IORLHNAL ARASTIRMA ORIGINAL RESEARCH I

Serdar FiLiz, MD,

Siikriye Bilge GURSEL, MD,’
Pelin COSTUR BIYIKSIZ,?
Savas YORUKER, MD,¢
Suheyla GONCA, MD,?

Elif GELENLI 2

Hakki DALCIK®

aDepartment of Histology&Embryology,
Kocaeli University Faculty of Medicine,
Kocaeli

Departments of

®Radiation Oncology,

°General Surgery,

Ondokuz Mayis University

Faculty of Medicine, Samsun

Gelig Tarihi/Received: 20.08.2009
Kabul Tarihi/Accepted: 13.08.2010

This study was presented in IX. National
Histology and Embryology Congress
(20-23 May 2009, Adana).

Yazisma Adresi/ Correspondence:
Serdar FiLiZ, MD

Kocaeli University Faculty of Medicine,
Department of Histology&Embryology,
Kocaeli,

TURKIYE/TURKEY
serdarfiliz@yahoo.com

Copyright © 2010 by Tiirkiye Klinikleri

Turkiye Klinikleri ] Med Sci 2010;30(5)

Immunohistochemical Evaluation of the
Protective Effect of Ginkgo Biloba, Probiotic
Saccharomyces Boulardii and N-Acetylcysteine
on Radiation-Induced Small Intestine Injury

Radyasyona Bagh Ince Bagirsak Hasarinda
Ginkgo Biloba, Probiyotik Saccharomyces Boulardii ve
N-Asetilsistein’in Koruyucu Etkilerinin
Immiinohistokimyasal Yéntemle Degerlendirilmesi

ABSTRACT Objective: The aim of this study was to demonstrate the radioprotective effects of ginkgo biloba
(G. biloba, EGb 761), probiotic Saccharomyces boulardii (S. boulardii) and N-acetylcysteine (NAC) on radia-
tion-induced small intestine injury via immunohistochemical evaluation using pancadherin, a cell adhesion
molecule. Material and Methods: A total of 48 female Wistar albino rats were divided into five groups: nega-
tive and positive controls, G. biloba, S. Boulardii and NAC groups. The radioprotective agents were started as
twice per day by gavage regimen the day before the first radiation exposure. External abdominal radiotherapy,
5Gy/day, under general anesthesia was administered on five consecutive days ending up with five fractions in
total (25Gy). Radioprotective agent administration was completed to 14 days and the rats were sacrificed on
the 15" day. After extraction of the jejunum, tissue morphology, integrity and the number of villi were eval-
uated in H&E stained slides and pancadherin immunoreactive cells were evaluated immunohistochemically.
Results: The disruption of mucosal morphological integrity, degenerative spaces and edematous cavities we-
re observed after radiation-induced jejunum injury. The contribution of the radioprotective effect of all agents
were shown on tissue integrity. However, the most prominent effect was noted in the NAC group. In addi-
tion, the numbers of villi and pancadherin immunoreactive cells in the NAC group were significantly higher
than the other groups. Conclusion: NAC is a good agent in protecting against and ameliorating adverse effects
of radiotherapy in a rat model.

Key Words: Radiotherapy; intestine, small; radiation-protective agents;
cadherins; immunohistochemistry

OZET Amag: Bu caligmada, radyasyona bagli ince bagirsak hasarinda Ginkgo biloba (EGb 761), probiyotik
Saccharomyces boulardii ve N-asetilsistein (NAC)’in radyoprotektif etkilerini bir hiicre adhezyon molekiilii
olan pankaderin ile immunohistokimyasal olarak ortaya koymak amaglanmistir. Gereg ve Yontemler: Top-
lam 48 disi Wistar albino sigam negatif ve pozitif kontrol grubu, G. biloba, S. Boulardii ve NAC grubu olmak
iizere bes gruba ayrilmistir. Radyoprotektif ajanlar, radyasyon uygulamasindan bir giin 6nce sonda ile giin-
de iki kez uygulanmaya baglamistir. Eksternal abdominal radyoterapi genel anestezi altinda 5Gy/giin dozun-
dan bes giin siire ile uygulanmistir (25Gy). Radyoprotektif ajanlarin uygulanmasi 14 giine kadar devam edilip
on besinici giin siganlar degerlendirilmek tizere kesilmistir. Jejunum kesitlerinde doku morfolojisi, doku bii-
tiinliigii ve villus sayis1 H&E boyama ile degerlendirilirken pankaderin immunoreaktif hiicreler immiino-
histokimyasal yéntemle degerlendirilmistir. Bulgular: Radyasyona bagh jejunum hasar1 sonras1 mukoza
yapisinda bozulma, dejeneratif bosluklar ve 6dematoz kaviteler tespit edilmistir. Tam radyoprotektif ajanla-
rin doku biitiinliigiine olan destegi goriilmiistiir. Ancak, en belirgin etki NAC grubunda goériilmiistiir. Villus
say1s1 ve pankaderin iceren immunreaktif hiicreler diger gruplara gére NAC grubunda daha fazla tespit edil-
migtir. Sonug: NAC, sican modelindeki radyoterapiye bagh yan etkilere karsi1 korumada ve radyoterapiye
bagl hasarlar iyilestirmede iyi bir ajandur.

Anahtar Kelimeler: Radyoterapi; bagirsak, ince; radyasyondan-koruyucu ajanlar;
kaderinler; immiinohistokimya
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adiotherapy is widely used in the treatment of different types of can-
cer including abdominal and pelvic cancers. Although radiation is di-
rected against the malignant tissues, its side effects in normal tissues
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limit its therapeutic effectiveness. The small intesti-
ne is one of the most radiosensitive organs; thus it is
the main dose-limiting factor for abdominal and pel-
vic radiotherapies.! Radiation enteritis presents as
atrophy, ulceration and inflammation in the intesti-
nal mucosa and is a serious clinical problem in abdo-
minal radiotherapy patients.*® Bacteria and
endotoxins pass through the distrupted mucosal bar-
rier and enter extra-intestinal tissues as well as the
bloodstream.* After abdominal radiation, disruption
of morphologic mucosal integrity and normal bacte-
rial microflora lead to malabsorbtion.” Diarrhea, vo-
miting, abdominal cramps and weight loss are the
complaints of the patients during and following ra-
diation treatment of abdominal and gynecological
malignancies.® Damage to the gastrointestinal tract
remains a significant problem in spite of some tech-
nical modalities that lower the radiotherapy-related
complications. Tissue injury from ionizing radiation
is believed to be a consequence of a cascade of cyto-
kine activity, which ultimately begins with oxidati-
ve stress from radiolytic hydrolysis and formation of
reactive oxygen metabolites.”® Furthermore, DNA,
lipids and proteins are also attacked by free radicals
induced by ionizing radiation which results in DNA
damage, apoptosis or cell necrosis.”!!

Ginkgo biloba (G. biloba), extracted from the le-
aves of ginkgo biloba tree, is composed of flavonoid
glycosides, terpenoids, ginkgolides and bilobalide.'
G. biloba extract is a potent free radical scavenger,
antioxidant and also a platelet activating factor inhi-
bitor."*!* Anticlastogenic effect of G. biloba was tes-
ted at a dose of 50 and 100 mg/kg and found as 66
and 83%, respectively.!® G. biloba was used in rats ir-
radiated with 800 cGy whole body gamma irradiati-
on at a dose of 50 mg/kg and showed a potential
benefit in enhancing the success of radiotherapy.'®

Probiotic is a generic term and refers to a pro-
duct containing viable and defined microorganisms
in a number thought to be sufficient to alter the
host’s microflora by implantation or colonization
and thereby exert beneficial effects.'” Saccharomy-
ces boulardii (S. boulardii) is non-pathogenic yeast
used as a biotherapeutic agent and is widely pres-
cribed in a lyophilized form in many countries.'® It
has been found that oral administration of S. bou-
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lardii (1 mg/kg) after proximal enterectomy impro-
ves functional adaptation of the remnant ileum."

N-acetylcysteine (NAC) is a well-known pre-
cursor of glutathione (GSH), an endogenous non-
enzymatic antioxidant that plays a pivotal role in
protecting mammalian cells from oxidative dama-
ge.?? NAC also elicits beneficial effects on inflam-
mation process.?! The protective effect of NAC on
a number of issues including fibrosis and depressi-
on of free radicals has been studied at various doses,
ranging from 5 to 250 mg/kg.*

Cadherins are transmembrane proteins, res-
ponsible for selective cell recognition and normal
tissue integrity, and they regulate morphogenesis
in a variety of organs during development.” They
are able to control the polarization of cells and hen-
ce exert direct signaling activity.* Interaction of
cadherins with neighboring cells could intracellu-
lary trigger a cascade of biochemical events that
ultimately leads to the correct positioning, recog-
nition, and communication of cells.?”

Three regions of the small intestine (duode-
num, jejunum, and ileum) have similar histologi-
cal common features as plicae circulares, villi, and
microvilli. The mucosa of the small intestine is
composed of three layers: a simple columnar epit-
helium, the lamina propria, and the muscularis mu-
cosae. The submucosa of the small intestine is
composed of dense, irregular fibroelastic connecti-
ve tissue with a rich lymphatic and vascular sup-
ply. The muscularis externa of the small intestine is
composed of an inner circular layer and an outer
longitudinal smooth muscle layer. Except for some
parts of the duodenum, the entire small intestine is
invested by a seroza. The villi of the jejunum are
narrower, shorter, and sparser than those of the du-
odenum. The number of goblet cells per unit area
is greater in the jejunum than in the duodenum.

The aim of this study was to demonstrate the
histological evaluation of the radioprotective ef-
fects of G. biloba, probiotic (S. Boulardii) and NAC
on radiotherapy induced small intestine injury. To
our knowledge, this is the first experiment dealing
with the effects of radioprotective agents on the
cell adhesion molecule pancadherin.
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I MATERIAL AND METHODS

ANIMALS

A total of 48 female Wistar albino rats weighing 220-
260 g were used in this study (Ondokuz Mayis Uni-
versity Medical and Surgical Experimental Research
Labs). Care and use of the animals were in accor-
dance with NIH guidelines and Institute Animal Ca-
re and Use Committee regulations. The experiment
protocol was approved by the Animal Experiments
Local Ethical Committee of Ondokuz Mayis Univer-
sity. All rats were housed in a temperature and hu-
midity controlled environment, two per cage, with a
12 h light/12 h dark cycle at 21-24 °C. They were fed
ad libitum standard rat chow and had free access to
water. The rats were randomly divided into five gro-
ups: The first group (control, Group I, n= 6) received
sham irradiation with table lamp. The second group
(Group II, n= 6) received only irradiation. The third
group (G. biloba treatment group, Group IlII, n=12)
received irradiation and G. biloba (Tebokan®, Abdi
Ibrahim, Istanbul, Turkey) 50 mg/kg/day. The fourth
group (Probiotic, S. boulardii, treatment group, Gro-
up IV, n=12) received irradiation and probiotic (Re-
flor®, Sanofi Aventis, Istanbul, Turkey) 1 mg/kg/day.
The fifth group (NAC treatment group, Group V, n=
12) received irradiation and NAC (Asist®, Hiisnii Ar-
san, Istanbul, Turkey) 100 mg/kg/day.

IRRADIATION

The rats were anesthetized with a subcutaneous in-
jection of 0.05 mg/g ketamine hydrochloride (50
mg/ml, Ketalar® Pfizer, Turkey) before all irradiation
applications. After anesthesia, all extremities of the
animals were fixed to a special frame with adhesive
bands and the abdominal regions were shaved. Un-
der the xiphoid process, one anterior field of 4 x 5 cm
(width X length) was simulated in SSD 80 techniqu-
e (source skin distance 80 cm) (Nucletron System
300). External abdominal radiotherapy, 5 Gy/day,
was administered for five consecutive days ending up
with a total of five fractions (25 Gy). The animals we-
re irradiated with Cobalt-60 photons (Theratronics,
Theratron 780 C) at skin dose, via one anterior field.

The radioprotective agents were started as twi-
ce per day by gavage regimen the day before the
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first radiation exposure and completed within 14
days. The rats were sacrified on the 15" day.

H&E STAINING AND IMMUNOHISTOCHEMISTRY

After extraction of the jejunum segments, the sam-
ples were fixed in 4% paraformaldehide, washed in
water, dehydrated with alcohols, cleared in xylene
and embedded in paraffin. Five pm thick paraffin
sections were removed from tissues and then depa-
rafinized and rehydrated. H&E staining was applied
to sections in order to evaluate tissue morphology,
integrity and villus number. Immunohistochemistry
was performed using a monoclonal antibody against
pancadherin using avidin-biotin-peroxidase method
(Zymed®, San Francisco CA, USA). The monoclonal
anti-pancadherin antibody (clone CH-19), which
was generated by using a synthetic peptide corres-
ponding to the C-terminal amino acids of chicken
N-cadherin with an extra N-terminal lysine residu-
e as immunogen showing reaction with a distinct
135 kD band in a wide variety of tissue and species
was obtained from Sigma (St. Louis MO, USA). Sec-
tions were washed several times with phosphate
buffered saline-triton X-100 (PBS-Tx) and they we-
re pre-treated with 3% hydrogen peroxide for 10
min to eliminate endogenous peroxidase activity. To
reduce non-specific staining, sections were pretrea-
ted with normal rabbit serum for 20 min. Sections
were then incubated with a 1/200 dilution of anti-
pancadherin antibody for 24 h at 4 °C in a humidi-
fied chamber. After washing in PBS-Tx, biotinylated
secondary antibody (Histostain plus kit, Zymed®)
was applied for 15 min at room temp. Following
washing in PBS-Tx, streptavidin-peroxidase conju-
gate (Histostain plus kit, Zymed®) was applied for 15
min at room temp. After washing in PBS-Tx, 0.6%
H,0, and 3, 3’-diaminobenzidine (DAB) was appli-
ed as chromogen for 3-5 min at room temperature.
Sections were examined by light microscopy
(BX50F-3; Olympus, Tokyo, Japan). In the absence
of primary antibody, sections were incubated with
PBS for immunohistochemical controls.

COUNTING

Counting procedunes were performed independently
by two observers who were blinded for the evaluated
slides (SF and PCB). The number of villi was determi-
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ned at five separate microscopic fields of the jejunum
in 5 sections for each animal (total 25 microscopic fi-
elds) and recorded as the mean value by using light
microscopy at an original magnification x 200.

Quantification of pancadherin immunoreacti-
ve cells was performed in randomly selected 10 vil-
lus of the jejunum in 5 sections for each animal
(total 50 villi) at an original magnification x 400.

STATISTICAL ANALYSIS

SPSS 10.0 statistical software was used for statisti-
cal analysis of the data using Kruskal-Wallis one-
way analysis of variance test. All data were
expressed as mean + SD. A p value of <0.05 was
considered statistically significant.

I RESULTS

Histological analysis of intestinal sections demons-
trated the hazardous effects of irradiation in all gro-
ups when compared to the control group. In Group
I (control), the number of villi and pancadherin im-
munoreactive (IR) cells in the villus epithelium
were greater than the other groups (p< 0.05; Graph
1). Pancadherin immunoreactivity was also present

in the lamina propria, muscularis mucosa, muscu-
laris externa, myenteric plexus, and around all ves-
sels (Figure 1A, B). In H&E staining of Group I,
intestinal structures are normal (Figure 1C).

The intestinal mucosa of Group II (irradiation
alone) rats showed superficial mucosal ulcerations,
villus loss, cryptic dilatations, increased vascularity
and dilated vessels in the mucosa, submucosa, and
muscular layers. Lamina propria destruction was
also seen in some villi. In addition, mucosa was se-
parated from the underlying submucosa in some
areas (Figure 2A, B, and for H & E staining C). The
number of villi and pancadherin IR cells in the vil-
lus epithelium of Group II were smaller than the
other therapeutic groups (p< 0.05; Graph 1).

In Group III (irradiated and received G. bilo-
ba), the number of villi and pancadherin IR cells
were greater than Group II (p< 0.05), but smaller
than Group I, IV and V (p< 0.05; Graph 1). Muco-
sal ulceration, cryptic dilatations and dilated vessels
were present more notably than the other groups,
except for Group II. Lymph vessel congestion was
also present in the sections of Group III. Neverthe-

FIGURE 1: Photomicrograph of pancadherin immunostaining in jejunum of the control rat (Group I). (A) Intestinal structures are normal. Pancadherin immuno-
reactivity is present in the lamina propria (Ip), submucosa (s), muscularis externa (me), and myenteric plexus (arrows). (B) Pancadherin immunoreactive cells
are present in the crypts (arrows). (C) H & E staining of Group I. Original magnifications x400 for A, B, and x40 for C.

FIGURE 2: Photomicrographs of Group Il (irradiation alone). Superficial mucosal ulcerations (solid arrows), villus loss, cryptic dilatations (asterisks), dilated ves-
sels (open arrow), and increased vascularity are present. Notice the separated mucosa from underlying submucosa (arrowheads). Original magnifications x200
for A, x400 for B, and x40 for C (H & E staining).
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less, lamina propria in the villus was relatively well
protected (Figure 3A, B, for H&E staining C).

In Group IV (irradiated and received probio-
tic) superficial mucosal ulceration was present in
patches. Cryptic dilatations and lymph vessel con-
gestions were relatively more frequent than Group
III. Although dilated vessels and edematous caviti-
es were seen, the tissue integrity was well in com-
parison with Group III (Figure 4A, B, and for H&E
staining C). The number of villi and pancadherin
IR cells were greater in number when compared to
Group IT and III (p< 0.05), but smaller than Group
V and similar to Group V (Graph 1).

In Group V (irradiated and received NAC),
mucosal integrity was well protected. Cryptic dila-
tations and dilated vessels were significantly less
when compared to Group I, IIT and IV (Figure 5A,
B, and for H&E staining C). The number of villi and
pancadherin IR cells were greater than Group II
and IIT (p< 0.05; Graph 1).

In all groups, pancadherin immunoreactivity
was seen in the lamina propria, muscularis mucosa,
around the vessels and in the muscularis externa.
The intensity of the immunoreactivity was dense in
epithelial cells located towards the tip of the villi

compared with the cells located at the base. In ad-

FIGURE 3: Photomicrographs of Group Il (irradiation plus G. biloba). Superficial mucosal ulcerations (arrows), cryptic dilatations (asterisks), and edematous cav-
ities (arrowheads) are seen. Pancadherin immunoreactivity increased in the villus epithelium, lamina propria, and around the vessels. Original magnifications x200

for A, x400 for B, and x100 for C (H & E staining).

FIGURE 4: Photomicrographs of Group IV (irradiation plus probiotic). Fewer superficial mucosal ulcerations are seen. Cryptic dilatations (asterisks) and lymph
vessel congestions (arrows) are prominent. Edematous cavity (arrowhead) is also observed. Pancadherin immunoreactivity is intense in the villus epithelium and
lamina propria. Original magnifications x200 for A, x400 for B, and x100 for C (H & E staining).

FIGURE 5: Photomicrographs of Group V (irradiation plus NAC). Mucosal integrity is well protected. Superficial mucosal ulcerations, cryptic dilatations and di-
lated vessels are significantly fewer. Lymph vessel congestion is absent. Pancadherin immunoreactivity in the villus epithelium, crypts (arrowheads) and mus-
cular layer (me) are more intense. Original magnifications x200 for A, x400 for B, and x100 for C (H & E staining).

Turkiye Klinikleri ] Med Sci 2010;30(5)
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dition, epithelial cell shape changes were observed
in all groups when compared to the control rats.

I DISCUSSION

Ionizing radiation induces various morphological,
functional and biochemical changes in small intes-
tine. The intestinal epithelium undergoes rapid and
continuous self-renewal along the crypt-villus axis
ensured by the mitotic activity of its stem cells.
Stem cells differentiate into columnar epithelium
and migrate toward the villus.? This rapid cycling
constitutes the basis for the high sensitivity of the
gastrointestinal mucosa to radiation.” The results
of the present study demonstrated the destructive
effects of radiation on intestinal mucosa and the ef-
ficacy of radioprotective agents to minimize the si-
de effects of radiotherapy. However, in this study
antioxidant levels at baseline were not assessed,
which in part might have contributed to the obser-
ved radioprotective effect.

In the present study, ionizing radiation caused
intestinal mucosal ulcerations, villus loss, cryptic
dilatations, and increased vascularity and dilated
vessels in the mucosa, submucosa, and muscular la-
yers which ascertained inflammation. Besides, sep-
arated mucosa from the underlying submucosa was
seen in some areas. Similar findings were also de-
monstrated in other studies.*>?%? The localization
of pancadherin immunoreactivity was shown in
normal intestinal tissues in our previous studies.3*3!
For the first time, the present study determined the
localization of pancadherin immunoreactivity in
small intestine of irradiated rats, as well as the ef-
fects of radioprotective agents on pancadherin im-
munoreactivity.

In this study, the number of pancadherin IR
cells in the villus epithelium was considerably low in
Group II (irradiation alone). During radiotherapy,
ionizing irradiation particles interact with biologi-
cal systems to induce a cascade of cytokine activity
and excessive oxygen free radicals or reactive oxygen
species, which attack various cellular components
including DNA, proteins and membrane lipids, the-
reby leading to significant cellular damage.”*? In rel-
atively few instances, free radicals may perform
beneficial functions, such as in the destruction of
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GRAPH 1: Mean number of pancadherin immunoreactive cells and villi.
*Error bars indicate + standard deviation.

pathogens during phagocytic activation or in the re-
gulation of vascular tone.*® Under normal conditi-
ons, free radicals generated during cell metabolism
are rapidly scavenged by endogenous antioxidant
enzymes, however, in tissue injury, free radicals in-
crease excessively. Acute radiation to the small in-
testine causes immediate and potentially reversible
effect on the sensitive regenerative epithelium of the
intestinal mucosa while repeated exposure to radia-
tion therapy may lead to a progressive disease thro-
ugh irreversible obliterative vasculitis changes.?
Cadherins play a major role in maintaining tissue in-
tegrity and induce epithelial polarity, plasticity and
survival during epithelial remodeling.*>* The integ-
rity of polarized intestinal epithelia is ensured by a
series of junctions, tight junctions, adherent juncti-
ons, and desmosomes.* So, it can be assumed that
the low levels of pancadherin IR especially at the tip
of the villus may indicate the destruction of epithe-
lial cells and their integrity.

In Group III (irradiated and received G. bilo-
ba), the number of villi and pancadherin IR cells
were greater than the irradiation alone group, but
smaller than the other groups. In addition, muco-
sal ulceration, cryptic dilatations and dilated ves-
sels were more compared to the other treatment
groups. G. biloba extract, particularly the flavono-
id glycoside component scavenges the excess free
radicals.® It was shown that severe epithelial loss of
the villi and inflammatory cell invasion in the lam-
ina propria due to irradiation was replaced to reg-
ular tissue integrity with G. biloba pretreatment for

Turkiye Klinikleri ] Med Sci 2010;30(5)
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15 days.'® In our study, although G. biloba treat-
ment was effective on the protection of villi and
their lamina propria, this effect was less than the
ones in the other treatment groups.

In Group IV (irradiated and received probiotic),
there were superficial mucosal ulcerations in patches.
Cryptic dilatations and lymph vessel congestions we-
re relatively more frequent compared to Group III
We determined that the number of villi and pancad-
herin IR cells were greater than those in Group I and
I11, but there was no statistically significant differen-
ce with Group V. It has been shown that S. boulardii
is resistant to acidity, proteases and naturally to all an-
tibacterial antibiotics and furthermore, has no known
adverse effects.'®® After treatment with S. boulardii,
significant increases in several brush border micro-
villus enzymes were found in humans and produced
a marked stimulation of secretory IgA production in
intestinal crypt cells which is the main immunologic
defense barrier of the intestinal epithelium.!®4 Pre-
vious studies demonstrated that use of probiotic or-
ganisms may effectively down modulate the severity
of intestinal inflammation through altering the com-
position and the metabolic and functional properties
of gut indigenous flora.*! Our results were in parallel
with Demirer et al. who used L. bulgaricus and con-
cluded that the administration of probiotics in the tre-
atment of radiation-induced enteritis exerted a
radioprotective effect on small intestinal mucosa
which may be related to their anti-inflammatory ac-
tions.” Other studies carried out with different speci-
es and strains L. acidophilus, L. helveticus, L. casei, L.
plantarum, L. delbrueckii subsp. bulgaricus, B. Ion-
gum, B. breve, B. infantis probiotics have also shown
a radioprotective effect. However, such effect cannot

be extrapolated to probiotics in general >4

The present study clearly demonstrated that
mucosal integrity was well protected in Group V (ir-
radiated and received NAC). Cryptic dilatation and
dilated vessels were less when compared to other
treatment groups. Furthermore, number of villi and
pancadherin IR cells were greater when compared
to all other treatment groups, except for the control
group. This difference was significant for Group II
and III, but insignificant for Group IV. NAC is one
of the most widely investigated pharmacological

Turkiye Klinikleri ] Med Sci 2010;30(5)

agents among free radical scavengers. NAC exerts
its antioxidant effect in two ways: first, as a source
of sulphydryl groups it indirectly facilitates GSH bi-
osynthesis and, thereby, increases GSH supply for
glutathione peroxidase. Secondly, it directly reacts
with reactive oxygen species.” Thiol and its deriva-
tives constitute the most effective class of radiopro-
tection compounds and NAC is a thiol reducing
agent which has antioxidant, antiangiogenic, and
anticarcinogenic properties.** The radioprotective
effects of NAC on cochlear cells and ovary cells we-
re attributed to a mechanism operating over the thi-
ol pathway.*** NAC treatment maintained the
intestinal mucosal barrier integrity after burn injury
and had a radioprotective effect on liver tissue.32%4
E-cadherin is one of the major cadherins in the in-
testinal epithelium and an alteration of its expressi-
on has been observed in a number of diserders
involving loss of cell polarizations and differentiati-
on.> The expression of pancadherin in the intestinal
epithelium in NAC treatment was increased. This
may indicate the protective effect of NAC on for-
mation of cellular junctional complexes between in-
testinal cells which was more pronounced than that
of G. biloba and probiotic treatment groups.

In the present study, the intensity of the immu-
noreactivity was dense in epithelial cells located to-
wards the tip of the villi compared with those located
in the base. Continuously generated epithelial cells
in the crypt region are pushed up to higher levels on
the villi. Thus it can be assumed that the low levels
of immunoreactivity in the cells located at the base
may be due to proliferation, differentiation and mi-
gration of epithelial cells, and adhesion complexes
established at the tip of the villi. We also observed
epithelial cell shape changes in all groups when com-
pared to the control group. It is known that irradia-
tion alters tight and adherent junctions. The
destruction of tight junctions may lead to alterations
of barrier function reflected by changes in paracellu-
lar pathway when the disruption of adherent juncti-
ons implicated in the intimate cell-cell contact may
lead to the shape change of epithelial cells.”!

In conclusion, our results indicated that abdo-
minal irradiation caused severe intestinal mucosal de-
struction and although, G. biloba and probiotics may
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have constructive effects against irradiation-induced

intestinal damage; NAC may have beneficial effects.
However, further studies are needed for implications

of the use of such agents in clinical treatment.
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