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Thymoquinone reduces ischemia and reperfusion-induced
intestinal injury in rats, through anti-oxidative and
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ABSTRACT

Objective: The aim of the present study was to investigate the effect of thymoquinone on ischemia/reperfusion (I/R) injury at 150 min or/and 24 h of
reperfusion in male Wistar Rats.

Material and Methods: The therapeutic value of thymoquinone on cellular damage caused by reactive oxygene species or inflammatory processes
during intestinal ischemia/reperfusion was investigated using pharmacological function studies on smooth muscle contractile responses of acetylcho-
line (Ach) and KCl, along with myeloperoxidase activity, malondialdehyhde, glutathione and cytokine levels such as tumor necrosis factor (TNF)-a and
interleukin (IL)-1p in serum and ileum tissue of rats. Thymoquinone was administered at a dose of 50 mg/kg orally for three times: 30 min, 24 h and 48
h prior to the surgical procedure. Soon after reperfusion timing (150 min or 24 h), the contractility traces to KCl and acetylcholine of the ileum smooth
muscle were recorded through isolated organ bath.

Results: Pretreatment with thymoquinone reversed the disrupted contractility of the ileum smooth muscle at the 24 h reperfusion. Increased malondial-
dehyde and depleted glutathione levels and high myeloperoxidase activity determined in the ileum I/R tissue returned to reasonable amounts by pretreat-
ment of Thymoquinone, which attenuated malondialdehyde quantity, restored glutathione level and inhibited myeloperoxidase activity. In addition, both
serum and tissue TNF-a and IL-1( activities were modulated by thymoquinone at 24 h of intestinal I/R.

Conclusion: The results indicate that thymoquinone may have therapeutic value due to its immunomodulating, radical scavenging and/or antioxidant
effects in intestinal I/R injury including oxidant damage mechanisms.
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*The research was discussed at the fifth International Congress of Turkish Society of Pharmacology, 2013, Antalya, Turkey.

INTRODUCTION

Ischemia due to insufficient blood supply to tissues results in cellular function fail-
ure; however, reperfusion exacerbates the ischemic damage more. Actually, the
intestinal tissue is quite sensitive to ischemia/reperfusion (I/R) through mesenter-
ic artery. Cellular damages during surgical procedures or pathological conditions
including bowel transplantation, acute mesenteric ischemia, abdominal aortic
aneurysm, and shock are remarked as the main causes of intestinal I/R injury. In-
Cite this article as: Parlar A, Arslan SO, Thymoduinone re- creased protein extravasations, disruption of mucosal barrier, decreased contractile
duces ischemia and reperfusion-induced intestinal injury in activity, and impairment of gut motility are clearly observed with intestinal I/R (1).
’Tajrsk32’3%9;0;8%?(‘33%61 ST anti-inflammatory effects.  The activation of inflammatory cells such as polymorphonuclear leukocytes leads
to fast exagreation of the onset of inflammatory reaction. Previous studies have
shown that in the pathologenesis of I/R, there is an increase in the amounts of
o el AT reactive oxygen and nitrogen species, cytokines, endotoxins, and neutrophils (2-4).
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seeds. Recently, data have addressed on its in vivo and in vitro
pharmacotherapeutic effects (6). Its antioxidant, anti-inflamma-
tory or immunmodulatory actions have been revealed in several
disease models (7-11), as well as in gastric ulcer caused by I/R
(9). Moreover, TQ has been shown to inhibit the accumulation
of inflammatory cells in bronchial alveolar fluid (BALF) and lung
tissue (12). In a study of Tas et al, TQ has been found to cause
decreased levels of malondialdehyde (MDA) in ischemia-reper-
fusion injury while increasing the level of glutathione (GSH) (13).
A recent study reveals that TQ reverses cytokine increases such
as tumor necrosis factor (TNF)-a and interleukin (IL)s caused by
I/R in both serum and intestinal tissue (13).

For all reasons, it is to prove the hypothesis that the antioxidant
and antiinflammatory role of TQ in I/R injury will reduce injury
of intestinal ischemia reperfusion. Therefore, this research was
planned to reveal the effect of TQ on intestinal I/R.

MATERIAL and METHODS
Animals

This study was conducted with forty-eight male Wistar-albino
rats weighing 200-250 g in Experimental Research Section of
Duzce University. The approval of the animal ethical committee
of Duzce University was taken with the number: 2011/009.

Thymoquinone Treatment

All chemicals used in the study was obtained from Sigma (USA)
and was prepared with 1% Tween 80 to be administered orally.
TQ (50 mg/kg of body weight per day) or gavage canula (1 mL)
was given orally once a day for 3 days before surgery and 30 min
before surgical procedures (n= 8). The dose of TQ was adminis-
tered as done by El-Abhar et al. in their study (14).

Experimental Protocols of Induction of
Ischemia/Reperfusion in Intestinal Tissue

Intestinal I/R was performed as described previously (3). Brief-
ly, under sodium thiopental anaesthetize midline laparotomy
was performed, the small intestine was gently naked with hu-
mid sterile gauze to block dehydration. After I/R was performed
through the occlusion of superior mesenteric artery with a
30-minute schedule using microvascular clamp, ileum was per-
fused by 150 min. Loss of pulsation and coloration in the bowel
was observed in the ischemia period. To let blood flow to the in-
testines, the clamp was opened gently at the end of 30 minutes.
In the experimental protocol, groups were divided as follows:

I. Sham group (n= 16): The rats underwent laparotomy, without
ischemia/reperfusion, remained open until the ischemia/reper-
fusion period or after 30 minutes of follow-up, the abdominal
wall was sutured.

Il. I/R-vehicle group without any treated (n= 16): First, the su-
perior mesenteric artery was occluded with clamp for 30 min
and then ischemia was started. Immediately 150 minutes or 24
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h reperfusion was performed and this procedure was also done
for the I/R-vehicle after vehicle was given.

lll. I/R and TQ-treated group (n= 16): Animals subjected to isch-
emia/reperfusion were preadministered with TQ as described
above.

Animals were divided into 2 series for 150 min and 24 h reperfu-
sion studies (n= 8). Bioochemical analyses were only measured
at24 h.

Preparation of the Terminal lleum and Contractile Studies
in Intestinal Tissue

The aim of this process was to evaluate the contractile activity of
the ileal longitudinal muscle in isolated ileal segments in organ
bath (Commant lletisim Co, Ankara, Turkey). A 15-mm length ter-
minal ileum tissue fragment was cleaned and immediately sus-
pended in anisolated organ bath with a Krebs solution involving
KCl 4.7, NaHCO, 24.88, MgSO, 1.16, KH,PO, 1.18, CaCl,, 2.52, NaCl
118, and glucose 11.1 in mM. Longitudinal segments of the ile-
um smooth muscle were calibrated during 60 min at 2 g force
in organ bath filled with Krebs solution regularly fed with a gas
mixture of 5% CO, and 95% O, at 37°C. Following the 2 g tension
equilibration, spontaneous activity, 30 mM KCl, and cumulative
acetylcholine (Ach) contractility were recorded.

In order to measure cytokines, myeloperoxidase (MPO), gluta-
thione (GSH), and malondialdehyde (MDA) activity, harvested
blood and then tissues were immediately removed and cleaned
with buffer solution and stored at -80°C deep freeze.

MDA Determination in the Intestinal Tissue

MDA levels were detected using a method described by Casini
et al. based on thiobarbituric acid reaction (15).

Determine of GSH Levels in Intestinal Tissue

The method described by Ellman was used to determine the lev-
el of GSH in intestinal tissue (16).

Determinationt of MPO Activity in leum Homogenate

The method described by Bradley et al. was used to determine
the amount of myeloperoxidase (MPO), which is an indicator of
migration of the neutrophils to the inflammed tissue (17).

Determination of TNF-a and IL-1f Activities in Serum and
Intestinal Tissue

In both serum and tissue, the activity of TNF-a and IL-13 was
measured by following the instructions in the manufacturer’s
guideline papers (abcam ab100770, ab100768, respectively, Is-
tanbul/Turkey).

Statistical Analysis

Statistical analysis was performed using a Kruskal-Wallis test, fol-
lowed by a post hoc Bonferroni test to estimate the differenc-
es between groups. A two-way ANOVA with multiple post hoc
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comparisons performed with the Bonferroni test was used to
determine the differences between the 150 min and 24 h series.

RESULTS
lleal Longitudinal Muscle Contractility

As seen in Figure 1 with original traces, the cumulative dose of
Ach (10-8-10-3 M) produced concentration-dependent contrac-
tion on isolated ileum in the sham, I/R-vehicle and TQ at 24 h
after ischemia procedure. Contraction response of the cumula-
tive dosing of Ach in the TQ group was almost as much as the
response of the sham group at 24 h after ischemia while the cu-
mulative effect of Ach in the 150-minute reperfusion group was
not statistically significant. In 150 min reperfusion periods, statis-
tical significance was not significant in the 150-minute reperfu-
sion pediods as shown in Table 1 and Figure 2.

There were statistical differences between I/R-vehicle and sham
groups in the Ach contraction responses both at 150 min (Figure
2A) and 24 h (Figure 2B) of the reperfusion periods. The inhibi-
tion of Ach-induced contraction due to I/R was reversed by TQ
for the responses to 10-6 M-10-3 M Ach at 24 h (p< 0.05, p<
0.0001), however, this effect of TQ was not observed at 150 min
of reperfusion (Table 1). Therefore, biochemical analyses were
only measured at 24 h.

At 24 h of reperfusion, the depressed response of KCl-induced
contractions in the TQ treated I/R-vehicle group was reversed
and a similarity was seen in the sham control group (Figure 3).
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The ameliorating affects of TQ on the Ach and KCI contractile
responses of the intestinal I/R tissue were observed only at 24
h of reperfusion even though there was no gain at 150 min of
reperfusion (Table 1). Moreover, there was a statistical difference
between the 150 min and 24 h reperfusion periods at 30 mM KCl
when comparing TQ groups with each other.

MDA Levels in the Intestinal Tissue at the 24 h of
Reperfusion

As shown in Figure 4A and Table 2, in the I/R-vehicle group, MDA
level in the ileum homogenate was observed significantly higher
than the Sham group at 24 h of reperfusion. Pre-treatment of a 50
mag/kg dose of TQ significantly inhibited out the content of MDA.

GSH Levels in the Intestinal Tissue at the 24 h of
Reperfusion

As illustrated in Figure 4B and Table 2, GSH levels in the intes-
tinal homogenate of the I/R-vehicle animals were observed
significantly lower than the sham group at 24 h of reperfusion.
Pre-treatment with a 50 mg/kg dose of TQ, however, significantly
improved the decreased quantity of GSH in theTQ pre-admin-
istered I/R-vehicle group, with a significantly higher GSH level.

MPO Activity in the Intestinal Tissue at the 24 h of
Reperfusion

Figure 4C shows that the statistical significances were found be-
tween I/R-vehicle and sham groups and between TQ and I/R-ve-
hicle groups at 24 h of reperfusion (Table 2).
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Figure 1. The original trace of the samples in isolated organ bath from groups sham, I/R-vehicle and thymoquinone

groups.
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Table 1. Maximum contraction effects of Ach on the sham, I/R+vehicle and thymoquinone groups of an isolated rat ileum

Reperfusion periods (min; h)
Ach Con. (n=28) Sham I/R+vehicle Thymoquinone p1 p2
108 150 2423 +561 13.54 £6.85 1846 + 744 >0.999 >0.999
108 24 2433 £5.13 11.92 £ 6.09 1846 =+ 7.44 0.3632 >0.999
107 150 36.08£4.77 1646 + 5.19** 23.15+591 0.0067 >0.999
107 24 36.17 +4.92 14.96 £ 4.31** 26.15+£591 0.0002 0.8749
10° 150 64.34 £3.98 19.64 £ 6.13*** 3027 £841 <0.0001 >0.999
10° 24 64.33 £3.87 21.28 £ 6.46%** 3808 + 7.44 <0.0001 0.0108
10° 150 85.00 £ 540 2415 £ 11.34%% 3846+ 10.05 <0.0001 03016
10° 24 85.33 +4.89 3002 +£9.62%* | 5467 + 1050 <0.0001 <0.0001
10 150 93.10 +£4.88 2826 £8.01%** 45.15+9.56 < 0.0001 0.0506
10" 24 93.04 +4.73 37.58 £7.56%* | 6515+ 956" <0.0001 <0.0001
10° 150 95.12£4.89 3133 £ 6.68*** 4808+ 1134 < 0.0001 0.0562
103 24 95.11+4.82 39.88 £4.80%* | 6808+ 1141 < 00001 < 00001
KCI (30 mM) 150 99.49 £ 837 4243 £1746"* | 5457 +1520% 0.0003 >0.999
KCl (30 mM) 24 99.63 £ 1034 50.70 £ 16.60** 86.24 + 15.55" 0.0011 0.0126
Data are expressed as mean + SD (n= 8). p1: p value between I/R and Sham control groups, p2: p value between TQ and I/R groups. ##: p< 0.01, ***, ###; p< 0.001,
&Sign between 150 min and 24 h reperfusion, p< 0.05.
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Figure 2. Maximum contraction effects of Ach on the sham (e), I/R-vehicle (4) and TQ (o) groups of an isolated rat
ileum. Data are presented as mean + SD (n=8). ** p< 0.001, and *** p< 0.0001 vs. I/R-vehicle groups, # p< 0.05 and ###

p< 0.0001 vs. I/R-vehicle groups.

Level of TNF-a in Serum and Intestinal Tissue at the 24 h of
Reperfusion

As shown in Figure 5A and 58, in the I/R-vehicle group, the
TNF-a levels in serum and ileum homogenate were observed
significantly higher than the Sham group at 24 h of reperfusion.
Pre-treatment of a 50 mg/kg dose of TQ significantly inhibited
out the levels of TNF-a in the serum and tissue homogenate.

IL-1B Assay in Serum and Intestinal Tissue at the 24 h of
Reperfusion

The other criteria of the size of the I/R-induced ileum injury is
the determination of IL-13 levels in the serum and ileum tissue.
As illustrated in Table 2, when the I/R-vehicle groups and sham

groups were compared in terms of IL-1(3 levels in both the se-
rum and ileum homogenate, the increase in all of these param-
eters in the I/R-vehicle groups was statistically different. There
was a statistically significant difference when compared to a 50
mg/kg dose of TQ group with I/R-vehicle group in the serum
(Figure 5C) and tissue homogenate (Figure 5D).

DISCUSSION

The results of the present research revealed that intestinal I/R
resulted in a depressed ileum contractile responses to KCl, un-
specific Kion channels related to contractility, and Ach, an excit-
atory neurotransmitter that effects by cholinergic induction in
the smooth muscle cells of the digestive system. TQ administra-
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Figure 3. The response of resveratrol to 30 mM KCl in intestinal muscle in the I/R model. TQ was tested at 50 mg/kg
dose once a day throughout 3 days before surgery. Data are expressed as mean =+ SD. Statistically significant differen-
ces were found when comparing the I/R + vehicle with the sham group (*** p< 0.0001, 150 min; ** p< 0.001, 24 h
reperfusion; n= 8). Statistically significant differences were only found at 24 h of reperfusion when comparing the TQ
group with the I/R + vehicle groups (p< 0.05; n=8; 24 h reperfusion). There was a statistical difference between the 150
min and 24 h reperfusion periods at 30 mM KCl when comparing TQ groups with each other (& p< 0.05).
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Table 2. Comparison of oxidative stress and cytokine levels between the groups

Reperfusion periods (min; h)

Ach Con. (n=8) Sham I/R+vehicle I/R+TQ p1 p2

MDA (nmol/q) in tissue 24 2183+343 4075 +11.13% 2567 =963 0.0057 00272
GSH (nmol/mag) in tissue 24 2533 +4.41 8.25 + 6.01%%* 2067 +6.22% 0.0003 0.0048
MPO (nmol/mg) in tissue 24 12174172 27.08 + 7.09%%* 1433 +5.98% 0.0008 0.0031
TNF-a (pg/mL) in serum 24 74967 + 9745 | 2955.12 +880.22%** | 165041 +417.37" | <00001 | 00056
TNF-a (pg/g) in tissue 24 52704550 | 107.50 + 2347%* 64.40 + 20.38% 0.0003 0.0029
IL-1B (pg/mL) in serum 24 25883 +4237 | 112733 £230.34%* | 59717 +7503" | <00001 = 00027
IL-1B8 (pg/q) in tissue 24 6.78 +0.24 15.86 + 3.63*%* 748 + 250" <0.0001 | 0.0001

Data are expressed as mean
groups, # p< 0.05 ## p< 0.01, ### p< 0.001.
Data are presented as mean
groups.

+ SD (n=8). p1: p value between I/R-vehicle and sham groups, ** p< 0.001, *** p< 0.0001. p2: p value between I/R-TQ and I/R-vehicle

+ Standard Deviation (SD; n=8). ** p< 0.001, and *** p< 0.0001 vs. sham groups; # p< 0.05, ## p< 0.001, and ### p< 0.0001 vs. I/R-vehicle
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Figure 5. The effects of TQ on TNF-a and IL-1( in serum and ileum tissue. Effect of TQ on TNF-a level in serum (A) and
ileum tissue (B), IL-1(3 activity in serum (C) and tissue (D). Data collected from 8 animals are expressed as means + SD
(pg/mL in serum; pg/g in wet tissue); *** p< 0.0001 indicate differences between I/R-vehicle and sham; ## p< 0.001
and ### p< 0.0001 indicate differences between I/R-TQ and I/R-vehicle groups.

tion was noticed ameliorate the distrupted contractile respons-
es at 24 h after I/R, whereas it seemed to have no improvement
at 150 min of I/R.

The ileum contraction response due to I/R damage of intestinal
tissue is significantly impaired (3). Inflammatory mediators, ROS,
leukocyte migration, and events in the immune processes can
trigger the contractile chaos of the smooth muscle induced by

I/R. Itis known that I/R causes endothelium integrity, endotheli-
al dysfunction, and failure in the oxydant defence mechanisms
(2,3,5). In order to understand the therapeutic effect of TQ in in-
testinal I/R injury well, markers of oxidative stress and inflamma-
tion such as MDA, GSH, MPO and TNF-a activities in the ileum
tissue were investigated. The results indicated that stimulated
cytokine, neutrophilic inflammation and oxidative events play a
rolein I/R-induced intestinal damage. Fortunately, pretreatment
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of animals with TQ restored intestinal dysfunction, reduced ele-
vated MDA, MPO, TNF-a levels and reversed the depleted intes-
tine GSH levels at I/R 24.

One of the unpredictive result was that we did not observe
the reverse effect of distrupted contractily at the 150th min of
reperfusion, while it was significantly decreased at the 24 h of
reperfusion by TQ administration. Actually, a dose of 50 mg/
kg/bw of TQ was chosen according to a previous paper (13,14).
That dose may be insufficient to carry out a therapy for acute
I/R injury. Another limitation about our research protocol may
be the oral route of application of TQ to animals. In several in-
vestigations, unlike us, the application of antioxidant agent has
been intravenous infusion just before ischemia (5). On the other
hand, active TQ in the body can affect the liver due to its in-
active biotransformation tract (18). Therefore, future studies are
needed to plan the application routes of TQ in pathogenesis of
I/R injury in detail.

The results of the present study on smooth muscle functions
revealed that intestinal I/R injury was appreciably reduced by
TQ preapplication. According to the literature, oxidant stress is
a basic mechanism on inflammation and pathogenesis in in-
testinal I/R injury (13). This study revealed that increased MDA
levels reversed with three times TQ administration prior to I/R
surgery operation. In addition, GSH has non-enzymatic antiox-
idant structures of cells to protect against to oxidant processes
(13,19).TQ elevated the deppressed GSH level of intestinal cells.
These results indicate that TQ has attributed to the upregulation
of endogenous cellular antioxidant systems during the progress
of subacute I/R injury. MPO activity is often discussed to show
the extent of inflammation in intestinal tissues subjected to I/R
injury. Our study revealed that the increased MPO activity in-
hibited with three times TQ administration prior to I/R surgery
operation.

Recent studies have revealed that the suppression of overpro-
duction of pro-inflammatory cytokines including TNF-a and IL-
1B occurs in exaggerated immunity or inflammation of disease
models such as asthma, rheumatic arthritis, cancers, neurode-
generative diseases, cardiotoxicity, and etc. by TQ (12,20-24).
Our results showed that TQ administration inhibits both ileum
tissue and plasma TNF-a and IL-1(3 expressions in intestinal I/R
injury. Cytokine production ring can occur due to the migration
of polymorphonuclear leukocytes to the injured tissue.

Some limitations of this study are about other probable effect
mechanisms of TQ on I/R injured tissue pathogenesis. One
mechanism of TQ may be that it enhances the expression of en-
dothelial nitric oxide synthase and increases nitric oxide levels,
potent antioxidant which reacts with toxic molecular radicals,
along with down-regulated nitric oxide synthase expression
(25). TQ may have improved effects on endoplasmic stress and
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mitochondrial dysfunction and anti-apoptotic effects through
activation of autophagy in damaged cells following numerous
I/R models (13,26-29).

CONCLUSION

Our results confirm that TQ has antioxidant and aniinflammato-
ry activities in the prevention and therapy of intestinal I/R injury.
However, for clinical use, the dose, effect, and safety of TQ must
be investigated by clinical phase studies in healthy volunteers
or patients with numerous diseases. Finally, the results of the
current study clearly reveal the role of oxidative damage in the
immuno-pathophysiology of intestinal I/R injury, and in fact, TQ
can be useful as a prophylactic and therapeutic agent in intes-
tinal I/R injury.
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Timokinon, bir antioksidan ve antienflamatuvar etki ile baglantili olarak sicanlarda
iskemi ve reperfiizyonun neden oldugu bagirsak hasarini azaltir
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OZET

Giris ve Amag: Bu calismanin amaci, erkek wistar sicanlarinda timokinonun iskemi/reperfiizyon (I/R) yaralanmasina 150 dakika veya 24 saat
reperflizyon Uzerindeki etkisini arastirmaktir.

Gereg ve Yontem: Timokinonun reaktif oksijen tiirlerinin veya bagirsak iskemisi/reperfiizyonunda inflamatuvar siireglerin neden oldugu hiicresel
hasar tizerindeki terapétik degeri, asetilkolinin (Ach) ve KCI'nin diizgilin kas kasilma yanitlari, malondialdehit ile birlikte diiz kas kasilma yanitlari
lizerinde farmakolojik fonksiyon calismalari kullanilarak incelendi. Sicanlarin serumlari ve ileum dokularinda timor nekroz faktéri (TNF)-a ve
interlokin (IL)-1pB gibi glutatyon ve sitokin seviyeleri de incelendi. Timokinon 50 mg/kg dozda cerrahi islemden 30 dakika 6nce, islem sonrasi 24.
saatte ve islem sonrasi 48. saatte olmak tizere oral yoldan ti¢ kez uygulandi. Reperflizyon zamanlamasindan kisa bir stre sonra (150. dakika veya
24. saat), KCl'ye bagli kontraktilite izleri ve ileum diiz kas asetilkolin izole organ banyosuna kaydedildi.

Bulgular: Timokinon ile 6n tedavi, 24 saat reperfiizyonda ileum diiz kasinin bozulmus kasiima kontraktilitesini tersine cevirmistir. Artan malondi-
aldehit ve tilkenmis glutatyon seviyeleri ve ileum I/R dokusunda belirlenen yiiksek miyeloperoksidaz aktivitesi, malondialdehit miktarini azaltan,

glutatyon seviyesini eski haline getiren ve miyeloperoksidaz aktivitesini dnleyen timokinon 6n tedavisi ile makul miktarlara getirilmistir. Ek olarak,
hem serum hem de doku TNF-a ve IL-1§ aktiviteleri 24 saatlik intestinal I/R'de timokinon ile modidile edilmistir.

Sonug: Timokinonun, oksidan hasar mekanizmalari iceren bagirsak I/R yaralanmasinda immiinomodiile edici, radikal temizleyici ve/veya antiok-
sidan etkileriyle terap6tik degere sahip olabilecegini gosterir.

Anahtar Kelimeler: Timokinon, bagirsak iskemi ve reperflizyon, ileum diiz kas kasilmasi, sitokinler, oksidatif yaralanma
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