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الب٠ٗٛ ٔالتٍىٗٛ المطتداوٛ بٍشس البرٕث العمىٗٛ السصٍٗٛ تسذب مجمٛ أبحاث 

 المكتٕبٛ بالمػٛ العسبٗٛ ٔفكاً لمشسٔط ٔالتعمٗىات الآتٗٛ:

 تكبن المجمٛ البرٕث في الاختصاصات ذات العلاقٛ بالب٠ٗٛ ٔالتٍىٗٛ المطتداوٛ . .1

 ٖشترط في البرث إُ لا ٖكُٕ قد ٌشس أٔ قدً لمٍشس في أٙ مجمٛ أخسٝ. .2

 ٕث لمتكٕٖي ذطب الأصٕه العمىٗٛ المتبعٛ قبن قبٕلها لمٍشس.تخضع البر .3

ٖكدً البرث بثلاث ٌطخ ٔاضرٛ وطبٕعٛ بالكىبٕٗتس عمٜ إُ لا تصٖد عَ )  .4

 ( ٍٖٔعي البرث ٔفل الترتٗب الات٘: A4( صفرٛ ذحي )22

ومخص  –ٔ  الباذثين (  ٔعٍٕاُ عىمْ أاضي الباذث )  -عٍٕاُ البرث   -

الٍتاٟخ  –وٍّحٗٛ البرث ) المٕاد ٔطسٖكٛ العىن (  –المكدوٛ  –البرث 

 ومخص البرث بالإمدمٗصٙ. –المصادز –ٔالمٍاقشٛ 

 شكاه ٔالسضٕوات ٔاضرٛ ٔوسضٕوٛ بالبٍط العسٖض .لأُ تكُٕ اأ .5

يمكَ اضتعىاه مختصسات المصطمرات العمىٗٛ المعسٔفٛ عمٜ اُ تكتب كاومٛ  .6

 عٍد أه وسٚ تسد في وتن البرث.

ُ ٖكُٕ وعبراً عَ محتٕٝ البرث أ( كمىٛ 122ٔلممخص عَ )ُ لا ٖصٖد اأ .7

 وشيراً الى اِي الٍتاٟخ ٔالاضتٍتاجات ٔخال٘ وَ المساجع.

زقاً وتطمطمٛ تٕضع بين قٕضين ٔتدزد في بأٖشاز الى المصادز في وتن البرث  .8

 قاٟىٛ المساجع ذطب تطمطن ظّٕزِا. 

ات وتخصصٛ في وٕضٕع( Review papers ) يجٕش ٌشس دزاضات وسجعٗٛ  .9

 وكدوٛ وَ قبن مختصين ذٔٙ خبرٚ ٔاضعٛ في المٕضٕع.

عادٚ صٗاغٛ بعض الكمىات أ العبازات بما أٔ إتحتفغ المجمٛ بحكّا في ذرف  .12

 ضمٕبّا في الٍشس.أٖتلاٟي وع 

 ٖصٔد صاذب البرث المٍشٕز بٍطخٛ ٔاذدٚ وَ العدد الرٙ ٍٖشس فْٗ بحثْ. .11

 تعٍُٕ المساضلات إلى: .12

 . د . عبدالله ذطين طاِشأ –ودٖس الترسٖس 

 أوين عاً السابطٛ العسبٗٛ لمعمًٕ الب٠ٗٗٛ

 الٗىَ –صٍعاٞ 

 22967 536327-8-9 – 22967777186931ِاتف : 

 journal@al-edu.com:بسٖدإلكترٌٔ٘ 22967 536312فاكظ : 

abdullah.tahish@gmail.com : ٛوٕقع السابط Aaes-ye.org 
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Applying Data Envelopment Analysis to Measyring Yemeni Islamic Banks 
Efficiency (2009-2015) 

Fikri Abdulmajeed El 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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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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 (.7/381ص) 2687ٛسٞ , ِؾّذ ػجذ اٌشؽّٓ اٌّجبسوفٛسٞ, رؾفخ الأؽٛرٞ , داس اٌىزت اٌؼ١ٍّخ. سلُ اٌؾذ٠ش اٌّجبسوف 
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 2012ثٙبء اٌذ٠ٓ ِؾّذ ِض٠ذ, اٌّغزّؼبد الافزشاض١خ ثذ٠لًا ٌٍّغزّؼبد اٌٛالؼ١خ, عبِؼخ الاِبساد اٌؼشث١خ, 
2

 
2

, ِغّغ اٌٍّه 1, ِغّٛع اٌفزبٜٚ, د: ػجذ اٌشؽّٓ ثٓ ِؾّذ ثٓ لبعُ, طاٌؾشأٟ, رمٟ اٌذ٠ٓ أثٛ اٌؼجبط أؽّذ ثٓ ػجذ اٌؾ١ٍُ ثٓ ر١ّ١خ 
 157, ص15َ, ط1995٘ـ/1416اٌغؼٛد٠خ,  -فٙذ ٌغجبػخ اٌّظؾف اٌشش٠ف, اٌّذ٠ٕخ إٌج٠ٛخ
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, 169ٌؼذد أصش ٚعبئً اٌزٛاطً الاعزّبػٟ ػٍٝ عٍٛو١بد ٚل١ُ اٌشجبة ِٓ ِٕظٛس اٌزشث١خ الإعلا١ِخ, ِغٍخ و١ٍخ اٌزشث١خ, عبِؼخ الأص٘ش, ا 
 .2016اٌغضء اٌضبٌش, عٕخ

2
ثذٚٞ, ػّبس رٛف١ك, أصش ٚعبئً اٌزٛاطً اٌؾذ٠ضخ ػٍٝ اٌذػٛح, اٌف١ظ ثٛن ّٔٛرعبً, ثؾش ِمذَ ٌّؤرّش ٚعبئً اٌزٛاطً اٌؾذ٠ضخ ٚأصش٘ب  

 .2018ػٍٝ اٌّغزّغ, و١ٍخ اٌشش٠ؼخ عبِؼخ إٌغبػ اٌٛع١ٕخ, 
3

اٌّغزّؼ١خ, سعبٌخ ِبعغز١ش,  ّبػٟ فٟ ر١ّٕخ ِشبسوخ اٌشجبة اٌفٍغغ١ٕٟ فٟ اٌمضب٠بدٚس شجىبد اٌزٛاطً الاعزأؽّذ ٠ٛٔظ ِؾّذ ؽّٛدح,  
 .2013ِؼٙذ اٌجؾٛس ٚاٌذساعبد اٌؼشث١خ, عبِؼخ اٌذٚي اٌؼشث١خ, 
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الأعشػ, ِؾّٛد ؽغٕٟ, ٚاٌشجٛي, ث١بْ صوش٠ب. ِغزٜٛ اٌم١ُ الاعزّبػ١خ ٌذٜ عٍجخ و١ٍخ اٌزشث١خ اٌش٠بض١خ فٟ عبِؼخ إٌغبػ اٌٛع١ٕخ.  
سلخ ػًّ ِمذِخ إٌٝ ِؤرّش و١ٍخ اٌزشث١خ اٌش٠بض١خ اٌؾبدٞ ػشش ثبٌغبِؼخ الأسد١ٔخ, ٚاٌضبٌش ٌغّؼ١خ و١ٍبد اٌزشث١خ اٌش٠بض١خ اٌؼشث١خ ٚ

 .2016ٚاٌزىب١ٍِخ فٟ اٌؼٍَٛ اٌش٠بض١خ, 
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 .2010ٌجٕبْ. -, داس طبدس ٌٍغجبػخ ٚإٌشش, ث١شٚد726إثٓ ِٕظٛس, ٌغبْ اٌؼشة, فظً اٌٛاٚ, ص  
2

 51مظض:عٛسح اٌ 
3 

 .2008. داس اٌؼٍُ ٌٍّلا١٠ٓ, 1842اٌغٛ٘شٞ, أثٛ ٔظش. اٌظؾبػ ربط اٌٍغخ, ص 
4

 13٘ـ, اٌّٛافك 1351شؼجبْ  14. رأعظ ِغّغ اٌٍغخ اٌؼشث١خ ثبٌمب٘شح فٟ 135إثشا١ُ٘ ِظغفٝ, اٌّؼغُ اٌٛع١ظ, ثبة اٌغ١ُ, ص  
 .1932د٠غّجش 
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 . لا ٠ٛعذ اعُ اٌذاس.160جبط ثٓ ػجذ اٌّغٍت ػٓ إٌجٟ طٍٝ الله ػ١ٍٗ ٚعٍُ, صاثٓ ؽٕجً, ِغٕذ أؽّذ ِخشعبً, ِغٕذ ػجذ الله ثٓ اٌؼ 
2

اٌّضٞ, اثٓ ؽغش. رؾفخ الأششاف ثّؼشفخ الأعشاف, د: ػجذاٌظّذ ششف اٌذ٠ٓ. ؽذ٠ش وٕب ٔشٜ الاعزّبع إٌٝ أً٘ ا١ٌّذ  
ثٓ ِٕظٛس ولاّ٘ب ػٓ ٘ش١ُ ػٓ ٚطٕؼخ اٌغؼبَ ِٓ ا١ٌٕبؽخ ق فٟ اٌغٕبئض ػٓ شغبع ثٓ ِخٍذ ٚػٓ ِؾّذ ثٓ ٠ؾ١ٝ ػٓ عؼ١ذ 

 . 1983 . اٌّىزجخ الإعلاِٟ,431إعّبػ١ً ػٕٗ ثٗ, ص
3

ثشبق عٌّٛبص. الأزشٔذ ٚرغج١مبد اعزؼّبي اٌزٛاطً الاعزّبػٟ, سعبٌخ ِبعغز١ش. ِٕشٛس ػٍٝ ِٛلغ ِغٍخ اٌؼٍَٛ الإعلا١ِخ, ثزبس٠خ  
2013/04/07 (dergi park :ػٍٝ اٌشاثظ )file/177751-https://dergipark.org.tr/tr/download/article  

4
 َ. 2012, داس اٌفلاػ ٌٍٕشش ٚاٌزٛص٠غ, اٌى٠ٛذ, اٌغجؼخ الاٌٚٝ: ١ٌ37ٍٝ عشاس, اٌف١ظ ثٛن ٚاٌشبة اٌؼشثٟ, ص  

https://dergipark.org.tr/tr/download/article-file/177751
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/ٌٍذوزٛس٠ٓ: ا٠ُ. ١ٔلاِبلاس, ٚاٌذوزٛسح ثٟ شزشا, و١ٍخ الإػلاَ / عبِؼخ رش١ٕبٞ  1ٛد صالإػلاَ اٌغذ٠ذ ٚاٌّغزّغ, ٚأصش٘ب ػٍٝ اٌشجبة إٌٙ 
 إٌٙذ.

2
 .2010ٔغخخ الاٌىزش١ٜٚخ, ٌٕذْ, اٌٍّّىخ اٌّزؾذح. ِؼغُ الأٚوغفٛسد,  
3

https://www.merriam-). ٠ٕظش اٌشاثظ اٌزبٌٟ: 1989ِٛلغ اٌّٛعٛػخ اٌجش٠غب١ٔخ اٌؼبِخ. اٌٛلا٠خ اٌّزؾذح الأِش٠ى١خ,  
webster.com/dictionary/social%20media). 

4
 .2018د٠غّجش  25اعٍغ ػ١ٍٗ ثزبس٠خ  .١ٌٛ٠2018ٛ  15فٟ  الأطً ِؤسشف ِٓ .الأ٘شاَ ا١ٌِٟٛ "رؼشف ا٠ٗ ػٓ اٌفٍٛعش  

https://www.merriam-webster.com/dictionary/social%20media
https://www.merriam-webster.com/dictionary/social%20media
https://www.merriam-webster.com/dictionary/social%20media
https://web.archive.org/web/20180715205653/http:/www.ahram.org.eg:80/News/202260/59/593383/%D8%A2%D8%B1%D8%A7%D8%A1-%D8%AD%D8%B1%D8%A9/%D8%AA%D8%B9%D8%B1%D9%81-%D8%A7%D9%8A%D9%87-%D8%B9%D9%86-%D8%A7%D9%84%D9%81%D9%84%D9%88%D8%AC%D8%B1%D8%9F.aspx
https://web.archive.org/web/20180715205653/http:/www.ahram.org.eg:80/News/202260/59/593383/%D8%A2%D8%B1%D8%A7%D8%A1-%D8%AD%D8%B1%D8%A9/%D8%AA%D8%B9%D8%B1%D9%81-%D8%A7%D9%8A%D9%87-%D8%B9%D9%86-%D8%A7%D9%84%D9%81%D9%84%D9%88%D8%AC%D8%B1%D8%9F.aspx
http://www.ahram.org.eg/News/202260/59/593383/%D8%A2%D8%B1%D8%A7%D8%A1-%D8%AD%D8%B1%D8%A9/%D8%AA%D8%B9%D8%B1%D9%81-%D8%A7%D9%8A%D9%87-%D8%B9%D9%86-%D8%A7%D9%84%D9%81%D9%84%D9%88%D8%AC%D8%B1%D8%9F.aspx
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, عبِؼخ 32ٍٝ اٌؼلالبد الاعزّبػ١خ: ف١غجٛن ٚر٠ٛزش ّٔٛرعب, ص: اٌشٙشٞ, شؼشٛع, ؽٕبْ. أصش اعزخذاَ شجىبد اٌزٛاطً الإٌىزش١ٔٚخ ػ 
 اٌٍّه ػجذ اٌؼض٠ض.

2
 ػٍٝ ِٛلغ ٚاٞ ثبن ِش١ٓ. 2019د٠غّجش  4ِؼٕٝ وٍّخ ف١غجٛن ٚأطً رغ١ّزٗ ثٙزا الاعُ ٔغخخ ِؾفٛظخ  
3 

Beam, Brian. "WhatsApp Messenger Review (iPhone version)". Macworld. ٟ10 ِؤسشف ِٓ الأطً ف 

 .١ٔٛ٠2011ٛ  12. اعٍغ ػ١ٍٗ ثزبس٠خ 2012أثش٠ً 
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1

 Erica B.; Esposito, Jennifer (2019-11-27). Intersectional Analysis as a Method to Analyze 
Popular Culture: Clarity in the Matrix  .)ثبٌٍغخ الإٔغ١ٍض٠خ(Routledge. ISBN 978-0-429-55700-2 ِٓ ِؤسشف .

 .٠2020غّجش د 3الأطً فٟ 



 

 
 

 0202 

بيص أبوراس الله الى الدعوة نشر ف  جتمتعي  ال  التواصل مواقع دور 
ُ
 د. هود محعد منصور ق

136 

 

 

 

 

 

                                                            
1

 .90: اٌّشعغ اٌغبثك, الإػلاَ اٌغذ٠ذ, شجىبد اٌزٛاطً الاعزّبػٟ. ص  
2

 .1, ٠ٕٚظش ِمبي اٌذوزٛس ضشاس ثبٌزٚي اٌفلاعٟ, ص 55- 56الإػلاَ اٌغذ٠ذ ٚشجىبد اٌزٛاطً الاعزّبػٟ, ص:  
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بٌٟ: ٔؼّبْ ػٍٟ خبْ, اٌزٛاطً الاعزّبػٟ ِف١ذ اَ ف١ٗ ضشس, اٌّمبي ِٕشٛس ػٍٝ اٌشاثظ اٌز 
thing-bad-or-thing-good-media-https://www.socialmediatoday.com/content/social  

https://www.socialmediatoday.com/content/social-media-good-thing-or-bad-thing
https://www.socialmediatoday.com/content/social-media-good-thing-or-bad-thing
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1

, إٌّشٛس ػٍٝ اٌشاثظ اٌزبٌٟ: Charlie R. Claywell ٌّٚض٠ذ ِٓ اٌزفبط١ً. ِضا٠ب ٚػ١ٛة اٌشجىبد الاعزّبػ١خ, ِمبٌخ ي 
king.lovetoknow.com/Advantages_and_Disadvantages_of_Social_Networkinghttps://socialnetwor 

2
 .َ, داس اٌفىش1979٘ـ / 1399, ط 189/ 1اٌضِخششٞ, اٌخٛاسصِٟ, أثٛ اٌمبعُ, ِؾّٛد ثٓ ػّش ثٓ ِؾّذ ثٓ ػّش, أعبط اٌجلاغخ,  
3

 .2002داس اٌىزت اٌؼ١ٍّخ,  .162/ 1شعبٖ, اٌؾبوُ, اٌّغزذسن ػٍٝ اٌظؾ١ؾ١ٓ, ٚلبي ؽذ٠ش طؾ١ؼ ػٍٝ ششط اٌش١خ١ٓ ٌُٚ ٠خ 

https://www.lovetoknow.com/member/8282~charlie-r-claywell
https://socialnetworking.lovetoknow.com/Advantages_and_Disadvantages_of_Social_Networking
https://socialnetworking.lovetoknow.com/Advantages_and_Disadvantages_of_Social_Networking
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 .1965, , اٌذاس اٌم١ِٛخ ٌٍغجبػخ ٚإٌشش, 12-11اٌشاٚٞ, ِؾّذ ػجذاٌشؽّٓ. اٌذػٛح الاعلا١ِخ دػٛح ػب١ٌّخ, ص: 
2

 َ, داس اٌزٛف١ك إٌّٛرع١خ1992٘ـ / 1412, 1, ط19أثٛ اٌغؼٛد, ػجذ سة إٌجٟ ػٍٟ. اٌزخغ١ظ ٌٍذػٛح الإعلا١ِخ ٚأ١ّ٘زٗ, ص:  
 .ٌٍغجبػخ, اٌمب٘شح

3
, 2, ط158-157/ 15اثٓ ر١ّ١خ, أثٛ اٌؼجبط أؽّذ ػجذ اٌؾ١ٍُ ثٓ ر١ّ١خ اٌؾشأٟ, ِغّٛع فزبٜٚ رؾم١ك: ػجذ اٌشؽّٓ ثٓ ِؾّذ ثٓ لبعُ,  

 .ِىزجخ اثٓ ر١ّ١خ
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1

 .َ, داس اٌّؼشفخ ٌٍغجبػخ ٚإٌشش, ث١شٚد1981٘ـ / 1401, 1, ط24ِؾّذ ّٔش اٌخغ١ت. ِششذ اٌذػبح, ص:  

 
2

 .َ, ِىزجخ اٌفلاػ, اٌى٠ٛذ1986٘ـ / 1406, 1, ط19اٌٙذف ", ص:  -اٌٛع١ٍخ  -ٌٛاػٟ, رٛف١ك. اٌذػٛح اٌٝ الله " اٌشعبٌخ ا 
3

 .٘ـ, داس اٌٛفبء, عذح1406, 1, ط27ِؾّذ ثٓ ع١ذٞ ثٓ اٌؾج١ت. اٌذػٛح إٌٝ الله فٟ عٛسح إثشا١ُ٘ اٌخ١ًٍ, ص:  
4

 .َ, ِىزجخ ١ٌٕٗ, دِٕٙٛس, ِظش1989٘ـ / 1409, 1, ط21اٌؾبضش, ص:  اٌّششذ, ػٍٟ طبٌؼ. ِغزٍضِبد اٌذػٛح فٟ اٌؼظش 
5

 ., اٌّىزجخ اٌم١ِٛخ اٌؾذ٠ضخ, عٕغب1, ط39اٌشبرٌٟ, ػجذ الله ٠ٛعف. اٌذػٛح ٚالإٔغبْ, ص:  
 ٘ـ, اٌّغجؼخ اٌغٍف١خ.1346, 1, ط17ِؾّذ اٌخضش ؽغ١ٓ. اٌذػٛح إٌٝ الإطلاػ, ص:  6



 

 
 

 0202 

بيص أبوراس الله الى الدعوة نشر ف  جتمتعي  ال  التواصل مواقع دور 
ُ
 د. هود محعد منصور ق

142 

ۚ

ۚۖ

ۗ

                                                            
 الاوزش١ٔٚخ.عجشاْ ِغؼٛد. اٌّؼغُ اٌشائذ, ٔغخخ  1
 ., داس طبدس, ث١شٚد1, ط259-258/ 14ِؾّذ ثٓ ِىشَ ثٓ ِٕظٛس الأفش٠مٟ اٌّظشٞ. ٌغبْ اٌؼشة,  2
3

 ١٤ اٌج١بٟٔٛٔ, ِؾّذ. ِذخً اٌٝ ػٍُ اٌذػٛح. ص: 
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1

 6/110ِؼغُ اٌّمب١٠ظ اٌٍغخ,  إثٓ فبسط.
2

 .725-11/724, ٌٚغبْ اٌؼشة, 499أعبط اٌجلاغخ, 
3

 ٧ٕب دػبح. /صػجذ الله ثٓ اؽّذ. وٍ اٌؼلا,
4
 .2060اٌؾغبط, ِغٍُ, طؾ١ؼ ِغٍُ, ثبة ِٓ عٓ عٕخ ؽغٕخ أٚ ع١ئخ ِٚٓ دػب إٌٝ ٘ذٜ أٚ ضلاٌخ, ص  
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ۗ

                                                            
1
 .91, اٌغجؼخ اٌزبعؼخ, ص 2002-1423ص٠ذاْ, ػجذ اٌىش٠ُ ص٠ذاْ, أطٛي اٌذػٛح, ِؤعغخ اٌشعبٌخ ٔبششْٚ, ربس٠خ اٌغجؼخ:   
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ۗ

                                                            
1
 .1792, ِٚغٍُ 3477ذ٠ش طؾ١ؼ اٌجخبسٞ, ِؾّذ إعّبػ١ً اٌجخبسٞ, سلُ اٌؾ 
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1

 .218اٌغؼذٞ, ػجذ اٌشؽّٓ, اٌفزبٚٞ اٌغؼ١ذح, 
 اٌض٠ٕٟٛ, ِؾّذ ثٓ ػجذ اٌؼض٠ض. ٚعبئً اٌذػٛح, إٌّشٛس فٟ ِٛلغ ط١ذ اٌفؤاد.   
2

 .2008. ٢٢اٌذػٛح الإعلا١ِخ ٚالإػلاَ اٌذ٠ٕٟ. ا١ٌٙئخ اٌّظش٠خ اٌؼبِخ ٌٍىزبة, ص: ػجذ الله شؾبرٗ. 
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1

 . داس إؽ١بء اٌزشاس اٌؼشثٟ, ٌجٕبْ. 35ْ 1/36ْٕٛ ػٓ أعبِٟ اٌىزت ٚاٌفْٕٛ, رؾم١ك: ِؾّذ ششف اٌذ٠ٓ. اٌؾبط, خ١ٍفخ. وشف اٌظ 
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1

 اٌض٠ٕٟٛ, ِؾّذ ثٓ ػجذ اٌؼض٠ض, ٠ٕظش ِٛلغ ط١ذ اٌفؤاد. ِمبي ٚعبئً اٌذػٛح إٌٝ الله. 
2

 .10إٌٙذٞ, ػجذ إٌّؼُ ؽغٓ. الإٔزشٔذ فٟ خذِخ الإعلاَ. ص  
3

ٚلبي ؽذ٠ش ؽغٓ طؾ١ؼ,  7676ؽذ٠ش سلُ  43/ 5ٗ, وزبة اٌؼٍُ, ثبة ِب عبء فٟ الأخز ثبٌغٕخ ٚاعزٕبة اٌجذع سٚاٖ اٌزشِزٞ ٚاٌٍفظ ٌ 

 .2002اٌغؼٛد٠خ. -, عذح٤. داس اٌّؾّذٞ, ط: 4607سلُ  13/ 5ٚأثٛ داٚد وزبة اٌغٕخ ثبة فٟ ٌضَٚ اٌغٕخ 
4

 .2855سٚاٖ اٌزشِزٞ, ؽذ٠ش سلُ  
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1

 .2008. ٚصاسح الأٚلبف ٚاٌشؤْٚ الإعلا١ِخ ثمغش. ١٧٢ك اٌّؾزَٛ. ص. اٌّجبسن اٌفٛسٞ, طفٟ اٌشؽّٓ. اٌشؽ 
2

 .2008. داس اٌششٚق, اٌمب٘شح. ٤٦١/ ٢٢ع١ذ لغت. فٟ ظلاي اٌمشآْ, رفغ١ش. ط 
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1

 09طؾ١فخ, ا١ٌَٛ اٌغبثغ. ثؼٕٛاْ: فٟ ٠َٛ اٌجش٠ذ اٌؼبٌّٟ"ِٓ اٌؾّبَ اٌضاعً إٌٝ اٌٛارظ آة.. و١ف رغٛسد ٚعبئً الارظبي؟".الأؽذ,  
 َ.  04:01 2016أوزٛثش 

2
. اعزخذاَ ِٛالغ اٌشجىبد الاعزّبػ١خ ٚرأص١شٖ فٟ اٌؼلالبد الاعزّبػ١خ دساعخ ػ١ٕخ ِٓ ِغزخذِٟ ِٛلغ ِٔٛبس ٔش٠ّبْ ِش٠ُِٔٛبس,  

 َ. 2012/2011 -٘ 1433/1432ثبرٕخ. –عبِؼخ اٌؾبط ٌخضش  ., سعبٌخ ِبعغز١ش, 47اٌفب٠غجٛن فٟ اٌغضائش, ص: 
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http://www.lahaonline.com/articles/view/48283.htm
http://www.lahaonline.com/articles/view/41601.htm
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1

, ساثظ : 29-05-2016. ٚعبئً اٌزىٌٕٛٛع١ب اٌؾذ٠ضخ فٟ خذِخ اٌذػٛح, ربس٠خ: لله ٕ٘ذٞ, ِٛلغ عش٠ك الإعلاَػبدي ػجذ إ٘ذٞ,  
http://iswy.co/e17a1d . 
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1
( 10/247(, ٚاٌج١ٙمٟ )7423( )13/419(, ٚأثٛ ٠ؼٍٝ )19791( )4/420(, ٚأؽّذ )4880[ أثٛ داٚد )4724اٌذسس اٌغ١ٕخ, ثشلُ]  
(20953.) 
2

 .06أثش٠ً  2016ؼبْ, اعزخذاِبد ثشاِظ اٌزٛاطً الاعزّبػٟ فٟ اٌذػٛح الإ٠غبث١بد ٚاٌغٍج١بد. ساضٟ ثٓ ع١ّ 
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https://ar.wikipedia.org/wiki/%D9%85%D8%AF%D9%88%D9%86%D8%A9
https://www.lovetoknow.com/member/8282~charlie-r-claywell
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 (Syzygium aromaticum)

 أ.و.د/ خبنذ َبصش َبصش حًَذ 

 أ.و.د/ غبََت َبجٌ انُقَب 

 قسى عهوو الأغزٍت وانخغزٍت, كهَت انضساعت والأغزٍت وانبَئت, جبيعت صُعبء انًٍَ

alymny987@yahoo.com 

نًسخخهص انقشَفم  انفعبل زِ انذساست  نهخعشف عهي  انخأثَشْذفج ْ

اعطي . انًَثبَونٌ عهي حُظَى يعبدة الأكسذة وخفط انكونسخشول

٪ )وصٌ / وصٌ( يٍ خلال 35.56انًسخخهص انًَثبَونٌ نهقشَفم عبئذا 

الاسخخلاص ببنًَثبَول وانًبء وْزا انًسخخهص احخوى عهي يشكببث انفَُول 

 /mg GAE and 4272.72 mg RE 10241.17)) 10)و انفلافوَوٍذ

100 dw, انًسخخهص انًَثبَونٌ نهقشَفم عهي حعضٍض  وقذ عًم (على التوالي

انزً ٍُقم  ,( (LDLR)يسخقبلاث انبشوحٍَ انذَُْت بثفعبنَت جَُ

فٌ اظعبف  1و  3.5, 1.1بًقذاس  ورنكانكونَسخشول يٍ انذو اني انخلاٍب 

وكزنك عًم انًسخخهص انًَثبَونٌ نهقشَفم   HepG2انكبذ انسشطبََت   خلاٍب

الاَضٍى انًسؤول عٍ انًسبعذة فٌ حصَُع HMGCORعهي حقهَم فعبنَت ال

ببسخخذاو جشعبث  ظعف 50و  33, 14انكونَسخشول فٌ انجسى بًقذاس 

فٌ خلاٍب انكبذ انسشطبََت عهي انخوانٌ يَكشوجشاو/يم  50و 20,10

HepG2   ًَثبَونٌ نهقشَفم نّ خصبئص طبَت  وفٌ انخلاصت: انًسخخهص ان

دة فعبنَت يعبداث بفٌ علاج ايشاض انقهب يٍ خلال حُظَى انكونَسخشول وصٍ

 الاكسذة.

كهًبث يفخبحَت: انقشَفم ,كونَسخشول , يعبداث الاكسذة 

 ,يسخخهص
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The effect of Clove (Syzygium aromaticum) Extract  on Cholesterol 

Homeostasis in HepG2 Cells 

Khaled Nasser Homaid
1
 & Ghanya Al-Naqeep

1* 

1Department 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-aqeous 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 50µg/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 (Na2CO3), 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 α-tocopherol (Sigma Chemical Co. St. Louis, 

USA); Tween 20 and dimethyl sulfoxide (DMSO) (Fisher Scientific, 

Loughborough, Leicestershire, UK) as well as aluminium trichloride 

(AlCl3) (Merck, Darmstadt,
 
Germany). 

For gene expression study, Dulbecco’s minimum essential medium 

(DMEM), fetal bovine serum (FBS), penicillin, streptomycin, 

trypsin, (25OH), 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
TM

 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
o
C until the constant weight attained (final moisture content = 

1.99±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 (Na2CO3). 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 AlCl3 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 µl from the CLME 

stock solution was mixed with 500 µl of 2% AlCl3 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 × 10
5
 cells 

per well, incubated overnight at 37°C in a humidified atmosphere 

including 5% CO2. 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 

µg/ml for. The cells were exposed to the extract for 72 hours. After this 

incubation period, MTS (20 μl) 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 =  

                       absorbance control - absorbance blank                     

The dose-response curve was plotted and the concentration which 

gave 50% of cell growth (IC50) 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 × 10
5
 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 μg/ml, the 

second group was treated with CLME at dose of 20 μg/ml, the third 

group was treated with CLME at dose of 50 μg/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 

TaqMan Primers and probes specific for LDLR, HMGCR and beta-

actin were designed from of human (Homo sapiens) adapted from 

x100 
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the NCBI (National Center for Biotechnology Information) 

GenBank Database (www.ncbi.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 μL) containing 12.5 

μL of master mix, 2 μL of 400 nM of each forward and reverse 

primer, 1 μL of the probe (200 nM) and 1 μL of the template cDNA 

(10 ng/μL). 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 95ºC the PCR cycle 

consisted of a denaturation period for 15 seconds at 94ºC and an 

annealing period for 60 sec at 50ºC. Analysis of the gene expression 

data was performed using a ∆∆CT 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.  

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=21707181
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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, TPC and 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
2
 = 0.9936) and rutin (y = 0.011x + 0.0663; r

2
 = 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 µg/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 IC50 of 

CLME for HepG2 cells was approximately 150 µg/ml. 
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Fig. 1. Cytotoxic effect of CLME against HepG2 cells. IC50 values 

(150 μg/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 (0.5-200μg/ml) of CLME for 72 hours. Each 

value presents the average of 6 replicates± SD. 

 

3.3 In Vitro Gene Expression Study of LDLR  

The effect of CLME extract respectively at 10, 20 and 50 μg/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 

50µg/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 samples± SD. Different alphabets indicated 

significant difference from the control (HLPDS) at P<0.05 level of significant 

(n=3).  

 

3.4  Gene Expression Study of HMGCR 

The effect of CLME (10, 20 and 50 μg/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 
–ΔΔCT 

control cells) - (2 
–ΔΔCT 

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 

50µg/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 g 

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 μg/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 Dušan 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 µg/ml below the IC50 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 
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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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