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Hepatocellular carcinoma is the most ordinary type of liver cancer and most
commonly appears in a patient with chronic viral hepatitis and with cirrhosis.
Lipopolysaccharide motivates the hepatocyte cells and increases the production inducible
cytokine with the high production of nitric oxide and reactive oxygen species. In this
study, the rate change iNOS searched by adding lipopolysaccharide and the effect of
inhibiting this inflammatory enzyme by L-NAME and combined effect of this in HepG2
cancer cells was assessed. Salmonella enteritidis lipopolysaccharide is extracted by
methanol-chloroform method and silver stained SDS-PAGE electrophoresis bands. Four
treatment groups of Human liver hepatocellular carcinoma cell lines stimulated with
100ng/ml lipopolysaccharide, 500µM L-NAME as inhibitor and were incubated for 12
and 24 hours. Variables including both increase and decrease inflammatory factor, iNOS,
was assayed. The obtained results showed that initial activity of iNOS in not stimulated
in HepG2 cell, 0.902U/ml after stimulation  with lipopolysaccharide for 12 and 24hours
(0.491U/ml) and (0.433U/ml) decreased and the effect of this inhibitor was also studied.
The data showed that reducing iNOS in Human liver hepatocellular carcinoma cell lines
correlated with the cell density and duration of incubation with LPS. Inhibition of
enzyme associated with inflammation, with inhibitor substances; L-NAME, observed as
well as lipopolysaccharide. We can potentially design drugs to treat a variety disease and
cancer to use.

Key words: Inducible Nitric Oxide Synthase, HepG2 Cell,
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The most ordinary type of liver cancer is
hepatocellular carcinoma. Most cases of
Hepatocellular carcinoma are secondary to either
a viral hepatitis infection or cirrhosis 1, 2 and Ninety
percent of Hepatocellular carcinoma develops in
the context of chronic liver disease and mainly in
patients with cirrhosis. The hepatitis virus is the
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commonest cause of Hepatocellular carcinoma in
the world and every year kill more than one million
people 3.

Human liver hepatocellular carcinoma
cell lines (HepG2) are culturable, repeatedly
proliferable, immortalized and available. So, they
can be easily saved, cultured, proliferated, and
tested and they are the good targets for gene
therapy in hemophilic patients. They are used in
cellular and genetic tests in hepatic diseases, human
immunodeficiency virus, liver and breast cancer
and many genetic diseases and metabolic
studies 4, 5.

One of the stimulating factors of growth
and proliferation and causing malign diseases in
cell is lipopolysaccharide (LPS) which is
glycolipid part of outer membrane of negative gram
bacteria which produce cytokine and vasodilator
such as nitric oxide6.  Lipopolysaccharide be
capable of induce macrophages and microglia to
produce various types of inflammatory molecules7.
The production of high amount of nitric oxide
happens after the induction of inducible Nitric
Oxide Synthase (iNOS) related to cytokine 8, 9.  The
produced nitric oxide by iNOS increase gene
expression of prostaglandin E2, cyclooxygenase
2 and cell proliferation through activating p38
route and mitogen-activated protein kinases and
C-Jun N-terminal kinase 1/2 10.

Nitric Oxide Synthase is most regulated
enzymes in biology. There are three known
isoforms, two are fundamental (c Nitric Oxide
Synthase) and inducible Nitric Oxide Synthase is
the third one. Cloning of Nitric Oxide Synthase
enzymes indicates that, c Nitric Oxide Synthase
include both brain constitutive (Nitric Oxide
Synthase 1) and endothelial constitutive (Nitric
Oxide Synthase 3), the third is the inducible (Nitric
Oxide Synthase 2) gene 11.

In contrast to the critical calcium-
dependent regulation of constitutive Nitric Oxide
Synthase enzymes (n Nitric Oxide Synthase and e
Nitric Oxide Synthase), iNOS has been described
as calcium-insensitive, likely due to its tight non-
covalent interaction with calmodulin (CaM) and
Ca2+. While evidence for ‘baseline’ iNOS
expression has been elusive, IRF1 and NF-êB-
dependent activation of the inducible Nitric Oxide
Synthase promoter supports inflammation
mediated stimulation 12. Nitric Oxide plays a

significant role in host immune defense, vascular
regulation, neurotransmission, and other systems
under normal conditions, aberrant Nitric Oxide
expression is thought to cause severe inflammatory
disease. Overproduction of inducible Nitric Oxide
synthase (iNOS) is especially related to various
human diseases such as inflammatory and neuronal
disorders because of the upregulation of Nitric
Oxide 13.

Pathologic generation of nitric oxide
through increased inducible Nitric Oxide Synthase
production may decrease tubal ciliary beats and
smooth muscle contractions and thus affect on
embryo transport, which may result in ectopic
pregnancy 14. The inhibition of production of nitric
oxide is done by L-NAME (the special inhibitor
of inducible Nitric Oxide Synthase) which causes
the decrease of density of produced nitric oxide
through this enzyme and avoids the formation of
malign diseases15,16. The effect of lipopolysacharide
upon increase and decrease of activity of
inflammatory factor of iNOS and also the effects
of specific inhibitor of inducible Nitric Oxide
Synthase in Human liver hepatocellular carcinoma
cell lines were not studied entirely.

In this study, we tried to stimulate
inducible Nitric Oxide Synthase by using
salmonella enteritidis lipopolysaccharide that is
extracted and by using inducible Nitric Oxide
Synthase inhibitor inspecting the results in Human
liver hepatocellular carcinoma cell lines in
inducing condition with lipopolysaccharide in
these cells.

MATERIALS  AND METHODS

Materials
Medium culture DMEM+L-Glutamine

(Gibco, code 12800-116), Quantakine iNOS
ELISA kit (R&D system company, Michigan,
America), Nù-Nitro-L-arginine methyl ester
hydrochloride (L-NAME) substance (Sigma-
Aldrich company, code N5751-1G) Salmonella
enteritidis bacteria of mutant rough pour H.g.m
(Iran Pastour institute), and HepG2 liver cells (Iran
Pastour institute) that in this study we used them.
Methods

By the methanol-chloroform method we
extracted Lipopolysaccharide of Salmonella
enteritidis which is a cheap, safe and simple
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method. Then for purity and accuracy checking of
the extract we used Sodium dodesyl sulfate poly
acryl-amide gel electrophoresis (SDS-PAGE) and
silver staining.
Methanol-chloroform extraction method

For extraction, separation and
purification of lipopolysaccharide there are
different methods which may use extracting agent
such as ether17, hot-phenol18, butanol19, EDTA20

and proteinase K21. In this study, we used
methanol-chloroform method for its rapid and low
cost and also phenol was not used due to its low
safety and poisoning. Standard bacterium of
Salmonella enteritidis was supplied from Iranian
reference health laboratory.
SDS-PAGE and Electrophoresis methods

In electrophoresis method, we produced
acryl amide gel 12% the following materials were
used: acryl 30%, TBE (10X), AMS, TEMED (N,
N, N’, N’-tetra methyl ethylenediamine), distilled
water and in SDS-PAGE method, the separating
gel 12% was used. The gel was stained by silver
staining methods (Fig. 1) based on Sambrook 2001
protocol22. The exactness of their formed bands
were investigated with standard lipopolysacharide
of salmonella enteritidis Sigma L-6011-100MG.

Cell culture and laboratory experiments
the medium culture is used which is supplemented
with amino acid mixtures including 4mmol L-
Glutamine and 10% fetal bovine serum, 1000 unit/
ml penicillin and 100 µg/ml streptomycin with
humid atmosphere 95%, 5% CO2 in 37°C23 for the
growth of Human liver hepatocellular carcinoma
cell lines,  and then the cells are incubated.

After culture in T75 model flask and
approaching to the density of 85%, they are
cultured in the plate and 3hours after the
stimulation of cells with lipopolysaccharide, L-

NAME is added. In two times for 12 hours and 24
hours, the treated cell groups are incubated. The
amount of one million cells is lysated and its
activity of inducible Nitric Oxide Synthase is
measured by the intended microplate kits and by
the ELISA reader the results are read.
Four treatment groups are categorized as follow
1. Human liver hepatocellular carcinoma cell

lines (HepG2)
2. lipopolysaccharide + Human liver

hepatocellular carcinoma cell lines (HepG2)
3. Nω-Nitro-L-arginine methyl ester

hydrochloride (L-NAME) + Human liver
hepatocellular carcinoma cell lines (HepG2)

4. Nω-Nitro-L-arginine methyl ester
hydrochloride (L-NAME) +
lipopolysaccharide + Human liver
hepatocellular carcinoma cell lines (HepG2)

Statistical analysis
In this study, we used two-way ANOVA

for comparing the means and analyzed of results.
The differences between the means were
determined with P‹0.05 level in different
experimentations. Data are expressed as means ±
standard errors (SEM) and all of the calculations
were assessed by the software SPSS.

RESULTS

Findings of the study demonstrated that
activity of inducible Nitric Oxide Synthase in the
culture media, inducible Nitric Oxide Synthase in
unstimulated Human liver hepatocellular
carcinoma cell lines was 0.902U/ml in orders. This
amount after the stimulation of the Human liver
hepatocellular carcinoma cell lines with
lipopolysaccharide for 12 and 24hours decreases
as 0.491U/ml. Therefore, in the other experiments,

Table 1. The results of four treatment groups of cancerous cells of
HepG2 with lipopolysacharide and inhibitors during 12 and 24 hours

Treatment groups 12 hours 24 hours
iNOS(U/ml) iNOS(U/ml)

1- Human liver hepatocellular carcinoma cell lines 0.902 0.932
2- Lipopolysaccharide + HepG2 liver cells 0.491 0.433
3- L-NAME + Human liver hepatocellular carcinoma cell lines 0.893 0.673
4- L-NAME + Lipopolysaccharide + Human liver hepatocellular 0.714 0.650
    carcinoma cell lines



J. Pure & Appl. Microbiol., 6(1), March 2012.

42 RASTEGAR et al.:  EFFECT OF S. enteritidis LIPOPOLYSACCHARIDE ON INOS IN HEPG2 CELLS

Fig. 2. The activity of iNOS in cancerous cells of HepG2 after12and 24hours
of incubation after and before motivation with lipopolysacharide

Fig. 1. Bands one, two and three are related to the
extracted salmonella enteritidis lipopolysaccharide

mutant rough pour H.g.m, bands four and five
are related to standard salmonella enteritidis

lipopolysaccharide Sigma L-6011-100MG for
support of authenticity of extracted bands

lipopolysaccharide is used as an inhibitor of
inducible Nitric Oxide Synthase producing. The
inhibitor effect of L-NAME was investigated and
the results were shown (Table 1). Treatment with
L-NAME as specific inhibitors of inducible Nitric
Oxide Synthase enzyme significantly decreases the
activity of inducible Nitric Oxide Synthase in
stimulated Human liver hepatocellular carcinoma
cell lines with LPS, while the same substance does
not change the activity of produced inducible Nitric
Oxide Synthase in unstimulated cells (Fig. 2).

DISCUSSION

Activity of inducible Nitric Oxide
Synthase in the culture media inducible Nitric
Oxide Synthase in unstimulated Human liver
hepatocellular carcinoma cell lines in this study
was 0.902U/ml. This amount after the stimulation
of the Human liver hepatocellular carcinoma cell
lines with lipopolysaccharide for 12 and 24hours
decreases as 0.491U/ml. Treatment with L-NAME
as specific inhibitor of inducible Nitric Oxide
Synthase enzymes significantly decreases the
activity of inducible Nitric Oxide Synthase in
stimulated Human liver hepatocellular carcinoma
cell lines with lipopolysaccharide. Of course
Bultink and et al in 2006 suggested that TNF-α or
lipopolysaccharide did not induce any detectable
NOx– in circulation of iNOS–/– mice with an iNOS+/

+ hematopoietic cell population 24 and this is
agreement with the results of this study. The
stimulation of the intended cells and inducing of

Purified Standard
LPS LPS
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inflamative enzyme was done in this study with
100 ng/ml of the extracted Lipopolysaccharide out
of salmonella bacterium which this amount was
suggested in a standard way by Nemeth and his
colleges in 200325.  In 2006, Kaptanovic and his
colleges expressed that lipopolysaccharide causes
induce of inducible Nitric Oxide Synthase with the
movement of NF-κB into core 26.  In 2008, Ziwen
Liu and et al in their experiments investigated that
lipopolysaccharide in RAW264.7 cells, stimulates
the gene expression of Cyclooxygenase-2 and
inducible Nitric Oxide Synthase with releasing
mitogen activated protein kinase and NF-κB, and
some of inhibitors which stop the signal route of
mitogen activated protein kinase and the activity
of NF-κB, it also inhibits the gene expression of
Cyclooxygenase-2 and inducible Nitric Oxide
Synthase 27 and it is opposite of result of this study.
In 2005, Scott et al., found out that lipopoly-
saccharide is the starter of an intra cell signaling
cascade6.

Regarding the measured activities of
inflammatory enzyme of inducible Nitric Oxide
Synthase in cancerous cells of Human liver
hepatocellular carcinoma cell lines in 12 and 24
hours, we found out that the activity of this enzyme
in cancerous cells is very high and it is in line with
the results of studies done by Dipopolo and Aiwen
in 2000 and 200328, 29. In 1999 Nanbo and etal found
out that Lipopolysaccharide binding protein is
synthesized in hepatocytes and is known to be an
acute phase protein. Cytokine-induced production
of Lipopolysaccharide binding protein was
reported to increase 10-fold in hepatocytes isolated
from LPS-treated rats, compared with those from
normal rats. Human liver hepatocellular carcinoma
cell lines were shown to express CD14.
Prestimulation of Human liver hepatocellular
carcinoma cell lines with LPS/LBP were augmented
cytokine-induced production and gene expression
of LBP and CD14 30, 27.

The activity of inducible Nitric Oxide
Synthase in Human liver hepatocellular carcinoma
cell lines cancerous cells during 12 hours of
incubation with lipopolysacharide decreased from
0.902 to 0.491 U/ml. regarding this fact that L-
NAME is inhibitor and reducing factors of
inflamative enzyme of inducible Nitric Oxide
Synthase but lipopolysacharide of Salmonella
enteritidis highly reduces the activity of

inflamative enzyme of inducible Nitric Oxide
Synthase. Human liver hepatocellular carcinoma
cell lines groups which receive L-NAME for
inhibition of inducible Nitric Oxide Synthase; it is
observed that by adding lipopolysacharide to
inducible Nitric Oxide Synthase and incubation,
not only lipopolysacharide does not induce
inducible Nitric Oxide Synthase but of course helps
the inhibitors and reduce inducible Nitric Oxide
Synthase in higher activity. L-NAME properly
decreased the activity of inducible Nitric Oxide
Synthase after 12 and 24 hours before and after
the stimulation of Human liver hepatocellular
carcinoma cell lines with lipopolysaccharide. In
groups which received lipopolysaccharide, the
decrease activity was more noticeable.

L-NAME can properly be used in the
treatment of many diseases and cancers because
of their positive effects on both inflamative
enzymes. Also lipopolysacharide is a decreasing
factor of this enzyme. Regarding this fact, group
four, lipopolysacharide helps more to inhibitor in
the stimulation of enzyme, Salmonella enteritidis
Lipopolysaccharide that it has a special sugar
linkage in its Antigen O, can be used in reducing
the activity of inflamative enzyme of inducible Nitric
Oxide Synthase as the helper of inhibitors. Also
Inhibition of enzyme associated with inflammation,
with inhibitor substances; L-NAME, observed as
well as Lipopolysaccharide. Because of,
Cyclooxygenase-2 and inducible Nitric Oxide
Synthase induction by Lipopolysaccharide, are
possible and have the synergy effect on one
another thus the suggested mechanism of this
decrease is that A lipid of lipopolysaccharide
consists of exceptional structure including
matchless fat acids which are accompanied with
hydroxyl groups and they can cause the restraint
of Cyclooxygenase-2 with competition by
arashidonate and then this changes are effective
on inducible Nitric Oxide Synthase. We can
potentially design drugs to treat a cancer and
diversity disease to use.

ACKNOWLEDGMENTS

The authors gratefully acknowledge two
collaborators who contributed to the studies
described here, Laleh Hoghooghi Rad and Hoda
Ghadaksaz. These studies were partially supported



J. Pure & Appl. Microbiol., 6(1), March 2012.

44 RASTEGAR et al.:  EFFECT OF S. enteritidis LIPOPOLYSACCHARIDE ON INOS IN HEPG2 CELLS

by Research Institute for Endocrine Sciences,
Shahid Beheshti University of Medical Sciences,
and Tehran, Iran.

REFERENCES

1. Kumar V, Fausto N, Abbas A. Robbins & Cotran
Pathologic Basis of Disease (7th ed.). Saunders.
2003; pp. 914–7. ISBN 978-0-721-60187-8.

2. Bernstein L.R, van der Hoeven J.M, Boer R.O.
“Hepatocellular carcinoma detection by gallium
scan and subsequent treatment with gallium
maltolate: rationale and case study”. Anti-
Cancer Agents in Medicinal Chemistry 2011;
11(5).

3. Sripathi M. Sureban, Dharmalingam
Subramaniam, Paramasivam Rajendran, Rama
P. Ramanujam, Brian K. Dieckgraefe, Courtney
W. Houchen and, Shrikant Anant. Therapeutic
Effects of Phyllanthus Species: Induction of
TNF-á-mediated Apoptosis in HepG2
Hepatocellular Carcinoma Cells. American
Journal of Pharmacology and Toxicology. 2006;
1(4): 65-71.

4. Xiao Y, Yang FQ, Li SP, Hu G, Lee SM, Wang
YT. Essential oil of Curcuma wenyujin inhibits
growth and induces apoptosis in human HepG2
hepatoma cells through mitochondria-caspase
pathway. World J Gastroenterol. 2008; 14(27):
4309-4318

5. Tan XW, Xia H, Xu JH, Cao JG. Induction of
apoptosis in human liver carcinoma HepG2 cell
line by 5-allyl-7-gendifluoromethylenechrysin.
World J Gastroenterol. 2009; 15(18): 2234-
2239.

6. Melanie J. Scott, Shubing Liu, Grace L. Su,
Yoram Vodovotz, and Timothy R. Billiar .
Hepatocytes Enhance Effects of
Lipopolysaccharide on Liver Nonparenchymal
Cells Through Close Cell Interactions. Shock:
2005; 23(5): pp 453-458.

7. Thampithak Anusorn, Jaisin Yamaratee,
Meesarapee Benjawan, Chongthammakun
Sukumal, Piyachaturawat Pawinee, Govitrapong
Piyarat, Supavilai Porntip, Sanvarinda Yupin.
Transcriptional regulation of iNOS and COX-2
by a novel compound from Curcuma comosa in
lipopolysaccharide-induced microglial
activation. Neuroscience Letters 2009; 462: 171-
175.

8. Shaabani, M. Afarideh, B. Firoz ray, M. Pazoki,
H. The study of lipopolysaccharide effect on the
nitric oxide rate and glucose of blood serum in
Sprague Dawley rat. Iran Medical University

Journal. 2006; 13(52).
9. Ghasemi A. The study of changing rate of vitamin

E in plasma and rat’s kidney in kidney disorder
caused by lipopolysaccharide. Iran Medical
University Journal. 1993; 72.

10. Kant S, Schumacher S, Singh MK, Kispert A,
Kotlyarov A, Gaestel M. “Characterization of
the atypical MAPK ERK4 and its activation of
the MAPK-activated protein kinase MK5”.
J Biol Chem. 2006; 281(46): 35511–9.

11. Stuehr DJ. “Mammalian nitric oxide synthases”.
Biochim. Biophys. Acta. 1999; 1411 (2-3):
217–30.

12. Mungrue IN, Husain M, Stewart DJ. “The role
of NOS in heart failure: lessons from murine
genetic models”. Heart Fail Rev. 2002; 7(4):
407-22.

13. Chang-Hee Kang, Yung H Choi, Il-Whan Choi,
Jae-Dong Lee and Gi-Young Kim. Inhibition of
Lipopolysaccharide-Induced iNOS, COX-2, and
TNF-a Expression by Aqueous Extract of Orixa
Japonica in RAW 264.7 Cells via Suppression
of NF-kB Activity. Tropical Journal of
Pharmaceutical Research; 2011;10(2): 161-168

14. Al-Azemi M, Refaat B, Amer S, Ola B,
Chapman N, Ledger W. “The expression of
inducible nitric oxide synthase in the human
fallopian tube during the menstrual cycle and
in ectopic pregnancy”. Fertil. Steril. 2010;
94(3): 833–40.

15. Knepper, B.R and Kurylo, D.D. Effects of nitric
oxide synthase inhibitor NG-nitro-L-arginine
methyl ester on spatial and cued learning.
Neuroscience. 1998; 83: 837-841.

16. Nakamura T, et al., Lecithinized superoxide
dismutase induces vasodilation; evidence of
direct contribution of superoxide anions to
modulating vascular tone. Life Sci. 1999; 64:
PL65-PL70

17. Ribi E, Haskins WT, Landy M, Milner KC.
Preparation and host-reactive properties of
endotoxin with low content of nitrogen and
lipid. J Exp Med. 1961; 114: 647-63.

18. Westphal O, Jann K. Bacterial
Lipopolysaccharides: extraction with Phenol-
Water and further applications of the procedure.
Methods Carbohydr Chem. 1965; 5: 83-91.

19. Morrison DC, Leive L. Fractions of
lipopolysaccharide from Escherichia coli
O111:B4 prepared by two extraction procedures.
J Biol Chem. 1975; 250: 2911-19.

20. Goldman RC, Leive L. Isolation of
lipopolysaccharides by EDTA treatment of
Escherichia coli. Biochem Biophys Res
Commun. 1965; 21: 290-9.



J. Pure & Appl. Microbiol., 6(1), March 2012.

45RASTEGAR et al.:  EFFECT OF S. enteritidis LIPOPOLYSACCHARIDE ON INOS IN HEPG2 CELLS

21. Hitchcock PJ, Brown TM. Morphological
heterogeneity among Salmonella lipopolysaccha-
ride chemotypes in silverstained polyacrylamide
gels. J Bacteriol, 1983; 154: 269-77.

22. Madigan MT, Martinko JM, Parker J. Brock
Biology of Microorganisms. 8th ed. Prentice-
Hall, 2001; pp. 50-55.

23. Das S, Hashimoto T, Kanazawa K. Growth
inhibition of human hepatic carcinoma HepG2
cells by fucoxanthin is associated with down-
regulation of cyclin D. Bio-oriented Technology
Research Advancement Institution (Brain),
Jpan. 2006.

24. Bultinck Jennyfer, Sips Patrick, Vakaet Luc,
Brouckaert Peter and Cauwels Anje. Systemic
NO production during (septic) shock depends
on parenchymal and not on hematopoietic cells:
in vivo iNOS expression pattern in (septic)
shock. The FASEB Journal. 2006; 2363-2365.

25. Nemeth E, Valore EV, Territo M, Schiller G,
Lichtenstein A,Ganz T. Hepcidin, A putative
mediator of anemia of inflammation, is a type
II acute-phase protein. Blood; 2003; 101:
2461-3.

26. Kapitanovic S, CaCev T, Anticaa M, Kralja M,
Cavric G, Pavelic k, et al. Effect of indomethacin
on E-cadherin and b-catenin expression in HT-

29 colon cancer cells. Exp Mol Pathol, 2006; 80:
91-96.

27. Ziwen Liu, Yumei Fan, Yu Wang, Cui Han, Yu
Pan, Huang Huang, Ying Ye,Lan Luo, Zhimin
Yin . Dipyrithione inhibits lipopolysaccharide-
induced iNOS and COX-2up-regulation in
macrophages and protects against endotoxic
shock in mice. FEBS Letters. 2008; 582: 1643–
1650.

28. Di Popolo A, Annamaria Memoli1, Apicella A,
Tuccillo C, Palma1 AD, Ricchi P, Acquaviva
AM, Zarrilli R. IGFII/IGF-I receptor pathway
up-regulates COX-2mRNA expression and
PGE2 synthesis in Caco-2 human colon
carcinoma cells. Oncogene. 2000; 19: 5517-
5524.

29. Ai-Wen Wu, Jin Gu, Jia-Fu Ji, Zhen-Fu Li,
Guang-Wei Xu. Role of COX-2in
carcinogenesis of colorectal cancer and its
relationship with tumor biological
characteristics and patients’ prognosis. World J
Gastroenterol. 2003; 9(9): 1990-1994.

30. Nanbo A, Nishimura H, Muta T, Nagasawa S.
Lipopolysaccharide stimulates HepG2 human
hepatoma cells in the presence of
lipopolysaccharide binding protein via CD14.
Eur J Biochem. Feb, 1999; 260(1): 183-91.


