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ABSTRACT

Objective: Ischemia/reperfusion injury causes parenchymal and endothelial cell damage as a 
result of inflammation. Vascular endothelial growth factor (VEGF) expressed in every kind of 
tissue in human body has important roles in migration, proliferation, endothelial cell perme-
ability, angiogenesis and vasculogenesis. IL-1 is a one of the cytokine family members, and 
plays important roles in hematopoiesis, inflammatory reactions and immune system regulation. 
Furthermore, auto-inflammatory diseases are treated by IL-1 as therapeutic agent. The aim of 
this study is to observe changes of VEGF and IL-1 immunreactivity in ischemia/reperfused rat 
uterus and ovary.
Method: Rats were separated into two groups. Control group and ischemia/reperfusion group 
which rats were subjected to 45 min ischemia/45 min reperfusion. Samples from uterus and 
ovary were fixed with 10% neutral formaldehyde and stained with H&E. VEGF and IL-1 immu-
nohistochemistry was applied.
Results: Histopathological results showed severe degeneration of endometrium in uterus and 
ovarian follicles in ischemia/reperfusion group. VEGF and IL-1 immunoreactivity increased in 
uteruses and ovaries of ischemia/reperfusion group when compared to control group 
Conclusion: In consequence, the present results suggest that VEGF and IL-1 may be potential 
detection marker for ischemia/reperfusion injured uterus and ovary. Moreover, VEGF and IL-1 
might be in relation with each other to regenerate uterus and ovary.
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ÖZ

Amaç: İskemi/reperfüzyon hasarından dolayı oluşan inflamasyon parenkimal ve endotelyal hücre 
hasarına neden olmaktadır. Vücuttaki her tip hücreden eksprese edilen Vaskuler Endotelyal Büyü-
me Faktörü (VEGF), anjiyogenez ve vaskülogenezde, endotelyal hücre geçirgenliğinde, çoğalma 
ve migrasyonda çok önemli bir role sahiptir. Sitokin ailesinin bir üyesi olan IL-1, hematopoiezde, 
inflamasyon reaksiyonlarında ve immün sistem regulasyonunda önemli bir role sahiptir. Ayrıca, 
inflamatuvar hastalıklar terapatik ajan olan IL-1 ile tedavi edilmektedir. Bu çalışmanın amacı, 
İskemi/reperfüzyon yapılmış sıçanların over ve uterusunda VEGF ve IL-1 immunreaktivitesinde 
ki değişiklikleri araştırmaktır.
Yöntem: Sıçanlar iki gruba ayrılmıştır. Kontrol grubu ve 45dk iskemi/45 dk reperfüzyon yapılmış 
İskemi/reperfüzyon grubudur. Over ve uterus dokuları %10’lık nötral formaldehit ile tespit edil-
miş ve H&E ile boyanmıştır. VEGF ve IL-1 immunohistokimyası uygulanmıştır.
Bulgular: Histopatolojik sonuçlar, İskemi/reperfüzyon grubunda uterus endometriyumunda ve 
over foliküllerinde ciddi derecede hasar göstermiştir. Uterus ve over dokusunda VEGF ve IL-1 
immunreaktivitesi iskemi/reperfüzyon grubunda kontrol grubuna oranla artmış bulunmuştur.
Sonuç: Bu bulgular over ve uterus dokusunda iskemi/reperfüzyon hasarında VEGF ve IL-1 po-
tansiyel bir marker olarak kullanılabilir. Ayrıca, uterus ve over dokusu rejenerasyonunda VEGF ve 
IL-1 birbirleriyle etkileşim içerisinde olabilir.
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INTRODUCTION

Ovarian torsion, also termed as adnexal torsion, is 
a clinical emergency with a prevalence of 2.7% in 
general population. Pregnancies, ovarian cysts, ex-
cessive mobility of adnexa are some factors caus-
ing ovarian torsion. Because of nonspecific clinical 
symptoms, diagnosis is often delayed1. Ovarian 
torsion leads to ischemia and necrosis of ovary 
which requires an immediate treatment such as 
detorsion, laparoscopy or laparotomy. However, 
treatment of ovarian torsion by detorsion gives 
rise to ischemia reperfusion (I/R) injury2.
 
Ischemic injury occurs when there is lack of blood 
flow to a tissue. Oxygen deprivation is followed 
by a switch to anaerobic metabolism which fails 
to fulfill the demands of tissues. Series of chemi-
cal reactions result in accumulation of lactic acid, 
protons, products of glycolysis, and creatine 
leading to acidosis and inhibition of glycolytic en-
zymes. Changes in plasma membrane cause elec-
trolyte imbalance, edema and calcium overload 
which accompany mitochondrial dysfunction and 
irreversible damage. Since I/R initiates cascades 
of necrosis and apoptosis, mitochondrial dysfunc-
tion is very critical in I/R. Although reperfusion, 
reestablishment of blood flow, is essential for en-
ergy supply and removal of toxic substances, it 
has serious metabolic consequences3,4. I/R injury 
leads to endothelial and parenchymal cell injury 
as a result of reactions starting with macrophage 
activation. Release of cytokines after macrophage 
activation triggers leukocyte activation. Leuko-
cytes in extravascular space induce release of 
reactive oxygen species (ROS)5. ROS, including 
singlet oxygen (1O

2
), superoxide anion radical 

(O
2
-), hydroxyl radical (OH-), hydrogen perox-

ide (H
2
O

2
), and nitric oxide (NO-), react with the 

polyunsaturated fatty acids of membrane lipids 
and cause membrane rupture, consequently cell 
death6.

Vascular endothelial growth factor (VEGF) ex-
pressed in every kind of tissue in human body 

has important roles in migration, proliferation, 
endothelial cell permeability, angiogenesis, vas-
culogenesis, invasion into the basement mem-
brane, and formation of fenestrations. Expression 
of VEGF, most potent promoter of angiogenesis7, 
is essential in some conditions, such as female 
reproductive cycle, response of skeletal muscle 
to exercise and wound healing. Pro-angiogenic 
therapy using VEGF is also considered in some 
ischemic diseases such as myocardial ischemia, 
stroke and wound or fracture healing, and also in 
Alzheimer’s disease8.
 
Ligands and receptors of Interleukin-1 family 
are associated with chronic and acute inflam-
mation. IL-1b, which is one of the 11 members 
of IL-1 family, is used as a therapeutic for the 
treatment of auto inflammatory diseases. Mes-
enchymal stem cells such as endothelial and epi-
thelial cells of lung, kidney, contain preformed 
IL-1a precursors. During an ischemic injury, cell 
membrane integrity is disrupted, resulting in re-
lease of cellular contents including IL-1a precur-
sors. Ischemia- induced inflammation is initially 
related with IL-1a, but immediately becomes 
dependent on caspase-1 and IL-1b as well. This 
condition can be followed by caspase-1 related 
cell death9.

In this study; alterations of IL-1a, which is primar-
ily affected in inflammatory response, and VEGF, 
which plays an important role in angiogenesis 
and vasculogenesis, in ischemia-reperfused ovary 
and uterus in rats are investigated and correlation 
between them is evaluated. 

MATERIAL and METHODS

Animals
This study was performed according to institu-
tional guidelines with 12 two-month-old female 
adult Wistar-Albino rats that were in estrous cycle 
and weighing approximately 200 g. Animals were 
housed in humidity (60±5%) and temperature 
(22±2°C) controlled quiet rooms where a 12/12 
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h light/dark cycle was provided. All experiments 
were performed between 9am and 5pm accord-
ing to the guidelines for animal research and were 
approved by the Yeditepe University Ethical Com-
mittee of Animal Care, Istanbul, Turkey.

Ischemia/Reperfusion Procedure 
Before surgical operations 7 mg/kg xylazine and 
50 mg/kg ketamine were injected intraperitone-
ally. Any venous cannula was not used, and all 
animals spontaneously breathed the room air dur-
ing surgical procedures. Intravenous heparin was 
injected 10 min to all animals before induction of 
ischemia to prevent thrombosis in the occluded 
artery.
 
Ischemia/reperfusion injury was induced accord-
ing to the protocol used in our previous study1. 
The region just above the bifurcation point of ab-
dominal aorta was exposed to Ischemia/Reper-
fusion (I/R, n:6). In the control group (n:6), the 
abdominal aorta was not occluded. Blood-flow 
of the abdominal aorta is controlled by palpation 
of pulse and visual assessment of color chang-
es of the sole of the foot. The uterus and ovary 
were rendered ischemic for 90 min, reperfusion 
for 90 min was achieved by releasing the clamp, 
and was confirmed by restoration of the pulsatile 
blood flow in the aorta and disappearance of color 
change of the sole1. 

Histopathologic Procedure
The ovarian and uterine tissue samples obtained 
were placed in the 10% buffered formalin solu-
tion at 4°C and then rinsed under tap water for 2 
h. Afterward, the ovarian and uterine tissue sam-
ples were dehydrated with successive series of 
alcohol and cleared with toluene. After overnight 
incubation, tissues were embedded in paraffin 
blocks. Sections were cut at 5 µm thickness from 
ovarian and uterine tissue blocks. The samples 
were stained with hematoxylin and eosin (H&E) 
dye. The ovarian tissue samples of each rat were 
examined and photographed using a microscope 
Olympus BX53 (Japan). Two blinded observers 

evaluated the sections according to the following 
criteria1.

For ovaries; each slide was evaluated according 
to the vascular congestion; edema; follicle degen-
eration, and inflammatory cell infiltration.

For uterus; each slide was evaluated according 
to the morphology of endometrial lining and 
glandular epithelium; cellular structures of myo-
metrium.

Immunohistochemical Procedure of VEGF and 
IL-1a
Three to 5 µm-thick paraffin sections taken from 
ovary and uterus were put into positively charged 
slides, and incubated in 42°C overnight, deparaf-
finized with xylene for 30 min, rehydrated with an 
ethanol series, and washed with distilled water. 
Slides were incubated with 3% H

2
O

2
 for 10 min. 

For antigen retrieval, deparaffinized sections in cit-
rate buffer were brought to boiling temperature in 
a microwave oven on high power, and then kept 
boiling for 20 min at low power. Then they were 
rinsed with distilled water. 
 
Sections were surrounded with a PAP pen (Pap-
pen, DAKO) and washed with phosphate-buff-
ered saline (PBS). Sections were incubated with 
blocking solution (Scy Tek, SHP-IFU, USA) for 5 
minutes. Then, the sections cut from samples of 
ovary and uterus were incubated with primary 
anti-VEGF (1:100; Santa Cruz, sc65617 mouse 
monoclonal) and primary anti-IL-1a (1:50, Santa 
Cruz, sc271618 mouse monoclonal) overnight at 
+4°C. Next, sections were biotinylated with goat 
anti-mouse antibodies. Afterwards, slides were 
washed in PBS, the streptavidin peroxidase label 
reagent (Scy Tek HRP) was applied in a humidity 
chamber at room temperature for 20 minutes. The 
colored product was developed by incubation 
with DAB chromogen. The slides were counter-
stained with Mayer’s haematoxylin, and all slides 
were closed by Entellan® after the dehydration 
procedure10. 
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VEGF reactions and IL-1a reactions in ovary and 
in uterus were observed under light microscopy 
and digital photographs (Olympus BX53, Japan) 
were taken Experimental groups were evaluated 
under light microscopy by a blinded observer. Ev-
ery fifth section was collected, and in each section, 
VEGF-immunoreactivity (ir) and IL-1a - ir were 
evaluated at 400 x magnification in five randomly 
selected similar areas. Intensity of staining was 
scored as none, weak, dense, and intense (0, +1, 
+2, +3) respectively per unit area, and HSCOREs 
were calculated in consideration of the previous 
data11.

Statistical Analyses
Statistical analysis was done by using ANOVA and 

followed with Tukey’s multiple comparison tests 
in Graph Pad Prism 3.0 (Graph Pad Software, San 
Diego, CA, USA) program. All data was calcu-
lated as mean±S.D, and p<0.05 is considered as 
significant.

RESULTS

Histopathological Evaluation
Histopathological evaluation of the ovaries was 
done in the control and I/R groups. The medulla 
and cortex of the ovaries in the control groups 
were structurally normal. There were different 
types of follicles with oocytes. Normal stromal, 
follicular and granular cells were seen in the ovar-
ian tissue of the control group (Figure 1A). 

Figure 1. The normal structure of the ovaries in the control groups (A). Normal endometrial morphology with normal lumi-
nal and glandular epithelium in uterus of the control group (C). Edema (*), diffuse vascular congestion (g) in the ovarian 
tissue of the I/R group (B). Damaged surface epithelial layer (g) and disrupted glandular epithelial cells (>), degenerated 
stromal area (u), vascular congestion in myometrium (inset *) of uterus of the I/R group (D). H&E Stainning. 
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Figure 2. VEGF immunoreactivity: VEGF-ir in granulosa cells (u), germinal epithelium (g), stromal cells (>) and luteal gra-
nulosa cells (*) of the ovary in control group (A). Increased VEGF-ir in granulosa cells (g), stromal cells (>), germinal epit-
helium (u) of the ovary in the I/R group (B). VEGF-ir in endometrial lining epithelial cells (>) uterine glandular epithelial 
cells (g) and stromal cells (u) of the uterine control group (C). Increased VEG-ir in endometrial lining epithelial cells (g), 
uterine glandular epithelial cells (u) and stromal cells (>) of the uterus in the I/R group (D). Negative staining for VEGF in 
the ovary tissue (E).
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Figure 3. IL-1a immunoreactivity: IL-1a immunoreactivity in stromal cells (u) and luteal granulosa cells (g), cumulus cells 
(*) of the seconder follicle in the ovary of control group (A). Stronger IL-1a immunoreactivity in surface epithelial cells (g) 
and in the stromal cells (u) of the ovary in the I/R group (B). IL-1a immunoreactivity in the glandular epithelial cells (inset 
g) and the stromal cells (g) of the uterus in the control group (C). Stronger IL1a- ir in the endometrial lining epithelial 
cells (>) glandular epithelial cells (g), and stromal cells (inset u) of the uterus in the I/R group (D). Negative staining for 
IL-1a in the uterus tissue (E). 
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Severe degeneration of ovarian tissue was ob-
served in I/R groups. Widespread edema, acute 
inflammatory cell infiltration was located in be-
tween stromal cells with diffuse vascular con-
gestion in the I/R group ovaries. Also, different 
stages of follicle degeneration with granular cells 
were noted in the ovarian tissue of the I/R group 
(Figure 1B). 

Endometrial areas were examined as normal mor-
phology with luminal and glandular epithelium. 
Well-preserved cellular structures of the myome-
trium in uteri of the control group are shown in 
Figure 1C. 
 
In the uterus tissue of I/R group, slightly damaged 
surface epithelial cells and disrupted glandular 
epithelial cells were observed. Increased stromal 
cell degeneration was detected. There was also 
vasocongestion in the endometrium and myome-
trium in the I/R group (Figure 1D). 

Immunohistochemistry Evaluation of VEGF and 
IL-1a
Brown-colored VEGF immunoreactivity (ir) was 
detected in the smaller number of stromal, granu-
losa lutein cells and germinal epithelium in the 
ovarian tissue samples of the control groups. 
There was no or weak VEGF-ir positivity in follicu-
lar cells of Graafian follicle. Weak VEGF-ir positiv-
ity was seen in granulosa cells of primary follicle 
(Figure 2A). VEGF-ir was detected in endometrial 
epithelial, glandular and stromal cells of the uter-
us in the control group (Figure 2C).
 
VEGF immunostaining was most intensely ob-
served in the I/R group when compared to the 
control groups (Figure 2B). VEGF-ir was increased 
in endometrial lining and glandular epithelial cells 
as well as stromal cells in the I/R group uterus 
(Figure 2D).
 
Brown-colored IL1a-ir was detected in germi-
nal epithelial cells and walls of blood vessels and 
granulosa cells of the ovary in the control group. 

Weak IL1a-ir positivity was only located at the th-
eca interna cells. There was no IL1a-ir positivity in 
theca externa cells (Figure 3A). 

IL1a-ir was observed less intensely in the endo-
metrial lining and glandular epithelium as well as 
myometrial cells of the uterus in the control group 
(Figure 3C).
 
IL1a-ir was more intense in germinal epithelial 
cells, endothelial cells in blood vessels and granu-
losa cells of the ovary in the I/R group when com-
pared to the control group (Figure 3B). IL1a-ir 
was more intense in endometrial lining and glan-
dular epithelial cells and myometrial cells in the 
uterus of the I/R group compared to the control 
group (Figure 3D).
 
Statistical analyses showed that VEGF-ir was in-
creased statistically significantly in the control 
group when compared to the I/R group (p<0.05) 
(Table 1, 3). On the other hand, IL1-ir was in-
creased in the control group when compared to 
the I/R group (p<0.05) (Table 2, 3). Besides, incre-
ment of VEGF-ir was numerically more than IL1-ir 
in both ovary and uterus tissues.

VEGF Immunohistochemistry Results

Control ovary
I/R ovary
Control uterus
I/R uterus
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2.5

2.0

1.5

1.0

0.5

0.0

Table 1. Distribution of VEGF-ir in ovary and uterus in I/R 
and control groups.                             

*: P<005, compared to control group.
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DISCUSSION

In our study, we showed distribution and altera-
tions in VEGF and IL-1a in ischemia-reperfused 
ovary and uterine tissues. VEGF and IL1a-ir were 
increased in ovary and uterine tissues after isch-
emia-reperfusion parallel with histopathological 
degeneration in follicular development and endo-
metrial lining. 

VEGF levels are increased to maintain tissue rep-
erfusion via providing angiogenesis during isch-
emia-reperfusion in several tissues. Early treat-
ment with VEGF also reportedly preserves the 
vascular structure after I/R12. VEGF is downregu-
lated after acute kidney damage, and long-term 
consequences of that acute kidney damage are 
decreased microvessel density and impaired re-
nal concentrating ability13.

Murayama et al.14 showed that IL is related with 
the VEGF system in theca cells of bovine ovarian 
tissue. Moreover, VEGF is associated with IL-8 for 
follicular stage-dependent development. Further-
more, their results showed that the CXCR genes 
in transcription system might have different path-
ways for stimulation of VEGF in bovine theca 
cells.
 
VEGF is a signal protein which aggravates the rise 
in permeability of theca blood vessels just be-
fore the ovulation. The oocyte of primary follicles 
is surrounded by granulosa and theca cell layers 
and fibrous tissue of ovarian stroma. Kamat et al. 
showed that, this cell layer of normal primary fol-
licles does not histologically stain for VEGF by im-
munohistochemistry15. Granulosa cells are stained 
first weakly and then strongly for VEGF during the 
process of Graafian follicle formation and fluid 
accumulation. Likewise, theca cells are stained 
faintly. Follicular granulosa cells transform into 
granulosa lutein cells after ovulation which show 
intense cytoplasmic staining for VEGF in early 
corpus luteum. Nonetheless, variable staining is 
observed in further corpus luteum development, 
and also in mature corpus luteum of pregnancy. 
Although less intensely stained than granulosa 
cells, luteinized follicular theca lutein cells were 
shown to be stained for VEGF in maturating corpus 
luteum. Additionally, during the development of 
corpus luteum and corpus albicans, VEGF aids in 
angiogenesis and stroma formation16.
 
Our study showed parallel findings with Kamat et 
al.15 about distribution of VEGF-ir. However, we 
also showed VEGF-ir positivity in granulosa cells 
of primary follicle. Additionally, VEGF-ir positivity 
is the eye catching in the germinal epithelium. 
 
Recent research in ovarian tissue have shown the 
effects of cytokines during ovulation17. IL-1 and 
tumor necrosis factor (TNF)-a which are secreted 
by active immune cells, are mostly studied cytok-
ines. IL-1b is shown to be involved in the control 
of ovarian cell differentiation, follicular maturation, 

Table 3. HSCORE analysis of VEGF and IL1a immunreacti-
vity in ovary and uterus.

Control

I/R

Groups

VEGF
IL1a
VEGF
IL1a

Uterus

85.66±28.88
61.33±12.77
136.6±16.80*
142.8±6.53**

Ovary

98±11.11
98.5±16.20
133±30.19*
139±10.71*

*: p<0.05 and **:p<0.01 control versus I/R

IL-1 Immunohistochemistry Results

Control ovary
I/R ovary
Control uterus
I/R uterus
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0.0

Table 2. Distribution of IL1a-ir in ovary and uterus organs 
in I/R and control groups. 

*: P<005, compared to control group.
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and also in triggering prostaglandin production in 
bovine luteal cells.

In our study, we demonstrated IL-1a immunore-
activity in germinal epithelial cells and walls of the 
blood vessels and granulosa cells. Moreover, only 
the theca interna cells of secondary follicle dem-
onstrated IL-1a-ir positivity and IL-1a-ir positivity 
was not detected in theca externa cells. This find-
ing implies that IL1 also has function in regulation 
and modulation of ovarian follicular maturation 
and cell differentiation.
 
VEGF is an important factor for early angiogenesis 
during postmenstrual endometrial regeneration 
in primates and mice18. Presence of VEGF is very 
critical for implantation. Since the interactions be-
tween epithelial cells and stroma are critical for 
the actions of E2 on uterus and mammary gland, 
it is necessary to identify the exact location of 
VEGFA expression in the endometrium19,20. Es-
tablishing the cell type where VEGFA is firstly ex-
pressed could help to resolve the controversies 
in the literature about the expression of VEGFA in 
uterus21. 
 
Our results showed that VEGF was located in 
endometrial lining, glandular epithelium of the 
uterus of control rats. Additionally, VEGF-ir was 
increased in ischemia-reperfused uterus. It was 
previously shown by Nemoto et al.22 that VEGF 
transcriptional activators are directly mediated by 
increased ROS production. 
 
Previous data showed that VEGF and Il-1 were 
increased in several tissues such as liver23 car-
diocytes24 and cerebrum in ischemia-reperfused 
rats25. However,the interelationships and altera-
tions in VEGF and Il-1 have not been shown in 
ischemia-repefused rat uterus and ovary previ-
ously.
 
According to our study, IL-1alfa immunoreactiv-
ity was increased in I-R uterus. Additionally, in our 
study, IL-1a immunoreactivity was located espe-

cially in stromal and glandular cells. As a conse-
quence, just like VEGF IL-1a may act as a media-
tor between stromal and glandular cells. 

CONCLUSION

This is the one of the studies that have showed 
VEGF and IL-1 immunoreactivity in both uterine 
and ovarian tissue after ischemia-reperfusion. In 
conclusion, VEGF and IL-1 are potential markers 
that display ischemia-reperfusion damage devel-
oped in ovary and uterus Our results give infor-
mation that VEGF and IL-1alfa have potential to 
modulate and regulate the ovarian cell differen-
tiation and follicular maturation as well as uterine 
cycle for implantation.
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