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RINGKASAN 

 

MEKANISME PENCEGAHAN DISFUNGSI ENDOTEL OLEH KAKAO 

(Theobroma cacao) MELALUI ANALISIS F2-ISOPROSTAN PLASMA, EKSPRESI 

NFB, CD-34, DAN Flk-1 PADA TIKUS PUTIH STRAIN Sprague dawley YANG 

TERPAPAR ASAP ROKOK 

 

 
Penyakit kardiovaskuler (PKV) merupakan penyebab utama kesakitan dan kematian 

di dunia. Pada tahun 2008, kematian akibat PKV di dunia mencapai 30% dari total kemtian 

saat itu, dan tahun 2030 diperkirakan meningkat menjadi 37%. Kebiasaan merokok 

meningkatkan risiko penyakit kardiovaskuler 2-3 kali sedangkan risiko penyakit jantung 

koroner 2-4 kali. Indonesia merupakan negara ketiga dengan jumlah perokok terbanyak di 

dunia (27,6%).  

Asap rokok mengandung nikotin, CO, tar, serta banyak jenis dan jumlah oksidan 

yang dapat memicu berbagai efek patologis, khususnya pada endotel. Peningkatan ROS 

akibat asap rokok menyebabkan peroksidasi lipid pada membran sel endotel dengan produk 

akhir F2-isoprostan yang dapat dipakai sebagai indikator awal proses aterogenesis. Asap 

rokok juga menyebabkan proses inflamasi melalui aktivasi Nuclear Factor kappa  (NFkB) 

yang memicu peningkatan sitokin pro-inflamasi dan selanjutnya menyebabkan endotel 

teraktivasi yang ditandai dengan peningkatan ekspresi molekul adhesi seperti ICAM-1, dan 

VCAM-1 sehingga sifat anti-adhesive endotel menurun yang merupakan tanda disfungsi 

endotel. Selain menyebabkan kerusakan endotel, asap rokok juga mengganggu proses 

regenerasi dan pemeliharaan endotel. Endothelial progenitor cells (EPCs) berperan dalam 

proses regenerasi endotel, baik melalui sistem parakrin (antara lain Vascular Endothelial 

Growth Factor, Fibroblast Growth Factor, IL-6, IL-8, IL-11) atau berdifferensiasi menjadi 

sel endotel. Penanda EPC yang sering digunakan adalah Cluster of differentiation 133+ 

(CD133+), CD34+ dan Vascular Endothelial Growth Factor Receptor 2+ 

(VEGFR2+)/Fetal Liver Kinase-1 (Flk-1). 

Data epidemiologi menunjukkan bahwa asupan makanan yang teratur dari tanaman 

herbal tertentu dapat mengurangi resiko PKV. Kakao (Theobroma cacao) atau coklat 

merupakan bahan makanan yang terbukti bermanfaat bagi kesehatan kardiovaskular. 

Penelitian Bayard, et al., 2007 pada penduduk Indian Kuna di lepas pantai Panama yang 

terbiasa mengkonsumsi kakao setiap harinya menunjukkan kematian akibat penyakit 

kardiovaskuler yang lebih rendah dibandingkan dengan warga negara lain (9.2±3.1 versus 

83.4±0.7 kematian disesuaikan usia per 100′000).  
Penelitian in vivo tentang mekanisme pemberian kakao pada pencegahan disfungsi 

endotel akibat merokok, dalam hal ini peningkatan ICAM-1 dan VCAM-1 belum banyak 

dilakukan, sedangkan data penelitian tentang pengaruh kakao pada perokok terhadap kadar 

EPC dalam sirkulasi darah telah dilaporkan. Penelitian ini ingin mengkaji lebih jauh 

mekanisme pencegahan disfungsi endotel oleh kakao akibat asap rokok, khususnya 

hubungan antara jalur stres oksidatif, inflamasi dan aktivasi EPC dengan kebaruan pada 

peningkatan EPC secara imunohistokimia pada daerah jejas, dalam hal ini arteria 

coronaria. Jalur stres oksidatif menggunakan indikator kadar F2-isoprostan plasma, jalur 

inflamasi dengan ekspresi NFkB arteria coronaria dan jalur aktivasi EPC dengan ekspresi 

CD34 dan Flk-1 arteria coronaria, sedangkan disfungsi endotel menggunakan indikator 

ICAM-1 dan VCAM-1.  

Penelitian ini dilakukan dalam 2 tahap, yaitu tahap 1 untuk menentukan dosis efektif 

bubuk kakao dalam menurunkan kadar F2-isoprostan plasma; dan tahap 2 untuk 

menganalisis mekanisme pencegahan disfungsi endotel oleh kakao pada paparan asap 
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rokok. Pada penelitian tahap 1, digunakan 3 dosis bubuk kakao. Jenis penelitian tahap 1 ini 

adalah penelitian eksperimental laboratoris dan model rancangannya adalah postest- only 

control group design. Hewan coba yang digunakan adalah 30 ekor Rattus norvegicus strain 

Sprague Dawley, jantan, umur 3 bulan, berat 280-300 g dikelompokkan secara random 

menjadi 5 kelompok perlakuan, yaitu: kelompok kontrol normal (K0) disonde aquabidest 2 

ml dan diberi paparan udara sekali sehari; kelompok kontrol paparan asap rokok (K1) 

disonde aquabidest 2 ml dan dipapar asap rokok 1 batang/hari; kelompok kakao 1 diberi 

kakao dosis 1206 mg/kgBB/hari dan asap rokok 1 batang/hari (P1), kelompok kakao 2 dosis 

2411 mg/kgBB/hari dan asap rokok 1 batang/hari (P2), dan kelompok kakao 3 dosis 3616 

mg/kgBB/hari dan asap rokok 1 batang/hari (P3). Masing-masing kelompok mendapat 

perlakuan selama 14 hari. Hari ke-15 hewan coba diterminasi dan dilakukan pemeriksaan 

F2-isoprostan dengan metode ELISA, selanjutnya dipilih satu dari tiga dosis bubuk kakao 

yang efektif dalam menurunkan kadar F2-isoprostan plasma. 

Hasil penelitian tahap 1 menunjukkan bahwa dosis efektif kakao dalam menurunkan 

kadar F2-isoprostan plasma adalah 1205 mg/kgBB/hari. Selanjutnya kelompok perlakuan 

kakao dosis 1205 mg/kgBB/hari pada penelitian tahap 2 disebut kelompok perlakuan (P), 

bersama dengan kelompok K0 dan K1 dilakukan pemeriksaan NFkB, CD34, Flk-1, VCAM- 

1 dan ICAM-1. Hasil pemeriksaan penelitian tahap 1 dan 2 menunjukkan bahwa kakao 

menurunkan ekspresi NFkB, VCAM-1 dan ICAM-1 arteria coronaria serta meningkatkan 

ekspresi CD34 dan Flk-1 arteria coronaria pada tikus yang terpapar asap rokok. Hasil uji 

analisis jalur didapatkan hubungan antara kakao pada kondisi terpapar asap rokok dengan 

peningkatan CD34 dan penurunan ICAM-1. Selain itu juga terdapat hubungan antara kakao 

dengan penurunan NFkB dan penurunan VCAM-1.  

Temuan baru pada penelitian ini adalah pemberian kakao pada Rattus norvegicus 

yang terpapar asap rokok dapat mencegah disfungsi endotel melalui 2 jalur, yaitu: jalur 

peningkatan EPC dengan indikator peningkatan CD34 sebagai marker EPC dan jalur 

inflamasi dengan indikator penurunan NFkB sebagai mediator inflamasi. Hasil penelitian 

ini dapat digunakan sebagai dasar pengetahuan terhadap upaya pencegahan disfungsi 

endotel akibat asap rokok dengan menggunakan kakao yang dapat diaplikasikan sehari-hari.
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SUMMARY 

 
 

THE PREVENTION MECHANISMS OF ENDOTHELIAL DYSFUNCTION BY 

CACAO (Theobroma cacao)  THROUGH ANALYSIS OF PLASMA F2-

ISOPROSTAN LEVELS, EXPRESSION OF NF-KB, CD-34,  

AND FLK-1 ON CIGARETTE SMOKING EXPOSED RAT 

 

 
Cardiovascular disease (CVD) is the main cause of illness and death in the world. In 

2008, deaths due to PKV in the world reached 30% of the total deaths at that time, and by 

2030 it is estimated to increase to 37%. Smoking habits increase the risk of cardiovascular 

disease 2-3 times, while the risk of coronary heart disease 2-4 times. Indonesia is the third 

country with the highest number of smokers in the world (27.6%). 

Cigarette smoke contains nicotine, CO, tar, as well as many types and amounts of 

oxidants that can help with various pathological effects, especially on the endothelium. The 

increase in ROS due to cigarette smoke causes lipid peroxidation in the endothelial cell 

membrane with the final product F2-isoprostane which can be used as an early indicator of 

the atherogenesis process. Cigarette smoke also causes an inflammatory process through the 

activation of Nuclear Factor kappa B (NFB) which triggers an increase in pro-

inflammatory cytokines and further causes activated endothelium which affects the 

expression of adhesion molecules such as ICAM-1, and VCAM-1 so that the anti-adhesive 

properties of the endothelium decrease which is a sign of endothelial dysfunction. Besides 

causing endothelial damage, cigarette smoke also interferes with the regeneration and 

maintenance of endothelium. Endothelial progenitor cells (EPCs) play a role in the process 

of endothelial regeneration either through the paracrine system (including Vascular 

Endothelial Growth Factor, Fibroblast Growth Factor, IL-6, IL-8, IL-11) or differentiate 

into endothelial cells. EPC markers that are often used are Cluster of differentiation 133+ 

(CD133 +), CD34 + and Vascular Endothelial Growth Factor Receptor 2+ (VEGFR2 

+)/Fetal Liver Kinase-1 (Flk-1). 

Epidemiological data suggest that regular intake of certain herbal plants can reduce 

the risk of CVD. Cocoa (Theobroma cacao) or chocolate is a food ingredient that has been 

shown to be beneficial for cardiovascular health. A study by Bayard et al., 2007 of residents 

of Kuna India off the coast of Panama who used to consume cocoa every day showed lower 

mortality from cardiovascular disease compared to citizens of other countries (9.2 ± 3.1 

versus 83.4 ± 0.7 age-adjusted deaths per 100′000). 

In vivo studies on the mechanism of cocoa administration on the prevention of 

endothelial dysfunction due to smoking, in this case, the increase in ICAM-1 and VCAM-1 

has not been widely carried out, while research data on the effect of cocoa in smokers on 

EPC levels in the blood circulation have been reported. This study intends to investigate 

further the mechanisms for preventing endothelial dysfunction by cocoa due to cigarette 

smoke, particularly the relationship between oxidative stress, inflammation, and EPC 

activation with the recency of the immunohistochemical increase in EPC in the injured area, 

in this case, arteria coronaria. The oxidative stress pathway used an indicator of plasma F2-

isoprostane levels, the inflammatory pathway by the expression of the NFkB coronary 

artery, and the EPC activation pathway by the expression of CD34 and Flk-1 coronary 

artery, while the endothelial dysfunction used the indicators ICAM-1 and VCAM-1. 

This research was conducted in 2 phase. Phase 1 to determine the effective dose of 

cacao in reducing plasma F2-isoprostane levels; and phase 2 to analyze the mechanisms of 

preventing endothelial dysfunction by cacao on cigarette smoke exposure. In the first phase 
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of study, 3 doses of cacao were used. This type of phase 1 is an experimental laboratory 

with a post-test-only control group design model. The experimental animals used were 30 

rattus norvegicus strains of Sprague Dawley, males, aged 3 months, weight 200-300 g 

grouped randomly into 5 treatment groups. The normal control group (K0) received 2 ml of 

aqua bidest and given air exposure once a day; the cigarette control group (K1) received 2 

ml of aqua bidest and given exposure to cigarette smoke once a day. In the treatment group, 

each group was given exposure to cigarette smoke and given cocoa powder that had been 

dissolve in aqua bidest. Cacao group 1 was given a dose of 1206 mg/kg BW/day (P1), 

cacao group 2 was given a dose of 2411 mg/kg BW/day (P2), and cacao group 3 was given 

a dose of 3616 mg/kg BW/day (P3). Each group was treated for 14 days. On the 15
th

 day, 

the experimental animals were terminated and F2-isoprostane was examined using the 

ELISA method, then was selected one of the three doses of cacao was the most effective in 

reducing plasma F2-isoprostane levels.   

The result of phase 1 showed that the effective dose of cacao in reducing plasma F2-

isoprostane levels was 1205 mg/kg BW/day. Furthermore, the cacao treatment group with a 

dose of 1205 mg/kg BW/day in the second phase of the study was called the treatment 

group (P), together with the K0 and K1 groups, the NFB, CD34, Flk-1, VCAM-1 and 

ICAM-1 were examined. The results of examinations in phases 1 and 2 showed that cacao 

decreased the expression of NFB, VCAM-1, and ICAM-1 arteria coronaria and increased 

the expression of CD34 and Flk-1 coronary artery in rats exposed to cigarette smoke. The 

result of the path analysis test showed that there was a relationship between cacao in the 

condition of exposure to cigarette smoke with an increase in CD34 and a decrease in 

ICAM-1. In addition, there is also a relationship between cacao and a decrease in NFB and 

a decrease in VCAM-1.    

New in this study, presenting cacao to Rattus norvegicus exposed to cigarette smoke 

can prevent endothelial dysfunction in 2 ways: the pathway of increasing EPC and an 

inflammatory pathway with a decrease in NFB as an inflammatory mediator. The results 

of this study can  be used  as a basis for knowledge of prevention disease due to cigarette 

smoke by using   cacao which can be  applied daily.
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ABSTRACT 

 

 

The Prevention Mechanisms of Endothelial Dysfunction by Cacao (Theobroma Cacao) 

Through Analysis of Plasma F2-Isoprostan Levels, Expression of NF-kB, CD-34,  

and Flk-1 on Cigarette Smoking Exposed Rat 

 

 

Dina Helianti 

 
 

Background: Smoking has known as causative factor of cardiovascular disease that was 

started with endothelial dysfunction. Polyphenols has known significantly prevent 

endothelial dysfunction. Cacao is a rich source of polyphenols. This study was designed to 

evaluate the cardioprotective effects of cocoa that mediated through the anti-oxidant effect, 

and was measured by plasma F2-isoprostane level, anti-inflammatory effect by expression 

of NFκB, and Endothelial Progenitor Cell (EPC) activation by expression of CD-34 and 

Flk-1 in coronary arteries. The condition of endothelial dysfunction was measured by 

expression of ICAM-1 and VCAM-1 in coronary arteries. 

Material and Methods: These research was conducted in 2 phases: the first phase 

determined the efective dose of cocoa in reducing plasma F2-isoprostane level and the 

second phase analyzed the preventing mechanism of endothelial dysfunction by cocoa on 

cigarette smoke exposure. This study using cocoa powder. In the first phase, 3 doses of 

cocoa were used. This study subjected rats, divided into five groups: the normal control 

group (2 ml of aquabidest, air exposure); the cigarette control group (2 ml of aquabidest, 

cigarette smoke); cacao group 1 (1205 mg/kg BW/day, cigarette smoke); cocoa group 2 

(2410 mg/kg BW/day, cigarette smoke); cacao group 3 (3615 mg/kg BW/day, cigarette 

smoke). Each group was treated for 14 days. In the second phase of the study using the 

optimal dose of cacao, based on the results from the first phase. NFkB, CD34, Flk-1, 

VCAM-1 and ICAM-1 were measured by immunohistochemistry.  

Results: Cocoa 1205 mg/kg/day significantly decreases plasma F2-isoprostane level, 

NFkB, ICAM-1 and VCAM-1 expression of coronary arteries in cigarette smoking exposed 

rat (p<0,05). There was not a significant increases CD-34 but there was a significant 

increases in Flk-1 expression (p<0,05).  

Conclusions: Cocoa in cigarette smoke-exposed rats can prevent endothelial dysfunction in 

2 ways: the pathway of increasing EPC and an inflammatory pathway with a decrease in 

NFB as an inflammatory mediator. The results of this study can be used as a basis for 

preventing endothelial dysfunction due to cigarette smoke by using cocoa.   

 
Keywords: cigarette smoke exposure, cacao, F2-isoprostane, EPC, endothelial dsyfunction   
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