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Applying Data Envelopment Analysis to Measyring Yemeni Islamic Banks
Efficiency (2009-2015)
Fikri Abdulmajeed EI Mekhlafi
PhD research scholar

Abstract

This study addresses the technical competence measuring of the Yemeni
Islamic banks using the method of data envelopment analysis (DEA) (2009-2015).
The study aimed to identify the method of envelopment analysis of data and its
application to Islamic banks in the Republic of Yemen in addition to measuring
the technical competence of Yemeni Islamic banks to estimate the efficiency of
each of these banks, and to measure the volumetric efficiency of Islamic banks
based on the technical competence.

The analytical approach has been used through the application of the (DEA)
method to measure the technical and volumetric competence of Yemeni Islamic
banks, and the study has reached a set of results, In the field of technical
competence, Al-Tadhamon Islamic Bank achieved the highest technical efficiency
among Yemeni Islamic banks in 2009-2015, followed by The Islamic Bank of
Saba in the second rank, In the field of volumetric efficiency, The Islamic Bank of
Saba achieved the highest volumetric efficiency among Yemeni Islamic banks
between 2009 and 2015 while the Yemeni Islamic Bank was ranked the second,
Raising the efficiency of Yemeni Islamic banks requires, to a great extent, the
analysis of the environment generally of these banks, The method of data
envelopment analysis (DEA) is simple, but its practical application requires high

accuracy in the testing of variables and the analysis model.
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Role of Strategic Management Accounting As a Tool to Improve
Financial Report Quality of Sudanese Banks: A Case Study of Faisal
Islamic Bank >
Anwar Ahmed Qasem Abdullah

PhD research scholar
Abstract:
The study aimed to know the role of strategic management accounting as a tool to

improve the quality of financial reports in Sudanese banks through the study
sample, Faisal Islamic Bank. The researcher used the descriptive analytical
method in describing the phenomenon under study, as well as the questionnaire
tool in collecting analytical study information in addition to the statistical analysis
program. SPSS The researcher concluded that the application of strategic
management accounting through its strategic methods leads to improving the
quality of financial reports in banks, the card method Balanced performance
assists management in formulating and developing advanced strategic goals for
the bank. The researcher recommends the need to apply strategic management
accounting represented by its strategic methods in banks because it has an
important role in improving the quality of financial reports, working on the use of
a balanced performance card in the bank because it achieves strategic goals, and is
considered one of the effective tools in measuring and evaluating the overall

performance of the bank.
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The Impact of Medical Insurance on Employees' Performance
A Field Study at the Islamic Banks in Rebublic of Yemen On
November 2020

This Study Submitted by
Othman Omar Awadh Batheeb
PHD Researcher

(772729650 ) o)y + Jibasa

Objective: The main objective of this study is to assess Impact of Medical
Insurance on Employees' Performance a Field Study at Islamic Banks in Yemen
on November 2020 the influence of tropical storage conditions on the quality
and stability of some selected essential medical Insuranse in Yemen and to
assess the different of employees' demographic variables according to their
Gender, Sex, Ages, Level of career, Years of service (GSALY).

Methodology: A stratified random sample, which was chosen, consisted of 102
employees in three levels of jobs of the job career available in Islamic Banks in
Yemen the first level was highly managerial staff, the second was heads of
departments' staff and the last was the administrators' staff. To achieve the
objectives of the study.

The analytical descriptive method was approach and SPSS was used.

Result: The result were found after the taking the test there is an impact of the
medical insurance on Employees' Performance estimated by 95.8% also there is
a significant differences due to Sex and the job level variable in favor of head of
department and to years of experience variable in favor of those who have little
of experience and there were no significant different attributed to the Social
status and ages.

Conclusion: in light of the results founded especially the highly relation between
the elements of this study recommending to make enhance Medical Insurance
Programs and to pay the attention to the employees' deductible on the medical
Insurance to enhance to coverage of Medical Insurance.

Ke ywords : Medical Insurance, , Employees' Performance, Islamic Banks of
Yemen.
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Role of Strategic Planning in Crisis Management at University of Science and
Technology, Yemen

1. Dr. Abdurrahman Mohammed Esh-sharjabi
Associate Prof, Sana‘a University, Yemen
2. Yasin Qasem El Mulaiki
University of Science and Technology, Yemen
Sakeena Ali Ethubhani, Sana'a University, Yemen

Abstract:

This study aims to identify the role of strategic planning on crisis management
from the prospective of administrative staff at UST-Yemen. The researchers apply
descriptive research methods and use questionnaire as tool for collecting required
data which was analyzed through calculating means and running test on Pearson’s
correlation coefficient as well as regression to respond to research questions. The
result indicated that there is high level of effectiveness of strategic planning with
moderate level for crisis management. The results also showed that there is
moderate positive correlation between the two variables. In addition, the
regression models can interpret about 50% of the relationship and the strategic
alternatives and option have major interruption contribution to crisis management
than other components. The researchers recommended to connect the strategic
planning with crisis management as well as establish crisis unit at the university
linked to higher level administration and allocated required resources based on the
experience of other countries to confront future crisis.

Keywords: Strategic planning, Environmental analysis, Vision, Mission, Strategic
objectives, Strategic alternatives, Strategic option, Crisis, Crisis management.
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The effect of Clove (Syzygium aromaticum) Extract on Cholesterol
Homeostasis in HepG2 Cells

Khaled Nasser Homaid' & Ghanya Al-Nageep®

1 . .. . . .
Department of Food Sciences and Nutrition, Faculty of Agriculture, University of

Sana'a, Yemen

Abstract
The objectives of the present study are to investigate the antioxidant

activity and cholesterol regulatory effect of clove methanolic extract
(CLME). CLME afforded the yield of 35.96 % (w/w) through
methanolic-ageous extraction and contained considerable amount of
phenolic and flavonoid compounds (10241.17 mg GAE and 4272.72
mg RE/ 100 dw, respectively). CLME enhanced the expression of
low-density lipoprotein receptor (LDLR) and 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (HMGCR) genes in HepG2
cells in a dose-dependent manner. The LDLR and HMGCR mRNA
levels were respectively up-regulated by 1.8, 3.5 and 8 fold and
suppressed by 14, 33 and 50% in HepG2 cells treated with 10, 20
and 50ug/ml of CLME. In conclusion, CLME is a potential
cardioprotector through enhancement of cholesterol regulation and
exertion of antioxidant activity.

Key word: Clove , Cholesterol , antioxidant , extract
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1- Introduction
Cardiovascular diseases particularly atherosclerosis is the leading

cause of mortality in many developed and developing countries,
which adopted or gradually adopting the western life style.

Lipids are transported in blood plasma in the form of a macromolecular
lipid—protein complex, called ‘lipoproteins’’. Among all lipoproteins,
low-density lipoprotein (LDL) contains the greatest amount of
cholesterol esters Diaz et al., (1997). Elevated level of LDL in plasma,
followed by in-vivo oxidative destruction of LDL by free radicals
(especially reactive oxygen species) are highly linked to the
pathogenesis of atherosclerosis Berliner & Heinecke, (1996).

Clove bud is the flower bud of Syzygium aromaticum (Family:
Myrtaceae) and often used as spice in flavouring the Asian culinary
dishes. Besides, clove also plays an important role in Asian traditional
medicine in treating dental disorders, respiratory disorders, headache
and sore throat Gurib-Fakim, (2006). Previous studies reveals that
clove possesses multiple health-beneficial effects, which including
antioxidant Shobana & Naidu, (2000), anti-bacterial, Cai & Wu,
(1996), anti-pyretic Feng & Lipton, (1987), anti-candidal, Chami et
al., (2004), local anesthetic Ghelardini et al., (2001) and aphrodisiac
Tajuddin, et al., ( 2003) activities. Nevertheless, study on cardio-

protective or hypolipidemic activity of clove buds is very limited
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Shyamala et al., (2003) and yet been highlighted by the recent
publications that critically reviewed on the potential health benefits of
spices Srinivasan (2005 a & b). Hence, the present study was initiated
to investigate the potential of CLME as cardio-protector through
chemical and molecular approaches.

2. Materials and Methods.

2.1 Materials

The clove bud (Syzygium aromaticum) used in the present study was
imported from Africa and purchased from Giant Hypermarket,
Kajang, Selangor, Malaysia.

2.2 Chemicals

All the chemicals used in this study were of analytical grade and
listed as followed: Gallic acid (Sigma-Aldrich, Madrid, Spain);
sodium carbonate (Na,CO3), methanol (99.8%) and Folin-Ciocalteu
reagent (BDH Laboratory Supplies, Poole, England); 2.2-diphenyl-1-
picrylhydraxyl (DPPH) (98.9%), L (+)-ascorbic acid, linoleic acid,
(+)-catechin, rutin and a-tocopherol (Sigma Chemical Co. St. Louis,
USA); Tween 20 and dimethyl sulfoxide (DMSO) (Fisher Scientific,
Loughborough, Leicestershire, UK) as well as aluminium trichloride
(AICI3) (Merck, Darmstadt, Germany).

For gene expression study, Dulbecco’s minimum essential medium
(DMEM), fetal bovine serum (FBS), penicillin, streptomycin,
trypsin, (250H), Human lipoprotein defiant serum (HLPDS) MTT,
sodium bicarbonate and phosphate buffered saline (PBS), were
purchased from Sigma-Aldrich Co. (Sigma-Aldrich Co., St. Louis,
Missouri). RiboPure™ RNA isolation kit was purchased from
Ambion (Ambion, Austin, TX). First strand cDNA synthesis kit was
purchased from Ferments (MBI Ferments Inc, Vilnius, Lithuania).
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The Quantict Probe Real Time PCR master mix was purchased from
Qiagen (Valencia, CA) while the oligo (dT) primer and probes were
supplied by Sigma-Aldrich (St. Louis, MO) and synthesized by
Integrated DNA Technologies, Inc (San Diego, CA).

2.3 Methods

2.3.1 CLME Preparation

Clove buds were cleaned by using tap water and dried in oven at
50°C until the constant weight attained (final moisture content =
1.991+0.47 %). Then, the buds were pulverised into a fine powder by
using a stainless steel blender (Waring Commercial, Torrington, CT,
USA) for about 3 minutes and mixed with 80% methanol at the ratio
of 1:25 (w/v). Then, the mixture was homogenised at 13,500 rpm for
3 min (Ultra-turax T25 basic, IKA-WERKE GmbH & Co. KG,
Staufen, Germany) and left in a sonicator (Power sonic 505,
HwaShin Technology Co., Seoul, Korea) for 60 min. After that, the
mixture was filtered through Whatman filter paper No. 2 and the
entire extraction process was repeated twice on the residue obtained
from the filtration process. The filtrates were pooled and the solvent
was removed from the filtrates under reduced pressure (Rotavapor
R210, Buchi, Postfach, Flawil, Switzerland). Finally, CLME was
cooled in a dessicator for 30 min before the yield was calculated.
CLME was kept at -20°C prior to further analyses.

2.3.2 Total Phenolic Content (TPC)

Total phenolic content of CLME was determined by using Folin—
Ciocalteu assay Briefly, 1 mg of CLME was dissolved in 10 ml of
methanol. Then, 0.1 ml of these solutions was mixed with 2.5 ml of
10 fold diluted Folin-Ciocalteau reagent, and 2.0 ml of 7.5% sodium
carbonate (Na,COj). After incubation at 40°C for 30 min, the
absorbance of the reaction mixtures were measured at 760 nm by
using a spectrophotometer (Pharmaspec uv-1700, Shimadzu, Kyoto,
Japan). Gallic acid was used as a standard and TPC of CLME was
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expressed in milligram gallic acid equivalent per 100 g dry weight
sample (mg GAE/100 g dw).

2.3.3 Total Flavonoid Content (TFC)

TFC of CLME was estimated by the AICI; method, adapted from
Quettier-Deleu et al., (2000). In brief, 1 mg of CLME was dissolved
in 10 ml DMSO for stock solution. Then, 500 pl from the CLME
stock solution was mixed with 500 pl of 2% AICI; and the mixture
was left for 10 min. After that, the absorbance of the sample was
measured at 435 nm using a spectrophotometer (Pharmaspec uv-
1700, Shimadzu, Kyoto, Japan). The TFC of CLME was expressed
in mg rutin equivalent 100 g dry weight sample (mg RE/100 g dw).

2.3.4 Measurement of Cell Viability

In order to avoid a cytotocic effect of CLME on HepG2 cell
proliferation, the cytotoxicity study was carried out using the MTS
proliferation assay. HepG2 cells were treated with different
concentrations of CLME in order to select the appropriate doses that
resulted in proliferation rate of HepG2 cells greater than 70% to
perform the gene expression experiments.

HepG2 cells were plated in 96 well plates at a density of 1 x 10° cells
per well, incubated overnight at 37°C in a humidified atmosphere
including 5% CO,. CLME was dissolved in DMSO and DMSO
concentration was controlled to be not more than 0.1%. Then, the
extract further diluted in Dulbecco’s minimum essential medium
(DMEM) to obtain a range of concentrations between 0.5 and 200
ug/ml for. The cells were exposed to the extract for 72 hours. After this
incubation period, MTS (20 ul) was added into each well and the plates
were then incubated for an additional 4 hours. Absorbance was
recorded at 490 nm by microplate reader (Opsys MR, Thermo
Labsystems, Franklin, MA, USA).
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Cells viability was calculated by using this formula:
absorbance samples - absorbance blank
% Viability = x100
absorbance control - absorbance blank
The dose-response curve was plotted and the concentration which
gave 50% of cell growth (1Cs) was calculated.

2.3.5 Gene Expression Study

HepG2 cells were seeded in a 6 well plate in DMEM, supplemented
with 10% fetal bovine serum (FBS) at a density of 1 x 10° cells/well.
Twenty-four hours before the start of experiment, the medium was
changed to DMEM supplemented with 10% human lipoprotein
deficient serum (HLPDS), then, the cells were divided into 4 groups
the first of which was treated with CLME at dose of 10 pg/ml, the
second group was treated with CLME at dose of 20 pg/ml, the third
group was treated with CLME at dose of 50 ug/ml and the fourth group
was not treated and served as a control group.

a. RNA Extraction and cDNA Synthesis

The total RNA was isolated from HepG2 cells using the RiboPure
RNA isolation kit according to the manufacturer's instructions. The
purity of the extracted RNA was determined by measuring the ratio of
the optical density at 260 nm and 280 nm using a spectrophotometer
(BioRad, USA). The total RNA concentration was determined by
measuring the absorbance at 260 nm. The integrity and size distribution
of the total RNA was determined by using a 1.5 agarose gel. The 18S
and 28S RNA bands were visualized under UV light using gel image
instrumentation. RNA samples were reverse transcribed into first-
strand cDNA using the First Strand cDNA Synthesis Kit #K1612
(Ferments), according to the manufacturer's instructions.

b. Quantitative real-time PCR

TagMan Primers and probes specific for LDLR, HMGCR and beta-
actin were designed from of human (Homo sapiens) adapted from
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the NCBI (National Center for Biotechnology Information)
GenBank Database (www.ncbhi.nlm.nih.gov), synthesized by
Integrated DNA Technologies, Inc (San Diego, CA) and supplied
by Sigma Aldrich. GenBank accession number code for LDLR is
BC014514 , for HMGCR is BC033692 and for beta actin gene is
EF095209. Real-time PCR was performed using the Quantict
probe real time PCR master mix according to the manufacturer's
Instructions. The real-time quantitative PCR for each sample was
performed in triplicate. Briefly, a reaction (25 pL) containing 12.5
uL of master mix, 2 pL of 400 nM of each forward and reverse
primer, 1 pL of the probe (200 nM) and 1 pL of the template cDNA
(10 ng/uL). The sequence of the primers and probes were as
follows: LDLR forward: CACGGTGGAGATAGTGACATG,
LDLR reverse: GGGCTTCTTCTCATTTCCTCTG,LDLRprobe:
TCACCAAGCTCTGGGCGACGTTGCT,HMGCRforward:

GGGACCAACCTACTACCTC, HMGCR reverse:
GTCGAAGATCAATTTACAA, HMGCR probe:
TCACCAAGCTCTGGGCGACGTTGCT,beta-actin forward:
CCAACTGGGACGACATGGAG,beta-actin reverse:

TCAAACATGATCTGGGTCATCTTC and beta-actin probe:
AATCTGGCACCACACCTTCTACAATGAGC. Product size was
73pb for LDLR gene, 210pb for HMGCR and 144pb for beta-actin
gene.

Real-time PCR amplification of cDNA was performed for 40 cycles.
After an initial incubation for 15 min at 95°C the PCR cycle
consisted of a denaturation period for 15 seconds at 94°C and an
annealing period for 60 sec at 50°C. Analysis of the gene expression
data was performed using a AACt method of relative quantification,
according to a previous reported by Kenneth & Thomas, (2001).
RotorGene analysis software (version 6.0) was used to analyze all of
the results from the PCR assays.
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2.3.6 Statistical analysis

Each experiment was repeated thee times and the data are reported as
the mean + SD that was analyzed using the SPSS window program
version 14.0. Analysis of variance (ANOVA) accompanied with
LSD and Tukey tests (SPSS for Windows, Version 15) were
conducted to identify the significant difference between samples
(p<0.05).

3. Results

3.1 Yield, TPCand TFC

The yield of CLME through methanolic-aqueous extraction was
35.96 = 0.61 % (w/w). On the other hand, TPC and TFC of CLME
were 10241.17+£1494.50 mg GAE/ 100g dw and 4272.72+231.16 mg
RE/100 g dw, respectively. Both TPC and TFC were respectively
obtained through the linear interpolation of gallic acid (y = 0.007x +
0.1496; r* = 0.9936) and rutin (y = 0.011x + 0.0663; r* = 0.9955)
standard curves.

3.2 Cell viability assay

The growth of the HepG2 cells in the presence of CLME at different
concentration (0.5 to 200 pg/ml) was examined. Under the
experimental conditions, CLME exhibited growth inhibitory effects on
HepG2 cells over a period of 72 hours. As shown in Fig. 1., the ICs of
CLME for HepG2 cells was approximately 150 pg/ml.
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Fig. 1. Cytotoxic effect of CLME against HepG2 cells. ICs, values
(150 pg/ml) obtained after 72 hours using MTS assay. HepG2
cells were seeded into 96-well plate and incubated overnight
and then cells were exposed to medium containing different
concentrations (0.5-200ug/ml) of CLME for 72 hours. Each
value presents the average of 6 replicates+ SD.

3.3 InVitro Gene Expression Study of LDLR

The effect of CLME extract respectively at 10, 20 and 50 pg/ml on
the regulation of LDLR gene is shown in Fig.2. When cells were
incubated with HLPDS and treated with CLME at different doses,
LDLR mRNA level was respectively increased by 1.8, 3.5 and 8
folds in a dose dependent manner if compared to the untreated cells
(p<0.05).
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Fig. 2. Effect of CLME treatments on LDLR mRNA levels in HepG2 cells. Cells were
incubated for 24 hours in DMEM + 10% HLPDS, and treated with 10, 20 and
50pg/ml of CLME, mRNA level of LDLR expression was measured using
quantitative real-time PCR and normalized by the quantity of beta actin mRNA.
Data represent the mean of three samplesxz SD. Different alphabets indicated
significant difference from the control (HLPDS) at P<0.05 level of significant
(n=3).

34 Gene Expression Study of HMGCR

The effect of CLME (10, 20 and 50 pg/ml) on the regulation of
HMGCR gene is shown in Fig.3. When cells were incubated with
HLPDS and treated with CLME at different doses, HMGCR
MRNA level was respectively decreased by 14, 33 and 50% iin a
dose dependent manner (p<0.05), compared to the untreated cells.
The percentage of suppression was calculated as follows: %
suppression = (2 T control cells) - (2 **“" treated cells) x 100.
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Fig. 3. Effect of CLME treatments on HMGCR mRNA levels in HepG2 cells. Cells were
incubated for 24 hours in DMEM + 10% HLPDS, and treated with 10, 20 and
50ug/ml of CLME. mRNA level of HMGCR expression was measured using
quantitative real-time PCR and normalized by the quantity of beta actin mRNA.
Data represent the mean + SD. Different alphabets indicate significant difference
from the control at P<0.05 level of significant (n=3).

4. Discussion

Phenolic compounds such as phenolic acids and flavonoids are major
dietary antioxidants derived from plants (Balasundram et al. 2006).
TPC (10241.17 mg GAE/ 100g dw) of CLME reported in the present
study is slightly lower than the finding (TPC =16100 mg GAE/ 100g
dw) by Shan et al., (2005), although the extraction solvent and
procedure used are similar. However, TFC (4272.72 mg RE/100 ¢
dw) of CLME in the present study is in well agreement to the finding
(TFC = 4630 mg RE/100 g dw) of Liu et al. (2008), which was using
60% ethanol in the extraction procedure. Since the clove buds used
in the present study is originated from a different geographic location
to the one used by Shan et al. (2005), this suggests that the TPC
variation in CLME is probably due to the environmental factors such
as climates, sun exposure and soil composition that alters the
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phenolic metabolism of clove plant Djeridane, Yousfi, Nadjemi,
Boutasouna, Stocker & Vidal (2006). According to Shan et al.,
(2005), the major phenolic compounds in clove buds extract were
gallic acid (784 mg/100 g dw), gallic acid derivatives (tannins, 2376
mg/100 g dw) and some flavonoids (419 mg/100 g dw). Besides,
eugenol (9382 mg/100 g of dw) and acetyl eugenol (2075 mg/100 g
of dw) also presented substantially in the clove buds extract.

This indicates that CLME might serve as an excellent antioxidant in
protecting plasma LDL from oxidative damage compared to catechin
and ascorbic acid. Both antioxidant assays suggests that CLME is a
powerful chain-breaking antioxidant that capable to inhibit the free-
radical induced lipid oxidation effectively and efficiently. The
possible phytochemicals that contributed to the high antioxidant
activity of CLME are gallic acid and its derivatives, flavonols,
eugenol and acetyl eugenol Shan et al., (2005).

Besides combating the free radical-induced lipid (LDL) oxidation,
the regulation of plasma cholesterol also plays an important role in
the prevention of cardiovascular diseases. Previous studies have
reported the cholesterol lowering property of clove extract and its
active compound from the essential oil in animals Shyamala et al.,
(2003). However, the molecular mechanism of plasma cholesterol
lowering effect by clove extract is still remained unclear. Hence, the
present study was performed to investigate the regulatory effects of
CLME on LDLR and HMGCR genes that involve in the metabolism
of cholesterol through HepG2 cell line.

The human HepG2 cells line are considered as a good model for
studying the regulation of hepatic low-density lipoprotein cholesterol
(LDLC) catabolism, cholesterol metabolism, lipid synthesis and
lipoprotein synthesis, since they are representative to perform several
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of the normal biochemical functions specific to liver cells Marc et
al., (2004). These cells have been shown to express the major
enzymes required for metabolism of the intra and extracellular
cholesterol Sebelyl et al., ( 2003).

The cells viability assays were performed in order to demonstrate the
cytotoxic effects of CLME on HepG2 cell growth. Result indicates a
significant decrease (50%) in HepG2 viability at 150 pg/m of CLME
after a 72 hours incubation period. Previous study has reported the
cytotoxic effect of clove oil towards Caco-2 intestinal carcinoma cell
lines Fabian Dusan et al., (2006). However, the effect of clove
extract on viability and proliferation of HepG2 cells lines has not
been reported so far. In this study, the different doses of CLME at
10, 20 and 50 pg/ml below the ICsy values obtained by MTS assay
did not alter the proliferation rate of HepG2 and were thus selected to
perform the in vitro gene expression experiments with cells that had
a proliferation rate of greater than 70%.

The up-regulation of LDLR and the down-regulation of HMGCR
genes are the key mechanism that control elevated plasma LDLC in
the body Brown & Goldstein, (1986). Previous studies show that
some well-known hypocholesterolemic agents such as sterols and
benzamides are only capable to suppress both HMGCR and LDLR
MRNA levels or up-regulate the LDLR gene without affecting the
cholesterol biosynthesis {Larsen et al.,, (1994; Ashton et al.,
(1996)}. Through our gene expression study, CLME had greatly
enhanced the regulation of LDLR and HMGCR genes expression
(p<0.05). Interestingly, CLME treated HepG2 cells exhibited a
significant up-regulated LDLR gene expression and down-regulated
HMGCR gene expression in a dose-dependent manner. This
elucidates that CLME is capable to provide an optimal cholesterol
regulation/ lowering effects through enhancement of LDLC uptake

[2020 ( euss) ( gkl tlomadt ) GHEN sutalt 176 el el sty M!qui;dqn]




The effect of Clove (Syzygium aromaticum) Extract on g 7*
[ Cholesterol ISoym):a%stasis in HepGZ)CeIIs d. Khaled Nasser Homaid & Ghanya Al-Nageep ]

from the plasma and suppression of cholesterol biosynthesis in the
liver, simultaneously. Eugenol, gallic acid and gallic acid derivatives
are the possible phytochemicals that actively contributed to the
cholesterol  lowering activity of CLME. According to
Suanarunsawat et al., (2009), eugenol and methyl eugenol are
possibly responsible for the liver lipid synthesis suppressive effect of
Ocimum sanctum L. leaves essential oil in the rats. Meanwhile, study
by Lu & Hwang (2008) reported that gallic acid from Pu Erh teas
was positively correlated (r=0.65637) to the cholesterol biosynthesis
inhibitory ability. Besides, the authors also concluded that catechins
with a gallic acid moiety in the structure would have better inhibitory
activity towards cholesterol biosynthesis.

In conclusion, our study suggests that CLME is a potential
nutraceutical for the prevention of cardiovascular diseases due to its
dual cardio-protective mechanisms, namely enhancement of
cholesterol regulation and exertion of antioxidant activity.
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