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Adipocytes secreate many adipocytokines including visfatin. Many evidence either in direct relation or in in vitro 
showed that visfatin alters the state of type 2 diabetes (T2DM). To unfold the role of visfatin in response to metformin and 
pioglitazone we have investigated the lipid profile and levels of visfatin along with its mRNA expression in response to 
antidiabetic drugs metformin and pioglitazone in vitro adipocytes. Adipocytes were cultured for the estimation of lipid 
profile and secreted visfatin using ELISA and the response of mRNA visfatin gene expression by the use of metformin 
hydrochloride and pioglitazone hydrochloride and combination of both. The determination was performed by RT- PCR 
quantification. Differences were considered significant when P values were ≤0.05 calculated using SPSS software (ver. 
19). In Glucose treated adipocytes the lipid profile showed significant change in HDL while highly significant change in 
other lipoproteins. However, the released level of visfatin also showed significant change in glucose treated adipocytes 
as compared to normal control adipocytes. No significant change was observed in metformin hydrochloride while 
pioglitazone hydrochloride showed significant change as concurred by mRNA level estimation. The present report 
examined whether visfatin is regulated by anti-diabetic drugs metformin and pioglitazone in glucose feed adipocytes 
mimicking the state of T2DM along with effect of these drugs in secreted lipid profile. Pioglitazone treatment showed 
highly significant association at higher concentration. Our finding suggest that the treatment with pioglitazone in 
glucose treated adipocytes could play a role in the regulation of visfatin in adipocytes.
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INTRODUCTION
Adipocytes secreate many adipocytokines including visfatin. 
In obese individual the level of visfatin is increasing 
significantly. In obese state adipocytes depots and secreate 
visfatin due to hypertrophy and hyperplasia which alters the 
metabolism and homeostasis of the individual. Visfatin has 
many actions in the body and it is of two kinds extracellular 
and intracellular. Many evidence either in direct relation or in 
in vitro showed that visfatin alters the state of many metabolic 
syndrome including obesity and type 2 diabetes (T2DM) as 
well as some cancers [1].

It has been proposed that visfatin mimics the role of insulin 
apart from their role as proinflammatory cytokine [2]. 
Previously visfatin was known as pre-B cell colony-enhancing 
factor (PBEF) [3]. Apart from its action on immune system high 
dose of visfatin decreases level of glucose by inhibiting the 
production of endogenous glucose production and 
increasing the uptake of glucose [4]. Although it is established 
fact that human brown adipocytes are involved in the burning 
of fat as well as glucose. Due to this thermogenic effect it is 
now considered to create panic to metabolic disorders 
including obesity and T2DM. Visfatin, a nicotinamide 
phosphoribosyl transferase is involved in nicotinamide 
dinucleotide synthesis and is involved in the insulin 
production from � cells of pancreas [5]. Studies have been 
established to understand the role of visfatin how it exert 
insulin mimicking effects in vivo as well as in vitro [6]. The 
molecular mechanistic behavior of visfatin was also 
established that visfatin activates the insulin signaling 
cascade involving tyrosine phosphorylation of the insulin 
receptor and insulin receptor substrate 1/2 (IRS1/2) and 

downstreaming of protein kinase B/Akt [6]. Additionally 
visfatin activates insulin receptor in different manner as that of 
insulin. To understand this mechanism and the effect of 
visfatin in response to lipid profile we speculate that the 
mRNA gene expression and secretion level of visfatin will 
clear the sight of it and their involvement in the progression of 
T2DM. However, now visfatin is targeted for the treatment of 
obesity and T2DM and the development of new antidiabetic 
therapies. Apart from this our major queries are that whether 
visfatin mRNA gene expression in adipocytes is regulated by 
traditional antidiabetic drugs viz. metformin and pioglitazone 
and how they can improve the insulin sensitivity. To unfold this 
we have investigated the lipid profile and levels of visfatin 
along with its mRNA expression in response to antidiabetic 
drugs metformin and pioglitazone in vitro adipocytes.

MATERIALS AND METHODS
ADIPOCYTES
Wharton's Jelly Mesenchymal Stem Cells (Himedia) were 
cultured for 0-48 h in DMEM (Dulbecco's modified Eagle's 
medium)/ Ham's F12 (1:1) media supplemented with 10% 
FCS (fetal calf serum) having antibiotics and normal glucose 
level (5 mM). The cell line proliferated in the medium 
containing DMEM/F-12 medium (1:1, v/v), HEPES, FBS/FCS 
and antibiotics and upon the addition of Insulin Transferrin 
selenium (ITS), Sodium bicarbonate, biotin and pantothenate 
begins the differentiation phase. These cells were maintained 
and at ~7 day abundant lipid droplets were accumulated in 
the cell which was checked by using lipophilic/ fatty acid 
soluble dye, the Oil Red O staining. Cultured cells were then 
fixed in a 10% formaldehyde solution in PBS (Phosphate 
buffer saline) for 5 min at RT (room temperature) followed by 
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washing with 60% isopropanol. The cells then stained with Oil 
Red O solution in 60% isopropranol for 10 min; then wash the 
cells with 10 ml water at least four times. Stained cells were 
then immediately viewed under phase contrast inverted 
microscope and images were captured using inbuilt mounted 
digital camera.

BIOCHEMICAL ASSAYS 
Supernatant from Adipocytes (centrifuged at 300g for 2 min.) 
were used for biochemical assays. Ferric chloride-acetic acid 
reagent was used for the estimation of Total Cholesterol (TC), 
the reagent mixed gently and centrifuged at 3354xg for 10 
min. at 4 0C. Supernatant was poured in conc. H2SO4 and 
incubated at 50-60 0C for 10 min. When the solution reached 
room temperature the absorbance was read at 560 nm. 
Similarly, Phosphotungustate reagent and Magnesium 
Chloride (MgCl2) was used initially for the estimation of High 
Density Lipoprotein (HDL) followed by centrifugation 
(3354xg for 30 min at 4 0C). Supernatant then mixed with 
Ferric chloride-acetic acid reagent and sulphuric acid 

0(0.033N H2SO4) and incubation was done at 50-60 C for 10 
min. The absorbance was read at 560 nm at room temperature. 
Similarly, Triglycerides (TGL) was measured in adipocyte 
cells using n-heptane, Iso-propanol, sulphuric acid (0.08N 
H2SO4), potassium hydroxide (KOH, 6.25 mol/L), sodium 
metaperiodate and acetyl acetone. Incubated the mixture at 

0C70  for 20 min. and absorbance was taken at 425 nm. Low 
Density Lipoprotein-Cholesterol (LDL) and Very Low Density 
Lipoprotein-Cholesterol (VLDL) were calculated by known 
formulae [LDL=TC – (TGL / 5 + HDL); VLDL=TC – (LDL + 
HDL)]. The readings were randomly checked Inoline kits 
(Merck) in a double-beam UV-vis spectrophotometer. All 
readings were recorded in triplicates. 

Metformin hydrochloride and pioglitazone hydrochloride 
treatment and visfatin estimation Control Adipocytes along 
with adipocytes incubated with 20mM of glucose. Glucose 
incubated adipocytes were treated with metformin 
hydrochlor ide (50-200 mg/ml)  and piogl i tazone 
hydrochloride (5-20 mg/ml) (Sigma Aldrich, USA) and 
combination of both. The standardization of drugs was as per 
our previous report [7]. Cells were centrifuged at 300g for 2 
min. to remove supernatant which was used for the estimation 
of visfatin by enzyme linked immunosorbent assays (ELISA) 
(invitrogen (USA)).

DETERMINATION OF MRNA LEVELS
For RNA determination, the oligonucleotide primer pairs 
Sense (5'->3') CCAGAGCTCCCAGACTGC and Antisense (5'-
>3') GTGGCCAGGAGGATGTTGAA were used; β-Actin was 
used as housekeeping gene: 5'-ACGGGGTCACCCACACTGT 
GC-3’ and 5'-CTAGAAGCATTTGCGGTGGACGATG-3'. Total 
RNA was isolated from adipocytes (~107 cell) by GeneJET 
RNA Purification kit (Thermo Scientific, India) followed by 
cDNA amplification using random hexamer primers (Verso 
cDNA synthesis kit (Thermo Scientific, India)).

mRNA gene expression was performed by DyNAmo 
ColorFlash SYBR Green qPCR kit (Thermo Scientific, India). 
Relative quantification was done between all the groups.

Quantification was performed with a SYBR-Green real-time 
PCR assay of target gene mRNA which was expressed relative 
to the housekeeping gene mRNA. Amplification was 
performed with PCR master mix-containing target primers, 
DNA polymerase, SYBR-Green I, 5mM MgCl , dNTP mix 2

including dUTP and PCR buffer in duplicates. Amplification 
0cycle starts with initial denaturation at 95 C for 7 min, followed 

0 0by 40 PCR cycles each consisting of 95 C for 10 sec, 62 C for 
030 sec and 74 C for 60 sec. Relative gene expression of visfatin 

was calculated.

Statistical Analysis
The values were plotted using Microsoft excel. Student t-test 
was used for statistical analysis. Differences were considered 
significant when P values were ≤0.05. Results were expressed 
as means standard deviations. P values were calculated using 
SPSS software (ver. 19).

RESULTS
Table 1 shows the mean ± standard deviation of lipid profile in 
adipocytes and level of visfatin before and after treatment of 
variable concentration of metformin and pioglitazone along 
with their combinations. In glucose treated adipocytes there 
was a significant increase in the lipid profile including total 
cholesterol (TC), triglyceride (TGL), high density lipoprotein 
cholesterol (HDL), low density lipoprotein cholesterol (LDL) 
and very low density lipoprotein cholesterol (VLDL) levels 
(p<0.05). However, the released level of visfatin also showed 
significant (p = 0.010) decrease in glucose treated adipocytes 
as compared to normal control adipocytes (Table 1). During 
the treatment of antidiabetic drug metformin hydrochloride 
and pioglitazone the change in the levels of lipid profile as 
well as visfatin is remarkable. When we treat the cultured 
glucose treated adipocytes with metformin hydrochloride 
(50 mg/ml) we found that the no significant decrease in it 
while metformin hydrochloride (100 mg/ml) treatment only 
HDL showed significant decrease (p = 0.039) (Table 1). 
Similarly no significant association was observed during the 
treatment of adipocytes at metformin hydrochloride (150 
mg/ml). While HDL showed significant decrease was 
observed in the treatment of adipocytes with metformin 
hydrochloride (200 mg/ml) (Table 1). Moreover to this the 
behavior on the lipid profile is interesting in case of 
pioglitazone treatment. During the treatment of adipocytes 
with pioglitazone hydrochloride (5 mg/ml) significant 
increase was observed in lipid profile except HDL and LDL 
and no association was observed in pioglitazone 
hydrochloride (10 mg/ml) treatment (Table 1). While 
pioglitazone hydrochloride (15 mg/ml) TGL, HDL and VLDL 
showed significant difference (p = 0.016) as similar in 
pioglitazone hydrochloride (20 mg/ml) (p = 0.004) except 
HDL (Table 1). Although, in case the relation of visfatin with 
metformin hydrochloride no change was observed when 
compared with the glucose treated adipocytes while showed 
significant release as compared to normal control adipocytes. 
However, during the treatment of pioglitazone hydrochloride 
significant increase was observed at concentration of 10 
mg/ml and 20 mg/ml having p = 0.025 and p = 0.012 
respectively. This showed that the treatment with pioglitazone 
in glucose treated adipocytes regulate the visfatin level.
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Table 1: Mean ± Standard Deviation Of Lipid Profile In Adipocytes And Level Of Visfatin Before And After Treatment 
Of Variable Concentration Of Metformin And Pioglitazone Along With Their Combinations.

TC (mg/dl) TGL (mg/dl) HDL (mg/dl) LDL (mg/dl) VLDL (mg/dl) Visfatin (ng/ml)

Control 212.67 ± 3.06 132.00 ± 2.65 31.00 ± 2.00 155.27 ± 2.00  26.40  ± 0.53 20.37 ± 0.71

Glucose Treated a250.00 ± 3.00 a158.00 ± 2.00 a35.33 ± 0.58 a183.07 ± 3.70 a31.60 ± 0.40 a17.63 ± 0.75

Glucose+Met50 a253.67 ± 2.52 a158.67 ± 2.52 a35.17 ± 0.76 a186.77 ± 1.79 a31.73 ± 0.50 a18.63 ± 0.15

Glucose+Met100 a246.33 ± 1.53 a155.67 ± 1.53 b34.00 ± 0.50 a181.20 ± 1.73 a31.13 ± 0.31 a17.27 ± 0.25

Glucose+Met150 a252.00 ± 1.00 a157.83 ± 0.29 a34.43 ± 0.21 a186.00 ± 0.82 a31.57 ± 0.06 a17.03 ± 0.06

Glucose+Met200 a247.83 ± 1.26 a158.17 ± 0.76 ab36.77 ± 0.25 a179.43 ±1.46 a31.63 ± 0.15 a16.97 ± 0.21

Glucose+Pio5 ab243.33 ± 1.53 ab150.17 ± 1.04 34.23 ± 0.78 a179.07 ± 2.30 ab30.03 ± 0.21 a17.27 ± 0.25

Glucose+Pio10 a250.67 ± 1.53 a156.00 ± 0.20 a34.93 ± 0.70 a184.53 ± 1.99 a31.20 ± 0.04 ab16.03 ± 0.25

Glucose+Pio15 a251.33 ± 2.52 ab151.33 ± 2.08 ab36.87 ± 0.32 a184.20 ± 1.95 ab30.27 ± 0.42 a16.43 ± 0.31
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We also examined the mRNA level of visfatin which was 
significantly released as compared to normal controls (p 
<0.001). The quantified the mRNA level of visfatin in 
adipocytes with respect to the metformin hydrochloride 
showed significant decrease in the state of visfatin level at 100 
mg/ml, 150 mg/ml and 200 mg/ml having p = 0.004, p = 0.007 
and p = 0.001 respectively (Figure 1a) as compared to control 
adipocytes. However, during the treatment of pioglitazone 
hydrochloride only 20 mg/ml showed significant decrease (p 
= 0.042) (Figure 1b). Furthermore, in combination of both the 
drugs i.e. metformin hydrochloride and pioglitazone 
hydrochloride significant association of mRNA level was 
observed at low concentration of metformin hydrochloride 
(50 mg/ml) and pioglitazone hydrochloride (5 mg/ml) (p = 
0.030). While at 150 mg/ml metformin hydrochloride and 15 
mg/ml pioglitazone hydrochloride and 200 mg/ml metformin 
hydrochloride and 20 mg/ml pioglitazone hydrochloride 
showed highly significant association (p = 0.006 and p = 0.002 
respectively) (Figure 1c).

Figure 1: The relative visfatin mRNA expression in response 
to anti diabetic drugs (a) metformin hydrochloride (b) 
pioglitazone hydrochloride (c) combination of both 
metformin hydrochloride and pioglitazone hydrochloride. ** 
showed significant association and *** showed highly 
significant association when campared with glucose treated 
adipocytes and control adipocytes respectively. The p values 
were calculated using one way ANOVA.

DISCUSSION AND CONCLUSIONS
Adipocytes have many functions apart from triglycerides 
storage. The importance of adipocytes in the pathogenesis 
and manifestation of T2DM is attracting the interest of 
researchers around the globe. Adipocyte released variety of 
cytokine including visfatin [6]. This is well established fact 
that the secretion of adipokines from adipocytes plays an 
important role in the development of T2DM as well as in 
insulin resistance and it was also proposed that the level of 
many of adipocytokines including adiponectin and visfatin 
has been altered [8]. In the present report we have examined 
whether visfatin is regulated by anti-diabetic drugs 
metformin hydrochloride and pioglitazone hydrochloride 
and their combinations in glucose feed adipocytes 
mimicking the state of T2DM and also on the effect of these 
drugs in secreted lipid profile. It is well established fact that 
visfatin was clearly expressed in adipocytes and is a true 
adipocytokine. We found that the level of secreting visfatin in 
glucose treated adipocytes is highly increased ascompared 
to the controlled adipocytes. This showed that the visfatin 
enhances the state of inflammation and may be involved in the 
progression of insulin resistance and T2DM manifestation. 
The same was analyzed in the mRNA levels of visfatin. The 
report was supported by other report which showed that the 
mRNA levels of visfatin were higher in the isolated adipocytes 
than in the adipocytes of biopsies [9]. However, this report 
also concluded that the treatment with thiazolidinediones for 
3–4 weeks did not increase the mRNA level of visfatin along 
with the circulating levels of it and no significant association 
was observed [9]. However, visfatin was highly expressed in 
visceral fat as that of subcutinous adipocytes and involved in 

creating insulin resistance [10]. However, one of the report 
which showed the association of IL-6 on visfatin gene in vitro 
adipocytes using 3T3-L1 cell line and concluded that IL-6 is 
negative regulator of visfatin gene expression and no effect 
was observed with the use of thiazolidinediones [11]. Thus 
thiazolidinediones did not enhance the mRNA gene 
expression in vivo as well as in vitro studies. Inflammation 
avalanche in obesity and T2DM coincide with insulin 
resistance [12]. Other reports on 3T3-L1 adipocytes showed 
that differentiated adipocytes were incubated with TNF- 
alpha did not influence adiponectin receptor (AdipoR1 and 
AdipoR2) synthesis in vitro [13]. The difference in the results 
may be due to the change in kind of adipocytes. Our present 
report is first report to find the association of metformin 
hydrochloride and pioglitazone hydrochloride in the lipid 
profile and the regulation of visfatin level and mRNA gene 
expression using adipocytes. Our results suggest that the 
visfatin is regulated by pioglitazone in adipocytes. Metformin 
addition in glucose treated cells did not change significantly 
visfatin levels although there were reduced compared to 
control adipocytes. It is supported in other studies that this 
kind of expression regulation is tissue specific [14-16]. A 
adipocytokine that is known as PBEF earlier and now known 
as visfatin and their expression level is quite higher in visceral 
fat than that of subcutaneous adipocytes and is involved in 
lowering the glucose level of blood stream by stimulating the 
uptake of glucose and bind to the receptors of insulin [6]. 
Previous reports showed that visfatin plays an important role 
in inflammation by enhancing the pre-B cell colony formation 
[3], modulating the gene expression of monocytes and 
neutrophil [17]. It has been reported that visfatin mRNA 
expression is increased in the monocytes from T2DM 
individuals independent of their BMI strengthening more the 
role of visfatin in inflammation [18]. In present report we 
found that the in glucose treated adipocytes the lipid profile 
and visfatin release showed significant association. During 
the treatment of antidiabetic drug metformin hydrochloride 
at low concentration we found no significant change while 
HDL showed significant change at high concentration. 
However, pioglitazone treatment showed significant change 
in lipid profile except HDL and LDL at low concentration and 
showedhighly significant association at higher concentration. 
The level of visfatin showed no change with metformin 
hydrochloride treatment. Significant change was observed at 
higher concentration of pioglitazone hydrochloride. Our 
finding suggest that the treatment with pioglitazone in 
glucose treated adipocytes could play a role in the regulation 
of visfatin in adipocytes and regulate the visfatin level. The 
results were supported by the examination of the mRNA level 
of visfatin. The result is further conferred by the use of 
combination of both the drugs, showed highly significant 
association. Our findings are interesting as this is first kind of 
report to find the association of visfatin regulation in response 
to metformin and pioglitazone. More studies are required to 
understand the exact mechanism and regulation of visfatin in 
the pathogenesis and manifestation of T2DM and obesity.
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