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Abstract Alterations in lipid metabolism and lipoprotein
disturbances have played an important role in increasing
the risk of cardiovascular mortality and morbidity in dia-
betes. A drug that has hypoglycemic activity can be used
for the treatment of hyperlipidemia also. The present study
was carried out to evaluate the hypolipidemic activity
of Semecarpus anacardium. Male Wister rats weighing
250-270 g were injected with Streptozotocin at a dose of
50 mg/kg body weight and administered with S. anacar-
dium (300 mg/kg body weight) and Metformin (500 mg/kg
body weight) for 21 days. Control and drug control groups
were also included in the study. After the experimental
duration, serum was collected, liver and kidney were
excised and used for the analysis of lipid and lipid
metabolizing enzymes. The results of the study revealed
that S. anacardium administration was able to decrease the
levels of LDL, cholesterol, VLDL, TG, phospholipid and
free fatty acid and increase the HDL levels and favorably
modulate the lipid metabolizing enzymes in the liver and
kidney. These results show that S. anacardium exerts
hypolipidemic activity in diabetic rats.

A. Jaya - P. Sachdanandam (D<)

Department of Medical Biochemistry, Dr. ALM Post Graduate
Institute of Basic Medical Sciences, University of Madras,
Taramani Campus, Chennai 600113, India

e-mail: psachdanandam2000@yahoo.co.in

A. Jaya
e-mail: jayaa2020@gmail.com

P. Shanthi

Department of Pathology, Dr. ALM Post Graduate Institute
of Basic Medical Sciences, University of Madras,
Taramani Campus, Chennai 600113, India

Keywords Lipid profile - Lipid metabolizing enzymes -
Semecarpus anacardium - Hypolipidemic

Introduction

Diabetes mellitus Type 1 is associated with increased
morbidity and mortality, largely as a consequence of
accelerated atherosclerotic disease. The key components of
diabetic dyslipidemia are elevated serum VLDL-triglyc-
erides (TG) and lowered high-density lipoprotein (HDL)-
cholesterol [1]. In addition, excessive postprandial lipemia,
preponderance of small dense low-density lipoprotein
(LDL) and small dense HDL are also present. Small dense
LDL is a strong risk factor for cardiovascular disease,
which is highly atherogenic and serves as a marker for
atherosclerosis. It is also associated with high TG/low
HDL-cholesterol cluster. There is a stepwise decrease in
LDL-size from normal to impaired glucose tolerance (IGT)
and then to diabetes. This association is more striking in
women than in men [2]. In diabetic dyslipidemia, not only
the concentration of HDL-cholesterol is reduced but also
its composition and distribution are changed. Changes in
HDL are mediated via two pathways: plasma triglyceride
elevation and a reduced ratio between lipoprotein lipase
(LPL) and hepatic lipase. Both these lead to altered HDL
composition and an enhanced catabolic rate.

Semecarpus anacardium (SA) Linn. that belongs to the
family Anacardiaceae have been reported to have many
therapeutic applications in the Indian system of medicine
[3]. In traditional medicine, it is highly valued for the
treatment of tumours. The fruits and oil have been claimed
to be highly efficacious in the treatment of neuritis, leprosy,
helmintic infection and other diseases [4]. Many com-
pounds, mainly biflavonoids, phenolics, bhilawanols, and
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sterols have been identified and on the basis of chemical and
spectral data several biflavonoids have been characterized,
viz. Semicarpuflavanone, Jeediflavonone, Galluflavanone,
Nallaflavanone, Semecarpetin and Anacarduflavanone [5].
The milk extract of the nut when chemically analyzed was
found to contain flavonoids, carbohydrates and traces of
phenolic compounds [6]. TLC, HPLC and HPTLC analysis
of the nut and milk extract confirmed the presence of the
above compounds [7-10]. Studies carried out on marking
nut preparation have also shown promising results in the
treatment of cancers of the esophagus, urinary bladder and
liver. Earlier studies from our laboratory have proved the
anticancer and hepatoprotective activity of SA against
aflatoxin B1-induced hepatocellular carcinoma in rats [11]
and established its protective role in rheumatoid arthritis
[12]. The nut also has hypoglycemic [13] and COX inhib-
itory property [14]. Effective treatment of diabetes should
decrease the glycemic levels and in addition have favorable
effect on lipid profile. So the present study was undertaken
to prove the hypolipidemic activity of S. anacardium in
diabetic rats.

Materials and methods

The drug S. anacardium (SA) nut extract contains purified
nuts of S. anacardium, cow’s milk in the ratio as indicated
in the Formulary of Siddha Medicine [15]. 200 g of the nut
were boiled with 500 ml of milk, which was repeated thrice,
boiled till dehydration. The decoction was stored [6].

Animals

Male Albino rats of Wistar strain weighing 260 + 10 g
were used in this study. The animals were housed in poly-
propylene cages under a control environment with 12 h
light/dark cycle and a temperature between 27 and 37°C,
and were given a commercial diet with water ad libitum. All
experiments involving animals were conducted according
to NIH guidelines, after obtaining approval from the Insti-
tute’s Ethical Committee (IAEC NO: 02/075/06).

Experimental design

Male albino Wistar rats weighing 250-270 g were divided
into five groups of six animals each.

Group [ Control animals—Normal healthy controls
received olive oil (0.5 ml) orally by gastric
intubation for 21 days daily

Group I  Diabetes induced—(50 mg/kg b.wt.) Strep-

tozotocin dissolved in 0.5 ml of 0.1 M citrate
buffer pH 4.5
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Group III  SA treated—Three days after the induction of
diabetes, SA (300 mg/kg body weight dis-
solved in 0.5 ml olive oil) was administered
by gastric intubation for 21 days daily
Metformin treated—Three days after the
induction of diabetes, Metformin (500 mg/kg
body weight dissolved in 0.5 ml physiological
saline) was administered by gastric intubation
for 21 days daily

Drug control—Animals received SA at a dose
of 300 mg/kg b.wt. in olive oil (0.5 ml) orally
by gastric intubation for 21 days daily

Group IV

Group V

Biochemical analysis

After the experimental period, the animals were killed by
cervical decapitation. Liver and kidney were excised
immediately and immersed in ice-cold physiological sal-
ine. Ten per cent homogenate was prepared with fresh
tissue in 0.01 M Tris—HCI buffer (pH 7.4) and were used
for the assays. Blood was collected, serum was separated
and used for the analysis.

Fractional precipitation of lipoproteins

Lipoproteins were fractionated by a dual precipitation
technique of Wilson and Spiger [16]. Addition of heparin—
manganese chloride to plasma precipitated very low-
density lipoprotein (VLDL) and LDL and the content of
cholesterol was measured. To a second aliquot of plasma,
sodium dodecyl sulphate (SDS) was added which resulted
in the aggregation of VLDL which flocculated on the top.
The supernatant contained both HDL and LDL and the
cholesterol content of this mixture was assayed.

(a) Total cholesterol (TC)—supernatant from SDS (con-
taining HDL, + LDL.) = VLDL cholesterol.

(b) Supernatant from SDS-heparin—manganese chloride
supernatant = LDL cholesterol.

HDL

Two millilitre of plasma was added to 0.18 ml heparin—
manganese chloride reagent and mixed well. The solution
was allowed to stand at 4°C for 30 min and then centri-
fuged at 2,000x g and maintained at 10°C for 30 min. The
supernatant contained the HDL fraction. One millilitre of
this was used for the estimation of cholesterol by the
method of Parekh and Jung [17].
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LDL and VLDL cholesterol assay

Two millilitre of plasma was added to 0.15 ml of SDS. The
contents were mixed well and incubated at 37°C for 2 h.
The contents were centrifuged in a refrigerated centrifuge
at 10,000xg for 15 min. The supernatant contained the
HDL and LDL fraction. Cholesterol was estimated from
this fraction. Plasma lipoprotein cholesterol is expressed as
mg/dl plasma. The lipids were purified by the Folch’s wash
procedure [18]. Cholesterol content was estimated by the
method of Parekh and Jung [17]. Phospholipids (PL) were
estimated by the method of Rouser et al. [19] after
digesting the lipid extract with perchloric acid. Triglycer-
ide in plasma was estimated by the method of Rice [20].
Plasma and tissue free fatty acid (FFA) were estimated by
the method of Hron and Menahan [21].

Assay of lipid metabolizing enzymes

Total lipase was assayed by the method of Bier [22]. The
LPL was assayed by the method of Schmidt [23]. LACT
was assayed by the method of Legraud et al. [24] with
modifications of Hitz et al. The activity of cholesterol ester
synthetase and hydrolase was assayed by the method of
Kothari et al. [25].

Statistical analysis

The values are expressed as mean + SD for six rats in each
group. Statistically significant differences between the
groups were calculated using one-way analysis of variance
(ANOVA), followed by Student-Newman—Keuls for mul-
tiple comparisons using statistical package for social sci-
ences (SPSS) computer package. Values of p < 0.05 were
considered to be significant.

Table 1 Lipid profile in serum of control and experimental animals

Results
Effect of SA on lipid metabolism

The results of TC, HDL, LDL, VLDL, TG, PL, FFA and
atherogenic index in serum are given in Table 1. When
compared with Group I animals these were found to be
increased (p < 0.05) in Group II animals. Cholesterol
increased by 1.4-fold, LDL by 1.4-fold, VLDL by 1.75-
fold, TG by 1.7-fold, PL by 1.4-fold, and FFA increased by
1.5-fold. HDL decreased by 0.67-fold. The atherogenic
index increased by 3.12-fold in Group II animals indicating
the alteration due to diabetes. All these were brought back
to near normal levels upon administration of SA. The
difference between the Metformin and SA treated groups
were non significant for HDL, LDL, PL and FFA while
VLDL, TG, TC, and atherogenic index showed a signifi-
cance of p < 0.05. No significant difference was observed
when Group V and Group I were compared.

The levels of TC, TG, PL, and FFA in the liver and
kidney of the control and experimental animals are shown
in Figs. 1 and 2. In liver of Group II animals, the values of
cholesterol increased by 2.5-fold, PL by 1.4-fold, and FFA
by 1.5 fold when compared to normal animals. In the
kidney of Group II animals the values increased by 1.3-
fold for TC, 1.4-fold for PL and 2.1-fold for FFA. TG
decreased by 40 and 39% in Group II animals when
compared to Group I animals. Upon SA and Metformin
treatment, these alterations were brought back to near
normal levels. The decrease in TC, PL, FFA and the
increase in TG were more pronounced in Group III ani-
mals treated with SA than with Group IV animals treated
with Metformin.

The effect of SA on the lipid metabolizing enzymes in
the liver and kidney are shown in Tables 2 and 3. Signif-
icant increase in total lipase, LPL, CES, cholesteryl ester

Parameters (mg/dl)  Group I (Control)  Group II (STZ)

Group III (STZ + SA)

Group IV (STZ + Metformin)  Group V (SA)

Cholesterol 94.24 + 0.89 132.11 £+ 13.8%*
HDL 38.14 &+ 0.36 23.55 £ 2.68"*
LDL 71.25 £ 0.69 100.43 £ 9.35%*
VLDL 15.35 £ 143 26.98 £ 2.94"*
TG 76.79 £ 8.04 134.84 + 14.4™*
PL 82.51 £+ 8.41 116.93 + 9.63%*
FFA 61.04 &+ 0.63 93.57 £ 9.86™*
Athrogenic index 1.47 £ 0.09 4.60 £+ 0.42%*

103.51 + 10.8"*
31.83 + 2.85%
80.87 + 7.85%
16.27 & 1.58"*
81.35 + 8.6
93.72 4 9.11%*
66.35 + 6.82°*

225 4 0.19%

112.46 + 10.20% =
27.13 £ 2.98%% ¢ NS
87.76 + 8.31P* ¢ NS
18.60 & 1.92°*
93.04 £ 9.445% o
98.33 4 10.2 ¢ NS
71.84 + 6.83% ¢ NS

3.12 + 0.33* o

93.18 £ 9.584 NS
37.86 + 3.584 NS
70.58 & 7.03¢ NS
15.02 + 1.779 NS
75.11 &+ 8.014 NS
83.48 + 7.99 NS
60.73 &+ 6.144 NS
1.46 4+ 0.184 NS

Values are expressed as mean £ SD for six animals. Comparisons are made between, * Group II vs. Group I, b Group III and IV vs. Group II,
¢ Group IV vs. Group III, ¢ Group V vs. Group I

NS non-significant

* Statistical significance at p < 0.05
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Fig. 1 Lipid profile in the liver
of control and experimental
animals. TC total cholesterol,
PL phospholipids, TG
triglycerides, FFA free fatty
acids. Values are expressed as
mean + SD for six animals.
Comparisons are made between,
‘a’ Group II vs. Group I,

‘b’ Group III and IV vs. Group - - T
IL, ‘¢’ Group IV vs. Group III, ||||

mg/g tissue

‘d’ Group V vs. Group 1. The
symbol asterisk represents the
statistical significance at

p < 0.05, NS non-significant

PL
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Fig. 2 Lipid profile in the
kidney of control and
experimental animals. 7C total
cholesterol, PL phospholipids,
TG triglycerides, FFA free fatty
acids. Values are expressed as
mean + SD for six animals.
Comparisons are made between,
‘a’ Group II vs. Group I,

‘b’ Group III and IV vs. Group
II, ‘¢’ Group IV vs. Group III,
‘d’ Group V vs. Group I. The
symbol asterisk represents the
statistical significance at

p < 0.05, NS non-significant e

mg/g tissue

PL TG FFA
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Table 2 Activities of lipid metabolizing enzymes in the liver of control and experimental animals

Parameters Group I (Control) Group II (STZ) Group III (STZ + SA) Group IV (STZ + Metformin) Group V (SA)
Total lipase 9.55 + 0.97 5.38 + 0.59% 8.39 & 0.89"* 6.81 % 0.73P% o 9.14 + 0.89¢ NS
LPL 11.28 + 1.18 17.45 + 1.9% 12.68 + 1.4% 14.53 + 1.51% o= 10.94 £ 1.14N8
CES 18.14 &+ 2.01 26.52 + 2.8%* 19.61 4 2.3% 2243 + 2.5 ox 18.52 + 1.96% NS
CEH 1325+ 1.4 19.19 4 1.7% 14.16 + 1.35* 17.24 + 1.8%% 12.89 + 1.184 NS
LCAT 1538 + 1.74 9.65 + 0.98** 13.41 & 1.45 11.54 4 1.245% o= 1534 + 1.68¢ NS

Units: Total lipase—pmoles of p-nitrophenol liberate/h/mg protein, LPL—umoles of free fatty acids liberated/h/mg protein, CES—pumoles of
cholesterol esterified/h/mg protein, CEH—pmoles of cholesterol liberated/h/mg protein, LCAT—pmoles of cholesterol esterified/h/mg protein.
Values are expressed as mean + SD for six animals. Comparisons are made between, * Group II vs. Group I, b Group III and IV vs. Group II,

© Group IV vs. Group III, ¢ Group V vs. Group 1
NS non-significant

* Statistical significance at p < 0.05

hydrolase (CEH) were found in liver and kidney of Group
II animals, when compared to Group I animals, were as
LCAT decreased significantly (p < 0.05) in both the tis-
sues. Upon SA (Group II) and Metformin (Group IV)
administration these altered values were significantly
(p < 0.05) brought back to near normal levels. No differ-
ence was observed when Group V and Group I animals
were compared.
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Discussion

In Type 1 Diabetes, cardiovascular morbidity and mortality
is two to four times higher than in non-diabetic population
[26]. The insulin resistance-related factors including non-
HDL and HDL-cholesterol and to a lesser extent HbAlc
are related to the development of coronary artery disease
[27]. The metabolism of different lipoproteins in Type 1
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Table 3 Activities of lipid metabolizing enzymes in the kidney of control and experimental animals

Parameters

Group I (Control)

Group II (STZ)

Group III (STZ + SA)

Group IV (STZ + Metformin)

Group V (SA)

Total lipase
LPL

CES

CEH
LCAT

731 £0.74
8.75 £ 0.88
15.86 £ 1.65
10.63 £ 1.08
1325 £ 14

13.62 £ 1.74"*
16.15 £ 1.74"*
21.14 £ 2.23%*
18.42 £ 1.94%*
6.31 £ 0.65%*

8.11 & 0.83"*
9.65 + 0.98"*
17.10 £ 1.92%*
11.96 + 1.3%
12.15 + 1.3%*

10.47 £ 1.0P%

13.31 & 1.445% o=
19.66 & 2.14%% o
15.14 £ 1.63%* =
9.68 £ 0.920%

7.16 + 0.69¢ NS
8.73 4+ 0.869 NS
15.18 & 1.384 NS
10.95 + 1.19 N8
13.61 + 1.449 NS

Units: Total lipase—pmoles of p-nitrophenol liberate/h/mg protein, LPL—pumoles of free fatty acids liberated/h/mg protein, CES—pmoles of
cholesterol esterified/h/mg protein, CEH—pumoles of cholesterol liberated/h/mg protein, LCAT—pumoles of cholesterol esterified/h/mg protein.
Values are expressed as mean £ SD for six animals. Comparisons are made between, * Group II vs. Group I, b Group III and IV vs. Group 1I,

¢ Group IV vs. Group III, ¢ Group V vs. Group I
NS non-significant
* Statistical significance at p < 0.05

Diabetes has been studied extensively which indicate
abnormalities in every lipoprotein fraction [28].

The homeostatic balance between the intracellular free
cholesterol and the esterified cholesterol maintains the
amount of free cholesterol within the cell. The increased
serum cholesterol seen in the present study may be due to
the down regulation of the ABCGS5 and ABCGS sterol
transporters in enterocytes and liver due to the deficiency
of insulin, as reported earlier [29, 30].

Deficiency of insulin may be responsible for the
increased LDL seen in the untreated diabetic rats. Oxida-
tion of LDL results in lipid peroxidation and the sub-
sequent formation of conjugated dienes and thiobarbituric
acid reactive substances. Due to its impaired uptake and
prolonged role in circulation, it exerts toxic effect [31].
Glycated LDL induces activation of signaling kinases such
as protein kinase C or mitogen-activated protein kinases
(MAPK) and enhances the DNA binding activities of
several transcription factors such as NFxkB, APl and
STAT1/3 by increasing the formation of intracellular ROS
[32]. The decreased LDL levels in the drug treated group
may be due to the presence of flavonoids in SA, as flavo-
noids prevents lipid peroxidation and are potent inhibitors
of the oxidative modification of LDL by macrophages [33].
SA may decrease the serum LDL by decreasing VLDL
cholesterol synthesis and secretion as confirmed by Sharma
et al. [34]. Since Metformin does not have the ability to
scavenge free radicals due to the absence of flavonoids,
administration of SA is considered to be more favorable
than Metformin.

Insulin-dependent diabetes is often associated with an
increased low-density lipoprotein (VLDL) fraction that is
mostly of hepatic origin. The observed increase in serum
VLDL in the untreated group may be due to the increased
reuptake of VLDL from the liver or due to decreased
affinity to LPL [35]. Reduced acyl Co-A cholesterol
acyltransferase (ACAT) activity may lead to less
cholesteryl ester available for VLDL packing, thereby

causing decreased VLDL secretion from the liver. Low
large and high small HDL plasma levels have been
observed in adults with IGT or with Type 2 Diabetes
mellitus [36]. The decreased serum HDL level in diabetic
rats may be due to the decreased production of HDL by
intestine and liver and or due to the glycation of HDL or its
apoprotiens by high glucose rendering it more pro-athero-
genic. Glycation of HDL increases its susceptibility to
oxidation through reduced paraoxonase activity by glucose
exposure [37] and lipoprotein C (LPC). SA may remove
the excess cholesterol from peripheral tissues and prevent
oxidative modification of LDL [34]. The concentration of
triacyl glycerol in the serum is proportional to the sus-
ceptibility of lipoprotein to oxidation. The decreased tria-
cyl glycerol in the liver and kidney tissues indicates
increased mobilization of lipids from the tissues, decrease
in fatty acid uptake and storage capacity [38].

Long term exposure of insulin-secreting pancreatic f3
cells to elevated concentrations of FFA alters glucose
induced insulin secretion [39]. In addition, FFA decreases
the activity of glucokinase, impairs glycolysis, increases
the activity of acetyl CoA thus, increasing the glyconeo-
genic pathway [40]. Elevated fatty acid metabolites impair
the insulin-substrate associated PI3-kinase activity and
induce hepatic insulin resistance in transgenic mice with
liver-specific overexpression of LPL. The increased FFA
seen in untreated diabetic group might be due to defective
lipogenesis or reduced LPL activity [41]. The decreased
FFA in the drug treated group shows the lipid modulating
activity of the SA. Insulin deficiency decreases the activity
of LPL that results in hypertriglyceridemia and hypo LDL
cholesterolemia. The decreased LPL catalytic activity seen
in the untreated rats may be due to post-transcriptional/
translational mechanisms leading to an accumulation of
inactive LPL [42]. CEH is required to release free cho-
lesterol from the intracellular stores of cholesterol esters
and hydrolyze cholesterol esters. LCAT activity was
found to be decreased in diabetic patients leading to
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nonenzymatic glycation [43, 44]. The observed decrease in
the lipid metabolizing enzymes and their increased activi-
ties after SA supplementation shows its favorable lipid
modulating activity.

The effect of SA on controlled mobilization of serum
TG, cholesterol and phospholipids is presumably mediated
through controlling the tissue metabolism and improving
the level of insulin secretion and action. The increased
insulin out put in diabetic animals could activate LPL which
hydrolyses LPL there by increasing the HDL fraction in the
animals, lowering the intestinal absorption of cholesterol
and enhancing the excretion of ingested cholesterol and
inhibition of HMG CoA reductase [45]. In addition, the
circulating flavonoids in plasma by the virtue of their high
reactivity towards reactive oxygen species, ability to che-
late transition metal cations [46] and regenerate «-tocoph-
erol could contribute to the hypolipidemic activity of SA.
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