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Abstract  Hpercholesterolemia is closely related to oxidative damages from high fat and cholesterol intakes. The 
geranyl flavonoid (GF) from Artocarpus altilis (Breadfruit) has potential antioxidant, anti-hyperlipidemia and anti-
atherogenic properties. This work was to investigate the influence of GF on synthesis of cholesterol and lipogenesis 
in hypercholesterolemic rat fed with high-cholesterol diet. Treatment with GF significantly increased SOD, CAT, 
GPx and GR activities in organ tissues, as well as decreased TBARS activity compared to the untreated group. Total 
glutathione, NO and α-tocopherol contents in liver, kidney and adipose tissues in GF treated group were also higher 
than that in untreated group. In addition, the GF treatment increased ACAT and fatty acid synthase activities, and 
decreased HMG-CoA reductase activity. The results suggest that treatment of GF could inhibit the synthesis of 
cholesterol and the lipogenesis by regulating ACAT, HMG-CoA reductase and fatty acid synthase activities and 
improving the antioxidant defense status in hypercholesterolemic rat. 
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1. Introduction 
The literature studies in both human and animals have 

demonstrated that prolonged high cholesterol 
concentration in the circulating blood positively correlated 
with developing dyslipidemia and atherosclerosis [1]. 
Antioxidants and hypocholesterolemic agents are known 
to reduce hypercholesterolemic atherosclerosis [2]. 
Feeding antioxidants attenuate the atherogenic process in 
animal models, mainly due to their free radical scavenging 
capabilities [3]. As plants were rich sources of natural 
compounds with antioxidant activities, many studies have 
been conducted searching for the pharmacological 
activities of plants and their bioactive constituents [4,5]. 

Artocarpus altilis (breadfruit) is a species of flowering 
tree in the mulberry family which is rich in natural 
Geranyl flavonoid (GF) and has been used as food and 
medicines for the treatment of liver cirrhosis, hypertension, 
and diabetes in many centuries [6,7]. The beneficial 
effects for human health have been ascribed to the anti-
oxidative, anti-hypercholesterolemic and anti-atherosclerotic 
properties of extract of Artocarpus altilis [8,9,10]. 
Therapeutic effects of food and herbal medicines rich in 
GF have led to a rapid growth of knowledge in this area 
[8,9,10,11]. The natural flavonoids from many plants have 

also been reported to have anti-inflammatory, anti-
oxidative, anti-hypercholesterolemic and anti-atherosclerotic 
activities [12,13,14,15]. To the best of our knowledge, the 
effect of GF from Artocarpus altilis on hypercholesterolemia 
related to its antioxidative property has not been 
symmetrically evaluated.  

The current study was conducted to determine the effect 
of GF on the serum lipid profile, tissues lipid peroxidation 
and antioxidant enzymes activities in rats fed with high-
cholesterol diet. We hypothesized that the unsaturated 
fatty acids and bioactive compounds in GF would be able 
to lower cholesterol levels and reduce oxidative stress in 
rats fed a high-cholesterol diet. In the work, we divided 
the rats into three groups which were treated with GF 
samples. The effects of consumption of GF on serum lipid 
profile, tissues lipid peroxidation and antioxidant enzymes 
activities were compared between each groups in the rats. 
Based on the results from our present investigation, it 
could be concluded that GF will be a new natural product 
for treating hypercholesterolemia. 

2. Materials and methods 

2.1. Chemicals 
14C-acetyl-coenzyme A (CoA) was purchased from 

PerkinElmer (Waltham, MA, USA) and 14C-oleyl-CoA 
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was purchased from Amersham Biosciences (St. Louis, 
MO, USA). All other chemicals and reagents were of the 
highest grade commercially available and purchased from 
Guoyao Chemical Reagent Co., Ltd. (Chengdu, China).  

2.2. Isolation and purification of GF 
Acorn cup of Artocarpus altilists was kindly supplied 

by Wuming Company, Yunxi, Guangxi, China. 1000 g of 
acorn fringe dried in air was crushed and extracted with 
acetone-H2O (7:3, v/v) for 48 h at room temperature on a 
rotative table (135 rpm). After filtration, the acetone was 
removed by vacuum distillation and the aqueous residue 
was freeze-dried (99.6 g/kg).  

The above freeze-dried extract was loaded onto a 
Sephardic LH20-100 column (80 cm×30 mm i.d, 25-100 
mm particule size) and conducted with 300 ml H2O 
(fraction 1), 300 ml H2O-MeOH (fraction II) and 300 mL 
of MeOH (fraction III) for elution. Each fraction was dried 
on a rotary evaporator at 30 °C. Regeneration of the 
column was achieved by successive elutions with 500 mL 
HCI (10 mM), 500 mL of NaOH (10 mM) and stabilized 
by 1 L of H2O. Fraction II contained the main GF peaks 
observed by analytical HPLC [16]. 

These compounds were purified from fraction II by 
preparation TLC on cellulose (WF254, Merck, 10 × 10 cm 
× 2 mm) and elution with H2O-HOAc. Compounds were 
recovered from the adsorbent by elution with H2O and the 
aqueous filtrate was freeze-dried. The dried extract was 
analyzed for purity of GF by HPLC and liquid 
chromatography electrospray ionization mass spectroscopy 
(LC-ESI/MS). The purified GF were stored at 4 °C for 
further investigation. 

2.3. Animal Modeling, Group and Treatment 

A total of 30 male Wistar rats weighing from 200 to 
250 g were purchased from Experiment Animal Academe, 
Medical College of Sichuan Province, China. After 1 
week of acclimatization, the rats were randomly divided 
into three groups (n=10): Group 0 feeding on with a 
normal diet, Group I feeding on a normal high-cholesterol 
diet (consist of 47% normal pulverized chow, 2% 
cholesterol, 1% sodium cholate, 40% dextrose, 10% lard 
and 15% water), Group II feeding on a high-cholesterol 
diet and given GF in a dose of 360 mg/kg for 20 days. 
After the experiment, the animals were anesthetized with 
sodium pentobarbital and blood was collected from 
abdominal aorta into dried tubes, centrifuged at 4°C, 
3000g for 15min. Serum was taken and red blood cells 
were separated and then washed three times by re-
suspending in 0.9% NaCl solution and repeated the 
centrifugation. The cells were lysed in an equal volume of 
water and mixed thoroughly. Liver, heart, kidney, and 
adipose tissues were also quickly excised in ice-cold 
saline, blotted on filter paper and weighed. All 
experiments were carried out according to the guidelines 
for the care and use of experimental animals and approved 
by institutional animal ethical committee. 

2.4. Determination of Serum Lipid and 
Hepatic Enzymes 

TC, TG, HDL-C and LDL-C in serum were determined 
by using enzymatic kits (Bioengineering Co., Ltd, China) 

according to the manufactures’ instructions. ALP, AST 
and ALT were assayed by using the corresponding 
commercial kits (Bioengineering Co., Ltd, China).  

Acyl-coenzyme a: cholesterol acyltransferase (ACAT) 
was measured in the postnuclear fraction of liver by using 
14C-oleyl-CoA as a substrate and silica gel plates for 
separation of the product [18]. The activity of HMG-CoA 
reductase was measured in the postnuclear fraction of the 
liver by using 14C-HMG-CoA as a substrate and silica gel 
plates for separation of the product [19]. The activity of 
fatty acid synthase in the liver was also measured in the 
postnuclear fraction as described previously [20]. 

2.5. Determination of Lipid Peroxidation 

Thiobarbituric acid reactive substance (TBARS) 
concentrations of tissues, as a marker of the lipid 
peroxidation, were measured according to the method of 
Quintanilha et al. using tetramethoxypropane (Prolabo) as 
precursor of malondialdehyde [21]. Briefly, one milliliter 
of diluted sample (protein concentration about 2mg/mL) 
was added to 2mL of thiobarbituric acid (final 
concentration, 0.017mmol/L), plus butylated hydroxytoluene 
(concentration, 3.36 mmol/L) and incubated for 15min at 
100°C. After cooling and centrifugation, the absorbance of 
supernatant was measured at 535 nm. The TBARS levels 
were expressed as mmol of TBARS produced/mLof serum. 

2.6. Detection of Antioxidant Enzyme Levels 
in Tissues 

Superoxide dismutase (SOD) activity was measured at 
412 nm by the NADH oxidation procedure [22] and 
compared with those of standard solution of SOD activity. 
Glutathione peroxidase (GPx) was determined by the 
method of Paglia and Valentine (1967 ) by using cumene 
hydroperoxide as substrate [23]. One unit of GPx was 
defined as the oxidation by H2O2 of 1 mmol/L of reduced 
glutathione per min at pH 7 at 25oC. Glutathione reductase 
(GR) activity was evaluated at 340 nm by measuring the 
decrease in NADPH absorbance in the presence of 
oxidized glutathione [24]. One unit of enzyme reduces 1 
mmol/L oxidized glutathione per min at pH 7 at 25 oC. 
Catalase activity (CAT) was determined by the method of 
Aebi (1974) by measuring the rate of decomposition of 
H2O2 at 240 nm [25]. Glutathione was measured 
according to the procedure of Anderson (1985) by using 
reduced glutathione as standard [26]. 

2.7. Detection of Nitric Oxide and Vitamin in 
Tissues 

Nitric oxide determination was performed by using the 
Griess reagent (sulphanilamide and n-naphtylethylene 
diamine) [27]. Serum and tissue extracts were clarified by 
zinc sulphate solution and NO3 was then reduced to NO2 
by shaking with cadmium at 20°C overnight. Samples 
were added to the Griess reagent and incubated for 20min 
at room temperature. The absorbance was measured at 540 
nm. Sodium nitrite was used for a standard curve. Serum 
retinol and α-tocopherol were analyzed by high-
performance liquid chromatography with an Angilent 
system (1100HPLC, USA) after hexane extraction. Tocol 
(Sigma) was added to samples as an internal standard [28]. 
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2.8. Statistical Analysis 
All values are expressed as mean ± S.D. The 

significance of differences between the means of the 
treated and untreated groups have been calculated by 
unpaired Student’s t-test and P-values less than 0.05 were 
considered significant. 

3. Results 

3.1. Effect of GF on Serum Lipid Profile 
As shown in Table 1, the rats in Group I have extremely 

high lipid levels and develop serious liver damage in 
response to a high-cholesterol diet compared to the rats in 
Group 0 feeding on a normal diet, which is identical to 
that in humans system. The serum TC, TG and LDL-C 
levels decreased in Group II treated with GF by 36.3%, 
43.5% and 45.8%, respectively, whereas the level of 
serum HDL-C increased by 17.1% as compared to 
untreated group (P < 0.05). In addition, animals fed with 
high-cholesterol diet in Group I exhibited an elevation in 
serum ALP, AST and ALT levels compared to the Group 
II, administration of GF could reduce ALP, AST and ALT 
activities as can be observed in Table 1. The results 
demonstrated that a high-cholesterol diet contributed to 
the accumulation of lipids and could be used to construct a 
stable experimental model, therefore, we selected the 
Group I and Group II for the future determination.  

Table 1. Effects of GF on the serum lipid level 
Parameter Group 0 Group I Group II 

TC (mg/dL) 77.4±8.9 136.8±10.0 86.1±4.3* 
TG (mg/dL) 58.2±7.2 125.3±9.3 70.7±3.7* 

LDL (mg/dL) 15.2±10.0 59.3±4.3 30.6±4.6* 
HDL(mg/dL) 24.5±1.9 22.2±1.1 25.7±1.6 
ALT (IU/L) 21.2±3.0 36.3±3.5 22.3±2.2* 
AST (IU/L) 22.7±1.9 40.2±3.9 23.3±2.5* 
ALP (IU/L) 299±24.5 512.7±45.8 306±27* 

Values are mean ± S.D of 10 parallel measurements. * P < 0.05, 
compared with Group I. Group I, high-cholesterol diet-fed rats; Group II, 
high-cholesterol diet plus GF-fed rats. 

3.2. Effect of GF on Lipid Peroxidation in 
Tissues 

 

Figure 1. Thiobarbituric acid reactive substances (TBARS) contents 
in tissues (mmol/mg protein). Values are mean ± S.D of 10 parallel 
measurements. * P < 0.05, compared with Group I. Group I, high-
cholesterol diet-fed rats; Group II, high-cholesterol diet and GF-fed rats 

Oxygen free radical and lipid peroxidation are vitally 
important in body's metabolism process. Oxygen free 
radicals contributes to the reaction of unsaturated fatty 
acid lipid peroxidation and leads to the happening of 
tissue damage. As shown in Figure 1, the GF treatment 
could decrease the lipid peroxidation in liver, heart, 
kidney and adipose tissues, especially in liver, compared 
with the untreated group, suggesting that GF could protect 
against lipid peroxidation and have the potential to be 
used for the treatment of anti-oxidation. 

 
Figure 2. Antioxidant enzyme activity in tissues. A, glutathione 
reductase (GR); B, glutathione peroxidase (GPx); C, superoxide 
dismutase (SOD); D, catalase (CAT) Values are mean ± S.D of 10 
parallel measurements. * P < 0.05, compared with Group I. Group I, 
high-cholesterol diet-fed rats; Group II, high-cholesterol diet and GF-fed 
rats 
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3.3. Effect of GF on Antioxidant Enzyme 
Activities in Tissues 

As presented in Figure 2, the GF treatment could 
significantly increase the activities of glutathione 
reductase (Figure 2A), glutathione peroxidase (Figure 2B), 
superoxide dismutase (Figure 2C) and catalase (Figure 2D) 
in liver, kidney and adipose tissues compared to the 
untreated groups (P < 0.05), while the activities of those 
enzyme were similar in liver in both GF treated and 
untreated groups (P > 0.05). 

3.4. Effect of GF on Glutathione in Tissues 
The total glutathione content in hearts was similar in 

rats treated with or without GF, while it was higher in 
liver, kidney and adipose tissues in the GF treated group 
as compared to that untreated group (P < 0.05), especially 
in liver, suggesting that GF could enhance antioxidation 
function and protect against oxidative damage caused by 
oxygen radicals such as ROS and SOD in rat feed on a 
high-cholesterol diet (Figure 3). 

 

Figure 3. Total glutathion content (GSH) in tissues (mmol/mg protein). 
Values are mean ± S.D of of 10 parallel measurements. * P < 0.05, 
compared with Group I. Group I, high-cholesterol diet-fed rats; Group II, 
high-cholesterol diet and GF-fed rats 

3.5. Effect of GF on Glutathione in Nitric 
Oxide Levels and Vitamin Contents 

 

Figure 4. Nitric oxide (NO) levels in serum (mmol/mL) and tissues 
(mmol/mg protein) and vitamins contents in serum (mg/mL). Values are 
mean ± S.D of 10 parallel measurements. * P < 0.05, compared with 
Group I. Group I, high-cholesterol diet-fed rats; Group II, high-
cholesterol diet and GF-fed rats 

It is clear that the content of Nitric oxide (NO) in serum 
was similar between GF treated and untreated groups (P > 

0.05), however, it was higher in liver, heart, kidney and 
adipose tissues in the GF treated group than the untreated 
group (P < 0.05). It can be also noted that the GF 
treatment could significantly enhance the content of α-
tocopherol (Figure 4). 

3.6. Effect of GF on Activities of ACAT, 
HMG-CoA Reductase and Fatty Acid 
Synthase in Liver 

Both hepatic ACAT (catalyzing the esterification of 
cholesterol) and fatty acid synthase in the GF treated 
group increased significantly compared with the untreated 
group (P < 0.05), while HMG-CoA reductase (the rate-
limiting enzyme of cholesterol synthesis) in the GF treated 
group appeared to be reduced (Table 2). These results 
demonstrated that GF could active the ACAT, HMG-CoA 
reductase and fatty acid synthase in liver and stimulate the 
catabolism of lipids induced by high-cholesterol diet. 

Table 2. Activities of HMG CoA reductase and fatty acid synthase in 
liver 

Groups ACAT 
HMG-CoA 
reductase 

(U/mg protein) 

Fatty acid 
synthase 

(U/mg protein) 
Group I 0.04±0.009 4.12±0.35 4.43±0.51 

Group II 0.07±0.006 3.20±0.22* 5.28±0.47* 
Values are mean ± S.D of 10 parallel measurements. * P < 0.05, 
compared with Group I. Group I, high-cholesterol diet-fed rats; Group II, 
high-cholesterol diet and GF-fed rats. 

4. Discussion 
Hypercholesterolemia is an important risk factor in the 

initiation and progression of atherosclerotic lesions [1]. 
Most studies have proved that hypercholesterolemia is 
closely related to the deleterious effects of high dietary fat 
intake on lipoprotein such as an increase of serum LDL, 
TC, TG levels and a decrease of HDL level [29]. 
Epidemiological evidence from many studies 
overwhelmingly supports the fact that the presence of 
antioxidant is significantly associated with a reduction in 
the level of lipoprotein [30]. In our study, administration 
of GF from Artocarpus altilists to rats fed on a high-
cholesterol diet significantly reduce these abnormal 
lipoprotein and liver function indices, indicating that GF 
has a strong anti-hypercholesterolemia effect and protect 
against the liver damage induced by high-cholesterol diet.  

ACAT plays a critical role in production of 
cholesteryl ,which catalyzes the formation of cholesteryl 
esters from cholesterol and long-chain fatty acyl-CoAs, 
thereby eliminating the potential toxic effects of excess 
cholesterol in cells [31]. Availability of its substrates may 
be involved in regulating the activity of ACAT, and the 
cholesteryl esters produced by ACAT may be secreted as 
part of LDL or stored in the cytoplasm. Our results 
showed that the increasing of ACAT and fatty acid 
synthase activities as well as the decreasing HMG-CoA 
reductase activity could lead to a decrease in the synthesis 
of cholesterol lipogenesis in GF treated rats. 

Studies have shown that hypercholesterolemia was 
accompanied by an increasing of lipid peroxidation in 
clinical examination and experiments. It has been 
established that phenolic substances exert as an 
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antioxidant which can prevent the development of 
hypercholesterolemia as well as atherosclerosis [2]. Our 
work showed that GF could significantly lower TBARS 
concentrations in all tissues such as liver, heart, kidney 
and adipose tissues, a marker of lipid peroxidation, 
suggesting that GF could be a good source against the 
deterioration of atherosclerosis and the accumulation of 
cholesterol. In addition, numerous evidence have 
confirmed that dietary cholesterol (2%) consumption by 
rats could increase lipid peroxidation, as measured by 
enhanced TBARS concentrations, which was attributed to 
hypercholesterolemia and hypertriglyceridemia induced 
by high dietary cholesterol consumption [32]. Our study 
demonstrated that rats fed GF are less susceptible to per-
oxidative damage under the challenge of oxidative stress 
such as a high cholesterol diet. 

It is well known that an increasing production of 
superoxide anion in hypercholesterolemic vessels mainly 
contributes to the dyslipidemia and atherosclerotic process 
[33]. It is also been reported that hypercholesterolemic 
atherosclerosis was associated with an increasing content 
of lipid peroxidation products in tissues. [8]. In this work, 
we investigated the SOD activity in liver, kidney and 
adipose tissues treated with GF, and found that the rats 
administration to GF exhibited higher SOD activity 
compared to the untreated group. A number of evidence 
have confirmed that free radicals in the human body is a 
crucial etiological factor contributing to the lipid 
peroxidation which leads to several chronic diseases, SOD 
is the first line of defense against the oxidative damage. 
Our work suggested that GF could prevent and treat 
oxidative stress and hypercholesterolemia induced by free 
radicals and lipid peroxidation mainly owing to the 
absence of accumulation of superoxide anion radicals, 
which was consistent with the previous reports [15].  

Glutathione (GSH) is a tripeptide of glutamate, cysteine 
and glycine which is found in most mammalian and many 
prokaryotic cells. GSH participates as a coenzyme and is 
involved in protecting many cells with high intracellular 
GSH levels against oxidative damage caused by oxygen 
radicals such as ROS and SOD. Glutathione peroxidase 
(GSH-Px), which catalyses the reduction of peroxides, 
protects cells from the deleterious effects of peroxides [7]. 
In the present investigation, higher GPx and GR activities 
in liver, kidney and adipose tissues were observed in GF 
treated rats compared to those untreated rats, indicating 
that GF could regulate the balance between GPx and GR 
activities and enhance the activity of glutathione 
oxidation/reduction cycle. Since the elevated GSH-Px 
activities might enhance the utilization of GSH levels (a 
substrate for GPx), the intracellular GSH levels may be 
the major mechanism for regulation of GPx activity 
[34,35]. Indeed, studies have demonstrated that feeding a 
high-cholesterol diet in rat could decrease glutathione 
peroxidase activity in the liver [15]. The results in our 
study showed that GF could increase the SOD, GR, GPx 
and CAT activities in liver, kidney and adipose tissues in 
rats induced by an high-cholesterol diet, which was 
agreement with the previous report [15].  

Onody et al. [36] reported that NO level was 
significantly decreased in rats feeding on a high-
cholesterol diet, and found that the decreasing of NO level 
is secondary event to the increasing of superoxide and 
peroxinitrite formation. In this work, higher NO level in 

liver, heart, kidney and adipose tissues was observed in 
rats treated with GF, which probably due to the enhanced 
process of NO biosynthesis or the weaken of NO 
elimination process. In addition, we also found that the 
SOD activity was higher in GF treated group than 
untreated group, suggesting that the increasing of NO 
content might be the consequence of decreased formation 
of SOD.  

In conclusion, our results showed that the GF from 
Artocarpus altilists could significantly inhibit the 
dyslipidemia and decrease LDL-C, TC and TG levels and 
increase HDL-C level by improving the antioxidant status 
as well as enhancing the antioxidant enzymes activities 
induced by free radicals and lipid peroxidation. The 
results suggest the potential utility of GF as a natural 
source of antioxidant and anti-cholesterol against 
hyperlipidemia, atherosclerosis, obesity, or other 
cardiovascular diseases. The further studies are required to 
investigate the molecular mechanism of antioxidative and 
hypercholesterolemic effect of GF from Artocarpus 
altilists.  
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