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Regression and suppression of atherosclerotic lesion may be a realistic goal in some patients. 
Antioxidants and hypolipidemic agents suppress the development of hypercholesterolemic 
atherosclerosis and induce regression of atherosclerosis. The objectives of this study were to 
determine effects of Hypericum perforatum L. (HPL) on regression of atherosclerosis in 
hypercholesterolemic rabbits.  Rabbits were assigned to four groups: Group I control diet (75 days); 
Group II cholesterol diet (75 days); Group III cholesterol diet (45 days) followed by regular diet (30 
days); Group IV cholesterol diet (45 days) followed by regular diet and HPL (30 days). Blood samples 
were collected from rabbits before and after 45 days and 75 days respective for measurement of 
biochemical factors. At the end, aorta was removed for assessment of atherosclerotic plaques. It 
increases in serum total cholesterol, triglycerides (TG), low density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), apolipoproteinB (apoB), AI, high-sensitive C-reactive 
protein (hs-CRP), Malondialdehyde (MDA), oxidized LDL (OX-LDL), apolipoproteinA (apoA), white blood 
cell (WBC), fibrinogen and platelet in Group II,III, ΙV on the 45

th
 days, comparing with Group Ι and the 

beginning of the study. At the end, biochemical factors serum decreased in Groups III and ΙV. There was 
more Biochemical factors serum and atherosclerotic lesions decreased in Groups IV compared to 
Group III in regression period. The reduction in atherosclerotic lesions was associated with a reduction 
in oxidative stress. These results suggest that regular diet following a high cholesterol diet accelerates 
atherosclerosis; HPL treatment prevents the progression of atherosclerosis on Group IV;  prevention of 
progression is associated with a reduction of inflammatory factors and antioxidant mechanism may  
induces regression of atherosclerosis lesion.    
 
Key words: Atherosclerosis, regression, Hypericum perforatum, rabbits, oxidized low density lipoprotein (OX-
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INTRODUCTION 
 
Atherosclerosis is a complex process; lipid oxidation and 
inflammation play a central role in the development of 
atherosclerosis (Güldiken et al., 2005). Lipid peroxidation 
products generated during low density lipoprotein 
oxidation are chemotactic for both monocytes and T cells, 
and alterations cause macrophages migration into the 
subendothelial (Guldiken et al., 2005) and subsequent 
uptake of oxidized  low  density  lipoprotein  (OX-LDL)  by  
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scavenger receptors would result in foam cell formation 
and later develops to fatty streaks (Libby and Aikawa, 
2002).  

Recent reports indicate that the reversal or regression 
of lesions can be achieved by aggressive lipid lowering or 
drug treatment (Oka and Chan, 2005; Frisinghelli and 
Mafrici, 2007). As lipids, such as cholesterol and low 
density lipoprotein cholesterol (LDL-C), are the major 
component of these early lesions, one of the approaches 
to reduce the development of lesions in early stages is 
lipid lowering through dietary interventions (Boban et al., 
2008). 



 
 
 
 

Other parameters also associated with elevated 
cardiovascular risk, are apolipoproteins. Apolipoproteins 
are important components of lipoprotein particles, and 
there is accumulating evidence that measurement of 
various forms of apolipoproteins may improve the 
prediction of the risk of cardiovascular disease (Genest et 
al., 1992; Talmud et al., 2002).   

Although the etiology of chronic subclinical inflame-
mation is unknown, elevated atherogenic apolipoprotein 
B100 (apoB)- lipoproteins, such as VLDL, LDL, and 
lipoprotein(a) (Lp(a)) have well described roles in the 
stimulation of inflammatory cascade (for review of in vitro 
and animal studies (Faraj et al, 2010). On the other hand, 
in clinical studies, plasma triglycerides, total cholesterol 
(TC) and LDL cholesterol (LDL-C) have little, if any, 
association with inflammatory markers, in particular 
hsCRP, the most studied inflammatory marker (Ridker et 
al., 2002; Bermudez et al, 2002). Addition reduced the 
frequency of progression of coronary lesions, increased 
the frequency of regression. Moreover, changes in 
plasma apo B levels correlated well with the degree of 
coronary artery disease (CAD) regression (Walldius and 
Jungner, 2004). Antioxidants and hypolipidemic agents 
suppress the development of hypercholesterolemic 
atherosclerosis and induce regression of atherosclerosis 
(Prasad, 2008).  

Hypericum perforatum L. (HPL), known as St John
 ,
 s 

Wort, is a perennial herbaceous plant of the 
Hypericaceae family, is well known antidepressant herbal 
remedy contains hypericin, pseudohypericin, hyperforin, 
quercitine and quercitrin as one of the major active 
constituents antihypertensive (Kumar et al., 2010; Carlo 
et al., 2001), and mild anti-inflammatory drugs (Barnes et 
al., 2001).  

Phytochemical analysis of HPL shows that it is a rich 
source of flavonoids, and much of its antioxidant activities 
are attributed to these compounds (Zou et al., 2004). This 
study assessed the ability of hydroalcoholic extracts of 
HPL to reduce atherosclerotic plaque formation and also 
its ability to regression atherosclerosis lesion in 
hypercholesterolemic rabbits by analyzing biochemical 
markers, such as serum lipids, inflammatory markers and 
malondialdehyde (MDA), an index of levels of oxygen 
radicals and white blood cell (WBC), platelet, Fibrinogen 
are risk factors for atherosclerotic vascular disease. 
 
 
MATERIALS AND METHODS 
 

Plant material 
 

H. perforatum L. was provided from Isfahan Natural Resource 
Institute and authenticated by Dr. Lili Ghaemmaghami at the 
Biology Department, School of Science, Isfahan University. The 
voucher specimen was deposited in Isfahan University Herbarium 
under the number 13648. 
 
 

Preparation of hydroalcoholic extract 
 

Above-ground parts of the  plant  were  dried  for  10 days  at  room  
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temperature. The dried plants were ground by an electric blender. 
One hundred g of HPL plant's powder was soaked in 96% ethanol 
for 72 h and then filtered, and concentrated by a distiller in a 
vacuum. The concentrated solution was decanted in three 
consecutive steps (once with 100 ml and twice with 50 ml of 
chloroform). The resulting solution was vaporized and desiccated in 
50°C under sterile conditions (Eseyin et al., 2007). The dried 
powder obtained from the last step kept in dark glass bottle at 4؛C 
until use.  
 
 
Flavonoid and anthocyanines measurement 
 
 The flavonoid content was measured by spectrophotometeric in 
424 nm wave length (Petry et al., 2001) and anthocyanines were 
measured by the same methods at 535 nm wave length (Schutz et 
al., 2006). 
 
 

Animals and treatment 
 

Twenty mature male New Zealand rabbits with average body weight 
of 2 kg were used for the study. The animals were provided from 
Razi Institute, Karaj, Iran. The animals were housed in an air-
conditioned animal room at 23±2ºC, relative humidity 40 to 70%, 
with 12 h/12 h light/dark photoperiod for 2 weeks, Standard Rabbit 
Chow, purchased from Pasteur Institute of Iran. The rabbits were 
randomly divided into four groups of five rabbits each; animals in 
group 1 received a normal diet (ND) throughout the experiment (75 
days). Animals in group 2 received ND supplemented with 1% 
cholesterol which is considered to be a high cholesterol diet (HCD) 
throughout the experiment (75 days). Animals in group 3 and 4 
received HCD for 45 days and then respectively ND and ND + HPL 
(150 mg kg daily) for 30 days. 

Isfahan Cardiovascular Research Center Ethics Committee 
which is a member of office for human research protections, US 
department of health and human services, approved  the present 
study, and the animals were handled according to guidelines of 
Isfahan University of Medical Sciences for Laboratory Animal 
Sciences for the care and use of laboratory animals. 
 
 

Measuring the biochemical factors 
 

Blood samples (from a central ear artery) after 12 h of fasting were 
collected before time 0, 45th and 75th days. The plasma was 
obtained by centrifuging the blood samples at 2000 rpm for 15 min. 
Total cholesterol, TG, LDL-C and HDL-C were measured using 
special kits (DiaSys, Germany) which utilized the colorimetric 
method, in an autoanalyzer (Hitachi autoanalyzer, Hitachi Co., 
Tokyo). Concentrations of apoA and apoB were also measured 
using special kits (DiaSys, Germany) in an autoanalyzer (Hitachi 
autoanalyzer, Hitachi Co., Tokyo) according to the turbidimetric 
method; CRP was also measured by rabbit CRP ELISA (Rapidbio, 
USA). We measured Ox-LDL by rabbit Ox-LDL ELISA (Rapidbio, 
USA). MDA was estimated by the double heating method of Draper 
and Hadley (Draper and Hadley, 1990). The principle of the method 
is the spectrophotometric measurement of the color generated by 
the reaction of thiobarbituric acid (TBA) with MDA. Atherosclerosis 
index was calculated according to the following formula: AI = LDL -
C/HDL-C (Zou et al., 2005). Fibrinogen was measured by the 
Clauss method with the use of reagents supplied by Diagnostica 
Stago (France) for the WBC and platelet count (Coulter Counter 
T890). 
 
 

Assessment of atherosclerotic changes in aorta  
 

On the 75th day, all the groups of  the  animals  were  sacrificed  by  
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rapid intracardiac pentobarbital (40 mg/kg intravenously) at the end 
of the protocol, and aortas were removed for assessment of 
atherosclerotic change. The aorta rinsed with normal saline solution 
and put in 10% formalin to be preserved for the next step. Cuts of 
aortic tissue were stained by Hematoxyline-Eosin method. 
Chekanov scale was used for grading of atherosclerotic plaques 
and the results were determined on a scale of 1 to 4 in relation to 
the thickness of media layer as follows: 
 
Grade 1: Plaque less than half as thick as the media with some 
form of endothelial dysfunction. 
Grade 2: Plaque at least half as thick as media with accumulation 
of intracellular lipid, macrophages, and smooth muscle cells. 
Grade 3: Plaque as thick as the media with an abundance of 
macrophages, smooth muscle cells, and connective tissue. 
Grade 4: Plaque thicker than the media with a large intracellular 
intimal lipid core and inflammatory cell infiltration (Chekanov, 2003). 
 
All histopathological evaluations were done by biochemical analysis 
blinded to the experimental design. 
 
 
Statistical analysis 
 
Results are expressed as the mean ±SD. All analyses were 
performed using SPSS 13 statistical software. Data were analysed 
by univariate ANOVA. If a resultant fraction was found to be 
significant, that is, established at p<0.05, a post-ANOVA Duncan’s 
test was used to specify pair-wise differences. 

 
 
RESULTS 
 
Amount of flavonoids and anthocyanins  
 
The results showed that each 100 g powder of HPL plant 
results in 8.33 ± 0.033 g hydroalcoholic extract powder of 
HPL. It was also demonstrated that the amount of 
flavonoids and anthocyanins in 100 g of HPL extract is 
0.435 ± 0.0031 and 2.299 ±0.99 mg, respectively. 
 
 
Biochemical factors 

 
1. The basal values were not significantly different among 
the study groups. The changes in the serum TG of the 
four experimental groups are summarized in Table 1. 
2. In the groups fed with high cholesterol diet (Groups 
II,III, ΙV), on the 45

th
 days, increase significantly in 

concentrations of total cholesterol, TG, LDL-C, HDL-C, 
apoB, AI, CRP, MDA, OX-LDL, apoA, WBC, fibrinogen 
and platelet in comparison with Group Ι  and to zero time 
(Table 1) were observed.  
3. In the group fed with high cholesterol diet (Group II), 
on the 75

th
  days, increase significantly in concentrations 

of total cholesterol, TG, LDL-C, HDL-C, apoB, AI, CRP, 
MDA, OX-LDL, apoA, WBC, fibrinogen and platelet in 
comparison with Group Ι and to zero time (Table 1). 
4. The levels significantly decreased in concentrations of 
total cholesterol, TG, LDL-C, HDL-C, apoB, AI, CRP, 
MDA, OX-LDL, WBC, fibrinogen and platelet whereas 
significantly increased level  apoA  Groups  III  and  IV  in  

 
 
 
 
comparison with GroupII at the end time (Table 1). 
 5. On 75

th
 days, in the group fed with to Standard diet 

(Group III) the levels of significantly decreased in 
concentrations of total cholesterol, LDL-C, HDL-C, apoB, 
WBC, fibrinogen and platelet in comparison with Group II 
(Table 1). 
6. The levels of lipid parameters during treatment with 
HPL in addition to Standard diet (Group IV) are shown in 
Table 1. Group the levels of apoB, TG, cholesterol, LDL-
C, Ox-LDL, MDA, hs-CRP, WBC, fibrinogen and platelet 
and AI, were found to be significantly decreased 
compared to the rabbits fed normal diet (Group III) during 
treatment. On the other hand, the levels of apoA and 
HDL-C significantly increased in Group ІV (Table 1). 
 
 
Atherosclerotic changes in aorta 
 
Representative photographs of the atherosclerotic 
changes in the aortas from the four groups stained with 
Hematoxyline-Eosin method shown in Figure 1, and the 
extent of atherosclerosis in the groups is summarized in 
Table 2. There were no atherosclerotic plaques in the 
aortas of rabbits in Group I on regular diet. The grade of 
fatty streak formation in aorta of Group II on1% 
cholesterol diet for 45

th
 days and 75

th
 days was 

significantly increased.  
The extent of atherosclerosis in the Group IV of rabbits 

on HPL and regular diet for 30
th
 days following 45

th
 days 

on 1% cholesterol diet was significantly decreased as 
compared with Group II. The extent of atherosclerosis in 
the group of rabbits (Group III) on regular diet for 30

th
 

days following 1% cholesterol diet for 45
th
 days was 

significantly greater than in the rabbits on Group IV. This 
shows that the atherosclerotic process continued even on 
the regular diet. These results suggest that HPL treat-
ment for 30

th
 days induce regression of atherosclerosis, 

however, it did prevent the progression of atherosclerosis 
and regular diet following high cholesterol diet was 
unable to regress atherosclerosis (Figure 1 and Table 2).  
 
 

DISCUSSION 
 
The present study has shown that high cholesterol 1% 
diet increased the serum levels of cholesterol, 
triglyceride, LDL-cholesterol, HDL-cholesterol, apoB, 
apoA, MDA, CRP, AI, OX-LDL, WBC, fibrinogen and 
platelet in rabbits. Similar changes have been reported 
earlier that a high cholesterol diet increased the serum 
levels of TG, TC, LDL-C, HDL-C and the risk ratio of 
TC/HDL-C in rabbits with 0.5% cholesterol for 2 months 
(Prasad, 2008). 

The results using the rabbit’s model showed that H. 
perforatum has significant antihyperlipidemic, anti-
inflammatory and antiatherogenic effects and promoted 
the regression of atherosclerosis lesion. This was 
evidenced by a  decreased  total  cholesterol,  triglyceride  
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Table 1. Pooled data for change in biochemical parameters in all four groups on the start day 45th day and 75th day. 
 

Biochemical parameters            Group I Group II Group ΙΙΙ             Group ІV 

Cholesterol(mg/dl) 

0 46.2±5.263079 

48.4±15.1096 

48.44433±4.725816 

48.333±4.72581 

958.3444±41.01626 

1146.667±55.07571 

48±3.91578 

1042.667±20.52641 

994.2233±12.5033
b 
 

46.2±5.263 

1029±23.881 

764.8±24.5070
bc

 

45 

75 
      

TG(mg/dl) 

0 66.2±11.18928 

66.2±11.18928 

67.445±13.3166 

70.4334±13.3166 

169±38.10512 

224±34.60467 

67±12.75408 

227.5557±24.16039 

180.7778±75.03555
b 
 

69±4.24    

202.8±20.147 

148.8±14.815
bc

 

45 

75 
      

LDL-C(mg/dl) 

0 15.28±3.366304 

14.28±8.493056 

15.46667±9.97156 

15.46667±3.9372 

841.6±36.31914 

969.0667±120.4128 

16±3.413691 

878.557±78.2116 

818.53333±102.8258
b
 

15.28±3.363 

840.6±45.56 

445.28±187.076
bc

 

45 

75 

HDL-C(mg/dl) 

0 18±3.937004 

18±3.937004 

19.333±4.50925 

18±3.937004 

88±6667 

108±6.45644 

18±3.937004 

132.33±12.05543 

89.6667±9.50438
b
 

18.2±3.937 

130.8±13.45 

108.4±12.7
 bc

 

45 

75 
      

ApoB(mg/dl) 

0 8.4±2.073644 

8.4±2.073644 

7.9±2.081666 

7.6±2.08166 

56.33±13.05118 

59.333±11.50362 

7.75±1.70782 

55±2.64575 

40±5.03322
b
 

8.4±2.07 

47.2±8.44  

29±8.81
bc

 

45 

75 
      

ApoA(mg/dl) 

0 39.2±10.75639 

39.2±10.75639 

36.333±14.15392 

36.33±14.15392 

42±5.56776 

28.6566±1.154701 

38.25±12.1758 

51.666±5.85946 

41.666±5.85946
b
 

38.25±12.17 

 60.5±5.87 

    49.6±4.4
bc

 

45 

75 
      

MDA(mol/l) 

0 0.5±0.12247 

0.46±0.15165 

0.46666±0.20816 

0.466±0.20816 

07±0.18488 

0.8±0.16055 

0.475±0.170783 

0.733±0.20277 

0.7±0.1
b
 

0.45±0.125 

0.68±0.211 

0.5±0.21
bc

 

45 

75 
      

hs-CRP(mg/l) 

0 7.8±3.910882 

7.8±3.910882 

7.8±3.910882 

7.8±3.910882 

14.6±2.281082 

17.833±4.64582 

8.3±4.327432 

21.733±5.37368 

19.6±7.23394 

7.8±3.9 

24.48±5.47 

6.14±4.56
bc

 

45 

75 

      

OX-LDL(ng/ml) 

0 20.26±5.49299 

20.26±5.49299 

20.36±6.916 

21.15±5.911853 

32.166±2.40069 

38.033±5.80075 

20.26±5.49299 

41.13±6.59114 

38.233±7.7588 

21.15±4.91 

33.94±8.648 

19.28±5.009691
bc

 

45 

75 
      

AI 

0 0.85±0.341565 

0.85±0.341565 

0.85±0.341565 

0.833±0.41633 

9.6±0.1.442221 

9.2333±1.101514 

0.85±0.341565 

8.3433±1.46374 

7.7±1.053565
b
 

.83±0.34 

6.4±1.1 

5.1±1.4
bc

 

45 

75 
      

WBC(µl) 

0 4760±832.4662 

4760±832.4662 

4966±550.7571 

4966.667±550.7571 

36333.33±14153.92 

42366.67±17048.39 

5150±580.2298 

35500±7053.368 

39734±7245.502
b
 

5240±541.294 

35380.234±7929.5 

20820±6692.352
bc

 

45 

75 
      

Platelet(µl) 

0 426000±55879.3 

426000±55879.3 

439333±67002.49 

439250±54707.56 

563000±159056.6 

638000±59774.58 

426000±55879.3 

589666.7±34961.88 

577333.3±104078.5
b
 

437567±55232 

550600±78340.92 

492600±34623.21
bc

 

45 

75 

      

Fibrinogen(µl) 

0 156.6±24.47039 

156.6±24.47039 

153.6667±30.66486 

153.663±30.66486 

267.333±35.21837 

299.3333±46.5224 

156.6±24.47039 

240.333±34.21837 

258.4±47.96176
b
 

148.33±33.22 

240.45±37.961 

200±18.77
bc

 

45 

75 
 

Group І: Fed with standard diet (control group) (75
th
 days). Group ΙΙ: Standard diet + cholesterol (75

th
 days). Group ΙΙΙ: Standard diet + 

cholesterol for 45
th
 days and Standard diet for 30

th
  days. Group ІV: Standard diet + cholesterol for 45

th
  days and Standard diet + 

Hypericum perforatum for 30
th
  days. 

b
Significant difference between Group II with Groups IΙΙ Group ІV (p<0.05). 

c
Significant difference 

between Group ΙΙΙ with Group IV (p<0.05). 
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Figure 1. Histology of aorta of atherosclerotic plaque in studied group. A: Standard diet + cholesterol (45 th   
day). B: Standard diet + cholesterol (75th days). C: Standard diet + cholesterol for 45th days and Standard 
diet for 30th day. D: Standard diet + cholesterol for 45th day and Standard diet + A. caudatus for 30th day. 
aSignificant difference between Group IV and Group ΙΙΙ with Group II. (p<0.05) bSignificant difference 
between Group ΙΙΙ with Group IV (p<0.05). 

 
 
 

Table 2. Comparison of atheroma plaque in aortic cuts of three groups of rabbits fed with high cholesterol diets. 
 

Group Plaque thickness Plaque stage Plaque thickness to media thickness  

IIa 1.01±0.1222 1 More than half of media thickness 

IIb 2.76±0.35355 2 Plaque at least half as thick as media 

III 1.266±0.873689
 a
 1 More than half of media thickness 

IV 065±0.494
 ab

 1 More than half of media thickness 
 

Group ΙΙa: Standard diet + cholesterol (45
th
   days). Group ΙΙb: Standard diet + cholesterol (75

th
   days) Group ΙΙΙ: Standard diet + 

cholesterol for 45
th
 days and Standard diet for 30

th
 days. Group ІV: Standard diet + cholesterol for 45

th
 days and Standard diet + 

A. caudatus for 30
th
 days. 

a
Significant difference between Group IV and Group ΙΙΙ with Group II. (p<0.05). 

b
Significant difference 

between Group ΙΙΙ with Group IV. (p<0.05). 

 
 
 
and LDL-cholesterol, apoB, MDA, CRP, AI, OX-LDL, 
WBC, fibrinogen and platelet. 

Therefore, inflammatory factors are considered to play 
an important role in the development and progression of 
atherosclerotic lesions. C-reactive protein (CRP), a 
classic acute-phase reactant, is an important sensitive 
marker of low grade inflammation; increased concen-
trations of high sensitive-CRP (hs-CRP) have been 
shown in several studies to be associated atherosclerosis 
and coronary artery disease (Yan et al., 2004; Guldiken 

et al., 2005). Since a previous study reported that CRP is 
stimulated by ROS, the decrease in these inflammatory 
factors may be due largely to the improvement in plasma 
antioxidant status by anthocaynins contained in black rice 
pigment fraction (Lyon et al., 2003; Wang et al., 2007). 

Anthocyanins have recently been considered as 
important phytochemicals with potential activities, such 
as anti-oxidation, anti-inflammation, etc. whereas also 
documented that plant anthocyanins are beneficial to 
cardiovascular health (Wang et al., 2007).   H. perforatum  



 
 
 
 
found to have anthocyanins which are water-soluble 
flavonoid pigments that appear red to blue, according to 
pH (Harborne and Williams, 2001). Antocyanins might 
trap reactive oxygen in plasma and interstitial fluid of the 
arterial wall, hence preventing oxidation of LDL-C and 
acting as an antiatherogenic particle in the plants 
(Yamakoshi et al., 1999).  

In recent years, catechin in green tea including the 
prevention of cancer and cardiovascular diseases and 
anti-inflammatory are under investigation (Chacko et al, 
2010).  

Tedeschi et al. (2003) suggest that extracts from H. 
perforatum, may be a promising anti-inflammatory 
principle in chronic inflammatory diseases. Oxidative 
modification of LDL is thought to play an important role in 
atherogenesis. Therefore, it has been hypothesized that 
increased formation of OxLDL in the vascular intima is 
responsible for monocyte recruitment (Seo et al, 2010). 
There is also evidence that oxidized LDL has a 
pathogenic role in the development of atherosclerosis. 
Uptake of oxidized LDL by macrophages and smooth 
muscle cells leads to the formation of fatty streaks, a key 
event in early atherosclerosis.  

These findings suggest that improvement in LDL and 
HDL cholesterol and inhibition of oxidized LDL concen-
trations may result in the prevention of atherosclerotic 
lesions. Studies in both rats and humans also reported 
that intake of these polyphenols suppressed LDL 
cholesterol concentrations and susceptibility of LDL to 
oxidation and increased HDL cholesterol concentrations 
(Baba et al., 2007) flavonoids, quercetin and apigenin, 
belonging to the large family of polyphenols. We recently 
reported that quercetin, a plant-derived flavonoid, can 
protect erythrocytes against non-oxidative, enzymatic 
damage and anti-inflammatory activity by quercetin 
(Christopher et al., 2010).  

In vitro and animal studies indicate that quercetin 
supplementation has the potential to exhibit multiple 
immunomodulatory effects including augmentation of 
neutrophil chemotaxis and respiratory burst activity, 
macrophage function and natural killer (NK) cell lytic 
activity (Heinz et al., 2010). 

Quercetin was shown to significantly inhibit TNFa and 
nitric oxide synthesis in Lipopolysaccharide (LPS) 
activated macrophages and Kupffer cells as well as 
suppress induced expression of Interleukin-8 (IL-8) and 
Monocyte chemoattractant protein-1 (MCP-1) in human 
synovial cells. Apigenin inhibited tumor necrosis factor-a 
(TNFa) induced synthesis of Interleukin-6 (IL-6) and IL-8 
in human endothelial cells. Whereas both quercetin and 
apigenin decreased induced expression of cell adhesion 
molecules in endothelial cells (Strzelecka et al., 2005; 
Reiterer et al., 2004).  

TNFa, a pleiotropic cytokine produced by activated 
macrophages, stimulates synthesis of cell adhesion 
molecules and induces iNOS expression leading to 
production   of   biologically    active    nitric    oxide   (NO)  
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(Aggarwal et al., 2001). An elevated total white blood cell 
(WBC)count, fibrinogen and platelet are risk factor for 
atherosclerotic vascular disease (Okopien et al., 2004; 
Bradran and Nasri, 2006; Pignatelli et al., 2006).  

WBC-derived macrophages and other phagocytes are 
believed to contribute to vascular injury and 
atherosclerotic progression (Lee et al., 2001). In addition 
to its role as an acute phase protein, increased fibrinogen 
is known to enhance platelet aggregation, increase 
smooth muscle cell proliferation and migration and affect 
the structure and function of cross-linked fibrin. 
Fibrinogen may therefore have a more direct role in the 
development of atherothrombotic coronary artery disease 
(Mills et al., 2002).  

Epidemiological evidence indicates that populations 
with high intake of green tea catechins benefit in terms of 
body weight and body fat, glucose homeostasis, and 
cardiovascular health effects via several mechanisms 
including inhibition of adipocyte differentiation and 
proliferation, reduction of fat absorption, leading finally to 
reduction in fat mass, triacylglycerides in hyperlipidemia 
models, and free fatty acids and total cholesterol 
(Thielecke and Boschmann, 2009).  

Several studies showed that flavonoids such as 
quercetin and catechin inhibit platelet aggregation, could 
modulate platelet activity. The results of most studies 
show that flavonoids interact with arachidonic acid 
metabolism, thus inhibiting platelet thromboxane A2 
production, a potent aggregating and vasoconstricting 
agent (Pignatelli et al., 2000). 

quercetin and catechin alone or in combination signi-
ficantly inhibited calcium mobilization and IP3 formation 
because of their ability to quench hydrogen peroxide. 
Therefore, these findings indicate that quercetin and 
catechin inhibit platelet function by virtue of antioxidant 
activity and improved endothelial function, increased 
antioxidant activities and an improved pressure control 
(Pignatelli et al., 1999; Thielecke and Boschmann, 2009).  

Studies suggest that reactive oxygen species (ROS) 
generated during hypercholesterolemia via cytokines and 
increases the levels of platelet activating factor (PAF) 
may in part contribute to the development of hyper-
cholesterolemic atherosclerosis and that suppression of 
production and activity of cytokines and PAF may reduce 
the development of hypercholesterolemic atherosclerosis 
(Prasad and Lee, 2007). 

Regular diet following a high cholesterol diet did not 
lower the high cholesterol diet-induced rise in MDA. 
However, H. perforatum did lower MDA in the present 
study. Increased levels of MDA in spite of an increase in 
the antioxidant reserve in aorta with a high cholesterol 
diet could be due to amounts of reactive oxygen species 
greater than can be handled by the increased levels of 
antioxidant reserve.  

Atherogenesis is associated with an increase in lipid 
hypercholesterolemic peroxidation product MDA an 
indirect   index   of   levels   of   ROS,  and  a decrease  in  
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antioxidant reserve of aorta where antioxidant with 
decrease in the oxidative stress was associated with a 
decrease in MDA (Lee and Prasad., 2003). Antioxidants 
and suppressants of sources of ROS are effective in the 
suppression of development of atherosclerosis.  

The concentration of low density lipoprotein cholesterol 
(LDL-C) is one of the most important predictors of 
atherosclerosis and coronary heart disease (CHD). There 
is abundant evidence that a reduction in LDL-C lowers 
morbidity and mortality in patients with CHD (Stojakovic 
et al., 2007). Recently, it was shown that high concen-
trations of LDL-triglycerides (LDL-TG) are correlated with 
the accumulation of remnants and dense LDL as well as 
low-grade systemic inflammation and vascular damage 
(Marz et al., 2004).  

Low HDL cholesterol is the most frequent lipid disorder 
in patients with coronary artery disease. Apolipoprotein 
A-I (apoA-I) is a major protein component of HDL and 
plays a pivotal role in its formation. ApoA-I level seems to 
be a better indicator of coronary risk than HDL 
cholesterol level (Belalcazar et al., 2003). Recent 
evidence suggests that apolipoproteins, especially apo-
lipoprotein B (apoB), may be more strongly associated 
with CHD incidence than LDL (Sacks, 2006; Walldius and 
Jungner, 2006).  

Apolipoprotein plays a role in transporting lipid particles 
and is considered a direct measurement of 
proatherogenic particles (Chien et al., 2007). In an earlier 
study, we also observed a positive correlation between 
urinary catechin excretion and plasma HDL cholesterol. 
Showed that the increase and regulation of apolipo-
protein A1 expression induced by genistein was mediated 
by the nitrogen-activated protein kinase signaling 
pathway (Baba et al., 2007). 

It has been reported that flavonoids from H. perforatum 
showed antidepressant activity, which was considered to 
be associated with their antioxidant actions (Butterweck 
et al., 2000; Luo et al., 2004). Zou et al. (2005) reported 
the radical scavenging activity and antioxidant activity of 
a flavonoid-rich extract of H. perforatum in vitro (Zou et 
al., 2004). While some studies have investigated H. 
perforatum and Hypericum lysimachioides for their 
hypocholesterolemic effects (Zou et al., 2005; Hakimoglu 
et al., 2007).  

Recently reported that the citrus flavonoids, naringenin 
and hesperetin, markedly reduce basal apoB secretion in 
hepatoma (HepG2) cells. These flavonoids, found 
predominantly in grapefruit and oranges, reduce plasma 
lipids and atherosclerosis. The hypocholesterolemic 
effects observed in vivo were associated with reduced 
hepatic HMG-CoA reductase and ACAT activities. In 
HepG2 cells that the flavonoid-induced reduction in basal 
apoB secretion was associated with reduced ACAT and 
microsomal triglyceride transfer protein (MTP) activities, 
as well as reduced expression of ACAT2 and MTP 
(Borradaile et al., 2002; Pignatelli et al., 2006). 

Regular diet following a high cholesterol diet, although 
reduces   serum   lipid  levels,  in  comparison  with  Group II  

 
 
 
 
but further increases atherosclerosis lesions in the aorta. 

Prasad (2008) show despite a decrease in serum 
cholesterol in the rabbits on regular diet following high 
cholesterol diet, the levels of aortic MDA did not 
decrease. One possible explanation could be that a 
regular diet following high cholesterol diet does not lower 
the cholesterol concentration of aortic tissue in spite of a 
decrease in serum cholesterol. The possibility is that 
tissue cholesterol-induced production of MDA 
counteracted the increase in the antioxidant reserve of 
the aorta. The increases in cholesterol content of the 
aorta could increase the levels of ROS resulting in 
atherosclerotic changes (Prasad, 2008).   

In the regression phase of the present study demon-
strated that ethanol extract HPL following the high 
cholesterol diet can decreases atherosclerosis lesions in 
the aorta after consumption HPL in regression period 
Group IV in compared to the rabbits on regular diet 
following high cholesterol diet (Group III). Slowing of 
progression and regression of atherosclerosis could not 
be due to lowering of serum lipids because decreases in 
serum lipids were similar in both the groups on regular 
diet without HPL (Group III) following high cholesterol 
diet.  

The main mechanism of slowing of progression and 
regression of atherosclerosis may possibly be a reduction 
in oxidative stress. Several epidemiological studies have 
shown that increased dietary intake of natural phenolic 
antioxidants correlates with reduced coronary heart 
disease. Food rich in antioxidants plays an essential role 
in the prevention of cardiovascular diseases (Gerber et 
al, 2002; Di Matteo and Esposito, 2003). It was also 
reported that phenolic compounds were associated with 
antioxidant activity and play an important role in 
stabilizing lipid peroxidation (Yen et al, 1993).  

In the present study, we found that HPL could be useful 
in reduces atherosclerotic lesions  and the rate of lesions 
regression may be hypolipidemic effect, anti-inflammatory 
and antioxidant mechanism also contribute to antiathero-
genic effect  hydroalcoholic extracts of H. perforatum .  
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