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In type 2 Diabetes, oxidative stress plays an important role in development and aggregation of insulin resistance. In 
the present study, long term administration of the dexamethasone led to the development of insulin resistance in 
mice. The effect of thiazolidinediones pioglitazone and rosiglitazone, with melatonin on dexamethasone-induced 
insulin resistance was evaluated in mice. Insulin resistant mice were treated with combination of pioglitazone 
(10 mg/kg/day, p.o.) or rosiglitazone (5 mg/kg/day, p.o.) with melatonin 10 mg/kg/day p.o. from day 7 to day 22. 
In the biochemical parameters, the serum glucose, triglyceride levels were significantly lowered (P<0.05) in the 
combination groups as compared to dexamethasone treated group as well as with individual groups of pioglitazone, 
rosiglitazone, and melatonin. There was also, significant increased (P<0.05) in the body weight gain in combination 
treated groups as compared to dexamethasone as well as individual groups. The combination groups proved to be 
effective in normalizing the levels of superoxide dismutase, catalase, glutathione reductase and lipid peroxidation 
in liver homogenates may be due to antioxidant effects of melatonin and decreased hyperglycemia induced insulin 
resistance by thiazolidinediones. The glucose uptake in the isolated hemidiaphragm of mice was significantly 
increased in combination treated groups (PM and RM) than dexamethasone alone treated mice as well as individual 
(pioglitazone, rosiglitazone, melatonin) treated groups probably via increased in expression of GLUT-4 by melatonin 
and thiazolidinediones as well as increased in insulin sensitivity by thiazolidinediones. Hence, it can be concluded 
that combination of pioglitazone and rosiglitazone, thiazolidinediones, with melatonin may reduces the insulin 
resistance via decreased in oxidative stress and control on hyperglycemia.
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Research Paper

Worldwide prevalence of Type 2 diabetes is near 
about 246 millions in 2007, and may rise to 380 
million in 2025. The socio-economical burden is 
great consequently; Type 2 diabetes presents a major 
challenge to healthcare systems around the world[1]. 

Glucocorticoids, as an endogenous hormones, anti-
inflammatory and immunosuppressive drugs, have 
been reported to induce Cushing’s syndrome, which is 
characterized by central obesity and insulin resistance. 
The chronic treatment with dexamethasone has been 
associated with hyperinsulinemia in both animals 
and humans[2]. The increase level of glucocorticoids 
via endogenous or exogenous pathways leads to 
increases glucose production and decrease glucose 

uptake in peripheral tissues. These effects lead to 
the insulin resistance due to the decrease in insulin 
sensitivity[3,4]. Long term glucocorticoid administration 
lead to insulin resistance by inducing post-receptor 
defects in the insulin actions[4] as well as inhibition of 
the insulin secretion from pancreatic β cells[5]. Other 
mechanisms by which the dexamethasone may induce 
peripheral insulin resistance, includes inhibition of 
GLUT4 translocation[6], increased lipoprotein lipase 
activity in the adipose tissue[7], impaired insulin 
signalling due to reduction in the phosphatidyl-
inositol-3-kinase (PI-3K) activity[8,9].

Long term administration of dexamethasone leads to 
generation of the free radicals which may contribute 
to oxidative stress[10]. High glucose concentrations 
induce mitochondrial ROS, which suppresses the first 
phase of glucose-induced insulin secretion, at least 
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in part, through the suppression of glyceraldehydes 
3-phosphate dehydrogenase activity[11]. In early stages, 
insulin resistance is compensated by hyperinsulinemia 
which characterised by the increase in insulin, FFA, 
and/or glucose levels, may associate with increase in 
ROS production and oxidative stress. This, in turn, 
can deteriorate both insulin secretion and action, 
accelerating the sequence to type 2 diabetes. Many 
studies support the hypothesis on the basis of in vitro 
as well as in vivo animal studies that; antioxidants 
have been shown to improve insulin sensitivity[11].

Oxidative stress induces the expression of NF-ĸB 
(Nuclear factor KB) which directly or indirectly 
contributes to the insulin resistance[12]. Thus, treatment 
with antioxidants can be used to reduce oxidative 
stress induced insulin resistance. Thiazolidinediones 
(pioglitazone and rosiglitazone) are well known agonists 
of the transcription-factor peroxisome proliferator 
activated receptor-γ (PPAR-γ) and currently used in 
the treatment of Type 2 diabetes[13]. Thiazolidinediones 
increase sensitivity to insulin by restoration of 
adipokines levels and increased in the expression of 
GLUT-4[13]. Still, there exists concern about use of these 
drugs clinically, because of their uncertain cardiovascular 
safety and other idiosyncratic adverse events[14].

Melatonin (N-acetyl-5-methoxytryptamine) is a well 
known endogenous biological antioxidant synthesized 
in the pineal gland. It acts as a buffer against 
oxidative stress, induced by the reactive oxygen and 
nitrogen species[15]. Melatonin is reported to possess 
pharmacological actions, other than its antioxidant 
activity, such as insulin resistance reducing activity[16], 
enhancing the glucose uptake in skeletal muscle 
in vitro via IRS-1/PI-3-kinase (Insulin Receptor 
Substrate-1/ protein kinase-3) pathway stimulates 
glucose transport[17] and lipid lowering activity[18].

Now in the market different combinations of the oral 
hypoglycemic agents are used in the treatment of Type 
2 diabetes. However, effective treatment for Type 2 
diabetes usually requires a combination of two or more 
oral agents in the longer term, often as an introduction 
to the insulin therapy. Issues regarding the safety, 
tolerability, notably weight gain limits the optimal use 
of the oral hypoglycaemia drugs such as sulphonylureas 
and thiazolidinediones in combination[19].

On the basis of the reported pharmacological activities 
of melatonin and thiazolidinediones, in order to have 

new combination approach in the treatment of Type 
2 diabetes. The present study was design to evaluate 
effect of the combination of thiazolidinediones 
(pioglitazone and rosiglitazone) with melatonin in the 
treatment of Type 2 diabetes preclinically.

MATERIALS AND METHODS

Pioglitazone, rosiglitazone, melatonin were obtained 
from Themis Laboratories Ltd., Mumbai; Glenmark 
Pharmaceuticals Ltd., Nasik and Arati Bulk 
Manufacturer Pvt Ltd., Mumbai, India, respectively. 
Other chemicals and kits for biochemical estimations 
were obtained from Biolab Diagnostic Pvt. Ltd., India. 

Experimental animals:
Forty two Swiss albino mice weighing 25-30 g were 
used for study and were kept in animal house at 
26±2° with relative humidity 44-56% along with light 
and dark cycles of 12 h respectively. Animals were 
provided with standard diet and water ad libitum. The 
food was withdrawn 18–24 h before the start of the 
experiment. Institution animal ethics committee has 
approved the experimental protocol (198/99/CPCSEA).

Experimental protocol:
All 42 mice were weighed before treatment, NC 
(Normal Control) group received equivalent amount 
of 1% Na-CMC (sodium carboxymethyl cellulose) 
(1 ml/kg, p.o.), and remaining 36 mice were 
rendered hyperglycemic by daily administration of 
a prestandardized dose of dexamethasone (1 mg/kg, 
i.m.)[20] for consecutive 7 days and then divided into 
six groups of six each. DC group (dexamethasone 
control) continued to receive only dexamethasone 
and 1% CMC (1 ml/kg, p.o.) for next 15 days. PIO 
group, received pioglitazone (10 mg/kg, p.o.) [21] along 
with dexamethasone respectively for 15 days. ROSI 
group, received rosiglitazone (5 mg/kg, p.o.) [21] along 
with dexamethasone for 15 days. MEL group, received 
melatonin (10 mg/kg, p.o.)[22] along with dexamethasone 
for 15 days. PM group received pioglitazone (10 mg/ kg, 
p.o.) plus melatonin (10 mg/kg, p.o.) along with 
dexamethasone respectively for 15 days. RM group 
received rosiglitazone (5 mg/kg, p.o.) plus melatonin 
(10 mg/kg, p.o.) along with dexamethasone respectively 
for 15 days. 

Biochemical estimations:
Blood samples were collected and used for estimation 
of glucose and triglyceride on 1, 7 and 22 day. 
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Biochemical estimation of serum glucose and serum 
triglyceride was done by GOD/POD and GPO/POD 
method respectively using standard diagnostic kits 
from Biolabs India ltd., India.

Hepatic antioxidant enzymes assay:
Liver samples were dissected out and washed 
immediately with ice cold saline to remove as much 
blood as possible. Liver homogenates (5% w/v) 
were prepared in cold 50 mM Tris buffer (pH 7.4) 
using Remi homogenizer. The unbroken cells and 
cell debris were removed by centrifugation at 
5000 rpm for 10 min using a Remi refrigerated 
centrifuge. The supernatant was used for the 
estimation of malondialdehyde (MDA)[23], superoxide 
dismutase (SOD)[24], catalase[25,26] and GSH reductase 
levels[27]. 

Effect on glucose uptake in isolated mice 
hemidiaphragm:
Glucose uptake in mice hemi-diaphragm was 
estimated by the method described by Ghaisas 
et  al. [20]. Fourteen sets, containing graduated test 
tubes (n=6) each, were used for study of non-insulin 
assisted and insulin assisted glucose uptake. The 
diaphragms were taken out quickly avoiding traumas 
and divided into two halves. The hemi-diaphragms 
were rinsed in cold Tyrode solution (without glucose) 
to remove any blood clots. In non-insulin assisted 
glucose uptake study, one hemidiaphragm of each 
animal from all groups was exposed to 2 ml Tyrode 
solution with glucose (2000 mg/l) in respective 
graduated test tubes. In insulin assisted glucose 
uptake study, the remaining hemidiaphragm of 
each animal from all was exposed to 2 ml Tyrode 
solution with glucose (2000 mg/l) + Insulin (0.25 
IU/ml) in respective graduated test tubes. All the 
graduated test tubes were incubated for 30 min at 
37ο in an atmosphere of 95% O2 - 5% CO2 with 
shaking at 140 cycles per min. Following incubation, 
the hemidiaphragm were taken out and weighed. 
The glucose content of the incubated medium was 
measured by GOD/POD, enzymatic method. Glucose 
uptake was calculated as the difference between the 
initial and final glucose content in the incubation 
medium.

Statistical analysis:
The results were expressed as Mean±SEM and 
statistically analyzed by ANOVA followed by Dunnett 
test, with level of significance set at P<0.05. 

RESULTS 

Effect on the body weight and biochemical 
parameters:
Mice treated with dexamethasone alone showed 
statistically significant (P<0.05) decrease in the 
percentage of change in the body weight than normal 
mice (Table  1), but showed statistically significant 
(P<0.05) increased in the serum glucose and 
triglyceride levels on day 7 and day 22 than normal 
mice (Tables 2 and  3). Pioglitazone plus melatonin 
and rosiglitazone plus melatonin treated mice showed 
significant (P<0.05) increase in the percentage of 
change in the body weight than dexamethasone alone 
treated mice as well as melatonin treated mice, also 
showed statistically significant (P<0.05) decrease 

TABLE 2: EFFECT OF COMBINATION OF 
THIAZOLIDINEDIONES WITH MELATONIN ON SERUM 
GLUCOSE IN DEXAMETHASONE-INDUCED INSULIN 
RESISTANCE IN MICE
Group Serum glucose (mg/dl) on

Day 1 Day 7 Day 22
NC 67.31±3.78 69.12±4.69 68.43±5.88
DC 69.76±5.65 166.57±6.05## 184.00±6.49##

PIO 64.34±5.19 159.31±5.89 83.43±5.67**
ROSI 67.32±3.03 157.94±8.17 90.84±6.45**
MEL 64.25±5.89 163.45±6.53 173.65 ±5.23
PM 65.84±6.66 154.11±4.69 81.68±4.56**cc

RM 60.99±5.69 153.58±3.30 84.90±7.79**cc

NC-Normal control, DC-Dexamethasone control, PIO-Pioglitazone, ROSI-
Rosiglitazone, Mel-Melatonin, PM-Pioglitazone plus melatonin, RM-Rosiglitazone 
plus melatonin. Results are presented as mean ± SEM, (n=6). ANOVA followed 
by Dunnett test. ##P <0.05 when compared with normal control. **P<0.05 
when compared with dexamethasone control.ccP <0.05 when compared with 
melatonin treated group.

TABLE 1: EFFECT OF COMBINATION OF 
THIAZOLIDINEDIONES WITH MELATONIN ON 
PERCENTAGE CHANGE IN BODY WEIGHT IN 
DEXAMETHASONE-INDUCED INSULIN RESISTANCE IN 
MICE
Group Change in Body weight (%)

NC +0.94±0.16

DC –2.09±0.06##

PIO +0.72±0.09**

ROSI +0.60±0.07**

MEL –1.06±0.07**

PM +1.11±0.04**acc

RM +0.98±0.06**bcc

NC-Normal control, DC-Dexamethasone control, PIO-Pioglitazone,  
ROSI-Rosiglitazone, Mel-Melatonin, PM-Pioglitazone plus melatonin,  
RM-Rosiglitazone plus melatonin. Results are presented as mean±SEM, (n=6). 
ANOVA followed by Dunnett test. ##P <0.05 when compared with normal control. 
**P<0.05 when compared with dexamethasone control. aP<0.05 when compared 
with pioglitazone treated group. bP<0.05 when compared with rosiglitazone 
treated group. ccP<0.05 when compared with melatonin treated group. (-) Sign 
indicates decrease in body weight. (+) Sign indicates increase in body weight.
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in the serum glucose and triglyceride levels on day 
22 than dexamethasone as well as melatonin alone 
treated mice.

Pioglitazone and rosiglitazone alone treated mice 
showed significant (P<0.05) decrease in the serum 
glucose level on day 22 than dexamethasone alone 
treated mice. Pioglitazone, rosiglitazone and melatonin 
alone treated mice showed significant (P<0.05) 
increase in the percentage of change in the body 
weight than dexamethasone alone treated mice, also 
showed significant (P<0.05) decrease in the serum 
glucose level on day 22 than dexamethasone alone 
treated mice.

The combination of pioglitazone plus melatonin and 
rosiglitazone plus melatonin also showed statistically 
significant (P<0.05) increased in the body weight 
than individual pioglitazone and rosiglitazone treated 
groups (Table 1).

Effect on the glucose uptake in isolated 
hemidiaphragm of mice:
The glucose uptake in the isolated hemidiaphragm of 
mice in the insulin stimulated as well as non insulin 
stimulated glucose uptake was statistically significant 
(P<0.05) decrease in the dexamethasone alone treated 
group mice than normal group mice (fig. 1). The 
Pioglitazone plus melatonin and rosiglitazone plus 
melatonin treated mice showed statistically significant 
(P<0.05) increase in the glucose uptake in the isolated 
hemidiaphragm in both insulin as well as non insulin 
assisted than dexamethasone alone treated mice and 

melatonin treated mice. Pioglitazone plus melatonin 
and rosiglitazone plus melatonin treated mice showed 
statistically significant (P<0.05) increase in the 
glucose uptake in the isolated hemidiaphragm in 
insulin assisted than pioglitazone, rosiglitazone treated 
mice respectively. 

Rosiglitazone plus melatonin treated mice showed 
statistically significant (P<0.05) increase in the 
glucose uptake in the isolated hemidiaphragm in 
insulin assisted than melatonin treated mice also. 
Pioglitazone and rosiglitazone alone treated mice 
showed statistically significant (P<0.05) increase in 
the glucose uptake in the isolated hemidiaphragm 
in insulin assisted and non-insulin assisted than 
dexamethasone alone treated mice. Melatonin 
alone treated mice did not showed any change in 
the glucose uptake in the isolated hemidiaphragm 
in insulin assisted and non-insulin assisted than 
dexamethasone alone treated mice. 

Effect on the oxidative stress parameters in the 
liver:
Mice treated with dexamethasone alone showed 
statistically significant decrease (P<0.05) in the 
hepatic levels of GSH, SOD, Catalase while 
statistically significant increase in MDA (P<0.05) 
level than normal mice (Table 4). Pioglitazone 
plus melatonin treated mice showed statistically 
significant increase (P<0.05) in hepatic levels of 
GSH, SOD, catalase, while statistically significant 
decrease (P<0.05) in LPO level when compared 

Fig. 1: Effect of combination of thiazolidinediones with melatonin 
on Non-insulin assisted and insulin assisted glucose uptake using 
isolated hemidiaphragm of mice in dexamethasone-induced insulin 
resistance. 
NC–Normal control, DC –Dexamethasone control, PIO-Pioglitazone, 
ROSI-Rosiglitazone, MEL-Melatonin, PM-Pioglitazone plus 
melatonin, RM-Rosiglitazone plus melatonin. Results are expressed 
as Mean±SEM, (n=6). ANOVA followed by Dunnet test. ##P <0.05 
when compared with normal control. *P <0.05, **P <0.05 when 
compared with dexamethasone control. aaP<0.05 when compared 
with pioglitazone treated group. bbP<0.05 when compared with 
rosiglitazone treated group. ccP<0.05 when compared with melatonin 
treated group.

TABLE 3: EFFECT OF COMBINATION OF 
THIAZOLIDINEDIONES WITH ANTIOXIDANT ON SERUM 
TRIGLYCERIDE LEVEL IN DEXAMETHASONE-INDUCED 
INSULIN RESISTANCE IN MICE
Group Serum triglyceride (mg/dl) on

Day- 1 Day- 07 Day- 22
NC 86.45±5.78 87.12±5.90 84.55±6.43
DC 84.34±6.65 136.38±6.44* 154.79±4.33*
PIO 87.64±7.56 139.31±8.48 113.56±4.30#

ROSI 89.89±5.43 137.94±7.57 119.36±6.32#

MEL 82.53±3.34 134.4±4.64 126.98±5.55#

PM 86.43±7.34 124.11±3.34 89.68±4.46#,a,c

RM 84.22±4.98 130.58±7.73 98.11±6.54#,b,c

NC-Normal control, DC-Dexamethasone control, PIO-Pioglitazone, ROSI- 
Rosiglitazone, Mel-Melatonin, PM-Pioglitazone plus melatonin, RM-Rosiglitazone 
plus melatonin. Results are presented as mean ± SEM, (n=6). ANOVA followed 
by Dunnett test. *P <0.05 when compared with normal control. #P<0.05 
when compared with dexamethasone control. aP<0.05 when compared with 
pioglitazone treated group, bP<0.05 when compared with rosiglitazone treated 
group, cP<0.05 when compared with melatonin treated group.
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with dexamethasone alone treated mice, pioglitazone 
treated and melatonin treated mice. Rosiglitazone plus 
melatonin treated mice showed statistically significant 
increase (P<0.05) in hepatic levels of GSH, SOD 
and Catalase while statistically significant decrease 
(P<0.05) in LPO level than dexamethasone alone 
mice, but when compared with rosiglitazone treated 
mice, rosiglitazone plus melatonin treated mice 
showed statistically significant increase (P<0.05) in 
GSH, SOD only and statistically significant decrease 
in LPO levels. Also rosiglitazone plus melatonin 
treated mice when compared with melatonin treated 
group showed statistically significant increase 
(P<0.05) in the SOD level. 

Pioglitazone, rosiglitazone and melatonin alone 
treated mice showed statistically significant increase 
(P<0.05) in hepatic levels of GSH, SOD, catalase, 
while statistically significant decrease (P<0.05) in 
LPO level when compared with dexamethasone alone 
treated mice.

DISCUSSION 

The present investigation focussed mainly on 
the adverse effects induced by the long-term 
administration of dexamethasone such as muscle 
catabolism, hyperphagia, increased adiposity and 
induction of insulin resistance[28]. A dexamethasone-
induced decrease in IRS-1 expression has been 
suggested to be also mechanism for insulin 
resistance[29-31]. It has been also proved that, 
dexamethasone treatment for longer period may leads 
to a decrease in insulin binding and that this was 
attributed to a reduction in the number of available 
cell-surface insulin receptors[32]. This could contribute 
to insensitivity to insulin but probably not to the 
reduction in maximal insulin response in glucose 

uptake, since fat cells have a large proportion of spare 
receptors[33]. 

Dexamethasone is a synthetic glucocorticoid which 
has a 50-fold greater affinity for the glucocorticoid 
receptor relative to cortisol. When administered 
in excess, dexamethasone induces adverse effects 
such as muscle catabolism, hyperphagia, increased 
adiposity, and increased insulin resistance[28]. Insulin 
antagonistic hormone, glucocorticoids, is under control 
of hypothalamic-pituitary–adrenal axis[34,35]. The insulin 
resistance by the glucocorticoid is via suppresses 
hepatic glucose production, stimulate peripheral 
glucose utilization and a direct inhibitory effect on 
glucose-induced insulin release in the b-cells[36]. 

In the present study, dexamethasone administration 
resulted in significant increase in the serum glucose 
and triglyceride levels. The combinations pioglitazone 
plus melatonin and rosiglitazone plus melatonin, 
decrease the elevated blood glucose level may be via 
increase in the glucose uptake though translocation 
of GLUT-4 by melatonin[17] and thiazolidinediones 
along with the increased insulin sensitivity[28,37]. 
The decrease in the serum triglyceride level in 
combination groups, pioglitazone plus melatonin and 
rosiglitazone plus melatonin might be due to increase 
in the lipoprotein lipase activity which causes uptake 
of triglyceride in fat cells[13] by thiazolidinediones 
and melatonin may decreases ∆-5 desaturase activity 
in liver microsomes which may help in decrease in 
hyperlipidemia in the combination treated group[18]. 

As the insulin resistance is characterized by decrease 
in the glucose uptake in muscles, hence, the 
glucose uptake in the isolated hemidiaphragm was 
evaluated. The glucose uptake decreased in isolated 
hemidiaphragm in dexamethasone alone treated 

TABLE 4: EFFECT OF COMBINATION OF THIAZOLIDINEDIONES WITH MELATONIN ON HEPATIC LEVELS OF GSH, 
SOD, CATALASE, AND LPO IN DEXAMETHASONE-INDUCED INSULIN RESISTANCE IN MICE
Groups GSH (μg of GSH/g of tissue) SOD (units/mg of tissue) Catalase (μM of H2O2/g 

of tissue/min)
LPO (nM of MDA/ g of tissue)

NC 24.42±0.33 68.43±0.45 7.17±0.13 10.58±0.53
DC 14.98±0.23# 23.56±0.75# 3.12±0.21# 26.22±0.14#

PIO 16.89±0.52* 29.43±0.51* 5.19±0.35* 21.45±0.69*
ROSI 16.56±0.35* 28.76±0.43* 4.89±0.41* 23.32±0.54
MEL 19.34±0.42* 38.98±0.46* 6.11±0.21* 17.44±0.55*

PM 22.76±0.29*ac 57. 89±0.87*ac 6.87±0.34*a 12.54±0.38*ac

RM 20.67±0.37*b 45.13±0.37*bc 6.43±0.86* 16.79±0.53*b

NC-Normal control, DC-Dexamethasone control, PIO-Pioglitazone, ROSI-Rosiglitazone, Mel-Melatonin, PM-Pioglitazone plus melatonin, RM-Rosiglitazone plus 
melatonin. Results are presented as mean±SEM, (n=6). ANOVA followed by Dunnett test. *P <0.05 when compared with normal control. *P<0.05  when compared 
with dexamethasone control group. aP<0.05 when compared with pioglitazone treated group. bP<0.05, when compared with rosiglitazone treated group e. cP<0.05, 

when compared with melatonin treated group.
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mice, which indicates the development of insulin 
resistance. The insulin stimulated glucose uptake in 
skeletal muscle and fat cells is by the facilitative 
glucose transporter isoform GLUT4[38-40]. Most of 
GLUT4 (90%) is in the basal state sequestered in 
an intracellular pool, and insulin stimulates glucose 
uptake mainly by recruiting this intracellular GLUT4 
pool to the plasma membrane[40-42]. Dexamethasone 
may interact with the intrinsic activity of GLUT4 
with support to this it has been reported that, the 
translocation process of GLUT4 from intracellular 
compartments to the plasma membrane in response to 
insulin is reduced by dexamethasone[43,44]. The probable 
mechanisms behind the increase in glucose uptake in 
combination treated mice may be due to enhanced 
insulin sensitivity and GLUT- 4 expression in the 
muscle by thiazolidinediones[28] and melatonin[16,17]. The 
results of pioglitazone plus melatonin and rosiglitazone 
plus melatonin groups were more statistically 
significant than individual pioglitazone, rosiglitazone 
and melatonin treated groups which indicated that the 
combination treated groups showed better improvement 
in reducing insulin resistance than alone treated group 
of thiazolidinediones and melatonin.

Dexamethasone administration in mice showed 
reduction in the body weight when compared with 
normal control mice, which may be due to complex 
metabolic changes such as hyperleptinemia, decreased 
food consumption, weight loss etc. induced by 
increased ob gene expression[21,45]. The combination 
groups, pioglitazone plus melatonin and rosiglitazone 
plus melatonin tends to restore the body weight loss 
in mice, the mechanism behind restoration of body 
weight in the combination groups may be due to 
decreased leptin expression and protein catabolism by 
the thiazolidinediones and melatonin[13,46]. 

In hyperglycemic conditions, there is reduction in the 
endogenous antioxidant levels and increase in the free 
radical generation[47] which may directly or indirectly 
contributes to the insulin resistance. Insulin resistance 
induces release of cytokines like TNF-α (Tumor 
necrosis factor alpha), IL-8 (Interleukine-8) which leads 
to further development of the oxidative stress in liver 
by reducing endogenous mitochondrial levels of Cu/
Zn SOD, glutathione and production H2O2 radicals[48]. 

Mice treated with dexamethasone alone showed 
decrease in the levels of antioxidant enzymes SOD, 
catalase, GSH and increased lipid peroxidation 

(MDA) in the liver homogenate. The pioglitazone 
plus melatonin and rosiglitazone plus melatonin 
showed increase levels of antioxidant enzymes such as 
GSH, SOD catalase in the liver and decrease in lipid 
peroxidation in liver homogenates. The antioxidant 
potential exhibited by combination of pioglitazone plus 
melatonin and rosiglitazone plus melatonin, might be 
due to potent antioxidant effect of melatonin which 
scavenges a variety of reactive oxygen and nitrogen 
species including hydroxyl radical, hydrogen peroxide, 
singlet oxygen, nitric oxide and peroxynitirite anion 
and also ability to reduce lipid peroxidation[49] as well 
as oxidative stress reducing effect of thiazolidinediones 
by decreased hyperglycemia[50,51].

In conclusion, the combination of thiazolidinediones 
with melatonin showed greater improvement in 
reducing the insulin resistance via antioxidant as 
well as hypoglycemia effects of melatonin and 
thiazolidinediones than individual agent’s monotherapy 
and warrants further investigation. 
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