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ABSTRACT 

Background: Ischemia-reperfusion injury is a critical problem that can occur following multiple clinical procedures. 
Objectives: The study aimed to investigate the effects of bromelain on intestinal damage caused by ischemia-reperfusion injury 
in rats. 
Methods: Wistar albino rats were randomly divided into three groups control (CTR, n = 6), intestinal ischemia-reperfusion (I-IR, 
n = 6) and intestinal ischemia reperfusion + bromelain (I-IR + BRO, n = 6). Bromelain (40 mg/kg) was given orally 30 min before the 
ischemia period to the animals in I-IR + BRO group. In the I-IR and I-IR + BRO groups, ischemia-reperfusion was performed with 
1-h ligation of the superior mesenteric artery and 1-h reperfusion by opening the ligatures. At the end of the reperfusion period, 
blood and intestinal tissue samples were collected post euthanasia. Blood samples were analysed for ALT, AST, ALP, LDH, BUN 

and creatinine to assess liver and kidney function. TNF- α and IL-1 β concentrations were evaluated in both sera and tissue samples 
to determine the inflammatory response. Finally, Lipid peroxidation of the intestines was assessed by measuring MDA levels. 
Results: ALT, AST, ALP, LDH, BUN and creatinine levels were significantly elevated after I/R, but markedly reduced by BRO 

treatment. Serum and tissue TNF- α, IL-1 β concentrations increased in both IR groups in comparison to the CTR group. However, 
these values decreased in the I-IR + BRO group when compared to the I-IR group. Histopathological scores were lower in the 
I-I/R + BRO group compared with the I-I/R group; however, these differences did not reach statistical significance. 
Conclusion: Bromelain administration alleviated the pro-inflammatory cytokines, and the harmful effects experienced by the 
intestinal tissues. 
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 Introduction 

schemic intestinal damage is a severe condition in both
umans and animals, with survival rates often below 50% due
o tissue hypoxia, inflammation and cell infiltration. Intestinal
schemia-reperfusion (I-I/R) injury is generally observed by
eonatal necrotizing enterocolitis, mesenteric arterial embolism
r vein thrombosis, acute mesenteric ischemia, volvulus,
his is an open access article under the terms of the Creative Commons Attribution-NonCommercial-N
s properly cited, the use is non-commercial and no modifications or adaptations are made. 
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trauma, shock, aortic aneurysm repair and rejection of the
intestinal transplantation in human (Nadatani et al. 2018 ).
In veterinary medicine, although ischemia-reperfusion injury
is mostly seen in gastric dilatation volvulus, it also develops
in cases such as intestinal volvulus, intestinal incarcerations,
colic and abdominal compartment syndrome (Blikslager 2003 ;
McMichael and Moore 2004 ; Hamilton et al. 2010 ; Gardner and
Schroeder 2022 ). 
oDerivs License, which permits use and distribution in any medium, provided the original work 
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ingle-layered intestinal epithelial cells are more susceptible to
he effects of ischemia-reperfusion. The ischemic phase leads
o tissue hypoxia and organ damage, while the reperfusion
hase initiates a cascade of events that leads to increased vas-
ular permeability, cytokine production, disrupts the intestinal
ucosal barrier, bacterial translocation and toxin release (Li
t al. 2022 ). Although it has been suggested that female sex
ormones may influence ischemia-reperfusion injury, a study
y Szabó et al. ( 2006 ) showed that reperfusion injury exhibits
he same characteristics and consequences in females and males
Szabó et al. 2006 ). This process leads to a systemic inflammatory
esponse and multi-organ dysfunction (Li et al. 2022 ). 

schemia-reperfusion (I/R) studies conducted in recent years
ocus on agents that are both effective in I/R mechanisms and
revent damage caused by I/R. Bromelain (BRO) is extracted
rom pineapple and is a mixture of different endopeptidases,
hosphatases, glucosidase, peroxidases, cellulases, glycoproteins,
arbohydrates and various protease inhibitors. Some studies
how that the bromelain reduces the secretion of TNF- α and
L-1 β when excessive cytokine production is stimulated in the
nflammation (Chakraborty et al. 2021 ; Şehirli et al. 2021 ). In
ome studies, examining the effects of bromelain on ischemia-
eperfusion injury, it has been stated that bromelain protects
schemic tissue and reduces necrosis, as well as reducing factors
elated to oxidative stress (Weinzierl et al. 2022 , Yakut et al. 2025 ).

he present study aimed to establish an experimental rat model
f intestinal ischemia/reperfusion (I/R) injury and to investigate
he effects of bromelain on pro-inflammatory cytokines, oxidative
tress and histopathological changes. Rats anatomical and physi-
logical properties are similar to humans and are generally used
or the experimentally induced disease models. The novelty of
his study lies in evaluating bromelain in the setting of intestinal
/R injury, where evidence is scarce. By demonstrating its poten-
ial to attenuate biochemical, inflammatory and morphological
amage, this work provides new insights and contributes to the
rowing body of literature supporting bromelain as a promising
herapeutic candidate for reducing intestinal and systemic injury
ssociated with I/R. 

 Materials and Methods 

.1 Ethical Statement 

he local animal ethics committee approved the study protocol
sing the least number of animals that could produce statistically
ignificant results (Decision No: 2021-5-134). The number of
nimals used in each group was determined by a priori power
nalysis and in accordance with ethical committee recommenda-
ions to ensure the minimum number of animals necessary for
tatistically reliable results. 

.2 Animals 

ighteen outbred Wistar albino rats of both sexes, weighing
etween 200 and 250 g were used, and housed in a temperature-
ontrolled room (22 ± 2◦C) with a 12-h light/dark cycle (Szabó
t al. 2006 ). The rats had unlimited access to food and water
of 7
in conventional cages that were solid plastic, rectangular-shaped
and 20 cm high with a wire cap. 

2.3 Experimental Model 

Rats were randomly allocated into three groups: control group
(rats operated without I/R, n = 6), intestinal ischemia-reperfusion
group (I-I/R, n = 6) and intestinal ischemia/reperfusion + brome-
lain group (I-I/R + BRO, n = 6). Randomization was performed
using a simple random number generator. Investigators perform-
ing biochemical and histopathological analyses were blinded
to group assignments to reduce bias. Exclusion criteria were
determined as rats dying during ischemia and/or reperfusion
period. No rats were excluded from this study. Bromelain was
given 40 mg/kg orally in I-I/R + BRO groups, 30 min before the
anesthesia (Yildirim et al. 2018 ). All groups were anesthetized
by intraperitoneal injection with a mixture of Ketamine HCl
(100 mg/kg) and Xylazine HCl (10 mg/kg) and fixed in a supine
position. Access to the abdominal cavity was performed via a
ventral midline incision. In the I-I/R and I-I/R + BRO groups
to induce ischemia, ischemia was achieved by ligation of the
superior mesenteric artery for 1 h, and the colour changes in
the intestines were observed. The intestines were reperfused
for 1 h by opening the ligature (Gültekin et al. 2024 ). The rats
were euthanized by overdose of Xylazine + Ketamine anesthesia
at the end of the reperfusion periods. The small intestines were
excised, and blood samples were collected from all groups. All
procedures were performed by the same veterinary surgeon in the
experimental working unit under conditions of the housing room.

2.4 Biochemical Analysis 

Blood samples were collected into serum tubes and sera was
separated after centrifuge at 2000 g × 10 min. Fresh intestinal
tissue samples were initially homogenized using a Dounce tissue
grinder set (D8938, Sigma-Aldrich, Missouri, US) and RIPA buffer
on ice ( https://www.mdpi.com/1422-0067/22/19/10278 ). Sera and
tissue homogenizates were kept at a temperature of − 80◦C until
analysis. 

Alkaline phosphatase (ALP), lactate dehydrogenase (LDH),
alanine transaminase (ALT) and aspartate transaminase (AS)
enzyme activities, and blood urea nitrogen (BUN) and creatinine
(Crea) levels were measured to assess the hepatocellular injury
and renal function. Assays were done using an automated
analyser (BS240-Vet, Mindray, Shenzhen, China). 

Concentrations of TNF- α and IL-1 β in sera and tissue
homogenates were determined using commercially available
rat-specific enzyme immunoassay kits (Rat TNF- α ELISA Kit
Catalogue No: E-EL-R0019; Rat IL-1 β Catalogue No: E-EL-
R001, Elabscience Biotechnology Inc., TX, USA). Assays were
performed according to the manufacturer’s instructions. MDA
levels were measured from the intestinal tissue homogenates to
evaluate lipid peroxidation levels using commercially available
assay kits (TBARS Assay Kit, Item No. 10009055, Batch No.
0510196 and 0502129, Cayman Chemicals, Michigan, USA).
The principal measurement was based on the reaction with
thiobarbituric acid (TBARS) (Ohkawa et al. 1979 ). Tissue
Veterinary Medicine and Science, 2026
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TABLE 1 Plasma ALP, ALT, AST, LDH, BUN and creatinine activities in the control (CTR), intestinal ischemia/reperfusion (I-I/R) and intestinal 
ischemia/reperfusion + bromelain (I-I/R + BRO) groups. 

Parameters CTR ( n = 6) I-I/R ( n = 6) I-I/R + BRO ( n = 6) 

ALP (U/L) 92.63 ± 11.26 185.8 ± 18.89* * * 134.3 ± 7.42+ 

ALT (U/L) 50.50 ± 12.41 1128 ± 421.9* * 151.3 ± 21.05++ 

AST (U/L) 139.6 ± 41.11 1591 ± 614.3* * 259.3 ± 31.52+ 

LDH (U/L) 1549 ± 160.1 6496 ± 1120* * * * 2071 ± 344.8+++ 

BUN (mg/dL) 35.38 ± 3.32 62.50 ± 4.94* * * 49 ± 2.78* , + 

Crea (mg/dL) 0.37 ± 0.05 0.96 ± 0.06* * * * 0.68 ± 0.04* * * , ++ 

* p < 0.05,* * p < 0.01, * * * p < 0.001, * * * * p < 0.0001 compared with the control (CTR) group. 
+ p < 0.05, ++ p < 0.01, +++ p < 0.001, ++++ p < 0.0001 compared with the I-I/R group. 
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NF- α, IL-1 β, MDA concentrations were reported as pg/mg
rotein, pg/mg Protein and nmol MDA/mg Protein. Tissue
rotein concentrations were detected performing Coomassie
rilliant blue method (Bradford 1976 ). 

.5 Histomorphological Analysis 

xcised intestinal tissue were fixed in 10% neutral-buffered
ormalin solution. The paraffin blocks that contained the intes-
ine samples were serially sectioned (average thickness 5 µm)
nd were stained with hematoxylin-eosin (Atalay et al. 2018 ).
istopathological sections were evaluated using the bright field
ode of a light microscope (Zeiss-Axio Scope A1, Carl Zeiss,
ottingen, Germany), and according to each of the criteria were
cored using a semi-quantitative system as 0: no, 1: mild, 2:
oderate and 3: severe (Gültekin et al. 2024 ). 

.6 Statistical Analysis 

tatistical analyses were performed using GraphPad Prism 9
GraphPad Software, San Diego, CA, USA). A one-way analysis
f variance (ANOVA) was used for the comparison of the levels of
iochemical parameters in the serum and tissue. Tukey’s test was
sed for further analysis for binary comparisons. Histopathologic
cores of intestinal tissues were assessed using non-parametric
ests: Kruskal–Wallis following Dunn’s multiple comparisons
est. All results are expressed as the means ± SEM. p values below
.05 were regarded as significant. 

 Results 

he effects of experimentally created I/R injury serum ALT, AST,
LP and LDH activities, BUN and creatinine values are provided
n Table 1 . While there was a significant increase in ALT, AST,
LP and LDH activities, BUN and creatinine levels in the I-I/R
roup in comparison to the CTR group ( p < 0.01–0.0001). It was
ound that the increase in the values was less in the I-I/R + BRO
roup than in the I-I/R group ( p < 0.01–0.0001). 

NF- α and IL- β levels as pro-inflammatory cytokines were
valuated in the measurement of the response to the injury caused
y I/R (Figure 1a,c ). TNF- α ( p < 0.0001) and IL-1 β ( p < 0.0001)
eterinary Medicine and Science, 2026
levels were significantly higher in the I-I/R group than in the
CTR group. However, it was observed that TNF- α and IL-1 β levels
decreased in the I-I/R + BRO group when compared to the I-I/R
group, respectively p < 0.01 and p < 0.001. TNF- α and IL-1 β levels
obtained from tissue samples were significantly higher in the I-
IR group than in the CTR group, respectively p < 0.001 and p
< 0.001. However, it was observed that TNF- α and IL-1 β levels
in the I-IR + BRO group decreased compared to the I-IR group,
respectively p < 0.01 and p < 0.01 (Figure 1b,d ). 

MDA levels were evaluated to determine lipid peroxidation and
oxidative damage in tissue samples (Figure 2 ). MDA levels
increased significantly in the I-I/R group when compared to the
CTR group ( p < 0.01). Although there was a decrease in the
I-I/R + BRO group compared to the I-I/R group, no statistically
significant difference was determined between the groups ( p >
0.05). 

According to histopathological examination and semi-
quantitative scoring system, it was determined that the CTR
group had a regular epithelial and glandular structure, almost no
inflammatory cell infiltration (Figure 3 and Table 2 ), but a large
number of inflammatory cells, and destructive morphological
degenerations of both epithelial and glandular structures in the
I-I/R group (Figure 3b and Table 2 ). On the other hand, in the I-
I/R + BRO group, it was observed that had epithelial regeneration
of both epithelium and glandular structure compared to the
I-I/R group (Figure 3c ). Although the reductions did not reach
statistical significance, the I-I/R + BRO group exhibited visibly
improved villus morphology, reduced epithelial desquamation
and lowered inflammatory cell infiltration scores compared with
the I-I/R group (Table 2 ). 

4 Discussion 

Intestines perform a number of different roles, with digestion,
nutrient absorption and the discharge of waste products being
part of its major function. Today, many more have been revealed
one of which is its ability to eliminate bacterial formations
and toxins generated by the gastrointestinal system. The struc-
ture called the intestinal mucosal barrier, consists of a single
epithelial layer, which plays an important role in fulfilling this
function. I-I/R injury disrupts the intestinal mucosal barrier,
3 of 7
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FIGURE 1 Blood (a and c) and tissue (b and d) concentration of TNF- α and IL-1 β in the control (CTR), intestinal ischemia/reperfusion (I-I/R) and 
intestinal ischemia/reperfusion + bromelain (I-I/R + BRO) groups. ** p < 0.01; *** p < 0.001, **** p < 0.0001 compared with the control (CTR) group. + p < 

0.05, ++ p < 0.01, +++ p < 0.001, ++++ p < 0.0001 compared with the I-I/R group. 

FIGURE 2 MDA activity in intestinal tissues of control 
(CTR), intestinal ischemia/reperfusion (I-I/R) and intestinal 
ischemia/reperfusion + bromelain (I-I/R + BRO) groups. ** p < 0.01, 
*** p < 0.001, **** p < 0.0001 compared with the control (CTR) group. 
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here bacterial toxins cannot be removed and consequently pass
nto the systemic circulation. Additionally, I-I/R injury causes
he release of pro-inflammatory cytokines formed in response
o inflammation in the intestinal mucosal barrier. As a result
f all these cascades, which increase over time in the systemic
irculation, the damage to the tissues and organs intensifies
Nadatani et al. 2018 ). Accordingly, recent studies have focused
n strategies to prevent and reduce factors that play a role in I/R
njury or to protect tissues and organs from the harmful effects
f I/R injury (Soares et al. 2019 ; VanderBroek et al. 2021 ). In this
tudy, bromelain was trialled as a new strategic agent, and its
of 7
effect on the important intestinal cytokines TNF- α and IL-1 β in
I/R injury, was investigated. 

With the formation of I-I/R damage, oxygen deficiency in intesti-
nal epithelial cells and enterocytes with high oxygen activity
destroys cells, therefore degenerative changes are observed in
the intestinal mucosal barrier. A complex pathophysiological
cascade is therefore initiated, which causes the release of
pro-inflammatory cytokines such as TNF and IL-1, with the
stimulation and degradation of inflammatory cells (Gharishvandi
et al. 2020 ). TNF- α and IL-1 β, which play an important role
in this inflammatory cascade are produced by inflammatory
cells in the intestinal mucosa and cause local cell damage,
triggering systemic inflammation, are observed as a result of the
early inflammatory response after I-I/RI injury (Alexandropoulos
et al. 2017 ). In this study, tissue and blood TNF- α and IL-1 β
values were found to be higher in I-I/R and I-I/R + BRO groups,
that underwent 1-h ischemia and 1-h reperfusion, compared to
the CTR group (Figure 1a–d ). Additionally, this is supported
by the biochemical analyses in terms of cell infiltration and
tissue damage from histomorphological evaluation (Figures 3a–
c ). These results indicated that 1 h of ischemia-reperfusion
injury caused an increase in TNF- α and IL-1 β levels, devastating
morphological changes, and inflammatory cell infiltration in the
intestine. BRO significantly suppressed TNF- α and IL-1 β levels in
serum and tissue. Although histopathological scores did not show
statistically significant improvement, BRO-treated rats exhibited
visibly better villus organization and reduced epithelial injury. 

This damage triggers the peroxidation of membrane lipids which
results in tissue damage, inflammatory cell activation and the
Veterinary Medicine and Science, 2026
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FIGURE 3 (a) CTR group, regular epithelium of the villi (arrows) 
with regular structure of the intestinal glands (*). (b) I-I/R group, severe 
loss of villi structure as a result of heavy desquamation of epithelium 

(arrows) and glands (*). (c) I-I/R + BRO group, reorganization of villi 
structure with regeneration of epithelium (arrows) and glands (*). 
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elease of cytokines such as TNF- α and IL-1 β, especially during
he reperfusion period after ischemia. Lipid peroxidation causes
hanges in cell membrane permeability, leading to cell lysis (Zu
t al. 2018 ). MDA, which is a marker of lipid peroxidation, is
idely used in studies because of its sensitivity, safety and being a
eliable indicator of oxidative damage to lipids (Sayıner et al. 2019 ;
ehirli et al. 2021 ). In this study, MDA activity was evaluated in the
etermination of lipid peroxidation, thus oxidative degradation
f lipids, in intestinal tissue. The results obtained showed an
eterinary Medicine and Science, 2026
increase in the I-IR and I-IR + BRO groups compared to the CTR
group. The increase in MDA levels was lower in the I-IR + BRO
group than in the I-IR group, even though statistical significance
could not be determined between the I-IR and I-IR + BRO groups.
When the results of MDA, TNF- α and IL-1 β in the intestinal
tissue, serum TNF- α and IL-1 β activity and histomorphological
examinations are evaluated, BRO is effective on inflammatory
cells, cytokine release and lipid peroxidation in the intestinal
tissue. 

The sequential, but complex pathophysiological events of
ischemia and reperfusion cause devastating effects on the
intestine. Changes observed during the ischemic phase are
mostly energy metabolism disorders, mitochondrial dysfunction,
cell damage and activation of multiple cell death. The
pathophysiological events observed during the reperfusion
phase can be summarized as oxidative stress, inflammatory
response, neutrophil infiltration and complement system
activation. This cascade of events leads to increased vascular
permeability and impaired intestinal mucosal barrier function,
leading to systemic effects that can result in multiple organ
failure (Xu et al. 2025 ). In this study, intestinal villus damage,
glandular hyperplasia and cellular infiltration observed in the
I-I/R group demonstrate the effects of I/R injury. Similar changes
were observed in the I-I/R + BRO group, but the I-I/R + BRO group
exhibited more regular villus structure and cellular infiltration.
Although bromelain did not produce statistically significant
improvements in semi-quantitative histopathological scores, the
I-I/R + BRO group showed more organized villus architecture,
reduced epithelial desquamation and milder inflammatory cell
infiltration compared with the I-I/R group. These morphological
improvements, together with the significant reductions observed
in serum and tissue cytokines (TNF- α and IL-1 β), suggest that
BRO attenuates early tissue injury at the microscopic level even
when statistical significance is not achieved in scoring systems. 

I/R injury not only causes anatomical deformity and local
inflammatory response in the ischemic organ but also affects
other organs and tissues because of the systemic effects that result
from the ischemia-reperfusion cascade. According to studies on
I-I/R injury, the liver and kidney are among the organs most
affected by the systemic damage caused by ischemia-reperfusion
(Alexandropoulos et al. 2017 ). Alterations in ALP, ALT, AST
and LDH enzyme activities, BUN and Crea levels are used to
determine the degree of tissue damage (Sookoian and Pirola
2015 ). While these enzyme activities, which are frequently used
clinically in the determination of ischemia-reperfusion injury,
show more and specific increases, especially in the advanced
stages of the disease, it is stated that early increases in serum
values are due to the inflammatory response (Bertoni et al. 2018 ).
In the presented study, ALP, ALT, AST, LDH, BUN and Crea
enzyme activities were significantly increased in both I-I/R and
I-I/R + BRO groups compared to the CTR group. However, BRO
administration caused a remarkable reduction in these values.
Accordingly, it suggests that the damage in the intestine is caused
by the formation of proinflammatory cytokines and is similar
to the findings of the mentioned studies. Besides, it has been
demonstrated that BRO administration reduces the effects of I/R
injury by decreasing enzyme activities and TNF- α, IL-1 β and
MDA levels, which are markers of organ damage, in this initial
study. 
5 of 7
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TABLE 2 Histomorphological scoring results of control (CTR), intestinal ischemia/reperfusion (I-IR) and intestinal ischemia/reperfusion 
+ bromelain (I-IR + BRO) groups. Each of the criteria was scored semi-quantitatively as 0: none, 1: mild, 2: moderate, 3: severe. 

Parameter Control ( n = 6) I-I/R ( n = 6) I-I/R + Bro ( n = 6) 

Desquamation of villus tip 0.41 ± 0.08 2.78 ± 0.07* * * 1.63 ± 0.06 
Hiperplasia of intestinal glands 0.43 ± 0.07 2.40 ± 0.11* * * 1.65 ± 0.05 
Inflammatory cell infiltration 0.38 ± 0.05 2.65 ± 0.05* * * 1.61 ± 0.06 

*** p < 0.001 compared with the control (CTR) group. 
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ur results demonstrated that bromelain treatment mitigated
ntestinal tissue injury and systemic biochemical disturbances
ollowing I/R. These findings are consistent with studies in poul-
ry and rodent models showing that bromelain reduces intestinal
esions, modulates inflammatory responses and improves barrier
ntegrity. In addition, experimental data on food additives such
s Sunset Yellow also emphasize that villus rupture, crypt degen-
ration and haemorrhage are critical histological indicators of
ntestinal injury. In the present study, histological evaluation of
he small intestine was based on widely accepted criteria, includ-
ng villus morphology, epithelial integrity, crypt structure and
aemorrhage formation (Şensoy 2024 , Gharib-Naseri et al. 2024 ).
y linking our observations to these established parameters, the
rotective effects of bromelain can be more clearly interpreted
n the context of intestinal barrier function and systemic injury
revention. 

nflammatory response, which plays an important role in the
athophysiological mechanisms that develop because of I-I/R
njury, is one of the parameters used in the early diagnosis of
 developing problem, and also affects the success of the med-
cal and/or operative treatment used to eliminate the problem.
owever, the search for medical treatment methods that can be
sed against the destructive effects of I/R injury and studies on
his is continuing (Gültekin et al. 2024 ). Although the efficacy
f BRO in the inflammatory response has been demonstrated
n some studies, its effect on pro-inflammatory cytokines in
ntestinal ischemia-reperfusion injury has not been investigated
efore (Şehirli et al. 2021 ). This study highlights the effect of BRO
n proinflammatory cytokines in I-I/R injury and its protective
r preventive effect on organ damage after ischemia-perfusion.
owever, to clarify the full impact of BRO in I-I/R injury, all
spects of biochemical pathways need to be explored, and more
ork is needed in this direction. 

his study has certain limitations. Bacterial translocation, a sys-
emic consequence of prolonged intestinal barrier dysfunction,
as not assessed. Since the present model involved only short-
erm ischemia and reperfusion, our focus remained on early
nflammatory and biochemical changes. In addition, the lung—a
ell-recognized remote organ affected by intestinal I/R injury—
 as not ev aluated, and other antioxidant par ameters beyond
DA were not measured. These limitations should be addressed

n future studies to comprehensively evaluate the protective
otential of bromelain in intestinal I/R injury. 

he present study demonstrates that bromelain administration
ttenuates the production of pro-inflammatory cytokines (TNF-
, IL-1 β), reduces biochemical markers of hepatic and renal
of 7

re
injury, and improves histopathological outcomes in a rat model
of intestinal ischemia/reperfusion injury. These findings sup-
port our initial hypothesis that bromelain can exert protective
effects on intestinal tissue exposed to I/R. Although the study
was designed as an experimental model, the results suggest
that bromelain may represent a promising adjunctive approach
in veterinary medicine to reduce I/R-related tissue damage.
Future research involving longer reperfusion periods, additional
antioxidant parameters and evaluation of remote organs will
be necessary to further clarify the therapeutic potential and
translational applicability of bromelain. 

Author Contributions 

Çağrı Gültekin : conceptualization, Investigation, methodology, writing
– original draft, writing – review & editing, resources, validation, project
administration. Serkan Sayiner : conceptualization, writing – review &
editing, formal analysis, resources. Şule Çetinel : formal analysis. Ahmet
Özer Şehirli : formal analysis, methodology, supervision. 

Funding 

The authors have nothing to report. 

Ethics Statement 

The authors confirm that the ethical policies of the journal, as noted
on the journal’s author guidelines page, have been adhered to and the
appropriate ethical review committee approval has been received. 

Conflicts of Interest 

The authors declare they have no conflicts of interest. 

Data Availability Statement 

The data presented in this study are available via the corresponding
author’s e-mail. 

Peer Review 

For transparency, the peer review documents associated with this article
are available at https://doi.org/10.1002/vms3.70805 . 

[Correction added on 6 April 2026, after first online publication: Peer
review history has been added]. 

References 

Alexandropoulos, D., G. V. Bazigos, I. P. Doulamis, et al. 2017. “Protective
Effects of N-Acetylcystein and Atorvastatin Against Renal and Hepatic
Injury in a Rat Model of Intestinal Ischemia-Reperfusion.” Biomedicine &
Pharmacotherapy 89: 673–680. 
Veterinary Medicine and Science, 2026

ative C
om

m
ons L

icense

https://doi.org/10.1002/vms3.70805


A  

J  

J

B  

I  

D

B
T  

B  

o  

B

C  

P  

P

G  

d  

R  

a

G  

“  

E

G  

A  

m  

i

G  

O
A

H  

“  

V

L  

R

M  

P  

C

N  

Y  

I

O  

A  

9

S  

D  

D  

F

Ş  

“  

6

Ş  

S  

1

S  

2  

P  

2

S  

a  

P  

7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V

 20531095, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/vm

s3.70805 by C
ochraneItalia, W

iley O
nline L

ibrary on [19/08/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applic
talay, S., B. Soylu, A. Aykaç, et al. 2018. “Protective Effects of St.
ohn’s Wort in the Hepatic Ischemia/Reperfusion Injury in Rats.” Turkish
ournal of Surgery 34, no. 3: 198. 

ertoni, S., V. Ballabeni, E. Barocelli, and M. Tognolini. 2018. “Mesenteric
schemia-Reperfusion: An Overview of Preclinical Drug Strategies.”Drug
iscovery 23, no. 7: 1416–1425. 

likslager, A. T. 2003. “Treatment of Gastrointestinal Ischemic Injury.”
he Veterinary Clinics of North America Equine Practice 19, no. 3: 715–727.

radford, M. M. 1976. “A Rapid and Sensitive Method for the Quantitation
f Microgram Quantities of Protein Utilizing the Principle of Protein Dye
inding.” Analytical Biochemistry 72: 248–254. 

hakraborty, A. J., S. Mitra, T. E. Tallei, et al. 2021. “Bromelain a
otential Bioactive Compound: A Comprehensive Overview From a
harmacological Perspective.” Life 11, no. 4: 317. 

ardner, A. K., and E. L. Schroeder. 2022. “Pathophysiology of Intraab-
ominal Hypertension and Abdominal Compartment Syndrome and
elevance to Veterinary Critical Care.” Journal of Veterinary Emergency
nd Critical Care 32, no. S1: 48–56. 

harib-Naseri, K., S. K. Kheravii, H. T. Nguyen, and S. B. Wu. 2024.
Bromelain Can Reduce the Negative Effects of a Subclinical Necrotic
nteritis in Broiler Chickens.” Poultry Science 103, no. 4:103560. 

harishvandi, F., A. Abdollahi, H. Shafaroodi, R. M. Jafari, P. Pasalar, and
. R. Dehpour. 2020. “Involvement of 5-HT1B/1D Receptors in the Inflam-
atory Response and Oxidative Stress in Intestinal Ischemia/Reperfusion
n Rats.” European Journal of Pharmacology 882: 173265. 

ültekin, Ç., S. Sayıner, Ş. Çetinel, and A. Ö. Şehirli. 2024. “Outcomes of
xytocin Treatment on Intestinal Ischemia-Reperfusion Injury in Rats.”
nkara Üniversitesi Veteriner Fakültesi Dergisi 71, no. 3: 343–348. 

amilton, T. R., C. W. Thacher, K. M. Forsee, and R. K. Nakamura. 2010.
Trauma-Associated Acute Mesenteric Ischemia in a Dog.” Journal of
eterinary Emergency and Critical Care 20, no. 6: 595–600. 

i, G., S. Wang, and Z. Fan. 2022. “Oxidative Stress in Intestinal Ischemia-
eperfusion.” Frontiers in Medicine 8: 750731. 

cMichael, M., and R. M. Moore. 2004. “Ischemia–Reperfusion Injury
athophysiology, Part I.” Journal of Veterinary Emergency and Critical
are 14, no. 4: 231–241. 

adatani, Y., T. Watanabe, S. Shimada, K. Otani, T. Tanigawa, and
. Fujiwara. 2018. “Microbiome and Intestinal Ischemia/Reperfusion
njury.” Journal of Clinical Biochemistry and Nutrition 63, no. 1: 26–32. 

hkawa, H., N. Ohishi, and K. Yagi. 1979. “Assay for Lipid Peroxides in
nimal Tissues by Thiobarbituric Acid Reaction.”Analytical Biochemistry
5, no. 2: 351–358. 

ayıner, S., N. Gülmez, Z. A. Sabit, and M. Gülmez. 2019. “Effects of
eep-Frying Sunflower Oil on Sperm Parameters in a Mouse Model:
o Probiotics Have a Protective Effect?” Kafkas Üniversitesi Veteriner
akültesi Dergisi 25, no. 6: 857–863. 

ehirli, A. Ö., S. Sayiner, G. Savtekin, and A. Velioğlu-Öğünç. 2021.
Protective Effect of Bromelain on Corrosive Burn in Rats.” Burns 47, no.
: 1352–1358. 

ensoy, E. 2024. “Comparison of the Effect of Sunset Yellow on the
tomach and Small Intestine of Developmental Period of Mice.” Heliyon
0, no. 11: e31998. 

oares, R. O., D. M. Losada, M. C. Jordani, P. Évora, and O. Castro-e-Silva.
019. “Ischemia/Reperfusion Injury Revisited: An Overview of the Latest
harmacological Strategies.” International Journal of Molecular Sciences
0, no. 20: 5034. 

ookoian, S., and C. J. Pirola. 2015. “Liver Enzymes, Metabolomics
nd Genome-Wide Association Studies: From Systems Biology to the
ersonalised Medicine.” World Journal of Gastroenterology 21, no. 3:
11–725. 
eterinary Medicine and Science, 2026
Szabó, A., B. Vollmar, M. Boros, and M. D. Menger. 2006. “Gender Differ-
ences in Ischemia-Reperfusion-Induced Microcirculatory and Epithelial
Dysfunctions in the Small Intestine.” Life Sciences 78, no. 26: 3058–3065. 

VanderBroek, A. R., J. B. Engiles, S. B. Kästner, V. Kopp, N. Verhaar,
and K. Hopster. 2021. “Protective Effects of Dexmedetomidine on Small
Intestinal Ischaemia-Reperfusion Injury in Horses.” Equine Veterinary
Journal 53, no. 3: 569–578. 

Weinzierl, A., Y. Harder, D. Schmauss, M. D. Menger, and M. W. Laschke.
2022. “Bromelain Protects Critically Perfused Musculocutaneous Flap
Tissue From Necrosis.” Biomedicines 10, no. 6: 1449. 

Xu, W., L. Wang, R. Chen, Y. Liu, and W. Chen. 2025. “Pyroptosis and Its
Role in Intestinal Ischemia-Reperfusion Injury: A Potential Therapeutic
Target.” Naunyn-Schmiedebergs Archives of Pharmacology 398, no. 10: 1–
13. 

Yakut, S., M. Karabulut, R. H. Koca, et al. 2025. “Protective Effects
of Bromelain in Testicular Torsion-Detorsion: Reducing Inflammation,
Oxidative Stress, and Apoptosis While Enhancing Sperm Quality.”
Biomolecules 15, no. 2: 292. 

Yildirim, N., D. Simsek, S. Kose, et al. 2018. “The Protective Effect of
Gingko Biloba in a Rat Model of Ovarian Ischemia/Reperfusion Injury:
Improvement in Histological and Biochemical Parameters.” Advances
in Clinical and Experimental Medicine: Official Organ Wroclaw Medical
University 27, no. 5: 591–597. 

Zu, G., T. Zhou, N. Che, and X. Zhang. 2018. “Salvianolic Acid A Protects
Against Oxidative Stress and Apoptosis Induced by Intestinal Ischemia-
Reperfusion Injury Through Activation of Nrf2/HO-1 Pathways.” Cellular
Physiology and Biochemistry 49, no. 6: 2320–2332. 
7 of 7

able C
reative C

om
m

ons L
icense


	The Influence of Bromelain Administration on Pro-Inflammatory Cytokines and Lipid Peroxidation in a Rat Model of Intestinal Ischemia/Reperfusion Injury
	1 | Introduction
	2 | Materials and Methods
	2.1 | Ethical Statement
	2.2 | Animals
	2.3 | Experimental Model
	2.4 | Biochemical Analysis
	2.5 | Histomorphological Analysis
	2.6 | Statistical Analysis

	3 | Results
	4 | Discussion
	Author Contributions
	Funding
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	Peer Review
	References


