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on Ischemia—Reperfusion Injury in Rat Ovary
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SUMMARY: The aim of this study was to investigate the effects of caffeic acid phenethyl ester (CAPE) as a prophylactic agent
on ischemia/reperfusion (I/R) injury in the rat ovary. Atotal of 28 Wistar rats were divided into 4 equal groups: ()l sisamertia,
(1) ischemia + reperfusion, and (IV) IR + CAPE. In groups | and Il, ovary torsion was not performed and no drug was estininiste
group 1, 1 hour of ischemia and 2 hours of reperfusion were performed and no drug was given. Ovarian tissue concentrations of
malondialdehyde were significantly higher in the torsion and detorsion groups compared with the sham and Cape groupsT{<0.005).
detorsion group showed preantral ovarian follicles and luteal folicules around the blood vessels and positive expresdgiom #fi€D3
CAPE group the stromal vascular endothelium with weak expression of CD34 was detected in small areas, and the ovarganfollicles
the corpus luteum showed negative expression of CD34. In the study, Biochemical and histopathological results of CAP®/&®gatment
considered to torsion-detorsioned the model showed a protective effect against tissue damage.
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INTRODUCTION

Ovarian torsion often is misdiagnosed (Duigeaan (Halici et al, 2008; Karat al., 2012). Ischemic tissues need
al., 2012). Laparoscopic ovarian-torsion surgery generaltg recover blood supply for regeneration of cells and disposal
is used for ovarian detorsion and to restore blood flow to tl¢ toxic metabolites. However, reperfusion of the ischemic
ovary. Before surgery, painkillers usually are used for patissue paradoxically leads to much more serious damage to
control (Fujishitaet al, 2015). In neglected or prolongedthe tissue than the damage caused by ischemia (Abreimov
cases, necrosis develops in ovarian tissue to which bloald, 2007). Macrophages are major secretory cells capable
flow has been cut for a long time. In these cases, surgicdlreleasing cytokines, chemokines and growth factors that
removal of the ovaries is required (Kurtogluial, 2014). function in normal, inflammatory and disease processes of
Ovarian detorsion may lead to increased reactive oxygatost tissues (Wt al., 2004). CD34 is a cell surface,
species (ROS), depending on the recovery of oxygen in tslomucin-like glycoprotein that is expressed on
damaged ischemic tissue cells and oxidative tissue damaggnopoietic progenitor cells, normal vascular endothelium,
caused by reperfusion after ischemia (Kumtei,, 2010; and fibroblasts. CD34 is expressed most strongly on
Sengulet al, 2013). Malondialdehyde (MDA) is the basicprimitive hemopoietic cells, and is progressively lost as cells
product of polyunsaturated fatty acid peroxidation and iifferentiate (Strausst al, 1986).
quite a toxic molecule. Therefore, it is used to determine in
vivo and in vitro oxidative stress levels (Del Rial, 2005). CD68 positive cells are localized in human ovaries

primarily to the vascular connective tissue and theca-lutein

Ovarian ischemia is the result of torsion and leads #reas of the corpus luteum, although some are found in the
cell death because of insufficient perfusion of the tissuganulose-lutein cell layer (Gayt&hal, 1998). The Bcl-2
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family is known to be a major protein family controllinglaparatomy only. In the torsion group, ovaries were surgically
cell survival or cell death in the molecular pathway ofemoved after 2 h of torsion. Right ovaries were surgically
apoptosis. The Bcl-2 family mainly functions as a regulatsemoved in all groups.The ovarian tissues were fixed in 10
of mitochondrial membrane permeability and controls th# neutral buffered formalin solution for 24 hours,
release of apoptogenic factors (Green, 2000; Tsujimoto dehydrated, cleared, and embedded in paraffin as usual. Se-
Shimizu, 2000). Caffeic acid phenethyl ester (CAPE) is orr@l tissue sections at a thickness of 4-5 mm were cut using
of the major components of honeybee propolis and has beéba microtome and stained with hematoxylin and eosin
used in traditional medicine. It was found to be a potent fréel&E)
radical scavenger and antioxidant (lllemal, 1999). Caffeic
acid phenethyl ester (CAPE), an active component &tatistical analysis. Data analyses were performed by SPSS
propolis, has been shown to possess anti-inflammatofys.0 (SPSS Inc.), and mean and standard deviations were
immunomodulatory, anticarcinogenic, and antioxidantalculated. Whether there were differences between the
properties (Songt al, 2002; Irmalet al, 2003; Tsaet al, groups or not was determined by means of Kruskal-Wallis
2006 & Altuget al, 2008). test. Pairwise comparisons were made using Mann—
Whitney U-test. Results were considered statistically
Caffeic acid and its analogues are potential natursignificant at P-value <0.005.
antioxidants, and affect free radical scavenging, metallic ion
chelation. Additionally, they have inhibitory actions on
specific enzymes that induce free radical and lipiRESULTS
hydroperoxide formation. The purpose of this study was to
investigate the protective effect of Caffeic acid phenethyl
ester on Ischemia-eperfusion injury in an experimental rat The average rank value of the four groups showed
adnexal torsion model. statistically significant differences. (Kruskal-Wallis test =
21.1467, p = 0.0001), pairwise comparisons of the groups
(multiple comparison) statement is as follows.
MATERIAL AND METHOD
In control group, ovary was enveloped by a capsule
formed of thin fibrous tissue and germinal lining epithelium
The permission for the animal tests and experimentgas cuboidal. In the cortex region, primordial follicles,
was given by the Animal Ethical Board of Dicle Universitydifferent-sized seconder, graff follicles and corpus luteum were
Medical Faculty.Dicle University’s Experimental Animal observed. Granulosa cells around follicles were polygonal,
Laboratory Institute supplied 24 healthy adult female Wistand had eosinophilic-cytoplasm and spherical nucleus with
rats, weighing between 180 and 210 g The rats were seleatiethi chromatin. In the stroma, interstitial cells localized
according to their estrous cycle. The rats were housedhiatween follicles and vascular structures normal appearances.
plastic rat cages at 28°C and they were exposed to 10-12
h of daylight. Animals were fed a standard laboratory diet In torsion group, hypertrophic follicles and apoptotic
and tap water ad libitum. A total of 24 wistar rats were divideckells with degenerative changes were observed. Edema in
into four groups. The rats were first numbered randominterstitial region and dilation with hemorrhage in blood
and then randomly divided into 4 equal groups : shamessels were observed.
torsion, detorsion and potentilla fulgens groups In group |
(n=6) sham group, in group Il ovary torsion was not In torsion-detorsion group, any significant
performed and no drug was administered. In group Il h afegenerative changes cells were not seen in follicles. A
ischemia and 2 h of reperfusion were performed and no drpgrtially decrease in apoptotic cell number, edema in
was given.In group IV, CAPE (20 mmol/kg), which wasnterstitial region and dilation with hemorrhage in blood
previously demonstrated to be absorbed transperitonealigssels were observed. Also, an increase in inflammatory
(Koltuksuz et al, 1999) was injected i.p. 30 min beforecell number was detected.
detorsion. Each rat was administered intramuscular ketamine
hydrochloride (50 mg/kg ketamine hydroxide) and xylazine In torsion-detorsion + CAPE group, follicular cells
hydrochloride (10 mg/kg Rompun, Bayer Istanbul, Turkeyip the cortex of ovary were observed as polygonal, multi-
for anesthesia. The rats, except for in the sham-operatawd and a few cells with apoptotic characteristic was seen
group were subjected to right unilateral adnexial torsion cells close to the lumen. In interstitial region, a decrease
which induced ischemia by occlusion of the tuba-ovariain inflammatory cell number was observed while no presence
vessels for 2 h. Rats in sham group were subjected adbhemorrhage was detected.
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Table I: Ovarian blood plasma concentrations of MDA were
significantly higher in the torsion and detorsion groups compared with
the sham and cape groups (P<0.005). Post-hoc analysis.

Groups n Mean  Differences of
between groups
(1) Sham 6 31833 (2)3)4)
(2) Torsion 6 244000 (H(3)(4)
(3) Torsion-Detorsion 6 19.0833 (1)2)4)
(4) Torsion-Detorsion + Cape 6 9.6500 (1)2)(3)

p< 0.05

Table II: Ovarian tissue concentrations of MDA were significantly higher in the torsion and
detorsion groups compared with the sham and cape groups (P<0.005).

Groups n Mean Average Rank Different (P<0.05)
from factor nr

(1) 1 Control 6 171,1833 15,50 2)3)4)

(2) 2Torsion 6 135,6667 9,50 M3Y4)

(3) 3 Torsion+Detorsion 6 104,9000 3,50 W24

(4) 4 Torsion+Detorsion+Cape 6 301,5667 21,50 M(2)3)

Fig. 1A-Sham group: Normal appereance of ovarian follicules and stromal area H-E stainingiar Eigfure 1B-

torsion group; Dilatation and hemorrhage in blood vessels (star), Hypertrophy and degenerative cells in ovarian
follicules arrow), H-E staining bar 1Q@m, Figure 1C- torsion-detorsion group Edema in interstitial region and
dilation with hemorrhage in blood vessels (arrow), an increase in inflammatory cell (star) H-E staininglbmar 100
Figure 1D- torsion-detorsion + CAPE group A decrease in inflamatory cells and normal appearance of follicular cells.
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Fig. 2A.Sham group;
Immunohistochemical
localization of CD34 in
ovary. CD34
immunostaining Bar 100m.

Fig. 2B.Torsion group;
Diffuse immunoreactive
CD34 positive expression of
leukocyte cells and
endothelial cells (red arrow)
in stromal area, CD34
immunostaining Bar 100m.

Fig. 2C.Torsion-detorsion
group; CD34 expression in
interfollicular area and
positive CD34 expression in
endothelial cells (arrow)

Fig. 2D-Torsion-detorsion
group + CAPE group,CD34
Positive cells around of regu-
lar ovarian folliculares,
(arrow) CD34
immunostaining Bar 100m

Fig. 2E. Sham group,
Macrophage cells in stromal
areas and weak CD68
expression, CD68
immunostaining Bar 100m

Fig. 2F.Torsion group
Follicles and interfolicular
area with infiltrated
macrophages positively
immunolabeled with anti-
CD68 antibody (
arrow).CDG®638
immunostaining Bar 100m.

Fig. 2G.Torsion-detorsion

group around blood vessels
in stromal areas, positive
CD68 expression in granular
cells, CD68 immuno staining

Bar 100um.

Fig. 2H. Torsion-detorsion
group + CAPE group, A
decrease in macrophage
activity in follicular and
stromal area CD68
immunostaining Bar 100m
AB

CD
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Fig. 3A-Sham group; Negative Bcl 2 reaction ovarian folliculares and stromal area Figure 3B- Torsion
group; An increase in Bcl 2 positive cells (arrow) Figure 3C-- Torsion-detorsion group, positive Bcl-2
expression in preantral, luteal folliculi and interfollicular area (arrow) Figure 3D-Torsion-detorsion group +
CAPE group, A reduction in the number of apoptotic cells in secondary follicules (red arrow) Bcl-2
immunostaining Bar 10Qm

DISCUSSION

There are mechanisms that trigger one another on  Allin all, it is thought that CAPE can show healing
the basis of ischemia-reperfusion (I/R). Tissue damagpdfects in ovary ischemia-reperfusion damage due to its anti-
mediated by free oxygen radicals are one of thosxidant and anti-inflammatory properties. Toxic metabolites
mechanisms. These radicals harm tissue via lipislich as MDA and ROS are increased due to ovarian torsion.
peroxiddion. By this way, they can cause cellular damagd.his ischemic process is dangerous for cells because of
Malondialdehyde (MDA) is used as marker of lipidincreasing toxic molecules (Yamamatbal, 1997). The
peroxidation. After ischemia, edema was seen both inside gadmary pathophysiologic event in ovarian torsion is
outside of cells due to endothelium and cell membrarischemia followed by reperfusion; thus, ovarian torsion-
dysfunctionality. Lumen of capillary vessels becomes smalléletorsion is an I/R injury of the ovaries (Barbetal, 2000
because of swelling in endothelial cells and liquid leaking Aydoganet al, 2007). Detorsion operations to protect the
outside of vessel, and severe insufficiency will appear varian reserve result in reperfusion injury, which worsens
microcirculation even though reperfusion is performed.  the tissue damage (Li & Jackson, 2002). When a tissue suffers

from I/R, inflammatory cells cause generation of ROS, which

CAPE is a molecule that honey bee produces froincreases leukocyte activation (particularly neutrophiles) and
propolisin. It is a powerful immuno-modulator, anti-leads to tissue damage and apoptosis (kibal, 2003;
carcinogenic, anti-inflammatory and anti-oxidant (Elnsli Parlakpinaet al, 2005). MDA is a stable metabolite of the
al., 2002). lipid peroxidation cascade. It is considerably elevatedrin I/
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injury, which is believed to cause damages to the integri/cytoplasmic expression was seen in the granulosa and luteal
and permeability of the cell wall (Akgét al, 1993; Carden cells (Jang & Surh, 2003). Many studies have shown that the
& Granger, 2000 & Vuraét al, 2004). Erguret al (2010), effects of some chemical substances on I/R injury in rat ovaries
found that plasma and ovarian tissue concentrations of MD(Bayir et al, 2012 & Osmanag aog’let al, 2012). In the
were significantly higher in the torsion and detorsion groupstudy, biochemical and histopathological results of CAPE
compared with the sham group. CAPE administratiotreatment was considered to torsion-detorsioned the model
protected the heart from I/R injury with reduced levels aghowed a protective effect against tissue damage.

oxidative stress such as MDA (Parlakpiagal). In our study,

CAPE administration reduced MDA to a level comparable t6ORKEM, U.; TOGRUL, C.; S,AHIN, I.; COSKUN, B.; OZAT,
that seen in the control group. M.; GUNGOR, T. & DEVECI, E. Efecto protector de ester fenetilico
de &cido cafeico (CAPE) en la lesion por isquemia-reperfusion en

Cellular damage and the damage-associated molecuf¥pric de rataint. J. Morphol,, 35(1)141-147, 2017.
attern molecules (DAMPs) induced by high ROS levels can
P ( ) yhig RESUMEN: El objetivo de este trabajo consistié en inves-

initiate an immune response in the sterile inflammatortY - . P~ .

. . . ar los efectos del éster fenetilico del acido cafeico (EFAC) como
responsg, and then hlgtamlne release by &}ctwated mast C%@%’nte profilactico en la lesion por isquemia/reperfusion (I/ R) en el
chemokines and proinflammatory cytokines released Ry ario de rata. Un total de 28 ratas Wistar se dividieron en 4 grupos
stimulated macrophages trigger neutrophil migration intguales: (1) control, (I1) isquemia, (Ill) isquemia + reperfusion, y (IV)
tissue (Jaeschke & Smith, 1997; Nathan, 2006; Chen & Nufi¢,+ EFAC. En los grupos | y I, no se realizé torsion ovéarica y no se
2010. & van Golert al, 2012). administrd ninguin farmaco. En el grupo lll, se provocé una hora de

isquemia, dos horas de reperfusiéon y no se administré ningun farma-
Many studies have shown that oxidative stress arf@- L@s concentraciones de malondialdehido en los tejidos ovaricos
excessive inflammatory products, depending ontheirdens,iti%gron significativamente mayores en los grupos de torsion y de

. . . . rsién, en comparacion con | r ham EFAC (P
in I/R injuries, cause either reversible cell damage or irrever- storsion, en comparacion con los grupos sham y de C(

. . <0,005). El grupo de destorsion mostro foliculos ovéricos preantrales
sible, lethal, cell damage, such as apoptosis and necr

] - (&;{‘éliculos lGteos alrededor de los vasos sanguineos y expresion po-
(Eefting et al, 2004 & Linkermanret al, 2013). Bcl-2  gjtiva de CD34. En el grupo EFAC el endotelio vascular estromal
overexpression attenuates lipid peroxidation induced yn expresion débil de CD34 se detecté en areas pequefias, y los
various kinds of agents and protects cells or facilitates thédticulos ovéricos y el cuerpo luteo mostraron expresion negativa de
recovery from hydrogen peroxide—induced oxidative DNACD34. En el estudio, fueron considerados los resultados bioquimicos
damage (Kruschet al, 2002). e histopatologicos del tratamiento EFAC en relacion a la torsion-
destorsion, desarrollando un modelo que mostr6 un efecto protector

Macrophages are able to regulate cellular proliferatiof°"ta €l dafio tisular.
differentiation and apoptosis, as well as influence steroid
production, vascularization and tissue remodelling durin
follicle growth, ovulation and luteinization. It is important to
consider that the marker used to identify macrophages reveals
specific .in_formation abouF the chgnging mnCtionahEFERENCES
characteristics of the cells; for instance, in the rabbit, luteolysis
was associated with an initial increase in scavenger receptor
positive macrophages followed by recruitment of CD68bramov, A .Y.: Scorziello, A. & Duchen, M. R. Three distinct mechanisms
positive macrophages (Sorgal). generate oxygen free radicals in neurons and contribute to cell death during

anoxia and reoxygenatiod. Neurosci., 27(5)1129-38, 2007.

| dv. in isch . d ischemi fusi Akgur, F. M.; Kiling, K. & Aktug”, T. Reperfusion injury after detorsion of
n our study, In ischemia and Ischemia reper USIOfhilateral testicular torsiotrol. Res., 21(6B95-9, 1993.
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