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ABSTRACT

BACKGROUND: Acute mesenteric artery ischemia is recognized as a significant cause of mortality and morbidity, with its incidence
increasing with age. This study aims to investigate the efficacy of sesamin in mitigating the histological, immunological, and biochemical
damage associated with superior mesenteric artery ischemia and reperfusion (SMA I/R) injury in the ileum.

METHODS: Twenty-eight Sprague-Dawley rats were randomly assigned into four equal groups. Group | (Control group): Received
no treatment. Group Il (SMA I/R group): Carboxymethylcellulose was mixed with distilled water and administered orally via gavage
at a dose of | mL/kg/dose for three weeks. At the end of the third week, SMA ischemia was induced for 60 minutes followed by 120
minutes of reperfusion. Group Il (Sesamin group): Received sesamin orally at a dose of 30 mg/kg via gavage for three weeks. Group IV
(Sesamin + SMA I/R group): Received sesamin followed by SMA I/R.

RESULTS: Serum malondialdehyde (MDA\) levels were highest in the SMA I/R group, while lower levels were observed in the Sesamin
+ SMA /R group (p<0.05). Similarly, total oxidant status (TOS) was significantly reduced in the Sesamin + SMA I/R group compared to
the SMA /R group (p<0.05). Consistent with these findings, Bax expression, a pro-apoptotic marker, was less intense in the Sesamin
+ SMA I/R group than in the SMA I/R group.

CONCLUSION: Our findings indicate that the administration of sesamin prior to SMA I/R effectively reduces oxidative damage and
prevents histological alterations, as demonstrated by histological, immunohistochemical, and biochemical parameters.
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result from non-occlusive venous thrombosis.2l AMI caused

INTRODUCTION
by arterial embolism is often associated with a history of car-

Acute mesenteric ischemia (AMI) is one of the most criti-  diac dysrhythmias, whereas arterial thrombosis typically de-

cal acute abdominal conditions, with a high mortality rate of  velops in patients with critical vascular stenosis.”! Common

approximately 60%, primarily affecting older adults (typically
between 58 and 63 years of age). The incidence is higher
in males compared to females.!'l It has been reported that
approximately 50% of mesenteric ischemia cases are due to
superior mesenteric artery (SMA) embolism, 25% are caused
by atherosclerotic vessel thrombosis, and the remaining 25%

symptoms of mesenteric ischemia include abdominal pain,
changes in bowel habits, nausea, and vomiting. Early diagnosis
is challenging, especially before the appearance of peritoneal
irritation signs. Once peritoneal irritation develops, the isch-
emia, initially affecting the mucosa, progresses transmurally to
involve the bowel serosa.! With the exception of non-occlu-
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sive cases, treatment for acute mesenteric ischemia typically
involves laparotomy, resection of necrotic bowel segments,
and revascularization.4!

Restoration of blood flow impaired by ischemia is known as
ischemia-reperfusion (I/R) injury.>¢! However, reperfusion may
exacerbate the damage caused by ischemia. It has been ob-
served that arterio-venous occlusion of the gastrointestinal
system develops following reperfusion. IR injury is a signifi-
cant cause of morbidity and mortality, particularly in organ
transplantation and resuscitation settings.”! The small intes-
tine is considered one of the most susceptible organs to I/R
injury.® Intestinal I/R can result from mesenteric ischemia,
disseminated infections, traumatic shock, or surgical proce-
dures. Following I/R injury, an uncontrolled inflammatory re-
sponse and multiple organ dysfunction may occur.’! This is
because, during reperfusion, the ischemic organ is suddenly
flooded with blood, leading to a surge in reactive oxygen spe-
cies (ROS). The increase in ROS contributes to inflammation,
immune cell activation, and apoptosis.['” Oxidative stress also
disrupts the balance between anti-inflammatory factors in
the ischemic tissue.l''! Bax molecules trigger the release of
cytochrome c, initiating caspase-9 activation. Bax protein is
considered one of the key markers of cell death following I/R
injury.l'?

To date, many studies have suggested that certain herbs and
drugs may protect against I/R injury by exerting antioxidant
effects. However, studies demonstrating the anti-apoptotic
activity of sesamin in I/R injury are limited. Sesamin, a flavo-
noid found in sesame oil, is believed to be effective in reducing
oxidative stress.['?!

Sesame (Sesamum indicum L.), a member of the Pedaliaceae
family, has a long history, having been first cultivated in Babylon
approximately 4,000 years ago.l' Several studies have report-
ed the antioxidative, anti-inflammatory, and neuroprotective
effects of sesame oil.l'""! Additionally, sesamin, one of the key
components of sesame oil, has been shown to offer protective
effects against oxidative stress.['®!

Our aim was to demonstrate, through histopathological and
biochemical markers, that sesamin administration prior to
I/R may protect against and ameliorate I/R-induced injury by
reducing oxidative stress, inflammation, and apoptosis. For
this purpose, malondialdehyde (MDA), a marker of oxidative
stress, along with total oxidant status (TOS), total antioxidant
capacity (TAS), and oxidative stress index (OSI), will be evalu-
ated to assess the antioxidant potential of sesamin and com-
pared between the groups. Additionally, histological changes
in ileum tissues will be evaluated in relation to the expression
of Bax proteins.

MATERIALS AND METHODS

All experimental protocols were conducted in accordance
with the guidelines for the ethical use and care of experimen-
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tal animals. The study was approved by the Dicle University
Prof. Dr. Sabahattin Payzin Health Sciences Research and Ap-
plication Center Animal Experiments Local Ethics Commit-
tee (Protocol Number: 2022/25, Approval Number: 2, Date:
31.05.2022). The study was carried out on 28 Sprague-Daw-
ley rats, weighing between 180 and 300 grams.

Preparation of Sesamin

The sesamin used in this study (purity: 298%) was obtained
from Dalian Meilun Biotech Co., Ltd. (Dalian, China). It was
dissolved in a carboxymethyl cellulose solution and adminis-
tered orally (p.o.) via gavage at a daily dose of 30 mg/kg for
three weeks. Previous studies have shown that administering
sesamin at this dose and duration, for up to eight weeks, does
not produce toxic effects.!'”]

Preparation of Carboxymethyl Cellulose

Carboxymethyl cellulose was prepared by dissolving 0.5% of
it in distilled water. This solution was administered orally via
gavage at a daily dose of | mL/kg.['®

Surgical Procedure for Inducing SMA I/R

Rats were fasted for twelve hours prior to surgery, with ac-
cess to water only. General anesthesia was induced via intra-
peritoneal (i.p.) injection of 90 mg/kg ketamine hydrochlo-
ride (Ketalar; Pfizer, Istanbul, Tirkiye) and 10 mg/kg xylazine
hydrochloride (Rompun; Bayer, Istanbul, Tiirkiye). The depth
of anesthesia was periodically monitored using skin and toe
pinch responses. Under anesthesia, the rats were placed
in a supine position and secured to the surgical table. The
abdominal skin was shaved and disinfected with 10% povi-
done-iodine. A midline laparotomy was performed to expose
the abdominal cavity, and the intestines were exteriorized
to visualize the superior mesenteric artery. The Treitz liga-
ment was identified and incised, and the site where the SMA
branches from the aorta was clamped using an atraumatic
microvascular clamp for 60 minutes to induce ischemia in the
ileum. Following the ischemic period, the clamp was released
to initiate a 120-minute reperfusion period. Finally, a 2 cm
segment of the terminal ileum was resected.['”]

Experimental Animal Grouping and Protocol

The rats were housed in stainless steel cages at 22+2°C with
60% humidity and a 12-hour light/dark cycle. They were fed
a standard diet, with no restrictions on movement, food, or
water. Food was provided in steel containers, and water was
supplied in glass bottles filled with tap water. The rats were
divided into four groups, with seven rats per group. Drug dos-
ages were calculated individually based on the body weight of
each rat, in accordance with literature recommendations.

* Group | (Control Group): 0.5% carboxymethyl cellulose

was mixed with distilled water and administered orally via
gavage at a dose of | mL/kg/dose for three weeks.
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* Group Il (SMA I/R Group): 0.5% carboxymethyl cellulose
was mixed with distilled water and administered orally via ga-
vage at a dose of | mL/kg/dose for three weeks. At the end of
the third week, SMA was subjected to 60 minutes of ischemia
followed by 120 minutes of reperfusion.

* Group Il (Sesamin Group): Sesamin was administered orally
(p.0.) via gavage at a dose of 30 mg/kg for three weeks.

* Group IV (Sesamin + SMA I/R Group): Sesamin was adminis-
tered orally at a dose of 30 mg/kg via gavage for three weeks.
At the end of the third week, the rats were placed under
general anesthesia, followed by 60 minutes of ischemia and
120 minutes of reperfusion after the clamps were released.

At the end of the experiment, a 2 cm segment of the distal
terminal ileum was resected from all groups.

Biochemical Analyses
Measurement of Serum Malondialdehyde Levels

For the measurement of serum malondialdehyde levels, com-
mercially available kits (BT LAB, Zhejiang, China) were used.
Blood samples were collected intracardially and centrifuged
at 3000 rpm for 15 minutes. The plasma was separated and
stored in individual tubes at -80°C for subsequent MDA anal-
ysis. During the MDA analysis, 0.5 mL of plasma was mixed
with 2.5 mL of 20% trichloroacetic acid (TCA) and vortexed.
Then, | mL of 0.6% thiobarbituric acid (TBA) was added to
the mixture, which was vortexed for 10 minutes and sub-
sequently incubated in boiling water for 30 minutes. After
cooling, the absorbance of the mixture was measured at 532
nm using a spectrophotometer. Results were calculated in
umol/L, considering the extinction coefficient (1.56x10°) and
dilution factors.

Total Antioxidant Capacity and Total Oxidant Status

Venous blood samples were collected into EDTA (ethylene-
diaminetetraacetic acid) tubes and centrifuged at 3000 rpm
for 10 minutes. The plasma samples were then separated and
stored at -80°C. Prior to analysis, the serum samples and
assay kits were brought to room temperature (+25°C). TAS
levels were measured using the method developed by Erel,
utilizing a Rel Assay Diagnostics kit (Gaziantep, Tiirkiye). TAS
results were expressed in umol/L and analyzed using a Beck-
man Coulter AU5800 analyzer.!'"2%

Measurement of Oxidative Stress Index

The OSI was calculated using the following formula:

OSI = TOS (pmol H,O; equivalent/L) / TAS (mmol Trolox
equivalent/L) x 100.2"

Histological Tissue Examination

lleum tissues obtained from the sacrificed animals were fixed
in 10% formalin (Sigma #SZBE2450V) for 24 hours and then
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washed in running water for 12 hours. For dehydration, the
tissues were passed through a graded alcohol series (70%,
80%, 96%). Following dehydration, the tissues were treated
with xylene for 2 x |15 minutes and then embedded in paraf-
fin. Sections 5 pm thick were cut from the paraffin blocks
and mounted on positively charged slides. Routine histologi-
cal evaluation was performed using hematoxylin and eosin
staining. The degree of tissue damage was assessed using the
Chiu scoring system.?2

Bax Analysis

Sections 5 pm thick were cut and mounted on positively
charged slides, then deparaffinized in xylene for 2 x 15 min-
utes and rehydrated through a decreasing alcohol series to
distilled water. Antigen retrieval was performed using an
EDTA solution. The sections were rinsed in phosphate-buff-
ered saline (PBS) for 3 x 5 minutes, and the tissue boundaries
were outlined using a hydrophobic pen. The specimens were
incubated overnight at +4°C with the primary Bax antibody
(Santa Cruz), diluted at 1:250 in antibody diluent (Thermo).
Histoscore analysis was used to evaluate the degree of dam-
age in the ileum tissue.®

Statistical Analysis

Statistical analysis was performed using SPSS version 20 (SPSS
Inc., USA). The Shapiro-Wilk test was used to determine
whether the data followed a normal distribution. For data
not conforming to a normal distribution, the Kruskal-Wallis
H test was applied. Pairwise comparisons between groups
were performed using the Mann-Whitney U test. A p value of
<0.05 was considered statistically significant.

RESULTS
Biochemical Analyses
MDA Analysis

The highest mean MDA levels were observed in the SMA I/R
group, while significantly lower levels were found in the Sesa-
min + SMA I/R group (1.36+0.19 and 1.11+0.08, respectively;
p=0.002) (Table I).

TAS and TOS Values Analysis

There was no significant difference in TAS values among the
groups (p>0.05).

The highest TOS values were observed in the SMA I/R group,
while significantly lower values were recorded in the Sesamin
+ SMA I/R group (125.204£57.75 vs. 36.14+22.32, p=0.006)
(Table ).

OSI Analysis

No significant differences were found among the groups in
the OSI comparison (p>0.05) (Table ).

Histological Evaluation

Based on the Chiu scoring system, the highest mean tissue
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Table I. Mean * standard deviation values of statistically analyzed malondialdehyde (MDA), total antioxidant status (TAS), total
oxidant status (TOS), and oxidative stress index (OSI)

Groups MDA TAS TOS osl

G | (n=7): Control 0.91+0.21 0.92+0.25 20.61£12.29 2409.64+1783.88

G Il (n=7): SMA IIR 1.360.19* 0.99+0.18 125.20+57.75* 12353.14+4787.41

G Il (n=7): Sesamin 1.03+0.09 0.87+0.09 17.29+13.58 1835.80+1770.63

G IV (n=7): Sesamin + SMA I/R 1.11+0.08 0.76+0.08 36.14+£22.32 4841.55+2634.40

SMA I/R: Superior mesenteric artery ischemia and reperfusion; n: Number of subjects; MDA: Malondialdehyde (umol/L); TAS: Total antioxidant status (umol
H,O, equivalent/L); TOS: Total oxidant status (mmol Trolox equivalent/L); OSI: Oxidative stress index (AU). Sesamin + SMA I/R *p<0.05.

Table 2. AveragetStandard deviation values of statistically analysed Histological and Immunohistochemical damage.

Groups Histological Damage Immunohistochemical Damage
G | (n=7): Control 0.14+0.37* 0.01+0.02*

G Il (n=7): SMA I/IR 4.57+0.53* 1.54+0.32*

G Il (n=7): Sesamin 0.14+0.37* 0.02+0.03*

G IV(n=7): Sesamin+ SMA I/lR 2.00+0.57 0.74+0.29

SMA I/R: Superior mesenteric artery ischemia and reperfusion; n: Number of subjects. Sesamin + SMA /R *p<0.05.

damage score was observed in the SMA I/R group. The Sesa-
min + SMA I/R group had lower damage scores (1.54+0.32 vs.
0.74+0.29, p=0.001) (Table 2).

Microscopic examination under a light microscope revealed
normal histological structures in both the Sham and Sesamin
groups. The tunica mucosa, submucosa, muscularis, and se-
rosa layers appeared intact and unaffected in these groups.
In contrast, the SMA /R group showed severe disruption of
tissue integrity, including reduced villus height, numerous pyk-
notic cells, congestion, muscular layer damage, and injury to
the intestinal glands. In the Sesamin + SMA I/R group, signs
of villus regeneration and restoration of the muscular layer
were observed. Although mild congestion remained, sesamin
demonstrated a protective and reparative effect at the micro-
scopic level (Fig. I).

Immunohistochemical Evaluation

The highest immunohistochemical scores were observed in
the SMA I/R group, while the mean score was lower in the
Sesamin + SMA I/R group (4.57+0.53 vs. 2.00+£0.57, p=0.002)
(Table 2).

Microscopic examination under a light microscope showed
generally negative immunoreactivity in both the Sham and
Sesamin groups. In contrast, intense Bax-positive expres-
sion was observed in the ileum tissues of the SMA I/R group,
whereas the expression intensity was reduced in the Sesamin
+ SMA I/R group (Fig. I).
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DISCUSSION

In mesenteric ischemia, the lack of specific biochemical mark-
ers and pathognomonic physical examination findings can
lead to misdiagnosis and delays in treatment. Even when a
rapid and accurate diagnosis is made, there is no specific
treatment currently available. It is well established that tis-
sue damage primarily occurs during reperfusion rather than
during ischemia. Parks et al.?*) demonstrated that four hours
of ischemia caused less mucosal damage in tissues compared
to three hours of ischemia followed by one hour of reperfu-
sion. Reactive oxygen species primary contributors to cellu-
lar damage during reperfusion./”! Lipid peroxidation initiated
by ROS disrupts cell membrane structure, leading to cellular
damage. Furthermore, lipid peroxidation impairs the func-
tion of affected cells.’”’? MDA, a byproduct of lipid peroxida-
tion, serves as an indicator of reactive oxygen species. Toxic
enzymes released from activated neutrophils during I/R injury
further exacerbate tissue damage.l® However, the body pos-
sesses endogenous antioxidant defense systems to counter-
act the harmful effects of increased ROS levels.?*?’! The de-
gree of ischemia and reperfusion damage in tissues depends
on the balance between oxidant and antioxidant substances.
B39 However, this system is often insufficient to eliminate the
excessive amount of free oxygen radicals generated during
reperfusion. As a result, many agents have been tested to
reduce reperfusion injury, but the desired success has not yet
been achieved.B']
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Figure 1. Light microscopic images of ileal tissue micrographs:

* C (Control group): Normal ileum tissue.

» Ses (Sesamin group): lleum tissue showing intestinal glands (black arrow) and villus tips (yellow arrow).

* SMA I/R (Superior Mesenteric Artery Ischemia and Reperfusion Group): Tissue showing congestion (blue arrow), degeneration at the
villus tips (yellow arrow), damage in the muscular layer (red arrow), and degeneration in intestinal glands (black arrow).

» Ses + SMA I/R (Sesamin + Superior Mesenteric Artery Ischemia and Reperfusion Group): Tissue demonstrating regeneration of the mus-
cular layer (red arrow) and reformation and repair of villus tips (yellow arrow), although congestion (blue arrow) is still present (Staining:

Hematoxylin & Eosin (H&E); Scale Bar: 50-100 um).
Second row:

« C (Control group): No Bax-positive expression observed in the ileum tissue.

» Ses (Sesamin group): Very mild Bax-positive expression in the ileum tissue (red arrow).

* SMA I/R (Superior Mesenteric Artery Ischemia and Reperfusion Group): Widespread Bax-positive expression (red arrow).

» Ses + SMA I/R (Sesamin + Superior Mesenteric Artery Ischemia and Reperfusion Group): Milder Bax-positive expression (red arrow)
(Staining: Bax immunohistochemistry; Counterstaining: Hematoxylin; Scale Bar: 50-100 um).

In most models evaluating I/R injury, 60 minutes for ischemia
followed by 120 minutes of reperfusion is considered suffi-
cient to induce and assess reperfusion injury.’? In our study,
we applied 60 minutes of ischemia followed by 120 minutes of
reperfusion period. Zheng et al.’® reported that MDA levels
increased in intestinal tissue due to lipid peroxidation caused
by oxidative damage, while Shen et al.B?* found elevated MDA
levels in a group with brain I/R injury. Similarly, Sener et al.**
reported a significant increase in MDA during ischemia and
reperfusion in their study of renal I/R injury. In our rat model
of SMA I/R injury, we also observed increased MDA levels, in
line with findings from these studies.

Sesamin, the primary active component of sesame oil, is
known to have numerous beneficial effects, particularly due
to its antioxidant properties.’! However, studies investigat-
ing the protective efficacy of sesamin in ischemia-reperfusion
injury are limited. Chang et al.’”! demonstrated the antioxi-
dant and anti-inflammatory effects of sesamin in their study.
Khan et al.’® and Ahmad et al.?% suggested that sesamin has
neuroprotective and antioxidant effects in cerebral I/R injury.
Similarly, Utsunomiya et al.”®! also demonstrated the antioxi-
dant properties of sesamin. Akimoto et al.*! reported that
sesamin accelerated recovery in liver injury induced by etha-
nol toxicity. In parallel with these findings, our study showed
that sesamin reduced oxidative stress and increased serum
antioxidant levels in SMA I/R injury.

In the early 1990s, a test was developed to measure total
antioxidant capacity, referred to as TAS. This test allows for
the evaluation of the overall antioxidant capacity of all anti-

Ulus Travma Acil Cerrahi Derg, April 2025, Vol. 31, No. 4

oxidants present in a biological sample. Due to the damage
caused during ischemia, oxidant levels increase and antioxi-
dant levels decrease, leading to oxidative stress. TAS reflects
the overall antioxidant effect in all body fluids, whereas TOS
reflects the total oxidant effect.[*'! Dobashi et al.l*? showed
that antioxidant levels significantly decreased in I/R injury,
while Yurtcu et al.*®! found that TAS levels were low and TOS
levels were high in ischemia studies. In some experimental
studies with sesamin, it was observed that sesamin signifi-
cantly increased TAS levels after oxidative stress. However, in
one renal I/R study, sesamin did not cause a significant change
in serum and tissue TAS values.[*!! In our study, we found that
sesamin significantly reduced serum TOS levels, even when
administered over a three-week period prior to SMA I/R.

Chiu et al.?? developed a scoring system for the histopatho-
logic classification of intestinal I/R injury. In our study, ileum tis-
sue sections obtained from each group were examined under
a light microscope after H&E staining, and it was observed that
tissue integrity was severely impaired in the SMA |I/R group.
However, the damage was reduced in the Sesamin + SMA I/R
group. The Bax gene, a member of the Bcl-2 family, promotes
cell death. In their study, Li et al.’! reported that the Bcl-2/
Bax ratio was significantly decreased in the I/R group com-
pared to the control group. Aslan et al.l*! demonstrated that
melatonin increased Bcl-2 levels and significantly decreased
Bax levels in a myocardial I/R model. We found that strong
Bax-positive expression was common in the ileum tissues of
the SMA I/R group, whereas the expression intensity was low-
er in the group that received sesamin prior to SMA I/R.
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CONCLUSION

Sesamin administered prior to AMI reduced oxidative stress
parameters, mitigated histopathological changes in ileum tis-
sues, and prevented apoptosis, owing to its antioxidant prop-
erties. However, as current studies exploring the protective
mechanisms of sesamin against AMI are limited, we recom-
mend further research on this subject.
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DENEYSEL CALISMA - 0Z

Sicanlarda olugturulan siiperior mezenterik arter iskemisinde sesamin’in ileum iizerindeki
koruyucu etkinligi

AMAC: Akut mezenterik arter iskemi yasla birlikte insidansi artan mortalite ve morbidite nedenlerinden biri olarak gorilmektedir. Bu galismada
sliperior mezenter arter (SMA) iskemi ve reperflizyonuna (I/R) bagli ileumda gelisen histolojik, immiinolojik ve biyokimyasal hasarin giderilmesinde
sesamin’in etkinligi incelenecektir.

GEREC VE YONTEM: Calismada 28 adet, Sprague-Dawley cinsi sigan kullanildi. Siganlar rastgele segilip esit 4 gruba ayrildi. Grup | (Sham/Kontrol
grubu), grup Il (SMA I/R grubu); % 0.5 karboksimetil seliiloz 3 hafta siireyle | ml/kg dozdan gavaj yoluyla peroral (p.o.) verildi. Ugiincii haftanin
sonunda 60 dk iskemi ve 120 dk reperfiizyon uygulandi. Grup Ill (Sesamin grubu); sesamin 3 hafta slireyle 30 mg/kg dozdan gavaj yoluyla peroral
verildi. Grup IV (Sesamin+SMA |/R grubu) olarak belirlendi.

BULGULAR: Serum malondialdehit (MDA) diizeyleri en ylksek SMA I/R grubunda goriiliirken, sesamin+SMA [/R grubunda ortalamanin daha
diistik oldugu izlendi (p<0.05). Serum total oksidan seviyelerini (TOS) karsilastirdigimizda yine sesamin+SMA |/R grubunun ortalamasi SMA /R
grubundan daha dustik hesaplandi (p<0.05). Bulgularimiza paralel sekilde proapoptotik faktor olan Bax ekspresyonlarin SMA I/R grubuna kiyasla
sesamin+SMA |/R grubunda daha az yogunlukta oldugu izlendi.

SONUC: Histolojik, immunohistokimyasal ve biyokimyasal parametreler dogrultusunda yapilan arastirmamizda sesamin’in SMA |/R 6ncesinde
uygulanmasi, olusan oksidatif hasarin giderilmesine ve histolojik degisikliklerin dnlenmesine karsin etkin oldugu gorilmektedir.

Anahtar sozciikler: Iskemi ve reperfiizyon; sesamin; oksidatif stres; apoptozis.
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