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Summary
Thaizolidinediones (TZDs), a PPAR-γ ligands are used to ameliorate the insulin
resistance in the type-2 diabetes (T2DM). Recent clinical data suggest that the chronic therapy of
TZDs increases the cardiovascular risk like congestive heart failure. Pioglitazone (PIO) and
rosiglitazone (RSG) were tested in three doses viz., 1, 10 and 100 mg/kg to study their influence
on the biomarker levels in nicotinamide (230 mg/kg) and STZ (65 mg/kg) induced T2DM.
Administration of PIO and RSG for 4 weeks significantly altered the serum glutamate
oxaloacetate (SGOT), serum glutamate pyruvate transaminase (SGPT), lactate dehydrogenase
(LDH) and creatinine kinase (CK-MB) levels in the diabetic animals. A dose-dependent decrease
in the level of SGOT was observed after the administration of PIO and the peak reduction
(P<0.001) was observed at 10 and 100 mg/kg compared to the diabetic animals. In addition, PIO
reduced (P<0.001) the SGPT and LDH levels at the tested doses in the diabetic condition. On the
other hand, RSG at 10 and 100 mg/kg reduced (P<0.001) the SGOT and SGPT levels, while the
lower dose of RSG (1 mg/kg) decreased (P<0.05) only the SGOT level compared to the T2DM.
At 100 mg/kg, RSG was also found to enhance (P<0.001) the level of LDH in the diabetic
animals. Further, both PIO and RSG at 100 mg/kg increased the CK-MB level compared to the
diabetic rats. The results indicated that PIO and RSG suppressed the NA-STZ mediated cytolytic
damage in T2DM however, both drugs at 100 mg/kg increased the CK-MB levels suggesting the
cardiac risk.
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Introduction
Thaizolidinediones (TZDs) are novel insulin-sensitizing agents that are being widely used
as first- and second-line drugs in patients with type-2 diabetes mellitus (T2DM). These agents
exert their action by binding to the nuclear receptors called peroxisome proliferator-activated
receptors gamma (PPAR-γ) [1]. PPARs are the transcription factors that heterodimerize with the
retinoid X receptors and activates the gene transcription. There are two TZDs currently available
for clinical use i.e., pioglitazone (PIO) and rosiglitazone (RSG) [2]. Apart from anti-diabetic
effect, TZDs are also found to be useful in cancer, inflammatory disorders and polycystic ovary
syndrome [2-5].
In the cardiovascular (CV) studies, TZDs have been shown to inhibit cardiac hypertrophy
and reduce infarct size after coronary artery ligation [6]. Administration of RSG to the STZ
induced diabetic rats has been reported to limit the post ischemic injury and improved the
functioning of isolated hearts [7]. In addition, TZDs are reported to exhibit anti-hypertensive and
anti-dyslipidemic effect in the high fat diet induced obesity models [8]. TZDs are also been
reported to attenuate the hyperglycemia mediated increase in the angiotensin-II responses in
insulin-resistant diabetic models [9]. These data suggests that TZDs is likely to have expanded
therapeutic role, particularly in the growing number of cardiac patients with established chronic
heart failure and impaired insulin sensitivity [10].
However, the recent data from the clinical studies indicated that TZDs increases the
cardiovascular complications especially in the patients with the history of pre-existing heart
ailments [11]. In a retrospective analysis, it was observed that patients receiving TZDs had
12.4% risk of developing heart failure compared to 8.4% in the control group, after 36 months of
follow-up. The fluid retention property after the TZDs therapy has been attributed to the
exacerbation of heart failure [12]. Although mechanistic basis for fluid retention remains elusive,
some evidence suggests that it could be related to the increased cell permeability along with
interference in the renal hemodynamics [13]. Further, epidemiological evidences from the
previous studies indicate that abnormality in the glucose metabolism is the leading cause for the
CV diseases. The severity of this problem can be illustrated from the data available which
suggests that the mortality rate due to CV diseases is higher in diabetic patients than in the
general population [14]. In spite of the gravity of this complication, there is paucity of
information relating to the diabetes, TZDs therapy and CV defects. Hence, the present study was
designed with an objective to evaluate the effect of PIO and RSG on the serum biomarker levels
in the normal as well as nicotinamide-streptozotocin induced T2DM in Wistar rats.
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Materials and methods
Chemical
The gift samples of pioglitazone (PIO) and rosiglitazone (RSG) were obtained from
Biocon (India) Ltd, Bangalore. The kits for the biomarker estimation were purchased from
Ranbaxy Fine Chemicals Ltd., Baddi India. The reagents and other chemicals used in this study
were of analytical grade and procured from the regular suppliers.
Animals
Eight week-old healthy, laboratory bred, male Wistar rats weighing 180 ± 10 gm were
maintained under standard laboratory conditions such as temperature 22 ± 2o C, 12 hour light /
dark cycle and provided water and pellet food ad libitum. The experiments were conducted in
CPCSEA (Committee for the purpose of control and supervision of experiments on animals,
Chennai, India) approved animal house after obtaining the prior approval from the ‘Institutional
Animal Ethics Committee’ (Ref.No: AACP/IAEC/P-31/2005).
Induction of diabetes [15]
Experimental T2DM was developed in adult rats by administering streptozotocin (STZ)
and nicotinamide (NA). The animals received intraperitoneal administration of NA - 230 mg/kg
(SD Fine-Chem Ltd, Mumbai, India) dissolved in saline 15 min before an administration of STZ
– 65 mg/kg, ip (Sigma Aldrich, USA) dissolved in 0.1 M citrated buffer (pH 4.5) immediately
before use. Blood glucose was estimated after 2 days and the animals with glucose level ≈ 180 ±
8 mg/dl are only selected for the study.
Dosage, treatment and sampling
The animals were divided mainly in to three groups ie., control, diabetic and treatment.
The treatment group received three doses of PIO and RSG (1, 10 and 100 mg/kg) orally per day
for 4 weeks after the induction of diabetes. Three doses of TZDs were selected as per the OECD
guidelines for testing the acute toxicity of compounds in rodents [16]. Accordingly, a ten fold
lower and higher dose than the therapeutic were selected, 10 mg/kg being the reported
therapeutic concentration of PIO [17] and RSG [18] in rats. The control and diabetic animals
were administered saline (0.5 ml/kg) daily through out the treatment period. Before the
administration, PIO and RSG were suspended in 1% w/v carboxy methyl cellulose (CMC).
Estimation of serum biomarker levels
Blood samples were collected from the retro-orbital plexus under light ether anesthesia.
The serum was separated by centrifugation (1000 rpm) and immediately analyzed to determine
the antioxidant enzyme activity.
a. Serum glutamate oxaloacetate transaminase (SGOT) / Aspartate transferase (AST) [19]
The principle depends on the reaction between L-aspartate and α-ketoglutarate in the
presence of SGOT to form oxaloacetate and L-glutamate. Oxaloacetate then reacts with NADH
with the help of malate dehydrogenase to form L-malate and NAD which can be measured at 340
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nm. The rate of decrease in absorbance due to the oxidation of NADH to NAD+ is proportional
to SGOT activity.
b. Serum glutamate pyruvate transaminase (SGPT) / Alanine transferase (ALT) [20]
In this method, the reaction between L-alanine and α-ketoglutarate in the presence of
SGPT results in the formation of pyruvate and L-glutamate Pyruvate further reacts with NADH
to form L-lactate and NAD+ in the presence of lactate dehydrogenase. The rate of decreased in
absorbance at 340 nm due to the oxidation of NADH to NAD will indicate the SGPT activity.
c. Lactate dehydrogenase (LDH) [21]
Lactate dehydrogenase catalyses the conversion of pyruvate to lactate with simultaneous
oxidation of reduced NADH to NAD+. The rate of decrease in absorbance due to the formation
of NAD is measured at 340 nm and is proportional to the enzyme activity in the sample.
d. Creatine kinase-MB (CK-MB) [22]
The procedure involves the measurement of CK activity in the presence of an antibody to
the CK-M monomer. The formation of NADPH from the reaction of glucose-6-phosphate and
NADPH+ in the presence of glucose-6-phosphate dehydrogenase can be measured at 340 nm.
The rate of increase in absorbance is used to measure the activity of CK-MB.
Statistics
The statistical analysis of the results were done by Student‘t’ test followed by One-way
Anova. P<0.05 is considered to indicate the significance.

Results
A. Effect of Pioglitazone on the serum biomarker levels in the NA-STZ induced T2DM
T2DM after the administration of NA and STZ produced a significant (P<0.001) increase
in the level of SGOT, SGPT, LDH and CK-MB compared to the normal animals. Three doses of
PIO (1, 10 and 100 mg/kg) were tested in diabetic animals to study their influence on the
biomarker levels. Administration of PIO at lower dose (1 mg/kg) significantly reduced the SGOT
(P<0.05), SGPT (P<0.001) and LDH (P<0.01) level without affecting the CK-MB level
compared to the diabetic animals. At 10 mg/kg, PIO further reduced (P<0.001) the SGOT, SGPT
and LDH level but did not alter the CK-MB level in the diabetic rats. Similarly, when PIO at 100
mg/kg was tested, a significant (P<0.001) reduction in the serum SGOT, SGPT and LDH levels
was observed, however PIO at this dose (100 mg/kg) significantly (P<0.001) increased the CKMB level compared to the T2DM. Further, administration of PIO at 100 mg/kg did not induce
any significant change in the tested biomarker levels in the normal animals (Table-1).
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Table-1: Effect of Pioglitazone on serum biomarker levels in NA-STZ induced type-2
diabetes

Serum Biomarkers level
Treatment and
dose (mg/kg)

AST / SGOT
(IU/L)

ALT / SGPT
(IU/L)

LDH
(IU/L)

CK-MB
(IU/L)

Control
(Saline- 1 ml /
500 gm)

51.84 ± 4.24

30.91 ± 4.22

87.01 ± 3.65

589.2 ± 4.23

Pioglitazone
(100 mg/kg)

53.89 ± 3.08

32.77 ± 2.94

90.26 ± 4.39

591.59 ± 5.62

Nicotinamide
(230) +
STZ (65)

172.53 ± 6.45

†

158.36 ± 3.18

623.75 ± 7.04

†

NA-STZ +
Pioglitazone
(1 mg/kg)

161.43 ± 5.85

†*

128.49 ± 6.52 *** 124.94 ± 5.43 ** 619.88 ± 5.57

†

NA-STZ +
Pioglitazone
(10 mg/kg)

149.53 ± 5.76

† **

128.32 ± 4.64 *** 120.64 ± 4.66 *** 628.21 ± 4.49

NA-STZ +
Pioglitazone
(100 mg/kg)

138.64 ± 4.65 *** 120.73 ± 5.90 *** 110.75 ± 6.69 *** 635.04 ± 4.87 ***

†

†

134.21 ± 4.63

†

†

†

†

†

†

†

†

†

Values are expressed as Mean ± SD, STZ - Streptozotocin, NA – Nicotinamide; Statistics: Student ‘t’ test
†
followed by One way Anova. P<0.001 compared with control group; *P<0.05, **P<0.01,
***P<0.001 compared with the diabetic group

B. Effect of Rosiglitazone on the serum biomarker level in NA-STZ induced T2DM
The NA-STZ induced T2DM enhanced (P<0.001) the level of SGOT, SGPT, LDH and
CK-MB compared to the normal group. Dose-dependent alterations in the biomarker levels were
observed when RSG was tested in three doses (1, 10 and 100 mg/kg). RSG at 1 mg/kg
significantly decreased (P<0.05) the SGOT level without affecting the concentration of SGPT,
LDH and CK-MB in diabetic condition. At 10 mg/kg, RSG produced a significant (P<0.001)
decrease in the level of SGOT and SGPT but did not alter the LDH and CK-MB levels compared
to the diabetic group. Further, the highest tested dose of RSG (100 mg/kg) produced a significant
decrease (P<0.001) in the SGOT and SGPT levels, but enhanced the serum level of LDH
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(P<0.05) and CK-MB (P<0.01) compared to the diabetic animals. However, RSG (100 mg/kg) in
the normal animals did not induce any significant effect on the biomarker levels (Table-2).

Table-2: Effect of Rosiglitazone on serum biomarker levels in NA-STZ induced type-2
diabetes

Serum Biomarkers level
Treatment and
dose (mg/kg)

AST / SGOT
(IU/L)

ALT / SGPT
(IU/L)

LDH
(IU/L)

CK-MB
(IU/L)

Control
(Saline- 1 ml /
500 gm)

51.84 ± 4.24

30.91 ± 4.22

87.01 ± 3.65

589.2 ± 4.23

Rosiglitazone
(100 mg/kg)

50.98 ± 6.66

33.52 ± 3.98

90.62 ± 6.91

593.23 ± 7.69

Nicotinamide
(230) +
STZ (65)

172.53 ± 6.45

†

158.36 ± 3.18

†

134.21 ± 4.63

†

623.75 ± 3.04

†

†

152.04 ± 7.60 *

†

†

NA-STZ +
Rosiglitazone
(1 mg/kg)

164.28 ± 4.95 *

135.86 ± 6.41

†

622.23 ± 4.59

NA-STZ +
Rosiglitazone
(10 mg/kg)

140.08 ± 6.47 *** 124.78 ± 5.74 *** 137.54 ± 7.66

626.42 ±5.98

NA-STZ +
Rosiglitazone
(100 mg/kg)

132.54 ± 5.82 *** 112.87 ± 5.37 *** 140.22 ± 4.58 * 631.5 ± 3.54 **

†

†

†

†

†

†

†

†

Values are expressed as Mean ± SD, STZ - Streptozotocin, NA - Nicotinamide

Statistics: Student ‘t’ test followed by One way Anova.
†
P<0.001 compared with control group
*P<0.05, **P<0.01, ***P<0.001 compared with the diabetic group
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Discussion
The present study indicated that administration of NA and STZ significantly increased
the serum levels of SGOT, SGPT, LDH and CK-MB (Table-1 and 2). In the earlier study,
Punitha et al (2006) has reported that the administration of NA and STZ increases the biomarker
levels in T2DM [23]. The administration of NA prior to STZ has an advantage that NA limits the
cytolytic damages induced by the STZ. The combination of NA-STZ produces sustained
hyperglycemia which has been reported to mimic the clinical T2DM. Besides, the NA-STZ
induced diabetic condition can be maintained for longer duration (4-6 weeks) which could be
useful to study the influence of chronic hyperglycemia on the host cell physiology [15].
Our study indicated that administration of PIO and RSG reduced the serum levels of
SGOT and SGPT, PIO in addition also decreased the LDH levels in the diabetic animals (Table1 and 2). SGOT and SGPT though not the specific cardiac enzymes but their levels are found to
be elevated in myocardial injury, hence, their estimation is reported to suggest the time and
severity of cardiac damage. The decrease in the level of SGOT and SGPT indicated that PIO and
RSG minimized the NA-STZ mediated cytolytic damages including cardiac cells in T2DM.
Further, the non-significant alteration in the biomarker levels when PIO and RSG were tested at
100 mg/kg in normal animals (Table-1 and 2) supports our finding that these agents are not only
safe but also posses the ability to reduce the cytolytic damages. This property of PIO and RSG
can be attributed to the antioxidant effect, since the earlier studies indicated that compounds
exhibiting the antioxidant activity can suppress the cytolytic damage caused by STZ-induced
T2DM [24]. The antioxidant property of TZDs is already established in the literature. The
mechanism suggested for the antioxidant effect include, modulation in the expression of different
NAD(P)H oxidase subunits, increase in the expression of (cu, zn) superoxide dismutase and
inhibition in the mitogen-activated protein kinases (MAPKs) – NF-kB signaling pathways
responsible for the generation of reactive oxygen species [25,26,27]. The antioxidant related
beneficial effects of TZDs have been reported, where the administration of these agents has
improved the functioning of left ventricle after the ischemic injury [7,9,10]. Likewise, other
studies also reported that administration of TZDs can augment the cardiac performance by
enhancing the systolic and diastolic actions and suppressing the cardiac hypertrophies [6,8].
Another important finding of this study is that PIO and RSG at 100 mg/kg increased the
serum levels of CK-MB and RSG at this dose also enhanced the LDH level in the diabetic
animals (Table-1 and 2). CK-MB is a cardiac enzyme and its level in the serum indicates the
extent of damage to the cardiac cells. Similarly, estimating the LDH levels also suggests the
extent of myocardial injury [28]. The elevation in the level of CK-MB by PIO and RSG, and
LDH by RSG indicate that these agents might potentate the myocardial lesions in the T2DM.
Although, a direct relationship between cardiac damage and TZDs therapy could not be
established from the reported animals studies. However, the clinical findings indicate that the
damage to heart is related to the fluid retention [12]. The mechanism suggested for this include,
increased fluid reabsorption in kidney, decreased arteriolar resistance or increase in the insulin
sensitivity as insulin itself can cause edema by vasodilation or by increasing the endothelial
permeability. In addition, PPAR-activation is reported to stimulate renin-angiotensin system
causing the release of endothelin-1 and nitric oxide [29].
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Considering the above information, it can be suggested that TZDs therapy at higher
dosage and for longer duration should be carefully monitored and further studies are essential to
establish the exact role of TZDs on the cardiac functioning in T2DM.

Conclusion
T2DM after the administration of NA-STZ significantly increased the level of SGOT,
SGPT, LDH and CK-MB. Administration of PIO reduced the SGOT, SGPT and LDH level
while RSG reduced the SGOT and SGPT levels but enhanced the LDH at highest tested dose
(100 mg/kg) in the diabetic animals. However, both the drugs at 100 mg/kg elevated the serum
level of CK-MB in the diabetic condition. The results indicated that though PIO and RSG
prevented the cytolytic damage but could possess the potential to increase the cardiac damage in
the NA-STZ induced diabetic condition.
References
1. Kota BP, Huang TW, Roufogalis BD. An overview on biological mechanisms of PPARs.
Pharmacol Res 2005;51: 85-94
2. Rubenstrunk A, Hanf R, Hum DW, Fruchart JC, Staels B. Safety issues and prospects for
future generations of PPAR modulators. Biochemica Biophysica Acta 2007;177:1065-81.
3. Wang T, Xu J, Yu X, Yang R, Han ZC . Peroxisome proliferators-activated receptor-γ in
malignant diseases. Crit Rev Oncol Hematol 2006;58:1-14.
4. Collino M, Aragno M, Mastrocola R, Gallicchio M, Rosa AC, Dianzani C. Modulation of the
oxidative stress and inflammatory response by PPAR-γ agonists in the hippocampus of rats
exposed to cerebral ischemia/reperfusion. Eur J Pharmcol 2006;530:70-80.
5. Ghazeeri G, Kutteh WH, Bryer-Ash M, Haas D, Ke RW. Effect of rosiglitazone on
spontaneous and clomiphene citrate-induced ovulation in women with polycystic ovary
syndrome. Fertil Steril 2003;79:562-6.
6. Asakawa M, Takano H, Nagai T, et al. Peroxisome proliferator-activated receptor gamma
plays a critical role in inhibition of cardiac hypertrophy in vitro and in vivo. Circulation
200;105:1240-46.
7. Khandondi N, Detrive P, Berribi-Bertrand I, Buckingham RE, Steals B, Bril A.
Rosiglitazone, a peroxisome proliferator-activated receptor-γ, inhibits the Jun NH2-terminal
kinase/activating protein-1 pathway and protects the heart form ischemia / reperfusion injury.
Diabetes 2002;51:1507-14.
8. Kelly AS, Bank AJ. The cardiovascular effects of the thiazolidinediones: a review of the
clinical data. J Diabetes Complicat 2007;21:326-34.
9. Gaikwad AB, Viswanad B, Ramarao P. PPAR-γ agonists partially restores hyperglycemia
induced aggravation of vascular dysfunction to angiotension II in thoracic aorta isolated from
rats with insulin resistance. Pharmacol Res 2007;55:400-7.
10. Takano H, Komuro I. Roles of peroxisome proliferator-activated receptor-γ in cardiovascular
disease. J Diabetes Complicat 2002;16:108-14.
11. Thiemermann C. Ligands of the peroxisome proliferator-activated receptor-γ and heart
failure. Br J Pharmacol 2004;142:1049-51.

807

Pharmacologyonline 1: 800-808 (2009)

Rabbani et al.

12. Delea TE, Edelsberg JS, Hagiwara M, Oster G, Phillips LS. Use of thiazolidinediones and
risk of heart failure in people with type-2 diabetes- A retrospective cohort study. Diabetes
Care 2003;26:2983-89.
13. Yang T, Soodvilai S. Renal and vascular mechanisms of thiazolidinediones-induced fluid
retention. PPAR Res 2008;943614:1-8.
14. Caprio S, Wang S, Alberti KGMM, King G. Cardiovascular complications of diabetes.
Diabetologia 1997;40:B78-B82.
15. Masiello P, Broca C, Gross R, Roye M, Manteghetti M and Hillaire-Buys D. Experimental
NIDDM: Development of new model in adult rats administered streptozotocin and
nicotinamide. Diabetes 1998;47:224-9.
16. http://www.oecd.org/dataoecd/50/41/37477972.pdf accessed on 14/10/2007.
17. Majithiya JB, Paramar AN, Balaraman R. Pioglitazone, a PPAR gamma agonist, restores
endothelial function in aorta of streptozptocin-induced diabetic rats. Cardiovascul Res
2005;66:150-61.
18. Cuzzocrea S, Pisano B, Dugu L, Janaro A, Maffia P, Patel NS. Rosiglitazone, a ligand of the
peroxisome proliferators-activated receptor-gamma, reduces acute inflammation. Eur J
Pharmacol 2004;483:79-93.
19. Bergmeyer HU, Scheibe P, Wahlefeld AW. Optimization of methods for aspartate
aminotransferase and alanine aminotransferase. Clin Chem 1978;1:58-73.
20. Bergmeyer HU. IFCC methods for the measurement of catalytic concentration of enzymes.
Part 3. IFCC method alanine aminotransferase (L-alanine: 2-oxologlutarate amino
transferase). Clin. Chem. Acta 1980;105:147-54.
21. Buhl SN, Jackson KY. Optimal conditions and comparison of lactate dehydrogenase
catalysis of the lactate-to-pyruvate and pyruvate-to-lactate reactions in human serum at 25,
30 and 37 degress C. Clin Chem 1978;24:828-31.
22. Wurzburg U, Hennrich N, Orth HD, Lang H. Quantitative determination of creatine kinase
isoenzyme catalytic concentrations in serum using immunological methods. J Clin Chem
Clin Biochem 1977;15:131-7.
23. Punitha ISR, Rajendran K, Shirwaikar A, Shirwaikar A. Alcoholic stem extract of Coscinium
fenestratum regulates carbohydrates metabolism and improves antioxidant status in
streptozotocin-nicotinamide induced diabetic rats. eCAM, 2005;2:375-81.
24. Al-Shamsi M, Amin A, Adeghate E. Vitamin E ameliorates some biochemical parameters in
normal and diabetic rats. Ann N Y Acad Sci 2006;1084:411-31.
25. Gumieniczek A. Effects of pioglitazone on hyperglycemia-induced alterations in
antioxidative system in tissues of alloxan-treated diabetic animals. Exp Toxicol Pathol
2005;56:321-6.
26. Hans S, Zheug Y, Roman J. Rosiglitazone, an agonist of PPAR gamma, inhibits non-small
cell carcinoma cell proliferation in part through activation of tumor sclerosis complex-2.
PPAR Res 2007;29632.
27. Shen WH, Zhang CY and Zhang GY. Antioxidants attenuate reperfusion injury after global
brain ischemia through inhibiting nuclear factor-kappa B activity in rats. Acta Pharmacol Sin
2003;24:1125-30.
28. Zhang CK, Zang WJ, Xu J, Yu XJ, Lu J, Jing AY, Chem LN, Hu H, Sun Q. A method to
produce the animal model of diabetic cardiomyopathy. Wei Sheng Yan Jiu 2006;35:707-11.
29. Wang CH, Weisel RD, Liu PP, Fedek PWM, Verma S. Glitazones and heart failure. Critical
Appraisal for the clinician. Circulation 2003;107:1350-4.

808

