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Abstract: The present study was aimed to find possible role of pioglitazone (PPARY agonist) and fenofibrate
(PPAR agomist) by Triton induced hyperlipidemia Model, Diet induced model and Relative organ weight
analysis.. The study revels that, both pioglitazone and fenofibrate has significantly reduced the elevated levels
of serum triglycerides and cholesterol in both atherogenic diet and triton induced hyperlipidemia at 3 mg kg™
b.wt. Significant increase in HDL. level was observed in animals treated with pioglitazone 3 mg kg™ b.wt. and
fenofibrate 3 mg kg~ b.wt. in animals induced hyperlipidemia with atherogenic diet. The liver enzymes reveal
that, there was significant reverse in ASAT levels in animals treated with pioglitazone 3 mg kg™ b.wt and
fenofibrate 3 mg kg™ b.wt. Histopathology reports also suggest that, there was a protection to liver and heart
against atherogenic and triton induced damage. In combination therapy of both pioglitazone and fenofibrate
i atherogenic diet and triton induced hyperlipidemia, there was no potentiation n their activity when they have

admimstered in combination.
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INTRODUCTION

Hyperlipidemia is classified into a primary and a
secondary type, which the complexities
assoclated with disease. The primary disease may be
treated by anti-lipidemic drugs but the secondary type
originating from diabetes, renal lipid nephrosis or
hypothyroidism demands the treatment of the original
disease rather than hyperlipidemia (Suzuki and Suzuki,
2006). Atherosclerotic coronary artery diseases constitute
a major cause of death in developed country.
Atherosclerosis is now identified as the manifestation of
mflammation and hyperlipidemmia.  Progression of
if elevated

indicates

atherosclerosis can be slowed
concentration of the lipoprotein and triglycerides are

SCTUII

reduced which prevent coronary heart disease. Also,
mtubition of mflammatory molecules and growth factors
reduce the progression of atherosclerosis,
hyperglycemia and hyperinsulinemia are associated with
high fat diet (Hsuch and Law, 2001).

With the next decade health care systems world will
face the very real prospect of being overwhelmed by the
demands placed on then because of the ever increasing
mumber of individuals diagnosed with type two diabetes

also

mellitus (Zimmet et al., 2001; Dunstan et ai., 2002). The
development of insulin resistance 1s a critical state in the
evaluation of this disorder and the increasing prevalence
of obesity linked to the shift to more sedentary life styles,
has contributed significantly to this prevalence. Macro
vascular complications, including 1schemic coronary and
cerebrovascular disease, are a major cause of morbidity
and mortality in this group of patients. When focusing on
this diabetic epidemic, it is important, however, not to
overlook individuals with so called prediabetes; in woman
atherosclerotic vascular events also occur more
frequently than in the general population (Saydah et al.,
2001; Unwin et af., 2002). In both groups, the co-existence
of other adverse vascular traits (hypertension and
dyslipidemia) with insulin resistance undoubtedly fuels
the drive towards atherogenic vascular disease.

The past 10 years have seen a new paradigm emerge
for the transcriptional regulation of metabolic pathways
with the discovery of peroxime proliferation activated
receptors PPARs (PPAR-¢, PPRA-y and PPAR-3), a trio
of nuclear receptor activated by lipids. Characterization of
PPARs led to the realization that certain nuclear receptors
have evolved to recognize specific metabolic
intermediates in the pathways that they control. Unlike
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though steroids receptors, which bind a single high
affimty ligand, PPARs have the ability to recogmize range
of structurally diverse molecules. The importance of this
property became clear when it was discovered that the
physiclogy activators of these receptors are likely to be
native and modified polyunsaturated fatty acids. Thus,
PPARSs are transcription factors that regulate expression
of genes mvolved in lipid metabolism and the physiologic
ligands for these receptors are lipids themselves (Walczak
and Tontonoz, 2002).

PPAR-o¢ and PPAR-y regulate vascular and
mnflammatory cell functions. PPAR-¢ and PPAR-y are
expressed in endothelial cells, monocytes/macrophages
and in the vascular smooth muscle cells of both medial
and initimal layers. PPAR-o ligands inhibit smooth muscle
cell production of inflammatory products and causes
macrophage apoptosis. PPAR-y ligands, (1) inhibits
smooth muscle cell migration process, (2) intubits
monocyte/macrophage  production of inflammatory
enzymes, cytokines, (3) induce monocyte/macrophage
differentiation and uptake of oxidized LDL and (4) induce
monocyte and endothelial cell apoptosis (Walczak and
Tontonoz, 2002). In this direction, the present study is
designed to find the possible role of fenofibrate (PPAR-¢

agonist) and pioglitazone (PPAR-y agonist) in
hyperlipidemia.
MATERIALS AND METHODS

Chemicals: E-Coline diagnostic kits for cholesterol,
triglyceride, ASAT, ALAT purchased from E-Merck India
Ltd., Mumbai. Triton wr-1339 (Tyloxapol), Fenofibrate,
purchased from Sigma chemicals, USA. Cholesterol,
purchased from S.D. Fine Chemicals, Mumbai, India.
Pioglitazone  purchased from  Wockhardt Ltd,
Aurangabad, India on March 2008.

Animals: Healthy adult, male albino rats of Wister strain,
weighing 100-150 g were obtained from central animal
house, Ooty, India. The animal house was well mamtamed
at temperature between 2241 °C, humidity 60+10%, with
12 h hght/dark cycle. The animals were housed n large,
spacious, hygienic cages during the cowse of
experimental period. The ammals were fed with water and
pallet diet ad libitum, supplied by M/S Hindustan Lever
Ltd., Bangalore, India and for antihyperlipidemic studies
animals were fed with prepared atherogenic diet
throughout the experimental peried.

Experimental design

Triton induced hyperlipidemia model (Gandhi and Mulky,
1993): The rats were divided into five groups (each group
contains § animals).
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Group 1 received only 1 mL saline for 44 h, group 2
received only triton (sham control) at 350 mg kg™,
group 3 received tritent+pioglitazene (3 mg kg ™' orally),
group 4 received tritont+fenofibrate (3 mg kg™ orally),
group 5 received ftritontpioglitazone (3 mg kg™
orally)+fenofibrate (3 mg kg™ orally), 40 albino rats of
Wister strain weighing about 180-200 g divided in to
5 groups each contamn & amimals as mentioned above.
Drugs were administered immediately and 24 h after the
admimistration of triton After 44 h of the triton
administration animals were euthanized with excess dose
of thiopental sodium and blood was collected. Sernum was
separated by centrifugation and estimated for cholesterol
and triglycerides.

Experimental design (diet induced model): The rats were
divided into five groups (weighing 100-150) each group
contains 6 animals. Group 1: received drug vehicle only
(0.3% CMC) for 60 days with normal diet (20 g/day/rat),
group 2: received atherogenic diet (sham control)
(20 g/day/rat) only for 60 days, group 3: received AD
(20 g/day/rat) for 60 days. After 45 days, ammals were
treated with Pioglitazone (3 mg/kg/day orally) for 15 days
along with AD, group 4: received AD (20 g/day/rat) for
60 days. After 45 days amimals were treated with
Fenofibrate (3 mg/kg/day, orally) for 15 days along with
AD. Group 5: received AD (20 g/day/rat) for 60 days.
After 45 days ammals were treated with combination of
Pioglitazone (3 mg/kg/day)+Fenofibrate (3 mg/kg/day
orally) for 15 days along with AD.

Amnimals were divided into five groups and animals in
group 2 to 5 were fed with atherogenic diet for 60 days.
Drugs were admimstered to ammals in group 3 to 5 for
last fifteen days as described above. During this period
body weight was observed on day -0, 45 and 60. On day
60 ammals were euthamzed with excess dose of thiopental
sodium and blood was collected and stored for 10 min at
room temperature without an anticoagulant. Coagulated
blood was centrifuged at 2500-3000 rpm for 15 mm and
serum was separated and stored at 4°C to estunate the
following parameters:
¢ Serum lipid parameters
»  Biochemical’s parameters
The liver, heart and kidney were excised, cleaned with
water, dried with filter paper and weighed. Further, the
liver and heart were stored in 10% neutral formalin buffer
for histopathology studies.

Relative organ weight analysis: On day 60 animals were
euthanized with excessive dose of thiopental sodium and
Liver, heart and kidneys were excised, washed with water,
dried with filter paper and weighed.
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Weight of the organ (g)
Weight of the body (g)

Relative organ weight = [

]xlOO

RESULTS AND DISCUSSION

Effect of pioglitazone, fenofibrate and combination of both
on lipid profile in triton induced rats: The results reveal
that, the rats treated with triton showed highly significant
(p<0.001) increase in serum cholesterol and triglycerides
levels when compared with control animals. Whereas,
ammals in group 3 (Triton+ pioglitazone), group 4 ( Triton+
fenofibrate) group-5  (Tritont+pioglitazone+
fenofibrate) reversed significantly (p<0.001) the elevated
levels of serum cholesterol and triglycerides when
compared with group 2 (triton induced hyperlipidemia).

and

However, the amimals treated with combination of
pioglitazone and fenofibrate not showed potentiation in
their activity when compared with their individual
treatment in triton induced hyperlidemia as shown in
Table 1.

Effect of pioglitazone, fenofibrate and combination of both
on body weight in rats fed with atherogenic diet: The
present study shows that, there was a significant increase
i body weight mn all the groups when compared with
control. Whereas, no significant change in body weight
was observed in group 3, group 4 and group 5 when
compared with group 2 (AD treated) as shown in
Table 2 and 3.

Table 1: Effect of pioglitazone, fenofibrate and combination of both on serum
lipid parameters in triton induced rats

Treatment/dose Serumn cholesterol Serum triglycerides
(mg kg™ b.wt.) (mg dL.™!) (mM)

Vehicle control 41.62+1.3 45.25+2.04
Triton 350 mg 295.12+20. 7 307.75€30.20M
Triton + pioglitazone 85,006 1#4% + 76,0047, 14+
Triton + fenofibrate 80,2543 ¥ * 72,008 9%**
Triton + pioglitazone 105.00:£4, Q5 # #81H 82,507 4 #+

+ fenofibrate

Values are expressed as Mean+SEM (n = 8), vehicle (normal saline), CMC:
carboxy methyl cellulose Tp<0.001, *p<0.01, *p<0.05 compared with
control, ¥**p<0.001, **p<0.01, *p<0.05 compared with triton

Table 2: Effect of pioglitazone, fenofibrate and combination of both on body
weigh in rats fed with atherogenic diet

Treatment/dose (mg ke™! b.wt.) Body weight (2)
Vehicle control 201.66+6.5
Sham control (AT 2B6.00£8.3
Atherogenic diet + pioglitazone 3 mg 283.67+10.3"
Atherogenic diet + fenofibrate 3 mg 279.50+7.6™
Atherogenic diet + pioglitazone 3 mg 281.16£13.34

+ fenofibrate 3 mg

Values are expressed as Meant3EM (n = 6), vehicle (nommal saline), AD:
atherogenic diet. *p<0.001, *p<0.01, "p<0.05 compared with vehicle
control, ¥*p<0.001, **p<0.01, *p<0.05 compared with atherogenic diet
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Effects of pioglitazone, fenofibrate and combination of
both on lipid profile in rats fed with atherogenic diet: The
effect of atherogenic diet in anmimals showed significant
{(p<0.001) increase in ASAT level when compared with
vehicle control. In group 3 (Atherogenic diet
tpioglitazone), group 4 (Atherogenic diet Henofibrate)
and group-5 (Atherogenmic diet + pioglitazone +
fenofibrate) showed sigmficant (p<0.001) reduction in
ASAT levels when compared with group 2 (atherogenic
diet). However, no significant change in ALAT level was
observed 1n all treated ammals when compared with
control as shown in Table 4.

The study reveals that, there was a significant
{(p<0.001 ws. control) mecrease in serum cholesterol,
triglyceride and decrease in HDL.-C in atherogenic treated
animals. Whereas, significant (p<<0.001) decrease in serum
cholesterol and triglyceride and mcrease in HDL-C levels
were observed in group 3 (Atherogenic diet +
pioglitazone), group 4 (Atherogenic diet Henofibrate) and
group-5 (Atherogenic diet + pioglitazone + fenofibrate)
when compared with group 2 (AD treated). However,
combination of pioglitazone and fenofibrate not showed
any synergistic effect when compared with their
individual treatment as shown in Table 5.

Thiazolidinediones (TZDs) are potent therapeutic
agents that have proven successful in the treatment of
type-2 diabetes in rodents and in human (Spiegelman,
1998). These compounds, including troglitazone,
rosiglitazone and pioglitazone, are believed to exert their
benefit as high affinity agonists of peroxisome
proliferators-activated  receptor-y(PPAR-y),  whose

subsequent activation of multple nuclear genes

Table 3: Effect of pioglitazone, fenofibrate and combination of both on (%o)
relative organ weight in rats fed with atherogenic diet

Heart Liver
Treatment/dose (mg kg™! b.wt.) (%5)
Vehicle control 0.230 2.76
Sham control (AD) 0.249 348
Atherogenic diet + pioglitazone 3 mg 0.287 341
Atherogenic diet + fenofibrate 3 mg 0.286 3.36
Atherogenic diet + pioglitazone 0.287 3.39

3 mgt fenofibrate 3 mg
Values are expressed as Meant=SEM (n = 6), vehicle (nommal saline), AD:
atherogenic diet

Table 4: Effect of pioglitazone, fenofibrate and combination of both on
serum biochemical parameters in rats fed with atherogenic diet

Treatment/dose ASAT ALAT

(mg kg™ b.wt.) (UL

Vehicle control 156.00+2.4 36.50+1.3
Sham control (AD) 183.50+2.17+ 70.83+0.67
Atherogenic diet + pioglitazone 3 mg  160.00+3.05%## 67. 16047
Atherogenic diet + fenofibrate 3 mg =~ 167.16£3.7%* 70.16+0.4
Atherogenic diet + pioglitazone

3 met fenofibrate 3 mg 164. 502 44+ 67.8320.5

Values are expressed as Mean + SEM (n=6), vehicle (nommal saline), AD:
Atherogenic diet. “p<0.001, *p<0.01, *p<0.05 compared with vehicle
control, ***p<0.001, **p<0.01, *p<0.05 compared with atherogenic diet
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Table 5: Effect of pioglitazone, fenofibrate and combination of both on senum lipid profile in rats fed with atherogenic diet

Treatment/dose (mg ko~ ! b.wt.) Serum cholesterol (mg dL.™}) Serum triglycerides (mM) HDL-C (mg dL.™YH
Vehicle control 4567+1.8 53.30+2.07 3230£0.7

Sham control (AT 106.83+1.92+ 183.83+15. 7+ IRR3+0.57
Atherogenic diet +pioglitazone 3 mg 74.67£1.691 73,164, THEE 50.30+ 0,5 ##*
Atherogenic diet +fenofibrate 3 mg BLITH2. A+ # TTBIEG. 544+ 42,670, 57
Atherogenic diet +pioglitazone 3 mgt fenofibrate 3 mg 84,006, 3 #4# 69,6746, 9%+ 49.6740,31HH ki

Values are expressed as Mean+SEM (n= 6), vehicle (normal saline), AD: atherogenic diet. *"p<0.001, *p<0.01, *p<0.05 compared with control, **p<0.001,

##p<0.01, *p<0.05 compared with sham control atherogenic diet

reduces hyperlipidemia and hyperglycemia and improves
insulin sensitivity. Included among the many actions of
TZDs are shifts in systemic lipid profiles, with decreases
in serum lipid concentrations.

Our present reports reveal that pioglitazone (PPARY
agonist) and fenofibrate (PPARa agomst) has showed a
significant decrease in elevated serum triglycerides and
cholesterol and mcrease m HDL cholesterol in
atherogenic diet and decrease in elevated serum
triglycerides and cholesterol in triton induced
hyperlipedemia. It shows that PPARY agomsts are
umprove msulin sensitivity, could be expected in lowering
circulating triglycerides and cholesterol and raise in HDT.
cholesterol levels. PPARY agonists promote the trapping
and storage of free fatty acids withuin adipocytes .a
circumnstance bound to both increase fat mass and
improve insulin sensitivity and dyslipidemia by reducing
fatty acid flux to liver and skeletal muscles and also by
induction of glycerol kinase expression and activity in rat
adipocytes.

The administration of fenofibrate (PPARw agonist)
induced modifications of plasma lipid levels, with a
i triglycerides and cholesterol
and an increase in HDL. The decrease i circulating
triglycerides has been attributed to a stimulation of the
degradation  of  triglycerides through increased
expression and activity of lipoprotein lipase and to a
decrease of hepatic synthesis and secretion of
triglycerides (Staels et al.,, 1998). These results strongly
suggest that the modifications of the expression of
several key genes of liver fatty acids metabolism observed
mn fenofibrate treated hamsters (Guo et af., 2001), 1.e., due
to inhibition of acetyl -CoA carboxylase and fatty acid
synthase and stimulation of acyl-CoA oxidase expression.

Fatty acids taken up by the liver originate mainly from
non-esterified fatty acids carried by serum albumin and
from the hydrolysis of triglycerides. Triglycerides are
hydrolyzed extracellulary in glycerol and fatty acids by
the lipoprotemn lipase (LPL), whose gene 1s stunulated by
PPARs . Once unported into hepatocytes, fatty acids are
activated into acyl-CoA thicesters by various acyl-CoA
synthetases (ACS), one of which, the long-chain fatty
acid ACS, 1s regulated by PPAR-¢ at the transcriptional
level (Schoomyans et al., 1995). Acyl-CoA may then either

significant decrease
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be esterified or alternatively, enter the pathway of
B-oxidation. All three enzymes involved in the peroxisomal
B-oxidation pathway, e.g., Acyl-CoA oxidase (ACO),
enoyl-CoA  hydratase/dehydrogenase  bifunctional
enzyme (IID) and Keto-Acyl-CoA thiolase, are direct
PPAR-¢ target genes (Drayer et al., 1992; Lee et al., 2001).
Long (C14 to 20) and mediwmn-chain (C8 to C12) fatty acids
can be oxidized either in peroxisomes or i mitochondria.
The flux of fatty acids in to mitochondria is controlled by
a carnitine-dependent facilitated transport system.
Interestingly, one of its critical components, carnitine
palmitoyl transferase-1 (CPT-1), 1s strongly mduced by
peroxisome proliferators and fatty acids (Brady et al.,
1989). Thus the gene encoding CPT-1probably represents
another PPAR-¢ target gene. PPAR-¢ further directly
regulates the mitochondrial [-oxidative spiral by
stimulating the expression of the medium-chain acyl-CoA
dehydrogenase (MCAD) gene, the promoter of which
contains a fimctional PPRE. Finally, in liver, most of the
acetyl-CoA derived from fatty acid P-oxidation is
converted into ketone bodies (mainly acetoacetate and
3-hydroxybutyrate). The rate limiting enzyme of this last
pathway, the hydroxymethylglutaryl-CoA synthatase, 1s
controlled by PPAR-¢¢ (Rodnguez at af., 1994). The levels
of PPAR-¢ mRNA and proteins are stimulated in liver by
glucocorticord, resulting in a potentiation of the efficiency
of PPAR-¢ signaling pathway (Lefebvre et al., 1997). In
contrast, msulin counteracts the stimulatory action of
glucocorticoids. Accordingly, PPAR-o expression is
stimulator during the stress situation, mainly by elevated
circulating glucocorticold levels and after fasting,
probably by means of both increased glucocorticoid and
increased insulin levels. Hence, the regulatory action
PPAR-¢ appears to be reinforced precisely according to
the physiological situation that volves fatty acid
mobilization and possibly, PPAR -t receptor activation.
PPARs were proposed to play an important role in
energy homeostasis early after the identification of ACO
as a target gene and fatty acids as activators. Indeed,
PPAR-¢ and PPAR-y appear to regulate the two armus of
lipid homeostasis, fatty acid oxidation and triglyceride
accumulation, respectively.  Specifically, PPAR-u
stimulates fatty acid catabolism I several tissues known
for their lugh rates of fatty acid oxidation such as liver,
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kidney and brown adipose tissue, whereas PPAR -y favors
fatty acid storage by simulating triglyceride accumulation
mn adipocytes. The differential expression of both PPAR
subtypes would largely explain thewr differential
physiological actions. In brown adipose tissue, the two
subtypes could be expected to stimulate preferentially a
different subset of target genes mvolved in the oxidative
and lipogenic pathways, respectively. When specific
activators of PPAR subtypes become available, it should
be possible to test whether PPAR-¢ and PPAR-y
differentially regulate the two opposite metabolic
pathways in a single cell type.

REFERENCES

Brady, P.S., K.A. Marme, L.J. Brady and R.R. Ramsay,
1989. Co-ordinate induction of hepatic mitochondrial
and peroxisomal carnitine acyltranceferase synthesis
by diet and drugs. Biochem. J., 260: 93-100.

Drayer, C., G. Krey, H. Keller, F. Givel, G. Helftenbein and
W.V. Wahli, 1992. Control of the peroxisomal beta-
oxidation pathway by a novel family of nuclear
hormon receptors. Cell, 68: 879-887.

Dunstan, D.W., PZ. Zimmet, T.A  Welbom,
M.P. de Courten and A.J. Cameron et al., 2002. The
rising prevalence of diabetes and impaired glucose
tolerance: The Australian diabetes, obesity and
lifestyle study. Diabetes Care, 25: 829-834.

Gandhi, V.M. and M.T. Mulky, 1993. Effect of taurine on
triton WR 1339 induced hyperlipidaemia in rats.
Indian I. Pharmacol., 25: 237-239.

Guo, Q.,, PR, Wang, D.P. Milot, M.C Ippolito and
M. Hernandez et a«l., 2001. Regulation of lipid
metabolism and gene expression by fenofibrate in
hamsters. Biochem. Biophys. Acta, 1533: 220-232.

Hsuch, W.A. and RE. Law, 2001. PPAR-g and
atherosclerosis: Effects on  cell growth and
movement. Arteriosclerosis Thrombosis Vascular
Biol.,, 21: 1891-1895.

Lee, R.T., C. Yamamoto, Y. Fenf, 3. Potter-Perigo and
W.H. Briggs et al., 2001. Mechamcal strain induces
specific changes in the synthesis and organization of
proteoglycans by vascular smooth muscle cells.
J. Biol. Chem., 276: 13847-13851.

754

Lefebvre, AM.,, J. Peinado-Onsurbe, I. Leitersdorf,
M.R. Briggs and I.R. Patemiti et al., 1997. Regulation
of lipoprotein metabolism by thiazolidinediones
occurs through a distinct but complementary
mechanism relative to Fibrtaes. Arterioscler. Thromb.
Vascular Biol., 17: 1756-1764.

Rodriguez, 1.C., G. Gil-gomes, F. Hegardt and D. Haro,
1994. Peroxisome proliferator activated receptor
mediates induction of the mitochondrial 3-hydroxy 3-
methyl glutaryl-coA synthase gene by fatty acids.
J. Biol. Chem., 269: 18767-18772.

Saydah, S.H., CM. Loria, F.L. Brancati and MS. Eberhardt,
2001. Subclinical states of glucose intolerance and
risk of death in the U.S. Diabetes Care, 24: 447-453.

Schoomyans, K., M .H. Watanabe, A. Suzuki, G. Mahfoud:
and W.W.P. Krey et al., 1995. Induction of the acyl-
coenzyme A synthetase gene by fibrates and fatty
acids is mediated by a peroxisome proliferator
response element in the C promoter. J. Biol. Chem.,
270: 19269-19276.

Spiegelman, BM., 1998. PPAR: Adipogenic regulator and
thiazolidinedione receptor. Diabetes, 47: 507-514.

Staels, B., J. Dallongeville, J. Auwerx, K. Schoonjans,
E. Leitersdorf and J.C. Fruchart, 1998. Mechamsm of
action of fibrates on lipid and lipoprotein metabolism.
Circulation, 98: 2088-2093.

Suzuki, T. and Y. Suzuki, 2006. Current topics of lipid
dynamics and pathobiology in membrane lipid rafts.
Biol. Pharm. Bull., 29: 1538-1541.

Unwin, N, I. Shaw, P. Zimmet and K.G. Alberti, 2002.
Impaired glucose tolerance and impaired fasting
gylcemia: The current status on defimtion and
intervention. Diabet Med., 19: 708-723.

Walczak, R. and P. Tontonoz, 2002. PPAR paradigms and
PPAR adoxes: Expanding role for PPAR-y in the
control of lipid metabolism. J. Lipid Res., 43: 177-186.

Zimmet, P., K.G.MM. Alberti and I. Shaw, 2001. Global
and social implications of the diabetes epidemic.
Nature, 414: 782-787.



	IJP.pdf
	IJP.pdf
	Page 1



