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Aim: The purpose of this study was to investigate the protective effect of honokiol on
experimental ischemia/reperfusion injury of rat ovary.

Materials and methods: A total of 40 female Wistar albino rats were used in this study.
The rats were divided into five groups as follows: sham (Group I), torsion (Group II), torsion +
detorsion (Group III), torsion + detorsion + saline (Group V), and torsion + detorsion + honokiol
(Group V). Bilateral adnexa in all the rats except for those in the sham group were exposed to
torsion for 3 hours. The rats in Group IV were administered saline, whereas the rats in Group V
were administered honokiol by intraperitoneal route 30 minutes before detorsion. Tissue and
plasma concentrations of malondialdehyde and nitric oxide were determined. Ovarian tissue
was histologically evaluated. Data analyses were performed by means of Kruskal-Wallis test
and Mann—Whitney U-test (Bonferroni correction) in SPSS 15.0 (Statistical Package for Social
Sciences; SPSS Inc., Chicago, IL, USA).

Results: The torsion and detorsion groups had higher scores in vascular congestion, hemorrhage,
and inflammatory cell infiltration compared with the sham group (P<<0.005). In addition, total
histopathological scores were significantly higher in the torsion and detorsion groups compared
with the sham group (P<<0.005). A significant reduction was observed in hemorrhage, inflam-
matory cell infiltration, and cellular degeneration scores, of all histopathological scores, in the
honokiol group (P<<0.005). Ovarian tissue concentrations of malondialdehyde were signifi-
cantly higher in the torsion and detorsion groups compared with the sham and honokiol groups
(P<<0.005). Ovarian tissue concentrations of nitric oxide, on the other hand, were significantly
higher in the torsion group compared with the sham, saline, and honokiol groups (£<<0.005).
Conclusion: Honokiol has a beneficial effect on ovarian torsion-related ischemia/reperfusion
injury.
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Introduction

Ovarian torsion is a rare but important gynecologic surgical emergency which most
commonly occurs in the first three decades of life.! It might well occur in normal
ovaries; however, it is usually associated with the (known) already existent tubal/
ovarian pathologies.? Detorsion might be considered as soon as the diagnosis of
ovarian torsion is established in order to restore the ovarian blood supply with a
surgical intervention. This way, potential necrosis can be avoided.* However, the
recovery of ovarian circulation after detorsion might cause a pathologic process
called ischemia/reperfusion (I/R) injury characterized by oxidative stress, leading to
deteriorated tissue damage.’ The causes of I/R injury of the ovary include elevated
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concentrations of nitric oxide (NO), apoptosis, neutrophil
and thrombocyte activation, and free radical and cytokine
release.®”?

In the post-1/R period, reactive oxygen species (ROS) are
produced in large amounts, and antioxidant defense mecha-
nisms of the body are undermined.'® Increased production of
ROS impairs the DNA chain, causes denaturation of proteins
containing enzymes and ion channels, and does cellular
damage through lipid membrane peroxidation.!! Malondial-
dehyde (MDA) is the basic product of polyunsaturated fatty
acid peroxidation and is quite a toxic molecule. Therefore,
it is used to determine in vivo and in vitro oxidative stress
levels.'> NO, which is produced by normal endothelium, is
the main determinant of normal endothelial and vascular
functions. In case of inflammation, overproduction of NO,
together with ROS, causes oxidative stress."”* Honokiol is
a natural biphenolic compound that is isolated from mag-
nolia bark and has been used in the traditional Chinese and
Japanese medicine as an antibacterial, antiemetic, anti-
depressant, antithrombotic, and anxiolytic agent. Studies
have shown therapeutic effects including antioxidative and
anti-inflammatory activities for honokiol.'*'* The effect of
honokiol on ovarian torsion-related I/R injury has not been
investigated earlier. The purpose of this study was to inves-
tigate the protective effect of honokiol on I/R injury in an
experimental rat adnexal torsion model.

Materials and methods

The protocol of this study was approved by the Dicle Uni-

versity Ethics Committee of Animal Rights (DUHADEK).

All animal-handling procedures were performed according

to the Guide for the Care and Use of Laboratory Animals of

the National Institutes of Health and followed the guidelines

of the Animal Welfare Act. A total of 40 female Wistar

albino rats weighing between 220 g and 250 g were used

in this study. The rats, which were given sufficient amount

of water and food, were maintained at proper humidity and

temperature in 12-hour light—dark cycle for at least 7 days.

They were randomized into five groups, each consisting of

eight rats as follows:

e Group [: sham (n=8)

e Group II: torsion (n=8)

e Group III: torsion + detorsion (n=8)

e  Group IV: torsion + detorsion + saline (n=8)

e Group V: torsion + detorsion + honokiol (n=8)
Numbers of rats and groups were noted by one of the

researchers. The researchers who performed biochemical and

histopathological analyses were not provided information

about randomization until the end of the study.

Each rat was weighed and anesthetized with intra-
muscular ketamine hydrochloride (50 mg/kg Ketalar;
Eczacibasi, Istanbul, Turkey) and xylazine hydrochloride
(10 mg/kg Rompun; Bayer AG, Leverkusen, Germany).
Then, laparotomy was performed with a 2.5 cm midline
abdominal incision after sufficient sterile conditions were
ensured. In the sham group (Group I), uterine horns and
adnexa were exposed to nearly 1 minute and abdominal wall
was closed with 3/0 silk sutures (sham operation). Three
hours later, relaparotomy was performed in this group, and
both ovaries were surgically removed. Adnexal torsion was
performed as follows: adnexa containing tuba and ovarian
tissues were twisted 360° clockwise and fixed to abdomi-
nal wall.?’ In the torsion group (Group II), relaparotomy
was performed and both ovaries were surgically removed
after 3 hours of ischemia. In the torsion + detorsion group
(Group I11), bilateral adnexal torsion (3 hours of ischemia)
and bilateral detorsion (3 hours of reperfusion) were per-
formed. Both ovaries were surgically removed after a total of
6 hours. In the torsion + detorsion + saline group (Group IV),
2 mL of saline was injected by intraperitoneal route 30 min-
utes before detorsion. Then, relaparotomy was performed for
the purpose of detorsion in bilateral adnexa, and the incision
was sutured. Both ovaries were surgically removed after 3
hours of reperfusion (Figures 1 and 2).

In the torsion + detorsion + honokiol group (Group V),
honokiol (25 mg, Honokiol; Sigma-Aldrich Co., St Louis,
MO, USA; honokiol dose: 2 mg of honokiol was dissolved
in 2 mL of dimethylsulfoxide) was injected by intraperitoneal
route 30 minutes before detorsion. Then, relaparotomy was
performed for the purpose of detorsion in bilateral adnexa,
and the incision was sutured. Both ovaries were surgically
removed after 3 hours of detorsion (Figure 3). Intracardiac
blood was taken from all the groups after completion of

Figure | Bilateral ovaries after midline laparotomy in the sham group.
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Figure 2 IR injury performed in ovaries.
Abbreviation: I/R, ischemia/reperfusion.

surgical procedures, and the rats were sacrificed. One of
the ovaries that was removed was stored in a deep freezer
at —80°C for biochemical analysis. The other ovary, on the
other hand, was transferred to the laboratory in enumerated
vessels containing 10% formaldehyde for histopathological
examination. Blood specimens were sent to the biochem-
istry laboratory under proper conditions for biochemical
analysis.

Histologic evaluation

Ovarian tissues were fixed in 10% neutral buffered for-
malin solution for 48 hours and were dehydrated, cleared,
and embedded in paraffin, as usual. Serial tissue sections,
which were 4 um thick, were cut using a microtome (Leica
RM2125RTS) and stained with hematoxylin and eosin for
general morphological observation. All the sections were
examined with a light microscope (Olympus BX43), and the
pieces were photographed. At least five microscopic regions
were examined to score the specimens semiquantitatively.

Figure 3 The appearance of the ovaries after honokiol.

Criteria for ovarian injury were as follows: follicular
cell degeneration (granulosa cells), vascular congestion,
hemorrhage, and inflammation (neutrophil infiltration). Each
specimen was scored for each criterion using a scale ranging
from 0 to 3 (0, none; 1, mild; 2, moderate; 3, severe).”!
Ovary sections were analyzed in a blinded fashion by the
same pathologist.

Biochemical analyses

Blood specimens were centrifuged at 3,000 rpm for nearly
10 minutes at +4°C to obtain plasma. Plasma specimens that
were obtained were analyzed for MDA and NO. Ovarian tis-
sue homogenates were prepared at +4°C to measure MDA
and NO concentrations. Tissues were weighed and sliced into
small pieces. Then, they were homogenized with a homog-
enizer (IKA®Ultra-Turrax® T8 dispersing homogenizator;
IKA-Werke GmbH, Staufen, Germany) using an ice cold
solution of 10x phosphate-buffered saline (50 mM/L, pH
7.0). Homogenates were centrifuged at 15,000 rpm for nearly
10 minutes at +4°C to obtain supernatant. Supernatant speci-
mens were used to measure MDA and NO concentrations.

MDA measurements

MDA concentrations in the specimens were determined by
means of a predefined method* as follows: 0.5 mL specimen
(plasma/homogenate) was taken by pipette to a 10 mL cen-
trifuge tube containing a solution of 1.0 mL of thiobarbituric
acid (0.6%) and 2.5 mL of trichloroacetic acid (20%). Tubes
were heated in boiling water bath for 30 minutes. Then, the
reaction mix was cooled down in ten ice baths following the
addition of 4.0 mL of n-butanol. Tubes were vortex mixed
and centrifuged at 3,000 rpm for 10 minutes. Absorbance of
the organic layer was measured at 535 nm.

NO measurements

The production of NO was determined by indirectly measur-
ing nitrite concentrations based on the Griess reaction.” At
the beginning, specimens were deproteinized with 75 mmol/L
ZnSO0,. Following cleanup, equal volumes of specimens were
treated with a copper—cadmium mixture in glycine buffer at
pH 9.7 in an effort to reduce nitrate to nitrite. This way, nitrite
concentrations in the specimens showed total nitrate + nitrite.
In Griess reaction, a chromophore with a strong absorbance at
545 nm was formed by the reaction of nitrite with a mixture
of sulphanilamide and naphthalenediamine.

Statistical analyses
Data analyses were performed by SPSS 15.0 (SPSS Inc. ), and
mean and standard deviations were calculated. Whether there
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were differences between the groups or not was determined
by means of Kruskal-Wallis test. Pairwise comparisons
were made using Mann—Whitney U-test. For measures
between the five different groups, Mann—Whitney U-test
(Bonferroni correction) was used (as a post hoc test). Results
were considered statistically significant at P-value <0.005.
Bonferroni correction was used for repeated measures, and
the predefined significance level (P<<0.05) was reset at
P<0.005 after correction.

Results

Histopathologic scores for all five groups are demonstrated in
Table 1. The torsion and detorsion groups had higher scores
in vascular congestion, hemorrhage, and inflammatory cell
infiltration compared with the sham group (P<<0.005). The
mean cellular degeneration score, which indicated acute tis-
sue damage, was significantly higher in the detorsion group
compared with the sham group (Table 1). The total histologic
evaluation score, which was obtained when all four ovarian
damage parameters were added together, was significantly
higher in the torsion and detorsion groups compared with the
sham group (Table 1). The histologic ovarian morphologies
for all the groups are demonstrated in Figure 4.

Plasma and ovarian tissue concentrations of MDA and NO
are demonstrated in Table 2. Ovarian tissue concentrations
of MDA were significantly higher in the torsion and detor-
sion groups compared with the sham and honokiol groups
(P<<0.005). On the one hand, ovarian tissue concentrations of

NO were significantly higher in the torsion group compared
with the sham, saline, and honokiol groups (Table 2). There
was no significant difference between the groups in plasma
concentrations of MDA. On the other hand, plasma concen-
trations of NO were significantly higher in the honokiol group
compared with the detorsion group (P<<0.005).

Discussion

The purpose of this study was to investigate the changes in
plasma and ovarian tissue concentrations of MDA and NO
as well as histopathologic changes occurring in response
to the honokiol treatment in a rat ovarian torsion/detorsion
model. Ovarian torsion/detorsion leads to morphological
and biochemical changes in the ovarian tissue caused by I/R
injury. Ischemia is a restriction in blood supply to organs
which results in elevated concentrations of lactic acid and
hypoxanthine caused by lipid peroxide accumulation and
adenosine triphosphate degradation.” Free oxygen radicals,
which occur as a result of reperfusion injury, react with lipids,
causing the formation of lipid peroxides. Lipid peroxidation
impairs membrane functions and creates toxic substances
such as aldehydes. Restriction in blood supply causes tissue
hypoxia, resulting in the formation of lipid peroxides. MDA
is a stable metabolite of the lipid peroxidation cascade. It
is considerably elevated in I/R injury, which is believed to
cause damages to the integrity and permeability of the cell
wall.>>27 In their study on a rat ovarian I/R model, Ergun
et al found that plasma and ovarian tissue concentrations of

Table | Histopathologic evaluation scores of rat ovarian tissues in all groups (n=8)

Histopathologic Vascular Hemorrhage Inflammatory Cellular Total score
scores congestion (mean + SD) cell infiltration degeneration (mean £ SD)
(mean £ SD) (mean £ SD) (mean + SD)

Sham group (1) 0.4+0.5 0.1+0.3 0.1+0.3 0.1+0.3 0.8+0.7
Torsion group (11) 1.5+0.5 1.5+0.9 1.0+0.0 0.6+0.5 4.61.1
Detorsion group (Ill) 22405 2.4+0.5 1.5+0.5 1.6£0.5 7713
Saline group (IV) 2.410.5 2.8+0.5 1.6+0.5 1.6+0.5 8.4+t1.9
Honokiol group (V) 1.6+0.7 1.0+0.8 0.5+0.5 0.5+0.5 3.6%1.3
P-values

(15 0.003 0.001 0.000 0.046 0.001

-l 0.000 0.000 0.000 0.001 0.001

IVl 0.000 0.000 0.000 0.001 0.001

V-l 0.004 0.003 0.025 0.117 0.002

-l 0.015 0.041 0.025 0.005 0.002

V=l 0.010 0.007 0.009 0.005 0.001

V-l 0.814 0.264 0.025 0.626 0.157

IVl 0.602 0.143 0.626 0.100 0.230

V-ilil 0.061 0.003 0.006 0.003 0.001

VoIV 0.040 0.001 0.003 0.003 0.001

Note: Data in bold indicates statistical significance at P<<0.005.
Abbreviation: SD, standard deviation.
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Figure 4 H&E-stained ovarian sections (x200).

Notes: (A) Sham: rat ovarian tissue that is close to normal in the sham group. (B) Torsion: severe congestion in rat ovary in the torsion group. (C) Detorsion: severe
congestion and hemorrhage in rat ovary in the detorsion group. (D) Saline: severe congestion and hemorrhage in rat ovary in the saline group. (E) Honokiol: mild congestion

in rat ovary in the honokiol group.
Abbreviation: H&E, hematoxylin and eosin.

MDA were significantly higher in the torsion and detorsion
groups compared with the sham group.?® In this study, as
well, MDA concentrations were measured in an effort to
determine and verify the degree of reperfusion injury in
plasma and ovarian tissue, and significantly higher ovarian
tissue concentrations of MDA were found in the torsion and

Table 2 MDA and NO concentrations in all groups (n=8)

detorsion groups compared with the sham group. This finding
shows that I/R causes lipid peroxidation in the ovarian tissue,
leading to oxidative damage.

One of the most important findings of this study was the
significant reduction in ovarian tissue concentrations of MDA
in the honokiol group, which shows that honokiol might

MDA (ovarian tissue) NO (ovarian tissue) MDA (plasma) NO (plasma)
(nmol/mg) (mean + SD) (nmol/mg) (mean + SD) (nmol/mL) (mean + SD) (nmol/mL) (mean + SD)
Sham (I) 11.1+0.4 14.2+0.5 14.1+£3.3 132.9+72.8
Torsion (Il) 12.06+0.4 15.3+0.4 14.4+4.9 136.4£109.1
Detorsion (lIl) 12.0240.3 14.840.6 12.2+1.7 68.5+18.4
Saline (IV) 11.02+2.3 13.5+2.0 14.614.1 111.4184.9
Honokiol (V) 10.5+1.0 11.9+1.8 14.1£1.9 278.1£122.6
P-values
-l 0.003 0.002 0916 0.834
-l 0.001 0.040 0.318 0.046
V=l 0.360 0.958 0916 0.401
V-l 0.227 0.036 0.006 0.012
(1Bl 0.833 0.207 0.401 0.529
-1V 0.141 0.005 0.834 0.753
-V 0.002 0.003 0.046 0.046
H—-v 0.172 0.093 0.294 0.713
-V 0.001 0.009 0.009 0.001
V-V 0.036 0.141 0.012 0.012

Note: Data in bold indicates statistical significance at P<<0.005.
Abbreviations: MDA, malondialdehyde; NO, nitric oxide; SD, standard deviation.
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prevent oxidative damage in I/R injury of the ovary. On the
other hand, the absence of a significant difference between
the groups in plasma concentrations of MDA might have
been caused by the short torsion duration.

During the reperfusion of ischemic tissue, increased
production of peroxynitrite, NO, and ROS including hydro-
gen peroxide, hydroxyl radicals, and superoxide anions
is observed. These free radicals cause cellular damage
via lipid peroxidation in the mitochondrial and cellular
membranes.**?® In previous studies, significantly increased
tissue and plasma concentrations of NO were shown after I/R
injury.?”?8 In this study, as well, ovarian tissue concentrations
of NO were significantly higher in the torsion group com-
pared with the sham, saline, and honokiol groups. However,
plasma concentrations of NO were significantly lower in the
detorsion group compared with the honokiol group. This
paradoxical result might be explained by the prevention of
NO consumption by ROS in the ovary after the administra-
tion of honokiol. The increase in NO concentrations might
be of protective importance in ovarian torsion. In addition,
the absence of a significant difference in the other groups in
respect of plasma concentrations of NO might be explained
by the short torsion duration.

The basic functions of the human ovary include the
nurture, development, and release of a mature oocyte that is
ready for fertilization and successful propagation of the spe-
cies. In this process, the ovary assumes the following roles:
1) secreting steroid hormones that induce the development
and growth of secondary sexual characteristics; 2) playing
a key role in the orderly, repetitive cyclic ovulation; and
3) providing support for the successful uterine implantation
and the early phase of pregnancy.” These functions are
achieved by means of complex mechanisms under stable
oxygen supply and consumption conditions requiring normal
microcirculation. Oxidative damage induced by I/R might
impair the ovarian functions. In a healthy individual, there
is a balance between ROS and antioxidants. A shift in this
balance in favor of ROS causes oxidative stress, which might
affect the entire female reproductive life, even thereafter.
ROS might affect a number of physiological processes,
including oocyte maturation, fertilization, embryo develop-
ment, and pregnancy.

There are a number of experimental drug studies on the
protection of ovary from I/R injury.?**?¢ Anti-inflammatory
and antioxidant effects of honokiol were investigated in a
number of studies.!>"'73%3! In a molecular study, honokiol
was reported to block lipopolysaccharide-induced cyto-
toxicity and the production of cytotoxic cytokines such as

interleukin-1f and tumor necrosis factor-a,, NO, and ROS .*?
In addition, honokiol was shown to have a scavenging
effect on both superoxide and peroxyl radicals.’* Besides,
chronic treatment with honokiol in hypertensive rats was
reported to decrease blood pressure due to its vasorelaxant
and antioxidant effects.** Furthermore, honokiol with its
antioxidant effects was shown to provide protection against
cerebral I/R injuries and dermatological disorders.*'* In our
study, we demonstrated the protective effects of honokiol
on I/R injury in rat ovary. This is the first study in the
literature to show the protective effects of honokiol on
ovarian I/R injury. Ischemia that occurs in case of ovarian
torsion causes oxidative damage. Even if the torsion is cor-
rected, effects of this damage may persist. Therefore, early
administration of such agents that could prevent oxidative
damage or reverse the effects of the damage might prevent
a potential future damage to the ovarian reserve, which
might amount to fertility. Given the available clinical and
experimental data, we are of the opinion that honokiol is a
promising agent and a promising topic of investigation for
future clinical trials.

The results of this study are short term. Therefore, we
believe that there is a need for further studies to demonstrate
the long-term results of honokiol on ovarian I/R injury as
well as its fertility-preserving effects. Maybe, there should
be clinical studies in humans to demonstrate the effects of
honokiol on human ovary. We believe that such studies will
shed light on the long-term protective effects of honokiol on
ovarian follicular reserve and fertility.

In conclusion, honokiol can be administered prior to the
treatment of ovarian torsion in order to prevent oxidative
damage in I/R injury of the ovary. However, clinical studies
are needed to verify the results of this study.
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