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Abstract. – OBJECTIVE: This study aimed to 
analyze the histopathological and biochemical ef-
fects of dexmedetomidine on the rat uteri exposed 
to experimental ischemia-reperfusion injury.

MATERIALS AND METHODS: Twenty-four 
female rats were randomly divided into three 
groups. Group 1 was defined as the control 
group. An experimental uterine ischemia-reper-
fusion model was created in Group 2. Group 3 
was assigned as the treatment group. Similar 
uterine ischemia-reperfusion models were cre-
ated for the rats in Group 3, and then, unlike the 
other groups, 100 μg/kg of dexmedetomidine 
was administered intraperitoneally immediate-
ly after the onset of reperfusion. In blood bio-
chemical analysis, superoxide dismutase (SOD), 
glutathione peroxidase (GSH-Px) activities and 
malondialdehyde (MDA), interleukin 1beta (IL-
1β), interleukin 6 (IL-6) and tumor necrosis fac-
tor-alpha (TNF-α) levels were measured. In the 
histopathological analyses, endometrial epithe-
lial glandular changes (leukocytosis, cell degen-
eration) and endometrial stromal changes (con-
gestion, edema) were analyzed using the tissue 
damage scoring system.

RESULTS: It was observed that IL-1β, IL-6, and 
TNF-α levels were significantly suppressed in 
Group 3 compared to Group 2 (p=0.001, p<0.001 
and p=0.001, respectively). MDA level was noted 
as the highest in Group 2. The MDA value in Group 
3 was measured at 5.37±0.82, which was signifi-
cantly decreased compared to Group 2 (p<0.001). 
An increase in antioxidant enzyme activities (SOD 
and GSH-PX) was observed in Group 3 compared 
to Group 2 (p=0.001 and p=0.006, respectively). 
In our histopathological analysis, a significant 
improvement in endometrial epithelial glandular 
and endometrial stromal changes was revealed in 
Group 3 compared to Group 2 (p<0.001).  

CONCLUSIONS: In our study, it has been doc-
umented that dexmedetomidine protects the uter-
ine tissue against ischemia-reperfusion injury.
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Introduction

In recent years, clinicians have started to show 
increasing interest in non-life-saving organ trans-
plants aimed at improving the quality of life. In this 
context, uterus transplantation is a highly popular 
topic today1. 5-7% of the general population suf-
fer from absolute uterus factor infertility. For these 
patients, uterus transplantation is the only chance 
for fertility2. The first uterus transplant was per-
formed in 2000 but ended in failure during the 
third postoperative month due to uterine necro-
sis3. Although cases of having children through 
uterus transplantation have been reported in this 
century, the success rate of these procedures is 
quite low4. Transplantation success is limited by 
ischemia-reperfusion injury, and researchers are 
conducting intensive studies to regulate uterine 
tolerance to ischemia-reperfusion injury. Isch-
emia-reperfusion injury is closely related to the 
high amount of reactive oxygen radicals that sud-
denly occur with reperfusion in the ischemic tis-
sue, the inflammatory response that begins with 
neutrophil clusters accumulating in the transplant-
ed tissue, endothelial dysfunction, microcirculato-
ry disorders, apoptosis, and necrosis. This situation 
plays a critical role in both acute and chronic re-
jection in organ transplantation5,6. Today, various 
pharmacological agents such as remifentanil, my-
cophenolate mofetil, relaxin, erythropoietin, mela-
tonin, glycine, crocetin, and resveratrol have been 
studied1,5,7-10 to minimize oxidative stress by creat-
ing a uterine ischemia-reperfusion model.
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Dexmedetomidine is a potent and highly selec-
tive α2-adrenoreceptor agonist. It provides seda-
tion and analgesia without respiratory depression 
and high-level loss of cooperation. Due to its short-
er mechanical ventilation and intensive care unit 
stay durations compared to other sedative drugs, it 
is a frequently used pharmacological agent in anes-
thesia clinics11. In addition, dexmedetomidine has 
antioxidant, anti-inflammatory, and anti-apoptotic 
properties. Experimental studies6,12-15 conducted in 
various tissues such as the penis, liver, intestinal 
system, kidney, and heart documented the protec-
tive effects of dexmedetomidine against oxidative 
damage due to these functions.

This study aimed to determine the possible pro-
tective effects of dexmedetomidine against uterine 
ischemia-reperfusion injury. As far as we know, this 
is the first experimental study in the English litera-
ture where dexmedetomidine was administered in 
rats with a uterine ischemia-reperfusion model.

Materials and Methods

Study Design
Approval was obtained from the Tokat 

Gaziosmanpasa University local Ethics Com-
mittee (2022 HADYEK-22) for all surgical 
and experimental procedures.  In this study, 
24 Albino-Wistar female rats (235-415 g) were 
used. The experiment was conducted under a 
12-hour light/dark cycle at a constant tempera-
ture. (22±2°C). Experimental animals were ob-
served in the laboratory in accordance with the 
National Research Council’s Guide for the Care 
and Use of Laboratory Animals, as well as in-
stitutional guidelines. All experimental animals 
were fed with standard food and water. Only the 
rats in Group 3 were administered the specified 
dexmedetomidine. 

Group 1 was defined as the control group. In 
this group, only uterine tissues were removed, 
and blood samples from the inferior vena cava 
were collected. 

Group 2 was determined as the uterus isch-
emia-reperfusion group. Uterus-ischemia reper-
fusion injury was created in this group as previ-
ously described in the literature. 

Group 3 was assigned as the treatment group. 
A uterine ischemia-reperfusion model similar to 
that in Group 2 was created. In addition, 100 μg/
kg of dexmedetomidine was administered intra-
peritoneally to this group immediately after the 
onset of reperfusion.

The rats were administered 50 mg/kg of ket-
amine hydrochloride and 10 mg/kg of xylazine 
hydrochloride intramuscularly for anesthesia. 
After anesthesia was achieved, all rats were 
placed in the supine position; then, the surgical 
area was shaved and disinfected with a povi-
done-iodine solution. Then, all the rats under-
went laparotomy with a 2-3 cm long vertical 
incision in the midline and lower abdominal 
sac. The intestines were gently pushed to the 
left side with the help of moist gauze, and the 
abdominal aorta was exposed. In Group 1, the 
experiment was terminated at this stage; uterine 
tissues were removed, and blood samples were 
collected from the inferior vena cava. The uterus 
ischemia-reperfusion model was created for the 
rats in Groups 2 and 3. In this context, the distal 
abdominal aorta was clamped with an atraumat-
ic microvascular clamp approximately 0.5 cm 
above the aortic bifurcation. Then, both ovaries 
were temporarily ligated with Vicryl 3-0 su-
tures, including the artery and its surroundings, 
to prevent collateral circulation. The abdomen 
was closed, creating warm ischemia for 1 hour. 
Then, the microvascular clamp and sutures from 
the ovarian arteries were removed, and uterine 
blood flow was restored. Reperfusion continued 
for 1 hour. At the end of the reperfusion period, 
blood samples were collected from the inferior 
vena cava, and uterine tissues were removed8.  

Biochemical Analysis
Blood samples were taken into tubes for bio-

chemical analysis. After centrifugation at 4,000 
rpm for 10 min at 4°C, serum samples were fro-
zen and stored at -20°C until the day of study. The 
commercial and analytical grade chemical mate-
rials (Sigma-Aldrich, Merck, Alfa Aesar, Acros 
Organics B.V.B.A., Tekkim, Isolab) were used for 
the determination of the following parameters. 
Superoxide dismutase (SOD) and glutathione per-
oxidase (GSH-Px) activities and malondialdehyde 
(MDA) levels in serum samples were determined 
by spectrophotometric method, similar to the 
methods in our previous study. GSH-Px activ-
ity was determined according to the method of 
Paglia and Valentine16, and SOD enzyme activity 
was determined by the method modified by Sun 
et al17. Lipid peroxidation was determined accord-
ing to the Esterbauer measurement method18. In-
terleukin 1beta (IL-1β), interleukin 6 (IL-6), and 
tumor necrosis factor-alpha (TNF-α) were deter-
mined by the Elisa method and were studied as 
described in the package inserts of the kits.
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Tissue Processing and Hematoxylin-Eosin 
Staining

At the end of the experiment, the uteri of the 
rats were removed and placed in a 4% buffered 
neutral formalin solution for histological analysis 
and fixed for 72 hours. Blocked uteri were sec-
tioned into consecutive thin slices with a rotary 
microtome (Leica RM2135, Wetzlar, Germany) at 
a thickness of 5 µm. The obtained uterine tissue 
sections were placed on frozen slides with ground 
edges for hematoxylin and eosin staining and 
were made into preparations for histopathologi-
cal analyses to detect tissue damage. Hematoxy-
lin-eosin-stained uterine tissue sections from the 
study groups were analyzed with a light micro-
scope (Nikon Eclipse 200, Tokyo, Japan) using a 
40x objective.  

Histopathological analyses were performed us-
ing the scoring system utilized by Atalay et al1. In 
this scoring system, endometrial epithelial glan-
dular (leukocytosis, cell degeneration) and endo-

metrial stromal changes (congestion, edema) were 
graded from 0 to 3. Scored from 0 to 3 accord-
ing 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).

Statistical Analysis
Descriptive statistics were used to provide 

information about the general characteristics 
of the study groups. Data for the variables were 
described using mean ± standard deviation and 
range (min-max). Group differences in vari-
ables were assessed using One-Way Analysis 
of Variance (ANOVA). Post-hoc Tukey HSD or 
Tamhane’s T2 tests were used for further com-
parisons. Ready-to-use statistical software was 
used for the calculations. (SPSS 22, IBM Corp., 
Armonk, NY, USA). Statistical significance was 
accepted for p<0.05.

Table I. Comparison of SOD and GSH-Px activity, TNF-α, IL-1β, IL-6, and MDA levels obtained from blood 
between rat groups.

SOD, Superoxide dismutase; GSH-Px, Glutathione peroxidase; MDA, malondialdehyde; TNF-α, Tumor necrosis fa-
ctor-alpha; IL-1β, Interleukin 1 beta; IL-6, Interleukin 6; SD, standard deviation. Test: One-Way Analysis of Variance 
(ANOVA). Differences between groups were examined with Post-hoc Tukey HSD or Tamhane’s T2. *Statistically 
significant (p<0.05).  

Groups n Mean±SD Min-max p-value Post-hoc p-value

SOD (U/ml)
1 8 7.67±1.27 6.22-9.80

<0.001*
1-2: <0.001*

2 8 4.63±1.05 3.21-6.30 1-3: 0.528
3 8 6.84±1.19 5.43-9.10 2-3: 0.001*

GSH-PX (U/
ml)

1 8 705.60±85.75 587.20-864.20
<0.001*

1-2: <0.001*
2 8 428.75±119.19 288.50-603.00 1-3: 0.008*
3 8 589.50±57.09 499.10-698.40 2-3: 0.006*

MDA (μmol/
mL)

1 8 4.28±0.84 2.80-5.34
<0.001*

1-2: <0.001*
2 8 7.32±1.03 5.89-9.21 1-3: 0.030*
3 8 5.37±0.82 3.98-6.21 2-3: <0.001*

TNF-α (ng/L)
1 8 548.97±59.98 495.10-681.20

<0.001*

1-2: <0.001*

2 8 782.52±88.45 634.40-935.30 1-3: 0.509
3 8 628.99±94.09 505.59-777.80 2-3: 0.001*

IL-1β (ng/ml)
1 8 10.85±1.01 9.80-13.20

<0.001*

1-2: <0.001*

2 8 17.43±1.88 15.08-19.98 1-3: 0.001*

3 8 13.68±1.73 11.10-16.21 2-3: 0.001*

IL-6 (ng/L)
1 8 17.91±3.44 10.81-22.31

<0.001*
1-2: <0.001*

2 8 31.40±4.14 26.10-38.90 1-3: 0.028*
3 8 22.37±3.28 18.77-30.01 2-3: <0.001*
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Results

Biochemical Results
Our blood biochemical analysis results are doc-

umented in Table I. Antioxidant enzyme activity 
(SOD and GSH-Px) was recorded as 6.84±1.19 
and 589.50±57.09 in Group 3, respectively. These 
values were statistically significantly higher com-
pared to Group 2 (p=0.001 and p=0.006, respec-
tively). The level of MDA, the end product of lip-
id peroxidation, was highest in Group 2 and was 
measured as 7.32±1.03 (p<0.001). A significant de-
crease was observed in Group 3 (p<0.001). Consid-
ering the pro-inflammatory cytokine (IL-1β, IL-6, 
and TNF-α) levels it was measured as 13.68±1.73, 
22.37±3.28 and 628.99±94.09 in Group 3, respec-

tively. All proinflammatory values were found to 
be suppressed compared to Group 2 (p=0.001, 
p<0.001 and p=0.001, respectively).

Histopathological Results
In our histopathological analysis, it was ob-

served that there was a significant improvement 
in the tissue damage level in Group 3 compared 
to Group 2. The highest endometrial epithelial 
glandular tissue damage score was in Group 2 
and was measured as 2.3±0.31 (p<0.001). A sig-
nificant decrease in epithelial cell degeneration 
and leukocyte concentration was observed in 
Group 3 compared to Group 2. Endometrial epi-
thelial glandular tissue damage score was record-
ed as 1.07±0.26 in Group 3 (p<0.001). Similarly, 

Figure 1. Representative microscopic images of uteruses from each study group. In the control group (D1), a uterus with a nor-
mal histological structure with normal uterine lumen epithelial invaginations, uterine glands (black arrow), endometrial stroma 
(asterisk), and blood vessels (arrowhead) is seen. In the ischemia group (D2), uterine tissue is characterized by disrupted overall 
histological architecture with deformed epithelial glandular structures (black arrow), hemorrhagic and ischemic endometrial 
stroma (asterisk), vascular congestion (arrowhead), and infiltration of inflammatory cells (white arrow). In the treatment group 
(D3), the uterus exhibits a histological appearance similar to the control group, with regenerating epithelial and glandular struc-
tures (black arrow), moderate congestion (arrowhead), and minimal hemorrhage (blue arrow) (Hematoxylin and Eosin, Scale 
bar: 100 µm).
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the highest endometrial stromal damage score 
was in Group 2 and was measured as 2.22±0.32 
(p<0.001). It was observed that there was a de-
crease in the level of stromal edema and vascular 
congestion in Group 3 compared to Group 2. En-
dometrial stromal damage score was recorded as 
1.2±0.24 in Group 3 (p<0.001, Figure 1). When 
the total scores were examined, it was reported as 
1.14±0.25 in Group 3, which was significantly de-
creased compared to Group 2 (p<0.001, Table II). 

Discussion

Approximately one million women worldwide 
are waiting to be treated for infertility due to the ab-
sence of a uterus (Mayer-Rokitansky-Küster-Haus-
er syndrome, hysterectomy due to postpartum 
bleeding, large myomas or malignancies), or the 
presence of a dysfunctional uterus (sepsis, myomic 
uterus or Asherman syndrome). This patient group 
has no genetic or gestational chance of becoming 
a mother, and the only treatment option reported 
today is uterine transplantation3,7,8. It is estimated 
that at least 80 uterus transplantations have been 
performed worldwide to date. However, current 
published scientific data reports19 that there were 
24 live births after uterus transplantation. Unsuc-
cessful uterus transplantation may be encountered 
due to complications related to surgical procedures 
such as bleeding, vaginal cuff dehiscence, urinary 
system, or adjacent organ injuries. However, isch-
emia-reperfusion injury occurring in solid organ 
transplantations is closely related to graft dysfunc-
tion and rejection7.

Ischemia-reperfusion injury, which arises 
with the reperfusion of tissues and paradoxical-
ly leads to highly harmful effects, is a highly 
complex condition20,21. In ischemic tissue, where 
anaerobic metabolism is dominant, a decrease 
in intracellular pH and adenosine triphosphate 
is observed. Consequently, ATPase-dependent 
ion channels cannot perform their functions ad-
equately. Secondary to this situation, an increase 
in intracellular and mitochondrial calcium levels 
is observed. These changes in calcium levels ac-
tivate calcium-dependent cytosolic proteases and 
convert the enzyme hypoxanthine dehydrogenase 
into xanthine oxidase20,21. Upon the reperfusion 
of ischemic tissue, oxygen that infiltrates the tis-
sue becomes oxidant through chemical reactions 
mediated by xanthine oxidase, resulting in a sig-
nificant production of reactive oxygen radicals in 
the environment. In this case, the rapidly increas-
ing levels of reactive oxygen radicals significant-
ly surpass the antioxidant mechanisms such as 
GSH-Px, SOD, and catalase1,21. On the other hand, 
ischemia-reperfusion injury also leads to acute 
inflammatory response through neutrophil acti-
vation. This inflammation increases microvascu-
lar permeability, elevates cytotoxic protein levels, 
and accelerates the production of reactive oxygen 
radicals6,21. Reactive oxygen radicals, which are 
present in high amounts in the environment, play 
a key role in transplant tissue damage through 
lipid peroxidation, protein oxidation, and DNA 
strand breaks that lead to apoptosis5.

Dexmedetomidine is a lipophilic imidazole 
compound and can reach an effective dose curve 
in a short time with its rapid distribution phase6. 

Groups n Mean±SD Min-max p-value Post-hoc p-value

Endometrial epithelial  
glandular damage

1 8 0.09±0.03 0.04-0.13

<0.001*
1-2: <0.001*

2 8 2.3±0.31 1.88-2.68 1-3: <0.001*

3 8 1.07±0.26 0.57-1.31 2-3: <0.001*

Endometrial stromal  
damage

1 8 0.11±0.03 0.07-0.17

<0.001*

1-2: <0.001*

2 8 2.22±0.32 1.75-2.62 1-3: <0.001*

3 8 1.2±0.24 0.68-1.41 2-3: <0.001*

Total scores

1 8 0.1±0.03 0.04-0.17

<0.001*

1-2: <0.001*

2 8 2.26±0.31 1.75-2.68 1-3: <0.001*

3 8 1.14±0.25 0.57-1.41 2-3: <0.001*

Table II. Comparison of endometrial epithelial glandular and endometrial stromal changes in rat groups.

Test: One-Way Analysis of Variance (ANOVA). Differences between groups were examined with Post-hoc Tukey HSD or Tam-
hane’s T2. *Statistically significant (p<0.05).
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It has been reported14 that the half-life of this mol-
ecule, when administered intravenously, is ap-
proximately 6 minutes long, and the elimination 
half-life does not exceed 3 hours. In addition to 
its use for sedation in anesthesia clinics, operating 
rooms, and intensive care units, recent studies in 
the literature have shown that dexmedetomidine 
has important protective properties against isch-
emia-reperfusion injury. The molecular basis of 
this protective effect against oxidative damage 
cannot be clearly explained6. Dexmedetomidine 
seriously suppresses the immune system by re-
ducing proinflammatory cytokines and inhibit-
ing neutrophil infiltration in ischemia-reperfu-
sion injury. On the other hand, it has effects on 
regulating NO levels22. However, dexmedetomi-
dine causes a significant increase in antioxidant 
enzyme levels23. In addition, dexmedetomidine 
inhibits apoptosis secondary to ischemia-reperfu-
sion injury by upregulating Bcl-2 expression and 
suppressing Bax expression24. On the other hand, 
experimental studies22 have shown that dexmede-
tomidine reduces free oxygen radical formation 
by activating presynaptic α2 receptors, prevent-
ing the increase in plasma catecholamine levels in 
ischemia-reperfusion injury. 

Hall et al25 observed that intracisternal dexme-
detomidine prevented the increase in plasma nor-
epinephrine in an intracranial hypertension rat 
model. They attributed this to reducing MDA lev-
els, maintaining cardiac function, and improving 
ECG abnormalities. Taniguchi et al26 demonstrat-
ed in their study evaluating endotoxin-exposed 
rats that dexmedetomidine modulated cytokine 
production from macrophages and monocytes and 
significantly reduced mortality rates. In the same 
study, it was concluded that dexmedetomidine ad-
ministration could be a beneficial agent in sepsis. 
Sezer et al27 observed that dexmedetomidine could 
prevent liver damage related to local and systemic 
inflammatory response in experimentally devel-
oped sepsis models. In the study conducted by Kim 
et al14, they reported that dexmedetomidine showed 
protective activity against renal ischemia-reperfu-
sion damage by inhibition of NOD-like receptor 
protein 3 inflammatory activation in diabetic rats. 
In Lim et al28 rat models of hepatic ischemia-reper-
fusion, it was observed that dexmedetomidine 
alleviated oxidative damage by suppressing the 
inflammation response and apoptosis by decreas-
ing IL-6 and upregulating Bcl-2 expression. Sim-
ilarly, Sun et al29 reported that dexmedetomidine 
showed anti-apoptotic activity on human epithelial 
cells by inhibition of caspase activation; moreover, 

they reported that it showed anti-inflammatory 
activity by significantly reducing the expression 
of COX-2 as well as the production of prostaglan-
din E2 and TNF-α. Although apoptotic indexes 
were not evaluated in our study, it was observed 
that dexmedetomidine significantly suppressed 
the inflammatory response resulting from uter-
ine ischemia-reperfusion injury. Another positive 
role of dexmedetomidine in oxidative damage is 
strengthening the antioxidant systems. It is also an 
effective scavenger for reactive oxygen radicals23. 
In the study conducted by Dong et al15 by creat-
ing a cardiac ischemia-reperfusion model, they re-
ported that dexmedetomidine showed antioxidant 
activity by causing an increase in SOD activity, 
resulting in a decrease in MDA level and having 
a protective effect on heart tissue against oxidative 
stress. In another study23, they also demonstrated 
that the administration of dexmedetomidine in 
rats with skeletal ischemia-reperfusion injury in-
creased SOD, GSH, and catalase activity, creating 
a stronger antioxidant activity than vitamin E. In 
the study of Kuyrukluyıldız et al30, they similarly 
reported that dexmedetomidine showed a protec-
tive function against oxidative damage in the stom-
ach by increasing antioxidant activity. Similarly, in 
our study, it was observed that the administration 
of dexmedetomidine caused a significant increase 
in SOD and GSH-Px, which are very powerful an-
tioxidant enzymes.

Limitations
The most important missing feature of our 

study is that the possible side effect profile of 
dexmedetomidine in rats was not evaluated. On 
the other hand, the lack of detailed immunohis-
tochemical staining and the inability to measure 
apoptotic indices due to technical limitations are 
the other aspects that were missing in our study.

Conclusions

As a result, our study was the first study in English 
literature to evaluate the effectiveness of dexmede-
tomidine in rats created as a uterine ischemia-reper-
fusion model. According to the data obtained in our 
study, dexmedetomidine was found to be a highly 
effective pharmacological agent in suppressing in-
flammation secondary to uterine ischemia-reperfu-
sion injury, improving oxidative stress, and protect-
ing uterine tissue. For our study to provide guidance 
for routine obstetrics and gynecology practices, 
there is a need for large-scale randomized studies.
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