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Abstract
Background: Hyperglycemia is one of the important featurs of
diabetes. In cell culture studies different methods are used to mimic the
hyperglycemia condition. In this study we investigate response of
human liver cancer cell line (HepG2) to high insulin, high glucose,and
high insulin/ high glucose medium exposure.
Methods: HepG2 cells were settled in DMEM+0.1% FBS or DMEM
free-serum medium with high concentrations of d-glucose (30 mm)
and/or insulin (1μM) for 24h after an overnight starving in serum- free
medium. The level of hyperglycemia was estimated in the supernatants
via GOD-POD method.
Results: Serum-free madium with high insulin/ high glucose
consentration made the higher level of hypreglycemia in HepG2 cells.
Conclusions: Our study interduced high insulin/ high glucose
treatment as the best way to induction hyperglycemia.
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I

ntroduction

Diabetes is one of the most common metabolic diseases in
the world and has caused deaths and disabilities in many
countries.1Recent studies in America have shown that the
prevalence of diabetes has increased from 144% in 1980 to
151% in 2009. Type 2 diabetes mellitus (T2DM) includes more
than 90% of all diabetes cases.2 T2DM often occurs at an old
age because of obesity, physical inactivity, unhealthy diet, and
genetic predisposition. In T2DM, the blood sugar level in the
body is increased, leading to insulin resistance and other
complications.3,4
Hyperglycemia, define as an elevated blood glucose level,
is one of the important complications of T2DM. It occurs due
to a malfunction or secretion disorder of insulin.
Hyperglycemia causes further damage to the beta cells of the
pancreas, followed by more insulin resistance. Thus, a vicious
cycle called glucose toxicity occurs in the body.5
In cell culture studies, hyperglycemia circumstances are
usually induced to mimic diabetic conditions. In this study we
have examined the different ways of hyperglycemia induction
in HepG2 cells to find the best method.

Materials and Methods
HepG2 cell lines were purchased from the Iran national cell
bank, Pasteur Institute. Dulbecco’s modified Eagle’s medium
F12 (DMEM-F12) was purchased from Gibco-UK. Fetal
bovine serum (FBS), penicillin, and streptomycin were
International Journal of Health Studies 2016;2(1)

|

28

obtained from Sigma-USA. Glucose-Std kits were obtained
from Pars azmoun -IRI.
HepG2 cells were cultured in DMEM-F12 supplemented
with 10% FBS, 100 U/ml penicillin, and 100 mg/ml
streptomycin in a 37°C humid atmosphere with 5% CO2. The
cells were seeded onto six-well plates at 1.2 × 106 cells per
well to reach 80% confluence. To induce insulin resistance,
HepG2 cells were exposed to a high concentration of Dglucose (30 mM) and/or high insulin (1 μM) in DMEM + 0.1%
FBS or serum-free medium for 24 h after an overnight serumstarving condition. Afterwards, the supernatant was collected
and the Glucose-Std kit, which uses the glucose oxidaseperoxidase (GOD-POD) method, was used to estimate the level
of hyperglycemia.

Results
HepG2 cells were treated according to Table 1 for 24 h
after an overnight starving in serum-free medium. In this
experiment, treatment with D-glucose (30 mM) and insulin (1
μM) in serum-free medium increased the level of
hyperglycemia (Table 1).
Table1: The glucose level of supernatant in different culture conditions.
The glucose level of supernatants (mM)
Treatment
DMEM * free-serum
DMEM+0.1% FBS **
Insulin
72
64
Glucose
688
673
Insulin+ Glucose
702
688
*DMEM: Dulbecco’s modified Eagle’s
** FBS: Fetal bovine serum

Discussion
Hyperglycemia or high blood sugar is a condition in which
an excessive amount of glucose circulates in the blood plasma.
This is generally a blood sugar level higher than 11.1 mM (200
mg/dl). A subject with a consistent range above 7 mM (126
mg/dl) is generally considered to have diabetes, which can
cause organ damages due to glucose toxicity.6,7
Many mechanisms have been proposed for glucose toxicity
as follows:
•
In adipose tissue and skeletal muscle following
increasing glucosamine levels, intracellular adenosine
triphosphate (ATP) is depleted and the glucose transporter type
4 (GLUT4) membrane transport of GLUT4 is suppressed.8
•
In the liver, the regulatory mechanism of glucose
transporter type 2 (GLUT2) membrane transportation is
disturbed. Therefore, glucose cannot be a limiting factor for
glucose metabolism.9
•
The elevated glucose levels lead to an increase in
serine phosphorylation and a decrease in tyrosine
phosphorylation
of
the
insulin
receptor
through
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phosphatidylinositide 3-kinases/protein kinase B (PI 3-k/ AKT)
pathway.10
•
Glucose toxicity causes oxidative stress leading to
active inflammatory pathways, which are followed by
exacerbation of diabetic symptoms.11
In T2DM, three of the following phases may occur:1hyperglycemia, followed by 2-hyperinsulinemia, and then 3hyperglycemia, which may overlap with hyperinsulinemia for
some time. It has been shown that high insulin, high glucose, and
high glucose/high insulin conditions can damage tissues.12-14
In this study, we examined the different methods to induce
a hyperglycemic condition in order to mimic a diabetic
condition. According to our results, a higher glucose level is
caused by the treatment of HepG2 cells with high amounts of
insulin and glucose simultaneously in DMEM medium without
FBS. Previous studies have suggested the same method to
induce hyperglycemia in HepG2 cells.10,15,16 However, most of
the studies conducted induced hypoglycemia using a high
glucose medium only. Some examples include the following
conditions: exposing neonatal primary cultured cardiomyocytes
to 25 mM glucose for different time period in which the
maximum affect was observed from 24 h to 48 h of high
glucose stimulation;17 incubation of cardiomyocytes cells with
33 mM glucose for 36 h;18 treatment of mouse primary
peritoneal macrophage with 25 mM glucose for 18 h;19 and
high glucose/high insulin exposure decreases not only insulinstimulated GLUT4 translocation in skeletal muscle but also
insulin receptor and AKT phosphorylation.20 It appears that a
high glucose/high insulin condition mimics the usual diabetic
circumstances in which the body increases insulin uptake to
raise glucose levels.

Acknowledgement
This research has been supported by Tehran University of
Medical Sciences & health Services. (Grant no. 92-03-161-24440)

Conflict of Interest
The authors declare that they have no conflict of interest.

References
1.Boutayeb A, Boutayeb S. The burden of non communicable diseases in
developing countries. Int J Equity Health 2005;4:2.doi: 10.1186/1475-9276-4-2
2.Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of
diabetes for 2010 and 2030. Diabetes Res Clin Pract 2010;87:414.doi:10.1016/j.diabres.2009.10.007

8.Chen H, Ing BL, Robinson KA, Feagin AC, Buse MG, Quon MJ. Effects of
overexpression of glutamine: fructose-6-phosphate amidotransferase (GFAT)
and glucosamine treatment on translocation of GLUT4 in rat adipose cells.
Molecular and cellular endocrinology 1997;135:67-77.doi:10.1016/S03037207(97)00191-3
9.Fukumoto H, Seino S, Imura H, Seino Y, Eddy RL, Fukushima Y, et al.
Sequence, tissue distribution, and chromosomal localization of mRNA
encoding a human glucose transporter-like protein. Proc Natl Acad Sci U S A
1988;85:5434-8.
10.Nakajima K, Yamauchi K, Shigematsu S, Ikeo S, Komatsu M, Aizawa T, et al.
Selective attenuation of metabolic branch of insulin receptor down-signaling
by high glucose in a hepatoma cell line, HepG2 cells. J Biol Chem
2000;275:20880-6.doi: 10.1074/jbc.M905410199
11.Robertson RP, Zhou H, Zhang T, Harmon JS. Chronic oxidative stress as a
mechanism for glucose toxicity of the beta cell in type 2 diabetes. Cell
biochemistry and biophysics 2007;48:139-46.doi: 10.1007/s12013-007-0026-5
12.Wang CCL, Goalstone ML, Draznin B. Molecular mechanisms of insulin
resistance that impact cardiovascular biology. Diabetes 2004;53:2735-40.doi:
10.2337/diabetes.53.11.2735
13.Zecchin H, Bezerra R, Carvalheira J, Carvalho-Filho M, Metze K, Franchini
K, et al. Insulin signalling pathways in aorta and muscle from two animal
models of insulin resistance—the obese middle-aged and the spontaneously
hypertensive rats. Diabetologia 2003;46:479-91.
14.Mariappan MM, Feliers D, Mummidi S, Choudhury GG, Kasinath BS. High
glucose, high insulin, and their combination rapidly induce laminin-β1
synthesis by regulation of mRNA translation in renal epithelial cells. Diabetes
2007;56:476-85.doi:10.2337/db05-1334
15.Zang M, Zuccollo A, Hou X, Nagata D, Walsh K, Herscovitz H, et al. AMPactivated protein kinase is required for the lipid-lowering effect of metformin
in insulin-resistant human HepG2 cells. J Biol Chem 2004;279:47898-905.doi:
10.1074/jbc.M408149200
16.Hu X, Wang S, Xu J, Wang D-B, Chen Y, Yang G-Z. Triterpenoid saponins
from stauntonia chinensis ameliorate insulin resistance via the AMP-Activated
protein kinase and IR/IRS-1/PI3K/Akt pathways in insulin-resistant HepG2
cells. Int J Mol Sci 2014;15:10446-58.doi:10.3390/ijms150610446
17.Nizamutdinova IT, Guleria RS, Singh AB, Kendall JA, Baker KM, Pan J.
Retinoic acid protects cardiomyocytes from high glucose‐induced apoptosis
through inhibition of NF‐κB signaling Pathway. J Cell Physiol 2013;228:38092.doi: 10.1002/jcp.24142
18.Tsai KH, Wang WJ, Lin CW, Pai P, Lai TY, Tsai CY, et al. NADPH oxidase‐
derived superoxide Anion‐induced apoptosis is mediated via the JNK‐
dependent activation of NF‐κB in cardiomyocytes exposed to high glucose. J
Cell Physiol 2012;227:1347-57.doi: 10.1002/jcp.22847
19.Pan Y, Wang Y, Cai L, Cai Y, Hu J, Yu C, et al. Inhibition of high glucose‐
induced inflammatory response and macrophage infiltration by a novel
curcumin derivative prevents renal injury in diabetic rats. Br J Pharmacol
2012;166:1169-82.doi: 10.1111/j.1476-5381.2012.01854.x
20.Huang C, Somwar R, Patel N, Niu W, Török D, Klip A. Sustained exposure of
L6 myotubes to high glucose and insulin decreases insulin-stimulated GLUT4
translocation but upregulates GLUT4 activity. Diabetes 2002;51:20908.doi:10.2337/diabetes.51.7.2090

3.Garcia-Roves PM. Retracted: Mitochondrial pathophysiology and type 2
diabetes
mellitus.
Arch
Physiol
Biochem
2011;117:17787.doi:10.3109/13813455.2011.584538
4.Haque N, Salma U, Nurunnabi TR, Uddin MJ, Jahangir MFK, Islam SMZ, et
al. Management of type 2 diabetes mellitus by lifestyle, diet and medicinal
plants. Pak J Biol Sci 2011;14:13-24.doi: 10.3923/pjbs.2011.13.24
5.Rossetti L. Glucose toxicity: the implications of hyperglycemia in the
pathophysiology of diabetes mellitus. Clinical and investigative medicine
Medecine clinique et experimentale.Clin Invest Med 1995;18:255-60.
6.National Collaborating Centre for Chronic Conditions (UK).Type 2 Diabetes:
National Clinical Guideline for Management in Primary and Secondary Care
(Update). London: Royal College of Physicians;2008.
7.Paulweber B, Valensi P, Lindström J, Lalic N, Greaves C, McKee M, et al. A
European evidence-based guideline for the prevention of type 2 diabetes. Horm
Metab Res 2010;42: S3–36.

29

|

International Journal of Health Studies 2016;2(1)

