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SUMMARY: The present study was to investigate the effects of visfatin on the morphological structure and function of the rat
uterus during inflammation. The expression and distribution of visfatin, morphological structure, eosinophils (EOS), myeloperoxidase
(MPO) and cytokines in the uterus of the LPS-induced rat were studied using hematoxylin-eosin staining (HE), immunohistochemical
methods, western blots and enzyme-linked immunosorbent assay (ELISA). The present study showed that visfatin positive cells dispersed
widely in the uterus, and strong positive staining was observed mainly in the cell cytoplasm. Compared with saline group, in visfatin
group, more uterine glands were found, EOS increased, and the difference was significant (P<0.05), MPO reduced, and the difference
was significant (P<0.01). In addition, visfatin was able to increase the secretion of IL−1β, IL-6, and TNF−α (P<0.01). Compared with
LPS group, in vifatin+LPS group, the uterine glands of the lamina propria increased, the myometrium became thinner, the number of
EOS and MPO reduced obviously, but the difference was not significant (P>0.05), and after LPS stimulated body, visfatin decrease the
level of IL−1β, IL-6, TNF−α (P<0.01). The above results suggest that visfatin could affect the morphological structure of rat uterus;
Visfatin could modulate the inflammatory response in rats’ uterus by regulating the quantity of inflammatory cells, such as EOS and
MPO, and the level of inflammatory cytokines, such as IL−1β, IL-6, TNF−α.
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INTRODUCTION

The uterus is an important reproductive organ of
humans and animals and it has its own set of immune
mechanism to defend against pathogen infection. Uterus
infection not only reduces the reproductive performance of
animals, but also increases the animal's healthcare costs
(Turner et al., 2012). Uterine inflammation is an important
disease of the reproductive system, which can delay
pregnancy and lead to infertility, so more research is needed
on the immune system and factors involved in uterine
inflammation to prevent and treat uterine diseases (Mor &
Cardenas, 2010). Lipopolysaccharides (LPS) can stimulate
inflammatory mediators of cells, which is a key factor in
inducing inflammation. In the uterus, LPS can cause an
extensive and strong inflammatory response and endometrial
injury, and induce cytokine release in endometrial epithelial
cells, stromal cells, endothelial cells, neutrophils,
macrophages and stromal cells (Dauphinee & Karsan, 2006).
Visfatin, a recently discovered adipokine, expresses
itself in the ovary and the fetal membranes. It is correlated
with intrauterine growth, gestational diabetes and polycystic
*

ovary syndrome (Chan et al., 2007; Lewandowski et al.,
2007; Malamitsi-Puchner et al., 2007). Previous studies
showed that visfatin participated in inflammatory responses
and played a role in intestinal mucosal immunity induced
by LPS in rats (Dahl et al., 2012). Extracellular visfatin has
been shown to increase inflammatory cytokines, such as IL−
1β, IL-6 and TNF−α. However, the expression and
distribution of visfatin in rat uterus and its role in the uterine
inflammation induced by LPS have not been reported. The
present study was conducted to illustrate the role of the
visfatin in the rat uterine inflammation and explain the
relationship between visfatin and uterus.

MATERIAL AND METHOD

Sample collection and processing. Eight-week-old Wistar
rats were randomly divided into 4 groups (6 rats in each
group) including saline group, visfatin group, LPS group
and visfatin+LPS group. Rats in each group received a tail
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vein injection as follows: (1) rats in saline group and LPS
group both received 0.5 ml 0.9% NaCl solution injection
each day; (2) rats in visfatin group and visfatin+LPS group
both received the injection of visfatin (10 µg/kg) each day.
One week later, LPS (O111: B4, sigma) (2.5 mg/kg body
weight) was injected into rats in LPS group and
visfatin+LPS group. All the animals were sacrificed at 6 h
after the injection of LPS. Uterus tissue specimens were
quickly removed, part of the tissue was fixed with 4%
paraformaldehyde and was subsequently embedded in
paraffin. Uterus samples were allocated for
histopathological
and
immunohistochemical
investigations. Stained sections were analyzed under a light
microscope (BX51; Olympus, Tokyo, Japan). Other uterus
tissues were kept at -80ºC in the refrigerator, the MPO of
the tissue was tested by western blot and the inflammatory
cytokines of the tissue was tested by ELISA. Data were
then analysed using the Quantity One (Bio-Rad) software.
HE Staining . H&E staining was performed by dewaxing
the paraffin sections, and then the slides were mounted with
coverslips and analyzed under a light microscope.
Immunohistochemical Staining. The deparaffined sections
were washed in PBS solution for 5 min, and then placed in
0.01 M citrate buffer solution (pH 6.0) for 20 min for antigen
retrieval. After cooling to room temperature, the samples
were incubated with 3% H2O2 for 20 min, washed with PBS
and then were blocked by 5% normal goat serum for 20
min. Subsequently, the samples were incubated with primary
antibody (rabbit anti-rat visfatin, 1:100, Bioss Inc, Beijing,
China or rabbit anti-rat MPO, 1:100, Boster Inc, Wuhan,
China) or with PBS instead of antibody (as negative control), overnight at 4°C. After washing three times with PBS,
the samples were incubated with goat anti-rabbit (Bioss,
Beijing, China) for 20 min at 37ºC. After washing with PBS,
the sections were detected by microscopy.
Eosinophils Staining. The deparaffined sections were
stained with hematoxylin for 4 min and washed with distilled
water for 10 s. Then, the sections were immersed in 1%
hydrochloric acid for 10 s, before being washed with running
water for 15 min. Subsequently, the sections were incubated
with chromotropic acid for 40 min at room temperature, and
washed with distilled water for 10 s. Finally, the samples
were dehydrated with a graded ethanol series, cleared in
xylene and mounted with a coverslip.
Western Blot. Taken from the refrigerator kept at -80ºC,
the uterus tissue samples were dissolved in lysis buffer and
extracted protein. The protein concentrations were
determined by BioRad−Αssay. The samples were separated
at equal protein concentration and transferred to

nitrocellulose membranes. Then the membranes were
blocked to prevent non-specific protein binding and
incubated with rabbit anti-rat MPO (1:200) overnight at 4°C.
Subsequently, the membranes were incubated with a
horseradish peroxidase (HRP) (1:50000, Boster Inc, Wuhan,
China). Quantification was performed using the software
Quantity One (Bio-Rad).
ELISA. Concentrations of IL−1β, IL-6 and TNF−α in uterus
samples were determined using commercially available Ab
and protein standards from R&D Systems according to
manufacturer’s instructions. Absorption was determined with
a MicroplateReader at 450 nm.
Statistical analysis. All data were expressed as Mean±SD
values (n=6). Statistical analyses were performed by using
SPSS 17.0 software and GraphPad Prism v5.0 software.
Differences were considered significant if P<0.05.

RESULTS

Localization and expression of visfatin positive cells in
rat uterus. Immunohistochemical results showed no visfatin
expression in negative control sections (Fig. 1A). The visfatin
expression mostly showed brownish yellow staining in the
cytoplasm (Fig. 1C). Visfatin positive cells distributed widely
in the uterus, and Visfatin positive signals were observed in
the endometrium, myometrium and perimetrium (Fig. 1B),
especially in the glands of endometrium (Fig. 1C) and
mucosal epithelium (Fig. 1D). There was also positive
expression in the connective tissue of lamina propria of
endometrium; the cells were fusiform, numerous, and stained
deeper (Fig. 1C). Positive signals were also observed in the
cytoplasm of circular muscle of myometrium with scattered
distribution, and the cells, mostly fusiform or pleomorphic
in shape, were stained deeper.
The effect of visfatin on uterine organization structure
in LPS-induced rats. After HE staining, changes of
organizational structure (mainly focused on endometrial
structure and myometrial thickness) in the rat uteruses were
found in different experimental treatment groups under the
microscope.
Macrophages, spindle cells, polygonal cells and blood
cells were observed in the lamina propria. The blood cells
were round, their cytoplasm was stained light pink, and most
nucleuses appeared in two leaves (Fig. 2A). The number of
uterine glands in endometrial lamina propria and the
thickness of myometrium increased in visfatin group,
compared to those in saline group (Fig. 2B, Table I).
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Fig. 1. Visfatin expressed in uterus. (A) Negative control shows no positive product. (B) Visfatin positive product in saline group. (C)
Visfatin positive cells shown in uterine glands. (D) Endometrium has many visfatin positive cells. The arrow points to visfatin positive
cells.
Table I. The thickness of endometrium and myometrium in different groups. In the same row, values with
different letter superscripts mean significant difference (P<0.05), while with the same and no letter
superscripts mean no significant difference (P>0.05).

µm)
Thickness (µ
Endometrium
Myometrium

Saline group
439.46±49.97ab
342.07±16.69c

Visfatin group
491.35±44.86a
398.79±8.01b

Uterus organization structure changed significantly after LPS
treatment. Most of the endometrial epithelial cells began to
slough and the endometrium became thinner (Table I). A
greater number of blood cells emerged in the endometrial
lamina propria, and the number of fibroblasts and the
thickness of myometrium increased (Fig. 2C, Table I).
Compared with LPS group, the number of the uterine glands
of lamina propria and macrophage increased, and uterine
gland secretions and the thickness of myometrium decreased
in visfatin + LPS group (Fig. 2D, Table I).
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LPS group
378.91±28.15c
481.60±18.10a

Visfatin+LPS group
413.10±33.96bc
185.23±8.92d

The changes of EOS in different experimental
treatment groups. Microscopic observations showed that
after EOS staining, EOS mainly distributed in the lamina
propria of the uterus. A large number of EOS was also
observed in circular muscle and EOS scattered in
longitudinal muscle of myometrium. The cytoplasm was
stained bright red and the nucleus was stained blue, and
the number of EOS varied among different groups.
Statistical analysis suggested the number of EOS was
higher in visfatin group than in saline group (Fig. 3B, 3A
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Fig. 2. The effects of visfatin on uterine organization structure (A) Normal organization structure in saline group. (B) In visfatin group,
the number of uterine glands and the thickness of myometrium was higher than in saline group. (C) The endometrial epithelial cells
began to fall off and the endometrium became thinner in LPS group. (D) In visfatin + LPS group, the number of uterine glands was higher
than in LPS group.

and 3E,P<0.05). The number of EOS was fewer in LPS
group than in saline group (Fig. 3C and 3A, P>0.05). In
visfatin + LPS group, the number of EOS was fewer than
in LPS group (Fig. 3D, 3C and 3E, P>0.05). Specific
changes in the results were shown in Fig. 3E.
The changes of myeloperoxidase (MPO) in different
treatment groups. Immunohistochemical results showed no
MPO expression in negative control group (Fig. 4B). The
positive products of MPO distributed widely in
endometrium, myometrium and perimetrium. MPO
expressed abundantly in the epithelium of endometrium and
uterine glands (Fig. 4C). Scattered positive signals were also
observed in the circular muscle of myometrium. MPO
expression appeared as brownish yellow and was seen in
the nucleus and cytoplasm, and most MPO positive cells
appeared in fusiform or pleomorphic shapes.

Western blot results showed that MPO was reduced
in visfatin group compared to the saline group (Fig. 4G
and 4H, P<0.01,), and MPO was reduced in LPS group
compared to the saline group (Fig. 4G and 4H, P>0.05).
The results also showed that MPO was decreased in visfatin
+ LPS group compared to LPS group (P>0.05) (Fig. 4G
and 4H, P>0.05).
The changes of some inflammatory cytokine in different
treatment groups. The level of inflammatory cytokine, IL−
1β, IL-6, and TNF−α in uterus was detected with ELISA.
By the data analysis, we could see that the secretion of IL−
1β, IL-6, and TNF−α in visfatin group was increased
compared to saline group (Fig. 5A, 5B and 5C, P<0.01).
But after LPS stimulated body, the level of IL−1β, IL-6,
TNF−α was decreased compared to LPS group (Fig. 5A,
5B and 5C, P<0.01).
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Fig. 3. The expression of EOS in different groups. (A) Saline group (B) In Visfatin group, the number of EOS was higher than in saline
group(P<0.05) (C) In LPS group, the number of EOS was lower than in saline group(P>0.05) (D) Visfatin+LPS group, the number of
EOS was lower than in saline group(P>0.05). The arrow points to EOS. (E) The number of EOS in different groups.

DISCUSSION

The localization of visfatin in rat uterus. As an
adipocytokine, visfatin has many biological activities,
participates in a variety of physiological responses and has
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the similar structure to that of the pre-B cell colonyenhancing factor (PBEF) which is found in lymphocytes.
Besides visceral adipose tissue, liver, uterus, pancreas,
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Fig. 4. The expression of MPO in different groups. (A) MPO expression in uterus of saline group. (B) No MPO in
negative control group. (C) MPO in saline group. (D) MPO in visfatin group. (E) MPO in LPS group. (F) MPO in
visfatin + LPS group. Arrow indicates MPO expression. (G) Western blot shows MPO in different groups. (H)
MPO expression was reduced in visfatin group compared to the saline group (P<0.01), MPO expression was
reduced in visfatin+LPS group compared to the saline group(P<0.05). *= P<0.05 ; **= P<0.01.
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Fig. 5. Measurement of Inflammatory factors by ELISA.
(A) IL-1b; (B) IL-6; (C) TNF-a. Compared with saline
group, **= P<0.01; Compared with LPS group, ##=
P<0.01.

muscle tissue, fetal membranes, small intestine, bone
marrow, lymphocytes, and heart, also secrete visfatin
(Ognjanovic & Bryant-Greenwood, 2002; Sethi & VidalPuig, 2005). Visfatin immunoreactive cells are mainly
distributed in the uterine glands of endometrial lamina
propria, which suggests that visfatin may be involved in the
secretion of the uterine glands. Epithelial cells of the
endometrium also expressed visfatin, which means visfatin
may participate in the uterus mucosal immune barrier and
play a role in defending against pathogens infection. Most
visfatin positive cells in the lamina propria were
macrophages and fibroblasts (fusiform or polygonal). In
accordance with the previous studies, macrophages were the
main source of visfatin and visfatin caused inflammation in
synovial fibroblasts (Curat et al., 2006). Visfatin positive
cells also distributed in circular muscle and longitudinal
muscle of the myometrium, which is in accordance with the
previous reports that visfatin can also be secreted in muscle
tissues (Ognjanovic & Bryant-Greenwood; Sethi & VidalPuig), showing that visfatin may participate in the formation
of smooth muscle.
The effects of visfatin on rat uterine organization
structure Previous research showed that the uterus had a se-
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ries of structural changes in different periods and conditions
(Garry et al., 2010). Our experiment found more uterine
glands of endometrial lamina propria in visfatin group than
in saline group, which further confirms that visfatin
participates in the secretion of uterine glands. Some studies
reported that visfatin stimulated the myocardial cells and
vascular smooth muscle leading to their hypertrophy and
hyperplasia (Turner et al., 2011). So the thickness of
myometrium in visfatin group increasing maybe due to that
the injected recombinant visfatin protein which made visfatin
increase, which stimulated hypertrophy and hyperplasia of
the smooth muscle, but the specific mechanism needs further
research.
LPS is an important pathogenic agent. LPS treatment
in endometrial cells can increase the expression of IL−1β,
IL-6 and induce inflammation (Cronin et al., 2012). In LPS
group, rat uterine mucosa had a wide range of cracks, fell
off and the cell gaps became larger. The epithelium cells of
endometrium had vacuoles and karyopyknosis, and
intercellular gaps became bigger. This is in accordance with
the theory that LPS can cause strong inflammation and
destruction of endometrial cells (Wong et al., 2000). In
addition, we also found that uterine smooth muscle became
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thicker in LPS group, and it may be because LPS enhanced
the proliferation and activity of uterine smooth muscle cells.
The result accords with the research that LPS stimulated
vascular smooth muscle to produce TNF and IL-1 and it
regulated the expression of proto-oncogenes to promote the
proliferation of vascular smooth muscle cells (Yang et al.,
2005; Curtis et al., 2013). The thickness of uterine smooth
muscle decreased in visfain + LPS group compared with that
in LPS group. This suggests that visfatin can inhibit the
proliferation of LPS-induced uterine smooth muscle.
Hyperplasia was observed in smooth muscle tissue in visfatin
group and LPS group, but we found the activity of smooth
muscle cells and DNA proliferation weakened with the
addition of recombinant visfatin protein into LPS group.
Those results suggest that visfatin modulates the LPS-induced
uterine inflammation.
The impact of visfatin on the EOS in rat uterus. EOS is an
important nonspecific immune cell when uterus
immunological stress happens. Previous studies showed that
EOS mainly distributed in endometrium and myometrium of
the rat uterus and had the functions of transporting antigens
and secreting inflammatory cytokine (Wall et al., 2013; Linde & DiMaio, 2011). Some studies found that visfatin got
involved in the inflammatory response as an adipocytokine.
In a previous study, Moschen et al. (2007) found that the
recombinant visfatin activated white blood cells and induced
the generation of cytokines. In the present study, the quantity
of EOS is most in visfatin group in rat uterus, which confirmed
that visfatin can participate in the uterus inflammation reaction
by regulating the quantity of EOS.
As one of the most important active ingredients of
endotoxin, LPS can activate neutrophils, monocytes and
macrophages, and mediate the body's inflammatory responses
(Phillipson & Kubes, 2011; Martinez et al., 2008; Boots et
al., 2012). In the present study, the quantity of EOS was lesser
in LPS group than that in saline group. The result suggests
that LPS-mediated increase of the number of the white blood
cells in immune stress reaction may was mainly caused by
the change of neutrophils and monocytes. Most EOS was
apoptotic in the process of inflammation, which resulted in
the decrease of EOS. Moreover, the number of EOS in the
uterus was the least in visfatin + LPS group, which indicated
that visfatin aggravated the apoptosis of EOS or inhibited
its production.
The impact of visfatin on the neutriphils of rat uterus.
Neutrophils play an important role in the body's nonspecific
cellular immunity, and neutrophils will be activated and play
an anti-inflammatory role when external pathogens infect
the uterus (Martinez et al., 2012; Rinaldi et al., 2014).
Myeloperoxidase (MPO) is one of the major neutrophil

bactericidal proteins involved in the host defense. It is
abundant in the azurophilic granules of neutrophils. Only a
small amount of MPO is present in some macrophages and
monocytes (Kamanna et al., 2013). Cyclic MPO is mainly
produced by neutrophils, accounting for 95% of all the cyclic
MPO (Lau & Baldus, 2006). Thus, MPO is considered a
symbol of neutrophils in cytochemistry. In this experiment,
the amount of MPO was less in visfatin group as compared
with that in saline group, which may be because visfatin
inhibited the activation and production of neutrophils. This
result indicated that visfatin participated in the response
caused by neutrophils. Moreover, the amount of MPO was
lower in visfatin+LPS group compared with that in LPS group,
which indicated visfatin inhibited the activation of neutrophils
or made them go apoptotic. Some studies showed that the
level of MPO increased in inflammatory tissues, so MPO
activity measurement was used as an index of inflammation
(Tiruppathi et al., 2004). Those results further suggest that
visfatin plays role in LPS-induced uterine inflammatory
response.
Inflammation will happen when LPS stimulates the
body. Previous studies have indicated MPO was activated in
the lung and the liver of the rat, and reached a plateau 6 h
after the injection of a certain dose of LPS, and then the level
reduced after 6 h (Li et al., 2005). In our study, the rat was
killed 6 h after the injection of LPS, so the level of MPO
level was lower in LPS group than that in saline group.
The impact of visfatin on the inflammatory cytokine of
rat uterus. Cytokines, such as IL−1β, IL-6, and TNF−α have
close relationship with inflammatory. The level of IL−1β, IL6, and TNF−α was increased in inflammatory processes, so
they are regarded as proinflammatory cytokines. Recent
studies have shown that visfatin is also a proinflammatory
cytokine in a variety of inflammatory processes. Increased
levels of visfatin have also been shown to closely associated
with some proinflammatory cytokines such as IL-1, IL-6, and
TNF−α (Sun et al., 2013; Teplan et al., 2014). In the present
study, we could see that visfatin could up-regulate the level
of IL−1β, IL-6, and TNF−α in rats’ uterus treated with
visfatin. This result is supported by the previous findings
that as an extracellular cytokine, visfatin was able to increase
the secretion of IL−1β, IL-6, and TNF−α, especially upregulating circulating IL-6 (Moschen et al.). But after LPS
stimulated body, visfatin decrease the level of IL−1β, IL-6,
and TNF−α compared to LPS group. The above results
suggested that visfatin was involved in inflammatory
responses in rats’ uterus by regulating the productions of
inflammatory cytokines, and visfatin might have a dual
regulation in inflammation process. But the mechanism of
visfatin regulating the inflammatory process should be taken
into consideration.
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In conclusion, Visfatin was participated in the
inflammatory responses in rats’ uterus by regulating the
expression of EOS, MPO, and the level of IL−1β, IL-6,
and TNF−α. Visfatin might have a dual regulation in
inflammation process in the uterus, but the mechanism of

visfatin regulating the inflammatory process should be
taken into consideration.
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RESUMEN: El objetivo del presente estudio fue investigar los efectos de la visfatina sobre la estructura morfológica y la
función del útero de la rata durante la inflamación. Se estudiaron la expresión y distribución de la visfatina, la estructura morfológica,
eosinófilos, mieloperoxidasa y citoquinas en el útero de rata mediante la tinción de H&E, métodos inmunohistoquímicos, Western blots
y ELISA. El estudio mostró que las células visfatina positivas se dispersan ampliamente en el útero, junto a una fuerte tinción positiva,
principalmente en el citoplasma de la célula. En comparación con el grupo control, en el grupo visfatina, se encontraron más glándulas
uterinas, se observó un aumento de EOS y la diferencia fue significativa (p<0,05), MPO reducida siendo esta diferencia también
significativa (p<0,01). Además, la visfatina fue capaz de aumentar la secreción de IL-1b, IL-6 y TNF-a (P<0,01). En comparación con el
grupo LPS, visfatina+grupo LPS, las glándulas uterinas de la lámina propia aumentaron, se observó un miometrio más delgado, y
número reducido de EOS y MPO, sin embargo, la diferencia no fue significativa (P>0,05). Después de estímulo LPS en el cuerpo, se
registró un nivel menor de visfatina en IL-1b, IL-6, TNF-a (P<0,01). Los resultados anteriores sugieren que visfatina podría afectar a la
estructura morfológica del útero de rata. Además, podría modular la respuesta inflamatoria en el útero mediante la regulación de la
cantidad de células inflamatorias, tales como EOS y MPO.
PALABRAS CLAVE: Visfatina; Rata inducida con lipopolisacáricos; Útero; Inflamación; Citoquinas.
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