6 - ORIGINAL ARTICLE
ISCHEMIA-REPERFUSION

Remifentanil protects uterus against ischemia-reperfusion injury in rats!
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ABSTRACT

PURPOSE: To investigate the effects of remifentanil as an antioxidant and analyze the histopathologic, biochemical changes in
experimental ischemia-reperfusion (I/R) exposed rat uteri.

METHODS: Wistar albino rats were assigned to three groups (n = 7). 2h period of ischemia was followed by 1h of reperfusion in
the I/R and the I/R-remifentanil groups. After ischemia, no drug was administered in the sham and I/R groups. In the I/R-remifentanil
group, remifentanil infusion (2 pg/kg/min) was started in the ischemia period, and continued until the end of reperfusion. After the
ischemic and reperfusion period, the ischemic uterine horns were removed surgically for biochemical and histopathologic examination.
Tissue damage scores (endometrial epithelial glandular leukocytosis, degeneration, and endometrial stromal changes) were examined.
Malondialdehyde levels and catalase, superoxide dismutase enzyme activities in tissue were measured.

RESULTS: We found significantly lower epithelial leukocytosis and cell degeneration in the I/R-remifentanil group (p<0.05).
Remifentanil administration significantly decreased concentrations of malondialdehyde, and increased catalase and superoxide
dismutase enzyme activities (p<0.05).

CONCLUSION: Remifentanil appears to protect the uterine tissue against ischemia-reperfusion and can be used safely in uterus
transplantation.
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Introduction

Important advances in transplantation surgery have
occurred during the last few decades. These achievements
introduced non-life-saving transplantation of several organs and
tissue such as the face, hand, larynx, lower limb, and uterus that
will enhance the patient’s quality of life!. Uterus transplantation
is ideal for patients with uncorrectable uterine factor infertility.
Successful uterine transplantation has been reported in animals
(mice, sheep, and rats)**. The first attempt in humans was made
in 2000, however, that uterus was removed because of uterine
prolapse and necrosis®. There also some successful attempts
of uterus transplantations in humans from cadaver, and living-
donors® .

Transplant success is limited by ischemia-reperfusion
(I/R) injury. /R injury, which is mediated by reactive oxygen
species (ROS), involves cell damage, apoptosis, and inflammatory
events (thrombogenesis and microcirculation disturbances)’. The
injury hypothesis holds that reperfusion injury plays an important
role not only in acute but also in chronic rejection. The incidence
of acute rejection can be reduced by intraoperative treatment of
posthischemic reperfusion injury, which improves the long-term
graft outcome®. Therefore, recognizing the preventive effects
of drugs on organ damage during I/R is clinically important in
transplantation surgery. To date, some studies have investigated
the protective effect of drugs against uterine I/R injury®. However,
the effects of the intravenous anesthetic agents used during
surgery have not been investigated. This is important information
for anesthesiologists and surgeons that may be able to increase
transplant success.

Remifentanil, a commonly wused, ultrashort-acting
opioid analgesic, has gained popularity in the field of anesthesia.
Remifentanil can suppress the inflammatory response in a septic
mouse model, reduce hepatic I/R injury, and can be a preferable
agent in liver transplantation’. Thus, this analgesic can also
provide protection in the uterus. Therefore, we decided to perform
an experimental study to investigate the possible effects of
remifentanil on I/R-induced uterine damage. The results of this
study may provide guidance for choosing the appropriate opioid

in uterus transplantation.

Methods

The experimental protocol was approved by the

Institutional Animal Care and Use Committee of Marmara

University, Istanbul, Turkey, and was conducted according to the
tenets of the Declaration of Helsinki. Assuming a statistical power
of 100% and an alpha of 6%, seven rats were required in each
group to reach a level of significance’. We conducted the study
with 21 female Wistar albino rats (8- to 10-weeks-old) weighing
220-270g in the Experimental Animals and Application Research
Center of Marmara University, Istanbul, Turkey. The animals were
fed ad libitum, housed in pairs in steel cages in a temperature-
controlled environment (22+1°C), and exposed to a 12h/12h light/
dark cycle. The animals were all in the diestrus phase of the estrous
cycle, which was determined with a vaginal smear as described
by Marcondes et al.'’. All rats were randomly allocated into three
study groups: the sham group (n = 7), the I/R group (n = 7), and
the I/R and remifentanil group (I/R+R; n=7).

Eachrat was weighed and anesthetized with intramuscular
ketamine hydrochloride (50 mg/kg Ketalar; Eczacibasi, Istanbul,
Turkey) and xylazine hydrochloride (10 mg/kg Rompun; Bayer,
Istanbul, Turkey), which were repeated as necessary to maintain
anesthesia during the experiment. Following preoperative
sterilization, laparotomy was performed in the midline area of the
lower abdomen. The abdominal aorta was exposed, and uterine
I/R was produced by applying an atraumatic microvascular clamp
(Bulldog clamp; Aesculap®, B. Braun Melsungen) to the distal
abdominal aorta. The clamp was placed just above the bifurcation
of the iliac arteries and the vascular pedicle, 1 cm above and
below the ovaries to occlude the collateral blood supply®. The
abdomen was closed, and the wound was covered with moist
gauze to minimize heat and fluid loss. In the sham group, only
the laparotomy was performed. In the I/R group, a 2-h period
of ischemia was followed by 1 h of reperfusion. In the I/R+R
group, ischemia was performed as in the I/R group; however, a
remifentanil infusion (2 pg/kg/min) was started via a previously
cannulated tail vein catheter and continued until the end of the
reperfusion''. At the end of reperfusion, both uterine horns were
removed. The right uterine horn was used for histopathologic
examination, and the left uterine horn was stored in a freezer at
—80°C for the biochemical analysis. The rats were sacrificed by

decapitation.
Histologic evaluation
For the histopathologic analysis, uterine samples were

fixed in 10% buffered formalin for 48 h, dehydrated in an ascending

alcohol series, cleared in xylene, and embedded in paraffin. Tissue
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sections (5 um thick) were stained with hematoxylin-eosin and
Masson’s trichrome for general morphologic analysis. Histologic
assessments were performed with a photomicroscope (Olympus
BX-51; Olympus Co, Tokyo, Japan) by the same pathologist who
was blinded to the experimental groups. At least 10 histologic
sections from the uterine tissue were assessed at a magnification
of x10 and x20 objectives and then photographed. The scoring
system for ovarian tissue, as defined by Sagsoz et al.'> was adapted
to uterine tissue due to the limited studies on uterine ischemia
reperfusion. Endometrial epithelial glandular (leukocytosis, cell
degeneration) and endometrial stromal changes (congestion,
edema) were scored from 0 to 3 according to the severity (0 = no
pathological finding; 1 = pathological findings in < 33% of the
uterine section; 2 = pathological findings in 33—66% of the uterine

section; 3 = pathological findings in > 66% of the uterine section).

Biochemical evaluation

The uterine tissue samples were homogenized with ice-
cold 150 mmol/L KCI for biochemical analyses and centrifuged
at 3500 xg for 60 min, and then the supernatant was collected.
Catalase (CAT) activity was determined in the supernatant
with an assessment of the rate constant of hydrogen peroxide
decomposition at 240 nm". Superoxide dismutase (SOD) activity
was also determined in the supernatant layer according to Sun et
al."* method. Activity was assessed with the inhibition of nitroblue
One

unit of SOD was defined as the amount of enzyme that causes

tetrazolium reduction with xanthine-xanthine oxidase.

50% inhibition in the nitroblue tetrazolium reduction rate. The
malondialdehyde (MDA) levels in the uterine tissue were studied
in the homogenate and analyzed according to the reaction with
thiobarbituric acid at 90—100°C. MDA and thiobarbituric acid react
together and produce a pink pigment with a maximum absorption

of 532 nm in the thiobarbituric acid test reaction'>.

Statistical analysis

Data analysis was performed with SPSS version 15.0
(SPSS Inc. Chicago, IL) for Windows. Data are expressed as
means =+ standard error of the mean (SEM). The Kruskal-Wallis
test for tissue scores and one-way analysis of variance (ANOVA)
followed by Tukey’s honest significant difference (HSD) test for
biochemical results were used. The differences between groups

were considered statistically significant at a p<0.05.
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Results

On the stained slides, dense

leukocytosis was detected in the I/R group (Figure 1A). In

hematoxylin-cosin

contrast, administration of remifentanil reduced the concentration
of leukocytes (p = 0.003) (Figure 1B). Epithelial cell degeneration
decreased significantly in the group administered remifentanil
compared with the I/R group (p = 0.001) (Figure 1B). There
was a considerable difference in the stromal edema and vascular
congestion scores between the sham and the I/R and I/R+R groups
(p<0.05). However, these scores were not statistically different
when comparing the I/R and I/R+R groups (p>0.05). The degree
of leukocytosis and epithelial cell degeneration in the groups are

also shown in Figure 1C-D.
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FIGURE 1 - Histopathological effects of ischemia reperfusion (I/R) and
remifentanil in endometrium tissue. (A) On the hematoxylin-eosin stained
slides, dense leukocytosis and increased epithelial cell degeneration
(arrows) were detected in the I/R group. (B) The remifentanil-
administered group (I/R+R) reduced the concentration of leucocytes and
epithelial cell degeneration (arrows) (H&E, original magnification x100,
x200) (C-D). Bar graphics show the degree of leukocytosis and epithelial

cell degeneration in the groups.

The MDA levels increased significantly in the I/R group
compared with the sham group (p = 0.001). Compared with the
I/R group, remifentanil administration significantly decreased the
MDA levels (p = 0.000) (Figure 2). CAT activity decreased in the
I/R group compared with the sham group (p = 0.000). However,
remifentanil administration considerably increased CAT activity

compared with the I/R group (p = 0.000) (Figure 3). As with
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the CAT activity, remifentanil also significantly increased SOD
activity compared with the I/R group (p = 0.000) (Figure 4).
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FIGURE 2 - Effect of remifentanil on malondialdehyde (MDA) levels.
Remifentanil infusion (2 pg/kg/min) was started with the ischemia period
(2h) and was continued until the end of reperfusion (1 h). Data expressed
as mean+SEM. p=0.000 vs ischemia reperfusion (I/R) group.
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FIGURE 3 - Effect of remifentanil on catalase (CAT) activity.
Remifentanil infusion (2 pg/kg/min) was started with the ischemia period
(2h) and was continued until the end of reperfusion (1h). Data expressed
as mean+SEM. p=0.000 vs ischemia reperfusion (I/R) group.
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FIGURE 4 - Effect of remifentanil on superoxide dismutase (SOD)
activity. Remifentanil infusion (2 pg/kg/min) was started with the
ischemia period (2h) and was continued until the end of reperfusion (1h).
Data expressed as meantSEM. p=0.000 vs ischemia reperfusion (I/R)

group.

Discussion

ROS-mediated reperfusion injury induces acute and
chronic rejections. Treatment of the reperfusion injury is a
successful therapeutic strategy in transplantation models'®. In this
study, the protective effect of remifentanil against uterine I/R was
evaluated. Our results demonstrate that remifentanil administration
decreased histopathologic injury levels and oxidative stress (MDA
levels) and increased antioxidant enzyme (CAT, SOD) activity
after uterine I/R injury. In this experimental study, we observed
that remifentanil has beneficial effects in preventing reperfusion
injury of uterine tissue.

Several experimental studies have shown a protective
effect with opioid agonists against I/R injury in a wide variety
of tissues'”. Many researchers administered remifentanil during
ischemic preconditioning and postconditioning. Preconditioning
refers to the application of a protective intervention before
ischemia; this can be either pharmacological or mechanical,
which includes brief periods of sublethal ischemia separated by
periods of reperfusion to increase the tolerance of the tissue to I/
R™. The heart, liver, kidney, brain, and intestine are among the
tissues in which remifentanil preconditioning has been studied.
Studies have shown remifentanil has a protective effect against
ischemic injury®!. In a study of remifentanil preconditioning in
liver I/R, the authors reported a protective effect as suggested by
decreased apoptosis and less tissue damage, which is in agreement
with our findings''. In the present study, the histopathologic
evaluation revealed that the uterine I/R injury caused significant
epidermal cell damage and significant leukocyte accumulation
in the rat uterine tissue. In contrast, remifentanil administration
decreased the leukocyte population and cell degeneration.
Ischemic postconditioning initially refers to the application of a
protective intervention after reperfusion. This technique is similar
to preconditioning; only the time of the application differs®.
Postconditioning with remifentanil has also shown protection in
I/R injury of the heart and brain?*2. Protection occurs not only
during preconditioning and postconditioning but also when
remifentanil is given continuously?”. Remifentanil is usually
administered as a continuous infusion in current clinical practice;
therefore, we preferred to administer the analgesic in this way.

Since oxygen is reintroduced during reperfusion,
xanthine oxidase converts the excess hypoxanthine to toxic
ROS, which results in cellular damage by lipid peroxidation®.
Lipid peroxidation leads to the formation of lipid radicals, lipid

hydroxyl radicals, and hydroperoxides. MDA serves as a sign
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of lipid peroxidation in I/R damage. MDA disorganizes ionic
transport and enzymatic activity that leads to increased membrane
permeability, and causes breaks in cell content®. In this study,
we found a significant decrease in MDA levels with remifentanil
infusion. Consistent with our finding, in a study that investigated
pharmacological preconditioning with remifentanil in liver I/R
injury, the authors also reported a decrease in MDA levels!!.
Similarly, in another study, remifentanil preconditioning decreased
MDA levels in intestinal ischemia®. Antioxidants are among
the defense mechanisms against free radical-induced oxidative
stress. The enzymatic antioxidant defenses include glutathione
peroxidase, SOD, and CAT?. In the present study, CAT and SOD
activities were used to determine the antioxidant levels. CAT, as
an antioxidant enzyme, converts H,O, to H,0-O, and prevents
the formation of hydroxyl radicals. Studies with CAT showed
that it can protect tissues and organs against I/R injury damage
by its antioxidative ability?®. SOD acts as an enzyme-free radical
scavenger and can protect organs from reperfusion damage®. We
found that remifentanil administration increased both CAT and
SOD activities. Remifentanil appears to protect uterine tissues
against I/R as evidenced by the decreased MDA concentrations
and increased CAT and SOD activities.

A limitation of our study is that the model we used (2-h
ischemia, 1-h reperfusion) does not reflect a clinical situation. Thus,
further investigation is required to provide detailed information
about the ischemia-reperfusion period as an experimental model.

We observed no differences in stromal edema and
vascular congestion between the I/R and I/R+R groups. This
may because of the stage of the reproductive cycle in rats. In the
diestrus phase, the uterus is small, and the horns lack prominent
vasculature. Additionally, only slight stromal edema can be
observed at this time*. According to these data, it is possible that

considerable differences will not be found between these groups.
Conclusions

The remifentanil administration can lead to protection
against uterine ischemia-reperfusion. This study represents a step
toward understanding the effect of remifentanil that is commonly
used during transplantation surgery. Since the drugs used during
transplantation are important, remifentanil can be used safely as
an opioid. The next challenge is to better to find new experimental
models that will mimic the clinical situation due to the limited

studies on uterine ischemiareperfusion.
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