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Abstract
Background: Ischemia/reperfusion injury (IRI) causes cellular dysfunction and death in organs like the kidney, heart, and 
brain. It involves energy depletion during ischemia and oxidative stress, inflammation, and apoptosis during reperfusion. 
Kidney IRI often leads to acute kidney injury (AKI) in various clinical scenarios. The omentum, an adipose tissue with healing 
properties, has been used to treat injuries in different organs.
Objective: This study aimed to assess the omentum’s healing effects on reducing IRI’s adverse effects after renal ischemia 
in Wistar rats.
Method: A total number of 36 male Wistar rats were used in a study on IRI-induced AKI. Rats were divided into 6 groups 
of normal kidneys wrapped with omentum “Sham-1” and “Sham-2,” ischemic kidney wrapped with omentum as “OMT-1” 
and “OMT-2,” and ischemic kidney without omentum as “Control-1” and “Control-2.” Ischemia was induced by clamping 
the left renal artery for 45 minutes. The omentum was transposed onto the injured kidney in “OMT” group. After sacrifice 
at weeks 4 and 8, kidney histology and blood samples were analyzed for kidney function markers.
Results: On the first day after surgery, there was an immediate increase in creatinine and blood urea nitrogen (BUN) levels, 
which then decreased by day 28. Both OMT groups showed significantly lower levels of creatinine and BUN compared to 
Control groups on day 1, but after 28 days differences were not statistically significant. Histological analysis using H&E and 
Masson’s trichrome staining revealed significantly higher levels of inflammatory cell infiltration and hyperemia in the OMT 
groups. However, fibrosis and glomerular shrinkage were higher in the Control groups.
Conclusion: Using an omental flap significantly prevented fibrosis within the renal parenchyma, slow down the AKI 
progression, and potentially serving as a promising therapeutic strategy for kidney dysfunction.

Abrégé 
Contexte: L’ischémie, ou lésion de reperfusion ischémique (LRI), provoque le dysfonctionnement et la nécrose des 
cellules dans des organes comme le rein, le cœur et le cerveau. Elle implique une déplétion énergétique pendant l’ischémie 
et le stress oxydatif, de même qu’une inflammation et de l’apoptose pendant la reperfusion. Dans divers scénarios 
cliniques, la LRI rénale conduit souvent à l’insuffisance rénale aiguë (IRA). L’épiploon, un tissu adipeux aux propriétés 
curatives, est utilisé pour traiter les lésions dans différents organes.
Objectif: Évaluer les effets curatifs de l’épiploon sur la réduction des effets indésirables de la LRI après une ischémie rénale 
chez des rats Wistar.
Méthodologie: 36 rats Wistar mâles a été utilisé pour cette étude sur l’insuffisance rénale aiguë induite par une LRI. Les rats 
ont été divisés en six groupes: deux groupes avec reins normaux enveloppés d’épiploon (« Sham-1 » et « Sham-2 »); deux 
groupes avec reins ischémiques enveloppés d’épiploon (« OMT-1 » et « OMT-2 »); deux groupes avec reins ischémiques 
sans épiploon (« Témoin-1 » et « Témoin-2 »). L’ischémie a été induite par clampage de l’artère rénale gauche pendant 45 
minutes. L’épiploon a été transposé sur le rein lésé dans les groupes « OMT ». Après le sacrifice, qui a eu lieu aux semaines 
4 et 8, l’histologie rénale et les échantillons sanguins ont été analysés pour les marqueurs de la fonction rénale.
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Résultats: Une augmentation immédiate du taux de créatinine et du taux sanguin d’urée a été observée le lendemain 
de la chirurgie, mais ces taux ont diminué avant le jour 28. Au jour 1, les deux groupes OMT ont montré des niveaux 
significativement plus faibles de créatinine et d’urée par rapport aux groupes témoins, mais après 28 jours, ces différences 
n’étaient pas statistiquement significatives. L’analyse histologique avec une coloration H&E et au trichrome de Masson a 
révélé des niveaux significativement plus élevés d’infiltration cellulaire inflammatoire et d’hyperémie dans les groupes OMT. 
Cependant, la fibrose et le rétrécissement des glomérules étaient plus importants dans les groupes témoins.
Conclusion: L’utilisation de l’épiploon prévient significativement la fibrose dans le parenchyme rénal, ralentit la progression 
de l’IRA et pourrait s’avérer une stratégie thérapeutique prometteuse pour traiter la dysfonction rénale.

Keywords
omentum, acute kidney injury (AKI), ischemia/reperfusion injuries (IRI), Wistar rat

Received August 1, 2024. Accepted for publication October 7, 2024.

1Urology Research Center, Tehran University of Medical Sciences, Iran
2Nanobiotechnology Research Center, Avicenna Research Institute, 
ACECR, Tehran, Iran
3Student Research Committee, School of Allied Medical Sciences, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran
4UroScience, State University of Campinas, Unicamp, São Paulo, Brazil
5ImmunOncology, Pontifical Catholic University of Campinas, São Paulo, 
Brazil

Corresponding Author:
Seyed Mohammad Kazem Aghamir, Urology Research Center, Sina 
Hospital, Tehran University of Medical Sciences, Hassan Abad Square, 
Imam Khomeini Avenue, Tehran 1416753955, Iran. 
Email: mkaghamir@tums.ac.ir

Introduction

Ischemia/reperfusion injury (IRI) is defined as the paradoxi-
cal exacerbation of cellular dysfunction and death, following 
restoration of blood flow to ischemic organs.1 Ischemia/
reperfusion starts a cascade of deleterious cellular responses 
leading to cell death via necrosis or apoptosis.2 Ischemia/
reperfusion injury is a common mode of injury that affected 
multiple organs such as kidney, heart, and brain.3 The injury 
process occurs within 2 stages: during ischemia, the main 
factor is cell energy depletion, secondly during reperfusion, 
the role of oxidative and microcirculatory stress, besides 
inflammation and apoptosis.4 Multiple studies show the role 
of oxidative stress, inflammation, and apoptosis in the initia-
tion and development of IRI.5

Kidney IRI is a common cause of acute kidney injury 
(AKI), which occurs in various clinical settings such as 
administration of vasoconstrictive drugs or radio-contrast 
agents, sepsis, trauma, transplantation, myocardial infarc-
tion, and cardiac surgery, that all lead to circulatory shock 
and hypotension. There is a mismatch between oxygen sup-
ply and demand, causes a reduction in oxidative metabolism, 
with progressive injury and death of tubular epithelial cells.6 
Acute kidney injury is a complex pathological situation 
mostly involving hemodynamic, inflammatory, and direct 
toxic effects at the cellular level, leading to morbidity and 
mortality.7,8 Ischemia/reperfusion injury–induced AKI is 
associated with changes in hemodynamics and dysfunction 
of endothelial cells owing to high levels of reactive oxygen 
species (ROS) and reactive nitrogen species that lead to 
decreased production of nitrogen oxide and intracellular 
energy store exhaustion.9

The omentum is an adipose tissue attached to the greater 
curvature of the stomach, containing immune cells called 
“milky spots.” The omentum has the innate characteristic of 
adhering to the injured sites in the abdomen.10,11 Additionally, 
the omentum is a mobile organ that covers the peritoneal 
cavity and deals with infections and contaminants. It also has 
a role in controlling inflammation, inducing revasculariza-
tion and tissue regeneration. Commonly, the omentum is 

wrapped around infection sites to avoid spreading to healthy 
sites. Furthermore, the omentum has a characteristic feature 
to pursue and contain the injury site. This phenomenon pro-
duces many immunomodulatory cells alongside the prolifer-
ating cells having stem cell properties, in a process called 
omentum activation.12,13 Omentum is an available source of 
adult stem cells that could be used to repair and regenerate 
injured tissue.14 Omentum has been known for its various 
functions in promoting revascularization, reconstruction, 
and tissue regeneration. The activated omentum secretes 
angiogenic and various growth factors that promote the for-
mation of new blood and lymphatic vessels, which subse-
quently connect with the vascular structures of the injured 
organ. This process aids in the removal of tissue debris and 
coagulated blood, while also ensuring an adequate blood 
supply that mitigates ischemic damage to the affected tis-
sue.15 Many studies show its potential revascularization 
effect on ischemic tissues such as the brain, myocardium, 
and extremities. Omentum has been also utilized in support-
ing neural regeneration on the transected spinal cord in both 
animal and human research.16-21 After the activation, the 
omentum size increases enormously (up to 20-fold) by pro-
ducing new tissue consisting of stromal cells, interstitial 
cells, and blood vessels. The stromal cells of expanded 
omentum express markers of stem cell activity such as fibro-
blast growth factor (FGF) and vascular endothelial growth 
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factor (VEGF) and express adult stem cell markers including 
SDF-1α, CXC motif chemokine receptor 4 (CXCR4), WT-1, 
as well as pluripotent embryonic stem cell markers, such as 
Nanog, Oct-4, and SSEA-1.22

In this study, we try to evaluate the healing effect of 
omentum on diminishing adverse effects of renal IRI in 
Wistar rat model.

Materials and Methods

This research was conducted in the Animal Laboratory of 
Urology Research Center of Tehran University of Medical 
Science, Tehran, Iran, between November 2023 and March 
2024. The study was approved by the Ethics Research 
Committee of Tehran University of Medical Sciences (IR.
TUMS.AEC.1401.191). Ethical principles in animal studies 
were considered in all phases of the research. Thirty-six male 
Wistar rats (Pasteur Institute, Tehran, Iran), aged 8 to 10 
weeks and weighing 210 ± 20 g, were used in the rat model 
of IRI. The rats were randomly divided into 6 groups, “isch-
emic kidney wrapped with omentum, euthanized after 4 
weeks” namely OMT-1 group (n = 6), “ischemic kidney 
wrapped with omentum, euthanized after 8 weeks” namely 
OMT-2 group (n = 6), “ischemic kidney without omentum, 
euthanized after 4 weeks” namely Control-1 group (n = 6), 
“ischemic kidney without omentum, euthanized after 8 
weeks” namely Control-2 group (n = 6), “normal kidney 
wrapped with omentum, euthanized after 4 weeks” namely 
Sham-1 group (n = 6), and “normal kidney wrapped with 
omentum, euthanized after 8 weeks” namely Sham-2 group 
(n = 6). All rats were acclimatized for 7 days. After acclima-
tization, rats were anesthetized with injection of ketamine 
10% (70 mg/kg) and xylazine 2% (10 mg/kg) intraperitone-
ally. In “Control” and “OMT” groups, rats underwent lapa-
rotomies with the midline abdominal incision. After 
dissecting renal pedicles, non-traumatic vascular clamps 
(Micro-serrefine curved 6 mm, Fine Science Tools Inc, 
Foster, California, USA) were applied to left renal artery for 
45 minutes to achieve ischemia of kidney. The right kidney 
in all rats was preserved. Rats were maintained under anes-
thesia and placed on heating pads during ischemia. The color 
change of the kidney from red to dark purple indicates the 
ischemia. Reperfusion started after removing the clamps and 
was observed by the return of color to red. In the “OMT” 
group, transposition of the omentum was performed without 
primary sutures on the injured kidney. To mobilize the omen-
tum, 5 ml of polydextran particle slurry (1:1 in sodium chlo-
ride solution) was added into the abdominal cavity.23 
Transection of the omental flap started from the hepatic flex-
ure of the colon with preservation of blood supply from the 
base of the flap. Considering the kidney size, an appropriate 
length of omentum was transected to reach the kidney with-
out any tension. The incision was closed in 2 layers by 3-0 

polyglycolic acid interrupted sutures. In the “Control” group, 
the omentum was completely resected to prevent the omen-
tum from fusing to the injured kidney. Sham operation was 
done by laparotomy midline incision (previously described) 
and transposition of the omentum to the normal kidney. All 
rats were kept in standardized laboratory conditions, con-
trolled light (day/night cycle of 12 h/12 h), fed standardized 
rodent food, and given filtered water. The average tempera-
ture of the room was 25 ± 2°C with 55 ± 5% humidity. Rats 
were euthanized at weeks 4 and 8 after inducing IRI. At 
euthanasia, kidney was resected for histologic examination.

Renal Function Measurement

Creatinine and blood urea nitrogen (BUN) were measured 
before the procedure, 1st day, 14th day, and 28th day after the 
procedure. Colorimetric Jaffe reaction (Sigma Diagnostics, 
Inc, St Louis, Missouri, USA) was used to measure the cre-
atinine, and improved colorimetric Jung method (BioChain 
Institute, Inc, Hayward, California, USA) calculated the 
BUN from the measurement of urea. Serum samples were 
collected and stored at −80°C until the analysis.

Tissue Sampling and Histopathological 
Examination

After sacrifice, the kidney tissue was fixed in 10%  
phosphate-buffered formalin. Several grades of ethanol 
were used for dehydration, the tissues were embedded in 
paraffin, and serial sections were obtained from the blocks 
with a thickness of 5 µm. Then, the tissue sections were 
mounted on slides, and staining (H&E) was performed. An 
expert pathologist scores each section in several random 
fields blindly using a light microscope. The histopathologi-
cal parameters and quantifying of tissue damages included: 
“hyperemia (congestion in medullary blood vessels), 
enlargement of Bowman’s space, shrinkage of glomerular 
tuft, and infiltration of inflammatory cells.” Scoring was 
performed using a 0 to 5 scale: normal (score 0); up to 20% 
(score 1), 21% to 40% (score 2), 41% to 60% (score 3), 
61% to 80% (score 4), and more than 80% (score 5). Each 
group’s average of all sections indicates a “total histopatho-
logical score.”24

For Masson’s trichrome staining, the tissues were fixed in 
10% neutral-buffered formalin for 24 to 48 hours, then dehy-
drated through a series of graded alcohols. The tissues were 
embedded in a paraffin block. Sections were taken with the 
5-µm slices mounted on the slides, and deparaffinized with 
xylene. Staining was done with Weigert’s iron hematoxylin, 
Biebrich scarlet-acid fuchsin, and aniline blue solution. 
Finally, sections were dehydrated through a series of graded 
alcohols and cleared in xylene. Scoring was performed with 
the same method used for H&E staining.25
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Statistical Analysis

Analysis was conducted using GraphPad Prism 9 (GraphPad 
Software, CA, USA). The descriptive variables were sum-
marized using frequencies and percentages, while continu-
ous variables were described with either medians and 
interquartile ranges for non-normal distributions or means 
and standard deviations for normal distributions. Statistical 
comparisons were made using the Kruskal-Wallis and Mann-
Whitney U tests for skewed data (after multi-comparison 
analysis significance level was considered as .017). Analysis 
of variance test was used for normally distributed data, with 
post hoc tests conducted using Tukey’s range test.

Results

Renal Function Parameters

The rats that were euthanized on days 28 and 56 were ana-
lyzed separately. Considering the rats euthanized on day 28, 
no significant differences in creatinine levels were observed 
between the groups on the preoperative day. However, on 
postoperative day 1, there was a significant increase in cre-
atinine levels in the Control-1 and OMT-1 groups compared 
to the preoperative day as shown in Table 1 (P values 
<.0001). Additionally, the creatinine level in Control-1 was 
significantly higher than in OMT-1 (P value <.0001). 
Subsequently, on day 28, there was a significant decrease in 
creatinine levels in both Control-1 and OMT-1 groups com-
pared to day 1 (P values <.0001). No differences were found 
between Control-1 and OMT-1 group in terms of creatinine 
levels on day 28 (P value = .982), with creatinine levels on 
day 28 not statistically different from preoperative levels in 
the Control-1 and OMT-1 groups (P values = .360 and .999, 
respectively).

While comparing BUN level, no statistically significant 
differences were observed between the groups on the preop-
erative day (Table 1). However, on the first day after surgery, 
there was a notable increase in BUN levels in both the 
Control-1 and OMT-1 groups compared to the preoperative 
day (P values <.0001), with Control-1 showing significantly 
higher BUN levels than OMT-1 (P-value <.0001). 
Subsequently, by day 28, there was a significant decrease in 
BUN levels in both Control-1 and OMT-1 compared to day 1 
(P value <.0001). There were no discernible differences 
between Control-1 and OMT-1 in terms of BUN levels on 
day 28 (P value = .346), and BUN levels on day 28 were not 
statistically different from preoperative levels in either group 
(P values = .988 and .967, respectively). Creatinine and 
BUN levels trend during the study period have been shown 
in Figure 1.

Similar results were observed in the rats euthanized on 
day 56. On postoperative day 1, there was a significant 
increase in creatinine levels in the Control-2 and OMT-2 
groups compared to the preoperative day (P value <.0001), 

with Control-2 showing significantly higher creatinine levels 
than OMT-2 (P value <.0001). Subsequently, on day 28, 
there was a significant decrease in creatinine levels in both 
Control-2 and OMT-2 groups compared to day 1 (P value 
<.0001). No differences were observed between Control-2 
and OMT-2 group in terms of creatinine levels on day 28  
(P value >.999), with creatinine levels on day 28 not statisti-
cally different from preoperative levels in the Control-2 and 
OMT-2 groups (P values = .938 and .816, respectively). 
Furthermore, the results on day 56 mirrored those on day 28, 
with no significant differences in creatinine levels between 
the 2 time points as demonstrated in Table 2.

Similarly, on the first day after surgery, there was a sig-
nificant increase in BUN levels in both the Control-2 and 
OMT-2 groups compared to the preoperative day (P value 
<.0001), with Control-2 exhibiting significantly higher 
BUN levels than OMT-2 (P value <.0001). Subsequently, by 
day 28, there was a significant decrease in BUN levels in 
both Control-2 and OMT-2 groups compared to day 1  
(P value <.0001). No differences were observed between 
Control-2 and OMT-2 group in terms of BUN levels on day 
28 (P value >.999), and BUN levels on day 28 were not 
statistically different from preoperative levels in either group 
(P value >.999). Furthermore, the results on day 56 were 
consistent with those on day 28, with no significant differ-
ences in BUN levels between the 2 time points as indicated 
in Table 2.

Histopathological Findings

Hyperemia, enlargement of Bowman’s space, shrinkage of 
glomerular tuft, and infiltration of inflammatory cells were 
assessed by H&E staining (Figure 2). Glomerular shrinkage 
was significantly higher in Control-1 versus OMT-1 on day 
28 (Table 3). Although the shrinkage was higher in Control-2, 
it was not statistically significant on day 56 (Table 4). While 
hyperemia was higher in OMT-1 on day 28 and in OMT-2 on 
day 56, the difference was significant only on day 28. 
Infiltration of inflammatory cells was higher in both OMT-1 
and OMT-2 groups with a significant difference only in the 
OMT-2 group. Bowman’s space was increased in both 
Control-1 and OMT-1 groups on day 28. Although the 
increase was slightly more in OMT-1, the differences were 
insignificant. Considering the rats that were euthanized after 
8 weeks, Bowman’s space increased significantly in OMT-2. 
Masson’s trichrome staining was performed to assess renal 
fibrosis (Figure 3). Fibrosis was significantly higher in 
Control-1 versus OMT-1 on day 28. The same result was 
observed in the rats that were euthanized after 8 weeks.

Discussion

The etiology of AKI is primarily associated with a reduction 
in renal perfusion, leading to renal hypoxia. Subsequent 
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Table 1. Comparison of Creatinine and BUN Level Between Time Points and Groups in Rats That Were Euthanized After 4 Weeks.

Creatinine, mean (SD)

 Sham-1 Control-1 OMT-1 P-valuea P-valueb P-valuec

Preoperative 0.48 (0.03) 0.49 (0.05) 0.54 (0.03) >.999 .987 .996
Day 1 0.51 (0.03) 2.41 (0.23)* 1.75 (0.17)* <.0001 <.0001 <.0001
Day 28 0.45 (0.02) 0.63 (0.06)# 0.57 (0.05)# .107 .603 .982

BUN, mean (SD)
Preoperative 23.5 (3.61) 28.6 (3.55) 23.8 (3.18) .185 >.999 .257
Day 1 25.6 (4.13) 59.3 (3.07)* 46.0 (2.53)* <.0001 <.0001 <.0001
Day 28 24.3 (4.41) 30.5 (3.01)# 26.0 (1.78)# .058 .993 .346

aSham-1 vs Control-1.
bSham-1 vs OMT-1.
cControl-1 vs OMT-1.
*P value <.05 compared to preoperative.
#P value <.05 compared to day 1.

Table 2. Comparison of Creatinine and BUN Level Between Time Points and Groups in Rats That Were Euthanized After 8 Weeks.

Creatinine, mean (SD)

 Sham-2 Control-2 OMT-2 P-valuea P-valueb P-valuec

Preoperative 0.54 (0.05) 0.51 (0.07) 0.49 (0.10) >.999 .999 >.999
Day 1 0.56 (0.01) 2.26 (0.28)* 1.73 (0.21)* <.0001 <.0001 <.0001
Day 28 0.49 (0.02) 0.61 (0.05)# 0.61 (0.02)# .816 .829 >.999
Day 56 0.49 (0.03) 0.56 (0.05)# 0.57 (0.04)# .995 .986 >.999

BUN, mean (SD)
Preoperative 25.8 (4.07) 25.5 (4.37) 29.0 (3.22) >.999 .950 .905
Day 1 29.1 (2.31) 59.6 (5.04)* 46.0 (4.42)* <.0001 <.0001 <.0001
Day 28 27.5 (3.27) 25.8 (4.07)# 30.3 (4.96)# .999 .997 .661
Day 56 27.6 (2.58) 26.3 (2.25)# 24.8 (3.76)# >.999 .977 >.999

aSham-1 vs Control-1.
bSham-1 vs OMT-1.
cControl-1 vs OMT-1.
*P value <.05 compared to preoperative.
#P value <.05 compared to day 1.

elevation of creatinine, BUN rise, and decline in glomerular 
filtration rate are significant complications of this situation. 
Reversing the ischemia may result in adverse outcomes such 
as necrosis and cellular swelling, known as IRI. Renal dys-
function due to IRI has been observed in various clinical sce-
narios, including cardiac and aortic surgeries, trauma, shock, 
burns, and organ transplantation. Clinical management 
necessitates dealing with reperfusion when tissue ischemia 
occurs. Despite the established correlation between the 
severity of damage and ischemia duration, prompt reperfu-
sion is not always feasible. Extensive research efforts have 
been dedicated to elucidating the mechanisms underlying 
IRI; however, consensus on the precise pathophysiology 
remains elusive.4,26,27 Several pharmacological agents have 
been employed to mitigate IRI complications. Urocortin, a 

peptide from the corticotropin-releasing factor family, exhib-
its notable cardioprotective effects post-myocardial IRI by 
modulating various signaling pathways. Polyethylene gly-
cols and exogenous adenosine also demonstrate therapeutic 
potential in ameliorating IRI by protecting mitochondria, 
cytoskeleton integrity, and enhancing Akt/eNOs engage-
ment, respectively.28-30 Excessive production of ROS post-
IRI induces oxidative stress, leading to cellular damage 
through diverse mechanisms. Antioxidants and free radical 
scavengers have shown promise in mitigating IRI-induced 
oxidative stress. Agents like ulinastatin, propofol, and cer-
tain herbal products with antioxidative properties, such as 
Picrorhiza kurroa, naringin, and aqueous garlic extract, have 
been implicated in reducing IRI complications.31 Activation 
of the renin-angiotensin system is identified as a risk factor 
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Figure 1. Creatinine and BUN levels during the study period. (A) Creatinine trend in 4 weeks. (B) Creatinine trend in 8 weeks. (C) 
BUN trend in 4 weeks. (D) BUN trend in 8 weeks.

Control/day 14 Control/day 28 IRI/day 14 IRI/day 28 IRI+OMT/day 
14

IRI+OMT/day 
28

40x

400x

100x

Figure 2. Histopathological sections of rat kidney, H&E staining. The thin arrow shows the glomerular shrinkage of the tuft. A thick 
arrow indicates hyperemia. The black star demonstrates the inflammatory cell infiltration and the red one shows the increase of 
Bowman’s space.

exacerbating IRI, with angiotensin 2 exerting adverse effects 
through renal vasoconstriction, increased vascular sensitivity 
to sympathetic stimulation, and apoptosis induction. Prior 
studies suggest that angiotensin-converting enzyme inhibi-
tors and angiotensin receptor blockers can confer renopro-
tective effects against IRI-related complications.32

Currently, mesenchymal stem cells (MSCs) have gar-
nered considerable attention in the field of tissue repair and 
regenerative medicine due to their inherent self-renewal 
capabilities. The therapeutic potential of MSCs has prompted 
researchers to investigate the efficacy of MSC-based inter-
ventions in IRI. Homing capacity of MSCs in damaged 
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Figure 3. Histopathological sections of rat kidney, Masson’s trichrome staining. Blue stains show renal sclerosis.

Table 3. Comparison of the Histopathological Findings in Rats That Were Euthanized After 4 Weeks (H&E and Masson’s Trichrome).

Sham-1 Control-1 OMT-1 P valuea

Glomerular shrinkage, median (IQR) 0 (0-1) 4 (3-4)b 2 (2-3)c,d .001
Hyperemia, median (IQR) 0 (0-1) 0 (0-1) 3 (3-4)c,d .003
Inflammatory cell infiltration, median (IQR) 0 (0-1) 0 (0-1) 1.5 (1-2)c .001
Bowman’s space increase, median (IQR) 0 (0-1) 1 (1-2)b 2 (2-3)c .003
Renal fibrosis 0 (0-1) 4 (3-4)b 2 (2-2)c,d .001

aKruskal-Wallis test.
bP value <.017 comparing Sham-1 vs Control-1.
cP value <.017 comparing Sham-1 vs OMT-1.
dP value <.017 comparing Control-1 vs OMT-1.

Table 4. Comparison of the Histopathological Findings in Rats That Were Euthanized After 8 Weeks (H&E and Masson’s Trichrome).

Sham-2 Control-2 OMT-2 P valuea

Glomerular shrinkage, median (IQR) 0 (0-1) 3 (3-4)b 2 (1-3)c .001
Hyperemia, median (IQR) 0 (0-1) 2 (1-2)b 3 (3-4)c .002
Inflammatory cell infiltration, median (IQR) 0 (0-1) 1 (1-2)b 3 (3-4)c,d .001
Bowman’s space increase, median (IQR) 0 (0-1) 1 (1-2) 4 (4-4)c,d .001
Renal fibrosis, median (IQR) 0 (0-1) 4 (4-4)b 2 (2-2)c,d .001

aKruskal-Wallis test.
bP value <.017 comparing Sham-2 vs Control-2.
cP value <.017 comparing Sham-2 vs OMT-2.
dP value <.017 comparing Control-2 vs OMT-2.

tissues is attributed to its therapeutic effects. Homing ability, 
beyond anti-inflammatory and vascular-supportive roles, is 
crucial for MSCs to effectively localize within damaged 
organs and enhances the paracrine functions and contributes 
to the preservation of microvessel density. Signals from 

injured renal cells are detected by transplanted MSCs, which 
leads to their chemoattraction to the affected area. The 
CXCR4 serves as a specific receptor for the chemokine  
stromal cell–derived factor-1 (CXCL12), with CXCR4-
expressing cells playing a pivotal role in renal repair during 
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AKI. The localization of damaged tissues by MSCs is medi-
ated by stromal cell–derived factor-1, which is significantly 
upregulated during AKI and promotes the homing of 
CXCR4-expressing cells to the injured renal tissue.33-36 In 
AKI, there are notable alterations in the levels of VEGF, 
hepatocyte growth factor (HGF), epidermal growth factor, 
insulin-like growth factor-1 (IGF-1), and transforming 
growth factor-beta (TGF-β), all of which contribute to the 
apoptosis of endothelial cells. These growth factors are also 
recognized as critical elements in cellular regeneration and 
renal repair processes. MSCs release various bioactive mol-
ecules directly or through extracellular vesicles which 
include VEGF, HGF, IGF-1, interleukin-10, FGF, and TGF-
α. Additionally, MSCs downregulate the expression of pro-
inflammatory cytokines such as interleukin-1 beta and tumor 
necrosis factor-alpha, thereby exerting anti-inflammatory 
and anti-apoptotic effects that facilitate renal repair.37-39 In a 
notable study by Mathew et al, extracellular vesicles derived 
from MSCs were utilized to mitigate retinal IRI. These extra-
cellular vesicles were isolated from human MSCs and 
administered into the vitreous humor of a rat model 24 hours 
post-retinal ischemia. Results indicated enhanced functional 
recovery and a significant reduction in apoptosis.40 Another 
study by Kim et al evaluated post-IRI renal function follow-
ing the administration of adipose-derived stem cell–derived 
conditioned medium (ADSC-CM) in a rat model. By form-
ing 3-dimensional spheroids from ADSCs and collecting 
conditioned medium after 48 hours of incubation, the 
researchers observed significantly lower levels of BUN and 
creatinine in the ADSC-CM group, along with reduced col-
lagen content, apoptosis, increased proliferation, and higher 
antioxidant levels in both the medulla and cortex.41

Mesenchymal stem cells are present in various tissues 
such as adipose tissue, peripheral blood, and bone marrow. 
The omentum, a vascular structure rich in growth factors and 
MSCs, has been recognized for its healing capabilities attrib-
uted to its migratory properties toward sites of injury.42 In 
this study, male Wistar rats were utilized to assess the impact 
of omental flap on IRI. It is noteworthy to mention that 
female rats are often excluded from clinical trials due to the 
complexities of the menstrual cycle, which leads to variable 
hormone levels and complicates data interpretation. While 
male sexes have similar sex hormones, female hormones 
fluctuate cyclically. Females generally have a protective 
advantage in renal diseases, attributed to estrogen and pro-
gesterone. Additionally, outcomes in AKI are usually more 
favorable in females. To reduce hormonal variability and cre-
ate a consistent model of renal injury, this study used male 
rats.43 Moreover, a unilateral renal ischemia approach was 
performed in this study. Ischemia/reperfusion injury can be 
induced through unilateral or bilateral clamping of the renal 
arteries. Shorter ischemic durations associated with bilateral 
clamping do not allow strict control of renal damage that 
may be too mild or too severe. In contrast, unilateral clamp-
ing allows for extended ischemic periods that allow us to 

study a larger range of severity of renal injury and facilitate 
the investigation of AKI following a prolonged post-IRI 
phase. Furthermore, unilateral clamping preserves an intact 
kidney post-surgery, significantly diminishing the risk of 
mortality due to renal failure. Consequently, unilateral IRI is 
often preferred in experimental settings.44-46

In a study by Fay et al,47 autologous omentum was trans-
posed as a flap in a rat model of spinal cord injury, resulting 
in significant preservation of nerve fibers after 16 weeks. 
Di Taranto et al48 utilized omental flap (harvested via lapa-
roscopy) reconstruction to treat lower limb ulcers in lymph-
edema patients, leading to reduced ulcer size and improved 
lymphatic drainage (confirmed by lymphoscintigraphy). 
Additionally, Paglione et al investigated the impact of 
omental MSC infusion on IRI in a rat model. The MSC was 
injected intraparenchymal at reperfusion stage. Findings 
showed significantly lower levels of creatinine and BUN in 
the omental MSC group.49 In a study by Garcia-Gomez 
et al, rats underwent right total nephrectomy and left 5/6 
nephrectomy in order to induce chronic kidney disease 
(CKD). Transpositioning of the omentum was performed 
on the remaining left kidney to assess its potential role on 
slowing the progression of CKD. Creatinine and BUN were 
significantly lower in group receiving omentum. Finding 
also showed that the differences were higher in week 12 
versus week 6. In H&E staining, hyperemia (seen in experi-
mental kidneys) demonstrated that the injured kidney is 
well perfused while the lack of red blood cells in the Control 
group suggested poor perfusion. Inflammatory cells were 
not infiltrated in both experimental and control tissues. 
Masson’s trichrome staining also was carried out to distin-
guish renal fibrosis. This test showed fibrosis 2 weeks after 
5/6 nephrectomy and experimental kidneys had signifi-
cantly less fibrosis.50

In this study, creatinine and BUN levels rose immedi-
ately after ischemia/reperfusion in both Control and both 
OMT groups on postoperative day 1 and gradually declined 
until postoperative day 28, almost near the normal range. 
Creatinine and BUN levels were significantly higher in both 
Control groups comparing to OMT groups in the first post-
operative day. Creatinine and BUN levels in day 28 were not 
statistically different, and the same findings were observed 
in day 56. These findings revealed that omentum flap can 
slow the progression of AKI. In our study, renal function 
parameters came back to the normal range after 28 days. 
Our damage to the kidney with ischemia/reperfusion might 
be not as severe (as 5/6 nephrectomy) to distinguish the 
potential effect of omentum. This finding also can be associ-
ated to the impact of the other normal kidney that compen-
sated ischemic kidney. For better evaluation of omentum 
ability, more severe damage with bilateral ischemia/reperfu-
sion may be helpful. Another option for the measurement of 
accurate renal parameters without the interference of the 
healthy kidney is ureteral catheterization in the experimen-
tal kidney.
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Fibrosis is a pathological phenomenon characterized by 
connective tissue deposition, and affected soft tissue in dif-
ferent organs including the heart, liver, and lungs due to 
many conditions. Accumulation of fibroblasts and collagens 
plays a key role in the fibrosis process.51 Renal fibrosis is a 
progressive process resulting in end-stage renal disease, a 
critical condition that necessitates dialysis or kidney trans-
plantation. Renal fibrosis is a consequence of the wound-
healing process after renal trauma.24 In a study by Jo et al, a 
3-dimensional bio-printed omentum patch was used in uni-
lateral ureteral obstruction in rat model. After 14 days, histo-
pathological staining demonstrated significant alteration in 
fibrosis. The omentum showed antifibrosis characteristic in 
unilateral ureteral obstruction.52 Endothelial dysfunction is 
one of many factors responsible for renal fibrosis. In a cross-
sectional study by Noishiki et al, reactive hyperemia index 
(RHI) was evaluated in keloid (the result of excessive fibro-
sis) and non-keloid patients. This study aimed to assess the 
effect of endothelial dysfunction by using RHI on excessive 
fibrosis occurring in the keloid formation process. On logis-
tic regression, they found poor RHI values associated with 
keloid development.53

In our study, fibrosis was observed in both groups after 28 
days. The severity of fibrosis was not changed in day 56. 
However, our findings demonstrated that the application of 
omental flap exhibited a significant preventive effect on 
fibrosis within the renal parenchyma. Histological analysis 
using H&E staining indicated a notable increase in hyper-
emia (especially in the first month) and infiltration of inflam-
matory cells (significantly on the second month) in OMT 
groups. As literature review showed, adequate blood flow is 
necessary for prevention from fibrosis and can be associated 
with hyperemia.

Some degree of inflammation was always presented in 
damaged tissue. However, inflammation is a double-edged 
sword, sometimes resulting in tissue regeneration and some-
times leading to fibrosis.54 Our study findings show that 
infiltration of inflammatory cell is significantly higher in 
OMT groups (especially after 8 weeks). Further animal stud-
ies should perform to understanding the exact inflammatory 
cells infiltrated in renal tissue after transpositioning the 
omentum and finding the molecular pathways involved in 
preventing the fibrosis.

To evaluate the effect of omentum in AKI progression 
after IRI more precisely, it would be beneficial to assess cre-
atinine and BUN levels during the first post-IRI week. 
However, this was one of our study limitations. Further stud-
ies should be carried out to closely monitor creatinine and 
BUN levels in the first week after IRI.

Conclusion

Overall, the incorporation of an omental patch stands as a 
promising and innovative therapeutic strategy for preserving 
renal function. In light of these findings, numerous studies 

and clinical trials are underway to explore novel treatment 
modalities for kidney diseases.
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