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Atherosclerosis is the leading cause of death in developed countries with many proved risk factors. 
Vinegar has been proved to have some medical uses and some potential protective effects on 
atherosclerosis. In this study, effects of vinegar on various risk factors of atherosclerosis and 
development of atherosclerosis in hypercholesterolemic rabbit have investigated. Rabbits were 
assigned to four groups and each group received one of experimental diets: normal diet, high 
cholesterol diet (1% cholesterol), 1% cholesterol supplemented with 5 ml vinegar and 1% cholesterol 
supplemented with 10 ml vinegar for 8 weeks. Blood samples were collected before and after 8 weeks of 
experimental diets for measurement of serum C-reactive protein (CRP), nitrite, nitrate, apolipoprotein A 
(ApoA1) and apolipoprotein B (ApoB100), total cholesterol (TC), fibrinogen and factor VII. At the end of study, 
fatty streak formation in aorta was determined in all groups. Using vinegar (5 and 10 ml) with 
hypercholesterolemic diet caused significant reduction in CRP, fibrinogen, factor VII, ApoB100, ApoB/ApoA 
ratio, TC levels, atherosclerotic lesions in aorta and increased nitrite and nitrate in comparison with 
hypercholesterolemic diet. Vinegar did not significantly change ApoA1 level compared to high cholesterol 
diet. These results suggest that vinegar reduced atherosclerosis processes in high cholesterol diet fed 
animals. More studies are needed to find the exact mechanisms of action. 
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INTRODUCTION 
 
The principal cause of death in the world and the most 
dangerous diseases in industrial countries is 
atherosclerosis (Henneken and Gaziano, 1993). Atheros-
clerosis is associated with hypercholesterolaemia, 
oxidative modification of low density lipoproteins (LDL), 
endothelial dysfunction, and platelet hyperactivity in 
developed form (Woodward et al., 2004). Although lipid 
profile     and    LDL   are    important    in    diagnosis    of 
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atherosclerosis, some recent studies indicate that 
apolipoprotein measurements especially ApoB and 
ApoB/ApoA ratio are useful predictors of risk of 
cardiovascular diseases (Chan and Watts, 2006). 

It has been shown that disorders of both coagulation 
and fibrinolysis play a role in development of 
cardiovascular diseases such as coronary artery disease, 
essential hypertension, ischemic stroke and deep vein 
thrombosis. In a number of trials, it has been identified 
that high plasma fibrinogen and factor VII activity are 
independent predictors of cardiovascular mortality (Noto 
et al., 2002; Kelleher, 1992; Meade et al., 1993). In all 
stages  of  atherosclerosis,  inflammation  is critical (Libby  



 
 
 
 
and Ridker, 2002) and C-Reactive protein (C-RP) has 
been shown to predict both cardiovascular events and 
prognosis post-event (Liuzzo et al., 1994; Morrow et al., 
1998) C-RP may actively promote atherogenesis 
(Torzewsk et al., 2000; Cermak et al., 2003; Pasceri et 
al., 2000) causing lesion formation through mechanisms 
such as endothelial dysfunction and leukocyte activation 
(Pasceri et al., 2001) and changes in plaque structure 
resulting in stability reduction and enhancing rupture.  

NO is a strong endogenous vasodilator and endothelial 
damage can decrease its availability (Cuevas and 
Germain, 2004). Increased ROS release in states of 
oxidative stress convert NO to peroxynitrite and 
neutralizes its beneficial effects. Release of NO and 
superoxide simultaneously results in the generation of the 
cytotoxic oxidant peroxynitrite (Aldini et al., 2003). 

A considerable amount of epidemiological and clinical 
evidence has demonstrated a significant reduction of 
morbidity and mortality among fruit and vegetable 
consumers (Gey et al., 1993; Hertog et al., 1995). Such 
diets because of their polyphenolic compounds, and 
particularly flavonoids, which are known to possess 
antioxidant effect, have positive influence (Morel et al., 
1993).  

Vinegar is one of the components of grape. A number 
of studies have demonstrated that grape juice can 
decrease cholesterol (Shanmuganayagam et al., 2000), 
improve endothelial function (Stein et al., 1999), and 
enhancing the resistance to oxidative modification of LDL 
(Stein et al., 1999). 

Vinegar is not only used commonly as a condiment but 
also traditionally as a folk medicine. Acetic acid is the 
main component of vinegar. Some other constituents 
include, anthocyanins (e.g. cyanidin-3-glucoside) 
flavonols (e.g. quercetin, kaempferol), flavanols 
(catechin, epicatechin) (Shahidi et al., 2008), vitamins, 
mineral salts, amino acids and nonvolatile organic acids 
(eg. tartaric, citric, malic, lactic) (Johnston and Gaas, 
2006). Vinegar has shown such effects as enhancement 
of glycogen repletion (Fushimi et al., 2001), prevention of 
hypertension (Kondo et al., 2001), stimulation of Ca

+2
 

absorption (Kishi et al., 1997) and reduction of serum 
total cholesterol and triacylglycerol in animal studies 
(Fushimi et al., 2006). This study was performed to 
determine the effects of vinegar on markers of 
inflammation, coagulation, endothelial function, oxidative 
factors, lipid profile and progression of atherosclerosis. 

 
 
MATERIALS AND METHODS 

 
Preparation of the plant 
 
The genus and species were verified by a botanist from the 
Research Center of Isfahan Province Natural Resources. The 
grapes were collected from Aminabad region of Isfahan and vinegar 
was produced with traditional methods. Two factors require special 
attention when making vinegar with traditional method: oxygen 
supply  and  temperature.  Oxygen is spread throughout the mixture 
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by stirring it daily and by letting air reach the fluid through a 
cheesecloth filter, which is used in place of a regular lid. The 
temperature of fermenting cider should be kept between 60 and 80 
degrees Fahrenheit. Steps for making vinegar including: Clean ripe 
grapes; change all of the fruit sugar to alcohol (this is called "yeast 
fermentation"), change all of the alcohol to acetic acid (this is called 
"acetic acid fermentation)," clarify the acetic acid to prevent further 
fermentation and decomposition (Victoria, 2009). In order to 
standardize the vinegar, some factors such as density, vitamin C, 
anthocyanin, flavonoids and acetic acid were measured. 
 
 
Animals and experimental design 

 
Thirty two male New Zealand rabbits weighing between 2030 ± 237 
g were purchased from Razi Institute of Iran. The animals were 
acclimatized under room temperature and were housed in cages 
under a 12 h light/dark cycle according to approved standards for 
laboratory animal care for two weeks and had free access to water 
and a standard powdered purified diet (PARS Co, Iran) which 
consisted of 15% protein, 40 to 50% carbohydrates, 2% vegetable 
fat, 15 to 25% fiber, 2.5% calcium carbonate and bisphosphate, 
mineral mixture 3.9% and 0.5% vitamin mixture. At the end of this 
period, the rabbits were randomly divided into four groups. The 
animals were fasted for 12 to 15 h and venous blood samples were 
taken to determine baseline values.  

After this, each group received one of the four experimental diets: 
normal diet, hypercholesterolaemic diet (1% cholesterol), 1% 
cholesterol with 5 ml vinegar, 1% cholesterol with 10 ml vinegar 
every day. Cholesterol-rich diet was prepared by adding 1 g /L 
(Merck,Germany) in 4 ml olive oil to 0.1 kg of commercial rabbit 
chow (Boger, 1997; Singer et al., 1997). Vinegar (5 or 10 ml) was 
given orally to animals by oral gavage once daily (Decorde et al., 
2008). The duration of experiment was 60 days and the animals 
had unlimited access to food and water. The study was reviewed 
and approved by the ethics committee of Isfahan University of 
Medical Sciences. At the end of experiment, the blood samples 
were taken. 
 
 
Measurement biochemical factors in rabbit  
 
Blood samples were centrifuged at 3500 rpm for 20 min to obtain 
serum and plasma. The plasma was used for fibrinogen, and factor 
VII measurements and the serum for other biomarkers. 

CRP (Kamiya Biomedical Co, Cat #KT-097, USA) was measured 
using enzyme-linked immuno-sorbent assay kit according to 
manufacturer’s instructions. Fibrinogen was measured using 
coagulation kit (Mahsayaran Co, Iran). The serum level of nitrite 
and nitrate were measured using a colorimetric assay kit (R and D 
Systems,Cat #KGE001, USA) that involves the Griess reaction. 
Factor VII was measured using clotting time, in the presence of the 
STA-Neoplastine reagent of a system in which all the factors are 
present, constant and in excess except factor VII which is derived 
from the sample being tested (Diagnostic Stago, French). 
Apolipoprotein A1 (ApoA), apolipoprotein B100 (ApoB) and total 
cholesterol (TC) were determined using standard enzymatic kits 
(Pars Azmoon Co, Iran) and an automated chemistry analyzer 
(Hitachi model 902, Japan).  
 
 
Assessment of the severity of atherosclerotic lesions 

 
At the end of the study, the animals were sacrificed. Following 
chest incision, the animals' aortas were excised for assessment of 
fatty streaks formation. After slicing and staining with Hematoxylin- 
Eosin, atherosclerotic thickness was assessed on an arbitrary scale 
1-4 (Chekanov, 2003): 
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Table 1. Measured factors in vinegar used in experiment. 
 

pH Density (g/ml) 
Vitamin C 

mg/dl 

Acetic acid 

(%) 

Flavnoids 

g/ 100 ml 

Antocyanin 

mg / 100 g 
Factors 

3.58 ± 0.01 1.042 ± 0.002 8.02 ± 0.02 15.81± 0.04 1.071 ± 0.06 3.25 ± 1.02 Vinegar 

 
 
 
Trace: Minimal thickness of subintimal with little injury to aorta 
artery. 
Grade 1: Atherosclerotic thickness less than half as thick as the 
media with some form of endothelial dysfunction, macrophages and 
isolated foam cell inside the endothelium. 
Grade 2: Atherosclerotic thickness half as thick as the media with 
accumulation of intracellular lipid, macrophage and smooth muscle 
cells.  
Grade 3: Atherosclerotic thickness as thicken as the with an 
abundance of macrophages, smooth muscle cells and connective 
tissue. 
Grade 4: Atherosclerotic thickness more that as thick as the media 
with a large extracellular intimal lipid core that appears as a large 
nucleus from the endothelial surface (Chekanov, 2003). 
 
 
Measurement of physiochemical factors after vinegar 
treatment 

 
The pH was determined using pH meter (Fisher Scientific, 
Germany), density by densitometer (Erma Toky, Japanes), vitamin 
C assayed by spectrophotometeric (ShimadzoUV-3100, Japanese) 
method at 520 nm and determined photometrically with 2,4 
dinitrophenyl hydrazine to form the red bis-hydrazone which is 
reduced to a coloreless form (Mcormick and Greene, 1994). Total 
flavonoid content was measured using aluminum chloride 
colorimetric assay. The absorbance was measured against 
prepared reagent blank at 510 nm (Kumar et al., 2008). Total 
anthocyanin was assayed by spectrophotometeric method at 535 
nm (Francis, 1982) and the total acidity of the vinegar was 
measured using acid-base titration (Scarf and Malerich, 2008). 

 
 
Statistical analysis 

 
Results are given as Mean ± SD. Data were analyzed statistically 
using One-Way-ANOVA test followed by LSD post test. The 
differences between the baseline values and the two months values 
of all measured parameters calculated and used in statistical 
analysis. In all instances, p value less than 0.05 was considered 
significant. For histological data, SPSS software was used to 
compare mean values between the groups. One-Way ANOVA and 
Tukey tests were used for histological data. 
 
 
RESULTS 

 
Determination of some physiochemical factors in 
vinegar 

 
Analyzing vinegar factors showed that the amount of 
vitamin C was 8.02 ± 0.02 (mg/dl ), acetic acid percent 
was 15.81 ± 0.04%, total anthocyanin in 100 g of vinegar 
was 3.25 ± 1.02 (mg/100 g) and total flavonoids in 100 ml 
of   vinegar  was  1.071  ±   0.06   (g /100   ml   equivalent 

naringenin). The density and pH were 1.042 ± 0.002 
(g/ml) and 3.58 ± 0.01, respectively (Table 1). 
 
 
Endothelial marker 
 
Analyzing vinegar factors showed that the amount of 
vitamin C was8.02 ± 0.02 (mg/dl ), acetic acid percent 
was 15.81 ± 0.04%, total anthocyanin in 100 g of vinegar 
was 3.25 ± 1.02 (mg/100 g) and total flavonoids in 100 ml 
of vinegar was 1.071 ± 0.06 (g /100 ml equivalent 
naringenin). The density and pH were 1.042 ± 0.002 
(g/ml) and 3.58 ± 0.01, respectively. 
 
 
Determination of some physiochemical factors in 
rabbit 
 
The serum level of nitrite and nitrate in normal diet control 
were significantly decreased compared to 
hypercholesterolaemic diet (p < 0.05). Nitrite and nitrate 
concentrations were increased in low-and high-dose 
vinegar with cholesterolemic diet compared to rabbits fed 
high cholesterolaemic diet (p < 0.05) (Table 2). 
 
 
Inflammatory factors 
 
High cholesterol control induced a significantly increase 
in fibrinogen, CRP and factor VII levels compared to 
normal diet (p < 0.05). Following concurrent use of 5 and 
10 ml vinegar with hypercholesterolaemic diet, fibrinogen, 
CRP and factor VII levels were significantly decreased in 
comparison with high-cholesterol group (p < 0.05) (Table 
3). 
 
 
Lipid profile 
 

In the high-cholesterol group, ApoB100 and ApoB/ApoA 
ratio were increased significantly and ApoA1 decreased 
compared to normal-diet group (p < 0.05). Both doses of 
vinegar with cholesterolaemic diet induced a significant 
decrease ApoB100 and ApoB/ApoA ratio compared with 
hypercholesterolaemic diet (p < 0.05). No significant 
difference was found between doses of vinegar 
compared with high cholesterol diet in ApoA1 (p > 0.05). 
Both doses of vinegar induced a significant decrease in 
TC compared to high cholesterol group (p < 0.05) (Table 
4).  No  significant  difference  was  found  between 5 and  



Setorki et al.          1521 
 
 
 

Table 2. Comparison of endothelial markers values before (baseline) and end of 2 months experimental diet. 
 

Biochemical 
factors (µmol/l) 

 Groups 

Nitrite 

 
Cholesterolemic 

diet 
5 ml Vinegar with 1% 

chol 
10 ml Vinegar with 1% 

chol 
Normal diet 

Baseline 21.3 ± 7.20 19.5 ± 8.96 22.30 ± 10.12 31.9 ± 16.10 

End of 2 months 35.61 ± 10.64 64.63 ± 24.19* 79.03 ± 19.92* 27.17 ± 11.01* 

      

Nitrate 

 

Baseline 15.49 ± 2.92 11.73 ± 4.86 17.0 3 ± 2.12 8.11 ± 0.84 

End of 2 months 22.54 ± 5.88 26.74 ± 3.56* 30.41 ± 1.61* 8.2 ± 1.63* 
 

Mean nitrite and nitrate (µmol/l) ± SD, in each group (n = 8 for each experimental group). *p < 0.05, Pairwise comparison of delta (differences 
baseline and end of 2 months) between cholesterolemic diet group and each of other 3 groups (5 and 10 ml vinegar with 1% cholesterol and 
normal diet). 

 
 
 
Table 3. Comparison of inflammatory factors values before (baseline) and end of 2 months experimental diet. 
 

Biochemical factors  Groups 

CRP(µg/ml) 

 
Cholesterolemic 

diet 
5 ml Vinegar with 

1% chol 
10 ml Vinegar with 

1% chol 
Normal diet 

Baseline 2.53 ± 0.35 2.17 ± 0.26 2.28 ± 0.32 2.45 ± 0.12 

End of 2 months 3.9 ± 0.21 3.22 ± 0.25* 3.15 ± 0.18* 2.63 ± 0.21* 

      

Fibrinogen (mg/dl) 
Baseline 205.17 ± 20.81 234.56 ± 51.48 209.17 ± 20.26 240.75 ± 16.8 

End of 2 months 293.67 ± 35.10 239.33 ± 37.89* 213.83 ± 47.32* 244.75 ± 13.96* 

      

VII (% activity) Baseline 150.17 ± 29.54 219 ± 58.03 216.5 ± 39.88 230 ± 2 2.06 

 End of 2months 338.83 ± 78.62 279.67 ± 63.03* 273.33 ± 44.20* 231.5 ± 31.46* 
 

Mean CRP (C-Reactive protein), fibrinogen and VII factor, µg/ml, mg/dl and % activity ± SD respectively, in each group (n = 8 for each experimental 
group).* p < 0.05, pairwise comparison of delta (differences baseline and end of 2 months) between cholesterolemic diet group and each of other 3 
groups (5 and 10 ml vinegar with 1% cholesterol and normal diet). 

 
 
 

Table 4. Comparison of lipid profile values before (baseline) and end of 2 months.  
 

Biochemical 
factors (mg/dl) 

 Groups 

  
Cholesterolemic 

diet 
5 ml vinegar with 

1% chol 
10 ml vinegar 
with 1% chol 

Normal diet 

TC 
Baseline 61.8 ± 12.1 101.5 ± 22.36 108.5± 46.04 97.8± 23.7 

End of 2 months 1413.67±80.10 801.67±437.33* 821.33±345.77* 116.75±19.14* 

      

ApoA1 
Baseline 20.8 ± 2.5 26.83± 9.45 26.5 ± 7.42 19 ± 2.4 

End of 2 months 28.67 ± 6.77 37.33± 4.76 35.38 ±1.17 42.75± 2.87* 

      

ApoB100 
Baseline 5.17 ± 2.5 6.67 ± 4.3 6.67 ± 2.5 4.5 ± 1.9 

End of 2 months 26.67± 10.19 12.83± 8.7* 12.17± 9.04* 4.25± 1.7* 

      

ApoB/ApoA 
Baseline 0.26± 014 0.27±0.20 0.21±0.09 0.18±011 

End of 2 months 1.26±0.59 0.36±0.26* 0.38±0.23* 0.12±0.04* 
 

 

Mean TC(Total cholesterol), ApoA1(Apolipoprotein A1), ApoB100(Apolipoprotein B100),( mg/dl) ± SD) and ApoB/ApoA ± SD in each group (n = 
8 for each experimental group).*p < 0.05, pairwise comparison of delta (differences baseline and end of 2 months) between cholesterolemic diet 
group and each of other 3 groups (5 and10 ml vinegar with 1% cholesterol and normal diet). 
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a: Normal diet (X40)                                                                 b: Hypercholesterolemic diet (X40) 

 

 

 

 

 

 

 

c: 5 ml vinegar +1% hypercholesterolemic diet (X40)                        d: 10 ml vinegar +1%  hypercholesterolemic diet (X40) 
           

 
 
Figure 1. Aorta artery intima cross-section in the studied groups. 

 
 
 
10 ml vinegar groups with regard to CRP, ApoA1, 
ApoB100, nitrite, nitrate, fibrinogen, factor VII and TC 
concentrations. 
 
 
Fatty streak formation 
 
Histiologlcal sections of aorta artery stained from the 4 
groups are shown in Figure 1 and the results of 
atherosclerotic thickness grading in these groups were 
summarized in Figure 2. Normal diet had completely 
normal arteries without any lesion in intima or media 
(Figure 1a). In high cholesterol group atheroma plaque 
were formed with macrophages filled with fat created 
foamy cells. Plaque thickness was also increased to 
more than half of media thickness, equal to degree 3 of 
Chekanov scale (Figure 1b). In the vinegar groups some 
endothelial dysfunction along a few foam cell and 
macrophages were seen in the intimal surface of the 
aorta artery and plaque degree were 1 (Figures 1c and 
d). Atherosclerotic thickness  grade  in the vinegar groups  

decreased significantly compared to high cholesterol 
group (p<0.05) (Figure 2). 
 
 
DISCUSSION 
 
Concomitant consumption of cholesterol enriched diet 
with vinegar modifies the atherogenic effects of 
cholesterol and significantly prevents the increase of 
CRP, fibrinogen, factor VII, ApoB, ApoB/ApoA ratio, and 
TC. It also increases serum nitrite and nitrate 
concentrations. Histological results indicated that vinegar 
significantly reduced atherosclerotic lesion of aorta artery. 

In our study, nitrite and nitrate increased in high 
cholesterol control compared to normal diet. It has been 
suggested that enhanced NO synthesis might be a 
defense mechanism to compensate for continuous 
inactivation of NO and protection against damaging 
factors (Ferlito et al., 1999).  

Both 5 and 10 ml vinegar with cholesterolaemic diet 
caused significant increase in nitrite and nitrate compared 
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*p<0.05, Comparison between groups (V5+1 % cho, V10+1% cho and normal diet) with respect to 
hypercholesterolemic  group,V5+1% cho: 5ml vinegar+1% hypercholesterolemic diet, V10+1% cho: 10ml vinegar+1% 
hypercholesterolemic diet. 
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Figure 2. Mean of atherosclerotic thickness grade in the studied groups (aorta artery).*p < 0.05, Comparison between 
groups (V5 + 1% cho, V10 + 1% cho and normal diet) with respect to hypercholesterolemic group, V5 + 1% cho: 5 ml 
vinegar + 1% hypercholesterolemic diet, V10 + 1% cho: 10 ml vinegar + 1% hypercholesterolemic diet. 

 
 
 
with high cholesterolaemic diet without vinegar. Some of 
the polyphenols through improving of NO synthase 
activity can cause endothelium dependent relaxation. The 
critical phase of NO synthase activity in endothelium cells 
is the increase of intracellular calcium concentration 
leading to the endothelium- dependent vasorelaxation 
(Andriambeloson et al., 1999). By the scavengers of 
oxygen-free radicals, biological activity of NO can be 
effectively increased (Bouloumie et al., 1997). Increase in 
[Ca

2+
]i can be due to either an influx of extracellular Ca

2+
 

or a release of Ca
2+

 from intracellular stores (Luckhoff et 
al., 1998). Polyphenolic components can increase the NO 
release by stimulating the NO activity and preservation or 
stabilization of NO and protection of NO from destruction 
by superoxides (Schuldt et al., 2000). 

In other study, 35% (v w
−1

) DRW (dealcoholised red 
wine), 0.3% (w w

−1
) quercetin and 0.3% (w w

−1
) catechin 

increased the endothelium dependent NO without 
changing the release of the O2 in rat's aorta. This 
component causes vasorelaxation (Benito et al., 2002). 

According to the results of Leikert et al. (2002), red 
wine polyphenols increase the eNOS expression and 
endothelial NO release (Leikert et al., 2002). Released 
nitric oxide from endothelial cells through eNOS is a 
vascular protective molecule (Li and Fostermann, 2000). 

Following concurrent use of 5 and 10 ml vinegar with 
cholesterolaemic diet, fibrinogen and factor VII levels 
were significantly decreased. Studies show that red wine 
consumption caused significant decreases in fibrinogen 
and factor VII (48) (Mukamal et al., 2001; Yarnel et al., 
2000). Eerlier experiments showed that  coffee  improved 

fibrinolytic potential and t-PA activity (Samarrae and 
Truswell, 1997). In another study by Grenett et al. (2004), 
ethanol acts through MAPK cascades include the 
mitogen –activated protein kinase, c-jun NH2 –terminal 
kinase (jnk) and the exteracellular signal regulated kinase 
(erk1/2) that activate transcription factors. This cascade 
activity regulates the expression of fibrinolytic proteins (t-
PA,u-PA,PAI). Ethanol cause down regulation PAI-1and 
up regulation t-PA, u-PA(Grenett et al., 2004). 
Investigation of Ogston et al. (1985) on the effect of apple 
cider vinegar procyanidine on t-PA,u-PA activity showed 
that it inhibits the t-PA,u-PA activity but it's pheloridzine 
and chlorogenic acids have no inhibitory effect (Ogston et 
al., 1985). 

Using both doses of vinegar with cholesterolemic diet 
induced a significant decrease in serum CRP 
level.Several studies indicated that flavonoids can inhibit 
some active enzymes during the inflammatory processes 
(Kwon et al., 2005). Prostaglandins and nitric oxide 
biosynthesis is involved in inflammation, and isoforms of 
inducible nitric oxide synthase (iNOS) and of 
cyclooxygenase (COX-2) are responsible for the 
production of a great amount of these mediators. Studies 
have indicated that nitric oxide production and the 
expression of iNOS inhibited by flavonoid quercetin 
(Martinez-Flores et al., 2005). Flavonoids can modulate 
the molecular events cascade in several critical steps that 
results in iNOS or COX-2 overexpression. Activation of a 
transcription essential for the expression of 
proinflammatory genes, the nuclear factor kappa B (NF- 
kappa  B)  converge  the iNOS and COX-2 induction path  
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ways (García-Mediavilla et al., 2005). 

CRP can be induced by IL-6 mechanism that involves 
NF-kappaB activation (Ahmad et al., 2002). Effects of 
flavonoids on CRP expression could be mediated by the 
modulation of the NF-kappaB-dependent pathway. It is 
indicated that 8 weeks use of apple cider vinegar by 
patients with diabetes 2 had no effect on CRP but could 
decrease the IL6, significantly (Golzarand et al., 2008). It 
is suggested that there is a reverse reaction between the 
use of vegetable and apple flavonoids (such as 
quercetin) and CRP also rich flavonoid food may 
decrease CR (Chung et al., 2008). 

In this study, both doses of vinegar induced a 
significant decrease and ApoB/ApoA ratio. The effect of 
taxifolin (a plant flavonoid) on modulation of hepatic 
lipoprotein synthesis and secretion studied by Theriault et 
al (2000) and they concluded that ApoA

 
secretion was 

found to increase by 36 ± 10%. In contrast,
 
an average 

reduction of 61 ± 8% in labeled ApoB was apparent with 
taxifolin (Theriault et al., 2000). Decrease of ApoB100 
suggests an effect on lipoprotein production, such as a 
delay in fat reabsorption and or a decrease in the 
secretion of the particles from entrocytes. Polyphenols 
have been shown to play a role in the controlling of key 
intracellular enzymes contributed in the synthesis and 
secretion of ApoB-containing lipoproteins (Wilcox et al., 
2003).In this study dietary consumption of 5 and 10 ml 
vinegar with cholesterol diet significantly decreased 
serum TC. The results of Fushimi et al. (2006), indicated 
that dietary acetic acid reduces serum cholesterol 
concentration in rats fed a cholesterol-rich diet through 
inhibition of metabolic pathways of cholesterogenesis and 
lipogenesis in the liver, together with a concomitant 
enhancement of fatty acid oxidation and a stimulation of 
faecal bile acid excretion (Fushimi et al.,2006). 

Histological results indicated that vinegar intake 
reduced atherosclerotic lesion in aorta, significantly 
compared to hypercholesterolaemic group. Since 
inflammation has an important role in atherosclerosis 
development, significant reduction in inflammatory lesion 
may be due to anti-inflammatory effect of vinegar. 
 
 
Conclusion 
 
In conclusion, vinegar attenuated several risk factors for 
atherosclerosis progression by lowering levels of ApoB, 
ApoB/ApoA ratio, fibrinogen, factor VII, CRP, TC, MDA, 
ox-LDL and increasing levels of nitrate, nitrite. Future 
studies must focus on determining similar effects of 
vinegar on human. 
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