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ABSTRACT

Introduction: The aim of this study was to compare the efficafyNogella sativa in

protection of jejunal mucosa against harmful eBexftgamma radiation.

Methods: Radiotherapy group received abdominal gamma radiaif 15 Gy in addition to

physiological saline. Radiotherapy Nigella sativa treatment group received abdominal
gamma radiation of 15 Gy in addition\bgella sativa treatment in the amount of 400 mg/kg.
Radiotherapy and treatment groups were sacrificedy® after the exposure to irradiation.
Then, jejunum samples were harvested for biochdrmaca histological assessment of

mucosal injury.

Results: Nigella sativa treatment was found to significantly lower elevatéidsue
malondialdehyde (MDA) levels and, to raise redugkdathione peroxidase (GSH-Px) and
superoxide dismutase (SOD) activity in intestinsddes samples. Single dose 15 Gy gamma-
irradiation was noted to result in a marked jejumalcosal injury. Three days after exposure
to irradiation, the villi and Lieberkiihn crypts weobserved as denuded, and villous height
diminished. Concomitantly with inflammatory cell vasion, capillary congestion and
ulceration were observed in the atrophic mucdsd@ella sativa treatment significantly
attenuated the radiation induced morphological gharnn the irradiated rat jejunal mucosa.
Conclusion: Nigella sativa has protective effects against radiation-inducednatse,

suggesting that clinical transfer is feasible.

Key words: Jejunal mucosd&adiation injuryNigella sativa: Apoptosis Oxidative stress
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INTRODUCTION

Radiotherapy is known to be one of the most commod important methods for
cancer treatment[1]. Killing action of ionizing fation is mainly mediated through the free
radicals generated from the radiolytic decompasitbcellular water[2],including superoxide
radical, hydroxyl radical, and hydrogen peroxj@gThese free radicals can stimulate chain
reactions by interacting with proteins, lipids amatleic acids, causing cellular dysfunction
and even death[4].Previous studies have indici@idradiation-mediated oxidative stress can

induce apoptosis[5].

The intestine is an important dose-limiting orgamig radiation therapy of tumors in
the pelvis or abdomen. In animal studies, intebtiadiation toxicity (radiation enteropathy)
is, by convention, classified as early or delay@hending on when it occurs relative to the
time of radiation therapy [6].It was previously ileekd that the severity of intestinal radiation
toxicity depended directly on cell death in inteaticrypts. This view has been supplanted by
the recognition that radiation- induced changeseiltular function and alterations secondary
to cell death contribute substantially to the itited radiation response[7,8].Because these
functional and secondary changes develop over tfter radiation exposure, they are
particularly promising targets for interventionsnaid at preventing or reducing intestinal
radiation toxicity.

Biologic modifiers targeting oxidative damage fadioprotection have been studied
for decades with limited success. Hence, there isead for better and more potent
compounds, especially on herbal origin to boosbaittant defence.

The black seedNigella sativa family Ranunculaceae has been shown to contain >
30% of fixed oil and 0.4-0.45% wt/wt of volatileloiThe volatile oil has been shown to

contain 18.4-24% thymoquinone (2-isopropyl-5-methyl-benzoquinone) and 46%
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monoterpenes such as p- cymene arglene[9].Recently, clinical and animal studies énav
shown that the extracts of the black seeds haveyntharapeutic effects such as
immunomodulative, antibacterial, antidiabetic, Hhepeotective, gastroprotective,

antihistaminic and antioxidative and neuroprotextves[10,11,12-17].

In this study, antiapoptotic effects Nfgella sativa in rat jejenum exposed to gamma
radiation were examined by light microscopy, peting cell nuclear antigen (PCNA) and
terminal deoxynucleotidyltransferase-mediated dedeyne triphosphate in situ nick end-

labeling (TUNEL) technique.

METHODS

Animals

Thirty 12-14-week-old Male Wistar albino rats weigd between 250 and 300 g
(Trakya University Animal Care and Research Unidiree, Turkey) were housed under
constant temperature (Z1) and photoperiod (12 h light/dark cycle). They e access to
standard rat chow diet. All animals received huroare according to the criteria outlined in
the “Guide for the Care and Use of Laboratory Argharepared by the National Academy
of Sciences and published by the National InstitateHealth. The study was approved by the

Institutional Animal Ethical Committee of the Trakyniversity, Edirne, Turkey.

Plant material and extraction procedure

The NS seeds were purchased from a local herle gtoEskisehir, Turkey. Sample
specimens have been kept at the Plant, Drug areht8@ Researches Center, Anatolian
University Faculty of Pharmacy, Eskisehir, Turkey future reference. The seedsNogella
sativa were powdered in a mixer. 20 g of the powdered seeere added to 400 ml of

distilled water and extraction was carried out byam distillation. The distillation process
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was continued until about 200 ml of distillate veadlected. The distillate was extracted three
times with chloroform. Moisture was removed by ashiopis sodium sulphate and the
resultant extract was evaporated using a 40°C wadtr leading to the appearance of the
volatile oil. 500 mg of the volatile oil were didged in 1 ml of dimethyl sulphoxide (DMSO)
then 9 ml of physiological saline was added tod/izlconcentration of 50 mg volatile oil per

1 ml solution[18].

Experimental Design and Drug Preparation

Twenty-four rats were randomly divided into thiggeups of eight rats each. At day
7, group 1 (control group) received sham irradragdus on each day physiological saline (2
ml / in a dose of 400 mg/kg body weight intraga3triGroup 2 (radiotherapy group) received
abdominal gamma-irradiation of 15 Gy on day 7 asirgle dose plus on each day
physiological saline (2 ml / in a dose of 400 mghady weight intragastric) as placebo.
Group 3 (radiotherapy Nigella sativa group) received abdominal gamma-irradiation of 15
Gy on day 7 and plus on each dsigella sativa (in a dose of 400 mg/kg body weight
intragastric) as treatment. All groups were deeapd 3 day after exposure (at day 10) and
jejunum samples were removed for histological amthemical assessment of mucosal

injury.

Abdominal gamma (c)-radiation
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Prior to radiotherapy, the rats were anesthetize#ld wylazine/ketamine (10/90 mg/kg, i.p.)
and immobilized by fixing from their 4 extremitiemn a tray. Irradiation was delivered
through abdomen by a cobalt-60 (60Co) teletherapty(Cirus, cis-Bio Int., Gif Sur Yvette,

France) at a source-surface distance of 100 cm mridkection of thorax and extremities

(62.41 cGy/min). Control group received equal-fiskchm irradiation.

Biochemical analysis of antioxidant status

Frozen intestine tissue was homogenized. The henaigs were filtered and
centrifuged using a refrigerated centrifuge a€4and supernatant were frozen at -€0in
aliquots until used for biochemical assays. Thetgmnocontent of the supernatant was
determined using the method of Lowry et al [19].Mualialdehyde (MDA), superoxide
dismutase (SOD) and glutathione peroxidase (GSHe¥els were determined according to
the methods of Draper and Hadley[20], Sun et 21] [and Paglia and Valentine[22],

respectively.

Light microscopy prodecures

For light microscopical observation, jejunum speens were embedded in the
paraffin blocks after they had been fixed in Bosisblution. Five micrometer (um) sections

were obtained and stained with hematoxylin+eosE}H

Histopathological analysis

Jejunum sections were stained with H+E, and mudogary, inflammation and
hyperemia/hemorrhage were assessed and gradedlimlad manner by a histologist using

the histological injury scale previously defined Ghiu et al.[23].Briefly, mucosal damage
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was graded from 0 to 5 according to the followimgecia: grade 0, normal mucosal villi;
grade 1, development of subepithelial Gruenhaggpése at the apex of the villus, often with
capillary congestion; grade 2, extension of theegithelial space with moderate lifting of the
epithelial layer from the lamina propria; graden®ssive epithelial lifting down the sides of
villi, possibly with a few denuded tips; grade €ndded villi with lamina propria and dilated
capillaries exposed, possibly with increased catlty of lamina propria; and grade 5,
digestion and disintegration of the lamina prophni@mnorrhage, and ulceration. The sum of the

scores for the individual alterations constitutess tadiation injury score (RIS).

Immunohistochemistry

The harvested intestinal tissues were fixed in iBesy embedded in paraffin and
sectioned at 5 pm thickness. Immunohistochemicadtiens were performed according to the
ABC technique described by Hsu et[@#].The procedure involved the following stepsy (1
endogenous peroxidase activity was inhibited by 330, in distilled water for 30 min; (2)
the sections were washed in distilled water fonii@; (3) non-specific binding of antibodies
was blocked by incubation with normal goat serurAKD X 0907, Carpinteria, CA) with
PBS, diluted 1:4; (4) the sections were incubateth wpecific mouse monoclonal anti-
poliferating cell nuclear antigen (PCNA) antibodyat. # MS-106-B, Thermo LabVision,
USA), diluted 1:50 for 1h at room temperature; (6 sections were washed in PBS
3 x 3 min; (6) the sections were incubated withibidated anti-mouse 1gG (DAKO LSAB 2
Kit); (7) the sections were washed in PBS 3 x 3;n(#) the sections were incubated with
ABC complex (DAKO LSAB 2 Kit); (9) the sections wewashed in PBS 3 x 3 min; (10)
peroxidase was detected with an aminoethylcarbasalestrate kit (AEC kit; Zymed
Laboratories); (11) the sections were washed inwager for 10 min and then dehydrated;

(12) the nuclei were stained with hematoxylin; #b8l) the sections were mounted in DAKO
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paramount. All dilutions and thorough washes betwsteps were performed using phosphate
buffered saline unless otherwise specified. Alpstevere carried out at room temperature

unless otherwise specified.

Tissue sections were examined, the number otdlis in the crypts was counted,
within random high-power fields using an Olympus Bk light microscope incorporating a
square graticule in the eyepiece (eyepiece x ligctire x 40, a total side length of a&).
PCNA positive cells in the crypts was counted agmbrded in the scale of pem®. Positive

cell/100 crypts cells ratio was used as the indexraliferation.
TUNEL assay

The terminal deoxynucleotidyl transferase dUTPkn&nd labeling (TUNEL)
method, which detects fragmentation of DNA in theleus during apoptotic cell death in
situ, was employed using an apoptosis detection{(TidiT-Fragel TM DNA Fragmentation
Detection Kit, Cat. No. QIA33, Calbiochem, USA).| A¢agents listed below are from the kit
and were prepared following the manufacturer’s ridtons. Five-pum-thick intestinal
sections were deparaffinized in xylene and rehgdradhrough a graded ethanol series as
described previously. They were then incubated @fihmg/ml proteinase K for 20 minutes
and rinsed in TBS. Endogenous peroxidase activiag \mhibited by incubation with 3%
hydrogen peroxide. Sections were then incubatek @guilibration buffer for 10-30 minutes
and then TdT-enzyme, in a humidified atmospher8@€, for 90 minutes. They were
subsequently put into pre-warmed working strengpp/svash buffer at room temperature for
10 minutes and incubated with blocking buffer f@ iBinutes. Each step was separated by
thorough washes in TBS. Labelling was revealedguBiAB, counter staining was performed

using Methyl green, and sections were dehydraledred and mounted.
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TUNEL positive cells were counted, and the TUNEisitive cells/100 intestinal villi
cells ratio was used as the index of apoptosissd&tanalyses were performed using two
sections from each animal at 400x magnificatioratnieast ten different regions for each

section.

Statistical analysis

All statistical analyses were carried out usingSSHstatistical software (SPSS for
windows, version 11.0). All data were presentedmean (x) standard deviations (S.D.).
Differences in measured parameters among the fik@pg were analyzed with a
nonparametric test (Kruskal-Wallis). Dual companisdetween groups exhibiting significant
values were evaluated with a Mann-Whitney U-tedtesk differences were considered

significant when probability was less than 0.05.

RESULTS
Biochemical findings

The values of the tissue MDA level SOD and GSHéexivities and statistical
differences of these measurements are shown irrd=iguTissue MDA levels (p < 0.001)
were significantly increased, SOD (p < 0.01) an8H=Px activities (p < 0.001) were
significantly decreased in radiation exposed ratsomparison to controlNigella sativa
treatment significantly (p < 0.05) decreased tlevated tissue MDA levels comparison to
control group and increased the reduced GSH-Px@®s) and SOD activities (9 0.05) in

comparison to radiation group.

Histopathologic findings

Normal histopathology presented in control groufig( 2a). The typical

histological features that occurred in the radraticeated group were characterized by
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shortening of the villi, loss of villous epitheliynmultiple erosions, inflammatory cell
infiltration, necrosis, and hemorrhage into theegtinal wall (Fig. 2b). The histological
structure of the intestinal mucosa was markedlyrowgd after administration dfigella
sativa (Fig. 2c). Data related to scoring obtained by nseafH+E staining as well as the
microphotographs are shown in Figure 2a-c. As ebggemo mucosal injury was observed
in the control group. According to the Chiu et [@3].system, injury in the radiation
treated group increased as compared to the cagrmap, p < 0.0001). It was determined
that Nigella sativa administration significantly prevented the mucosgliry caused by

radiation (radiation+ Nigella sativa,90.001, Fig. 2d).

Immunohistochemical findings

In control group, PCNA-positive cells were maiolyserved in the crypt regions
(Fig. 3a). After radiation exposure, PCNA positoalls were markedly decreased in the
crypt regions (Fig. 3b). Treatment with Nigellaigat the number of PCNA positive cells
significantly increased (Fig. 3c) (Immunoperoxidased haematoxylin counterstain).
Sequential changes in the proliferation index ardicated in control, radiation and

radiationNigella sativa groups ( Fig. 3d).

TUNEL findings

TUNEL-positive cells tended to be observed in tipper part of the villi (Fig.
4a). In control group, a few TUNEL-positive celleabserved in the intestinal villi (Fig.
4b). TUNEL positive cells increased after radiatiexposure in the detached epithelial
cells from the villous tip in the radiation groupid. 4c). Treatment oNigella sativa

markedly reduced the number of TUNEL positive celBequential changes in the
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apoptotic index are indicated in sham, radiatiod eadiation-Nigella sativa groups (Fig.

4d).

DISCUSSION

The gastrointestinal tract is, after the bone owarthe organ most sensitive to the
effects of radiation. As a result of ionizing raiba, acute morphological changes of the
intestine are observed within 24-48 [B5].Early radiation enteropathy develops during
radiation therapy as a result of intestinal cryglt death, disruption of the epithelial barrier,
and mucosal inflammatioft].

Several chemical compounds and their analogue® leen screened for their
radioprotective ability; however, their high toxiciat optimum protective doses precluded
their clinical use[26].Patients might tolerate digt agents better than other drugs because
humans consume many of these dietary ingredietlitg§21g.

Radiation of the abdomen in experimental animadsices major morphological and
functional changes in the intestinal epithelium ¢asal atrophy and ulceration and toxin and
microbial translocation to the mesenteric lymph eg)dwhile treatment with GH and IGF-I
largely inhibits these histological lesiofig8].In this study, the typical histological feadsr
that occurred in the radiation treated group wés@acterized by shortening of the villi, loss
of villous epithelium, multiple erosions, inflammoay cell infiltration, necrosis, and
hemorrhage into the intestinal wall. Our data ameaborated by previous studies reported by
other investigators on radiation induced intestadwhage in animals. To date, no information
on the effect ofNigella sativa on radiation-induced intestinal damage in rats hasn
reported. Our data indicate that histologicallythe radiation treated group, villous atrophy,
subepithelial edema, and epithelial damage were mpanounced than in tiNigella sativa -

treated group
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Normally, there are few apoptotic cells at thes tf the villi as a consequence of the
differentiation and senescence of the epitheliuhe programmed cell death (PCD) seems to
occur while the cells move up along the villus he tips before being shedded into the gut
lumen[29].

In a study [30], the small intestine sustained meegere damage than the large
intestine. The hallmark occurrence of apoptosis agsarent early on in treatment in both the
small and large intestine, beginning at week 1.tinamg throughout the treatment, and
peaking by week 5. The increase in apoptosis wesnaganied by an increase in expression
of nuclear p53 in the crypts of the small and lamgestine affected by radiation. These
findings are consistent with their previous studswwing that the earliest effect of
chemotherapy is the rise of apoptosis in intesticrgipts[31]. Apoptosis is an inherent
protective mechanism used by cells to regulateifpration and occurs at a low level in the
healthy, normal small intestine. However, apopt@sia rare occurrence in the colon[32].In
this rat irradiation model, they have shown that fitactionated dosing of ionizing radiation
greatly increases the occurrence of apoptosistim the small and large intestine.

It is well known that radiation, depending the dose, induces DNA damage[33-
34].which sequentially triggers PCD via differentolecular pathways or leads to cell
necrosis[33,35,36]. In order to determine whethgella sativa could maintain these
proliferating cells population and regeneratioreaiamma radiation, the distribution and the
number of their apoptosis and proliferative abiltere evaluated by TUNEL and PCNA
immunostaining respectively. Likewise, in previatsidies, the data from our experiments
indicate that the histological and functional lesia@bserved in the irradiated rats were due to
the induction of PCD in intestinal epithelial cedls well as in crypt and submucosal cells. In

the irradiated rats increased numbers of apoptetis across the villi were observed with the
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TUNEL stain in histological sections of intestineheveas in the control samples few
apoptotic nuclei existed, and these were found antye tips of the villi.

In the present study, we found that after radiagxposure, a few PCNA positive
cells were observed in the crypt regions; treatmmetiit Nigella sativa significantly increased
the number of PCNA positive cells. TUNEL positivells increased after radiation exposure
in the detached epithelial cells from the villoiysih the radiation group; treatment/gigella
sativa markedly reduced the number of TUNEL positive ceDsir results are in agreement
with previous studies on radiation induced intestinjury in rats.

The damage from oxygen free radicals is an ingmbrinechanism of tissue injury
induced by irradiation[37].In a study, Sun ef{38] showed that MDA level and SOD activity
was a good indicator of the degree of tissue pdatikin. They found that MDA level
increased, while the SOD activity decreased sigaifily after whole body irradiation.
Treatment with Omegaven increased SOD activity dexteased MDA level. Therefore, the
effect of Omegaven in reducing peroxidation mayypéa important role in suppressing
irradiation-induced intestinal injury and improvisgrvival advantage. In the present study,
we found thatigella sativa treatment significantly decreased the elevated¢i$dDA levels
comparison to control group and increased the edl@&SH-Px levels and SOD activity in
comparison to radiation group. Our results supfodings of the above-mentioned literature
reports on oxidative stress in terms of intestsalival.

In conclusion, this is first study to demonstral@ttintragastric administration of
Nigella sativa maintains antioxidant defenses and thus reducestinal mucosal injury,
oxidative damage and apoptosis in radiaton treedésd However, more investigations are
required to evaluat®ligella sativa’s antioxidant and anti-apoptotic effect in clinicand

experimental models.
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Figure Legends

Figure 1. Tissue MDA level SOD and GSH-Px activities in shamadiation and
radiation-Nigella sativa groups. Tissue MDA level$g < 0.001) were significantly increased,
SOD {p < 0.01) and GSH-Px activitie%(< 0.001) were significantly decreased in radiatio
exposed rats in comparison to shaMigella sativa treatment significantly °p < 0.05)
decreased the elevated tissue MDA levels comparieosham group and increased the

reduced GSH-PX < 0.05) and SOD activitie8p( < 0.05) in comparison to radiation group.

Figure 2. Light microscopy of intestinal tissue in differegrbups.(a) Normal histopathology
presented in sham groupp) after radiation exposure, rat intestine shows sever
histopathological injury including shortening ogthilli, loss of villous epithelium, multiple
erosions, inflammatory cell infiltration, necrosiad hemorrhage into the intestinal w#d)
treatment withNigella sativa greatly reduced all of these changes associatdd rattiation

exposure (H&E, scale bar, 1@6n); (d) intestinal mucosal injury evaluated in sham, raolea

Page 19 of 27



and radiationNigella sativa groups,® < 0.0001compared to sham groufp < 0.001

compared to radiation group.

Figure 3. Light microscopy of intestinal tissue in differegrbups.(a) In sham group, PCNA-
positive cells were mainly observed in the crymlioes; @) after radiation exposure, PCNA
positive cells were markedly decreased in the arggions; €) treatment withNigella sativa
significantly increased the number of PCNA positicells, (Immunoperoxidase and
haematoxylin counterstain, scale bar, /8). (d) Sequential changes in the proliferation
index are indicated in sham, radiation and radmafdgella sativa groups,® < 0.0001

compared to sham groufp < 0.001compared to radiation group.

Figure 4. Light microscopy of intestinal tissue in differegtoups. TUNEL-positive cells
tended to be observed in the upper part of the (&) In sham group, a few TUNEL-positive
cells are observed in the intestinal villp) (TUNEL positive cells increased after radiation
exposure in the detached epithelial cells from ¥iBus tip in the radiation group;c)
treatment oNigella sativa markedly reduced the number of TUNEL positive céisale bar,
50 um); (d) sequential changes in the apoptotic index arecatdd in sham, radiation and
radiationNigella sativa groups,®p < 0.0001compared to sham groufp < 0.001compared

to radiation group.
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Fig. 1. Tissue MDA level SOD and GSH-Px activities in sham, radiation and radiation+Nigella sativa
groups. Tissue MDA levels (°P < 0.001) were significantly increased, SOD (°P < 0.01) and GSH-Px
activities (°P < 0.001) were significantly decreased in radiation exposed rats in comparison to sham.
Nigella sativa treatment significantly (°P < 0.05) decreased the elevated tissue MDA levels
comparison to sham group and increased the reduced GSH-Px (bP < 0.05) and SOD activities (bP <

0.05) in comparison to radiation group.
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Fig. 2. Light microscopy of intestinal tissue in different groups. (a) Normal histopathology
presented in sham group; (b) after radiation exposure, rat intestine shows severe
histopathological injury including shortening of the villi, loss of villous epithelium, multiple
erosions, inflammatory cell infiltration, necrosis and hemorrhage into the intestinal wall; (c)
treatment with Nigella sativa greatly reduced all of these changes associated with radiation
exposure; (d) intestinal mucosal injury evaluated by Chiu et al. (1970) scoring system in sham,
radiation and radiation+Nigella sativa groups. °P < 0.0001 compared to sham group, °P < 0.001

compared to radiation group. (H&E, scale bar, 100 um).
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Fig. 3. Light microscopy of intestinal tissue in different groups. (a) In sham group, PCNA-positive
cells were mainly observed in the crypt regions; (b) after radiation exposure, PCNA positive cells
were markedly decreased in the crypt regions; (c) treatment with Nigella sativa significantly
increased the number of PCNA positive cells, (Immunoperoxidase and haematoxylin
counterstain, scale bar, 50 um). (d) Sequential changes in the proliferation index are indicated in
sham, radiation and radiation+Nigella sativa groups. °P < 0.0001 compared to sham group, °P <

0.001 compared to radiation group.
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Fig. 4. Light microscopy of intestinal tissue in different groups. TUNEL-positive cells tended to be
observed in the upper part of the villi. (@) In sham group, a few TUNEL-positive cells are observed
in the intestinal villi; (b) TUNEL positive cells increased after radiation exposure in the detached
epithelial cells from the villous tip in the radiation group; (c) treatment of Nigella sativa markedly
reduced the number of TUNEL positive cells; (d) sequential changes in the apoptotic index are
indicated in sham, radiation and radiation+Nigella sativa groups. °P < 0.0001 compared to sham

group, °P < 0.001 compared to radiation group (Scale bar, 50 um).
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