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ABTRACT

Thiazolidinedione ligands for the gamma subtype of peroxisome proliferator-activated receptors
(PPARY), widely used to treat type 2 diabetes mellitus, have been shown to have anti-inflammatory action
in some animal models. This study is carried out to evaluate the anti-inflammatory activity of
rosiglitazone & Pioglitazone with the standard drug Diclofenac sodium (NSAID). Carageenan is used for
inducing inflammation in rats hind paw. Paw volume is measured before and after 0 & 3 hrs by using
simple mercury plethysmograph. The percentage inhibition with Diclofenac sodium 5mg/kg is 24.50%,
10mg/kg is 36.76% & 15mg/kg is showing the highest inhibition of 49.01%. Rosiglitazone is showing the
percentage inhibition of 20.34%, 30.63% & 40.80% with the respective doses of 0.12mg/kg, 0.24mg/kg
& 0.36mg/kg. Pioglitazone shows the least percentage inhibition of 16.29%, 28.55% &38.72% at a
concentration of 0.30mg/kg, 0.45mg/kg & 0.60mg/kg respectively. Our study has shown that TZDs have
definitive anti-inflammatory effect which was significant with Rosiglitazone. As TZDs act on PPAR- v, it
has been shown to have anti-inflammatory effect by PPAR dependent and independent mechanisms. They
particularly enhance COX-2 expression.
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INTRODUCTION

With the unifying theory of pain that states “Inflammation is the biochemical cause of all pain” (Omoigui
2007) every patient seeks medical relief especially when in pain. As John Milton (Ricks 1968) has said
“Greatest happiness mankind can gain is not from pleasure, but relief of pain.” The quest for analgesics
has been going on yet the ultimate pain remedy still illusive.

The causes of pain are many and distinct. Inflammation is veritable cause of pain. Prostaglandin
inhibitors, TNF alpha inhibitors have been shown to have remarkable analgesic effect. A wide variety of
diverse chemical agents have analgesic effect. Many drugs that are in use have varied therapeutic uses
which has been shown to have a potential anti—inflammatory/analgesic effect- Carbamazepine,
antidepressants, macrolide antibiotics etc (Bianchi et al., 1995, Hajhashemi et al., 2008 & Munic et al.,
2011).

Diabetes is usually associated with inflammation (Mark & Steven 2011). Inflammation contributes to the
development of diabetes. Traditional Chinese medicines (TCM) have been effective in the treatment of
diabetes mellitus. Researches have propounded the astonishing theory that diabetes is an inflammatory
disease. Many of the traditional Chinese medicine used for diabetes mellitus have been found to have
additional anti-inflammatory effect as well as hypoglycaemic effect (Xie & Du 2011). The increasing
evidence of inflammatory basis for diabetes mellitus necessitates the critical evaluation of anti-
inflammatory drugs. It is also advocated to look for putative targets that need validation.

Thiazolidinediones (TZDs) are a unique class of antidiabetic medications that exert multiple effects
beyond glycemic control. Thiazolidinediones were shown to have antiarthritic and anti inflammatory
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effect on animal model (Koufany et al., 2008) . This new found activity of TZDs could be put to use in
therapeutically varied situations. TZDs have potent peroxisome proliferator-activated receptor (PPAR)-y
agonists and a novel PPAR-a activity (Delerive et al., 2001).(PPAR)-y has an important role in the
process of inflammation. Two commonly used TZDs which were selected for the study — Rosiglitazone
and Pioglitazone. Diclofenac was used as the standard drug.

Rosiglitazone, an agonist for the nuclear receptor peroxisome proliferator-activated receptor gamma
(PPARY), is a widely used drug for the treatment of type 2 diabetes mellitus. It increases insulin
sensitivity of peripheral tissues. In addition, there is evidence that rosiglitazone has anti-inflammatory
effects (Delerive et al., 2001 & Haffner et al., 2002). It has been postulated that rosiglitazone exerts its
anti-inflammatory effect through inhibition of the transcription factor nuclear factor kB (NF«kB) pathway
(Mohanty et al., 2004).

The drug is controversial in the U.S. (JD law group 2011). Some reviewers (Graham et al., 2010) have
concluded that rosiglitazone caused more deaths than pioglitazone (Actos), and have recommended
rosiglitazone be taken off the market, but an FDA Food and Drug Administration panel disagreed, and it
remains on the market in the U.S., subject to significant restrictions. From November 18, 2011 the federal
government will not allow Avandia to be sold without a prescription from certified doctors (Reinberg
2011). Patients will be required to be informed of the risks associated with the use of Avandia, and the
drug will be required to be purchased by mail order through specified pharmacies.

Pioglitazone is a prescription drug of the class thiazolidinedione (TZD) with hypoglycemic
(antihyperglycemic, antidiabetic) action. Pioglitazone selectively stimulates the nuclear receptor
peroxisome proliferator-activated receptor gamma (PPAR-y) and to a lesser extent PPAR-a (Gillies, Dunn
2000 & Smith 2001). It modulates the transcription of the insulin-sensitive genes involved in the control
of glucose and lipid metabolism in the muscle, adipose tissue, and the liver. Although not clinically
significant, pioglitazone decreases the level of triglycerides and increases that of high-density lipoproteins
(HDL) without changing low-density lipoproteins (LDL) and total cholesterol in patients with disorders
of lipid metabolism.

More recently, pioglitazone and other active TZDs have been shown to bind to the outer mitochondrial
membrane protein mitoNEET with affinity comparable to that of pioglitazone for PPARy (Colca et al.,
2004 & Paddock 2007). Pioglitazone has subsequently been found to be associated with bladder tumors
and has been withdrawn in some countries.

Diclofen is a non-steroidal anti-inflammatory drug (NSAID). It is widely used for treatment of localized
nonarticular rheumatism and inflammations. However, the half-life of diclofenac in human body is 1.8 h
after oral administration and the hepatic first pass effect is very extensive (Willis et al., 1979).The
primary mechanism responsible for its anti-inflammatory action is inhibition of prostaglandin synthesis
by inhibition of cyclooxygenase (COX). It also appears to exhibit bacteriostatic activity by inhibiting
bacterial DNA synthesis (Dutta et al., 2000).

Carageenan induced paw edema in animals is the most suitable test procedure to screen anti-inflammatory
activity. It is used to study the acute and subacute phases of inflammation in rats.

MATERIALS AND METHODS
Materials

It is a cross sectional study in which three drugs (Diclofenac sodium, Rosiglitazone & Piogliatazone) are
used along with normal saline. The different concentration of these drugs have been used of the study.
Animals used are male wistar rats (200-250gms). These are divided into four groups.
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Table 1: Characterisation of study groups with control, standard and tests drugs

Group Drug Concentration ~ No of rats used
I Normal Saline 0.2 ml 6
l1(a) Diclofenac 5mg/kg 6
11(b) Sodium 10mg/kg 6
I(c) 15mg/kg 6
I(a) Rosiglitazone  0.12mg/kg 6
1i(b) 0.24mg/kg 6
Ii(c) 0.36mg/kg 6
IV(a) Pioglitazone 0.30mg/kg 6
1V(b) 0.45mg/kg 6
IV(c) 0.60mg/kg 6

Carageenan — 0.1ml of 1% conc.

Methods
The animals were kept fasting overnight and weighed before being taken into the various study groups.
Relevant doses were given intraperitonially for the control, standard and test groups. After an hour of
drug administration, the carageenan was injected into the hind paw.
In this procedure a mark is made at the ankle joint (tibio-plantar joint) of each rat. Paw volume upto the
ankle joint is measured in drug treated and untreated groups before and after 0 & 3 hrs carageenan
challenge using a plethysmograph filled with mercury. Oedema is observed and percentage of reduction
in oedema is calculated using the following formula-
Percentage inhibition = (1- Vt/ VVc) X 100
Where, Vt = Oedema volume in the drug treated group

V¢ = Oedema volume in the control group
The percentage anti-inflammatory effect was noted with various concentrations of different drugs. Results
were analysed using SPSS (version 6).

RESULTS AND DISCUSSION

Screening of anti-inflammatory agents have always being going on at a fast pace in response to the ever
growing need. Diverse chemical entities have shown promising anti-inflammatory effect. Two of the
commonly used oral hypoglycaemic agents from the TZDs have been shown to have an anti-
inflammatory effect. In this study we estimated the percentage anti-inflammatory effect in three different
doses of Rosiglitazone (testl), Piogliatazone (test2) and Diclofenac sodium (control).

The percentage anti-inflammatory effect noted with Diclofenac (Standard) 5mg was 24.50%, 10mg
36.76% & 15mg 49.01%. The percentage anti-inflammatory effect of Rosiglitazone (Testl) 0.12mg was
20.34%, 0.24mg 30.63% & 0.36mg 40.80%. The percentage anti-inflammatory effect of Pioglitazone
(Test2) 0.30mg was 16.29%, 0.45mg 28.55% & 0.60mg 38.72%. The maximal anti-inflmmatory effect
with Diclofenac is 49.01% at 15 mg/kg concentration. The maximal anti-inflmmatory effect with
Rosiglitazone is 40.80% at 0.36 mg/kg concentration. The maximal anti-inflmmatory effect with
Pioglitazone is 38.72% at 0.60 mg/kg concentration. The three varied doses of Diclofenac, Rosiglitazone
and Pioglitazone corresponds to their ED25 & ED50. From among the test groups Rosiglitazone showed
the maximal anti-inflammatory effect. In the present study, it was clarified that the Rosiglitazone and
Pioglitazone markedly inhibited the hind paw edema induced by carageenan.
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Figure 1: The graph showing % inhibition of diclofenac, rosiglitazone and
pioglitazone.
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Table 2: Paw Volume of standard & tests drugs in carageenan induced rat hind paw edema

S. No. ACTUAL PAW VOLUME
Normal  Saline | Diclofenac Rosiglitazone Pioglitazone
0.2 ml 15mg/kg 0.36 mg/kg 0.60 mg/kg
(Control) (Standard) (Test 1) (Test 2)
1 0.8 0.5 0.6 0.5
2 0.9 0.4 0.5 0.4
3 0.7 0.4 0.5 0.6
4 0.8 0.3 0.4 0.4
5 0.8 0.4 0.5 0.5
6 0.9 0.5 0.4 0.6
MEAN 0.816 0.416 0.483 0.500
SD 0.435 0.237 0.243 0.260
SE 0.084 0.084 0.075 0.096
Statistical Analysis | Normal Saline Normal Saline Normal Saline
Vs Vs Vs
Diclofenac Rosiglitazone Pioglitazone
t-test 4.598 8.501 2.908
p-value <0.05 <0.05 <0.05
(Statistically highly | (Statistically highly | (Statistically
significant) significant) significant)
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PPAR has been identified to have 4 different isotypes- a, B, and y. PPAR- a is expressed in endothelial
and vascular smooth muscle cells, as well as in macrophages and foam cells. PPAR-B/3 is expressed
ubiquitously and takes part in the reverse transport of cholesterol and the oxidation of fatty acids. PPAR-y
is highly expressed in adipose tissue. PPAR- a contributes to the control of inflammation, the action of
PPAR-B/5 has shown anti-obesity and anti-diabetic actions in animal models and promotion of wound
healing. PPAR-y has been linked to insulin-sensitizing properties that have entered the clinics and to the
suppression of the release of cytokines, resulting in anti-inflammatory effects (Koufany et al., 2008).
PPARS may be involved in chronic inflammation (Tan et al., 2001 & Valledor, Ricote 2004). In one
study in human monocyte & macrophages & in mouse keratocytes this PPARS also has a role in
stimulating a proinflammatory response.

The highest doses of TZDs decreased the expression of IL-18 and TNF-a in inflamed synovium, which is
a primary source for systemic inflammatory cytokines. The major finding of this dose-ranging study
showed that the doses of TZDs required to decrease inflammation were equal to or greater than those
sufficient to restore insulin sensitivity, as reported separately for troglitazone (Koufany et al., 2008).

The antiinflammatory actions of PPARy may be responsible for the insulin-sensitizing properties of
TZDs; large populations of macrophages reside in adipose tissue where they produce cytokines that
mediate obesity-related insulin resistance (Neels,Olefsky 2006 & Neels,Olefsky 2006). TZD-activated
PPARy, via suppression of inflammatory cytokine production from macrophages, increasing the systemic
insulin sensitivity (Ricote et al., 1998, Valledor, Ricote 2004 & Zhang, Chawla 2004).

Rosiglitazone and Ciglitazone potentiate COX-2 expression via a PPAR-y dependent process. TZDs have
not only action on PPAR-y but PPAR independent mechanism (Luna-Medina et al., 2005 & Park et al.,
2003). Effect of Rosiglitazone and Ciglitazone have a PPAR independent expression of COX-2 in LPS-
stimulated astrocytes. TZDS in the presence of PPAR- /5 that consequently leads to an increase in COX-
2 expression (Stepan et al., 2009).

Pioglitazone has been shown to have effect on streptozotocin induced memory deficit without any
significant effect on blood glucose level. This is attributed that anti-dementic effect of Pioglitazone
involves its potential anti-inflammatory actions (Rinwa et al., 2008).

In preclinical studies, male rats treated with Pioglitazone developed more bladder tumors but this is not
seen with female rats (Nathan et al., 2009 & Rinwa et al., 2008). This could be due to the gene reside in
the Y chromosomes.

Hence our study having investigated the significant anti-inflammatory potential brings out multi prounged
effects. Not only would TZDs increase peripheral utilization of glucose ,improves insulin sensitivity but
also reduce the development of complications that is a fallout of inflammation. The surprisingly
significant anti-inflammatory has added to the versatility of this group of drugs.

The limitations of our study could be summarised in having larger animal testing in various animal
models and combination of drugs affecting anti-inflammatory as well as anti-diabetic actions.

At the close of our study, the suggestion recommendations are.

TZDs have a definite anti-inflammatory action, the anti-inflammatories could have a potential anti-
diabetic action as a corollary. In view of our findings the TZDs have an all encompassing extremely on
diabetes due to its comprehensive effect on peripheral utilization, insulin sensitivity and anti-
inflammatory actions.

The carageenan induced rat hind paw edema model was taken to validate the suspected anti-inflammatory
action of TZDs, in particular, Rosiglitazone and Pioglitazone. Diclofenac sodium was used as a standard.
It was indeed surprising to note that TZDs have a peripheral utilization, insulin sensitivity and anti-
inflammatory actions. There is corroborative evidence of PPAR- y having additional PPAR dependent
and independent anti-inflammatory activity.
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