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Abstract: The objective of the study was investigated for the effects of oral antidiabetic drugs, how they effect the cells
proliferation activities and how they change the expressions of FTO, CD68, NIBAN, and RAN genes which could change insulin
signalization and also be effective in the adipogenetic process on 3T3-L1 adipocytes, AML12 hepatocytes and adipocyte-
hepatocyte co-cultures. Cell proliferation was examined real time with iCELLigence system and measured for 96 hours each 15
min period. The time and amount of active substances of the oral anti-diabetic drugs which were applied to cells were determined
real time according to IC50 value. FTO, CD68 NIBAN and RAN gene expression profiles were determined with qPCR. When
single and multiple doses of glipizide and acarbose in co-culture’s were compared respectively, the 24 hour IC50 values were
determined as 180 uM and 17 mg/ml in adipocytes; 72 uM and 23 mg/ml in hepatocytes, 41.5 uM and 5 mg/ml in coculture cells.
The application of metformin for 24 hour IC50 value in single culture was determined as 175 mM in adipocytes and 2.3 mM in
hepatocytes. In the Metformin administered cells. FTO, CD68 and NIBAN gene expressions were decreased in all groups. In the
acarbose applied cells FTO and CD68 gene expressions were decreased in all groups. In the acarbose applied cells while NIBAN
gene expression was decreased in adipocytes, it was fund to increase in co-cultured adipocytes. In the acarbose applied cells
RAN gene expression was found to increase in all groups. Decreasing effects of antidiabetics on CD68 and FTO expressions may
show protective effect of drug on inflammation and obesity. In conclusion, oral antidiabetic drug use may be effective in
development glucose homeostasis via changing the gene expression of RAN in hepatocytes and adipocytes, this pathway may
have therapeutic effect and provide novel strategies for treatment of insulin resistance.
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1. Introduction

Obesity is a complex medical condition caused by
excessive fat accumulation in the body caused by
excessive consumption of foods and low levels of physical
activity (Vasanth Rao et al., 2019). Obesity is a risk factor
for type 2 diabetes mellitus (T2DM), hypertension,
cardiovascular diseases, metabolic syndrome and cancer
(Koldemir et al., 2012). Obesity not only contributes to
other health problems, but also reduces quality of life and
increases healthcare costs (Vasanth Rao et al., 2019). Type
2 diabetes mellitus (T2DM) is usually formed by the
interaction of genetic and environmental factors and
resulting in excessive increase in blood glucose levels,
chronic, complex, and is a common metabolic disorder
(Prokopenko et al., 2008). Type 2 diabetes, insulin
secretion and activity of (fat, muscle and liver) is
characterized by deterioration and associated with obesity
(Prokopenko et al., 2008). The pathogenesis of type 2
diabetes beta cell dysfunction, insulin resistance and
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increase hepatic glucose takes place (Reaven, 1995). There
are several genetic disorders that cause T2DM. This
genetic disorder of glucose, lipid and protein metabolism
leads to the formation of T2DM (Tiirkiin, 2008). Obesity,
hyperglycemia,  hypertension, and plasma lipid
abnormalities accompanied by insulin resistance (Reaven,
1995). Non-alcoholic fatty liver disease (NAFLD) affects
25% of the population and treatment options are limited
(Niu et al., 2019). Non-alcoholic fatty liver disease
(NAFLD) is closely associated with  obesity,
hypertriglyceridemia and diabetes. (Sanyal, 2003).
NAFLD is a costly medical disease and continues to grow
in parallel with the increasing prevalence of obesity and
type 2 diabetes (Younossi et al., 2016). The liver and
adipose tissue originate from a multipotent cell. Thus, the
key molecules and signaling systems of adipose tissue and
liver are regulated by common or overlapping metabolic
and immune function pathways (Wellen and Hotamisligil,
2005; Shoelson et al., 2006).
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Fat mass and obesity-associated gene (FTO) located on 16
g12.2 chromosome region is highly expressed in the
hypothalamus and is suggested to play an important role in
controlling energy homeostasis (Yuzbashian et al., 2019).
In genome wide association studies, FTO gene
polymorphisms were associated with increased risk obesity
(Frayling et al., 2007; Dina et al., 2007; Scuteri et al.,
2007). It has been reported that FTO gene over expression
induced obesity (Rosen et al., 2001; Stratigopoulos et al.,
2008). CD68 is a member of the lysosome associated
membrane protein family that is restricted in its expression
to cells of the monocyte/macrophage lineage. Weisberg et
al. (2003) reported that up to 50% of the cells in the
adipose tissue were positive for CD68. Reduction of
inflammatory gene expression in adipose tissue has also
been associated with weight loss in obese subjects
(Clement et al., 2004; Cancello et al., 2005). The NIBAN
gene, which is a member of the FAM129A gene family
and consists of 14 exons, is located on the 13th
chromosome in rats and the 1st in human and mice
(Adachi et al., 2004). NIBAN regulates protein synthesis
by modulating the phosphorylation of eukaryotic
translation initiator factor 2a (elF2a), p70 ribosomal S6
kinase 1 subunit and eukaryotic translation initiator factor
4E binding protein 1 (Sun et al.,, 2007). NIBAN plays a
role in adipogenesis with unknown mechanism (Ye et al.,
2011). RAN (LOC100045999 GTP-binding nuclear
protein Ran) protein regulates a multitude of cellular
responses, including nucleo-cytoplasmic shuttling, various
aspects of mitosis, and other cytoplasmic transport
mechanisms in specialized cell types (Segev, 2011; Clarke
and Zhang, 2008; Yudin and Fainzilber 2009). Ran
signaling is highly evolutionary conserved, and is thought
to be essential for cellular homeostasis (Ye et al., 2011).
RAN protein plays a role in adipogenesis with unknown
mechanism (Ye et al., 2011).

There are many antidiabetic agents used in routine
detavitation such as insulin, biguanides, sulfonylureas,
thiazolidindiones (TZDs), sodium-glucose cotransporter
type 2 inhibitors(SGLT?2i), dipeptidyl peptidase 4 (DPP-4)
inhibitors, glucagon-likepeptide 1 (GLP-1 receptor
agonists) and o glucosidase inhibitors (AGis) (American
Diabetes Association, 2018). Biguanides (especially
metformin) are widely used for the treatment of T2DM
and exhibit hypoglycemic effects by inducing insulin
sensitivity and peripheral glucose uptake, reducing hepatic
gluconeogenesis, reducing glucose reabsorption of the
intestine (Yaribeygi et al., 2019). Sulfonylureas is a class
of hypoglycemic antidiabetic drugs that increase insulin
release from cells (Yaribeygi et al., 2019). Alpha
glycosidase inhibitors inhibit the a-glycosidase enzymes in
the small intestine and thus delay the absorption of
carbohydrates (Yaribeygi et al., 2019).

In this study, the proliferative effect of AML12
hepatocytes, 3T3-L1 adipocyte and their co-culture by
continuous monitoring assay was performed to investigate
cytotoxicity of commonly used oral antidiabetic drug
metformin, acarbose and glipizide and we sought to
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determine the effects of oral antidiabetic drug metformin
on FTO, CD68, NIBAN and RAN gene expressions in
AML12 hepatocytes, 3T3-L1 adipocyte and their co-
culture.

2. Materials and Method
2.1.Cell Culture

Murine AML12 hepatocytes and 3T3-L1 fibroblasts were
purchased from the American Type Culture Collection
(ATCC) (Manassas, USA). 3T3-L1 cells were cultured in
glucose-free Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal calf serum,
penicillin (100 units/ml), and streptomycin (100 pg/ml) in
a humidified atmosphere of 5% CO2 at 370C, with a
change of medium every 2-3 days. AML12 cells and co-
culture cells were cultured in a 1:1 mixture of Dulbecco's
modified Eagle's medium and Ham's F12 medium with
0.005 mg/ml insulin, 0.005 mg/ml transferrin, 5 ng/ml
selenium, and 40 ng/ml dexamethasone, 90%; fetal bovine
serum, penicillin (100 units/ml), and streptomycin (100
pg/ml), 10% in a humidified atmosphere of 5% CO2 at
370C with a change of medium every 2-3 days. Sub-
cultured as necessary by routine trypsinization method.

2.2.Differentiation of 3T3-L1 preadipocytes

3T3-L1 cell differentiation was based on the protocol by
Miard et al. (2008). Cells were grown in DMEM medium
until 80% confluency. Two days after confluency (Day 0),
cells were washed with phosphate buffered saline (PBS)
and fed with adipocyte differentiation media (DMEM,
10% fetal calf serum, 1 uM dexamethasone, 10 pg/mL
insulin, and 0.25 mM 3-methyl-1-isobutylxanthine) for 2
days. Two days (Day 2) post induction, medium was
supplemented with only 10 pg/mL insulin and replaced
every 2 days until terminal differentiation.

2.3.0il Red O Staining

Cells were washed with PBS and then fixed for 1 hour
with 10% formalin solution. 60% isopropanol was added
to each well and let sit for 5 minutes. QOil red O was diluted
with water (3:2), filtered through a 0.22pum filter and
incubated with the fixed cells for 5 min at room
temperature. Cells were washed with water and the stained
lipid droplets in the cells.

2.4.Cytotoxicity assay using iCELLigence system

The optimal cell concentration for proliferation
experiments of AML12 hepatocytes, of 3T3-L1 adipocytes
and their co-culture were determined. After seeding the
cells in 150 pL medium to each well of the E-plate 8, the
proliferation of cells were monitored every 15 min by the
iCELLigence system. Approximately 24h after seeding,
the AMLI12 cells were subjected to 50 pL of medium
containing the following substances: acarbose (2.5 mg/ml,
5 mg/ml, 7.5 mg/ml, 10 mg/ml, 15 mg/ml, 25 mg/ml and
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50 mg/ml), glipizide (100 uM, 150 pM and 500 uM) and
metformin (0.5 mM, 1 mM, 2 mM, 4 mM, 5 mM, 7.5 mM
and 10 mM). Approximately 24h after seeding, the 3T3-L1
cells were subjected to 50 puL of medium containing the
following substances: acarbose (2.5 mg/ml, 5 mg/ml, 7.5
mg/ml, 10 mg/ml, 15 mg/ml, 25 mg/ml and 50 mg/ml),
glipizide (100 uM, 250 uM and 500 uM) and metformin
(5mM, 10mM, 25mM, 50mM, 100mM, 150mM and
250mM). Approximately 24h after seeding, the co-culture
cells were subjected to 50 pL of medium containing the
following substances: acarbose (1 mg/ml, 2 mg/ml, 4
mg/ml, 5 mg/ml, 7.5 mg/ml and 10 mg/ml), glipizide (100
puM, 150 pM and 500 uM) and metformin (10 mM, 25
mM, 50 mM, 75 mM and 100 mM). Only culture medium
was added to control cell group. All experiments were
monitored up to 96h.

2.5.RNA Isolation and Real-Time PCR Analysis

Total RNA was extracted from cells using the High Pure
RNA Tissue Kit (Roche, Germany) according to the
manufacturers instructions. Total RNA samples were
diluted in DNase—RNase free sterile water and stored at
—80°C until use. For cDNA synthesis, transcriptor HiFi
cDNA synthesis kit was used (Roche, Germany).
Expression of FTO, CD68, NIBAN and RAN genes were
determined by quantitative real-time PCR wusing a
LightCycler Nano (Roche Diagnostics, Germany)
instrument. Measurements were carried out on at least
three occasions for each sample. Cq values lower than 40
were not included to advanced statistival calculations. The
expression amounts were calculated by using the reference
gene (GAPDH) expression. Existence of specific gene
products were confirmed with melting curve analysis. The
gene expressions studies were repeated three times.

2.6.Statistical analysis

For the evaluation of results obtained from the
iCELLigence system, statistical analyses were performed
using the iCELLigence system software. The system
software make a curve-fitting of elective “sigmoidal dose—
response equation” to the experimental data points and
calculates  logarithmic  half  maximum inhibition
concentration (log [IC50]) values. Results are presented as
mean+SE. Statistical analysis was performed with SPSS
software (version 16.0; SPSS Inc., Chicago, IL). In
general, statistical differences between two groups were
evaluated by the Wilcoxon signed ranks test and for
comparison of multiple groups Friedman test (followed by
Wilcoxon signed ranks test) was used. A p-value below
0.05 was considered significant.

3. Results

3.1.Effects of Antidiabetic Drugs over Proliferation of
3T3-L1 Adipocyte

To investigate the effect of oral antidiabetic drugs on
proliferation, 3T3-L1 adipocytes were cultured for 24 h in
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standard medium (untreated). 100 pM, 250 uM and 500
uM glipizide were applied to the cell culture medium.
While 500 uM glipizide had a lethal effect for adipocytes,
250 uM glipizide application has an antiproliferative effect
on adipocytes. IC50 values were determined as 180 uM
after 24h glipizide administration. The 3T3-L1 adipocytes
were treated with 2.5, 5, 7.5, 10, 15, 25 and 50 mg / ml
acarbose. The dose of acarbose applied to adipocyte cells
did not have a lethal effect while producing cytotoxic
effects on cells. IC50 values were determined as 17 mg/ml
after 6h acarbose administration. 5, 10, 25, 50, 100, 150
and 250 mM metformin were applied to 3T3-L1 adipocyte
cells. 5, 10, 25, 50 mM metformin administration had
antiproliferative effect in 3T3-L1 adipocytes and 250 mM
metformin had lethal effect for adipocytes. The IC50 value
at 24 hours was calculated as 175 mM as a result of
metformin administration.

3.2.Effects of Antidiabetic Drugs over Proliferation of
AML12 Hepatocye

To investigate the effect of oral antidiabetic drugs on
proliferation, AML12 hepatocytes were cultured for 24 h
in standard medium (untreated). 100 uM, 250 uM and 500
UM glipizide were applied to the cell culture medium. 500
uM glipizid was found to have lethal effect on
hepatocytes. 250 uM glipizide application has an
antiproliferative effect on hepatocytes. IC50 values were
determined as 72 pM after 24h glipizide administration.
The AML12 hepatocytes were treated with 2.5, 5, 7.5, 10,
15, 25 ve 50 mg/ml acarbose. 25 ve 50 mg/ml acarbose
applied cytotoxic effects on cells. 1C50 values were
determined as 23 mg/ml after 24h acarbose administration.
5, 10, 25, 50, 100, 150 and 250 mM metformin were
applied to 3T3-L1 adipocyte cells. Administration of 25,
50 and 100 mM metformin showed a severe cytotoxic
effect on hepatocyte cells. Application of 150 and 250 mM
metformin showed lethal effect on hepatocytes. IC50 value
at 24 hours was calculated as 2.3 mM as a result of
metformin application.

3.3.Effects of Antidiabetic Drugs over Proliferation of
AML12 Hepatocyte and 3T3-L1 co-culture

To investigate the effect of oral antidiabetic drugs on
proliferation, co-culture cells were cultured for 24 h in
standard medium (untreated). 100 uM, 250 uM and 500
UM glipizide were applied to the cell culture medium. 500
uM glipizid was found to have lethal effect on cells. 250
uM glipizide application has an antiproliferative effect on
cells. IC50 values were determined as 41.5 pM after 24h
glipizide administration. Co-culture cells were treated with
1, 2,4,5, 7.5 and 10 mg / ml acarbose. Doses of 4, 5, 7.5
and 10 mg / ml acarbose were found to have an inhibiting
effect on the cells. 1C50 values were determined as 5
mg/ml after 24h acarbose administration. 10, 25, 50, 75
and 100 mM metformin were applied to the cell culture
medium. The doses of metformin were not found to have a
lethal effect on the cells but were found to have a anti
proliferative effect on the cells.
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3.4.FTO, CD68, NIBAN and RAN Gene Expression
Levels in Response to Oral Antidyabetic Drugs in 3T3-L1
Adipocytes

24h 180 pM concentration of glipizide administered
increasing effect over NIBAN and RAN gene expressions
respectively as 3.05, 2.296 (p=0.005) fold compared to
control adipocytes. FTO and CD68 gene expression levels
were found to decrease respectively as 0.631, 0.627
(p=0.005) (Table 1.). 24h 175mM concentration of
metformin administered decreasing effect over FTO,
CD68, NIBAN and RAN gene expressions respectively as
0.095, 0.652, 0.874, 0.783 (p=0.005) fold compared to
control adipocytes (Table 1.).

Table 1. The effect of oral antidiabetic drugs on FTO, CD68,
NIBAN and RAN gene expression levels in 3T3-L1 adipocytes

FTO Gene p CD6§ Cene  p NIBAN P FANGene p
Expression Exprezsion Gene Expression
MeanSE; Mean=SE; Expression MeanSE;
median median Mean3E; median
(min-ma)

Contral 10200 10=00 10=00 10=00

M 009£000; 0005 063 £000; 0005 087 &£000, 0005 073£000; 0.003%
008 063 87 078
0.05-0.10) (0.65-0.66) (0.37-0.88) (0.78-0.79)

As 033£000; 0003 219 £000; 0003 315£000; 0005 095£000; 0003%
033 218 113 083
(0.34-033) (2.18-2.19) (3.15-3.16) (0.95-0.96)

Values are given as mean + standart error; median (minimum-maximum). n:5 A3:
Adipocyte cells treated with 180uM glipizide for 24 hours. A4: Adipocyte cells treated
with 175mM metformin for 24 hours. Adjusted significanse limir p:0.010*. (Performed
with Mann-Whitney Tes. Each group was compared with control)

3.5.FTO, CD68 and RAN Gene Expression Levels in
Response to Oral Antidyabetic Drugs in AML12
Hepatocytes

24h 72 uM concentration of glipizide administered
increasing effect over FTO and RAN gene expressions
were found to repectively as 2.059, 1.171 and CD68 gene
expression level was found to decreasing effect 0.232
(p=0.005) fold compared to control hepatocytes (Table 2.).
24h 2.3 mM concentration of metformin administered
decreasing effect over FTO, CD68 and RAN gene
expressions respectively as 0.13, 0.359, 0.743 (p=0.005)
fold compared to control hepatocytes (Table 2.). 24h 23
mg/ml concentration of acarbose administered increasing
effect over RAN gene expression levels 3.132 fold
compared to control hepatocytes. 24h  23mg/ml
concentration of acarbose administered decreasing effect
over FTO and CD68 gene expressions levels respectively
as 0.089, 0.116 (p=0.005) fold compared to control
hepatocytes (Table 2.).
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Table 2. FTO, CD68 and RAN Gene Expression Levels in
Response to Oral Antidyabetic Drugs in AML12 Hepatocytes

FTO Geme p CDE8 Gene P RAN Gene P
Expreszion Expreszion Expression
Mean=5E; Mean+3E; Mean+5E;
(min-mas) (min-maz) {min-max)

Control  1.0=0.0 10=00 10=00

H1 206 =0.00; 0.005* 023 =0.00; 0.005*  117=000; 0005
208 023 117
(2.05-2.08) (0.23-0.24) (1.17-1.18)

H 0.13 =0.00; 0.005*  036=0.00; 0.005* 0.74=000; 0005
013 036 074
{0.13-0.14) {0.35-0.36) (0.74-0.75)

H3 0,09 =0.00; 0.005*  012=000; 0.005* 313=000; 0.005*
0.08 01z 313
{0.08-0.08) {0.11-0.13) (3.13-3.14)

Values are given as mean =+ standart error; median (minimum-maximum). n:5 H1:
Hepatocyte cells treated with 72 uM glipizide for 24 hours. H2: Hepatocyte cells treated
with 2.3mM metformin for 24 hours. H3: Hepatocyte cells treated with 23 mg/ml acarbose
for 24 hours. Adjusted significanse limir p:0.010*. (Performed with Mann-Whitney Tes.
Each group was compared with control)

3.6.FTO, CD68 and RAN gene expression levels in
response to oral antidiabetic drugs in AMLI12
hepatocytes in co-culture

24h 41.5 puM concentration of glipizide administered
increasing effect over FTO and CD68 gene expressions
respectively as 1.229, 1.716 (p=0.005) fold compared to
control hepatocytes in co-culture and RAN gene
expression levels decreasing effect 0.000 fold compare to
control cells (p = 0.005) (Table 3.).

24h 5mg/ml concentration of acarbose administered
increasing effect over RAN gene expression levels 2.385
fold compared to control hepatocytes in co-culture. 24h
5mg/ml concentration of acarbose administered decreasing
effect over FTO and CD68 gene expressions levels
respectively as 0.796, 0.327 (p=0.005) fold compared to
control hepatocytes in co-culture (Table 3.).

Table 3. FTO, CD68 and RAN gene expression levels in
response to oral antidiabetic drugs in AML12 hepatocytes in co-
culture

FTO Gene p CD68 Gene p RAN Gene p
Expression Expression Expression
Wean==E; Wean=5E; Meam=5E;
{min-mex) {min-mex) {min-max)

Control  1.0=00 10=00 10=00

1 133x000; 0005 1.72+£000; 0005 0.00+0.00; -
1.23 172 0.00
{1.22-1.23) {1.71-1.72) {0.00-0.00)

2 080000, 0005 033=000; 0005 238+0.00; 0005
020 033 238
{0.75-0.200 {0.33-0.33) (338-239)

Values are given as mean + standart error; median (minimum-maximum). n:5 C1:
Hepatocyte cells treated with 41.5 pM glipizide for 24 hours. C2: Hepatocyte cells treated
with 5 mg/ml acarbose for 24 hours. Adjusted significanse limir p:0.010*. (Performed with

Mann-Whitney Tes. Each group was compared with control)
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3.7.FTO, CD68 and RAN gene expression levels in
response to oral antidiabetic drugs in 3T3-L1 adipocytes
in co-culture

We demonstrated that 24h, 41.5 uM glipizide have
increasing effect over RAN gene expression as 5.287 fold
to that of control cells adipocytes in co-culture whereas
41.5 uM glipizide have decreasing effect over FTO, CD68
and NIBAN gene expressions respectively as after 0.122,
0.338, 0.525 24h administration (Table 4.).

We demonstrated that 24h, 5mg/ml acarbose have
increasing effect over NIBAN and RAN gene expression
respectively as 3.11, 1.58 fold to that of control cells
adipocytes in co-culture whereas 5mg/ml acarbose have
decreasing effect over FTO and CD68 gene expressions
respectively as after 0.027, 0.165 24h administration
(Table 4.).

Table 4. FTO, CD68 and RAN gene expression levels in
response to oral antidiabetic drugs in 3T3-L1 adipocytes in co-
culture

FTO Geme p CDEE Cene p NIBANGene p FAN Gene P
Expression Expression Expression Expression
Maan=8E; MMzan=SE; Mean=58E; Mean=SE

madisn
(min-max)

median
(min-max)

median
(min-max)

median
(min-max)

10200
0.1220.00;

10200
034 = 0.00;

Control 1000
c3

L0=0.0
529 = 0.00

0.005

034
(0.33-0.34)

c4 0.16 = 0.00;

0.16 311
(0.16-0.17) (3.11-3.12)
Values are given as mean + standart error; median (minimum-maximum). n:5 C3:

Adipocyte cells treated with 41.5 uM glipizide for 24 hours. C4: Adipocyte cells treated

0.03
(0.02-0.03)

with 5 mg/ml acarbose for 24 hours. Adjusted significanse limir p:0.010*. (Performed with

Mann-Whitney Tes. Each group was compared with control)

4. Discussion

Obesity is strongly associated with the development of
insulin resistance and is thought to be responsible for the
development of type 2 diabetes. Although the
epidemiological relationship has been established, the
cellular linkage and molecular mechanisms between
obesity and insulin resistance are still unknown. Increased
obesity is associated with lipid accumulation in the liver.
Although the role of visceral fat in the development of
systemic insulin  resistance is controversial, the
contribution of visceral fat is important in the development
of hepatic insulin resistance (Cai et al., 2005; Kim et al.,
2003). it is predicted that visceral fat depot may induce
liver insulin resistance and this station stimulates systemic
insulin resistance (Wang et al., 2006). Several studies have
shown that hepatic insulin resistance is associated with
low-grade cellular inflammation (Cai et al., 2005; Arkan et
al., 2005). Paracrine interaction between fat and liver can
directly elicit an inflammatory response in liver cells, but
this is not clearly known.

We demonstrated that AML12 hepatocytes, 3T3-L1
adipocytes and their co-culture FTO, CD68, NIBAN and
RAN gene expressions in response to metformin, glipizide
and acarbose exposure.
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Animal model studies showed that FTO was positively
associated with fat accumulation (McCarthy et al., 2010).
In our study, we found that FTO gene expression level
decreased 0.631 fold in 3T3-L1 adipocyte cells treated
with 180 uM glipizide for 24 hours. Glipizide exposure
may have a protective effect against insulin resistance in
adipose tissue. In our study, it was found that the
expression level of CD68 gene decreased by 0.627 times
when the cells treated with 180 uM 24 hours glipizide
were compared with the control cells. This may cure the
insulin resistance in adipocyte cells and indicate that the
inflammation there decreases. The mechanism by which
the NIBAN gene, which is known to be involved in the
adiponic process, is involved in this process remains
unclear (Ye et al., 2011). It has been found that the
NIBAN gene regulates cell death signals in response to
endoplasmic reticulum stress and plays an anti-apoptotic
role (Sun et al., 2007). In our study to determine the
relationship between NIBAN gene and glipizide use, 3T3-
L1 adipocytes treated with 180 uM glipizide for 24 hours
compared to control cells were found to increase the
NIBAN gene 3 fold. This may reflect the role of glipizide
in the treatment of both obesity and diabetes in obese
patients with T2DM by secreting insulin by trying to
produce an anti-apoptotic effect. Ran protein is involved in
the control of DNA synthesis and the functioning of the
mitotic cell cycle, and during mitosis, regulation of
molecules in microtubule polymerization may be key to
signaling (Sazer et al., 2000). According to our study,
when compared to control cells with adipocytes treated 24
hours 180 uM glipizide, RAN gene expression level was
increased by 2,296 times. High RAN gene expression may
have a regulatory effect on glucose homeostasis.

FTO, CD68, NIBAN and RAN gene expression were
decreased in all groups in metformin treated cells. FTO
inhibits gluconeogenesis and adipogenesis by balancing
metformin activity (Melnik, 2015). Overexpression of the
FTO gene causes an increase in gluconeogenesis and
adipogenesis (Melnik, 2015). Increased FTO mRNA levels
in subcutaneous adipose tissue in T2DM patients and
treatment with rosiglitazone decreases FTO mRNA levels
in subcutaneous adipose tissue by increasing insulin
sensitivity (Bravard et al., 2013). The results of our study
were reported by Bravard et al. (2013) is similar to his
work. FTO gene expression level was decreased by 0.095
times when compared to control cells with 24 hours 175
mM metformin treated cells. Treatment of 3T3-L1
adipocyte cells with metformin increased insulin
sensitivity in the cells, resulting in decreased FTO gene
expression in adipocytes. CD68 is expressed in the stromal
vascular fraction in human adipose tissues (Di Gregorio et
al., 2005). Studies have shown that there is a significant
infiltration of fat tissue by macrophages in obesity
(Weisberg et al., 2003; Xu et al., 2003). Gregorio et al. in
order to better understand the relationship between
macrophage infiltration and insulin resistance in adipose
tissue, they measured CD68 gene expression levels by
giving patients metformin and pioglitazone (Di Gregorio et
al., 2005). Found a relationship between impaired glucose
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tolerance and decreased expression of CD68 (Di Gregorio
et al., 2005). Zulian et al. (2011) found that metformin
treatment in adipose tissue decreased CD68 gene
expression statistically. We found that CD68 gene
expression level decreased by 0.652 fold compared to
control cells treated with 175 mM metformin for 24 hours.
As a result of our study similar to the literature, we found
that metformin reduced CD68 gene expression level and
metformin plays a role in reducing regional inflammation
in adipose tissue in vitro. Reduction of FTO and CD68
gene expression in metformin treated cells may indicate
that it may have a protective effect on obesity and
inflammation. 3T3-L1 cells treated with 175 mM
metformin for 24 hours compared to control cells, NIBAN
ge decreased 0.874 fold. Reduction of NIBAN gene
expression by metformin administration may indicate
mature adipocytes treatment. Our study is one of the first
studies conducted in the literature to explain the
relationship between obesity and RAN gene in adipogenic
process. Adipocytes treated with 175 mM metformin for
24 hours compared to control cells, RAN gene expression
level decreased 0.783 fold. The results of our study may
reflect that metformin is a regulatory mechanism against
impaired glucose homeostasis by reducing RAN gene
expression in adipocytes.

Glipizide is metabolized mainly by the liver. Sulfonylureas
may cause chronic hepatitis with necroinflammatory
changes (Bloodworth et al., 1961). In our study, we
applied 72 uM glipizide to AML12 hepatocytes for 24
hours and found that FTO gene expression level increased
2.059 times when hepatocyte cells and control cells were
compared. In our study, we applied 72 uM glipizide to
AML12 hepatocytes for 24 hours and we found that CD68
gene expression levels decreased 0.232 times when
hepatocyte and control cells were compared. The decrease
in the level of CD68 gene expression in the hepatocytes
administered in glipizide suggests that it plays a role in
reducing inflammation in the liver by reducing insulin
resistance in  hepatocytes. We exposed AMLI12
hepatocytes to 72uM glipizide for 24 hours, and it was
found that RAN gene expression level increased 1.171 (p =
0.005) fold when hepatocyte cells and control cells were
compared. Increased RAN expression with the dose
administered may be due to the need for regulation of
glucose homeostasis in the liver.

Metformin is not involved in hepatic metabolism and is
excreted unchanged in the urine. Biguanides, such as
metformin hydrochloride, have not been reported
associated with liver damage (Sulkin et al., 1997). In our
study, AML12 hepatocytes cells treated with 24 hours 2.3
mM metformin and compared to control cells, FTO gene
expression level decreased 0.13 fold. This may indicate
that metformin administration to hepatocytes decreases the
amount of fat in the liver and that metformin has a
protective effect on the liver. Treatment of hepatocytes
with 2.3 mM metformin for 24 hours revealed that CD68
gene expression level decreased by 0.359 times. As a
result of the application of metformin to the heptocyte
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cells decreased CD68 gene expression level showed that
the inflammation in that region decreased and metformin
in the treatment benefit. It was determined that the
expression level of RAN gene decreased by 0.743 times
when hepatocytes treated with 24 hours 2.3 mM
metformin were compared with control cells. According to
the study of transgenic mice, RAN signaling is essential
for pancreatic islet development and glucose homeostasis
(Xia et al., 2011). The dose of metformin administered
may reflect the activity of regulating decreased glucose
homeostasis in hepatocytes.

Alpha-glycosidase inhibitors may be particularly useful in
patients with liver disease (Tolman et al., 2007). Rudovich
et al. (2010) found that in combination with ezetimibe and
acarbose to treat non-alcoholic fatty liver disease, liver fat,
inflammation and fibrosis were significantly reduced. In
our study, compared to AML12 hepatocyte cells treated
with 23 mM acarbose for 24 hours and control cells, FTO
gene expression level was decreased 0.089 times in
substance treated cells. Reduction of FTO gene expression
may indicate that administration of acarbose in a
customized dose helps to reduce the amount of fat in
hepatocytes.  Treatment of hepatocytes with 23 mM
acarbose for 24 hours revealed that CD68 gene expression
level decreased 0.116 times. Reduction of CD68 gene
expression as a result of acarbose administration shows
that inflammation is reduced in the liver. Hepatocyte cells
treated with 23 mM metformin for 24 hours compared to
control cells were found to increase RAN gene expression
level approximately 3 fold. This suggests that acarbose
increases RAN gene expression to enable glucose
hemeostasis.

In our study, we found that FTO gene expression level
increased 1.229 times when 3T3-L1 adipocyte and AML12
hepatocyte co-culture hepatocytes were compared with
control co-culture hepatocytes treated with 41.5 puM
glipizide for 24 hours. Increased FTO gene expression in
co-culture hepatocytes in which liver adiposity is modeled
may indicate that adipocytes interact with hepatocyte cells
to increase lipid levels, and may indicate that glipizide
alone is not effective for treating fat in hepatocytes. Huang
et al. (2010) found that CD68 macrophage infiltration
increased in liver fat. ko-kiiltiir hepatositlerinde CD68 gen
anlatim seviyesinin 1.716 kat arttig1 tespit edildi. This
indicates that CD68 gene expression expression is
increased in order to prevent inflammation in glipizide-
treated hepatocytes in the co-culture.

In our study, we found that FTO gene expression level
decreased by 0.796 times when 3T3-L1 adipocyte and
AML12 hepatocyte co-culture hepatocytes were compared
with control co-culture hepatocytes treated with 5 mg / ml
acarbose for 24 hours. Reduction of FTO gene expression
in hepatocyte cells in co-culture may indicate that lipid
amounts in hepatocytes are reduced. When we compared
the co-culture hepatocyte control cells by exposing
hepatocytes to 5 mg / ml acarbose for 24 hours in 3T3-L1
adipocyte and AML12 hepatocyte co-culture, CD68 gene
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expression level was found to be 0.327 fold decreased.
This shows that inflammation in co-cultured hepatocyte
cells is reduced. Acarbose is an alternative therapeutic to
treat fats in hepatocytes. Treatment of co-culture
hepatocyte cells with 5 mg / ml acarbose for 24 hours
showed that RAN gene expression of acarbose increased
by 2,385 fold. This shows that acarbose alone cannot
maintain glucose balance and regulates glucose
metabolism through RAN gene expression.

Adipocyte-mediated factors play a role in the development
of hepatic insulin resistance (Zhou et al., 2007). Hepatic
insulin resistance is responsible for the development of
type 2 diabetes (Taniguchi et al., 2005). In our study, we
found that FTO gene expression level decreased by 0.122
times when 3T3-L1 adipocyte and AML12 hepatocyte co-
culture adipocytes were compared with control co-culture
adipocytes treated with 41.5 pM glipizide for 24 hours.
Reduction of FTO mRNA levels indicates that applied
glipizide reduces adipocyte fat. When the adipocytes in the
co-culture were exposed to 41.5 uM glipizide for 24 hours,
it was found that CD68 gene expression level increased by
0.338 times when compared with the control co-culture
adipocyte cells. Wang et al. (2006) showed that mature
3T3-L1 adipocytes are capable of stimulating NF-kB
activation in hepatocytes. In our study, we determined that
glipizide applied to adipocytes in the co-culture decreased
the level of CD68 gene expression, indicating that it
increases glucose usage in adipocytes and prevents
inflammation by decreasing insulin resistance. Treatment
of co-culture adipocyte cells with 41.5 uM glipizide for 24
hours showed that acarbose reduced NIBAN gene
expression by 0.525 fold. Reduction of NIBAN gene
expression by administration of glipizide may indicate that
mature adipocytes are treated in co-culture.

In our study, we found that the FTO gene expression level
decreased by 0.027 times when 3T3-L1 adipocyte and
AML12 hepatocyte co-culture adipocytes were compared
with control co-culture adipocytes treated with 24 hours 5
mg / ml acarbose. Reduction of FTO mRNA level
indicates that acarbose reduces fat in adipocytes and and it
indicates that trying to treat the adipocyte-induced fatty
liver. When 3T3-L1 adipocyte and AML12 hepatocyte co-
culture adipocytes were exposed to 5 mg / ml acarbose for
24 hours, CD68 gene expression level was reduced 0.165
fold. Decrease in CD68 gene expression level in acarbose-
induced adipocytes in co-culture indicates that
inflammation in adipocytes is reduced. Treatment of co-
culture adipocytes with acarbose 5 mg / ml for 24 hours
showed that acarbose increased NIBAN gene expression
approximately 3 fold. Increased NIBAN gene expression
by acarbose administration may reflect the anti-apoptotic
effect of mature adipocytes in co-culture, which may help
in the treatment of liver fats. Treatment of co-culture
adipocytes with 5 mg / ml acarbose for 24 hours showed
that acarbose increased RAN gene expression 1.58 fold.
This suggests that acarbose increases RAN gene
expression to enable glucose hemeostasis. Acarbose may

35

Eurasian J. Bio. Chem. Sci. 2(1):29 -37, 2019

be an alternative drug for the treatment of cells in the fatty
liver model.

5. Conclusions

In conclusion, the reducing effect of oral antidiabetic drug
on CD68 and FTO may prevent inflammation in
hepatocyte and adipocyte cells. Antidiabetic drug apply to
adipocytes and hepatocytes RAN gene may reflect the
reduced glucose homeostasis regulatory activities of fatty
liver models.
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