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Objective: Pancreatic surgeries inherently cause ischemia-reperfusion (IR) injury, affecting not only the pancreas but also distant 
organs. This study was conducted to explore the potential use of dexmedetomidine, a sedative with antiapoptotic, anti-inflammatory, 
and antioxidant properties, in mitigating the impacts of pancreatic IR on kidney and liver tissues.
Methods: A total of 24 rats were randomly divided into four groups: control (C), dexmedetomidine (D), ischemia reperfusion (IR), and 
dexmedetomidine ischemia reperfusion (D-IR). Pancreatic ischemia was induced in the IR and D-IR groups. Dexmedetomidine was 
administered intraperitoneally to the D and D-IR groups. Liver and kidney tissue samples were subjected to microscopic examinations after 
hematoxylin and eosin staining. The levels of thiobarbituric acid reactive substances (TBARS), aryllesterase (AES), catalase (CAT), and 
glutathione S-transferase (GST) enzyme activity were assessed in liver and kidney tissues. The serum levels of aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), blood urea nitrogen (BUN), and creatinine were measured.
Results: A comparison of the groups revealed that the IR group exhibited significantly elevated TBARS (p < 0.0001), AES (p = 0.004), and 
CAT enzyme activity (p < 0.0001) levels in the liver and kidney compared to groups C and D. Group D-IR demonstrated notably reduced 
histopathological damage (p < 0.05) and low TBARS (p < 0.0001), AES (p = 0.004), and CAT enzyme activity (p < 0.0001) in the liver and 
kidney as well as low AST and ALT activity levels (p < 0.0001) in the serum compared to the IR group.
Conclusion: The preemptive administration of dexmedetomidine before pancreatic IR provides significant protection to kidney and 
liver tissues, as evidenced by the histopathological and biochemical parameters in this study. The findings underscored the potential 
therapeutic role of dexmedetomidine in mitigating the multiorgan damage associated with pancreatic surgeries.
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Introduction
The mechanism underlying the damage caused by ischemia-reperfusion (IR) injury in various organs has previously been 
explored. It is widely acknowledged that the harm inflicted on tissues due to a lack of blood flow becomes more 
noticeable and more severe when blood and oxygen are reintroduced into previously ischemic tissues during reperfusion. 
The occurrence of ischemia and subsequent reperfusion leads to the disruption of small blood vessels in the pancreas, 
which is a key factor in the development of acute pancreatitis. Pancreatic IR is caused by reduced blood flow in the 
abdomen due to posttraumatic bleeding, septic conditions, cardiovascular disorders, clot formation due to the blockage of 
blood vessels, and surgical procedures such as aortic arch surgery, which involves the redirection of blood flow or 
clamping of blood vessels.1,2 Notably, pancreatic IR injury also arises in cases of pancreatic surgery, such as transplanta-
tion and pancreaticoduodenectomy.2

The kidneys and liver are particularly susceptible to ischemia. Recent studies have shed light on the occurrence of 
acute kidney injury (AKI) following major abdominal surgery, emphasizing its potentially fatal consequences.3–6 Within 

Drug Design, Development and Therapy 2024:18 1785–1797                                            1785
© 2024 Bostancı et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Drug Design, Development and Therapy                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 23 September 2023
Accepted: 13 May 2024
Published: 27 May 2024

http://orcid.org/0000-0002-6040-9815
http://orcid.org/0000-0001-9316-9574
http://orcid.org/0000-0003-3996-7692
http://orcid.org/0000-0003-4882-5063
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


the realm of pancreatic surgeries, graft pancreatitis is associated with a heightened risk of severe IR injury, which occurs 
in up to 25% of cases in the postoperative period. This complication can, in turn, significantly increase the risk of 
pancreas IR, leading to subsequent kidney and liver injuries.1,7–9 Therefore, developing effective treatments and 
protective mechanisms is of utmost importance.

Dexmedetomidine, which is characterized by its strong selectivity for the alpha-2 adrenergic receptor, has sedative, 
pain-relieving, and sympathetic nervous system suppressive effects.10,11 Numerous investigations have highlighted the 
anti-inflammatory effects of dexmedetomidine in response to infection as well as its ability to inhibit inflammatory 
factors in cases of shock and ischemia-reperfusion injury.12–15 Furthermore, dexmedetomidine exerts protective effects 
on various organs, including the brain,12 heart,16 lungs,14 intestines,17 and kidneys.13

While the literature emphasizes dexmedetomidine’s protective effects on acute pancreatitis induced by pharmacolo-
gical agents, such as sodium taurocholate and caerulein,18,19 there is a gap in research regarding distant organ damage 
resulting from surgical pancreatic IR. Therefore, this study was conducted to assess the cytoprotective properties of 
dexmedetomidine when administered therapeutically, focusing on liver and kidney cell injuries and dysfunction follow-
ing pancreatic IR injury.

Materials and Methods
Animals and Experimental Protocol
This study was conducted with the consent of the Experimental Animal Ethics Committee of Gazi University (G.Ü.ET- 
23.076). All procedures were performed in accordance with the accepted standards of the Guide for the Care and Use of 
Laboratory Animals and the ARRIVE guidelines for animal welfare.

A total of 24 male Wistar albino male rats, aged five months and weighing 200–225 g, were used in this study. The 
rats were kept at a temperature of 20–21°C in cycles of 12 h of daylight and 12 h of darkness and had free access to food 
until two hours before an anesthetic procedure. The animals were randomly separated into four groups—control (group 
C), dexmedetomidine (group D), ischemia reperfusion (group IR), and dexmedetomidine ischemia reperfusion (group 
D-IR)—each containing six rats (n = 6). Prior to the experiment, all rats were anesthetized with 50 mg/kg intramuscular 
ketamine (Ketalar®; 1 mL = 50 mg; Pfizer, Istanbul, Turkey) and 10 mg/kg xylazine hydrochloride (Alfazyne® 2%; Ege 
Vet, Turkey). To avoid hypovolemia, 3 mL/kg intraperitoneal 0.9% NaCl was administered hourly to all groups. During 
the ischemia-reperfusion period, the abdomens were covered with moistened, sterile pads.

Control group (Group C): Midline laparotomy was performed without any additional surgical intervention. After 3 h of 
follow-up, the liver and kidney tissues were excised after the rats were sacrificed under anesthesia.

Dexmedetomidine group (Group D): Midline laparotomy was performed without any additional surgical intervention. 
100 µg/kg dexmedetomidine (Sedodamid 100 μg/2 mL, Koçak Farma®, Turkey)20 was administered intraperitoneally 30 
min before laparotomy. Laparotomy was the sole surgical procedure conducted, without IR intervention. Three hours 
after the procedure, the liver and kidney tissues were excised after the rats were sacrificed under anesthesia.

Ischemia reperfusion group (Group IR): A pancreatic IR model was established as described in the literature.21 

A midline laparotomy was performed on the rats; the gastric breves were dissected and ligated, and the omentum majus 
was separated from the greater curvature of the stomach. For complete ischemia of the pancreas, the gastroduodenal, left 
gastric, splenic, and caudal pancreaticoduodenal arteries were isolated and clamped using an atraumatic microvascular 
clamp. After 60 min of ischemia and 120 min of reperfusion, the liver and kidney tissues of the rats were excised under 
anesthesia after euthanasia.22

Dexmedetomidine ischemia reperfusion (Group D-IR): Dexmedetomidine (Sedodamid 100 μg/2 mL, Koçak Farma®, 
Turkey) (100 µg/kg)20 was intraperitoneally administered 30 min after midline laparotomy was performed. The gastric 
breves were dissected and ligated, and the omentum majus was separated from the greater curvature of the stomach. The 
gastroduodenal, left gastric, splenic, and caudal pancreaticoduodenal arteries were isolated and clamped. After 60 min of 
ischemia and 120 min of reperfusion, the liver and kidney tissues of the rats were excised after sacrifice under anesthesia.

Following reperfusion, blood samples were collected from the abdominal aortas of the rats. Subsequently, the rats 
were anesthetized via intraperitoneal injections of ketamine (100 mg/kg) and xylazine (10 mg/kg) and sacrificed by 
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collecting abdominal aorta blood. At the end of the experiment, liver and kidney tissue samples were collected from all 
the rats for biochemical and histopathological evaluations.

After their heartbeats and respiration ceased, the rats were monitored for 2 min to confirm death.

Biochemical Analysis
The blood samples were collected in tubes. After centrifugation, aspartate aminotransferase (AST), alanine amino 
transaminase (ALT), and gamma glutamyl transferase (GGT) activity levels and blood urea nitrogen (BUN) and 
creatinine levels were measured using an Abbott Architect c16000 auto analyzer.

Aryllesterase (AES), catalase (CAT) and glutathione S-transferase (GST) activity levels and thiobarbituric acid 
reactive substance (TBARS) levels were measured in the liver and kidney tissue samples. The liver and kidney tissues 
were initially rinsed with cold 0.154 M NaCl solution to remove any blood contamination and then homogenized using 
a homogenizer (Heidolph Instruments GMBH & CO KGDiax 900, Germany) at 1000 rpm for approximately 3 min. The 
samples were centrifuged at 10,000 x g for 10 min at 4°C, and the resulting upper clear layer was collected for further 
analysis.

To quantify the TBARS (as malondialdehyde) levels, a thiobarbituric acid (TBA) reactive substance assay was 
utilized, as outlined in the literature.23 This method involves a reaction with TBA at a temperature of 85–90°C to 
determine the malondialdehyde concentration. Malondialdehyde, and similar compounds, reacts with TBA to generate 
a pink pigment, and its highest absorption is exhibited at 532 nm. Generally, to ensure protein precipitation, a room- 
temperature sample is mixed with cold 20% (wt/vol) trichloroacetic acid. The precipitate is then centrifuged for 10 min at 
3000 rpm and room temperature to form a pellet. A portion of the supernatant is subsequently combined with an equal 
volume of 0.6% (wt/vol) TBA and placed in a boiling water bath for 30 min. After cooling, the absorbance of both the 
sample and a blank is measured at 532 nm.

Catalase (CAT) activity was measured based on whether a decrease in absorbance was caused by the consumption of 
hydrogen peroxide (H2O2) at 240 nm.24 Further, GST activity was determined based on the measurement of absorbance 
increase at 340 nm due to a reduction of dinitrophenyl glutathione (DNPG), as described by Habig et al.25 Activity 
measurements were performed using the ε value of the DNPG complex.

The protein amounts of the samples were determined using the Lowry method, with bovine serum albumin used as 
the standard protein.26 The results were expressed as IU/mg protein for enzymes and nmol/mg protein for TBARS.

Histopathological Analysis
Histopathological assessments were performed in the Department of Histology at Kirikkale University. The tissues were 
fixed in 10% formalin for 48 h at room temperature. After fixation, the specimens were embedded in paraffin and 
subjected to routine tissue processing. Tissue sections 4 µm thick were sliced from the paraffin blocks using a microtome 
(Leica RM2245, Germany) and stained with hematoxylin and eosin for histopathological evaluations.

Examination of prepared specimens: Tissue sections were prepared of each group. The sections were scanned from 
end to end, and 1–2 images were taken from appropriate areas. Each field of view was scanned once.

The tissue sections were examined under a light microscope (Leica DM 4000 B, Germany) connected to a computer. 
Photographs of the samples were taken using Leica LAS V4.9. Hematoxylin and eosin-stained tissue sections were 
examined at 200× and 400× magnifications.

Liver
Each sample was examined for hydropic degeneration, sinusoidal dilatation, pycnotic nuclei, necrosis, and mononuclear 
cellular infiltration in the parenchyma. The semiquantitative evaluation technique used by Abdel-Wahhab et al27 for 
histological testing was applied to interpret the structural changes in the hepatic tissues of the control and treatment 
groups, with a negative point (0) representing no structural changes, one positive point (1, +) indicating mild changes, 
two positive points (2, ++) representing medium structural changes, and three positive points (3, +++) indicating severe 
structural changes.28
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Renal
Renal injury was evaluated by assessing glomerular vacuolization (GV), tubular dilation (TD), vascular vacuolization and 
hypertrophy (VVH), tubular cell degeneration and necrosis (TCDN), Bowman space dilation (BSD), tubular hyaline 
cylinders (THC), lymphocyte infiltration (LI), and tubular cell shedding (TCS).29 Renal injuries were scored as follows: 0, 
no change; +1, minimal change; +2, medium; and +3, severe.20

Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS, Chicago, IL, USA) 
version 26.0. The Shapiro–Wilk test and Q–Q plot test were used to assess the data distribution. The results were 
analyzed using the Kruskal–Wallis test, followed by Dunn’s test or one-way ANOVA and Tukey’s test. The results were 
expressed as mean ± standard deviation (SD) and median (interquartile range [IQR]) values. Statistical significance was 
set at p < 0.05.

Results
Liver Tissue Histopathological Results
Histopathological examinations of the liver tissues revealed significant variations between the groups in terms of hydropic 
degeneration, sinusoidal dilation, pyknotic nuclei, and necrosis (p = 0.014, p = 0.009, p = 0.032, and p = 0.007, respectively).

Hydropic degeneration was more common in the IR group than in the control and D-IR groups (p = 0.001 and p = 
0.003, respectively). A notable decrease in hydropic degeneration was seen in the D-IR group compared to the IR group 
(p = 0.034) (Table 1 and Figures 1–4).

Similarly, sinusoidal dilation was more prominent in the IR group than in the control and D groups (p < 0.0001 and 
p = 0.002, respectively). However, the occurrence of sinusoidal dilatation did not differ between the D-IR and IR groups 
(p = 0.051) (Table 1 and Figures 1–4).

Pycnotic nuclei were more prevalent in the IR group than in the control and D groups (p = 0.003 and p = 0.010, 
respectively). A notable reduction in pycnotic nuclei instances was observed in the D-IR group compared to the IR group 
(p = 0.034) (Table 1 and Figures 1–4). Necrosis exhibited a similar pattern, being more frequent in the IR group than in 
the control and D groups (p < 0.0001 and p = 0.001, respectively). Further, the D-IR group displayed a significant 
decrease in necrosis instances compared to the IR group (p = 0.009) (Table 1 and Figures 1–4). Parenchymal mono-
nuclear cell infiltration was similar across all groups (Table 1 and Figures 1–4).

Kidney Tissue Histopathological Results
Significant differences between the groups were observed in terms of GV (p = 0.014), TD (p = 0.032), VVH (p = 0.033), 
TCDN (p = 0.021), BSD (p = 0.070), THC (p = 0.032), LI (p = 0.025), and TCS (p = 0.014). The IR group exhibited 

Table 1 Histopathological Data of Hepatic Tissue (Median [IQR])

Group C  
(n = 6)

Group D  
(n = 6)

Group IR  
(n = 6)

Group D-IR  
(n = 6)

p**

Hydropic degeneration 0.00 (0.00–1.00) 0.50 (0.00–1.00)* 1.50 (1.00–2.00)*,& 1.00 (0.75–1.00)+ 0.014

Sinusoidal dilation 0.00 (0.00–1.00) 0.50 (0.00–1.00) 2.00 (1.00–2.00)*,& 1.00 (0.75–1.00) 0.009

Pycnotic nuclei 0.50 (0.00–1.00) 0.50 (0.00–1.00) 1.50 (1.00–2.00)*,& 1.00 (0.75–1.00)+ 0.032

Necrosis 0.00 (0.00–0.25) 0.00 (0.00–1.00) 1.50 (1.00–2.00)*,& 1.00 (0.00–1.00)+ 0.007

Parenchymal mononuclear cell infiltration 0.50 (0.00–1.00) 0.50 (0.00–1.00) 1.00 (1.00–1.25) 1.00 (1.00–1.25) 0.174

Notes: p** Significance level obtained with the Kruskal–Wallis test, p < 0.05. *p < 0.05: Compared to Group C. &p < 0.05: Compared to Group D. +p < 0.05: Compared to 
Group IR. 
Abbreviation: n, Number of rats.
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a higher occurrence of GV than the control and D groups (p = 0.001 and p = 0.003, respectively). Moreover, GV was 
markedly reduced in the D-IR subgroup compared to the IR group (p = 0.034) (Table 2 and Figures 5–8).

The IR group displayed higher TD than the control and D groups (p = 0.003 and p = 0.010, respectively). The D-IR 
group exhibited lower TD than the IR group (p = 0.034), as summarized in Table 2 and Figures 5–8.

VVH was more frequent in the IR group than in the control and D groups (p = 0.006 and p = 0.006, respectively) 
(Table 2 and Figures 5–8).

The IR group exhibited higher TCDN than the control and D groups (p = 0.001 and p = 0.004, respectively). The 
D-IR subgroup displayed significantly lower TCDN than the IR group (p = 0.013) (Table 2 and Figures 5–8).

BSD was similar across the groups (p = 0.070) (Table 2 and Figures 5–8).

Figure 1 Representative light microscopy of hepatic tissue from the control group. Normal liver tissue. 
Abbreviations: HL, hepatic lobule; VC, vena centralis; k, Kupffer cell hyperplasia; *, sinusoidal dilatation; ↓↓, infiltration; →, hepatocyte.

Figure 2 Representative light microscopy of hepatic tissue from the dexmedetomidine group. 
Abbreviations: HL, hepatic lobule; VC, vena centralis; er, erythrocyte; ep, epitelyum; conj, congestion; *, sinusoidal dilatation; ↓↓, infiltration; →, hepatocyte.
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The IR group demonstrated a higher occurrence of THC than the control and D groups (p = 0.003 and p = 0.010, 
respectively). Furthermore, the D-IR subgroup displayed significantly diminished THC occurrences compared to the IR 
group (p = 0.034), as presented in Table 2 and Figures 5–8.

LI was more prevalent in the IR group than in the control and D groups (p = 0.003 and p = 0.003, respectively). 
A significant decrease in LI was observed in the D-IR group compared to the IR group (p = 0.037). Similarly, TCS 
exhibited a higher occurrence in the IR group than in the control and D groups (p = 0.003 and p = 0.003, respectively), 
and the D-IR group exhibited significantly reduced TCS compared to the IR group (p = 0.037) (Table 2 and Figures 5–8).

Figure 3 Representative light microscopy of hepatic tissue from the ischemia-reperfusion group. 
Abbreviations: HL, hepatic lobules; VC, vena centralis; er, erythrocyte; ep, epitelyum; conj, congestion; *, sinusoidal dilatation; ↓↓, infiltration; inf, inflammation; →, 
hepatocyte; (*), necrotic and apoptotic hepatocyte.

Figure 4 Representative light microscopy of hepatic tissue from dexmedetomidine ischemia-reperfusion group. 
Abbreviations: HL, hepatic lobule; VC, vena centralis; er, erythrocyte; conj: congestion; *, sinusoidal dilatation; inf, inflammation; →, hepatocyte; k, Kupffer cell hyperplasia; (*), 
necrotic and apoptotic hepatocyte.
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Liver Tissue Biochemical Results
The TBARS levels significantly differed between the groups (p < 0.0001). The TBARS levels were higher in the IR 
group than in the C and D groups (p < 0.0001 for both). Moreover, significantly reduced TBARS levels were found in the 
D-IR group compared to the IR group (p < 0.0001) (Table 3).

CAT enzyme activity in the liver tissues significantly differed between the groups (p < 0.0001). The IR group showed 
higher CAT enzyme activity than the C and D groups (all p < 0.0001). In contrast, the D-IR group exhibited lower CAT 
activity levels than the IR group (p < 0.0001), as outlined in Table 3.

Liver AES enzyme activity also significantly differed between the groups (p = 0.004). AES enzyme activity was 
higher in the IR group than in the C and D groups (p = 0.001 and p = 0.002, respectively). Conversely, the D-IR group 
displayed reduced AES enzyme activity compared to the IR group (p = 0.017) (Table 3).

Regarding GST activity in the liver tissues, no significant differences were observed between the groups (p = 0.138) 
(Table 3).

Table 2 Histopathological Data of the Kidney Tissue (Median [IQR])

Group C  
(n = 6)

Group D  
(n = 6)

Group IR  
(n = 6)

Group D-IR  
(n= 6)

p**

Glomerular vacuolization (GV) 0.00 (0.00–100) 0.50 (0.00–1.00) 1.50 (1.00–2.00)*,& 1.00 (0.75–1.00)+ 0.014

Tubular dilatation (TD) 0.50 (0.00–1.00) 1.00 (0.00–1.00) 1.50 (1.00–2.00)*,& 1.00 (0.75–1.00)+ 0.032

Vascular vacuolization and hypertrophy (VVH) 0.50 (0.00–1.00) 0.50 (0.00–1.00) 1.50 (1.00–2.00)*,& 1.00 (0.75–1.00) 0.033

Tubular cell degeneration and necrosis (TCDN) 0.00 (0.00–1.00) 0.50 (0.00–1.00) 1.50 (1.00–2.00)*,& 1.00 (0.00–1.00)+ 0.021

Bowman space dilatation (BSD) 0.50 (0.00–1.00) 0.50 (0.00–1.00) 1.50 (1.00–2.00) 1.00 (0.00–1.00) 0.070

Tubular hyaline cylinders (THC) 0.50 (0.00–1.00) 0.50 (0.00–1.00) 1.50 (1.00–2.00)*,& 1.00 (0.75–1.00)+ 0.032

Lymphocyte infiltration (LI) 0.50 (0.00–1.00) 0.50 (0.00–1.00) 1.50 (1.00–2.00)*,& 1.00 (0.75–1.00)+ 0.025

Tubular cell shedding (TCS) 0.00 (0.00–1.00) 0.00 (0.00–1.00) 1.50 (1.00–2.00)*,& 1.00 (0.00–1.00)+ 0.014

Notes: p** Significance level obtained with the Kruskal–Wallis test, p < 0.05. *p < 0.05: Compared to group C. &p < 0.05: Compared to group D. +p < 0.05: 
Compared to group IR. 
Abbreviation: n, Number of rats.

Figure 5 Representative light microscopy of kidney tissue from the control group. Normal kidney tissue. 
Abbreviations: RM, renal medulla; RC, renal cortex; g, glomerulus; dt, distal tubule; pt, proximal tubule; ↓, dilate tubule; v, vacuolization.
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Kidney Tissue Biochemical Results
A comparison of the kidney tissue TBARS levels revealed significant differences between the groups (p < 0.0001). The 
IR group displayed higher TBARS levels than the C and D groups (p < 0.0001 for both). Similarly, the D-IR group 
exhibited lower TBARS levels than the IR group (p < 0.0001) (Table 4).

CAT enzyme activity in the kidney tissues significantly differed between the groups (p < 0.0001). The IR group 
demonstrated higher CAT enzyme activity than the C and D groups (all p < 0.0001). In contrast, the D-IR group 
displayed lower CAT activity than the IR group (p < 0.0001) (Table 4).

The groups also had significant differences in their AES enzyme activity levels (p < 0.0001). AES enzyme activity 
was higher in the IR group than in the C and D groups (all p < 0.0001), whereas the D-IR group displayed reduced AES 
enzyme activity compared to the IR group (p < 0.0001) (Table 4).

Figure 6 Representative light microscopy of kidney tissue from the dexmedetomidine group. 
Abbreviations: RC, renal cortex; g, glomerulus; dt, distal tubule; pt, proximal tubule; ↓, dilate tubule; m, macula densa.

Figure 7 Representative light microscopy of kidney tissue from ischemia/reperfusion group. 
Abbreviations: g, glomerulus; dt, distal tubule; pt, proximal tubule; ↓, dilate tubule; v, vacuolization; , Bowman space; inf, inflammation; conj, congestion.
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Regarding GST enzyme activity in the kidney tissues, no significant differences were observed between the groups 
(p = 0.810) (Table 4).

Serum Biochemical Results
Serum AST levels significantly differed between the groups (p < 0.0001). AST activity was higher in the IR and D-IR 
groups than in the C and D groups (p < 0.0001 for all). However, the D-IR group displayed lower AST activity than the 
IR group (p < 0.0001) (Table 5).

Figure 8 Representative light microscopy of kidney tissue from the dexmedetomidine ischemia-reperfusion group. 
Abbreviations: g, glomerulus; dt, distal tubule; pt, proximal tubule; ↓, dilate tubule; v, vacuolization; , Bowman space; inf, inflammation; m, macula densa.

Table 3 Antioxidant Enzyme Activities and Oxidant (TBARS) Levels (Mean ± SD) in Liver Tissue

Group C  
(n = 6)

Group D  
(n = 6)

Group IR  
(n = 6)

Group D-IR  
(n = 6)

p**

TBARS (nmol/mg protein) 8.66 ± 2.00 7.23 ± 0.59 19.28 ± 2.51*,& 9.23 ± 0.83*+ < 0.0001

AES (IU/mg protein) 0.41 ± 0.13 0.47 ± 0.13 0.92± 0.31*,& 0.58 ± 0.22+ 0.004

GST (IU/mg protein) 1.56 ± 0.32 1.55 ± 0.21 1.82 ± 0.17 1.75 ± 0.18 0.138

CAT (IU/mg protein) 28.28 ± 10.32 23.86 ± 10.16 81.40 ± 14.99*,& 31.28 ± 13.92+ < 0.0001

Notes: p** Significance level obtained with the ANOVA test, p < 0.05. *p < 0.05: Compared to Group C. &p < 0.05: Compared to Group D. +p < 0.05: 
Compared to Group IR. 
Abbreviation: n, Number of rats.

Table 4 Antioxidant Enzyme Activities and Oxidant (TBARS) Levels (Mean ± SD) in Kidney Tissues

Group C  
(n = 6)

Group D  
(n = 6)

Group IR  
(n = 6)

Group D-IR  
(n = 6)

P**

TBARS (nmol/mg protein) 11.29 ± 1.02 12.60 ± 3.14 22.95 ± 1.69*,& 13.17 ± 3.32+ < 0.0001

AES (IU/mg protein) 0.55 ± 0.17 0.58 ± 0.25 1.53 ± 0.25*,& 0.72 ± 0.24 + < 0.0001

GST (IU/mg protein) 1.39 ± 0.27 1.34 ± 0.29 1.27 ± 0.18 1.38 ± 0.16 0.810
CAT (IU/mg protein) 19.63 ± 3.77 15.53 ± 7.84 72.95 ± 21.48*,& 26.05 ± 5.76+ < 0.0001

Notes: p** Significance level obtained with the ANOVA test, p < 0.05. *p < 0.05: Compared to Group C. &p < 0.05: Compared to Group D. +p < 0.05: 
Compared to Goup IR. 
Abbreviation: n, Number of rats.
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Serum ALT activity also significantly differed between the groups (p < 0.0001). ALT activity was higher in the IR 
group than in the C and D groups (p<0.0001 and p=0.002, respectively). Similarly, the D-IR group exhibited higher ALT 
activity than the C and D groups (p < 0.0001 and p = 0.001, respectively). In contrast, the D-IR group displayed lower 
ALT activity levels than the IR group (p < 0.0001) (Table 5).

Significant differences were observed between the serum GGT activity levels of the groups (p = 0.009). GGT activity 
was higher in the IR group than in the C and D groups (p = 0.002 and p = 0.005, respectively). Moreover, the D-IR group 
exhibited lower GGT activity than the IR group (p = 0.040) (Table 5).

No significant differences were observed between the groups’ serum BUN and creatinine levels (p = 0.457 and p = 0.185, 
respectively) (Table 5).

Discussion
Although IR has been extensively explored across various organs and anti-inflammatory treatments, pancreatic IR remains 
relatively unexplored in the literature. Furthermore, previous experiments on pancreatic IR have predominantly focused on 
direct damage to the pancreas. Broader impacts on critical organ systems such as the kidneys and liver, which can influence 
postoperative outcomes, have received limited attention. In this study, we established an animal model of pancreatic IR and 
investigated the effects of dexmedetomidine pretreatment on kidney and liver injuries. To our knowledge, this study resulted in 
the first demonstration of dexmedetomidine’s protective effects against the progression of kidney and liver injuries induced by 
pancreatic IR. Our observations are supported by biochemical and histological evidence.

The pancreas lacks the end arteries found in established ex vivo perfused organs, making it a low-flow organ. High perfusion 
pressure causes damage to and swelling of the pancreas, whereas low pressure may not provide sufficient perfusion.30 Thus, the 
pancreas is vulnerable to swelling and damage due to ischemia-reperfusion events during surgeries such as pancreaticoduode-
nectomy, duodenum-preserving pancreatic head resection, distal pancreatectomy, and transplantation.30,31

Stress-induced damage to the pancreas also contributes to remote organ injury, particularly after surgery. Such 
damage may arise from compromised capillary perfusion after ischemia and diverted organ blood flow. IR triggers 
inflammatory pathways, generates reactive oxygen species, and activates vasoactive compounds, which collectively lead 
to endothelial cell damage and increased vascular resistance.32,33 This triad, perfusion pressure, and vascular resistance 
can activate inflammatory pathways and thereby result in the impaired functioning of both the pancreas and remote organ 
systems.34 The findings of this study demonstrated that pancreatic IR leads to significant histopathological changes in the 
liver and kidneys, even after a short period of circulatory disruption. This underscores the significance of maintaining 
vigilance during pancreatic surgeries or in any scenario involving the potential impairment of pancreatic perfusion. 
Notably, even in the absence of fully compromised laboratory values, subtle histopathological changes may indicate the 
initial phases of renal and hepatic compromise and exacerbate patients’ clinical conditions. We propose that pretreatment 
with dexmedetomidine can mitigate this sequence of events.

Table 5 Serum AST, ALT, GGT, BUN, Creatinine Levels (Mean ± SD)

Group C  
(n = 6)

Group D  
(n = 6)

Group IR  
(n = 6)

Group D-IR  
(n = 6)

p**

AST (U/L) 138.33 ± 15.86 167.17 ± 28.24 1350.66 ± 272.30*,& 917.50 ± 181.51*,&,+ < 0.0001

ALT (U/L) 68.83 ± 9.41 63.33 ± 14.36 276.67 ± 55.54*,& 163.00 ± 70.70*,&, + < 0.0001

GGT (U/L) 7.33 ± 2.25 7.83 ± 1.60 11.17 ± 2.14*,& 8.83 ± 1.17+ 0.009

Creatinine (mg/dL) 0.32 ± 0.03 0.43 ± 0.15 0.50 ± 0.17 0.45 ± 0.13 0.185

BUN (mg/dL) 28.83 ± 6.14 34.00 ± 16.66 44.83 ± 28.05 37.50 ± 9.73 0.457

Notes: p** Significance level obtained with the ANOVA test, p < 0.05. *p < 0.05: Compared to Group C. &p < 0.05: Compared to Group D. +p < 0.05: 
Compared to Group IR. 
Abbreviation: n, Number of rats.
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Dexmedetomidine is frequently used for sedation in critical care settings and provides cardiovascular stability during 
surgery.11,35 It has a short half-life and exhibits rapid tissue distribution, with few adverse effects.36 In recent years, 
experimental investigations have corroborated the protective effects of dexmedetomidine on various organ systems, including 
the nervous,12 cardiovascular,16 respiratory,14 renal,13,37 hepatic,37,38 and gastrointestinal17 systems. It mitigates the inflam-
matory reaction, triggers antiapoptotic signaling pathways that protect cells from injury, regulates the release of catechola-
mines, eliminates excessive free radicals, reduces malondialdehyde, and enhances superoxide dismutase activity.39

TBARS, AES, GST, and CAT levels serve as indicators of oxidative stress.28 In the present study, the hepatic and 
kidney tissues of rats subjected to dexmedetomidine before pancreatic IR injury exhibited significant reductions in their 
TBARS, AES, and CAT levels compared to those in the IR group. However, there were no differences between the GST 
levels of the groups. GST is primarily concentrated in the liver and undergoes swift release in response to injury. This 
release is followed by its rapid return to baseline levels, and the extent of this change is directly proportional to the 
severity of the injury.40 Therefore, we attributed the absence of changes in GST levels to this specific response pattern.

In the course of acute pancreatitis, inflammatory cytokines such as IL-1b, IL-6, and tumor necrosis factor a (TNFa) are 
predominantly synthesized and released from the pancreas and subsequently into distant organs. In severe cases of acute 
pancreatitis, this process can cause systemic inflammatory response syndrome and multiple organ dysfunction.41–43 

Dexmedetomidine has demonstrated the capacity to mitigate the systemic inflammatory response and ameliorate local 
pancreatic damage in cases of severe acute pancreatitis by stimulating central α2-AR and reducing IL-1β, IL-6, TNF-α, 
myeloperoxidase, HMGB1, and NLRP3 activation.36

Although previous studies have not explored the impacts of dexmedetomidine on pancreatic IR-induced renal and hepatic 
injuries, its direct effects on renal and hepatic ischemia have been established.39,44–46 Huang et al’s meta-analysis of eight 
clinical randomized controlled trials showed that dexmedetomidine has a protective effect against liver IR injury during 
hepatectomy.44 Similarly, in animal experiments concerning hepatic IR injury, the intraperitoneal administration of dexme-
detomidine (at doses of 10 or 100 μg/kg) 30 min prior to hepatic ischemia led to elevated levels of superoxide dismutase, 
catalase, and glutathione, thereby mitigating damage to liver tissue.47 Its positive effects on renal IR injury have also been 
widely demonstrated. Specifically, it reduces the release of renal noradrenaline and the stress-induced elevation of circulating 
noradrenaline levels and effectively regulates glomerular filtration and renal blood flow.39,48,49 Intraperitoneal administration 
of 100 μg/kg dexmedetomidine during renal ischemia has been demonstrated to significantly decrease the levels of blood urea 
nitrogen and creatinine while concurrently increasing superoxide dismutase activity.46

The present study had certain limitations. First, although the protective effects of dexmedetomidine on the kidney and 
liver were successfully demonstrated through histopathological examinations and antioxidant enzyme level assessments, 
the investigation did not extend to examining potential pancreatic damage. Second, relying on BUN and creatinine, 
which are commonly preferred for diagnosing renal failure, did not yield significant results indicative of acute kidney 
injury. However, serum creatinine and BUN served as functional markers that were responsive only to a substantial loss 
of renal function, highlighting the limitation of functional renal reserves (approximately 20–40% in healthy kidneys).50 

Notably, these markers exhibit changes only during the later stages of kidney injury, which limits their capacity for the 
early detection of acute kidney injury when interventions can still be effective. Thus, the findings of this study emphasize 
the necessity for complementary markers or alternative diagnostic approaches to enable the early recognition of acute 
kidney injury during stages amenable to intervention and reversal.

Despite being favored as a sedative in intensive care units, dexmedetomidine is not commonly chosen for major 
abdominal surgeries. However, in cases of pancreatic surgery where pancreatic IR is anticipated, considering dexmede-
tomidine as an adjunct to general anesthesia could be beneficial. Although our histopathological findings indicated that 
dexmedetomidine induced distant organ damage in pancreatic IR cases, the immune mechanisms underlying this effect 
need to be explored in future studies.

Conclusion
This study revealed that the preemptive administration of dexmedetomidine prior to pancreatic IR leads to protective 
effects on kidney and liver tissues, as evidenced by histopathological and biochemical assessments. These findings point 
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to the potential application of dexmedetomidine in preventing kidney and liver injuries, particularly during pancreatic 
surgeries and in other circumstances characterized by diminished pancreatic blood flow.
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