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Abstract

In the present study, the role of pentacyclic triterpenes, lupeol and its ester lupeol linoleate, was studied in relation to hepatic
oxidative abnormalities and lipoprotein peroxidation in hypercholesterolemic rats. Hypercholesterolemia was induced in male
Wistar rats by feeding them with high cholesterol diet (4% cholesterol + 1% cholic acid; HCD) for 30 days. Pentacyclic
triterpenes, lupeol and lupeol linoleate were supplemented (50 mg/kg body wt/day) during the last 15 days. After the
experimental period, there was a significant depression in hepatic activities of antioxidant enzymes, SOD (38.39%), CAT
(25.03%) and GPx (30.26%) along with a marked fall in the levels of non-enzymic antioxidant molecules GSH (31.39%),
vitamin C (46.07%) and vitamin E (42.28%), with a concomitant increase (p< 0.001) in lipid peroxidation and in the activities
of serum alkaline phosphatase, lactate dehydrogenase and aminotransferases when compared to controls. Treatment with
triterpenes decreased lipid peroxidation and reverted the activities of antioxidants (p< 0.001 and p< 0.01) and marker enzymes
to near control. Histopathological findings further confirmed the hepatoprotective nature of triterpenes by showing the normal
architecture in treated rats, as against the fatty cellular changes in HCD fed rats. Further, the susceptibility of apo-B containing
lipoprotein to oxidation by copper and Fenton’s reagent was increased in in vitro condition in HCD fed rats, whereas the
lipoproteins were less susceptible to oxidation in triterpenes treated animals. Therefore, it may be concluded that lupeol and its
ester afford protection against the hepatic abnormalities and lipoprotein peroxidation in hypercholesterolemic rats.
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Introduction

Dietary cholesterol is regarded as an important factor in the
development of atherosclerosis and subsequent cardiovas-

cular disease. Exogenous hypercholesterolemia causes fat
deposition in the liver and depletion of hepatocyte popu-
lation. It causes the malfunction of liver, which is appar-
ently presented through microvesicularstenosis due to the
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intracellular accumulation of lipids [1, 2]. Feeding of
cholesterol diet produces severe hypercholesterolemic and
vascular atherosclerotic lesion and increased oxidative
stress in several tissues [3]. Recent findings support the
hypothesis that oxidative stress is one of the causative
factors that link hypercholesterolemia with the pathogenesis
of atherosclerosis [4]. In hypercholesterolemia, the choles-
terol content of erythrocyte, platelets, polymor-
phonuclearleucocyte and endothelial cells increases, which
is reported to activate these cells and cause the enhanced
production of oxygen free radicals leading to tissue injury
[5].
Medicinal plants are natural sources yielding valuable

herbal products, which are often used in the treatment of
various ailments. Crataeva nurvala is one of the medicinal
plants recorded in the Indian system of Medicine [6].
Lupeol, a pentacyclic triterpene was isolated from the stem
bark of C. nurvala in our laboratory [7]. Triterpenes, widely
distributed in edible and medicinal plants, are effective in
protecting against liver disorders [8]. Triterpene celastrol
has been shown to have a potent inhibitory effect against
lipid peroxidation in liver mitochondria [9]. Lupeol pos-
sesses low density lipoprotein (LDL) protective activity
during LDL oxidation studies performed in in vitro condi-
tion [10]. An ester derivative, lupeol linoleate has been
shown to possess better antiarthritic [11] and cytoprotective
[12] effects than lupeol. The effect of lupeol and lupeol
linoleate were investigated in our previous experiments in
hypercholesterolemic condition, which showed reduction in
serum total cholesterol level by 51.87% and 62.6%,
respectively [13]. Here, we have studied the individual
effects of lupeol and lupeol linoleate on serum enzymes,
hepatic lipid peroxidation, antioxidants level, plasma lipo-
protein oxidation and hepatic tissue histology in early stage
of atherogenesis.

Materials and methods

Drugs and chemicals

Lupeol was isolated from the stem bark of C. nurvala as
reported earlier in our laboratory [7]. The isolated lupeol
was further esterified to lupeol linoleate by adding equi-
molar amounts of pyridine and linoleoyl chloride as
reported by the method of Geetha and Varalakshmi [11].
Bovine serum albumin and 1,1,3,3-tetraethoxy propane
were obtained from Sigma chemicals Co, St. Louis, USA.
Cholesterol, cholic acid, reduced glutathione, dinitroben-
zoic acid, hydrogen peroxide (H2O2) and all other chem-
icals and solvents used were obtained from Sisco
Research Laboratories, Mumbai, India, and were of ana-
lytical grade.

Experimental design

Animals were maintained as per national guidelines and
protocols, approved by the institutional ethical committee
(IAEC No. 02/ 038/ 03). Male albino rats of the Wistar
strain (140 ± 10 g, 10-weeks old) were purchased from
Tamil Nadu Veterinary and Animal Sciences University,
Chennai. The animals were housed under conditions of
controlled temperature (25 ± 2 �C) with 12 h/12 h day–
night cycle. They were randomized into six groups com-
prising of six rats each. Group I served as vehicle control.
Group II, V and VI were given a high-cholesterol diet
(HCD) consisting of the normal rat chow along with 4%
cholesterol and 1% cholic acid for 30 days. Treatment with
lupeol and lupeol linoleate (50 mg/kg/day, orally) com-
menced 15 days after the start of the experimental period for
Groups V and VI, respectively. Corn oil was used as the
vehicle in the experimental study. Groups III and IV animals
fed with normal rat chow were supplemented with lupeol
and lupeol linoleate respectively during the last 15 days of
experimental period, served as drug controls.

At the end of the experimental period, all the animals
were sacrificed by decapitation. Blood samples were col-
lected for biochemical analysis and the liver was excised.
Liver was homogenized in ice-cold 0.01 M Tris–HCl buffer,
pH 7.4 to give a 10% homogenate. A section of the liver
was kept aside for histological processing.

Enzymatic indices of cellular integrity

Protein content in the serum and rat hepatic tissue was
determined by the method of Lowry et al. [14]. Lactate
dehydrogenase (LDH) was assayed by the method of King
[15]. The method is based on the ability of LDH to convert
lactate to pyruvate with the help of the coenzyme nicotin-
amide adenine dinucleotide (NAD). The pyruvate formed
was made to react with dinitrophenyl hydrazine in HCl. The
hydrazone formed turns into an orange colour complex in
alkaline medium, which was measured at 420 nm. Alkaline
phosphatase (ALP) activity was assayed using disodium
phenyl phosphate as substrate [16] and expressed as lmoles
of phenol liberated/min/mg of protein. Activities of amin-
otransferases – aspartate and alanine transaminases, AST
and ALT, respectively [17], were determined and expressed
in terms of lmoles of pyruvate liberated/min/mg of protein
at 37 �C.

Assessment of lipid peroxidation

Lipid peroxidation in the liver tissue was determined by the
procedure of Hogberg et al. [18]. Malondialdehyde (MDA),
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formed as an end product of peroxidation of lipids, served as
an index of the intensity of oxidative stress. MDA reacts with
thiobarbituric acid (TBA) to generate a colored product,
which absorbs at 532 nm. The ferrous sulphate and ascorbate
induced lipid peroxidation system contained 10 mM ferrous
sulphate and 0.2 mM ascorbate as inducers [19].

Determination of enzymic antioxidant activities

Antioxidant enzymes were assayed in hepatic tissue of
experimental groups. The enzyme superoxide dismutase
(SOD) was assayed by the method of Marklund and
Marklund [20]. The unit of enzyme activity is defined as the
amount of enzyme required to give 50% inhibition of
pyrogallol autooxidation. Catalase activity was assayed by
the standard method [21]. Glutathione peroxidase (GPx)
was assayed by the method of Rotruck et al. [22]. It is based
on the reaction between glutathione, remaining after the
action of GPx and 5,5¢-dithio-bis (2-nitrobenzoic acid) to
form a complex that absorbs maximally at 412 nm. The
activity of GPx was expressed in terms of lg of GSH
consumed/min/mg protein.

Estimation of non-enzymatic antioxidants

Reduced glutathione (GSH) in the liver was determined by
standard method [23]. This method is based on the reaction
of GSH with 5,5¢ dithiobis (2-nitrobenzoic acid) to give a
compound that absorbs at 412 nm and expressed as lg/mg
protein. Ascorbic acid was estimated by the method of
Omaye et al. [24]. Vitamin E was estimated by the method
of Desai et al. [25].

Histopathological studies

Portions of liver tissues were fixed in 10% formalin. The
washed tissues were dehydrated in the descending grades of
isopropanol and finally cleared in xylene. The tissues were
then embedded in molten paraffin wax. Sections were cut at
5 lm thickness, stained with haematoxylin and eosin
(H&E). The sections were then viewed under light micro-
scope (Nikon microscope ECLIPSE E400, model 115,
Japan) for histopathological changes.

LDL (+VLDL) oxidation studies

Separation of apo B-containing lipoproteins
(LDL + VLDL)
Apo-B lipoprotein separation was done according to the
method of Wilson and Spiger [26]. About 2 ml of plasma

was mixed with 2 ml of physiological saline and 0.36 ml of
heparin-manganese chloride. It was then shaken well and
incubated at 4 �C overnight. The contents were centrifuged
at 10,000 rpm for 20 min and the supernatant containing the
HDL fraction was separated, while the precipitate contain-
ing LDL + VLDL mixture was washed repeatedly with
saline. Finally, the residue with the apo B-containing lipo-
proteins LDL + VLDL was suspended in 4 ml of phosphate
buffered saline (PBS; 7 mmol/l phosphate buffer with
0.89% saline, pH 7.4) containing 1% bovine serum albumin.
Aliquots of this suspension were taken for further studies.

Oxidation of the isolated lipoproteins with Fenton’s reagent
and copper ions
A known aliquot of lipoproteins was incubated with
2 mmol/l hydrogen peroxide, 50 lmol/l ferrous sulfate and
7 mmol/l PBS. Another lipoprotein aliquot was incubated
with 50 lmol/l copper sulfate and 7 mmol/l PBS. The
reaction mixtures were incubated at 28 ± 3 �C for 2 different
time periods i.e., 3 h and 6 h. Simultaneously, a blank
containing lipoprotein aliquot and PBS was also incubated
for 3 h and 6 h. The lipid peroxidation products were esti-
mated as micromoles of malondialdehyde formed/mg pro-
tein, at zero time and at the end of 3 h and 6 h by the
method of Hogberg et al. [18].

Statistical analysis
The values are expressed as mean ± standard deviation (SD)
for six animals in each group. Differences between groups
were assessed by one-way analysis of variance (ANOVA)
using SPSS software package for Windows. Post hoc testing
was performed for inter-group comparisons using the least
significance difference (LSD) test, significance at p-val-
ues <0.001, <0.01, <0.05 have been given respective sym-
bols in the tables.

Results

In the present study, high cholesterol diet fed rats for a
period of 30 days was chosen as the experimental model of
early phase atherogenesis. The role of triterpenes on the
oxidative aberrations in the liver and plasma lipoprotein
oxidation associated with diet-induced hypercholesterol-
emia has been investigated.

The serum activities of LDH, ALP, AST and ALT were
shown to be significantly increased (1.89, 1.78, 2.13 and
1.81-fold, respectively) in group II animals, when compared
with group I. The enzymic abnormalities were significantly
normalized upon treatment with lupeol and lupeol linoleate
(Table 1).

Table 2 represents the abnormal elevation of LPO in the
hepatic tissue of HCD fed rats. Group II animals showed a

191



2.58-fold rise in basal LPO in hepatic tissue, as well as a
67.86% and 74.17% increase in LPO following addition of
exogenous inducers such as ascorbate and ferrous sulphate,
respectively, compared with control animals. The LPO
levels were considerably lowered with the treatment of
triterpenes (Groups V and VI).
Changes in the activities of hepatic enzymic antioxidants

SOD, CAT and GPx are given in Table 3. The HCD fed rats
showed a decrease in the activities of SOD (38.39%), CAT
(25.03%) and GPx (30.26%) in the hepatic tissue. Treatment
with lupeol significantly enhanced the activities of these
enzymes (Group V). The effect of lupeol linoleate in this
context was even better than lupeol, since the activities of
these enzymes were brought almost nearly to that of the
controls (Group VI).
Table 4 displays the hepatic levels of non-enzymic an-

tioxidants in HCD fed rats with and without treatment. In
group II, a significant decrease (p < 0.001) in GSH, ascor-
bate and tocopherol levels was observed in the hepatic tissue
as compared to control rats. There was a significant increase
in the level of these antioxidants in the treated groups,
thereby indicating that treatment with triterpenes protect
against oxidative stress induced by the depletion of enzymic
and non-enzymic antioxidants.
Histopathological changes in hepatic tissue of control and

experimental animals have been presented in Fig. 1. Control

animals depict normal hepatic architecture and normal he-
patocytes (Fig. 1a). Hypercholesterolemic rats showed
marked fatty changes in the hepatocytes (Fig. 1b). Lupeol
and lupeol linoleate administered rats (drug controls) show
normal hepatic architecture (Fig. 1c, d). The HCD fed rats
treated with lupeol (Fig. 1e) show a partial reduction of fatty
changes and the lupeol linoleate treated rats (Fig. 1f) show
very occasional fatty globule in hepatocytes and almost
normal architecture of liver.

Figure 2a represent the MDA levels, as an indicator of
oxidation of LDL + VLDL in the HCD fed and treated
samples, initially (0 h), and after 3 h and 6 h, induced by
copper ions, and the MDA levels induced by Fenton’s
reagent are given in Fig. 3a.

Here, the mean inhibition ratio (%) [27] has been com-
puted for the triterpenes, wherein

Mean inhibition ratio ð%Þ

¼ (MDA) in group II - (MDA) in group V or VI

(MDA) in group II
� 100

In the present work, lupeol-treated groups showed
marked resistance to LDL oxidation induced by copper seen
as mean inhibition ratio of 47.73% after 3 h and 60.08%
after 6 h. Lupeol linoleate treated groups showed resistances

Table 1. Effect of lupeol and lupeol linoleate on HCD induced marker enzymes in serum (Values are expressed as mean ± S.D. for six animals)

Serum enzymes
(Units/min/mg protein)

Group I
Control

Group II
HCD

Group III
Lupeol alone

Group IV Lupeol
linoleate alone

Group V HCD +
lupeol

Group VI HCD +
lupeol linoleate

Lactate dehydrogenase 5.36 ± 0.58 10.14 ± 1.08 a* 5.36 ± 0.56 5.31 ± 0.57 7.15 ± 0.77 a*b* 5.94 ± 0.50 b*c#

Alkaline phosphatase 2.52 ± 0.22 4.49 ± 0.40 a* 2.51 ± 0.27 2.46 ± 0.28 3.04 ± 0.22 a#b* 2.88 ± 0.29 a@b*

Aspartate amino transferase 0.61 ± 0.06 1.30 ± 0.13 a* 0.62 ± 0.05 0.58 ± 0.061 0.81 ± 0.07 a*b* 0.67 ± 0.06 b*c#

Alanine amino transferase 0.94 ± 0.09 1.70 ± 0.18 a* 0.89 ± 0.09 0.90 ± 0.08 1.25 ± 0.12 a*b* 1.16 ± 0.12 a#b*

Units: Lactate dehydrogenase: lmoles·10)1 of pyruvate formed; Alkaline phosphatase: lmoles·10)2 of phenol liberated; Aspartate and alanine amino
transferase: lmoles·10)2 of pyruvate liberated.
Comparisons are made as follows: a – between group I and groups II, V, VI; b – between group II and groups V, VI; c – between group V and group VI.
*, # and @ represents statistical significance at p< 0.001, p< 0.01 and p< 0.05, respectively.

Table 2. Effect of lupeol and lupeol linoleate on HCD induced lipid peroxidation in hepatic tissue (Values are expressed as mean ± S.D. for six animals)

Lipid
peroxidation

Group I
Control

Group II
HCD

Group III Lupeol
alone

Group IV Lupeol
linoleate alone

Group V HCD +
lupeol

Group VI HCD +
lupeol linoleate

Basal 1.33 ± 0.10 3.43 ± 0.41 a* 1.32 ± 0.10 1.29 ± 0.11 2.02 ± 0.15 a*b* 1.69 ± 0.14 a#b*c#

FeSO4-induced 5.32 ± 0.46 8.93 ± 0.84 a* 5.26 ± 0.53 5.18 ± 0.52 6.32 ± 0.66 a#b* 6.09 ± 0.58 a@b*

Ascorbate induced 3.91 ± 0.30 6.81 ± 0.64 a* 3.85 ± 0.33 3.79 ± 0.34 4.88 ± 0.47 a#b* 4.43 ± 0.47 a@b*

Units: Lipid peroxidation – nmoles of MDA released/mg protein.
Comparisons are made as follows: a – between group I and groups II, V, VI; b – between group II and groups V, VI; c – between group V and group VI.
*, # and @ represents statistical significance at p< 0.001, p< 0.01 and p< 0.05, respectively.
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by 52.79% and 62.14% after 3 h and 6 h, respectively
(Fig. 2b). Similar resistance to Fenton’s reagent induced
LDL oxidation was seen with lupeol by 48.57% and 65.45%
and lupeol linoleate by 60.05% and 72.64% after 3 and 6 h,
respectively (Fig. 3b).

Discussion

The drugs available in the modern medicinal system are
definitely good enough to provide symptomatic relief, but
are associated with undesirable side effects. In recent years
there has been considerable emphasis in rediscovering bio-
molecules with hypolipidemic property from medicinal
plants. The results of the present work revealed collapse of
oxidative defence system in hepatic tissue and lipoprotein
oxidation in the hypercholesterolemic condition, while
treatment with lupeol and its ester derivative afforded con-
siderable protection.
Hypercholesterolemia is associated with increased pro-

duction of oxygen radicals and increased oxidation of LDL
cholesterol [28, 29]. This oxidised LDL may directly induce
endothelial dysfunction [30], which may also occur in
hepatic tissue. Gupta et al. [1] demonstrated that hyper-
cholesterolemia causes malfunctioning of liver through
microvesicularsteatosis, due to the intracellular accumula-

tion of lipids. This might be the possible reason for tissue
damage. Such damage causes enzymes like LDH, ALP,
ALT and AST to leak from the injured hepatic cells into the
bloodstream. The activities of these hepatic enzymic
markers of cellular damage were elevated in the serum of
HCD fed rats. Lupeol and its ester treatment significantly
decreased the marker enzymes and this may be due to the
hypocholesterolemic property of triterpenes. Our earlier
result showed that the triterpenes reduced serum total cho-
lesterol level by 51.87% and 62.6%, respectively [13].

Lipid peroxidation of biological membranes can cause
alterations in fluidity, reduction in membrane potential, in-
creased permeability to H+ and other ions and eventual
membrane rupture, leading to the release of cell and
organelle contents. Cytotoxic aldehydes resulting from LPO
can block macrophage action, inhibit protein synthesis,
inactivate enzymes, cross-link proteins, and can lead to the
generation of thrombin [31]. Hence, lipid peroxidation can
play a crucial role in inflammation, cancer and cardiac
diseases [32]. A cholesterol-rich diet results in increased
LPO by the induction of free radical production, followed
by hypercholesterolemia [33]. The relationship between
LPO and hypercholesterolemia has been recognized earlier.
Lipid peroxidation levels were found to be increased in the
liver, aorta and serum of hypercholesterolemic rabbits [34].
Corroborating with this study, high cholesterol fed rats in

Table 3. Effect of lupeol and lupeol linoleate on enzymatic antioxidant status in hepatic tissue of HCD fed groups compared with the control animals (Values
are expressed as mean ± S.D. for six animals)

Antioxidant
enzymes

Group I
Control

Group II
HCD

Group III
Lupeol alone

Group IV Lupeol
linoleate alone

Group V HCD +
lupeol

Group VI HCD +
lupeol linoleate

SOD 12.53 ± 1.08 7.72 ± 0.75 a* 13.60 ± 1.03 12.74 ± 1.14 9.60 ± 0.57 a*b# 10.93 ± 0.85 a#b*c@

CAT 381.11 ± 34.69 285.71 ± 28.25 a* 385.48 ± 29.15 387.62 ± 35.86 359.49 ± 26.07 b* 370.41 ± 27.11 b*

GPx 22.17 ± 2.14 15.46 ± 1.46 a* 21.95 ± 2.03 23.39 ± 2.28 18.73 ± 1.43 a#b# 19.91 ± 2.02 b*

Units of enzyme activity: Superoxide dismutase (SOD): Units/mg protein, One unit is equal to the amount of enzyme that inhibits the autooxidation reaction by
50%, Catalase (CAT): lmoles of H2O2 consumed/min/mg protein, Glutathione peroxidase (GPx): lg of GSH consumed/min/mg protein.
Comparisons are made as follows: a – between group I and groups II, V, VI; b – between group II and groups V, VI; c – between group V and group VI.
*, # and @ represents statistical significance at p< 0.001, p< 0.01 and p< 0.05, respectively.

Table 4. Effect of lupeol and lupeol linoleate on antioxidant status in hepatic tissue of HCD fed groups compared with the control animals (Values are
expressed as mean ± S.D. for six animals)

Non-enzymic
antioxidants

Group I
Control

Group II
HCD

Group III
Lupeol alone

Group IV Lupeol
linoleate alone

Group V HCD +
lupeol

Group VI HCD +
lupeol linoleate

Reduced glutathione 15.93 ± 1.41 10.93 ± 1.04 a* 15.91 ± 1.39 15.99 ± 1.49 13.86 ± 1.14 a#b# 14.02 ± 1.42 a@b*

Vitamin C 1.91 ± 0.11 1.03 ± 0.12 a* 1.93 ± 0.16 1.94 ± 0.18 1.67 ± 0.13 a@b* 1.82 ± 0.17 b*

Vitamin E 1.23 ± 0.12 0.71 ± 0.06 a* 1.22 ± 0.12 1.24 ± 0.10 1.09 ± 0.10 a#b* 1.15 ± 0.09 b*

Non-enzymic antioxidants are expressed as: Reduced glutathione (GSH), ascorbate and a-tocopherol: lg/mg protein.
Comparisons are made as follows: a – between group I and groups II, V, VI; b – between group II and groups V, VI; c – between group V and group VI.
*, # and @ represents statistical significance at p< 0.001, p< 0.01 and p< 0.05, respectively.
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the present study, also showed increased LPO in the hepatic
tissue. Supplementation of lupeol and lupeol linoleate
caused a significant decrease in lipid peroxidation level. An
earlier report showed that the triterpene celastrol also has a
potent inhibitory effect against lipid peroxidation in liver
mitochondria [35].
Oxidative stress, defined as a disruption of the balance

between oxidative and antioxidative processes, plays an
important role in the pathogenesis of hypercholesterolemic
atherogenesis [36]. Oxygen free radicals (OFRs) are found
to be produced during hypercholesterolemic atherogenesis
[5]. Superoxide has been shown to play a major role in the
oxidative stress produced in the circulation during athero-
genesis. The increase in levels of OFRs could be due to their
overproduction and/or decreased destruction. Hepatic tissue
contains enzymes that contribute to the antioxidant defense
mechanism. In the present study, the decreased activities of
hepatic SOD, catalase and GPx were shown in high cho-
lesterol diet fed rats. The decreased activities of these
enzymes might be due to increased levels of OFRs. Trit-

erpenes treatment enhanced the activities of SOD, catalase
and GPx. Hence increase in catalase and GPx activities can
prevent damage by detoxifying reactive oxygen species. The
increased level of these enzymes in triterpenes treated ani-
mals may be due to the suppression of superoxide produc-
tion. According to Yamashita et al. [37] lupeol showed a
significantly suppressive effect on N-formyl-methionyl-
leucyl-phenylalanine and arachidonic acid induced
superoxide generation in human neutrophils. This effect
might be due to the –CH3 group present in the C-17 position
of lupeol structure.

Apart from enzymic antioxidants, non-enzymic antioxi-
dants play a vital role in protecting cells from oxidative
changes. GSH is one of the important antioxidant in living
systems, which is involved in numerous biochemical path-
ways within the cells. It also plays a key role in liver
detoxification reactions by maintaining the structural
integrity of cells and organelle membranes and its ability to
form conjugates with reactive xenobiotic metabolites [38].
Tocopherol, a known biological antioxidant, is concentrated

Fig. 1. Histopathological observation of liver tissue: (a) Group I: Control animal shows normal hepatic architecture; (b) Group II: HCD fed rats show marked
fatty changes of hepatocytes; (c, d) Group III and IV: lupeol and lupeol linoleate supplemented rats showing near normal hepatic architecture; (e) Group V:
lupeol treated hypercholestereolemic rats showing a partial reduction of fatty changes; (f) Group VI: lupeol linoleate-treated hypercholesterolemic rats showing
very occasional fatty globule in hepatocytes and almost normal architecture of liver. (H&E, 50·).
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in the hydrophobic interior of cell membranes. In addition to
protecting cellular structure from the attack of free radicals
[39], it also protects against ROS through the maintenance
of cellular protein thiol levels [40]. Ascorbic acid is the most
widely cited form of water-soluble antioxidant, which
prevents oxidative damage to the cell membrane induced by
aqueous radicals. It also reduces and regenerates oxidised
a-tocopherol and lipid peroxides [40]. With the downplay of
hepatic antioxidant systems, normal levels of antioxidant
molecules namely GSH, ascorbic acid and tocopherol were
restored in the treated groups. In an earlier work, the res-
toration of hepatic non-enzymic antioxidants by triterpenes
treatment was reported in cadmium-induced hepatotoxicity
[12].
Hypercholesterolemia induced hepatic abnormalities are

further confirmed by histopathological findings. In the
present study, hypercholesterolemic rats showed marked

fatty changes in the hepatocytes. Similar fatty changes have
been observed by investigators [41] in hepatic tissue of
hypercholesterolemic induced rats. Treatment with lupeol
showed partial reduction of fatty changes. Similarly occa-
sional fatty globules in hepatocytes and almost normal
architecture was seen in lupeol linoleate treated HCD fed
rats. Esterification of lupeol improved the efficiency of the
parent drug by increasing its bioavailability, penetration and
retention ability into the cell membrane [42]. This mecha-
nism may be cited here for the protection afforded by lupeol
linoleate.

Low density lipoprotein, a major cholesterol-carrying
lipoprotein fraction in human blood plasma, is known to be
a risk factor for the development of atherosclerosis [36] and
also were shown to accumulate within the arterial wall. It is
well established that increased level of LDL causes an
increased risk for atherosclerosis [43]. When apolipoprotein

Fig. 2. (a) Effect of lupeol and lupeol linoleate on controlling the in vitro susceptibility of lipoproteins peroxidation induced by copper ions in HCD fed rats.
Comparisons are made as follows: a – between group I and groups II, V, VI; b – between group II and groups V, VI; c – between group Vand group VI. *, # and@
represents statistical significance at p< 0.001, p< 0.01 and p< 0.05, respectively. (b) Inhibition ratio (%) of lupeol and its ester of copper induced lipoprotein
oxidation.
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B100, the major protein of circulating LDL, is chemically
modified with reagents that derivatize lysine, it is not rec-
ognized by LDL receptor. But it is taken up by the cells of
arterial wall, especially macrophages, in a non-regulatory
manner, through scavenger–receptor pathway. This process
leads to the formation of foam cells, the hallmark of ath-
erosclerotic lesion. Among other effects, intimal accumu-
lation of monocytes, macrophages-foam cell formation,
induction of endothelial dysfunction as well as the devel-
opment of atheromatous lesions are supposed actions of
modified LDL or in other words they are atleast supported
by its activity [44, 45]. LDL isolated from human and ani-
mal atherosclerotic lesion exhibits evidence of oxidative
damage [46]. Some of the factors that are likely to promote
LDL oxidation in the arterial wall are metal ions, lipoxy-
genase, reactive nitrogen species and myeloperoxidase [47].

Catalysis of oxidation by copper ions [48] and Fe2+ ions are
generally accepted and widely used for the determination of
oxidizability of LDL. In this test, the production of TBARS
is measured, which is often used for characterization of the
atherogenicity of LDL. The beneficial effects of cholesterol-
lowering drugs have mainly been related to their hypocho-
lesterolemic effects. However, the reduction of LDL
oxidation may provide an additional mechanism for
preventing the progression of atherosclerosis. The inhibition
ratio exerted by triterpenes strongly suggests a protective
effect on LDL oxidation, which may be due to their hypo-
cholesterolemic and antioxidant effects. It has been suggested
that the oxidation of lipids and proteins in lipoprotein, leads to
the impairment of lipid transport and to cell injury and
thereby contributes to the development of various diseases
[49]. Metal ions may be possible mediators of LPO [50]. It

Fig. 3. (a) Effect of lupeol and lupeol linoleate on controlling the in vitro susceptibility of lipoproteins peroxidation induced by Fenton’s reagent in HCD fed
rats. Comparisons are made as follows: a – between group I and groups II, V, VI; b – between group II and groups V, VI; c – between group Vand group VI. *,
# and @ represents statistical significance at p< 0.001, p< 0.01 and p< 0.05, respectively. (b) Inhibition ratio (%) of lupeol and its ester of Fenton’s reagent
induced lipoprotein oxidation.
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has been suggested that the triterpene celasterol acts as a very
potent inhibitor of ADP and Fe2+ induced LPO in mito-
chondria [9]. Andrikopoulos et al. [10] have found that lupeol
and other triterpenes protect against copper ions induced LDL
oxidation, performed in in vitro conditions.
In conclusion, the present findings emphasize that

administration of lupeol and lupeol linoleate play a positive
role, by suppressing the free radical production and pro-
tecting the hepatic tissue from lipemic-oxidative injury.
Further, the favorable effect of lupeol and lupeol linoleate
on in vitro lipoprotein peroxidation is presented. Triterpenes
with hypocholesterolemic, antioxidative and anti-inflam-
matory properties may protect against deleterious effects in
hypercholesterolemic atherogenesis. Of the two triterpenes
tested, lupeol linoleate appeared to be even more effective
than lupeol. Further studies are in progress to clarify the
mechanism underlying the protective role of triterpenes in
early stage of atherogenesis.
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