
Contents lists available at ScienceDirect

Life Sciences

journal homepage: www.elsevier.com/locate/lifescie

Novel therapeutic intervention of coenzyme Q10 and its combination with
pioglitazone on the mRNA expression level of adipocytokines in diabetic rats

Rajesh A. Maheshwari, Ghanshyam R. Parmar⁎, Denish Hinsu, Avinash K. Seth,
Ramachandran Balaraman
Department of Pharmacy, Sumandeep Vidyapeeth Deemed to be University, At Post Piparia, Taluka: Waghodia, Dist: Vadodara, Vadodara-391760, Gujarat, India

A R T I C L E I N F O

Keywords:
Adipocytokines
Antioxidant enzymes
Coenzyme Q10
Pioglitazone and mRNA expression
White adipose tissue

A B S T R A C T

Aims: Aim of the present study was to investigate the effect of co-administration coenzyme Q10 and pioglitazone
on the mRNA expression of adipocytokines in white adipose tissues of chemically induced type 2 diabetes
mellitus in rats.
Main methods: Diabetes was induced by administration of streptozotocin (65 mg/kg, i.p.), followed by nicoti-
namide (110 mg/kg, i.p.) 15 min later. The diabetic rats were treated coenzyme Q10 (Q10, 10 mg/kg, p.o.) or
pioglitazone (PIO, 20 mg/kg, p.o.) alone and their combination for four weeks. Biochemical parameters like FBS
level, insulin and HbA1c along with tissue levels of MDA, SOD, CAT and GSH were estimated. The mRNA levels
of ADIPOQ, RBP4, RETN, IL-6 and TNF-α in White Adipose Tissue (WAT) were measured.
Key findings: Treatment with Q10 + PIO showed a significant reduction in the levels of FBS, HbA1c and a
significant increase in insulin levels as compared to normal control group. Additionally, there was a significant
change in the levels of biomarkers of oxidative stress after treatment with Q10 + PIO as compared to strep-
tozotocin-nicotinamide group. Treatment with Q10 + PIO also significantly altered the mRNA expression of
ADIPOQ, RETN, IL-6 and TNF-α when compared to monotherapy. However, mRNA expression of RBP4 did not
alter in Q10 + PIO treated animal as compared to Q10 or PIO alone.
Significance: It is concluded that co-administration of Q10 and PIO has been shown the better therapeutic effect
on the mRNA expression of adipocytokines and oxidative stress parameters as compared to either Q10 or PIO.

1. Introduction

Diabetes mellitus (DM) is a metabolic syndrome characterized by
hyperglycemia due to insufficient insulin secretion and/or action. The
primary component incites insulin resistance in type 2 diabetes mellitus
(T2DM) are glucotoxicity, lipotoxicity, oxidative stress, inflammation,
endoplasmic reticulum stress and amyloid deposition in the pancreas
[1–3].

Hyperglycemia-induced oxidative stress in terms of an increased
generation of reactive oxygen/nitrogen species (ROS/RNS) and con-
cealment of antioxidant defenses, such as SOD, CAT, GPx, play vital
roles in the pathogenesis of DM and its complications [4–6].

Adipose tissue plays a vital role in insulin sensitivity and energy
expenditure [7] and dysfunction in adipocytes is related with insulin
resistance and T2DM [8]. Adipocytes secrete various adipocytokines
such as adiponectin, resistin and inflammatory cytokines. Increased
levels of inflammatory cytokines such as tumor necrosis factor alpha

(TNF-α), interleukin (IL)-6, IL-1β and resistin as well as reduced leptin,
visfatin and adiponectin can worsen insulin resistance [8–10]. Chronic
inflammation is one of the other condition that seem to take part in the
pathogenesis of T2DM [11]. Additionally, it is accounted for those
systemic etiological components, such as an abdominal obesity and
insulin resistance, lead to incitement of inflammation in T2DM [12].

It is well known that the incidence of diabetes mellitus is very high
throughout the world. It is a well-known fact that chronic diabetes is
capable of inducing complications like kidney, retinal and nerve da-
mage which is collectively called nephropathy, retinopathy and neu-
ropathy, respectively [13–15]. It was previously reported that free ra-
dical generations (oxidative stress) are the main cause of several
disorders including the complications of diabetes. This oxidative stress
is ultimately responsible for nephropathy, retinopathy, neuropathy and
other cardiovascular diseases [16,17].

It was stated that there is increasing evidence in the defensive im-
pact of dietary antioxidants as potential adjuvant treatment to prevent
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or postpone diabetic complications [18,19]. The 2,3 dimethoxy-5 me-
thyl-6-decaprenyl benzoquinone, i.e. coenzyme Q10 (Q10) or ubiqui-
none is a nutrient -like substance which is lipid soluble in nature and
hydrophobic inside of the phospholipid bilayer of the cell membrane. It
exists in a wide range of dietary food including meat, fish, vegetable
oils, and nuts [20]. It has been recently detailed that Q10 is an effective
anti-inflammatory activity [21], antiulcer [22] and antioxidant [23].
The mechanism of action of Q10 to improve insulin sensitivity was
comprised of modulation in insulin and adiponectin receptor as well as
tyrosine kinase (TK), phosphoinositide 3-kinase (PI3K), glucose trans-
porters, along with improving lipid profile, redox system, receptor for
advanced glycation end products (sRAGE), and adipocytokines [22].
The investigation likewise focuses to the potential positive outcome of
Q10 as an add-on to conventional antidiabetic therapies.

Thiazolidinediones (TZD), including pioglitazone (PIO), ameliorates
insulin resistance by binding to and activating PPARγ (peroxisome
proliferator-activated receptor-γ) in adipose tissues [24]. PPARγ is ex-
ceptionally expressed in white adipose tissue (WAT) with lower levels
in skeletal muscle and liver [25]. PPARγ activators are important agents
of adipogenesis, improve insulin sensitivity and dyslipidemia, and rise
body weight [26]. The TZDs manage different genes involved in adi-
pocyte differentiation or lipid and glucose homeostasis. TZDs are like-
wise known to adjust different adipokines [27–29].

Since Q10 was shown to produce some positive effect on insulin
sensitivity, we were interested to see whether combined treatment with
Q10 and PIO has outcome by virtue of antioxidant effect. Therefore the
present work was planned to investigate the co-administration of PPRγ
agonist and Q10 to show whether such combination have any sy-
nergistic effect on the fasting blood glucose (FBG) level, antioxidant
enzyme as well as mRNA expression of adipocytokines levels in T2DM.

2. Material and method

2.1. Chemicals

Streptozotocin (STZ)-Nicotinamide (NA) were obtained from
Himedia, Mumbai, India. Pioglitazone was obtained as a gift sample
from Cadila Pharmaceutical Pvt. Ltd., Ahmedabad, India. Coenzyme
Q10, 3-(N-morpholino) propane sulfonic acid (MOPS), ethidium bro-
mide (EtBr), PBS buffer and chloroform were purchased from Sigma-
Aldrich, USA. RNaseZap was purchased from Invitrogen, USA. RNA
later solution, Qiazol reagent, lithium chloride, and RNase free water
were purchased from Qiagen, Germany. Formaldehyde, formalin, and
2-mercaptoethanol were procured from LobaChem Pvt. Ltd., Mumbai,
India. Agarose was obtained from Lonza, USA. Heparin, xylazine, ke-
tamine, and normal saline were purchased from a local vendor of
Vadodara, Gujarat, India.

2.2. Animals

Healthy male Wistar albino Rats (180–200 g, 12–13-week-old) ob-
tained from Zydus Research Center, Ahmedabad, Gujarat, India. They
were allowed have free access food and drinking water. They were
maintained under constant temperature (25 ± 1 °C), 35–60% hu-
midity and 12-hour light and dark cycle. The study was approved by
Committee for the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA), Ministry of Social Justice and Empowerment,
Government of India and Institutional Animal Ethical Committee
(IAEC) of Sumandeep Vidyapeeth, Vadodara, Gujarat, India (Approval
no.: SVU/DP/IAEC/2016/05/26).

2.3. Induction of T2DM

The T2DM was induced in an overnight fasted animal by single
intraperitoneal (i.p.) injection of STZ (65 mg/kg, dissolved in citric
buffer pH 4.5), followed by NA (110 mg/kg, i.p., dissolved in normal

saline) [30]. Hyperglycemia was confirmed by FBG level, estimated at
72 h and then on 7 days after injection of STZ-NA using Accucheck
glucometer (Roche, USA). An animal showing the FBG level> 200 mg/
dL were considered as diabetic animals in the experiment (A week after
STZ-NA administration was considered as 0 week or initial stage in this
study).

2.4. Experimental design

The diabetic rats were randomized into different groups (n = 6) as
follow:

Group 1: Normal control (NC)
Group 2: STZ-NA group
Group 3: Q10 (10 mg/kg, p.o.)
Group 4: PIO (20 mg/kg, p.o.)
Group 5: Q10 + PIO

T2DM was initiated in all groups except group 1. All aforemen-
tioned treatments were started one week after injection of STZ-NA and
continued for 28 days. The NC and STZ-NA rats received 1% w/v gum
acacia (1% w/v) solution orally, while Q10 and PIO suspended in 1%
(w/v) gum acacia. On the 28th day, blood samples were withdrawn by
puncturing the retro-orbital under light anesthesia and stored with or
without EDTA tubes. For separation of serum, blood was allowed to clot
for 15 min, and it was then centrifuged at 5000 rpm for 20 min. The
serum was stored at −20 °C until further biochemical analysis [31].

2.5. Body weight

Body weight was measured on 7th day of the induction of diabetes
by STZ and nicotinamide, all the treatments will be given orally as
mentioned in the respective groups for 4 weeks and this day will be
considered as day 1. The body weight on 1st and 28th day of will be
measured.

2.6. Estimation of serum insulin and HbA1c

Serum insulin (ERINS, Invitrogen, USA) was measured by ELISA
microplate reader (iMax, Biorad, USA) according to the manufacturer's
protocol. HbA1c was measured from whole blood using D10 (Biorad,
USA).

2.7. Biomarker of oxidative stress in the tissue

The oxidative stress parameters were estimated by in both liver and
kidney tissues. The tissue levels of malondialdehyde (MDA content),
superoxide dismutase (SOD), catalase (CAT) and reduced glutathione
(GSH) were estimated as biomarkers of oxidative stress. Briefly, after
sacrificing the animal, liver and kidney were transferred to ice-cold
phosphate buffered saline pH 7.4. The liver and kidney were cross-
chopped with a surgical scalpel into fine slices, suspended in cold
0.25 M sucrose solution. The tissues were then homogenized in cold
Tris-HCL buffer (10 mM, pH 7.4) and centrifuged at 6000 rpm at 4 °C
for 20 min using Thermo Scientific ST8R (USA). The clear solution was
utilized for the quantification of MDA [32], SOD [33], CAT [34] and
GSH [35].

2.8. Gene expression analysis of adipocytokines

2.8.1. Collection of white adipose tissue
At the end of the study, the animals were anesthetized by in-

traperitoneal injection of xylazine 87 mg/kg and ketamine 13 mg/kg.
White adipose tissue (WAT) was collected in RNA later (QiagenGmBH,
Germany) solution from rat abdominal cavity and stored at −20 °C
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until total RNA was isolated [36].

2.8.2. Isolation of mRNA
The total RNA was isolated using a phenol-chloroform method using

RNeasy kit (Qiagen, San Jose, California) with slight modification [37].
Briefly, the frozen tissue sample was washed with PBS to remove RNA
later solution. The tissue was homogenized using QiazolLysis reagent
(Qiagen, San Jose, California) with D160 homogenizer (Scilogex, Con-
necticut, United States). The contents were transferred into 1.5 mL
tube. Then 20 μL of β-mercaptoethanol (Sigma Aldrich, USA) was
added to this tube and vortex for 15 s and incubated for 5 min at room
temp. Later, 400 μL of chloroform-isoamyl alcohol mixture (24:1, Sigma
Aldrich, USA) per mL of QiazolLysis reagent was mixed in above mix-
ture and vortex for 15 s. The tube was allowed to stand for 3 min at
room temp and then centrifuged (Sorvell SR8, Thermo scientific, USA)
at 12000 g for 20 min at 4 °C. The upper aqueous phase was separated
into a new tube. Further, 200 μL of 10 M Lithium chloride (LobaChem,
Mumbai,) was added and mix well. Then 0.5-time cold isopropanol
(LobaChem, Mumbai) was added to the above mixture and vortex for
15 s. The mixture was kept at −20 °C for 1 h. Later, the tube was
removed from the refrigerator and centrifuged (Sorvell ST8R, Thermo
scientific, USA) at 12000g for 20 min at 4 °C. The supernatant was
carefully aspirated without disturbing the RNA pellet. The pellet was
washed two times with 70% ethanol and centrifuged at 12000g for
10 min at 4 °C. Traces of ethanol were removed with a pipette and
allowed to dry. Further, 70 μL of RNase free water (Qiagen, GmBH
Germany) was added to dissolve the RNA pellet and stored in −20 °C.

The quality and quantity of RNA were measured using QIAxpert
System (Qiagen, GmBH Germany) by taking the ratio of absorbance at
260 nm and 280 nm. The integrity of total RNA was also confirmed on
1% agarose-formaldehyde gel using MOPS-Formaldehyde (Sigma
Aldrich, USA)as an electrophoretic buffer [38] in Mini Submerge gel
electrophoresis system (Biorad, USA) and images were documented by
Gel Doc™ EZ Gel (Biorad, USA).

2.8.3. Reverse transcription and quantitative real-time PCR
Total RNA (1 μg) was reverse transcribed for synthesis of first strand

cDNA using QuantiTect® Reverse Transcription kit (Qiagen, Germany)
according to the manufacture's protocol in Veriti® 96-Well Thermal
Cycler (Applied Biosystems, USA). Quantitative Real-Time PCR (qPCR)
was performed in 7500 Fast qRT-PCR (Applied Biosystems, Foster City,
CA, USA) with an equal amount of cDNA from each sample using
Quantifast Probe PCR kit (Qiagen, GmBH Germany) according to the
manufacturer's protocol. FAM and TAMRA labeled TaqMan probes were
utilized to quantify the mRNA expression levels of following adipocy-
tokines: (i) ADIPOQ, (ii) RBP4, (iii) RETN (iv) IL-6 (v) TNF-α. Primers
and probes of interested adipocytokines and an endogenous control
gene (ACTB: β-actin) were designed at exon-exon spanning junction
using the NCBI primer blast tool to eliminate gDNA contamination and
synthesized from Eurofins (Germany) listed in Table 1. The 7500 Fast
RTPCR (Applied Biosystems, USA) was programmed using the 7500
software v2.3 (Applied Biosystems, USA) with PCR reaction condition
for denaturation at 95 °C for 3 s, combined annealing and extension at
60 °C for 30 s up to 40 cycles. Gene expression assay of TNF-α and IL-6
was measured using QuantiFast SYBR Green PCR Kit (Qiagen, GmBH

Germany) according to manufacturer's protocol. All PCR reaction
samples were analyzed in duplicate and the average Ct value were used
to calculate the relative quantification using the ΔΔCt method.

3. Statistical analysis

All values are expressed as means ± SEM. Statistical analysis of
data was done using one-way ANOVA followed by post hoc Tukey's
multiple comparison tests to state the difference within groups in Prism
7, GraphPad Software. The significance level was set at P < 0.05 for all
tests.

4. Results

4.1. Effect of Q10 and PIO combination on FBG level and body weight in
diabetic rats

In STZ-NA induced diabetic group, there was a significant
(P < 0.001) elevation in FBG level and reduction in body weight on
28th days as compared to the NC animals. Treatment with Q10 or PIO
(20 mg/kg) or Q10 + PIO showed a significant (P < 0.05, P < 0.01,
P < 0.01) decrease in FBG level as compared to STZ-NA induced
diabetic group, respectively. In addition, Q10 or PIO or Q10 + PIO
treated rats showed a significant increase in body weight as compared
to STZ-NA group. Moreover, treatment with Q10 and PIO did not show
any significant changes in FBG level and body weight when compared
with monotherapy (Fig. 1A–B).

4.2. Effect of Q10 and PIO combination on serum insulin and HbA1c in
diabetic rats

After 4 weeks, STZ-NA induced diabetic rats showed a significant
decrease in the level of serum insulin (P < 0.001) and increase in
HbA1c (P < 0.001) level as compared with NC group. However,
treatment with PIO or Q10 + PIO showed a significant (P < 0.001)
increase in serum insulin level as compared to STZ-NA group, while
treatment with Q10 or PIO or Q10 + PIO showed a significant
(P < 0.05, P < 0.01, P < 0.01) decrease in HbA1c as compared to
STZ-NA control. However, there was no significant difference in insulin
and HbA1c level in Q10 + PIO treated rats when compared with
monotherapy (Fig. 2 A-B).

4.3. Effect of Q10 and PIO combination on MDA, GSH, CAT and SOD in
diabetic rats

In the present study, it was shown that a significant (P < 0.001)
increase in activity of lipid peroxidation resulting in an elevation of the
content of MDA, while there was a significant (P < 0.001) decrease in
the levels of GSH, SOD and CAT in liver and kidney tissues of STZ-NA
induced diabetic group as compared to NC group. However, treatment
with Q10 or PIO or Q10 + PIO showed a significant decrease in MDA
content (P < 0.001, P < 0.01; P < 0.05, P < 0.05; P < 0.001,
P < 0.001) in liver and kidney tissues as compared to STZ-NA group,
respectively. In addition, GSH (P < 0.001, P < 0.001; P < 0.05,
P < 0.05; P < 0.001, P < 0.001), CAT (P < 0.01, P < 0.001;

Table 1
Primer and labeled probe sequence of adipocytokines analyzed by qPCR.

Gene Forward sequence (5′>3′) Reverse sequence (5′>3′) Probe Fragment size (bp)

ADIPOQ CCACCCAAGGAAACTTGTGC GACCAAGAACACCTGCGTCT 6-FAM-ACAATGGGATACCGGGCCGTGA-TAMRA 136
RBP4 ACAAGGCTCGTTTCTCTGGG TGTGAAAGTGCCCACCATGT 6-FAM-TGAGCGCTACAGCCAAGGGA-TAMRA 188
RETN GAGCTCTCTGCCACGTACTTA TGGCTTCATCCATGGGACAC 6-FAM-TTCCTTGTCCTGGGGCTGCT-TAMRA 120
IL-6 GCAAGAGACTTCCAGCCAGT CCATTGCACAACTCTTTTCTCA – 200
TNF-α ATGGGCTCCCTCTCATCAGT GCTTGGTGGTTTGCTACGAC – 106
ACTB CTCTGTGTGGATTGGTGGCT CGCAGCTCAGTAACAGTCCG 6-FAM-TCCATCGTGCACCGCAAATGCT-TAMRA 139
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P < 0.05, P < 0.05; P < 0.001, P < 0.001) and SOD (P < 0.01,
P < 0.01; P < 0.05; P < 0.001, P < 0.001) levels were significantly
increased in Q10 or PIO or Q10 + PIO treated rats when compared to
STZ-NA group, respectively. Moreover, concomitant administration of
Q10 with PIO showed a more significant alteration in biomarkers of
oxidative stress than monotherapy of Q10 or PIO (Table 2).

4.4. Effect of Q10 and PIO combination on mRNA expression levels of
ADIPOQ, RETN, RBP4, TNF-α and IL-6 in WAT of diabetic rats

Relative gene expression profiling of adipocytokines i.e. ADIPOQ
and RBP4 along with the pro-inflammatory cytokines like RETN, TNF-α
and IL-6 was measured as fold change based on the Ct value obtained
using qPCR in WAT.

STZ-NA treated rats showed a significant (P < 0.001) down reg-
ulation in the mRNA expression levels of ADIPOQ and up regulation of
RETN, RBP4, NF-α and IL-6 as compared to NC group. Treatment with
Q10 or PIO or Q10 + PIO showed a significant (P < 0.05; P < 0.01;
P < 0.01) up regulation in the mRNA expression levels of ADIPOQ in
WAT as compared to STZ-NA induced diabetic rats. However, con-
comitant administration of Q10 with PIO showed a more significant up
regulation in the mRNA expression levels of ADIPOQ (P < 0.5) than
Q10 or PIO administered alone.

In addition, administration of Q10 or PIO or Q10 + PIO showed a
significant down regulation in the mRNA expression levels of RETN
(P < 0.05; P < 0.01; P < 0.01), RBP4 (P < 0.05; P < 0.05;
P < 0.05), TNF-α (P < 0.05; P < 0.01; P < 0.01) and IL-6
(P < 0.05; P < 0.01; P < 0.01) in WAT as compared to STZ-NA

treated rats. In contrast, co-administration of Q10 with PIO showed a
more significant (P < 0.05) down regulation in the mRNA expression
of RETN (P < 0.05), TNF-α (P < 0.05) and IL-6 (P < 0.05) in WAT
when compared to Q10 or PIO alone. In Q10 + PIO treated rats, mRNA
expression of RBP4 in WAT was not significantly altered than mono-
therapy (Fig. 3A–E).

5. Discussion

In the present investigation, an attempt was made to check the ef-
fect of PIO alone and its combination with Q10 on FBS, serum insulin,
HbA1c and the levels of MDA, SOD, CAT and GSH along with gene
expression levels of various adipocytokines like ADIPOQ, RETN, RBP4,
TNF-α and IL-6 in WAT in STZ-NA induced diabetic rats.

Induction of diabetes was confirmed with the significant elevation
of FBG and percentage of HbA1c in STZ-NA induced diabetic rats this
might be due to lack of release of insulin from β-cells or insulin

Fig. 1. Effect of Q10 and PIO combination on FBG level and body weight in
STZ-NA induced diabetic rats. Values are expressed as Mean ± S.E.M. (n = 6).
***P < 0.001 compared with NC; #P < 0.05, ##P < 0.01 compared with
STZ-NA.

Fig. 2. Effect of Q10 and PIO combination on serum insulin and HbA1c in
diabetic rat. Values are expressed as Mean ± S.E.M. (n = 6). ***P < 0.001
compared with NC; #P < 0.05, ##P < 0.01, ###P < 0.001 compared with
STZ-NA.
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resistance and glycation of hemoglobin. As per the previous reports it
was found that Q10 having antidiabetic effect [39], while in contra-
dictory some the literatures also revealed that Q10 did not have any
effect on blood glucose level [40]. In present set up, administration of
Q10 or PIO alone and their combination showed a significant decrease
in the elevated FBG levels and a significant reduction in percentage of
HbA1c. This reduction in the levels of FBG might be due to release of
insulin from β-cells or from its bound forms [41]. Generally, in diabetic
rats, the elevated percentage of HbA1c might be due to binding of ex-
cessive glucose to the hemoglobin [42]. The oral treatment with of Q10
or PIO alone and their combination showed a significant reduction in
levels of HbA1c suggesting the positive role in the reduction of com-
plications in diabetes.

Oxidative stress is the manifestation of various cardio vascular
complications in diabetes. This might be due to linkage of elevated FBG
and auto-oxidation of glucose and shift in the redox balances. The un-
derlying mechanism of oxidative stress is due to the increased ROS
which subsequently leads to decrease in tissue concentration of anti-
oxidant enzymes such as GSH, SOD and CAT. However, in the present
investigation, STZ-NA administration also produced similar type of ef-
fect as shown in the earlier report [43,44]. Treatment with Q10 or PIO
or Q10 + PIO showed a significant elevation in the levels of various
antioxidant enzymes like SOD, catalase and GSH as compared to STZ-
NA diabetic rats. However, the lipid peroxidation (MDA) level was
significantly reduced in Q10 or PIO or Q10 + PIO as compared to STZ-
NA group. However, the combination therapy of Q10 and PIO showed a
more significant alteration in biomarkers of oxidative stress than
monotherapy. This alteration in the levels of antioxidant enzymes levels
corroborates the antioxidant effect of Q10 along with PIO. This co-ad-
ministration of Q10 along with PIO might be beneficial in inhibition of
oxidative stress and associated complications of diabetes [45].

Abdominal fat is directly associated with obesity, diabetes, CVDs
and other metabolic syndromes. Thus, the WAT was chosen to be stu-
died in rats which resembles the visceral fat tissues in human [46].
Adipocytokines secretions from this tissue are transported in portal
vein, liver and resulting to the chronic inflammation, IR, and obesity.
Thus, the gene expression analysis of ADIPOQ, RETN, RBP4, TNF-α,
and IL-6 would give an underlying relationship between T2DM and
symptoms of metabolic syndromes [47]. Hence, the present investiga-
tion is showing that there is a molecular relationship between anti-
oxidant like Q10 and its combination with antidiabetic drug like PIO on
the mRNA expression of various adipocytokines.

Generally, it has been previously established that the mRNA ex-
pression of ADIPOQ are down regulated in WAT of diabetic rats along
with a higher expression of inflammatory cytokines such as RETN, TNF-
α and IL-6 [48,49].

The high molecular weight oligomer of adiponectin is the chief form
responsible behind the insulin sensitizing action of adiponectin [50].
Thiazolidinedione has been reported to up regulate the expression of
adiponectin [49,51]. Statnick et al., have shown that serum adiponectin
levels are decreased in patients with type 2 diabetes [52]. The T2DM is
associated with insulin resistance, which is ameliorated, in part, by the
high circulating levels of endogenous adiponectin, especially the high
molecular weight counterpart. Also, adiponectin has been reported to
sensitize the body tissues toward actions of insulin [53]. In current
examination, STZ-NA treated rats showed similar types of down reg-
ulation in mRNA expression of ADIPOQ. Hence, we investigated the
effect of Q10 or PIO or Q10 + PIO on the relative gene expression of
mRNA in WAT against STZ-NA induced diabetic rats. Our finding
showed that the mRNA expression of ADIPOQ was up regulated in rats
treated with Q10 or PIO Q10 + PIO as compared to STZ-NA group.
However, the combination therapy of Q10 and PIO showed a more
significant up regulation than Q10 or PIO administered singly.

Mechanistic studies have shown that RBP4 may be involved in
several etiologic pathways leading to type 2 diabetes development, such
as dysregulation of insulin resistance and insulin secretion,Ta
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inflammation, and failure of intracellular lipid homeostasis. RBP4 has
shown to decrease insulin sensitivity by inducing liver expression of
phosphoenolpyruvate kinase [54] or stimulating inflammation in adi-
pocytes [55]. Therefore, in this study, we have examined whether

markers of insulin resistance and inflammation could mediate the as-
sociation between RBP4 and T2DM. In the present set up, there was a
significant reduction in mRNA expression of RBP4 in WAT in Q10 or
PIO or Q10 + PIO treated rats. However, there was no significant

Fig. 3. Effect of Q10 and PIO combination on mRNA expression of (A) ADIPOQ (B) RETN (C) RBP4 (D) TNF-α and (E) IL-6 in WAT of STZ-NA induced diabetic rats
analyzed by using qPCR. The bars represent fold change in treated group vs. STZ-NA. Values are expressed as Mean ± S.E.M. (n= 6). ***P < 0.001 compared with
NC; #P < 0.05, ##P < 0.01, ###P < 0.001 compared with STZ-NA; $P < 0.05 compared with Q10; †P < 0.05 compared with PIO.
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change in RBP4 expression in Q10 + PIO as compared to monotherapy
of Q10 or PIO.

Resistin gene is also a member of pro-inflammatory cytokine family
[56,57] and responsible for the inhibition of adipogenesis with insulin
resistance in human adipose tissues [58,59]. Other inflammatory cy-
tokine like TNF-α and IL-6 are also play a major role as mediators in the
inflammatory pathway of adipocyte [60]. Hence, we measured the
mRNA expression of RETN, TNF-α and IL-6 in WAT in STZ-NA induced
diabetic rats treated with Q10 or PIO or Q10 + PIO. In our finding, it
was found that the mRNA expression level of RETN, TNF-α and IL-6
were significantly up regulated in the STZ-NA induced diabetic rats,
while there was a significant down regulation of these pro-in-
flammatory cytokines in the animals treated with Q10 or PIO or
Q10 + PIO as compare to STZ-NA treated rats. However, combination
of Q10 and PIO showed a more down regulation than Q10 or PIO ad-
ministered alone. This observation shows that Q10 has a synergistic
effect when co-administered with PIO suggesting a protective effect of
Q10 in metabolic syndrome. This effect might be due to the antioxidant
effect of Q10, thereby reducing the expression of inflammatory adipo-
cytokines like RETN, RBP-4, TNF-α and IL-6.

6. Conclusion

We concluded that Q10 or PIO or Q10 + PIO exhibited a significant
amelioration in the levels of FBG, serum insulin, HbA1c and biomarkers
of oxidative stress along with mRNA expression of adipocytokines.
However, Q10 + PIO combination is showed a better therapeutics ef-
fect on aforementioned parameters. However, this has to be proved in
clinical setting.
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