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Introduction

Hyperlipidemia is an important risk factor in the ini-
tiation and progression of atherosclerotic lesions 
(Harrison et al., 2003) and considered as a predispos-
ing factor in the development of cardiovascular dis-
ease (Smith et  al., 2004). The Lipid Research Clinics 
Program and the Helsinki Heart Study have clearly 
demonstrated that when plasma lipids are lowered by 
hypocholesterolemic agents, the clinical complications 
of atherosclerosis can be diminished (Warnica, 2004). 
In obesity, increased visceral fat mass and insulin resis-
tance occurs together and statistics show that 60–90% of 
all patients with type-2 diabetes are obese (Camp et al., 
2002; Golay & Ybarra, 2005). Furthermore, the preva-
lence of obesity is increasing along with the demand for 
effective and safe anti-obesity agents, including herbal 
medicinal products (Sung et  al., 2009). The search for 

new agents capable of reducing and regulating serum 
total cholesterol (TC) and triglyceride (Tg) levels has 
gained momentum over the years, resulting in numer-
ous reports on significant activities of natural agents 
(Jahromi et al., 1993). Traditional medicine is still the 
mainstay of about 75–80% of the world population, 
mainly in the developing countries. India, having a very 
old and rich tradition of folk medicine for centuries, has 
provided effective remedies in a simple way to various 
ailments.

Ichnocarpus frutescens (L.) R.Br. (Apocynaceae) is a 
profusely branched straggling shrub with oblong leaves 
distributed commonly in scrub jungles of South-East 
Asia up to 1100 MSL; it is a ready colonizer on cleared 
slopes (Matthew, 1991). The vernacular names of this 
plant are “Udarkodi” in Tamil and “Krsnasariba” in 
Sanskrit (Sivarajan & Balachandran, 1994). The leaves of 
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this plant contain apigenin, luteolin, vitexin, isovitexin, 
vanilic, syringic, sinapic acids (Daniel & Sabnis, 1978), 
triterpene, and glycosides (Minocha & Tandon, 1980). 
The stem contains friedelin, friedelinol, lupeol acetate, 
and oleonolic acid (Verma & Gupta, 1988). The roots 
are used as a diuretic and diaphoretic (Nadkarni, 1964). 
The whole plant is used to treat burning sensation, fever, 
nephrolithiasis, leprosy, and general weakness (Warrier 
et  al., 1995). The Siddis of Uttara Kannada district of 
Karnataka, India (Bhandary et al., 1995) and the tribals of 
Madhya Pradesh, India (Yousuf et al., 2004) use the flow-
ers and roots to treat diabetes. The antidiabetic effect of 
the aqueous extract of the roots (Barik et al., 2008) and 
the methanol extract of the leaves (Subash et  al., 2008) 
were reported. Since, there are only very few reports 
available on the antihyperlipidemic effect of this plant, 
we have considered it worth investigating.

Materials and methods

Plant material and bioassay-guided fractionation of 
the active crude extract
Leaves of I. frutescens were collected in Chennai, Tamil 
Nadu. The plant material was authenticated by the tax-
onomist at the Department of Botany, Loyola College, 
Chennai, Tamil Nadu, India. A voucher specimen (ERIS-
2) was deposited in the herbarium of the Entomology 
Research Institute.

Fresh leaves of I. frutescens (6 kg) were ground, 
extracted with methanol (18 L) by cold percolation, 
and concentrated under vacuum. The crude methanol 
extract was separated as hot water soluble (180 g) and 
hot water insoluble (35 g) parts. The hot water insolu-
ble part (26 g) which showed activity was fractionated 
in silica gel column (60–120 mesh; RANKEM, New 
Delhi, India) with hexane (4.6 L), benzene (4 L), ethyl 
acetate (10.4 L), acetone (11.8 L), and methanol (2.8 L); 
the yields were 3, 7.6, 42.3, 23, and 20%, respectively. 
The active acetone (6 g) fraction was subfractionated 
in silica gel column with 100% chloroform (no eluate 
obtained), methanol: chloroform at 1:3 (fraction 1), 
methanol: chloroform at 1:1 (fraction 2), and 100% 
methanol (fraction 3); the yield of the fractions were 70, 
3.3, and 6.6%, respectively (Kasetti et al., 2010; Sheeja 
et al., 2010).

Experimental animals
Male albino rats (n=6) Wistar strain weighing 160–180 g 
and male mice Swiss albino (n=6) weighing 30 ± 1 g 
were kept in polypropylene cages with free access to 
standard pellet diet (Pranav Agro Industries Ltd., Pune, 
Maharashtra, India) and water. Their housing was main-
tained at a temperature of 24 ± 1°C with a 12-h light/
dark cycle and the humidity of 55 ± 10%. This study 
received clearance from the Institutional Animal Ethical 
Committee (IAEC-ERI-LC-16) following Committee for 
the Purpose of Control and Supervision of Experiments 
on Animals guidelines.

Fixation of doses
Toxic effect of the crude methanol extract was tested 
at 1, 2, and 4 g/kg (Roux et  al., 2004) in normal male 
mice weighing 30 ± 5 g. Each group containing six ani-
mals were deprived of food and water; then they were 
treated orally with the extract dissolved in a vehicle (0.2% 
polysorbate-80, 0.5% sodium carboxy methyl cellulose, 
0.9% sodium chloride, 0.9% benzyl alcohol, and 97.2% 
distilled water) (Lee, 2001). Behavioral alterations such 
as tremor, convulsions, jumping, respiration, loss of bal-
ance, pupil dilation, salivation, sedation, and rolling gait 
were observed periodically for 48 h. No adverse effects 
or mortality was observed; hence, dose ranges of 100–
400 mg/kg were used for bioassays (Oliveira et al., 2008).

Triton WR-1339-induced hyperlipidemic animals
Acute hyperlipidemia was induced in male Wistar rats 
weighing 180–200 g, by injecting triton WR-1339 (Sigma) 
(200 mg/kg bw, i.p) dissolved in phosphate-buffered 
saline (pH 7.4) (Vogel & Vogel, 1997). Throughout the 
study, the animals had free access to feed and water 
(Levine & Saltzman, 2007). The animals were divided 
into six groups, containing six each. Hyperlipidemia was 
induced in Groups II to VI. Group I served as normal 
control, treated with vehicle; Group II served as triton 
WR-1339 control, treated with vehicle; Group III served 
as positive control, treated with fenofibrate (65 mg/kg) 
(Harnafi et al., 2007); and Groups IV to VI were treated 
with methanol extract at 100, 200, and 400 mg/kg, respec-
tively. Treatment was given orally immediately after triton 
WR-1339 injection. Blood samples were collected from 
retro-orbital sinus after 18 h of treatment in ethylenedi-
aminetetraacetic acid (EDTA) containing tubes; plasma 
was separated and stored at −18°C until determination.

Male mice Swiss albino weighing 30 ± 1 g were rendered 
hyperlipidemic by injecting triton WR-1339 (400 mg/
kg bw, i.p) (Weidong et al., 2007) in phosphate-buffered 
saline (pH 7.4). Immediately after induction, the treat-
ment was given with vehicle/fractions (100 and 200 mg/
kg) and fenofibrate (200 mg/kg) (Xie et al., 2007). Animals 
were euthanized after 18 h of triton WR-1339 injection and 
blood was collected in EDTA-containing tubes; plasma 
was separated and stored at −18°C until determination.

High-fat diet induced hyperlipidemic animals
Male Wistar rats weighing 150–170 g, were made hyper-
lipidemic by being fed on high-fat diet (HFD) [composed 
of standard rat chow-68%, Dalda (saturated fat)-30%, 
and cholesterol-2% by weight] (Guido & Joseph, 1992) for 
15 days. The animals were divided into five groups, contain-
ing six each. HFD was fed to Groups II to V. Group I served 
as normal control fed with normal pellet diet, treated 
with vehicle; Group II served as HFD control, treated 
with vehicle; Group III served as positive control, treated 
with fenofibrate (65 mg/kg); Group IV and V were treated 
with methanol extract at 200 and 400 mg/kg, respectively. 
Treatment was given orally between 12.00 noon and 2.00 
p.m., once daily for 15 days. At the end of the study, animals 
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were fasted overnight and sacrificed between 9.00 a.m. and 
11.00 a.m. to minimize diurnal variations. Blood was col-
lected in EDTA-containing tubes. Liver samples were sliced 
quickly, snap-frozen in liquid N

2
 and stored at −70°C.

Fat excretion in feces of mice
Male mice (3 weeks old) were fed HFD or HFD contain-
ing 1 or 3% fraction 3, or 0.025% orlistat for 5 days. Wet 
weight and Tg content in the feces obtained after 24 h were 
recorded using the commercial Tg test kit (Li et al., 2005).

Plasma Tg levels after oral administration of lipid 
emulsion to rats

Male Wistar rats weighing 150–160 g were fasted over-
night and treated orally with the lipid emulsion (1 mL) 
plus fraction 3 (200 mg/kg bw) or the lipid emulsion plus 
orlistat (45 mg/kg bw). Lipid emulsion consisted of 6 mL 
of corn oil, 80 mg of cholic acid, 2 mg of cholesteryloleate, 
and 6 mL of saline. Blood samples were taken from the 
tail vein at 0, 0.5, 1, 2, 3, and 4 h after administration of the 
lipid emulsion with or without fraction 3 or orlistat using 
a capillary tube, and centrifuged at 5500g for 5 min. The 
plasma Tg concentration was determined using a com-
mercial triacylglycerol assay kit (Kwon et al., 2003).

Biochemical analysis
TC and Tg levels were estimated by CHOD-PAP and GPO-
POD methods (Ecoline, Merck, Mumbai, Maharashtra, 
India), respectively. High-density lipoprotein cholesterol 
(HDL-C) level was estimated by CHOD-PAP method after 

precipitation with phosphotungstic acid. Low-density 
lipoprotein cholesterol (LDL-C) level was calculated using 
the formula of Friedwald et al. (1972). Plasma lipoperoxide 
level was estimated by TBA-reacting method (Slater, 1984). 
Total lipids in liver were extracted by the method of Folch 
et al. (1957). TC and Tg in the liver extract were estimated by 
the method of Henley (1957) and Foster and Dunn (1973), 
respectively. Retroperitoneal fat pads were removed, 
weighed and expressed in percent of the body weight.

Statistical analysis
Statistical evaluation of the data was done by one-way 
analysis of variance followed by the Student’s t-test. The 
results were expressed as mean ± SEM using Graph Pad 
Prism (version 5.0). Statistical significance was defined at 
p ≤ 0.05.

Results

Preliminary phytochemical analysis
The preliminary phytochemical analysis of the methanol 
extract and bioassay-guided fractions of I. frutescens were 
shown in Chart 1.

Methanol extract in triton WR-1339-induced animals
Acute administration of triton WR-1339 showed a marked 
increase in plasma levels of TC and Tg compared to 
normal control group. Treatment with methanol extract 
caused significant decrease in TC level by 14.26, 24.52, 
and 29.63% at 100, 200, and 400 mg/kg, respectively, and 

I. frutescens fresh leaves (6 kg)

Methanol extraction (18 L)
(steroids, terpenoids, saponins,

carbohydrates, phenolic compounds)

Hot water insoluble (26 g)
(Active)

(steroids, terpenoids, carbohydrates,
saponins, phenolic compounds)

Hot water insoluble (180 g)
(carbohydrates, saponins)

Hexane
fraction (800 mg)
(steroids, terpenoids)

Chloroform
100%

Methanol 100% &
(400 mg) (Active)
(Fraction 3)
(quinones, saponins)

Chloroform 50% &
Methanol 50%
(200 mg) (Fraction 2)
(phenolic compounds)

Chloroform 75% &
Methanol 25%
(4.2 g) (Fraction 1)
(phenolic compounds)

Methanol
fraction (5.2 g)
(carbohydrates,
phenolic compounds,
saponins)

Acetone
fraction (6 g)
(Active)
(phenolic compounds,
saponins, quinones)

Ethyl acetate
fraction (11 g)
(phenolic compounds,
terpenoids, chlorophyll)

Benzene
fraction (2 g)
(steroids,
terpenoids, wax)

Chart 1.  Schematic representation of bioassay-guided fractionation of methanol extract of Ichnocarpus frutescens.
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in Tg level by 24.63, 45.33, and 51.10% at 100, 200, and 
400 mg/kg, respectively. The fenofibrate-treated group 
had shown reduced levels of TC and Tg by 51.56 and 
72.34%, respectively, at 65 mg/kg (Figure 1).

Fraction 3 in triton WR-1339-induced animals
The active methanol extract was separated into hot water 
soluble and hot water insoluble parts. The hot water 
insoluble part, with significant antihyperlipidemic effect 
(Figure 2), was separated into hexane, benzene, ethyl ace-
tate, acetone, and methanol fractions. The acetone frac-
tion with significant antihyperlipidemic effect (Figure 3) 
was subfractionated; among the three fractions obtained, 
fraction 3 exhibited significant reduction in TC (19.84 and 
25.03% at 100 and 200 mg/kg) and in Tg (53.30 and 58.05% 
at 100 and 200 mg/kg). LDL-C level was reduced by 29.26 
and 34.51% at 100 and 200 mg/kg, respectively; a signifi-
cant increase in HDL-C/TC ratio by 24.39 and 29.26% at 
100 and 200 mg/kg, respectively was also seen. The feno-
fibrate-treated group had shown significant reduction 
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Figure 3.  Effect of fractions of Ichnocarpus frutescens and 
fenofibrate on plasma lipid levels in triton induced hyperlipidemic 
rats. Values are mean ± SEM of six rats *p ≤ 0.01, **p ≤ 0.001. 
Normal control (Group 1), hyperlipidemic control (Group 2), 
hyperlipidemic + fenofibrate 200 mg/kg treated (Group 3), 
hyperlipidemic + hexane fraction 200 mg/kg treated (Group 4), 
hyperlipidemic + benzene fraction 200 mg/kg treated (Group 5), 
and hyperlipidemic + ethyl acetate fraction 200 mg/kg treated 
(Group 6), hyperlipidemic + acetone fraction 200 mg/kg treated 
(Group 7), hyperlipidemic + methanol fraction 200 mg/kg treated 
(Group 8).

Table 1.  Effect of the methanol extract of I. frutescens on plasma lipid levels of high-fat diet induced hyperlipidemic rats.
Parameters Total Cholesterol (mg/dL) Triglycerides (mg/dL) LDL cholesterol (mg/dL) HDL cholesterol (mg/dL)
Normal control 94.03 ± 5.92 102.07 ± 1.36 48.07 ± 7.06 39.96 ± 0.74
HFD control 181.31 ± 4.05 432.58 ± 46.28 161.95 ± 5.11 18.96 ± 1.00
Fenofibrate (65 mg/kg bw) 116.02 ± 2.58** 226.66 ± 35.64* 81.12 ± 3.22** 32.88 ± 0.93**
Methanol extract  
(200 mg/kg bw)

142.80 ± 0.27** 280.84 ± 7.74* 116.14 ± 3.36** 26.27 ± 0.56**

Methanol extract  
(400 mg/kg bw)

130.88 ± 1.02** 272.37 ± 2.02* 101.49 ± 0.54** 28.18 ± 0.66**

All values represent mean ± SEM for six animals.
*(p ≤ 0.05) Values deviate significantly from the HFD control values.
**(P ≤ 0.005) Values deviate very significantly from the HFD control values.
HDL, high-density lipoprotein; HFD, high-fat diet; LDL, low-density lipoprotein.
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Figure 2.  Effect of hot water soluble and hot water insoluble parts 
of methanol extract and fenofibrate on plasma lipid levels in 
triton-induced hyperlipidemic rats. Values are mean ± SEM of six 
rats **p ≤ 0.001. Normal control (Group 1), hyperlipidemic control 
(Group 2), hyperlipidemic + fenofibrate 200 mg/kg treated (Group 
3), hyperlipidemic + hot water soluble part 200 mg/kg treated 
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Figure 1.  Effect of Ichnocarpus frutescens methanol extract 
and fenofibrate on plasma lipid levels in triton induced 
hyperlipidemic rats. Values are mean ± SEM of six rats *p ≤ 0.01, 
**p ≤ 0.001. Normal control (Group 1), hyperlipidemic control 
(Group 2), hyperlipidemic + fenofibrate 65 mg/kg treated (Group 
3), hyperlipidemic + methanol extract 100 mg/kg treated (Group 
4), hyperlipidemic + methanol extract 200 mg/kg treated (Group 
5), and hyperlipidemic + methanol extract 400 mg/kg treated 
(Group 6).
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in TC, Tg, and LDL-C levels by 61.69, 69.05, and 70.30%, 
respectively, and in turn increased HDL-C/TC ratio by 
41.46%, significantly at 200 mg/kg (Table  1). Fraction 3 
gave positive results for quinones. It also formed lather 
with normal saline indicating the presence of saponins.

Methanol extract in HFD fed animals
Data in Table 2 show the effect of I. frutescens methanol 
extract on lipid levels of HFD induced hyperlipidemic 
group. Plasma levels of TC and Tg were consistently higher 
in the case of HFD fed group, compared with the basal 
diet fed group. After 15 days of treatment, the methanol 
extract at 200 mg/kg showed reduction in TC (21.23%) and 
Tg (35.07%); at 400 mg/kg it showed significant reduction 
in TC (27.81%) and Tg (37.03%). There was a decrease 
in LDL-C level by 28.28 and 37.33% at 200 and 400 mg/
kg, respectively. On the other hand, fenofibrate-treated 

group showed significant reduction in TC (36.01%), Tg 
(47.60%) and LDL-C (49.91%) at 65 mg/kg. The HDL-C 
concentration, however, was significantly increased in 
methanol extract and fenofibrate-treated groups com-
pared with the HFD fed control group. In addition, the 
methanol extract reduced lipoperoxide level in plasma 
and TC and Tg levels in the liver. The retroperitoneal fat 
mass was found reduced in methanol extract and fenofi-
brate-treated groups (Table 3).

Fat excretion in feces of mice fed HFD plus fraction 3 or 
orlistat
Mice fed HFD for 5 days showed reduced feces weight 
at day 5 compared with the normal control group. Mice 
fed HFD plus 3% fraction 3, or 0.025% orlistat for 5 days 
showed significantly higher Tg level at day 5 compared 
with HFD group (Table 4).

Effect of fraction 3 on plasma Tg levels after oral 
administration of lipid emulsion

The plasma Tg levels were markedly increased at the 
second hour after oral administration of lipid emulsion 
in the control group. Fraction 3 (200 mg/kg) and orlistat 
(45 mg/kg) significantly decreased the Tg levels com-
pared with the control group (Figure 4).

Discussion

Although the common definitions of insulin resistance 
still define it in terms of the effects of insulin on glucose 

Table 2.  Effect of the methanol extract of I. frutescens on the activities of biochemical parameters in high-fat diet induced hyperlipidemic 
rats.

Groups
Liver cholesterol  

(mg/g wet weight)
Liver triglyceride  

(mg/g wet weight)
Weight of reteroperitoneal fat  
pad (as % of the body weight)

Plasma lipoperoxides 
levels (mM/L)

Normal control 182.33 ± 2.82 24.96 ± 0.93 2.63 ± 0.14 20.77 ± 3.82
HFD control 631.92 ± 42.52 42.88 ± 0.83 4.81 ± 0.54 65.21 ± 5.88
Fenofibrate (65 mg/kg bw) 203.29 ± 8.12** 31.68 ± 0.46** 3.10 ± 0.17* 43.47 ± 2.85*
Methanol extract (200 mg/kg bw) 488.92 ± 16.84* 34.67 ± 1.28* 3.26 ± 0.18* 37.17 ± 5.27*
Methanol extract (400 mg/kg bw) 482.25 ± 15.83* 32.03 ± 0.93** 3.21 ± 0.00* 31.70 ± 5.59*
All values represent mean ± SEM for six animals.
*(P ≤ 0.05) Values deviate significantly from the HFD control values.**(p ≤ 0.005) Values deviate very significantly from the HFD control 
values.

Table 3.  Effect of I. frutescens fractions on plasma lipid levels in triton WR-1339-induced hyperlipidemic mice.
Groups Cholesterol (mg/dL) Triglyceride (mg/dL) LDL-C (mg/dL) HDL-C/TC HDL-C/LDL-C
Normal 77.65 ± 1.81 91.57 ± 1.71 76.61 ± 2.27 0.58 ± 0.02 0.63 ± 0.02

Triton control (400 mg/kg bw) 497.88 ± 11.79 853.62 ± 16.69 293.79 ± 10.31 0.39 ± 0.01 0.56 ± 0.01

Fenofibrate (200 mg/kg bw) 245.66 ± 4.56* 304.71 ± 6.79* 92.30 ± 1.74* 0.55 ± 0.01* 0.60 ± 0.01**

Fraction 1 (100 mg/kg bw) 475.79 ± 7.97 831.03 ± 11.43 271.41 ± 15.52 0.41 ± 0.01 0.56 ± 0.01

Fraction 1 (200 mg/kg bw) 485.45 ± 6.53 841.34 ± 16.02 281.71 ± 23.13 0.40 ± 0.01 0.55 ± 0.02

Fraction 2 (100 mg/kg bw) 478.87 ± 10.83 850.50 ± 11.34 274.40 ± 7.48 0.42 ± 0.02 0.54 ± 0.02

Fraction 2 (200 mg/kg bw) 483.12 ± 10.74 816.08 ± 7.25 266.67 ± 11.03 0.43 ± 0.01 0.56 ± 0.01

Fraction 3 (100 mg/kg bw) 393.01 ± 10.83* 485.25 ± 14.27* 205.41 ± 7.76* 0.48 ± 0.02** 0.57 ± 0.01

Fraction 3 (200 mg/kg bw) 376.54 ± 5.10* 391.15 ± 7.78* 190.12 ± 9.39* 0.50 ± 0.01* 0.58 ± 0.02

All values represent mean ± SEM for six animals.
*(p ≤ 0.005) Values deviate very significantly from the triton control values.
**(p ≤ 0.05) Values deviate significantly from the triton control values.
HDL-C/TC, high-density lipoprotein cholesterol/total cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table 4.  Effect of fraction 3 of Ichnocarpus frutescens and orlistat 
on fat excretion in feces of mice fed with high-fat diet.

Groups Feces weight (g)
Tg level in feces  
(µmol/g feces)

Laboratory chow diet 0.95 ± 0.06* 4.85 ± 0.69*
High-fat diet (HFD) 0.16 ± 0.05 33.25 ± 5.10
HFD + 0.025% orlistat 0.30 ± 0.01* 345.33 ± 36.24*
HFD + 1% fraction 3 0.24 ± 0.04 38.40 ± 5.25
HFD + 3% fraction 3 0.27 ± 0.03* 45.08 ± 3.25*
All values represent mean ± SEM for six animals.
* p ≤ 0.05) Values deviate significantly from the HFD control 
values.
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metabolism, in recent years the traditional “glucocen-
tric” view of insulin resistance has shifted to a lipocentric 
perspective (Sesti, 2006). The presence of different hypo-
lipidemic drugs in the market is sometimes associated 
with severe side effects (Ghatak & Asthana, 1995). Hence, 
efforts in finding safer and more efficient antihyperlipi-
demic drugs have led to the study of medicinal plants. In 
this study, attempts were made to evaluate the antihyper-
lipidemic activity of I. frutescens in triton-induced and HFD 
fed animal models.

It is well known that high serum TC, Tg, and LDL-C 
levels are the primary risk factors for vascular diseases, 
and high serum level of HDL-C confers a protective 
effect against its development. Schurr et  al. (1972) 
demonstrated that parenteral administration of triton 
in adult rats increases blood TC and Tg levels reach-
ing its maximum at 20 h. This effect occurs due to the 
fact that triton WR-1339, a non-ionic detergent, sup-
presses the action of lipases and blocks the uptake of 
lipoprotein from circulation by extrahepatic tissues 
resulting in an increase in the levels of circulating lipid 
(Vishnu et  al., 2008). Many medicinal plants, such as 
Phyllanthus niruri (Khanna et  al., 2002) and Ocimum 
basilicum (Hicham et al., 2008), have been assessed for 
their hypolipidemic effect in triton WR-1339-induced 
hyperlipidemic model. The data from our study showed 
that the increased serum TC and Tg levels were signifi-
cantly reduced at the eighteenth hour by the treatment 
with methanol extract and fraction 3 of I. frutescens in 
a dose-dependent manner in triton WR-1339-induced 
animals. The results are correlated with fenofibrate, 
a broad-spectrum lipid-lowering drug of the fibrate 
class that inhibits the synthesis of TC and Tg as well as 
enhances their elimination (McKenney et al., 2006). The 
hypolipidemic action of I. frutescens extract was mark-
edly higher for Tg than for TC. The underlying mecha-
nisms are not elucidated in this study; however, the 
restoration of catabolic metabolism of very-low-density 
lipoprotein could be due to an increased stimulation of 
the lipolytic activity of plasma lipoprotein lipase (Pérez 
et al., 1999).

To study the etiology of hyperlipidemia related meta-
bolic disturbances, the HFD-induced animal model was 
preferred (Bocan, 1998). Hypolipidemic effect was stud-
ied extensively in guggul lipids and synthetic derivatives 
of guggulsterone (Bhavna et  al., 2009). Kumarappan 
et  al. (2007) have earlier reported the hypolipidemic 
effect of hydroalcoholic extract of I. frutescens in strepto-
zotocin induced diabetic rats. In our study, appropriate 
hyperlipidemic animal models were used. The aqueous 
extract and swertiamarin (an active lead) of Enicostemma 
littorale (Vihas et al., 2005; Hitesh et al., 2009), aqueous 
extract of O. basilicum (Hicham et al., 2009), and aque-
ous extract and butanol fraction of Eclipta prostrata 
(Kumari et al., 2006; Dae et al., 2008) showed hypolipi-
demic effect in animal models. Rats fed with HFD for 15 
days showed a consistent decrease in blood lipid levels 
on treatment with the methanol extract. The incorpora-
tion of 2% cholesterol in the HFD showed elevated TC 
level in the plasma of HFD control group. This condi-
tion was, however, reversed by treatment with methanol 
extract of I. frutescens in a significant manner. Serum 
TC can be lowered at several metabolic points includ-
ing decrease in resorption of endogenous cholesterol or 
an increase in the rate of secretion into intestinal tract. 
The methanol extract of I. frutescens did not show any 
inhibition in HMG-CoA reductase activity (data not 
shown). The decrease in plasma TC level may be due to 
its excretion as fecal bile acid and neutral sterol, which 
needs to be elucidated in future study. LDL is known 
as “bad cholesterol” as it transfers cholesterol from the 
liver to circulation. There was a significant increase in 
serum LDL levels in HFD group, which was decreased 
in the methanol extract treated group. The results sug-
gest that the methanol extract might show its effect 
at LDL receptor’s upregulation or gene transcription 
level and thereby facilitate removal of cholesterol from 
the circulation (Krause & Hartman, 1984). The levels of 
plasma thiobarbituric acid reactive substance showed a 
significant reduction in methanol extract treated group, 
thereby indicating a decreased rate of lipid peroxidation. 
HDL-C in serum implies the activity of lecithin choles-
terol acyltransferase, which plays a key role in lipopro-
tein metabolism and may contribute to the regulation 
of blood lipids (Zhang et  al., 2004). Our study showed 
a significant increase in HDL-C levels in the methanol 
extract treated group.

HFD produces an increase in Tg levels due to lipo-
protein lipase triacylglycerol hydrolysis, so that the 
accumulation in the liver becomes more evident (Feoli 
et  al., 2003). In contrast, the effect of I. frutescens can 
be attributed to a reduction in the hepatic synthesis of 
lipids, which decreases the concentration of Tg both in 
plasma and in the liver. Feeding of HFD, consisting 3% 
of fraction 3 for 5 days showed increased feces weight 
and Tg level compared with HFD group. We examined 
the effect of fraction 3 on the plasma Tg levels after oral 
administration of lipid emulsion to rats. The results 
showed a significant decrease in Tg level at the second 

3.5

3.0

2.5

2.0

C
on

ce
nt

ra
tio

n 
(m

g/
dl

)

1.5

1.0

0.5

0.0
0 1 2

Time (h)
3 4

Control (Lipid emulsion)

Orlistat (45 mg/kg)

Fraction 3 (200 mg/kg)

Figure 4.  Effect of fraction 3 and orlistat on rat plasma Tg levels 
after oral administration of lipid emulsion. Values are mean ± 
SEM of six rats. *p ≤ 0.05 values deviate significantly from the high-
fat diet control.



1080  M. Saravanan et al.

� Pharmaceutical Biology

hour. Orlistat, used as reference control, inhibits pan-
creatic lipase and other gastrointestinal lipases, thereby 
decreasing the digestibility of dietary fat that limits Tg 
absorption (Tg must be hydrolyzed to monoacyl glycer-
ols before being absorbed). Fraction 3 had the potential 
to limit lipid absorption and thus reduce the body fat in 
animals.

Conclusion

In conclusion, the observed properties apparently vali-
date the folk medicinal use of this plant to treat obesity. 
Fraction 3 of I. frutescens positively modified the lipopro-
tein profile in plasma and minimized lipid absorption at 
intestinal region indicating good therapeutic potential in 
amelioration of hyperlipidemia.
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