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Abstract

Objectives: Ischemia-reperfusion (IR) injury is a complex phenomenon, which is known to cause cell damage. In this study, we
aimed to investigate the protective effects of dexmedetomidine on lung in the renal IR model in diabetic rats

Materials and Methods: After approval of the ethics committee, diabetes was induced by streptozocin (55 mg/kg) and then 24
Wistar Albino rats were randomly divided into 4 groups. Diabetic control group (group DC), diabetic dexmedetomidine (group
DD), diabetic ischemia-reperfusion (group DIR), diabetic ischemia-reperfusion - dexmedetomidine (group DIR-D). In DD and DIR-
D groups, 100 p/kg dexmedetomidine was administered intraperitoneally 30 minutes before renal ischemia-reperfusion
administration. In group DIR, and both artery and vein were clamped by an atraumatic vascular clamp for 120 minutes, then
allowed reperfusion for 120 minutes. After then, biochemical and histopathological parameters of lung tissue samples were
evaluated.

Results: Histopathologically, neutrophil infiltration/aggregation, alveolar wall thickness, and total lung injury scores were found
to be significantly higher in the DIR group than in the DC, DD and DIR-D groups. In addition, neutrophil infiltration/aggregation,
alveolar wall thickness, and total lung injury scores were significantly higher in the DD and DIR-D groups compared to the DC
group. We found that Catalase, Paraoxonase-1 activities and malondialdehyde levels were significantly increased in DIR group
compared to DC, DD and DIR-D groups (p=0.008, p<0.0001 and p=0.001 respectively).

Conclusion: It was found that dexmedetomidine administered in diabetic rats partially corrected ischemia-reperfusion -related
damage in the lung. We think that dexmedetomidine administration before renal IR has a protective effect in in diabetic rats.
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1. Introduction

It is a known fact that ischemia-reperfusion injuries
(IR) can affect many organs in the body. The various
factors are responsible for the pathogenesis of
ischemia-reperfusion injury.! Recent studies have
shown that acute renal I/R causes some disfunction in
both adjacent and distant organs such as heart, liver,
brain, and small intestines.? The lung is also prone to
injury because of its large microcapillary network.
Lung injury is characterized by many parameters
including neutrophil infiltration/aggregation, alveolar
wall thickness,* and total lung injury score. After
ischemic acute renal failure, the pulmonary injury was
noticed, which is characterized by non-cardiogenic
edema and neutrophil infiltration.>

Dexmedetomidine is an alpha-2 adrenergic agonist and
is used for its sedative, analgesic, sympatholytic
properties. Due to these beneficial effects, it is
frequently preferred in trauma patients. In addition, It
is shown that dexmedetomidine may reduce systemic
inflammation.® The  protective  effects  of
dexmedetomidine on ischemic injury due to I/R have
been described in both adjacent and distant organs
(such as pulmonary, cardiac, liver and renal). The risk
of distant organ damage due to lipid peroxidation
secondary to I/R has increased in diabetic patients
compared to the normal population.” In the case of I /
R, there is no effective treatment of distal organ
damage and it is still a serious problem.

In this study, we aimed to investigate the protective
effects of dexmedetomidine on lung in the renal IR
model in diabetic rats.

2. Methodology
2.1. Settings

This study was carried out at the Animal Experiments
Laboratory of Gazi University after the approval of the
Animal Ethics Local Ethics Committee (Number
18.015). The entire study methodology was performed
in accordance with the guideline for the protection and
care of experimental animals. 24 male Wistar albino
rats weighing 200-250 gr were used for the
experiment.
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2.2. Procedures

The animals were allowed to access free water and
food for 2 hours before the procedure with a 12-hour
dark-light cycle in standard metal cages. 100 mg/kg
(i.p.) of ketamine hydrochloride (Ketalar ®,
Eczacibag1 Parke-Davis, Istanbul, Turkey) was given
to provide anesthesia by the cannulation of rats' tail.
All procedures were performed in the supine position.
Streptozotocin (STZ; Sigma Chemical, St Louis, MO,
USA) at a single dose of 55 mg/kg was administered
intraperitoneally (IP) to induce diabetes. After 48
hours, in case blood glucose was below 250 mg/dl, the
streptozocin dose was repeated. If the blood glucose
level above 250 mg/dl then it was accepted as diabetic.
The experimental protocol was applied to the rats 4
weeks after the formation of diabetes.

Wistar albino rats (n:24) were randomly divided into
4 groups. Diabetic control group (Group DC), diabetic
dexmedetomidine (Group DD), diabetic IR (Group
DIR), diabetic IR- dexmedetomidine (Group DIR-D).
In Group DD and DIR-D, 100 pg/kg dexmedetomidine
was administered intraperitoneally 30 minutes before
renal IR administration. In Group DIR and DIR-D both
artery and vein were clamped by an atraumatic
vascular clamp for 120 minutes. Then, the clamp was
removed and reperfusion was achieved for 120
minutes. After the reperfusion period, biochemical and
histopathological parameters of lung tissue samples
were evaluated.

In Group DC, the rats were anesthetized with ketamine
and no additional anesthetic agent were administered.
In Group DC, an only midline laparotomy was
performed and IR was not applied. In Group DIR, rats
were anesthetized with ketamine and were not given
dexmedetomidine. After proper disinfection, a midline
laparotomy was performed. The left renal pedicle was
released and both left renal artery and vein were
clamped with an atraumatic vascular clamp. After 120
minutes of ischemia, reperfusion for 120 minutes was
applied. In Group DD, after anesthesia, 100 p/kg
dexmedetomidine was administered intraperitoneally.
IR was not applied. In Group DIR-D, 100 p/kg
dexmedetomidine was administered intraperitoneally
30 minutes before renal IR administration. Lung
tissues were excised and removed, and then rats were
sacrificed. Biochemical and histopathological
parameters were evaluated.
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Table 1: Biochemical parameters of lung tissue [Mean * SE]

Group DC Group DD Group DIR Group DIR-D
Parameter
(n=6) (n=6) (n=6) (n=6)
MDA (nmol/mg pro) 3.37 £0.46* 4.25+0.38* 7.12£0.59 4.77 £0.36* <0.0001
+
CAT (1U/mg pro) 333 'S;)*‘ 298.60£13.17*  494.67+57.89  337.00 £ 38.37* 0.008
PON (1U/mg pro) 6.28 +0.63* 7.47 £0.87* 10.35 +0.53 7.63+0.37* 0.001

MDA; Malondialdehyde, CAT: Catalase, PON: Paraoxonase
p**: Significance level with Kruskal Wallis test p < 0.05

*p < 0.05: compared with Group DIR

+p < 0.05: compared with Group DC

formed per min.1® The CAT and PON 1 activities were
given in IU/mg protein.

2.3. Measurements of MDA levels and

CAT and PON-1 activities in lung . .
Samples protein amount was determined by Lowry O

tissue method, BSA was used standard protein.
Measurement of Malondialdehyde (MDA) levels,
thiobarbituric acid (TBA) reactive substances assay 2.4. Histopathological evaluation of the

was performed by Van Ye et al method.® The reaction
with TBA at 90-100°C was used to determine the
MDA level, as MDA or similar substances react with
TBA and produce a pink pigment that has an
absorption maximum of 532 nm. To ensure protein
precipitation, the sample in room temperature is mixed

lung

Histopathological analysis in lung tissue sections were
performed blindly by histopathologist as in twenty-
five different areas randomly determined in each
preparation without overlap in each preparation.

with cold 20% (wt/vol) trichloroacetic acid and the Histological tissue damage was evaluated by light
precipitate is then centrifuged for 10 min 3000 rpm at microscopy by hemotoxylin-eosin staining. The
room temperature to form a pellet. severity of lung injury; evaluated with a 4-point scale

An aliquot of the supernatant is then placed into an (0: No damage, 1: mild injury, 2: moderate injury, 3:

equal volume of 0.6% (wt/vol) TBA in a boiling water severe injury).
bath for 30 min. Following cooling, sample and blank
absorbance were read at 532 nm and the results
expressed as nmol/mg protein, based on a graph where

1,1,3,3-tetramethoxypropane has been used as MDA
standard. Sciences (SPSS) 22.0 (IBM, Armonk, NJ, USA)

statistics program. Compliance with  normal
distribution was checked by the Kolmogorov-Smirnov
test. In the evaluation of more than two independent
groups with normal distribution, analyses were

2.5. Statistical analysis

All data obtained from the semi-quantitative analyses
were calculated using Statistical Package for the Social

The Catalase (CAT) activity is based on the
measurement of absorbance decrease due to H:0:
consumption at 240 nm by Aebi H method.®

Paraoxonase (PON)-1 activity was measured the rate performed by using Kruskal-Wallis test. A Bonferroni
of hydrolysis of paraoxon by monitoring the increase adjusted Mann-Whitney U test was used after a
of absorbance at 405 nm and at 25 °C by Brites FD. significant Kruskal-Wallis findings to determine
method. The basal assay mixture included 1.0 mM which group differs from the others. Results are
paraoxon and 1.0 mM CaCl2 in Tris/HCI buffer (pH: expressed as mean + standard error (SE). Statistical
8.0, 100 mM). The definition of 1 unit of paraoxonase significance was set at a p < 0.05.

activity was taken as 1 millimole of p-nitrophenol
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1. Results

Oxidant parameters (CAT and PON activities, MDA
levels) were evaluated. We found that CAT and PON
activities and also MDA levels were significantly
increased in DIR group compared to DC, DD, and
DIR-D groups (p = 0.008, p < 0.0001 and p = 0.03. 01
respectively). MDA levels were significantly
increased in DIR group compared to DC, DD, and
DIR-D groups (p < 0.0001, p < 0.0001 and p = 0.002
respectively).

Also MDA levels were higher in Group DIR-D
compared to Group DC (p = 0.044). PON activities
were significantly increased in DIR group compared to
DC, DD, and DIR-D groups (p = 0.003, p = 0.003 and

Figure 1: Mild neutrophilic infiltration and increased
alveolar wall thickness in the HE-100

Figure 2: Moderate neutrophilic infiltration and
increased alveolar wall thickness in the DD
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p =0.013 respectively). Similarly, CAT activities were
significantly increased in DIR group compared to DC,
DD and DIR-D groups (p < 0.0001, p =0.004 and p =
0.006 respectively). All results related to oxidant
parameters are shown in Table 1.

Comparison of the findings for lung tissue neutrophil
infiltration/aggregation  revealed a  significant
difference among the groups (p < 0.0001). Neutrophil
infiltration/aggregation was significantly higher in the
DIR group than in the DC DD, and DIR-D groups (p <
0.0001, p = 0.002 and p = 0.016, respectively).

Neutrophil infiltration/aggregation ~ was  also

significantly higher in the DIR and DIR-D groups than
in the DC group (p < 0.0001 and p < 0.0001,
respectively). (Table 2; Figures 1-4).

increased alveolar wall thickness in the DIR group,
HE-100.

Figure 4: Moderate neutrophilic infiltration and
increased alveolar wall thickness in the DIRD group,
HE-200
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Table 2: Histopathological parameters of lung tissue [Mean + SE]

Group DC Group DD Group DIR Group DIR-D
Parameters
(n=6) (n=6) (n=6) (n=6)
Neutrophil infiltration-
. 0.33+0.21* 1.00 + 0.00** 1.83+0.17 1.00 £ 0.26** <0.0001
aggregation
Alveolar wall thickness 1.00 + 0.00%* 2.00 + 0.00** 2.67 £0.21 2.17 £0.17** <0.0001
Total Score 1.33+0.18%* 3.00 £ 0.00** 4.50+£0.35 3.17 £0.31** <0.0001

p**: Significance level with Kruskal Wallis test p < 0.05
*p < 0.05: compared with Group DIR
+p < 0.05: compared with Group DC

Alveolar wall thickening in lung tissue was
significantly higher in the DIR group than in the DC,
DD, and DIR-D groups (p < 0.0001, p =0.001, and p
=0.001, respectively). Alveolar wall thickening was
also significantly higher in the DIR and DIR-D
groups than in the DC group (p < 0.0001 and p <
0.0001, respectively) (Table 2; Figures 1-4).

The lung tissue injury score was significantly higher in
the DIR group than in the DC, DD, and DIR-D groups
(p <0.0001, P <0.001 and p = 0.001, respectively). In
addition, the lung tissue injury score was significantly
higher in the DIR and DIR-D groups than in the DC
group (p <0.0001 and p < 0.0001, respectively) (Table
2; Figures 1-4).

2. Discussion

IR is a complex and biphasic process, which causes
cell damage. IR injury is very important for not only
adjacent organs but also distant organs. After the blood
flow is re-established, reperfusion increases the rate of
injury resulted from the ischemic period and
aggravates the damage.® Ischemia and/or reperfusion
may be responsible for lung injury due to IR. Various
ischemia-reperfusion injury models have been
applied*?*® and many studies have been conducted
about this issue.41°

It is known that diabetes may affect microcirculation.
Also, IR affects microcirculation. Therefore, the
present study was conducted on diabetic rats to
determine the effects of dexmedetomidine on lung
injury in diabetic rats. In this study, which was planned
for diabetic rats induced by STZ, dexmedetomidine
was shown to alleviate lung damage due to renal IR.
Lung tissue damage, and oxidative stress parameters
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(CAT and PON activities and MDA, levels) were
evaluated by spectrophotometrically. Similar to
hepatic IR, Renal IR cause systemic inflammation and
may affect multiple organs such as intestine, lung, and
heart.16 In another study, they found that acute renal
failure regardless of renal ischemia might cause
pulmonary injury.” Although only limited information
is available kidney-lung interactions, one previous
study found that dexmedetomidine attenuated lung
injury induced by renal IR.2®

We found that dexmedetomidine reduced lung injury
due to IR. Previous studies showed that the expression
of Intercellular adhesion molecule -1 (ICAM-1) and
due to Tumor necrosis factor-alpha (TNF alfa) release
might be responsible for local and distant organ
injuries due to IR and induce neutrophil trafficking,
and these effects could be attenuated by pre and post
dexmedetomidine.'”'® Also, Gu et al. found that
dexmedetomidine attenuated inflammatory response
by reducing myeloperoxidase activity.'® In 24 hours
after renal IR, neutrophil accumulation was found in
the lungs.* Previous studies showed that some enzymes
could be considered as indicators of intracellular
antioxidants such as CAT which is an indicator of
antioxidant activity. MDA is considered a marker of
cell wall peroxidation. We used CAT and MDA levels
to determine the effects of dexmedetomidine on lung
injury. We found that CAT and MDA levels were
lower in the group given dexmedetomidine.

Dexmedetomidine has been shown to be effective to
reduce local, cardiac ischemia, reperfusion injury.®® It
is possible that dexmedetomidine may protect the
lungs because it is known to have kidney protective
effect on IR injury. Creatinine and urea are highly toxic
substances that may play a role in lung injury.” A
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previous study showed that inflammatory lung injury
with IR was correlated with serum creatinine and
kidney pathologies.* However, it is difficult to evaluate
mice kidney functions.

In animal studies, it has been shown that
dexmedetomidine reduce the mortality rate and
inflammatory responses.?> A previous study showed
that dexmedetomidine reduced the rate of ventilation-
induced lung injury in rats.?! In addition,
dexmedetomidine infusion was shown to improve
kidney functions.?? The protective feature of

dexmedetomidine is thought to be related to the local
renal protective feature and it may have positive effects
on multi-organ failure.®®* Moreover, if alfa-2
adrenoceptor antagonist such as atipamezole is given
before dexmedetomidine application, the effects of
dexmedetomidine on ICAM-1 and TNF-alfa are
reduced.®

In our study, neutrophil infiltration/aggregation,
alveolar wall thickness, and total lung injury scores
were found to be significantly higher in Group DIR,
but lower in the group given dexmedetomidine (Group
DIR-D), which indicates that dexmedetomidine has
protective effects on lung injury. Eroglu et al. reported
that the prevention of the tissue injury after the IRl was
demonstrated with most of the intravenous anesthetics
like dexmedetomidine in both animal and clinical
studies.Z In the future, the studies should be focused
on the dosage of the anesthetics related to diminishing
the tissue injuries and should be required in order to
investigate the effects of the anesthetics on molecular
levels.

3. Conclusion

In this study we found that 100 pg/kg
dexmedetomidine administration intraperitoneally 30
minutes before ischemia in diabetic rats partially
corrected IR-related damage in the lung. We think that
dexmedetomidine administration before renal IR has a
protective effect in diabetic rats.
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