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Abstract:
Background: Persistent hyperglycemia in diabetes is associated with profound changes in lipid and lipoprotein ab-
normalities which result in particle distribution within lipoprotein classes. Recently, we have reported the antidiabetic 
properties of GTF-231 (Gymnemic acid, Trigonelline and Ferulic acid- 2:3:1) a phytochemical preparation in exper-
imental type 2 diabetic rats. The present study was aimed to evaluate the effect of GTF-231 on the regulation of lipid 
homeostasis in T2DM induced rats.
Materials and methods: High fat diet fed-low dose STZ induced experimental type 2 diabetes was used as the animal 
model. GTF at a concentration of 300mg/kg.b.w./rat/day was orally administered for 30 days to experimental type 2 
diabetic rats. The alterations in the levels of lipid profile in plasma, hepatic and renal tissues were studied. The activities 
of HMG CoA reductase was assayed in liver and kidney tissues of control and experimental groups of rats. The levels of 
lipid metabolizing enzymes such as lipoprotein lipase and lecithin cholesterol acyltransferase in the plasma and hepatic 
tissues were assayed. 
Results: Oral administration of GTF-231significantly normalized the altered levels of lipid profile in plasma, hepatic 
and renal tissues. Likewise, the decreased levels of HDL-c and increased levels of LDL-c and VLDL-c in plasma of 
diabetic rats were normalized upon treatment with GTF. Additionally,GTF-231 treatment significantly decreased the 
activity HMG-CoA reductase in the liver and kidney tissues. Decreased activities of lipid metabolizing enzymes such as 
lipoprotein lipase and lecithin cholesterol acyltransferase in the plasma and hepatic tissues were normalized upon oral 
treatment with GTF-231.
Conclusion: The data obtained are claimed to display synergistic, efficacious and agonistic/antagonistic actions of 
GTF-231 and the mixture of species in the phytochemical preparation shows better therapeutic effects at a relatively 
less concentration than either species on its own and the ameliorative potential of GTF-231 in diabetic dyslipidemia was 
comparable with metformin (200 mg/kg.b.w.).
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Introduction

	 Both hyperglycemia and hyperlipidemia share most of 
the common clinical features contributing to the development 
of microvascular as well as macrovascular complications of di-
abetes mellitus[1]. Diabetic dyslipidemia increases the risk of 
myocardial and cerebral infarctions which are the major causes 
of morbidity and mortality worldwide comparable to cancer in 
developed countries[2]. The incidence of coronary heart diseas-
es remains set to rise vividly as more populated parts of the Asia 
become increasingly wealthy and adopt an atherosclerotic prone 
lifestyle. The prevalence of lipid abnormalities in patients with 
T2DM is twice as in the non-diabetic individuals because of the 
interaction among obesity, insulin resistance and chronic hyper-
glycemia. It is more complex in T2DM than observed in indi-
viduals with type 1 diabetes because LDL-C levels are usually 
within the physiological range with controlled T1DM[3]. Exper-
imental and clinical studies have demonstrated that the excess 
low-density lipoprotein cholesterol (LDL-c) deposited in the ar-
tery walls is a major risk factor in the initiation and progression 
of atherosclerosis impasse[4,5]. Elevated levels of LDL-c are 
also reported in prediabetics, patients with insulin resistance but 
normal indexes of plasma glucose[6]. 
	 So far, Thirteen Nobel Prizes have been awarded to em-
inent find a more fitting wordwho dedicated major parts of their 
career to cholesterol research[7]. Though the lipid-lowering 
drugs such as statins, fibrates and bile acid sequestrants regulate 
the lipid metabolism by different mechanisms, they often elicit 
undesirable side effects such as hyperuricemia, diarrhea, nau-
sea, myopathy, gastrointestinal disorders, dry skin and liver dys-
function[8]. Hence, a continuous impetus for the development 
of more efficacious and safety lipid-lowering drugs capable of 
modulating HDL-c metabolism and reverse cholesterol transfer 
(RCT) preferably from natural sources continues. 
	 T2DM accounts for more than 90% of the diabet-
ic population worldwide and because of its multifactorial and 
multisystemic nature, a multitherapeutic approach capable of 
influencing multiple targets concurrently is preferred due to 
less prone drug-induced toxicity and resistance[9]. However, 
formulation and synthesis of multicomponent allopathic drugs 
are limited due to their variation in the composition of individ-
ual components, mechanism of action, stability, bioavailability, 
multidrug resistance and economic unfeasibility. Conversely, a 
mixture comprising components preferably from plant origin 
with specified pharmacological properties are often favored be-
cause of their availability, accessibility, affordability, efficacy, 
stability and safety. They are claimed to display synergistic, ef-
ficacious and agonistic/antagonistic actions and the mixture of 
species in them shows better therapeutic effects at a relatively 
less concentration than either species on its own. 
	 Recently, we have reported the antidiabetic properties 
of GTF-231 (Gymnemic acid, Trigonelline and Ferulic acid- 
2:3:1) in high fat diet fed- low dose STZ induced experimen-
tal type 2 diabetes in rats[10]. Several reports are available in 
the literature pertaining to the pharmacological properties of 
Gymnemic acid[11], Trigonelline[12] and Ferulic acid[13]. 
However, we found that GTF-231 has shown a significant antidi-
abetic effect at a relatively less concentration than the individual 
phytochemicals which were used in the reported studies[14]. 

	 Building on our previous research, the purpose of this 
experimental study  was  to traverse the ameliorative properties 
of diabetic dyslipidemia by GTF-231 in HFD fed - low dose 
STZ induced experimental type 2 diabetic rats.

Materials and Methods

Chemicals
	 Gymnemic acid, Trigonelline, Ferulic acid and Strepto-
zotocin were procured from Sigma-Aldrich, stored at 2-4°C and 
protected from light. All other chemicals used were purchased 
from standard commercial suppliers and were of analytical 
grade quality.

Maintenance of experimental animals
	 Male albino rats of Wistar strain weighing approxi-
mately160–180g, were procured from Tamil Nadu Veterinary 
and Animal Sciences University (TANUVAS), Chennai. The 
rats were housed in spacious polypropylene cages lined with 
husk. Experimental rats were maintained under the controlled 
environment at 22 ± 3°C with relative humidity (50 ± 10%) and 
automatically controlled 12 h light and dark cycle. Animals were 
acclimatized to standard husbandry conditions for one week 
to eliminate the effect of stress prior to instigation of the ex-
periments. The rats were fed with commercial pellet rat chow 
(Hindustan Lever Ltd., Bangalore, India) and had free access to 
water ad libitum. The experiments were designed and conduct-
ed in strict accordance with the current ethical norms approved 
by Ministry of Social justices and Empowerment, Government 
of India and Institutional Animal Ethical Committee guidelines 
approval (IAEC No. 03/01/2014).

High fat diet fed - single low dose streptozotocin induced 
type 2 diabetes 
	 The rats were allocated into two dietary regimens by 
feeding either normal pellet diet (NPD) or high fat diet (HFD) 
for 2 weeks of dietary manipulation. The composition of HFD 
is powdered NPD – 365 g/kg, lard – 310 g/kg, casein – 250 g/
kg, cholesterol – 10 g/kg, vitamin and mineral mix – 60 g/kg, 
DL-methionine – 3 g/kg, yeast powder – 1 g/kg, NaCl – 1 g/
kg[15,16]. After 2 weeks of HFD feeding to induce insulin re-
sistance, Group II, Group III and Group IV rats were intraper-
itoneally injected with a single dose of STZ (35 mg/kg b.w./), 
while the Group I rats fed with NPD were injected with 0.5 ml 
of freshly prepared cold citrate buffer (pH 4.5) in a same volume 
intraperitoneally. After one week of STZ injections, rats with 
fasting blood glucose levels ≥ 250 mg/dl were considered dia-
betic and chosen for the present experiments. 

Designing of experimental protocol
The animals were divided into four groups, comprising a mini-
mum of six animals in each group as follows:
Group 1  	 – 	 Control rats.
Group 2   	 – 	 High fat diet fed- a single low dose

STZ (i.p. 35mg/kg b.w.) induced di-
abetic rats.

Group 3 	               – 	 Diabetic rats treated with GTF-2:3:1
at a concentration of 300 mg/kg b.w/
rat/dayin aqueous solution orally for 
30 days
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Group 4  	 – 	 Diabetic rats treated with metformin
(200 mg/ kg b.w/ /day) in aqueous 	
solution orally for 30 days

	 At the end of 30th day experimental period, the rats 
were fasted overnight, anesthetized and sacrificed by cervical 
decapitation. Blood was collected with and without anticoagu-
lants for plasma and serum separation respectively. Liver and 
kidney tissues were selectively dissected out, washed in ice-cold 
saline and homogenized in Tris–HCl buffer [pH 7.4 (0.1 M)], 
with a Teflon homogenizer.

Biochemical Studies
	 The fasting blood glucose level was determined by glu-
cose oxidase diagnostic enzyme kit (Span Diagnostic Chemi-
cals, India) and glycosylated hemoglobin was estimated by the 
methodof Nayak and Pattabiraman (1981)[17]. Plasma insu-
lin level was assayed using rat ELISA kit (Linco Research, St 
Charles, MO, USA). The presence of urine sugar was detected 
using urine strips (Diastix).

Studies on Lipid Profiles
	 Total lipids were extracted from liver and kidney tis-
sues by the method of Folch et al. (1957)[18]. The levels of 
total cholesterol, triglycerides and free fatty acids in plasma, 
liver and kidney tissues were estimated[19-21]. Phospholipids 
were estimated according to the method of Bartlett (1959)[22] 
by digestion with perchloric acid and the phosphate liberated 
were estimated by the method of Fiske and Subbarow (1925)
[23]. High-density lipoproteins (HDL-c), Very low density lipo-
protein (VLDL-c) and low-density lipoproteins (LDL-c) were 
separated from the plasma according to dual precipitation tech-
nique[24,25] and the cholesterol content of the lipoproteins was 
estimated. 

Calculation of Atherogenic Index(AI) and Coronary Risk 
Index (CRI)

AI = 
LDL-c (mg/dl)
HDL-c (mg/dl)

 [26]

CRI= TC(mg/dl)
HDL-c (mg/dl)

[27]

HMG CoA reductase activity
	 HMG-CoA reductase activity in the tissue samples was 
calculated by the ratio of HMG-CoA to mevalonate conver-
sion[28]. 
Assay of Lipoprotein Lipase (LPL) and Lecithin Cholesterol Ac-
yltransferase (LCAT)
	 The plasma and liver LPL activity were measured by 
the method of Korn (1955)[29] and Schmidt (1974)[30]. The ac-
tivity of LCAT in plasma and liver tissue was determined by the 
method of Hitz et al., (1983)[31]. 

Statistical analysis
	 The results were expressed as mean ± S.E.M of six rats 

per group and the statistical significance was evaluated by one-
way analysis of variance (ANOVA) using the SPSS (version 16) 
program followed by Least Significance Difference (LSD). Val-
ues were considered statistically significant when p< 0.05.

Results

	 Table 1 demonstrates the effect of GTF-231 treatment 
on the levels of fasting blood glucose, glycosylated hemoglobin 
and plasma insulin. These biochemical indices were significant-
ly elevated in the diabetic group when compared to controls. Di-
abetic rats orally treated with GTF-231 normalized altered bio-
chemical parameters with efficacy comparable to the metformin 
group. Urine sugar detected in the diabetic rats was no longer 
present in the diabetic group treated with GTF-231 as well as 
metformin group.
Table 1: Effect of GTF-231 on the levels of biochemical parameters in 
the experimental groups of rats
Groups Fasting Blood

Glucose
(mg/dl)

HbA1c
(% hemo-
globin)

Plasma
Insulin
(µU/ml)

Urine
Sugar

Control 89.23±2.07 4.95±0.18 15.79±1.07 Nil
Diabetic 313.24±8.29a* 10.76±0.41a* 9.18±0.24a* +++
Diabet-
ic+GTF-231

107.38±3.01b* 5.29±0.51b* 13.02±0.64b* Nil

Diabetic+ 
Metformin

102.71±4.15b* 5.16±0.18b* 12.43±0.76b* Nil

Values are given as Mean ± S.E.M for six rats in each group. One way 
ANOVA followed by post hoc test LSD. Statistical significance was 
compared within the groups as follows: 
acompared with control group of rats; 
bcompared with diabetic group of rats. 
Values are statistically significant at *p<0.05.

	  Figure 1 represents the effect of GTF-231 on the plas-
ma levels of total cholesterol, triglycerides, phospholipids and 
free fatty acids in the experimental group. The levels were sig-
nificantly elevated in the diabetic group and oral treatment of 
GTF-231 restored the altered lipid profile to levels approaching 
normal in the diabetic group. 

Figure 1: The effect of GTF-231 treatment on the plasma levels of total 
cholesterol, triglycerides, free fatty acids and phospholipids in the ex-
perimental groups of rats. 

Values are given as Mean ± S.E.M for six rats in each group. One way 
ANOVA followed by post hoc test LSD.  Statistical significance was 
compared within the groups as follows: 
acompared with control group of rats; 
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bcompared with diabetic group of rats. 
Values are statistically significant at *p<0.05.

	 Figure 2 and 3 depict the levels of total cholesterol, tri-
glycerides, phospholipids and free fatty acids in the liver and 
kidney tissues of control and experimental groups. These levels 
were significantly increased in the diabetic group, whereas the 
oral administration of GTF-231 and metformin treated diabetic 
groups significantly decreased the levels to near normalcy. 

Figure 2: The effect of GTF-231 treatment on the liver tissues of total 
cholesterol, triglycerides, free fatty acids and phospholipids in the ex-
perimental groups of rats. 

Values are given as Mean ± S.E.M for six rats in each group. One way 
ANOVA followed by post hoc test LSD.  Statistical significance was 
compared within the groups as follows: 
acompared with control group of rats; 
bcompared with diabetic group of rats. 
Values are statistically significant at *p<0.05.

Figure 3: The effect of GTF-231 treatment on the kidney tissues of 
total cholesterol, triglycerides, free fatty acids and phospholipids in the 
experimental groups of rats. 

Values are given as Mean ± S.E.M for six rats in each group. One way 
ANOVA followed by post hoc test LSD. Statistical significance was 
compared within the groups as follows: 
acompared with control group of rats; 
bcompared with diabetic group of rats. 
Values are statistically significant at *p<0.05.

	 Table 2 shows the levels of plasma lipoproteins such 
as HDL, LDL and VLDL in control and experimental groups. 
Compared to controls, the levels of LDL and VLDL were ele-
vated significantly with a concomitant decline in the levels of 
HDL in the diabetic group.Oral treatment with GTF effectively 
decreased the levels of LDL as well as VLDL and improved the 
HDL levels in the experimental diabetic group. 

Table 2: The levels of HDL-Cholesterol, LDL-Cholesterol and 
VLDL-Cholesterol in plasma of control and experimental groups of rats
Groups HDL-C LDL-C VLDL-C
Control 40.89 ± 1.67 52.12 ± 4.88 19.51 ± 1.35
Diabetic 11.51 ± 0.77a* 180.21 ± 12.66a* 46.40 ± 1.77a*

Diabetic + GTF 35.21 ± 1.99b* 60.23 ± 6.23b* 22.67 ± 1.00b*

Diabetic + 
Metformin 34.5 ± 1.78b* 61.51 ± 5.81b* 24.75 ± 1.63b*

Units are expressed as mg/dl. Values are given as Mean ± S.E.M for six 
rats in each group. One way ANOVA followed by post hoc test LSD. 
Statistical significance was compared within the groups as follows: 
a compared with control group of rats; 
b compared with diabetic group of rats. 
Values are statistically significant at *p<0.05.

	  Figure 4 illustrates the atherogenic and coronary risk 
factor index in control and experimental groups. Diabetic rats 
showed an increased atherogenic and coronary risk factor index 
compared to the control group. Treatment with GTF-231 and 
metformin groups reduced the atherogenic and coronary risk 
factor index. The increased activity of HMG-CoA reductase in 
liver and kidney tissues of diabetic group were significantly de-
creased upon oral treatment with GTF-231 (Figure 5). 

Figure 4: Atherogenic and coronary risk factor index in control and 
experimental groups of rats

Values are given as Mean ± S.E.M for six rats in each group. One way 
ANOVA followed by post hoc test LSD.  Statistical significance was 
compared within the groups as follows: acompared with control group 
of rats; bcompared with diabetic group of rats. Values are statistically 
significant at *p<0.05.

Figure 5: The activity of HMG CoA reductase in liver and kidney tis-
sues of control and experimental groups of rats.

Values are given as Mean ± S.E.M for six rats in each group. One way 
ANOVA followed by post hoc test LSD.  Statistical significance was 
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compared within the groups as follows: acompared with control group 
of rats; bcompared with diabetic group of rats. Values are statistically 
significant at *p<0.05.

	 Table 3 shows the effect of GTF-231 on the activities 
of lipid metabolizing enzymes such as lipoprotein lipase (LPL) 
and lecithin cholesterol acyltransferase (LCAT) in plasma and 
liver tissues. Decreased activity of these lipid metabolizing en-
zymes was increased upon oral treatment with GTF as well as 
metformin.

Table 3: The activities of lipid metabolizing enzymes such as lipopro-
tein lipase and lecithin cholesterol acyltransferase in plasma and liver 
tissue of control and experimental groups of rats

Groups
LPL LCAT

    Plasma       Liver Plasma Liver
Control 7.12±0.51 11.28±1.51 70.12±4.51 15.58±1.61

Diabetic 5.01±
0.38a*

18.01±
1.95a*

55.62±
3.38a

9.01±
1.28a*

Diabetic + 
GTF

6.56±
0.41b*

12.98±
1.48b*

65.26±
4.12b*

12.56±
1.42b*

Diabetic + 
Metformin

6.92±
0.44b*

12.02±
1.41b*

66.31±
4.40b*

13.92±
1.38b*

Units are expressed as: Plasma LPL- µmoles of glycerol liberated/h/L; 
Plasma LCAT- µmoles of cholesterol esterified/h/L; Liver LPL-µmoles 
of free fatty acids liberated/h/mg protein; Liver LCAT-µmoles of cho-
lesterol esterified/h/mg protein
Values are given as Mean ± S.E.M for six rats in each group. One way 
ANOVA followed by post hoc test LSD. Statistical significance was 
compared within the groups as follows: 
acompared with control group of rats; 
bcompared with diabetic group of rats. 
Values are statistically significant at *p<0.05.

Discussion

	 Persistent hyperlipidemia, hypercholesterolemia and 
hypertriglyceridemia are the terms often used to signify the 
abnormalities associated with lipid alterations observed during 
chronic hyperglycemia in type 2 diabetes mellitus. The chronic 
hyperglycemia in T2DM arises primarily due to the development 
of insulin resistance in the peripheral tissues[32,33] in associa-
tion with insufficient secretion of insulin from the β-cells of pan-
creas which in turn associated with profound alterations in the 
plasma lipid and lipoprotein profile and with an increased risk of 
premature atherosclerosis, coronary insufficiency and myocardi-
al infarction[34]. Several reports evidenced that the fatty acids, 
which under normal circumstances serve as physiological fuels 
for the β-cells, become toxic when available at elevated levels 
for a prolonged duration of time[35,36]. 
	  The major pathogenesis of lipid abnormalities in dia-
betes includes increased mobilization of fatty acids from adipose 
tissue and secondary elevation of free fatty acids in the blood, 
leading to the production of ketone bodies[37].  The liver and 
other tissues participate in the uptake, oxidation and metabolic 
conversion of free fatty acids, synthesis of cholesterol as well 
as phospholipids and secretion of specific classes of plasma li-
poproteins.Diabetes is also known to be associated with an in-
crease in the synthesis of cholesterol which may be due to the 

increased activity of insulin sensitive HMG-CoA reductase[38]. 
	 Cholesterol, the decorated small molecule with multi-
ple loop structure derived from its simple acetate precursor, is 
an important component of cell membranes where it occupies 
the spaces between the polar head groups of phospholipids and 
reducing the membrane fluidity[39]. Cholesterol synthesis is a 
very energetic expensive process involving four stages which 
require 18 acetyl-Co A, 18 ATP, 16 NADH and 4O2 molecules. 
It serves as a precursor for vitamin D, bile salts and steroid 
hormones[40]. Dietary cholesterol constitutes about 20% total 
cholesterol while the remaining 80% is newly synthesized by 
de novo synthesis. Altogether 900mg of cholesterol is synthe-
sized in the liver and central nervous system (CNS)per day and 
is excreted as bile salts which are liver mediated since mam-
mals are unable to hydrolyze cholesterol[41]. An elevated level 
of cholesterol is a powerful risk factor for the development of 
coronary heart diseases and the degree of hypercholesterolemia 
is directly proportional to the severity of diabetes. It has been-
recommended that the education on the adverse effects of hyper-
cholesterolemia and the ways of managing the alterations in the 
lipid profileshould be provided to diabetics[42]. An increase in 
the hepatic cholesterol levels might be due to an increase in the 
transport of chylomicron cholesterol to the liver[43].
	 Experimental evidence suggests that the deleterious ef-
fects of fatty acids are mediated via lipid-derived intracytosolic 
metabolites rather than by fatty acid oxidation[44]. Free fatty 
acids (FFAs) play an important role in the development of insu-
lin resistance. Circulating FFAs are primarily derived from the 
cleavage of triacylglycerol (TAG) of fat deposits by enzymes, 
notably fatty triacylglycerol lipase and hormone sensitive li-
pase[45]. FFAs released from intra-abdominal adipose tissue en-
ter into the circulation and cause insulin resistance. The excess 
of FFAs in the liver leads to stimulation of gluconeogenesis and 
hepatic glucose output, which primarily contribute to the devel-
opment of increased fasting plasma glucose levels and the onset 
of diabetes[46]. 
	 Further, the elevated FFA levels inhibit the transloca-
tion of glucose transporter GLUT4 in the skeletal muscle which 
is the major site of total glucose utilization in the body[47]. The 
inhibition of glucose transporter GLUT4 causes a reduction in 
glucose uptake in muscle resulting in postprandial hyperglyce-
mia. Similar to the liver, it leads to the development of intramyo-
cellular fat accumulation and impairment of mitochondrial func-
tion. There is an assumption that the increased influx of FFAs 
into pancreatic β-cells through lipotoxicity mechanism contrib-
utes to the loss of their secretory capacity and definite manifesta-
tion of type 2 diabetes[48]. The elevated levels of free fatty acids 
observed in the plasma, liver and kidney tissues of diabetic rats 
in the present study may be attributed to the increased transport 
of fatty acids as a result of their excessive mobilization which in 
turn promote the synthesis of phospholipids and cholesteryl es-
ters by the liver and kidney. Oral administration of GTF-231 in 
diabetic rats reduces the level of liver and kidney free fatty acids 
and thereby alleviates diabetic dyslipidemia. Further, the elevat-
ed levels of plasma lipids in diabetics are essentially due to an 
increase in the mobilization of free fatty acids from the peripher-
al depots since insulin inhibits the activity of hormone sensitive 
lipase. Treatment with GTF-231 indiabetic rats resulted in the 
amelioration of hyperlipidemia and this may be attributed to the 
enhanced glucose utilization. Alam et al.[49] have reported that 
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the oral administration of Ziabeetein, a polyherbal formulation 
comprising of ten phytoingredients significantly ameliorates 
both hyperglycemia and hyperlipidemia in STZ induced experi-
mental diabetic rats. 
	 Phospholipids constitute the vital part of biomem-
branes rich in polyunsaturated fatty acids which are susceptible 
substrates for free radicals. The elevated plasma phospholipid 
levels are a consequence of elevated lipoproteins. The plasma 
cholesterol/phospholipids ratio is one of the important markers 
for the development of atherosclerosis[50]. The restoration of 
phospholipids level by GTF-231 may be due to the restricted 
mobilization of plasma triglycerides, regulating the tissue me-
tabolism and improving the level of insulin secretion and action 
presumably mediate cholesterol and phospholipids.  	
	 In humans, cholesterol circulates as a component of 
plasma lipoproteins such as chylomicrons, VLDL, LDL, IDL and 
HDL in the range of 150-250 mg/dl. The characteristic features 
of diabetic dyslipidemia which aggravate the lipid accumulation 
in the arterial wall and the formation of atherosclerotic plaques 
are increased triglycerides, small dense LDL-cholesterol and low 
HDL cholesterol levels[51].  Triglyceride rich lipoproteins such 
as chylomicrons and VLDL mediate the delivery of TG to the 
peripheral tissues while LDL transports cholesterol to peripheral 
tissues. Cholesterol transport via LDL is often referred to as“Bad 
Cholesterol”[52]. HDL-c particles are critical acceptors of cho-
lesterol which mediates the transport of cholesterol back to the 
liver (for excretion or recycling[53]. Thus, a reduced plasma lev-
el of HDL-C is a major risk factor for the development of athero-
sclerosis induced coronary heart disease and peripheral vascular 
disease. In mammalian species, a major portion of the cholester-
ol synthesis takes place in peripheral tissues which lack enzymes 
to degrade cholesterol. The transfer of cholesterol from the pe-
ripheral tissues into HDL occurs by simple diffusion or during 
transient binding to the cell membranes[54]. In the present study, 
elevated levels of total cholesterol, triglycerides, free fatty acids 
and phospholipids in the plasma, liver and kidney were observed 
in diabetic rats. The increased levels of these cholesterol indices 
are due to the decreased level of HDL-cholesterol. This in turn, 
results in decreased removal of cholesterol from the extrahepatic 
tissues by the HDL-cholesterol[55]. The observed increase in 
the level of HDL-c with a concomitant decrease in the levels of 
total cholesterol, triglycerides, free fatty acids and phospholipids 
in the diabetic rats treated with GTF-231 suggested the efficacy 
of the phytochemicals in ameliorating the abnormalities in the 
lipid metabolism during chronic hyperglycemia. 
	 Atherogenic dyslipidemia is characterized by increased 
levels of triacylglycerol (also an increased number of VLDL 
particles), LDL-c, apolipoprotein B (apoB) particles and low 
HDL-c[56]. LDL particles are closely associated with metabolic 
syndrome and are low-density lipoproteins. Small LDL particles 
are more atherogenic than larger LDL[57] because they can eas-
ily pass through the vessel wall, where LDL is more susceptible 
to atherogenic changes. A higher amount of small LDL particles 
is associated with increased atherogenic potential[58]. HDL is 
an antiatherogenic particle, increasing reverse cholesterol trans-
port and has anti-inflammatory propertiesin addition to protec-
tion against the modifications of LDL[59]. Low levels of HDL 
strongly predict the development of atherosclerotic CVD. In the 
present study, GTF-231controls the atherogenic and coronary 
risk factor index by increased HDL-c and decreased total cho-

lesterol as well as LDL-c levels.
	 HFD-STZ induced rats showed abnormalities in lipid 
metabolism as evidenced by increased TG, TC, VLDL-c and 
LDL-c levels. Hypertriglyceridemia observed in high fat fed-
low dose STZ induced diabetic rats may be due to increased 
absorption and formation of triglycerides in the form of chy-
lomicrons following exogenous consumption of the diet rich in 
fat or through increased endogenous production of TG-enriched 
hepatic VLDL and decreased TG uptake in peripheral tissues. 
Khera and Bhatia have reported that the oral administration of 
Woodfordia fruticosaflower Extract significantly ameliorates 
the alterations in the levels of lipoprotein components in high 
cholesterol diet fed mice[60]. Hypercholesterolemia may be 
attributed to increased dietary cholesterol absorption from the 
small intestine following the intake of HFD in a diabetic con-
dition[16,61]. However, oral administration of GTF-231 nor-
malized the status of lipid profile indicating its potential as an 
antidyslipidemic agent.
	 Chylomicrons, primarily secreted by the enterocytes are 
rich in triglycerides which constitute principal fat in the diet[62]. 
In the blood circulation, chylomicrons come into contact with li-
poprotein lipase (LPL) which hydrolyses the triglyceride of chy-
lomicrons remnants such as VLDL and LDL which are removed 
by the liver by a process which involves binding to heparan 
sulphate and a multiligand receptor, the LDL receptor-like pro-
tein[63]. LCAT is a key enzyme that catalyzes the esterification 
of free cholesterol in plasma lipoproteins and plays a critical role 
in HDL metabolism. GTF-231 modulates the lipid metabolizing 
enzyme by increased activities of LPL and LCAT in both plasma 
and hepatic tissue. 
	 In recent times, the RCT concept is used to refer steps 
to specific cell types involved in the process. Cholesterol efflux 
from macrophage foam cells is referred to as macrophage-spe-
cific RCT which is the major target of lipid-modifying thera-
pies. The concept of RCT was proposed 60 years ago[64,65]. 
Cholesterol can be effluxed from the macrophage-derived foam 
cells present in the atherosclerotic plaque only in the face or un-
esterified form, but not as cholesterol ester. Free cholesterol can 
leave the macrophage by different pathways, which either trans-
porter-dependent or independent. In the dependent pathway, 
cholesterol transporters such as scavenger receptor class B types 
(SR-B1), ATP-binding cassette transporter A1 (ABCA1) and 
ABCG1 play a crucial role in cholesterol removal[66]. Because 
regulation and metabolism of HDL-c are highly complex and 
there are several subclasses with different functions in HDL-c, it 
levels should be used with caution as a surrogate for predicting 
fluxes through the RCT pathway[67].
	 CETP is a member of the lipid transfer/ lipopolysaccha-
ride binding protein gene family which promotes the exchange 
of neutral lipid species between lipoprotein fractions[68]. CETP 
is a hydrophobic glycoprotein that is primarily secreted by the 
liver and circulates in plasma, bound mainly to HDL[69]. It pro-
motes the redistribution of CEs, TGs and to a lesser extent PL 
between plasma lipoproteins. CETP transfers lipids from one 
lipoproteins particle to another in a process that results in equil-
ibration of lipids between lipoproteins fractions. It was report-
ed to have a major role in the cholesteryl ester and triglyceride 
content of the lipid core of VLDL, LDL and HDL. Although 
CETP activity rises in the presence of increasing amounts LDL, 
it is inhibited in the presence of high amounts of HDL[70]. This 
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leads to the hypothesis that some components that are present 
in HDL may act as CETP inhibitors[71,72]. Furthermore, the 
surface charge of HDL plays an important role in the regulation 
of CETP activity[73,74]. CETP is a key factor controlling cho-
lesterol transport and metabolism through the ability to trans-
fer cholesterol esters from the anti-atherogenic HDL towards 
pro-atherogenic VLDL and LDL. CETP inhibition was associ-
ated with significant increase in HDL cholesterol at the expense 
of LDL cholesterol[75-77]. The observations on the role of RCT 
and CETP in regulating lipids and lipoproteins abnormalities 
have led to an interest in the development of novel strategies to 
prevent atherosclerosis and its thromboembolic complications. 

Conclusion

	 In conclusion, the results of the present study clearly 
evidenced the antihyperlipidemic properties of GTF-231 in addi-
tion to its antidiabetic properties. Further studies are in progress 
to understand the molecular mechanisms involved in the ame-
lioration of diabetic dyslipidemia by GTF-231 to throw more 
light on the efficacy of the GTF. However, the data presented 
raise the possibility that GTF-231 may be used as a therapeutic 
supplement for the treatment of diabetes and its secondary com-
plications.
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