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Abstract

Background: Hyperlipidemia is a major cause for atherosclerosis which is a frontline cause for mortality in the
world. Bisflavonoids are dimeric flavonoids abundant in few medicinal herbs with various pharmacological effects.
However, in vivo anti-hyperlipidemic role of bisflavonoids (BFR) is limited. The present investigation is aimed to
study BFR from the leaf extract of Araucaria bidwillii Hook. in rat model of hyperlipidemia.

Results: Administration of HFD was significantly (p < 0.0001) shown to increase total cholesterol (TC), low-density
lipoprotein (LDL), and triglycerides (TG) associated with decrease in HDL. BFR at two doses significantly decreased
TC, LDL, and TG in HFD-fed rats. In addition, BFR significantly (p < 0.0001) decreased the MDA and significantly (p < 0.0001)
increased the impaired anti-oxidant enzyme SOD and CAT in heart tissue induced by HFD. Further, 28 days administration
of BFR significantly (p < 0.001) decreased HFD-induced aortic wall thickness.

Conclusion: It can be concluded that bisflavonoids from A. bidwillii Hook. leaf extract administered to high fat-fed rats
showed beneficial anti-hyperlipidemic effect by reducing lipid profiles and protecting the heart tissue from oxidative stress.
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Background
Hyperlipidemia is a condition in which there is an ele-
vated level of lipids and lipoproteins in the blood. It is a
frontline major cause for atherosclerosis associated with
morbidity and mortality in Asian countries [1]. Epi-
demiological studies have clearly emphasized that the
significant role of circulation bad cholesterol including
low-density lipoprotein (LDL) is associated with athero-
sclerosis [2, 3]. Consumption of high-fat diets, living sed-
entary lifestyle, and lack of exercise are important
factors in the pathogenesis and progression of coronary
artery disease [4]. Medicinal plant extracts and their

bioactive constituents have been shown to possess vari-
ous biological effects. In particular, polyphenolic phyto-
constituents such as flavonoids and flavones have been
shown to possess anti-hyperlipidemia potential in
in vitro and in vivo experiments [5–7]. In particular,
mono-flavonoids from plant extracts have been shown
to inhibit oxidation of LDL and reduce triglyceride level
in high-fat diet-induced hyperlipidemia [8, 9]. The anti-
atherogenic effect of mono-flavonoids such as quercetin,
resveratrol, and naringenin has shown the reduction of
atherosclerotic plaques in rodent model of hyperlipid-
emia and atherosclerosis [10–12]. On the contrary, bis-
flavanoids are dimeric species of flavonoids which occur
quite abundantly in some plant species. For example, the
genus Hypericum contains amentoflavone which is
known for various pharmacological properties [13]. The
plant genus Araucaria belongs to the Araucariaceae
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family and traditionally has been used for amenorrhea
[14]. It has a rich source of bisflavanoids which have
been isolated and characterized earlier [15, 16]. The leaf
extract of Araucaria bidwillii Hook. has been shown to
possess analgesic and anti-inflammatory effect [17] and
cytotoxic effect against various cancer cell lines [18].
Our previous investigation on bisflavonoids separated
from the ethyl acetate fraction has shown neuroprotec-
tive effect through anti-oxidant mechanism in rat model
of oxidative stress [19]. There is no investigation regard-
ing anti-hyperlipidemic effect of bisflavanoids from
Araucaria bidwillii Hook. leaves which have been re-
ported. Therefore, the evaluation of anti-hyperlipidemic
potential of bisflavonoids fraction may have a value-
added biological effect and it may have a source for nat-
ural anti-hyperlipidemic and nutraceutical. This present
investigation was aimed to investigate the anti-
hyperlipidemic effect of bisflavonoids separated from the
plant Araucaria bidwillii Hook., in high-fat diet-induced
hyperlipidemia in rats.

Methods
Chemicals
Adrenaline bitartrate, thiobarbituric acid (TBA), and
atorvastatin were from Sigma-Aldrich Co., MO, USA.
Cholesterol and egg yolk powder were purchased from
Hi Media Laboratories, Mumbai. The organic solvents,
chemicals, and reagents were purchased from HIME
DIA, Mumbai.

Plant collection and authentication
Fresh Araucaria bidwillii Hook. leaves were collected
and authenticated from Government Botanical Garden,
Udhagamandalam, India. It was authenticated by Botan-
ical Survey of India, Coimbatore, Tamil Nadu. A vou-
cher specimen (VCP/PCOL/2008-02) of this plant
material has been retained in our school for further
reference.

Extraction of Araucaria bidwillii leaves
The shed dried leaves weighing around 1 kg were
coarsely powdered and macerated with 95% v/v of etha-
nol. The extract was evaporated by rotary vacuum evap-
orator and freeze-dried. Percentage yield of the alcoholic
extract was found to be 25.5% w/w.

Separation of bisflavanoids’ fraction
The separation of bisflavanoids (BFR) was carried out by
previously described method [15, 16]. The resultant al-
coholic extract was successively reflexing with hexane,
dichloromethane, and ethyl acetate until the appearance
of colorless solvents. The resultant residue was washed
with boiling water, and the final insoluble yellow residue

was dissolved in ethanol which showed confirmative test
for flavonoids.

Isolation of bisflavonoids by column chromatography
The concentrated bisflavonoids’ fraction (1 g) was sub-
jected to column chromatography over silica gel column
and eluted with gradients of n-hexane and ethyl EtOAc
system with increasing proportion to get 72 fractions.
Fraction 26-45 with similar Rf value were labelled as frac-
tion A and its was evoparated under pressure to obtain
compound 1. Fractions 50–63 with similar Rf value were
labeled as fraction B which was evaporated which yield
compound 2 (33mg). The spectral data of compounds 1
and 2 were compared with published literature [15, 16].

Preparation of high-fat diet and induction of
atherosclerosis in rats
The modified high-fat diet was freshly prepared as per the
method [20]. The diet contains wheat powder (50 g/100
g), yellow corn (10 g/100 g), barley powder (1 g/100 g),
skimmed milk power (20 g/100 g), calcium chloride (4 g/
100 g), salt (1 g/100 g), oil (7 g/100 g), egg yolk powder (6
g/100 g), and vitamin B12 (1 g/100 g). Thirty male
Sprague-Dawley rats about 150–200 g were divided into
five groups. Group I rats were the control group and were
fed with normal pellet chow ad libitum. Group II rats were
fed with HFD. Group III rats were fed with HFD and BFR
100mg/kg per oral route. Group IV rats were fed with
high-fat diet and BFR 200mg/kg per oral route. The two
doses of BFR (100 and 200mg/kg) were chosen based on
our previous per oral toxicity studies and the effect of BFR
in rat model of oxidative stress model [19]. Group V rats
were fed with high-fat diet and atorvastatin 5mg/kg per
oral route. The high-fat diet and drugs were administered
for 28 days ad libitum. Experiments on animals were per-
formed based on animal ethics guidelines of IAEC (290/
CPCSEA/12.12.2000/PH07).

Body weight measurement
The body weight of the rats was measured on the 1st,
7th, 14th, 21st, and 28th day using animal weighing
scale.

Biochemical estimation
At the end of the experiment, rats were sacrificed by
carbon dioxide euthanasia, 2 ml blood was collected
from cardiac puncture, and serum was separated and
assayed for lipid profile using standard biochemical
(Randox Laboratory) assay kit.

Measurement of oxidative stress and anti-oxidant
markers
Rat heart was collected for estimation of oxidative stress
enzymes and anti-oxidants. Rat heart was homogenized
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with RIPA buffer (50 mM pH 7.8). The homogenate was
divided into two equal volumes. The first volume of the
homogenate was centrifuged at 1000 rpm (REMI CM-
12) at 4 °C, and the supernatant was divided into two
equal volumes. The first portion of the supernatant was
used for malonaldehyde assay. The remaining super-
natant was used for anti-oxidant marker assay after cen-
trifuging at 12,000 rpm (REMI CM-12) at 4 °C for 15
min. Protein was assayed by established method [21].

Assay of malonaldehyde
Malonaldehyde (MDA) was measured by already estab-
lished method [22]. 0.1 ml of tissue homogenate was
mixed with 20% acetic acid (1.5 ml), thiobarbituric acid,
and sodium dodecyl sulphate (0.2 ml). It was heated at
100 °C for 60 min and cooled. Further, it was mixed with
n-butanol-pyridine-water mixture and centrifuged. The
organic layer was withdrawn, and absorbance was mea-
sured at 532 nm.

Assay of superoxide dismutase
Superoxide dismutase (SOD) was assayed by standard
protocol [23]. Sodium carbonate (2.8ml of 0.05mM buf-
fer), 100 μl of EDTA, and 20 μl of tissue homogenate were
incubated at 30 °C for 45min. Adrenaline (100 μl) was
added, and absorbance was read at 480 nm for 8–12 min.

Assay of catalase
Catalase (CAT) assay, 2.25ml of phosphate buffer (65
mM), and 100 μl of homogenate were incubated at 25 °C
for 30min. 0.650ml of hydrogen peroxide was mixed with
homogenate, and the absorption was read at 240 nm [24].

Histology of aorta
At the end of the experiment, about 1 cm of rat aorta
was transferred into buffer neutral formalin. The tissue
was fixed for 24 h and dehydrated with gradient alcohol,
made transparent with xylene solution. The tissue was
blocked with paraffin, and sections of 5–10 μm thickness
were prepared. The sections were then dewaxed with xy-
lene, sequentially exposed to high-to-low concentration
of alcohol, washed with distilled water, hematoxylin and
eosin stained, dehydrated, made transparent, and fixed.
The aortic wall thickness was observed under a micro-
scope [25].

Statistical analysis
Data were expressed as mean ± SD. Data in each group
were analyzed by two-way ANOVA (body weight param-
eter) as well as one-way ANOVA followed by post hoc
analysis—Tukey’s multiple comparison test using Graph-
Pad Prism statistical software, USA. p < 0.05 is consid-
ered as statistically significant.

Fig. 1 TLC of crude fraction of BFR
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Results
Phytochemical analysis of bisflavonoids
The TLC of the bisflavonoids’ crude fraction was carried out
using toluene–ethyl acetate–formic acid (4:5:1) (Fig. 1). The
TLC plate was developed with natural product-polyethylene
glycol reagent. The results from TLC plate for BFR revealed
the presence of various spots with different Rf values. The Rf

values (0.16 to 0.61) were compared with the earlier literature
reported with various bisflavonoids [19]. The spectral data of
compound 1 (methylcupressuflavone) is yellow crystalline
powder with m/z which was 570.52 (M, 100). IR: 3247.23,
2948.17, 2802.22, 1792.45, 1673.34, 1600.71–1720.31, 1282.63,
1158.62, 917.54, and 724.33. NMR: 13.40–13.24 (2H, s), 9.22–
9.51 (H, d), 7.53–7.63 (2H, q), 6.83–6.89 (2H, t), 6.74–6.53 (H,
m), 3.33–3.95 (H, m), and 2.15–2.91 (m, benzylic CH). Com-
pound 2 (tetrahydroamentoflavone) is pale yellow amorphous
powder with m/z 542.41 (M, 100%). IR: 3275.61, 2902.32,
1880.62, 1603.29–1880.62, 1251.14, 1158.68, 1158.69, and
741.64. NMR: 12.38–12.17 (H, s), 10.80 (H, s), 7.33–7.35 (2H,
d), 7.20–7.32 (2H, d), 6.82–6.85 (2H, d), 5.88 (H, s), 3.91-4.06
(H, m), and 3.11–3.36 (m, benzylic CH).

Effect of ATSN and BFR on body weight
Effect of ATSN and BFR on body weight and lipid pro-
file of the normal diet- and high-fat diet-treated rats is
shown in Figs. 2 and 3a–d. HFD administration did not
affect the body weight significantly. However, reduced
body weight was observed in the BFR (200 mg/kg)-
treated HFD group at 21st (p < 0.01) and 28th (p <
0.001) days.

Effect of ATSN and BFR on lipid profile
High-fat diet administration had significantly (p < 0.01)
increased the total cholesterol (TC) and triglyceride

(TG) level indicating hypercholesterolemia and hypertri-
glyceridemia in rats compared with normal TC and TG
level in the control group (Fig. 3a, b). Anti-
hyperlipidemic effect was observed in the HFD and BFR
treatment group as evidenced by significant decrease (p
< 0.05) in TC, TG, and low-density lipoprotein (LDL)
level compared with the high-fat diet-treated group. The
effect of BFR in decreasing elevated lipid profile was
dose dependent (Fig. 3a–c).
In addition, there was a significant decrease (p < 0.05)

in high-density lipoprotein (HDL) in high-fat diet-fed
rats than the normal diet-fed control group. BFR admin-
istration at the dose of 200 mg/kg significantly (p < 0.05)
increased the HDL level as compared with HFD-fed rats.
ASTN administration also showed a significant (p <
0.05) effect on lipid profiles in decreasing TC, TG, and
LDL and (p < 0.01) increasing HDL of the high-fat diet-
given rats compared with the high fat-treated control
group (Fig. 3d).

Effect of ATSN and BFR on MDA and anti-oxidant
enzymes
Effect of ATSN and BFR on MDA level in the heart of
HFD-fed rats is shown in Figs. 4, 5, and 6. High-fat diet
administration had significantly (p < 0.0001) elevated the
rat heart MDA level pointing oxidative stress due hyper-
lipidemia. BFR significantly reversed (p < 0.001) the ele-
vated MDA level in the HFD-treated group compared
with the normal diet-treated group. Likewise, ATSN at
the dose of 5 mg/kg has shown a significant decrease (p
< 0.0001) in MDA level as compared with the high fat-
treated control group. As shown in Fig. 5, significantly
(p < 0.0001) decreased SOD level was observed in high-
fat diet-administered rats. BFR administration

Fig. 2 Effect of BFR and ATSN in body weight of high-fat diet-fed rats. Data were expressed as mean ± SD. Comparison made between HFD vs
control and HFD + ATSN vs HFD group, HFD + BFR vs HFD. Statistical significance at *p < 0.05 and **p < 0.01
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significantly (p < 0.001) elevated the anti-oxidant SOD
level; the anti-oxidant effect of BFR was dose dependent.
In addition, ATSN (p < 0.001) for 28 days to HFD-fed
rats showed a significant increase in SOD level com-
pared with the high fat-treated control group. Likewise,
rats that were ingested with high-fat meal showed a sig-
nificant decrease (p < 0.0001) in catalase compared with
the control group treated rats fed with normal diet. Ad-
ministration of ATSN and BFR significantly (p < 0.0001)
increased the CAT level compared with high-fat diet rat
fed CAT level.

Histopathological examination of rat aorta
Histopathological examination of high fat-fed rat aorta
showed the accumulation of atheromatous plaque in
subendothelial portion of the aorta as compared to nor-
mal diet-fed rat aorta (Fig. 7). There is a significant
increase in aortic thickness (p < 0.0001) in the HFD-
treated group (Fig. 8b) when compared with the normal
feed-fed group (Fig. 8a). Administration of BFR at 200
mg (Fig. 8d) significantly (p < 0.05) reduced the high-fat
diet-induced aortic thickness when compared with the
high-fat diet-fed rat group (Fig. 8b).

Discussion
Herbal extracts with various bioactive phytoconstituents
have been shown to exert beneficial role in reversing
hyperlipidemia-induced oxidative stress [26]. Consump-
tion of high-fat diet can cause hyperlipidemia which is a
common cause for atherosclerosis, and prevalence of
atherosclerosis in young adults has been increased in de-
veloping countries [27]. The A. bidwilli Hook. leaf ex-
tract has been used traditionally for various illnesses
associated with oxidative stress. Our previous work on
comparative free radical scavenging ability and in vivo
neuroprotective effect of bisflavonoid-rich fraction in
rat model of oxidative stress confirmed the in vitro and

Fig. 3 a Effect of BFR and ATSN in total cholesterol level of the
high-fat diet-fed rats. Data were expressed as mean ± SD.
Comparison made between HFD vs control and HFD + ATSN vs
HFD group, HFD + BFR vs HFD. Statistical significance at #p < 0.05
and **p < 0.01. b Effect of BFR and ATSN in low-density lipoprotein
(LDL) level of the high-fat diet-fed rats. Data were expressed as
mean ± SD. Comparison made between HFD vs control and HFD +
ATSN vs HFD group, HFD + BFR vs HFD. Statistical significance at #p
< 0.05, @@p < 0.01, and **p < 0.01. c Effect of BFR and ATSN in
triglyceride (TG) level of the high-fat diet-fed rats. Data were
expressed as mean ± SD. Comparison made between HFD vs
control and HFD + ATSN vs HFD group, HFD + BFR vs HFD.
Statistical significance at #p < 0.05, @@p < 0.01 and **p < 0.01. d
Effect of BFR and ATSN in high-density lipoprotein (HDL) level of the
high-fat diet-fed rats. Data were expressed as mean ± SD.
Comparison made between HFD vs control and HFD + ATSN vs
HFD group, HFD + BFR vs HFD. Statistical significance at #p < 0.05
and @@p < 0.01
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in vivo bioactivity of the fraction. This prompted us to
investigate the effect of crude bisflavonoids’ fraction in
experimentally induced hyperlipidemia. In this study,
rats fed with atherogenic diet for 4 weeks continuously re-
sulted in impaired lipid profile. This is due to altered
transport and metabolism of total cholesterol and triglyc-
erides in the rat plasma. It has been shown by various

authors that the replacement of normal diet with high-fat
diet to rats develops hyperlipidemia [28, 29]. On the other
hand, atheromatous plaque deposition in the rat aorta is
due to supplementation of atherogenic diet continuously
for 4 weeks and altered blood lipoprotein profiles. Previ-
ous studies have shown that significant increase in body
fat composition in rats was associated with high-fat diet

Fig. 5 Effect of BFR and ATSN in heart SOD level of high-fat diet-fed rats. Data were expressed as mean ± SD. Comparison made between
HFD vs control and HFD + ATSN vs HFD group, HFD + BFR vs HFD. Statistical significance at $p < 0.05, ##p < 0.001, and ***p < 0.001

Fig. 4 Effect of BFR and ATSN in rat heart MDA level of high-fat diet-fed rats. Data were expressed as mean ± SD. Comparison made between
HFD vs control and HFD + ATSN vs HFD group, HFD + BFR vs HFD. Statistical significance at ****,@@@@p < 0.0001 and $$$p < 0.001
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consumption in rats [30, 31]. However, our results showed
that high fat did not affect the body weight through the
entire period of high-fat diet administration. This insig-
nificant body weight change may be due to duration of
high-fat diet administration. Interestingly, the BFR-treated
group had shown decreased body weight at the 21st and
28th day which suggests the possible interaction of BFR in
exogenous absorption, transport, and storage of excess

cholesterol and free fatty acids derived from atherogenic
diet.
It is well known that plant-derived bioflavonoids with

special reference to mono-flavonoids and flavones ex-
hibit anti-hyperlipidemic effect in in vivo and in vitro
model, and the beneficial effect of flavonoids on choles-
terol transport, LDL, and HDL metabolism has been
reviewed recently [32]. The mono-flavones like

Fig. 6 Effect of BFR and ATSN in heart catalase level of high-fat diet-fed rat. Data were expressed as mean ± SD. Comparison made between HFD
vs control and HFD + ATSN vs HFD group, HFD + BFR vs HFD. Statistical significance at @@@,***,$$$p < 0.001

Fig. 7 Effect of BFR and ATSN in aortic wall thickness of high-fat diet-fed rats. Data were expressed as mean ± SD. Comparison made between
HFD vs control and HFD + ATSN vs HFD group, HFD + BFR vs HFD. Statistical significance at @@p < 0.01 and ***,###p < 0.001
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hesperetin and naringenin have been shown to affect
cholesterol metabolism by inhibiting endogenous path-
way by affecting hepatic production of apo B containing
VLDL and LDL in vitro [33–35] and in vivo [36]. In an-
other study, catechins have been shown to facilitate the
LDL receptor binding activity in HepG2 cell lines through
upregulation of sterol regulated element binding protein
(SREBP-1) [37]. It has been reported that mono-
flavonoids from various medicinal plants affect the lipo-
protein lipase (LPL) activity in muscle and adipose tissue
of mice and thereby inhibit the conversion and deposition
of triglycerides in tissues [38, 39]. The bisflavanoids of
Garcinia kola seed namely kolavarin A and B showed hy-
polipidemic effect in the experimental rat model of hyper-
lipidemia [40, 41]. The observed anti-hyperlipidemic
potential of bisflavonoids’ (BFR) fraction may be attributed
to reduce the lipid absorption from intestine or increase
the hepatic metabolism and clearance of lipoproteins.
It is well known that increase in blood cholesterol and

triglycerides can generate reactive oxygen species (ROS)
[42]. Further, increased LDL-C is associated with oxida-
tive modification of LDL, overproduction of lipid peroxi-
dation, and oxidative stress [43]. Increased MDA and
decreased anti-oxidant enzymes in rat heart confirm the
oxidative stress, and this impaired anti-oxidant defense
was remarkably reversed by BFR which may be attrib-
uted to direct scavenging of lipid peroxidation product.
The anti-lipid peroxidation mechanism of flavonol
through glycoside linkage [44] and interaction of agly-
cone moiety [45, 46] have been reported. The impaired
anti-oxidant enzymes such as SOD and CAT were cor-
rected by BFR suggesting in vivo anti-oxidant enhancing
capacity of BFR in high-fat diet-induced oxidative stress.

This in vivo anti-lipid peroxidation and anti-oxidant ef-
fect was aligned with the neuroprotective potential of
BFR in the rat brain following bilateral common carotid
artery occlusion-induced oxidative stress. Furthermore,
the histopathological investigation of rat aorta showed
that attenuation of atheromatous plaque deposition in
high-fat diet-fed rats suggests anti-atherogenic effect.
Results from our study showed that the per oral admin-
istration bisflavonoids’ fraction from A. bidwilli Hook.
leaf extract had reversed the atherogenic diet-induced
hypercholesterolemia and hypertriglyceridemia in rats.
This effect was associated with attenuation of oxidative
stress and atherosclerosis by decreased deposition of
atheromatous plaque in rat aorta and increased anti-
oxidant profiles in the plasma. The anti-hyperlipidemic
effect of BFR is may be due to its putative role in ex-
ogenous transport of the dietary lipids and inhibition of
LDL oxidation and anti-oxidant effect in in vivo.

Conclusion
It can be concluded that bisflavonoids’ fraction from A.
bidwillii Hook. leaf extract administered to high fat-fed
rats showed anti-hyperlipidemic effect by reducing blood
cholesterol, triglycerides, and LDL level and protecting
the heart tissue from oxidative stress.
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