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Inflammatory mediators produced by fibroblasts as the main reagents of wound
healing have fundamental roles in this process. Due to stimulatory effects of
lipopolysaccharide (LPS) on different biological mechanisms of mammalian cells and its
influence on pro-inflammatory cytokines, this bacterial endotoxin has been surge of
interest in immunological and inflammatory studies. Skin is the first barrier in immune
response which is more susceptible to inflammation. In this investigation, the effects of
Salmonella enterica LPS on skin fibroblast cells viability was evaluated. Nitric oxide
(NO), cyclooxygenase-2 (COX-2) and hydrogen peroxide (H2O2) levels were assessed after
LPS treatment of fibroblasts. Human foreskin fibroblasts were treated by different
concentrations of Salmonella enterica LPS (100µg~0.01µg). Effects of LPS on cell viability
and NO, COX-2 and H2O2 levels were examined respectively by XTT assay and related kits
as per the manufacturer’s protocols. Results of present survey illustrate that there is a
dose and time dependent significant difference between control and treated cells in cell
proliferation. Results obtained from assays indicate that LPS stimulates NO, COX-2
levels and reduces H2O2 levels in fibroblast cells (p-value<0.001). According to LPS effects
on cell proliferation in dose and time dependent manner and increasing nitric oxide as
a vital factor in the healing process, it will be considered theraputical potential of this
bacterial endotoxin.

Key words: Salmonella enterica LPS, Inflammation, Nitric oxide, Cyclooxygenase-2,
Hydrogen peroxide, Skin fibroblasts, Cell viability.

Lipopolysaccharide (LPS) called
endotoxin has the ability of promoting various
cellular mechanisms in mammals1, 2. According to
the different characteristics of interfering with

immune system, it is also known as exo-hormone3.
Production of mediators in low concentrations of
endotoxin may lead to beneficial biological effects,
but at higher concentrations, cytokines releasing
have toxic effects and ultimately cause toxic shock
syndrome4-6. Fibroblasts are the main dermal cells
that illustrate vital role in wound healing process
by accumulation in injury site, deposition of
collagen and organization of fibronectin-rich
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extracellular matrix and acting as a signaling cell
by releasing growth factors7-12.

Bacterial lipopolysaccharide (LPS) is one
of the major inducers of inflammatory mediators.
COX-2 is the inducible isoform of COX enzyme
which its expression in normal conditions is very
low, but is strongly induced in response to bacterial
products or cytokines13, 14. LPS is one of the
stimulus that induce COX-2 expression by mitogen
activated protein kinase (MAPK) signal
transduction pathway15-17. According to previous
findings, the intracellular hydrogen peroxide as a
signal for white blood cell increased accumulation
after tissue damage to begin the repair process18.
Since ROS at low concentrations provide signaling
pathways for immunity against microorganisms,
Low levels of these mediators can be beneficial in
acute wound healing process. High levels of ROS
exert oxidative damage which leads to impaired
repairing; this abnormality is explained due to a
deficiency in ROS detoxifying enzymes19. Nitric
oxide is the most effective antioxidant that is
produced in the oxygen dependent manner by nitric
oxide synthase17. Nitric oxide is the detoxifier of
high amounts of ROS and also can switches off
the important transcriptional activator of
inflammatory proteins, nuclear factor-kB (NF-kB)20,

21.
Nitric oxide (NO) acts as a vasodilator,

antimicrobial compound, chemo-attractant,
inhibitor of platelet accumulation, stimulator of
vascular permeability in inflammation. NO is up
regulator and down regulator of inflammatory
phase of wound healing. High levels of NO may
contribute as an anti inflammation during the late
phase of inflammation22-24. NO activates factors like
VEGF, bFGF, TGF-² which are required for
enhancing angiogenesis25. These growth factors
stimulate migration, adhesion and proliferation of
endothelial cells. NO produced by iNOS is essential
for proliferation of keratinocytes. Attraction of IL-
1 by NO indicates indirect effects of NO in re-
epithelialization. Most in vitro investigations
shows that NO enhances collagen synthesis in
both wound model fibroblasts and normal skin
fibroblasts. NO converts latent TGF-β

1
 to the active

form which is necessary for activation of
fibroblasts26-28.

In this study we tried to stimulate these
inflammatory factors by bacterial LPS. Fibroblasts

were treated with different concentrations of LPS
for detection of inflammatory mediators. According
to the results, LPS can induce the production of
NO and COX-2 levels and reduces H

2
O

2
 level in

fibroblasts in the dose dependent manner. Due to
central role of these mediators in repairing process
and the effect of Salmonella enterica LPS on
fibroblasts proliferation, this endotoxin may be
useful in drug designing for cutaneous wound
therapies.

MATERIALS AND METHODS

Materials
Human foreskin fibroblast cells were

obtained from Tarbiyat Modarres University cell
bank, Lipopolysaccharide (LPS; Salmonella
enterica L6511-100mg. 109k4087) were purchased
from Sigma, FBS, PBS, XTT, tripan blue, lysis buffer,
Nitric Oxide assay kit (Biovision, Ca, USA), H

2
O

2

assay kit (Biovision, Ca, USA), COX-2 assay kit
(Assay designs & Stressgen Inc. Michigan, USA),
and all other cell culture regents were obtained
from Gibco Life Technologies (Pasley UK) and
Sigma.
Cell Culture

Fibroblast cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM) high
glucose glutamate supplemented with 5% penicillin-
streptomycin solution, 10% fetal bovine serum
(FBS) in standard culture conditions at 37°C, 95%
humidity and 5% CO

2
. When the confluence of

cells reached to 80%, cells were trypsinized and
transferred into another cultivation flask.
Treatment of the cells

LPS from Salmonella enterica was
employed for this study. For preparation of LPS
stock solution (0.2 mg/ml), sterile distilled water
was the solvent. For the evaluation of LPS effects
on skin fibroblasts, we designed two groups. In
the first group cells treatment were immediately
but in the second group the cells were cultured
over night and then treated with different
concentrations of LPS (0.01, 0.1, 1, 10, 100 µg/ml).
Treated cells were incubated for 24, 48, 72 hours
and prepared for cell viability assay and evaluation
of NO, COX-2 and H

2
O

2
 levels.

Cell viability assay
24 hours before performing this

procedure, cells were cultured over night. All tests
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have a blank containing just cell culture media. For
preparation of reactive solution for every plate,
120 ¼l of (PMS) and 6ml of XTT were required.
After addition of reactive solution to all of the wells,
microplates were incubates for 2 and 4 hours. The
optical density of samples was read by ELISA-
reader in 465nm. The number of viable cells was
determined by Trypan blue staining.

Determination of NO production
Although NO is unstable but the content

of its stable products namely nitrate and nitrite is a
suitable index of NO production. NO levels in the
above mentioned samples were determined using
colorimetric assay kit (Nitric Oxide assay kit,
Biovision, Ca, USA). The assay principle for
measurement of NO in the supernatant was Griess

Fig.1. Determination of cell viability without LPS treatment after 24 hours (A). Determination of cell viability
without LPS treatment after 48 hours (B)

Fig. 3. Determination of NO production in the groups of immediately LPS treatment of cells (A).Determination of
NO production in the groups of after overnight treatment of cell with LPS (B)

Fig.2. Determination of cell viability when the treatment was immediately (24, 48, 72 hours after LPS treatment)
(A). Determination of cell viability when the treatment was after overnight incubation  (24, 48, 72 hours after LPS
treatment) (B).
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reaction. An equal volume of cell supernatants were
mixed with Griess reagent and the absorbance was
read at 540nm. The assay sensitivity was 0.2nM
and the intera assay coefficient of variation was
3.4%.
Determination of COX-2 level

The activity of COX-2 was measured by
Enzyme Linked Immuno Sorbent assay kit (Assay
design & Stressgen Inc. Michigan, USA)
according to the recommendation of the
manufacturer insert. The measured optical density
in 450nm was proportional to the concentration of
COX-2 in either standards or samples.
Hydrogen Peroxide Measurement

Hydrogen peroxide levels in the
supernatants of cell culture samples were
determined using colorimetric assay kit (Hydrogen
peroxide assay kit, Biovision, Ca, USA). The assay
was performed based on the kit insert. The assay
principle was based on peroxidase reaction and
destroying of hydrogen peroxide. The assay
sensitivity was 0.1nM and the intera assay
coefficient of variation was 2.8%.

Statistical analysis
Statistical analysis was performed by

using SPSS (version 20) software. Levels of NO,
COX-2 and H

2
O

2
 between control and test samples

were analysed using ANOVA, followed by
Student’s t test. Values of p≤0.05 were considered
significant differences between groups. Data were
expressed as means ± standard errors (SEM).

RESULTS

Cell viability assay
When the effect of LPS on fibroblasts

viability was evaluated immediately after treatment,
it was unaffected by 0.1 ¼g/ml LPS challenge up
to 24 and 48 hours, but at 72 hours, cell
proliferation increased (p-value=0.050). In the
groups that the treatment of LPS were after
overnight incubation of fibroblasts, the significant
effect was observed at 24 hours for the dose of
10µg/ml (p-value=0.001), at 48 hours for the dose
of 0.1µg/ml (p-value<0.001) and at 72 hours for the
dose of 0.1µg/ml LPS (p-value<0.001).

Fig. 5. Determination of H
2
O

2
 level in the groups of immediately LPS treatment of cells (A). Determination of

H
2
O

2
 level in the groups of after overnight treatment of cell with LPS (B)

Fig. 4. Determination of COX-2 level in the groups of immediately LPS treatment of cells (A). Determination of
COX-2 level in the groups of after overnight treatment of cell with LPS (B)
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Determination of NO production
The results of determination of NO

production in the groups that the LPS treatment
was immediately indicated that the significant
increase in NO level was at the dose of 100¼g/ml
for 48 and 72 hours (p-value<0.001). For the groups
of after overnight treatment, the maximum increase
in NO level was observed at the dose of 100¼g/ml
for 24 and 48 hours (p-value<0.001).
Determination of COX-2 level

In the groups that the treatment of LPS
was immediately, after 48 and 72 hours incubation,
the doses of 1µg/ml and 100µg/ml were
respectively showed the maximum increase in
COX-2 level (p-value<0.001). In the groups that
the LPS treatment was after overnight incubation,
the significant increase in COX-2 level was
observed at 24 and 48 hours for the dose of 100µg/
ml (p-value≤0.001).
Hydrogen Peroxide Measurement

In the case of immediately LPS treatment
of cells, the treated group with the dose of 1µg/ml
compared to the control group showed the
significant increase in hydrogen peroxide level at
48 hours (p-value ≤ 0.001). But in the groups of
after overnight treatment, hydrogen peroxide level
in the group of treated cells was significantly
decreased compared to control group (p-
valueÂ0.001).

DISCUSSION

Fibroblasts are the main dermal cells that
illustrate vital role in wound healing process by
accumulation in injury site, deposition of collagen
and organization of fibronectin-rich extracellular
matrix and acting as a signaling cell by releasing
growth factors7-12. The role of inflammation and
immunologic reactions of injured organ are
inevitable in cellular phase of wound healing29,30.
In this survey fibroblasts were treated with different
concentrations of LPS for detection of inflammatory
mediators. According to the results, LPS can induce
the production of NO and COX-2 and reduces H

2
O

2

level in the dose and time dependent manner. The
highest level of NO after LPS treatment was at the
dose of 100µg/ml (Fig. 3). COX-2 level was
increased after LPS treatment in both of the groups
that the highest level was at 100µg/ml (Fig.4). Also
in the first group, fibroblasts proliferation was

increased after 72 hours treatment (Fig.2A) and
increased by 24, 48 and 72 hours in the second
group (Fig.2B). H

2
O

2
 level was increased in the

first group at specific doses of LPS that the highest
level was at the dose of 1µg/ml (Fig.5A) but in the
second group it decreased compared to control
group (Fig.5B). It might be considered that LPS
had increasing effect on H

2
O

2
 level at early stage

of cell cycle but at late stage cause the decreasing
effect on this mediator.

In 2012, Anta Ngkelo and et al. reported
that LPS induced pro inflammatory cytokines such
as CXCL8 and IL-6 in human peripheral blood
mononuclear cells. In their study, after LPS
treatment, cells were incubated for 16 hours and
the culture supernatants were removed for
determination of IL-6 and CXCL8 levels31. In 2009,
Wan Lia and et al. suggested that LPS can effect
on fibroblast proliferation, TGF-β and INF-γ
excretion in human dermal fibroblasts of
hypertrophic. According to their result, lower
concentrations of LPS (0.005-0.1µg/ml) can increase
fibroblasts proliferation. However at higher
concentrations of LPS, the results showed opposite
effects. So this effect was in dose dependent
manner. Collagen synthesis, proliferation and TGF-
β, IFN-γ had no significant difference with control
group in the dose of 0.1µg/ml32. In 2012, Zhengyu
and et al. indicated that LPS can promote the
proliferation of lung fibroblast. LPS effect on TLR4
signaling pathway leads to PI3K-Akt pathway
activation and PTEN expression down-regulation.
The proliferation of fibroblast cells were detected
by BrdU assay. The dose of 1µg/ml LPS after 24
hours had no effect on proliferation but after 72
hours the proliferation was increased
significantly33. In 2002, Roger S. Smith and et al.
evaluated the induction of COX-2 and production
of prostaglandin E

2
 in human lung fibroblasts via

Pseudomonas Autoinducer N-(3-oxododecanonyl)
homoserine lactone. They demonstrated that 3O-
C

12
-HSL not only was essential for the regulation

of bacterial virulence factor but also regulate
inducible immunity by stimulating the activities of
eukaryotic cells important for immune response
against P. aeruginosa. PGE

2
 produced by COX

pathway acts as an immunomodulatory lipid
mediator that induces mucus secretion and
vasodilation14. In 2010, Xiao-jun Cai and et al.
reported that LPS treatment (10µg/ml) of adventitial
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fibroblast for 24 hours induce the proliferation.
They demonstrated that adiponectin prevented
adventitial fibroblasts proliferation by reduction
of LPS-induced NO production34. In 2000,
Susilowati H. and et al. detected the rat periodontal
fibroblast response to Escherichia coli LPS.  The
results indicated that the response of rat
periodontal ligament fibroblasts was differently to
LPS challenge. At concentration of 100ng/well, the
periodontal ligament fibroblasts proliferation was
higher than gingival fibroblasts. The production
of NO in the periodontal ligament fibroblasts culture
was higher than NO levels in gingival fibroblasts
culture at high concentration of LPS (1000ng/well)
(35). In 2011, Hossein rastegar and et al,
demonstrated that the reduction of COX-2 in
HepG2 cells by Salmonella enteritidis LPS was
correlated with cell density and time of incubation.
They confirmed that the decreasing effect of LPS
on COX-2 can be used as the helper of COX-2
inhibitors such as celecoxib and NS-398 in variety
of diseases and cancers36.

In conclusion this investigation indicates
the invitro mechanism of inflammatory mediators’
induction by Salmonella enterica LPS that has
stimulatory effects on NO and COX-2 and reduces
H

2
O

2
 levels in dose and time dependent manner.

Considering central role of these mediators in
wound healing process and proliferative effect of
this bacterial LPS on fibroblasts, it can be
worthwhile in development of new methods for
wound therapies.

REFERENCES

1. U. Seydel, A.J. Ulmer, S. Uhlig, E.T. Rietschel,
in: G. Zimmer (Ed.), Membrane Structure in
Disease and Drug Therapy, Marcel-Dekker,
New York, 2000, pp. 217–252.

2. Brandenburg K., and et al. The interaction of
rough and smooth form lipopolysaccharides
with polymyxins as studied by titration
calorimetry. ThermochimicaActa.2002; 394: 53–
61.

3. Marshal John C. Lipopolysaccharide: An
endotoxin or an exogenous hormone .CID. 2005;
41: 470-480.

4. Caroff Martin, Karibian Doris. Structure of
bacterial lipopolysaccharides. Carbohydrate
Research. 2003; 338(23): 2431-2447.

5. Brandenburg K., and et al. The interaction of
rough and smooth form of lipopolysaccharides

with polymyxins as studied by titration
calorimetry. ; ThermochimiaActa., 2002; 394:
53-61.

6. Marshal J. C. Lipopolysaccharid: An endotoxin
or an exogenous hormone. CID. 2005; 41: 470-
480.

7. Goldberg ED, Dygai AM, Zhdanov VV,
Zyuzkov GN, Guryantseva LA, Pershina OV,
et al. Participation of mesenchymal precursor
cells in wound healing on skin flap model. Bull
Exp Biol Med, 2006; 142: 116-118.

8. Bucala R, Spiegel L. A, Chesney J, Hogan M,
Cerami A. Circulating fibrocytes define a new
leukocyte subpopulation that mediates tissue
repair. Mol Med ,1994; 1: 71-811.

9. Li Jie, Chen Juan, Kirsner Robert.
Pathophysiology of acute wound healing. Clinics
in Dermatology., 2007; 25: 9-18.

10. Diegelmann R. F., Evans M. C. Wound healing:
An overwiew of acute, fibrotic and delayed
healing. Frontiers in Bioscience, 2004; 9: 283-
289.

11. Mcdougall Steven and et al. Fibroblast migration
and collagen deposition during dermal wound
healing: mathematical modeling and clinical
implications., 2006; 364: 1385-1405.

12. Porter Sue. The role of the fibroblast in wound
contraction and healing. Wounds UK. 2007; 3(1):
33-40.

13. Kam, P. C., and A. U. See. Cyclo-oxygenase
isoenzymes: physiological and pharmacological
role. Anaesthesia. 2000; 55(442).

14. Smith Roger S., Kelly Rodney, Iglewski Barbara
H. and Phipps Richard P. The Pseudomonas
autoinducer N-(3-Oxododecanoyl) homoserine
lactone induces cyclooxygenase-2 and
prostaglandin E

2
 production in human lung

fibroblasts: implications for inflammation. The
Journal of Immunology. 2002; 169: 2636-2642

15. Sheng, H., C. S. Williams, J. Shao, P. Liang, R.
N. DuBois, and R. D. Beauchamp. 1998.
Induction of cyclooxygenase-2 by activated Ha-
ras oncogene in Rat-1 fibroblasts and the role of
mitogen-activated protein kinase pathway. J.
Biol. Chem., 273:22120–22127.

16. Lo, C. J. MAPK regulation of prostaglandin E2
production by lipopolysaccharide- stimulated
macrophages is not dependent on nuclear factor
B.J. Surg. Res., 2003: 113:189-194.

17. Uchiya Kei-ichi, Nikai Toshiaki. Salmonella
entericaserovar typhimurium infection induces
cyclooxygenase 2 expression in macrophages:
involvement of Salmonella pathogenicity island
2. Infect. Immun. 2004; 72(12): 6860-6869.

18. Niethammer, Philipp, Clemens Grabher, A.
Thomas Look, Timothy J. Mitchison. A tissue-



J PURE APPL MICROBIO, 8(1), FEBRUARY 2014.

1093RASTEGAR et al.:  THE BIOLOGICAL INFLUENCE OF Salmonella enterica

scale gradient of hydrogen peroxide mediates
rapid wound detection in zebrafish. Nature.
2009; 459 (7249): 996-999.

19. Kumin A, Schafer M, Epp N et al. Peroxiredoxin
6 is required for blood vessel integrity in
wounded skin. J Cell Biol 2007; 179: 747-760.

20. Soneja A, Drews M, Malinski T. Role of nitric
oxide, nitroxidative and oxidative stress in wound
healing. Pharmacol Rep 2005; 57: 108-119.

21. Connelly L, Palacios-Callender M, Ameixa C et
al. Biphasic regulation of NF-kappa B activity
underlies the pro- and anti-inflammatory actions
of nitric oxide. J Immunol, 2001; 166: 3873-
3881.

22. SchremlS., and et al. Oxygen in acute and chronic
wound healing. British Journal of Dermathology.
2010;1-12.

23. Connelly L, Callender MP, Ameixa C, Moncada
S, Hobbs AJ: Biphasic regulation of NF-kB
activity underlies the pro- and anti-inflammatory
actions of nitric oxide. J Immunol, 2001; 166:
3873-3881.

24. Schwenter A, Vodovotz Y, Weller R, Billiar TR:
Nitric oxide and wound repair: role of cytokines.
Nitric Oxide, 2002; 7: 1–10.

25. Ziche M, Morbidelli L: Nitric oxide and
angiogenesis. J Neurooncol, 2000; 50: 139-148

26. Schwenter A, Vodovotz Y, Weller R, Billiar TR:
Nitric oxide and wound repair: role of cytokines.
Nitric Oxide, 2002; 7: 1-10.

27. Nakamura H, Herzenberg LA, Bai J, Araya S,
Kondo N, Nishinaka Y, Yodoi J: Circulating
thioredoxin suppresses lipopolysaccharide
induced neutrophil chemotaxis. Proc Natl Acad
Sci USA, 2001; 98: 15143-15148.

28. Takehara K. Growth regulation of skin
fibroblasts. J DermatolSci, 2000; 24 suppl
1:S70-S77.

29. Mansbridge JN, Liu K, Piney RE, Patch R,

Ratcliffe A, Naughton GK. Growth factors
secreted by fibroblasts: role in healing diabetic
foot ulcers. Diabetes ObesMetab, 1999;1:265-
79.

30. Christine A, Shearwood C, Walker M, Bowler
P, Detek C. The application of a fibroblast gel
contraction model to assess the cytotoxicity of
topical antimicrobial agents. Wounds, 2003;
15(8):265-27.

31. Ngkelo Anta, and et al . LPS induced
inflammatory responses in human peripheral
blood mononuclear cells is mediated through
NOX4 and G

i
± dependent PI-3kinase signaling.

J of Inflammation. 2010; 9(1): 1-7.
32. Lia Wan, and et al . Effects of LPS on

proliferation of fibroblasts and excretion of
TGF-² and IFN-c on human dermal fibroblast of
hypertrophic. Medical Journal of National
Defending Force in North China, 2009.

33.  He Zhengyu, and et al. Lipopolysaccharide
induces lung fibroblast proliferation through toll-
like receptor 4 signaling and the
phosphoinositide 3-kinase-Akt pathway. PLoS
ONE. 2012; 7(4).

34. Xiao-jun C, Min F, Liang C, Li L, Yuan-yuan R,
et al. Expression and role of adiponectin receptor
1 in lipopolysaccharide-induced proliferation of
cultured rat adventitial fibroblasts. Cell Biol Int.
2010; 34: 163-169.

35. Susilowati H, Santoso AL, Barid I, Sosroseno
W. Rat periodontal fibroblast responses to
bacterial lipopolysaccharide in vitro. J Microbiol
Immunol Infect., 2002; 35: 203-206.

36. Rastegar Hossein, Ahmadi Ashtiani Hamid Reza,
and et al. The effect of extracted bacterial LPS
from Salmonella enteritidis on COX-2 in hepg2
cell line in induction and inhibition condition.
Scientific Research and Essays. 2011; 6(27):
5771-5775.


