovery through molecular docking [version 1; peer 

review: 1 approved, 2 approved with 

reservations]. F1000Research. 2020; 9:502. 

33. Syahri J., Nasution H., Nurohmah BA., Purwono B. and 

Yuanita E. Novel aminoalkylated chalcone: Synthesis, 

biological evaluation, and docking simulation as potent 

antimalarial agents. J. Appl. Pharm. Sci. 2020; 10(6): 1-5. 

34. Syahri J., Nasution H., Nurohmah BA., Purwono B., 

Yuanita E., Zakaria NH and Hassan NI. Design, Synthesis 

and Biological Evaluation of Aminoalkylated Chalcones as 

Antimalarial Agent. Sains Malays. 2020; 49(11): 2667-

2677. 

35. Tok TT and Tatar G. Structures and functions of 

coronavirus proteins: Molecular modeling of viral 

nucleoprotein. Int. J. Virol. Infect. Dis. 2017; 2(1): 001-007. 

36. Touret F and de Lamballerie X. Commentary of 

chloroquine and COVID-19. Antiviral Res. 2020; 

177:104762.  

37. Truter I. A reiew of drug utilization studies and 

methodologies. Jordan J. Pharm. Sci. 2008; 1(2): 1-14. 

38. Utomo RY., Ikawati M. and Meiyanto E. Revealing the 

potency of citrus and galangal constituents to halt SARS-

CoV-2 infection. Preprints 2020, 2020030214 

http//doi.org/10.20944/preprints202003.0214.v1. 

39. Verma HK., Merchant N., Verma MK., Kuru CI., Singh 

AN., Ulucan F., Verma P., Bhattacharya A. and Bhaskar 

LVKS. Current updates on the European and WHO 

registered clinical trials of coronavirus disease 2019 

(COVID-2019). Biomed. J. 2020, S2319-4170(20)30127-

X. In press, https://doi.org/10.1016/j.bj.2020.07.008. 

40. Vijayakumar BG., Ramesh D., Joji A., Prakasan JJ. and, 

Kannan T. In silico pharmacokinetic and molecular 

docking studies of natural flavonoids and synthetic indole 

chalcones against essential proteins of SARS-CoV-2. Eur. 

J. Pharmacol. 2020; 886:173448. 

41. Wang M., Cao R., Zhang L., Yang X., Liu J., Xu M., Shi 

Z., Hu Z., Zhong W. and Xiao G. Remdesivir and 

chloroquine effectively inhibit the recently emerged novel 

coronavirus (2019-nCoV) in vitro. Cell Res. 2020; 30:269. 

42. Warren TK., Jordan R., Lo MK., Ray AS., Mackman RL., 

Soloveva V., Siegel D., Perron M., Bannister R., Hui HC., 

Larson N., Strickley R., Wells J., Stuthman KS., Van 

Tongeren SA., Garza NL., Donnelly G., Shurtleff AC., 

Retterer CJ., Gharaibeh D., Zamani R., Kenny T., Eaton 

BP., Grimes E., Welch LS., Gomba L., Wilhelmsen CL., 

Nichols DK., Nuss JE., Nagle ER., Kugelman JR., Palacios 

G., Doerffler E., Neville S., Carra E., Clarke MO., Zhang 

L., Lew W., Ross B., Wang Q., Chun K., Wolfe L., Babusis 

D., Park Y., Stray KM., Trancheva I., Feng JY., Barauskas 

O., Xu Y., Wong P., Braun MR., Flint M., McMullan LK., 

Chen SS., Fearns R., Swaminathan S., Mayers DL., 

Spiropoulou CF., Lee WA., Nichol ST., Cihlar T. and 

Bavari S. Therapeutic efficacy of the small molecule GS-



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

- 61 - 

5734 against Ebola virus in rhesus monkeys. Nature. 2016; 

531:381–385.  

43. World Health Organization. 2020, Coronavirus disease 

(COVID-19) Pandemic, WHO Press, Geneva, Switzerland. 

44. Wu C., Liu Y., Yang Y., Zhang P., Zhong W., Wang Y., 

Wang Q., Xu Y., Li M., Li X., Zheng M., Chen L. and Li 

H. Analysis of therapeutic targets for SARS-CoV-2 and 

discovery of potential drugs by computational methods. 

Acta Pharm. Sin. B. 2020; 10(5):766-788.  

45. Wu JT., Leung K. and Leung GM. Nowcasting and 

forecasting the potential domestic and international spread 

of the 2019-nCoV outbreak originating in Wuhan, China: 

A modeling study. Lancet. 2020; 395(10225):689-697.  

46. Xu Z., Peng C., Shi Y., Zhu Z., Mu K., Wang X. and Zhu 

W. Nelfinavir was predicted to be a potential inhibitor of 

2019-nCov main protease by an integrative approach 

combining homology modeling, molecular docking and 

binding free energy calculation. bioRxiv. 2020. doi: 

10.1101/2020.01.27.921627. 

47. Zahedipour F., Hosseini SA., Sathyapalan T., Majeed M., 

Jamialahmadi T., Al-Rasadi K., Banach M. and Sahebkar 

A. Potential effects of curcumin in the treatment of 

COVID-19 infection. Phytother. Res. 2020; 1-10. 

doi:10.1002/ptr.6738. 

48. Zhang DH., Wu KL., Zhang X., Deng SQ. and Peng B. In 

silico screening of Chinese herbal medicines with the 

potential to directly inhibit 2019 novel coronavirus. J. 

Integr. Med. 2020; 18:152–158. 

49. Zhu N., Zhang D., Wang W., Li X., Yang B., Song J., Zhao 

X., Huang B., Shi W., Lu R., Niu P., Zhan F., Ma X., Wang 

D., Xu W., Wu G., Gao GF. and Tan W. A novel 

coronavirus from patients with pneumonia in China, 2019. 

N. Engl. J. Med. 2020; 382:727-733. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Effectivity of Remdesivir…                                                        Jufrizal Syahri, Beta Achromi Nurohmah, Emmy Yuanita 

- 62 - 

  
  
 

       
ॺات ؕأدوȂة علاجॻة مʸʯʲلة لʸقاومة  ʙؕʸال ʥم ʗیʗوالع ʙʻفॻʴǻʗʸȂة رॻفعالSARS-CoV-2ʦȜॻلʻʴدراسة في ال : 

  
 ȏʙال شهʚȂʙفʦ1جʥʸحʙر الʦمي نʙا أحʯʻا2، بʯʻنʦي یʸǻ3، إ*  

  .جامعة مǽʙʺʴة رȄاو ، جالان تʨانʨؔ تامʨʰساȑ أوجʨنج ، بȞॽانॼارو ، إنʙونॽʶॽا قʦʶ الॽʺॽؔاء ، 1*
  .، جʨغʳاكʛتا ، إنʙونॽʶॽا 55281،  21قʦʶ الॽʺॽؔاء ، جامعة غاجه مادا ، جالان ؗالʨʽرانج سʖʽȞॽ أوتارا بʨلاكʨʶمʨر  2

3  ʗʽاهǼاء ، جامعة ماتارام ، جالان ماجاॽʺॽؔال ʦʶ62ق A  وʙا، ماتارام ، إنॽʶॽن.  
        

    
ʝـʳمل  

یʛʶǼ ʛʷʱʻعة في جʺॽع أنʴاء العالʦ. مʚʻ ذلǼ (SARS-CoV-2  ʥالعʙوȐ فʛʽوس COVID-19( 2019وȃاء فʛʽوس ʨؗرونا 
ʨȞॽلʽʶدراسات ال ʙوعلاجها. تع Ȑوʙالع ʧة مǽقاʨة للʴشʛʺة الȄالأدو ʧع ʘʴॼد للʨهʳال ʗلʚب ،ʧʽʴق  الʛʢال ʛʲأك ʧة مʙواح

ॼات الʙواء مع الʛʰوتʻʽات الʺʱʶهʙفة الفʛʽوسॽة.  ʛؗʺة لȄʛʤʻفاعلات الʱخلال دراسة ال ʧة مȄل للأدوʺʱʴم ʟʴاء فʛة لإجॽفعال
ا ؗʺʹاد لـ  17في هʚا الʘʴॼ ، أبلغʻا عʧ دراسة في الʽʶلʨȞॽ لـ  ًɹ على أساس إرساء الʯȄʜʳي.  SARS-CoV-2عقارًا مʛش

و  6FV1و  PDB 2GX4ت الʺʱʶهʙفة الʲلاثة الʺʙʵʱʶمة ॼɺارة عʧ بلʨرات بʛوتʧʽ فʛʽوس ʨؗرونا بʛمʜ كانʗ الʛʰوتʻʽا
4LMT اقةʡ اءً علىʻب ʧʽ . أʣهʛت الʱʻائج أن رॽʶǽʙʺȄفʛʽ ؗان أكʛʲ الأدوȄة الʺʛشʴة الʨاعʙة یلॽه الهʙȄʛʰʶیʧ والؔلʨروؗ

CDOCKER .يʯȄʜʳائج إرساء الʱن ʧنة مʨؔʱʺفاعلات الʱوال  
ʸالة:الؒلʗات ال  ،ʛʽفॽʶǽʙʺȄر ،ʨȞॽلʽʶوس، إرساء، الʛʽرونا فʨكSARS-CoV-2. 
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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 80oC 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: EGCG, 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 (1). The main 

component of catechins is epigallocatechin gallate (EGCG) 
(2). The EGCG was reported to have a various new founds 

effects such as adjunct in the treatment of hyper-cholesterol, 

obesity, cardiovascular and cancer (3,4,5). The other catechin 

substances that have an antioxidant effect were 

Epigallocatechin (EGC), Epicatechin (EC) and Epicatechin 

gallate (ECG). Their molecular structure was shown in Figure 

1. Besides EGCG, another substance with significant 

concentration in tea is caffeine (2). 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. 
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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 (3). 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) 
(1,4). 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 (5). 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) (6,7,8) or TLC-

densitometry (9) 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 

polyphenol content in green tea products is 15% (10). The 

SNI-3945:2016 does not mention the requirements for 

EGCG or caffeine concentrations in green tea (10) or black 

tea (11). 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 µL 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 80oC, then stirred using a magnetic stirrer over a 

water bath at 80oC for 40 minutes. Subsequently, the 

sample was allowed reach room temperature before 

transferred quantitatively into a 50 mL volumetric flask, 

added with water until the mark and shaken 

homogeneously (12). 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 μL 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 Rf (retardation factor), Rs 

(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 1.5(13). However, the Rs value of 1.2 is 

also acceptable because the separation between the two 

peaks is relatively completed (14). Acceptance criteria for 

peak purity and peak identity is when r value is more than 

0.9900(15). 

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 

(Vxo) < 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. 

 

 

 

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 λ 275 nm. The 

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 Rs value in 

the range of 0.88-1.57. The range of the Rs 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.  

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

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 

(Rf). 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 (rspectra) 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,e). 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) (15). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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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(a)        (b) 

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 

concentration 

(ppm) 

Parameter 

Range of 

concentration 

(ppm) 

Parameter 

403.4 – 1814 

(Green tea) 

r = 0.9974 

r2=  0.9948 

Vxo = 3.85 % 

Y =11.008 x + 6244.6 

82.80 – 745.2 

(Green tea) 

r = 0.9994 

r2 = 0.9988 

Vxo = 2.20 % 

Y = 23.455 x + 3638.6 

81.20 – 568.40 

(Black tea) 

r =0.9991 

r2= 0.9982 

Vxo = 3.02 % 

Y = 15.75 x - 365.31 

80.40 – 643.20 

(Black tea) 

r = 0.9986 

r2 = 0.9972 

Vxo = 3.77% 

Y = 25.50 x + 3027 

 

3.3 Limit of detection (LOD) and limit 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 

these concentrations were obtained based on the spot area 

of 2 µL 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 (13) 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 

Samples and EGCG standard 

addition 

The EGCG in the analyzed solution 

Mean 

(%) 

CV 

(%) 
Sample 

(mg) 

Standard 

Addition 

(mg) 

Sample + 

addition 

(mg) 

Recovery 

(%) 

Green tea 

80% 4.002 3.305 6.737 92.20 

95.30 + 

5.03 

5.23 

% 

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 

3.824 4.276 8.243 101.7 

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 

Black tea 

80% 0.1493 0.1559 0.2934 96.13  

 

 

99.44 + 

7.83 

 

 

 

 

7.87 

% 

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 

0.2847 0.2064 0.5398 109.9 

0.0927 0.2017 0.2473 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 

Sample and 

Caffeine standard 

addition 

The caffeine in the analyzed solution 

Mean 

(%) 

CV 

(%) 
Sample 

(mg) 

Standard 

Addition 

(mg) 

Sample + 

addition 

(mg) 

Recovery 

(%) 

Green 

tea 

80% 1.171 1.141 2.251 97.36 

98.18 + 

2.86 
2.91 % 

0.942 1.219 2.274 105.23 

1.102 1.224 2.258 97.07 

100% 1.171 1.478 2.531 95.55 

0.942 1.458 2.322 96.75 

1.253 1.418 2.615 97.89 

120% 1.513 1.592 3.088 99.45 

0.942 1.621 2.471 96.41 

1.189 1.641 2.772 97.94 

Black tea 

80% 0.2524 0.1700 0.4237 100.23  

 

 

96.59 + 

5.52 

 

 

 

 

5.40 % 

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 

0.2695 0.2150 0.4808 99.24 

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% (10,11). In this study, 

we used the gravimetric method (heating 105oC in the oven 

for 1 hour) for determination of the water content instead 

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 (2). 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 (2). 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 

Samples 
EGCG (mg/g) Caffeine (mg/g) 

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 

Samples 
EGCG (mg/g) Caffeine (mg/g) 

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 

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-

1.90 mg/g). While the caffeine concentration in green tea 

(6.58-7.80 mg/g) and black tea (3.83-6.20 mg/g) were 

relatively the same. 
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   -TLCوالكافيين في منتجات الشاي المنزلية باستخدام  قياس الكثافة
 

  * اسري دارماواتي ، فبىي النور ينتي ، عندي بستانيل حق ،علي نور الدين ، جوكو اكوس فوروانطا
  .سورابايا ،إندونيسياقسم الكيمياء الصيدلية ،كلية الصيدلة ،جامعة إيرلانجا ،

         asri-d@ff.unair.ac.id المؤلف المراسل*
    

  ملخـص
الخلفية: تتم معالجة أوراق الشاي لإنتاج منتجات الشاي الأسود ومنتجات الشاي الأخضر. الشاي الأخضر هو نتيجة 
معالجة أوراق الشاي بدون عملية أكسدة إنزيمية. بينما يصنع الشاي الأسود عن طريق الأكسدة الأنزيمية الكاملة لأوراق 

في المنتج النهائي. الهدف والأهداف: كان الهدف من  EGCGل من تركيز الشاي. يمكن لعملية الأكسدة الأنزيمية أن تقل
والكافيين في وقت واحد في الشاي الأخضر المحلي ومنتجات الشاي الأسود لتغليف  EGCGهذه الدراسة هو تحديد تركيز 

كمرحلة ثابتة  GF254 TLC-plateالطريقة: تم استخدام هلام السيليكا  المعتمد. TLCالأكياس باستخدام مقياس كثافة 
بيوتانول ، حمض  -nومزيج من تركيبة مختلفة من المذيبات العضوية مثل الميثانول ، الكلوروفورم ، أسيتات الإيثيل ، 

درجة مئوية  80مل من الماء عند  40والكافيين من منتجات الشاي مع  EGCGالفورميك كمرحلة متحركة. تم استخراج 
ت إعادة استخلاص المواد التحليلية في مستخلص الماء باستخدام أسيتات الإيثيل. تم تحديد دقيقة مع التحريك. تم 40لمدة 

EGCG  والكافيين في مستخلص أسيتات الإيثيل باستخدام مقياس كثافةTLC .النتائج: الطور المتحرك الذي  المعتمد
بيوتانول:  -nوروفورم: أسيتات الإيثيل: والكافيين مع أقرب مادة تحليلية مزيلة هو الكل EGCGيفصل على النحو الأمثل 

في خمس عينات من الشاي الأخضر والشاي الأسود في حدود  EGCG) كان محتوى 3: 7: 10: 20حمض الفورميك (
) مجم / جم على التوالي. في حين تراوح محتوى الكافيين في نفس العينة 1.90-1.10) مجم / جم و (16.24-23.75(

 TLCالاستنتاج: استوفت طريقة قياس كثافة  ) ملجم / جم على التوالي.6.20-3.83جم و () ملجم / 7.80-6.58بين (
والكافيين في الشاي الأخضر والشاي الأسود متطلبات التحقق من صحة الانتقائية والخطية والدقة. لكن  EGCGلتحديد 

. AOAC) تجاوزت متطلبات ٪7.87) والشاي الأسود (٪5.23في الشاي الأخضر ( EGCGدقة هذه الطريقة في تحديد 
في الشاي الأخضر أعلى منه في الشاي  EGCGفي حين أن الدقة في تحديد الكافيين تلبي المتطلبات. كان محتوى 

   الأسود ، بينما كان محتوى الكافيين متماثلاً نسبيًا.
 .TLC-Densitometry،كافيين ،منتج الشاي الأخضر ،منتج الشاي الأسود ، EGCG الكلمات الدالة:

 
  

 
____________________________________________  
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ABSTRACT 

This study aims to identify the effect of Hylocereus polyrhizus on the level of VEGFs and TGF-β1 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-β1 were evaluated with ELISA on the 3rd, 7th, and 14th 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-β1 compared to positive control (p = 0.011; r = -0.584) and (p = 0.000; r = 0.888), respectively, on the 14th 

day. It was found that there was an upward trend between the TGFβ-1 level and the tissue granulation's score (p: 

0.051 and r: -0.466) as well as TGFβ-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-β1. 
 

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%(1,2). 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(2). In 

Indonesia, the prevalence of acute wounds is higher 

(64.3%) versus chronic wounds in the home care setting(3). 

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(4). 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(5,6). In Indonesia, putting 

honey on wounds accelerates acute wound healing(7). 

Therefore, complementary therapy may have a potential 
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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(8). It has many flavonoids, 

polyphenols, and antioxidants(9). It also contains β-amyrin 

(23,3%), ϫ-sitosterol (19,3%), and octadecane (9,2%)(10). 

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 IC50 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 3rd, 7th, and 14th 

days. This study protocol refers to The Council for 

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 μg/kg – 0.05 μg/kg)(11). A circle excision 

was made in the back area until the fascia profunda with 

an 8-mm punch biopsy(12). 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 II), cleared with xylol, and disembedded in paraffin(13). 

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(14). Evaluation of wound healing was 

assessed by scoring the epithelialization and the thickness 

of granulation tissue(15). The epithelialization indicator 

used a semi-quantitative evaluation of histological 

sections(16), where score 1 = displacement cells (<50%), 2 

= transfer of cells (≥50%), 3 = closure of the entire 

excision, 4 = closure of the entire excision score + 

keratinization. Meanwhile, the thickness of granulation 

tissue used a histological score(17), where score 1 = slight, 

2 = moderate, and 3 = thick.   

VEGF and TGF-β1 measurement 

Each group was measured with a biomarker consisting 

of VEGF and TGF-β1. 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-β1 mouse ELISA 

TGF-Platinum kit was p/n MBS608/4/MBS608/4/4 TEN 

from Affymetrix eBioscience (Vienna, Austria). 

Examination of VEGF and TGF-β1 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-β1, 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 IC50 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 I 

The percentage inhibition of DPPH free radical by Hylocereus polyrhizus and IC50 values. 

Replication Concentration (ppm) Absorbant % Retardation IC50 (ppm) 

Hylocereus 

polyrhizus 

100 

200 

300 

400 

500 

0.635 

0.589 

0.485 

0.382 

0.320 

28.774 

33.968 

45.553 

57.100 

64.088 

314.69 

Vitamin C 

1.0 

1.4 

1.8 

2.6 

3.4 

0.720 

0.683 

0.565 

0.511 

0.429 

17.676 

21.943 

35.352 

41.600 

50.933 

3.28 

 

Table II 

Average levels of polyphenols and flavonoids in Hylocereus polyrhizus 

Sample Repetition Absorbant Polyphenols Level (%) Mean of Polyphenols Level 

Hylocereus polyrhizus 

1 0.24 1.090 

1.062 2 0.233 1.041 

3 0.236 1.059 

Sample Repetition Absorbant Flavonoids Level (%) Mean of Flavonoids Level 

Hylocereus polyrhizus 

1 0.074 0.830  

0.830 2 0.074 0.830 

3 0.074 0.830 

 

VEGF level on wound healing 

The Spearman correlation test evaluated the correlation 

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 7th and 14th day 

(60.34±33.70), but this was not significant (p = 1.000; r = 

0.000). In addition, VEGF declined from the 3rd day to the 

14th 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 

levels declined in the second week (7th to 14th 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 3rd day 

(107.45±55.87) to the 14th day (27.86 ± 16.49) (p = 0.000; r 

= -0.874) (Table III). 

 

Table III 

Correlation between VEGF levels based on length of Treatment 

Group 
3rd Day 7th Day 7 14th Day Correlation 

Mean SD Mean SD Mean SD 3rd-7th day 7th-14th day 3rd-14th 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 34.55 21.41 0.438 -0.681*** -0.267 

Hylocereus polyrhizus 169.17 107.54 60.34 33.70 46.47 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 μg/g ± 

107.54 μg/g) as well as on day 14 (46.47 μg/g ± 31.26 

μg/g) compared to the Bioplasenton and control groups 

(27.86 μg/g ± 16.49 μg/g). VEGF stimulates angiogenesis, 

affects epidermal wound closure and repair, and improves 

granulation tissue and wound repair quality(18). VEGF 

effectively accelerates wound closure that is stimulated by 

angiogenesis, epithelialization, and collagen deposition(19).  

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. 

During the proliferation phase, VEGF appears 

approximately 3-7 days after injury in which the capillary 

growth and differentiation are highest. During this period, 

VEGF induces the early stages of angiogenesis including 

dilation, permeability, migration, and proliferation(20). 

The mean VEGF levels were higher in the Hylocereus 

polyrhizus topical group (108.84 μg/g) on day 3-7 versus the 

Bioplasenton group (-43.03 μg/g) and the control group 

(26.96 μg/g). Moreover, on day 3-14, the mean difference in 

VEGF was higher in the Hylocereus polyrhizus topical 

group (122.70 μg/g) compared to the Bioplasenton (20.64 

μg/g) and control group (79.58 μg/g). This increase in 

VEGF 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(21). VEGF also stimulates wound healing 

through angiogenesis, proliferation, and 

epithelialization(20). 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(22). 

VEGF levels on day 3 were higher in the Hylocereus 

polyrhizus topical group (169.17 μg/g ± 107.54 μg/g) as 

well as on day 14 (46.47 μg/g ± 31.26 μg/g) compared to 

the Bioplasenton and control group (27.86 μg/g ± 16.49 

μg/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-β1 levels of each group  

Levels of TGF-β1 on the 3rd 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-β1 levels on the 

7th 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 14th after the 

treatment, the TGF-β1 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 increase, and the trend was nearly identical 

(178.59±36.62 and 157.53± 11.46 μg/g).  

The Spearman correlation test from the control group 

showed that there was no correlation of time of the treatment 

(day 3, day 14) with high levels of TGF-β1 (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-β1. This indicated the tendency of TGF-β1 to 

increase over time during Hylocereus polyrhizus-enhanced 

wound healing (Table IV). 

 

Table IV 

Correlation between TGFβ-1 levels based on Length of Treatment 

Group 
3rd Day 7th Day 14th Day Correlation 

Mean SD Mean SD Mean SD 3rd-7th day 7th-14th day 3rd-14th day 

Control 143.11 12.80 167.57 23.37 153.80 6.55 0.676** -0.314 0.435 

Drug-Established 143.43 17.69 148.62 5.93 157.53 11.46 0.048 0.459 0.386 

Hylocereus polyrhizus 141.98 5.16 149.59 3.98 178.59 36.62 0.755** 0.775** 0.872*** 
Correlation between TGFβ-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 β-1, granulation score, and 

epithelialization score 

Spearman correlation testing between the TGFβ-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 TGFβ-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 

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(23). 

In the epithelialization score, the Spearman correlation 

testing between the TGFβ-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 

correlation between the TGFβ-1 level with the 

epithelialization score (p: 0.075 and r: 0.429; and p: 0.651 

r: 0.127), respectively (Table V). 
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Table V 

The correlation between TGF β-1 and granulation, TGF β-1 

and epithelialization based on different groups. 

Group 
TGF β-1 and Granulation TGF β-1 and Epithelialization 

r* p r* p 

Control 0.171 0.498 0.127 0.615 

Bioplasenton 0.035 0.890 0.429 0.075 

Hylocereus polyrhizus -0.466 0.051 0.708 0.001 

 All of data were analyzed using Spearman correlation.  

TGF-β1 level on wound healing 

The results showed that TGF-β1 undergoes variations 

in the increased value in each group, but it increases the 

TGF-β1 on day 3 (inflammatory phase). This does not 

show a significant difference. The average levels of TGF-

β1 increased in the Bioplasenton group (143.43 μg/g). This 

was slightly lower than the Hylocereus polyrhizus topical 

group (141.98 μg/g) compared to the control group 

(143.11 μg/g). On the 14th day, the average levels of TGF-

β1 decreased significantly in the control group (6.55 μg/g) 

and the Bioplasenton group (11.46 μg/g) versus the 

Hylocereus polyrhizus topical group (36.62 μg/g). 

The presence of TGF-β in the granulation tissues is 

important for efficient wound healing because TGF-β1 

stimulates angiogenesis, fibroblast proliferation, 

differentiation of myofibroblasts, and matrix deposition. 

Moreover, TGF-β1 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(24). 

The TGF-β1 increases the angiogenic properties of the 

endothelial source cells to facilitate blood supply to the 

injured area and stimulate fibroblast contraction for wound 

closure(25). Hylocereus polyrhizus can increase the 

formation of fibroblast tissue. TheTGF-β1 is higher in 

Hylocereus polyrhizus than the Bioplasenton group and 

the control group. The results show that the Hylocereus 

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-β1 (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(26). 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(27). 

CONCLUSION 

Hylocereus polyrhizus topical (7.5%) increases VEGF 
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levels in the inflammatory phase and increases the levels 

of TGF-β1 in the proliferative phase. The level of TGF-β1 

have a tendency improves tissue granulation and 

epithelialization. Topical Hylocereus polyrhizus 7.5% has 

the same potential as Bioplasenton during wound healing. 

.  
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على مȎʦʯʴ العامل الʹȏʦʸ لʠॺانة  )Hylocerus polyrhizusتأثʙʻات مʳʯʴلʶات فاكهة الʥʻʹʯ الʙʸʲاء (
 وʯʴȂار ) في علاج الʙʱوح الʲادة لʙʱذان TGF-β1( 1) وتȂʦʲل العامل الʹȏʦʸ بʯʻا VEGFالأوॻɸة الʗمȂʦة (

 
*1ʙاهʟ ʙیʗؒ2،    ت ȏʙȜǺ ʔاكॻنج3   ،سʦاتلǺ اॻʱل أمان2،الهامʦʮȜأ4، م ʣॻȁاد .أوȜʴ5، مʛنʦی ʛॻنʦȂسف  1،مارʦی ȏسلاد ،  

  
1  ʧیʙال ʧʶجامعة ح ، ʖʢة الॽؗل ، ʠȄʛʺʱم الʨعل ʛʽʱʶنامج ماجʛب 

 قʦʶ الʖʢ الॼاʻʡي ، مʷʱʶفى جامعة حʧʶ الʙیʧ الʱعلॽʺي  2

3  ʧیʙال ʧʶجامعة ح ʖʢة الॽلȞǼ ائف الأعʹاءʣو ʦعل ʦʶق 

4  ʧیʙال ʧʶجامعة ح ، ʖʢة الॽجي ، ؗلʨلʨاثॼح الȄʛʷʱال ʦعل ʦʶق 

 ؗلॽة الʠȄʛʺʱ جامعة مʶلʦ ، ماكاسار  5

  takdirtahir@unhas.ac.idالʙȄʛʰ الإلʛʱؔوني *الʺʕلف الʺʛاسل
    

ʝـʳمل  
على مȐʨʱʶ العامل  )Hylocerus polyrhizusتأثʛʽات مʵʱʶلʸات فاكهة الʧʽʻʱ الʛʺʴاء ( تʙʴیʙهʚه الʙراسة تهʙف إلى 

 ) في علاج الʛʳوح الʴادة لʛʳذان TGF-β1( 1) وتȄʨʴل العامل الȑʨʺʻ بʱʽا VEGFالȑʨʺʻ لʢॼانة الأوॽɺة الʙمȄʨة (
انʗ مادة ألʨʻʽʰ لʛʳذان وʱʶȄار  )  تʻقʦʶ إلى ثلاثة مʨʺʳعات، وهي الʦȞʴʱ الʶلʰي والn  =54 ʦȞʴʱالʨؗʚر ( وʱʶȄار . وؗ

 ملʦ 8 خʜعة مع والأʛʶǽ الأʧʺǽ الʤهʛ على−الȃʛʳʱة هʚه في−الإʳǽابي و فاكهة الʧʽʻʱ الʛʺʴاء. أصʗʰʽ هʚا الʛʳذان
 واسʙʵʱم. قʧʢ قʢعة Ǽاسʙʵʱام الʛʳح سʢح على Ǽالʺائة Ǽ 7.5قʙر الʛʺʴاء الʧʽʻʱ فاكهة مʵʱʶلʸات ʦȄʛؗ وضع وثʦ. لؔʺة

ʘاحॼات الʶǽة الʺقاॽɺاʻʺال ) ʦȄʜالإنǼ ةʢॼتʛʺالELISA ȑʨʺʻالعامل ال ʦॽʽأجل تق ʧم ʛʷع عǼاʛع والǼاʶوال ʘالʲم الʨʽفي ال (
دوج الʺt  ʜ الʺʱʶقل واخॼʱار t . تʦ تʴلʽل هʚه الȃʛʳʱة Ǽاسʙʵʱام اخॼʱار1تȄʨʴل العامل الȑʨʺʻ بʱʽا  لʢॼانة الأوॽɺة الʙمȄʨة و

(SPSS 21, Chicago Inc.)عةʨʺʳʺان ل مʵʱʶلʸات فاكهة الʧʽʻʱ الʛʺʴاء أعلى الʺȄʨʱʶات مʧ العامل الȑʨʺʻ  . وؗ
 p)و  Ǽ(p = 0.011; r = -0.584)ʺقارنة ǼالʦȞʴʱ الإʳǽابي Ǽقʙر  1لʢॼانة الأوॽɺة الʙمȄʨة وتȄʨʴل العامل الȑʨʺʻ بʱʽا 

= 0.000; r = 0.888) م اʨʽالي في الʨʱا على الʱʽب ȑʨʺʻل العامل الȄʨʴت Ȑʨʱʶم ʧʽا بʡًاॼنا ارتʙوج ʙلق .ʛʷع عǼاʛ1ل 
مع درجة  Ǽ (1الإضافة إلى مȄʨʱʶات تȄʨʴل العامل الȑʨʺʻ بʱʽا 0.466-( r) وp )0.051ودرجة تʖʽʰʴ الأنʳʶة Ǽقʙر 

واسʱʻʱج هʚا الʘʴॼ إلى  ) في الʺʨʺʳعة الʺʨضॽɻة لفاكهة الʧʽʻʱ الʛʺʴاء.0.708( r) وp )0.001الانʙمال الʤهارǼ ȑقʙر 
  .أن مʵʱʶلʸات فاكهة الʧʽʻʱ الʛʺʴاء ʧȞʺǽ أن یʕدȑ إلى سʛعة علاج الʛʳوح أثʻاء مʛحلة الالʱهاب والانʷʱار

)، تȄʨʴل VEGF، العامل الȑʨʺʻ لʢॼانة الأوॽɺة الʙمȄʨة ( )Hylocerus polyrhizusالʧʽʻʱ الʛʺʴاء (فاكهة  الؒلʸات الʗالة:
 .) ، علاج الʛʳوحTGF-β1( 1العامل الȑʨʺʻ بʱʽا 
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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 

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 
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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, 

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 = 
ெ௘௔௡ ௡௨௠௕௘௥ ௢௙ ௪௥௜௧௛௦ ௕௬ ௖௢௡௧௥௢௟ିெ௘௔௡ ௡௨௠௕௘௥ ௢௙ ௪௥௜௧௛௦ ௕௬ ௧௥௘௔௧௘ௗ ௚௥௢௨௣

ெ௘௔௡ ௡௨௠௕௘௥ ௢௙ ௪௥௜௧௛௦ ௕௬ ௖௢௡௧௥௢௟
×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 × 100 cm × 40cm). The number of 

squares traveled by the mice was monitored for 3min at 0, 

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 + 
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 [500mg/kg] 10.83±0.75*** 49.63 

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). 

 

Evaluation of Anti-diarrheal activity 

Castor oil induced method 

In castor oil induced diarrhea test, the extract showed 

no significant antidiarrheal effect in mice. The results are 

shown in Table: 3. 

 

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

Group 
Total number of 
feces (Mean±SEM) 

% Inhibition of 
defecation 

Total number of Diarrhoeal 
feces (Mean±SEM) 

% Inhibition of 
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 -I 7.4 + 0.51 7.5 3.60 + 0.93 30.1 
Leaves extract - II 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 

Group Dose 
Number of movement (% of movements inhibition) 

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 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 -I 250 mg/kg 0±0 0.25±0.25*** 3±3 2.75±2.75 3.5±3.5 

Leaves extract - II 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 

Group Dose 
Number of Head dips 

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** 0.2±0.20*** 

Leaves extract -I 250 mg/kg 4.25±1.25 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 1.25±0.25* 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 

Group Dose 
Number of movement (% of movements inhibition) 

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* 0.2±0.20*** 

Leaves extract -I 250 mg/kg 4±2.70 3±3.46 3.5±3.11 5±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, 

PGF2α 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 

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 diarrhea 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 500mg/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 

by watching the exploratory conduct in rodents. Head-

plunging behavior of the creatures is straightforwardly 

identified with their passionate state [35]. In light of this 

perception, it was proposed that the - anxiolytic like state 

may be reflected by an increase in head –dipping behaviors 

[35, 36] while an abatement in the quantity of head plunges 

was seen as corresponded with the depressant impact 

[37,38]. Our outcomes uncovered that the alcoholic 

concentrate of P. indicus caused a portion subordinate 

decrease in head- dipping reaction in mice from second 

perception of the experiment and lasted 04th observation, 

suggesting that the concentrate has narcotic action.  

 

CONCLUSION 

The conclusions of the present study deliver 

convincing evidence that the extract of Pterocarpus 

indicus leaves holds significant antidepressant and 

analgesic activity but has no significant antidiarrheal 

effect. The extract depresses the CNS and possesses 

significant sedative activity in mice. Thus, these findings 

provide new data on the activity of the plant, which may 

serve as lead in drug discovery from natural sources. 

However, further biochemical and pharmacological 

studies are required to separate the bioactive compounds 

and clarify the exact mechanisms responsible for the 

observed pharmacological activities of this plant.  
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ȏʚ للʳʯʴʸلʝ  دراسه  ما ʙؕʸي الʮʶهاز  العʱلل  Ȋॺʰʸاد للإسهال  و الʷʸو ال ʥȜʴʸال ʙʻأثʯه للȂʙȂʙل سʮق

  علي الفʙʭان Pterocarpous Indiciaالʦʲؒلي لʹॺات ال 
 

ʥʸحʙان الʚʻم ʗʸʲ1مʔرج ʥʻʴل حʦفȂ1،   أرʙیʗمʦمان ماجʦ1،  سʙʯا أكʗʻʸ1،  فه  ،  
  2 علʤ،  مʗʸʲ جاهʙ 2،  معʦʶم شهȂʙار1فهʗ الاسلام

1 ʞǽغلادʻة ، بॽولʙدیل الʨجامعة داف  
 2ʞǽغلادʻناغار ، بʛʽʳجامعة جهان  

3ʞǽغلادʻب ، ȑالاǽʙʽابʨʷॽب ʨنʨج             
    

ʝـʳمل  
هي نॼات ʙʵʱʶǽم تقلǽʙʽا لعلاج الاورام و الʙʸاع و الʴʺى و الامʶاك  Pterocarpous indicus:  الهʗف مʥ الʗراسه

لȑʙ الإناث. أجʗȄʛ هʚه الʙراسه بهʙف تقʦॽʽ الʱأثʛʽات الʺʱʴʺله للʺʵʱʶلʟ الʨʴؔلي لॼʻات  و عʙم انʤʱام الʙورة الʷهȄʛه
Pterocarpous indicus .انʛʯه علي الفॽوائʙه الॽʰʸاته العʛʽو مʹاد الإسهال و تأث ʧȞʶʺؗ  

غʛام فى  30الى  ʧʽ25 : تʦ إسʙʵʱام فʛʯان الʨʻʽʰ سȄʛʶȄʨة مʧ ؗلا الʧʽʶʻʳ تʜن ما بالʦʸاد الʗʳʯʴʸمه و الʙʠق الॺʯʸعه
هʚه الʙراسة. تॽʀ ʦاس الʱأثʛʽ الʺʧȞʶ عȘȄʛʡ ʧ اخॼʱار تȌॽʰʲ الʱلȑʨ/الألʦ الʻاتج عʧ حقʧ حʺʠ الʵللʥॽ. ؗʺا تॽʀ ʦاس 
الʷʻاȋ الʺʹاد الإسهال Ǽاسʙʵʱام اخॼʱار تȌॽʰʲ الإسهال الʻاتج عʧ زʗȄ الʛʵوع. تʦ تقʦॽʽ الأنʢʷة العॽʰʸه الʙوائॽه 

ʰار عॼʱام اخʙʵʱاسǼ  ʟلʵʱʶʺم الʙʵʱح. اسʨʱان مفȞو في م Șمغل ʜʽب داخل حʨقʲح ذو الʨار اللॼʱات و اخʴʱر الفʨ
  مللي غʛام/ ʽؗلʨ غʛام. 500و  ʛʳǼ250عʱي 
تأثʛʽا واضʴا   Pterocarpous indicia: أʣهʛت الʱʻائج الʱي تʦ الʨʸʴل علʽها أن للʺʵʱʶلʟ الʨʴؔلي لॼʻات الʹʯائج

ʺʴǼ ʘʴʱʶʺال ȑʨلʱال Ȍॽʰʲي على تʱعʛʳǼ  انʛʯفي الف ʥॽللʵال ʠ250  500و  ʛهʣام. ؗʺا أʛغ ʨلʽؗ /امʛمللي غ
مللي غʛام/ ʽؗلʨ غʛام. ؗʺا  500و  250الʺʵʱʶلʟ تأثʛʽا واضʴا ؗʺهȏʙ للفʛʯان في اخॼʱار عʨʰر الفʴʱات ʛʳǼعʱي 

ار اللʨح ذو الʲقʨب. لʦ مللي غʛام/كʽلʨ غʛام في اخॼʱ 500أʣهʛ الʺʵʱʶلʟ نʷاʡا واضʴا  شॽʰه ȄʜʺǼل للقلȘ عʙʻ جʛعه 
  ʤǽهʛ الʺʵʱʶلʟ تأثʛʽا واضʴا ؗʺʹاد الإسهال لȐʙ الفʛʯان في هʚه الȃʛʳʱه.

خʸائʟ جʙʽة ؗʺʧȞʶ و  Pterocarpous indicus: أكʙت هʚه الʙراسه ان للʺʵʱʶلʟ الʨʴؔلي لॼʻات ال الاسʯʹʯاج
ʱراسات لʙال ʧم ʙȄʜʺاك حاجه لʻه فإن هॽاءا علʻة. و بॽه دوائॽʰʸع ʟائʸات و خʛʽأثʱه الʚله لهʺʱʴʺات الॽح الآلॽضʨ

ॼات الʺʕʶله عʻها مʧ الʺʵʱʶلʟ الʨʴؔلي. ʛؗʺل الʜلع.  
  .Pterocarpous indicusمʧȞʶ، مʹاد الإسهال، مȄʜل للقلȘ، تأثʛʽ مهȏʙ،  الؒلʸات الʗالة:
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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 

 

Miscarriage is one of the most common complications 

during early pregnancy (1), and its management is 

medically straight forward (2). Women are highly reactive 

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

(EPL) is usually a shocking and traumatic event for women 

and their families (4). At the time of miscarriage, most 

women experience a period of intense emotional distress 

(5) that leads to symptoms of grief such as sadness, 

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

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 

Maternal characteristics 

Women with 

miscarriage 

n= 200 

Women with ≥ 

miscarriages 

n= 92 

Women with no previous 

childbirth 

n= 27 

Age years (mean) 33.1±6.3 34.2± 6.4 29.0±97 

Age range (years) 19-47 19-45 19-47 

Parity (mean) 2.3 ± 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.Graph1 

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 

 

Graph 1 
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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 

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 

 

Graph 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

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 

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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ʝـʳمل  
الʙول العॽȃʛة نॼʶة الأشʵاص الʚیʢǽ ʧلʨʰن . في الʻفॽʶة الʺʷاكل مʧ مʛتفع إلىیʛتȌॼ الإجهاض ʛʢʵǼ مʨʱسȌ  :الʳلॻɽة

الʺʶاعʙة الʻفॽʶة مʵʻفʹة. لا یʦʱ إجʛاء الʙراسات الʻفॽʶة الȃʨائॽة للعʻʽات الȄʛȄʛʶة والʺॽɻʺʱʳة ȞʷǼل مʛؔʱر في الأردن. 
  جهاض.هʨ دراسة معʙلات القلȘ والاكʯʱاب Ǽعʙ شهʛ مʧ الإجهاض ومقارنʱها مع الʺعʙلات الʺقابلة مॼاشʛة Ǽعʙ الإ هʙف:ال

 ʧضة مʛعʱʶة مʻʽدراسة ع ʗʺة: تॽʳهʻʺى  200الʱح ʛȞॼʺل الʺʴان الʙأة مع فقʛاء  13امʶʻع الʨʢت ʦل. تʺʴال ʧعًا مʨʰأس
 ʨʽنʨی ʧʽ2018ب  ʛʰʺʶǽن 2019ودʨʹاب في غʯʱوالاك Șة القلʙʷل ʦॽʽاء تقʛإج ʦ12. ت  ʛشه ʙعȃالإجهاض و ʙعǼ ساعة

  .9واسॽʰʱان صʴة الʺʛضى  7-مʧ اضʛʢاب القلȘ العام  واحǼ ، ʙاسʙʵʱام نʶخ مʛʱجʺة ومʸادق علʽها
تʛاوح عʙد . سʻة 47-19 سʻة، وتʛاوحʗ بʧʽ 6،3 ±   33،1الʺʛأة الʺʨʺʷلة في هʚه الʙراسة عʺʛ ؗان مʨʱسȌ :الʹʯائج

ʧ12 إلى 1 حالات الإجهاض م  ȌسʨʱʺǼ1،9  ±1،5ةʛاشॼالإجهاض م ʙعȃن ( ، وʨʹساعة 12 وفي غ(Ȑʙ19،5، ؗان ل ٪
 ʧوم ʙیʙش Șاء قلʶʻة وحادة٪  22،5الʙیʙاب شʯʱاض اكʛواح ، ؗان. أع ʛشه ʙعǼ 5،5  ٪ Șا لقل ʧن مʨعانǽ اءʶʻال ʧم

مʧ ٪  72 وॼɻȃارة أخȐʛ ؗان القلȘ عابʛًا في حʨالي  .لʙیهʦ أعʛاض اكʯʱابॽة معʙʱلة إلى معʙʱلة الʙʷة٪  7 الʙʷیʙ و
Ȍسʨʱʺاب الʯʱان  الاك   .مʧ الʶʻاء٪  69 ا فيإلى الʙʷیʙ عابʛً  الʶʻاء، وؗ

یʸʻُح Ǽالفʛز لاسʱهʙاف الʙعʦ الʺʻاسʖ لأولʥʯ . مʧ الʺهʦ فهʦ نʨع وتʨاتʛ ردود الفعل العاॽɿʡة لفقʙان الʴʺل :الاسʯʹʯاجات
هʻاك حاجة لȄʜادة وعي الʢاقʦ الʰʢي للʙʴ مʧ معاناة . الʚیʱʴǽ ʧاجʨن للʱقلʽل مʧ الʺʛاضة الʻفॽʶة وتؔلفʱها الʺॽɻʺʱʳة

ʙعǼ اءʶʻالإجهاض ال.  
 .الإجهاض، القلȘ، الاكʯʱاب الؒلʸات الʗالة:

 
____________________________________________  

ʘʴॼلام الʱخ اسȄله 26/7/2020 تارʨʰخ قȄوتار  ʛʷʻ23/11/2020لل.  
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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 

 

The history of pharmacy profession has noticed several 

turning points, in the past, pharmacists were only 

responsible for preparing medical products in a small 

scale, after the manufacturing development the scales got 

enlarged, in this stage the role of pharmacists changed to 

compounding, dispensing and labelling preformed medical 

products (1). However, the most remarkable turning point 

was the invention of clinical pharmacy by the mid-1960s 

which adopted a patient oriented practice rather than a 

product oriented one and allowed pharmacists to interact 

more with doctors (2). 

Despite this drastic change, the introduction of clinical 

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 

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) 

Mean (±SD) n (%) Parameter 

 39 (18.1) 
176 (81.9) 

Gender 
 Male 
 Female  

22.9 (±2.3)  Age (years) 
  

83 (38.6) 
132 (61.4) 

Academic year 
 4th year or less 
 5th or 6th year 

  
75 (34.9) 
140 (65.1) 

Current educational program 
 BPharm 
 PharmD 

  
142 (66.0) 
73 (34.0) 

University classification 
 Public University 
 Private University 

 

Regarding students' knowledge of pharmaceutical care, 

their knowledge score was 45% in the true or false 

knowledge evaluating section, which represents 

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 

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 

the most effective and the cheapest drug 

40 (18.6) 

Pharmaceutical care plan must be individualized and be obligatory to clinical 

pharmacists, not all pharmacists 

147 (68.4) 

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 

functioning 

41 (19.1) 

Taking the patient medical history is a part of the pharmaceutical care assessment 

process 

208 (96.7) 

Identifying drug therapy problems is a part of the care plan in the pharmaceutical 

care process 

7 (3.3) 

Any documentation system of drug therapy problems must consist of at least the 

type of the drug therapy problem and its cause 

12 (5.6) 

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 

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 
 Females 

 
4.3 (±1.5) 
4.6 (±1.2) 

 
0.354 

Academic years  
 4th year 
 ≥ 5th year 

 
4.2 (±1.2) 
4.7 (±1.3) 

 
0.005* 

Academic program  
 BPharm,  
 PharmD 

 
4.7 (±1.2) 
4.4 (±1.3) 

 
0.081 

University type 
 Public 
 Private 

 
4.7 (±1.3) 
4.2 (±1.2) 

 
0.011* 

*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 150 (69.8) 
Pharmaceutical care is just an extension of current pharmacy services 123 (57.2) 
In pharmaceutical care the pharmacist identifies and manages a patients 
existing and potential drug-related problems. 

184 (85.6) 

Pharmacists require a post-graduate qualification to practice 
pharmaceutical care in Jordan. 

163 (75.8) 

Pharmaceutical care involves a defined process, all steps of which must 
be completed in order to provide this service. 

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. 

198 (92.1) 

All patients taking medicines require pharmaceutical care 167 (77.7) 
The future success of pharmacy will depend on payment for the 
provision of professional services other than dispensing 

135 (62.8) 

I fully support the concept of pharmaceutical care 198 (92.1) 
Pharmaceutical care is really the doctors’ role 47 (21.9) 
Pharmaceutical care requires major up-skilling of clinical knowledge 190 (88.4) 
Doctors and other health professionals will not support a pharmaceutical 
care role for pharmacists 

87 (40.5) 

Jordan's universities teach the principles of pharmaceutical care clearly 121 (56.3) 
Teaching pharmaceutical care is important for pharmacy students 197 (91.6) 
I think that I have the ability to identify drug related problems in patients 160 (74.4) 
I consider pharmaceutical care services should not be offered for free 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 HbA1c, 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 

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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 خʗمات الʙعاǻة الʗʻʶلانॻة عʟʥلاب الʗʻʶلة في الأردن  اتمعʙفة وتʦʶر  
 

  4، ولʗʻ القʙم3، مʗʸʲ ن2ʙʻʶ، عʹان صادق جʙابʟ ،2ارق لʛȂʦ مق2ʜʠ، مʗʸʲ مʙʻʵ سعادة1رنا ʸؕال ابʦفʙحة
 

 الॽʁॽʰʢʱة الʵاصةؗلॽة الʙʽʸلة، جامعة العلʨم  1
  ؗلॽة الʙʽʸلॽة، جامعة العلʨم و الʨʻؔʱلʨجॽا الأردنॽة 2

  ؗلॽة الʙʽʸلة جامعة الʛʽمʨك 3
  ؗلॽة الʙʽʸلة، جامعة الʨʱȄʜنة الاردنॽة 4

  
  

    
ʝـʳمل  

على أنه "تʨفʛʽ العلاج  عʛفقʰل حʨالي ثلاثʧʽ عامًا، وقʙ  العلʺي تقʦǽʙ مفهʨم الʛعاǽة الʙʽʸلانॽة إلى الأدب : تʦمقʗمة
"ʠȄʛʺاة الॽة حॽɺʨن ʧʽʶʴإلى ت ȑدʕدة تʙʴائج مʱن Șʽقʴض تʛوائي لغʙا  .الʻيفي الأردن ما زلʷʺه  نʚه ʚʽفʻت ʨʴء نȌॼب
  الʙʵمة الʱي أʣهʛت العʙیʙ مʧ الفʨائʙ الॽʴʸة والاقʸʱادǽة مʣ ʚʻهʨرها.

 ॼʺǼادȐء الʛعاǽة الʙʽʸلانॽة: هʙفʗ هʚه الʙراسة إلى ॽʀاس مȐʨʱʶ معʛفة ʡلॼة الʙʽʸلة في الʻʶة الʻهائॽة الأهʗاف
على ʡلاب الʙʽʸلة و دʨʱؗر الʙʽʸلة  الإنʛʱنʗ عʛʰ إلʛʱؔوني اسॽʰʱان تʨزȄعفي الأردن. الأسالʖʽ: تʦ  ا وتʨʸراتهʷǼ ʦأنه

 ʦاصة، وتʵامعات العامة والʳفي الʦهʱفʛمع ʦॽʽان تقॽʰʱالاس ʧالاول م ʦʶة في القॽلانʙʽʸة الǽعاʛالǼ ةʛʷخلال ع ʧم ،
تʨʸرات الʢلॼة ʨʸʵǼص الʛعاǽة  ، والقʙʸ مʧ القʦʶ الʲاني هʨ تʙʴیʙجʺل اخॽʱارȄة تʛʱاوح اجابʱها بʧʽ الॽʴʸح والʢʵأ

ॼʽة  الى تʙʴیʙ الʲالʘ بʻʽʺا یهʙف القʦʶ الʙʽʸلانॽة ʛؗʱالʧʽ   .الǽʙʺغʛاॽɾة للʺʷارؗ
انʗ درجة الʺعʛفة  215أجاب ما مʨʺʳعه : الʹʯائج ٪ على 45بʧʽ الʢلاب  Ǽالʛعاǽة الʙʸیʙلانॽةʡالॼًا على الاسॽʰʱان، وؗ

سʨʻات في  Ǽالʛعاǽة الʙʽʸلانॽةعلى الأقل ॽɾʺا یʱعلȘ مʶاقا واحʙا الʛغʦ مʧ أن الغالॽʰة العʤʺى مʻهʦ ذʛؗت أنهʦ أخʚوا 
ʦهʱدراس ،ʛهʣأ ʥالاضافة الى ذلǼ 75 لابʢال ʧمة٪ مʙʵǼ ةʢॼتʛة مॽابʳǽرات اʨʸة تॽلانʙʽʸة الǽعاʛائج الʱʻت الʛهʣأ .

  .والʻʶة الاكادॽʺǽة للʢلॼةوجʨد فʛوق ذات دلالة إحʸائॽة بʧʽ الʢلاب ॽɾʺا یʱعلȘ بʨʻع الʳامعة 
ʜʽ أكʛʲالʳلاصة ʛؗʱامعات الʳغي للॼʻإلى أنه ی ʛʽʷǽ ا مʺاॽًضʛم ʛʽفة غʛالʺع Ȑʨʱʶة  : ؗان مǽعاʛاد الʨم ʝȄرʙفي ت

  مʙʽاني على مॼادȐء الʛعاǽة الʙʽʸلانॽةوتȘʽʰʢ تʙرʖȄ  الʙʽʸلانॽة فʽها
 . الʛعاǽة الʙʽʸلانॽة، ʡلاب الʙʽʸلة، معʛفة، الأردن الؒلʸات الʗالة:
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الʸʱـʛȄʨ  وأʨاء ؗـان ذلـʥ عـȄʛʡ ʧـȘ الʶʻـخ تʻȄʜʵهـا، سـ أوالʻقـل مʻهـا  أوجʺॽع الʴقʨق مʴفʣʨة، فلا ʶǽʺح Ǽإعادة ॼʡاعة هـʚه الʺـادة 
  غʛʽه، وȃأǽة وسʽلة ؗانʗ: إلʛʱؔونॽة، أو مȞॽانॽȞॽة، إلا Ǽإذن خʢي مʧ الʻاشʛ نفʶه. أوالʽʳʶʱل  أو
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  الʗʻʶلانॻة العلʦم في الأردنॻة الʱʸلة
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  ابʙاʤॻʀ الॺɹادȏ الأسʯاذ الʦʯؕʗر
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ʦʯؕʗاذ الʯرالأسȏارॻʲال ʗʸʲسف مʦر      یʦʯؕʗاذ الʯالأس ʛȂʦارق لʟʜʠقʸال  
  الأسʯاذ الʦʯؕʗرة لʗʹʻا مʲʟ ʗʸʲایʹة  معʤʶʯ عʗʮ اللʃॻʠ الغʚاوȏالأسʯاذ الʦʯؕʗر
 وائل أحʗʸ أبʦ دǻةالأسʯاذ الʦʯؕʗر    ʵǺار أحʗʸ الʳالȏʗالأسʯاذ الʦʯؕʗر

  لفالأسʯاذ الʦʯؕʗرة رʸȂا عʗʮ الʤȂʙؒ عʗʻ أبʦ خ
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 الʺʛʴرون 
  نॻفʥʻ الʚاغةتʙȂʙʲ اللغة الإنʱلȂʚʻة:

  

 
 الإخʛاج

 ȏاوʙʶال ʗʻة مفʸॻɹن 
  



ج 

  تعǺ ʃȂʙالʱʸلة الأردنॻة في العلʦم الʗʻʶلانॻة
  

  
   ʗـــʶة  تأسॽلانʙʽـــʸم الʨـــة فـــي العلـــॽلـــة الأردنʳʺال ʦالعلʺـــي رقـــ ʘـــʴॼالعـــالي وال ʦॽعلـــʱالعلʺـــي/ وزارة ال ʘـــʴॼـــة الʻʳار لʛقـــǼ
الʺʳـلات الأردنॽـة  إصـʙارات" ضـʺʧ الʱʸلة الأردنॻة في العلـʦم الʶـʗʻلانॻةʷǼأن إصʙار " 11/1/2007تارȄخ  10/2/367

 معـة الأردنॽـةوالʳا وتʸـʙر بـʙعʦ مـʧ صـʙʻوق دعـʦ الʴॼـʘ العلʺـيالॽʻʡʨة، وهي مʳلـة علʺॽـة عالʺॽـة مʸʸʵʱـة ومȞʴʺـة، 
 .تعʻى بʛʷʻ الʨʴॼث العلʺॽة الأصʽلة الʺقʙمة إلʽها للʛʷʻ في ؗافة مʳـالات العلـʨم الʸـʙʽلانॽة والعلـʨم الأخـȐʛ الʺʛتʢॼـة بهـا

في الʳامعـة الأردنॽـة Ǽاسـʦ الʳامعـات الأردنॽـة ؗافـة، خʙمـة للʺʸʸʵʱـʧʽ  وضʺان الʨʳدة عʧ عʺادة الʘʴॼ العلʺي وتʙʸر
ـــام أعॼʱــارا مــʧ  .هــʚه الʺʳــالات مــʧ داخــل الأردن وخارجــهوالॼــاحʧʽʲ والʺهʱʺــʧʽ فــي  ـــʛات فـــي العـ ـــʙر أرȃــع مـ ـــة تʸـ وهــــي مʳلـ

انʨن أول) مʧ ؗل عام2021    .، ومʨاعʙʽ صʙورها (آذار وحʛȄʜان وأیلʨل وؗ
    ʧیʚملاء الـʜالـ ʛȞـʷد أن نʨنـ ʛـȄʛʴʱـة الʯʽأعʹـاء ه ʦاسȃاسʺي وȃا وʨʺاج أسـهʛإخـ ʧـا مـʻȞʺـا وتʻʱلʳإلـى م ʦـاثهʴǼإرسـال أǼ

ونأمــل مــʧ جʺॽــع الــʜملاء Ǽإرســال ملاحʤــاتهʦ الإʳǽابॽــة إلʻʽــا لʻــʧȞʺʱ مــʧ الʻهــʨض ʳʺǼلــǼ ʦؔʱالʷــȞل الــȑʚ یلʽــȘ  الأول.العــʙد 
  بها.
   ʚملاء لإرسال اسهاموهʜة إلى ؗافة الʨله دعʽاث الأصʴǼالأ ʧة مॽʺالعل ʦلة.اتهʳʺان الʨʻة إلى ع  

  
Ȗʻفʦʯالله ولي الऌ  

  
 ʛॻة رئʭʻهʙȂʙʲʯال  
  ادȏإبʙاʤॻʀ الॺɹأ.د. 
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