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on Radiation-Induced Small Intestine Injury

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The aim of this study was to de mons tra te the ra di op ro tec ti ve ef fects of gink go bi lo ba
(G. bi lo ba, EGb 761), pro bi o tic Sacc ha romy ces bo u lar di i (S. bo u lar di i) and N-acetylc yste i ne (NAC) on ra di a -
ti on-in du ced small in tes ti ne in jury vi a im mu no his toc he mi cal eva lu a ti on using pan cad he rin, a cell ad he si on
mo le cu le. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: A to tal of 48 fe ma le Wis tar al bi no rats we re di vi ded in to fi ve gro ups: ne ga -
ti ve and po si ti ve con trols, G. bi lo ba, S. Bo u lar di i and NAC gro ups. The ra di op ro tec ti ve agents we re star ted as
twi ce per day by ga va ge re gi men the day be fo re the first ra di a ti on ex po su re. Ex ter nal ab do mi nal ra di ot he rapy,
5Gy/day, un der ge ne ral anest he si a was ad mi nis te red on fi ve con se cu ti ve days en ding up with fi ve frac ti ons in
total (25Gy). Ra di op ro tec ti ve agent ad mi nis tra ti on was comp le ted to 14 days and the rats we re sac ri fi ced on
the 15th day. Af ter ex trac ti on of the je ju num, tis su e morp ho logy, in teg rity and the num ber of vil li were eva l-
u a ted in H&E sta i ned sli des and pan cad he rin im mu no re ac ti ve cells we re eva lu a ted im mu no his toc he mi cally.
RRee  ssuullttss:: The dis rup ti on of mu co sal morp ho lo gi cal in teg rity, de ge ne ra ti ve spa ces and ede ma to us ca vi ti es we -
re ob ser ved af ter ra di a ti on-in du ced je ju num in jury. The con tri bu ti on of the ra di op ro tec ti ve ef fect of all agents
were shown on tis su e in teg rity. Ho we ver, the most pro mi nent ef fect was no ted in the NAC gro up. In addi-
tion, the num bers of vil li and pan cad he rin im mu no re ac ti ve cells in the NAC gro up we re sig ni fi cantly higher
than the ot her gro ups. CCoonncc  lluu  ssii  oonn:: NAC is a go od agent in pro tec ting aga inst and ame li o ra ting ad ver se ef fects
of ra di ot he rapy in a rat mo del.

KKeeyy  WWoorrddss::  Ra di ot he rapy; in tes ti ne, small; ra di a ti on-pro tec ti ve agents; 
cad he rins; im mu no his toc he mistry

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma da, rad yas yo na bağ lı in ce bağırsak ha sa rın da Gink go bi lo ba (EGb 761), pro bi yo tik
Sacc ha romy ces bo u lar di i ve N-ase til sis te in (NAC)’in rad yop ro tek tif et ki le ri ni bir hüc re ad hez yon mo le kü lü
olan pan ka de rin ile im mu no his to kim ya sal ola rak or ta ya koy mak amaç lan mış tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Top -
lam 48 di şi Wis tar al bi no sı ça nı ne ga tif ve po zi tif kon trol gru bu, G. bi lo ba, S. Bo u lar di i ve NAC gru bu ol mak
üze re beş gru ba ay rıl mış tır. Rad yop ro tek tif ajan lar, rad yas yon uy gu la ma sın dan bir gün ön ce son da ile gün -
de iki kez uy gu lan ma ya baş la mış tır. Eks ter nal ab do mi nal rad yo te ra pi ge nel anes te zi al tın da 5Gy/gün do zun -
dan beş gün sü re ile uy gu lan mış tır (25Gy).  Rad yop ro tek tif ajan la rın uy gu lan ma sı 14 gü ne ka dar de vam edi lip
on be şi ni ci gün sı çan lar de ğer len di ril mek üze re ke sil miş tir. Je ju num ke sit le rin de do ku mor fo lo ji si, do ku bü -
tün lü ğü ve vil lus sa yı sı H&E bo ya ma ile de ğer len di ri lir ken pan ka de rin im mu no re ak tif hüc re ler im mü no -
his to kim ya sal yön tem le de ğer len di ril miş tir. BBuull  gguu  llaarr::  Rad yas yo na bağ lı je ju num ha sa rı son ra sı mu ko za
ya pı sın da bo zul ma, de je ne ra tif boş luk lar ve öde ma töz ka vi te ler tes pit edil miş tir. Tüm rad yop ro tek tif ajan la -
rın do ku bü tün lü ğü ne olan des te ği gö rül müş tür. An cak, en be lir gin et ki NAC gru bun da gö rül müş tür. Vil lus
sa yı sı ve pan ka de rin içe ren im mun re ak tif hüc re ler di ğer grup la ra gö re NAC gru bun da da ha faz la tes pit edil -
miş tir. SSoo  nnuuçç::  NAC, sı çan mo de lin de ki rad yo te ra pi ye bağ lı yan et ki le re kar şı ko ru ma da ve rad yo te ra pi ye
bağ lı ha sar la rı iyi leş tir me de iyi bir ajan dır. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Rad yo te ra pi; ba ğir sak, in ce; rad yas yon dan-ko ru yu cu ajan lar; 
ka de rin ler; im mü no his to kim ya  
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a di ot he rapy is wi dely used in the tre at ment of dif fe rent types of can-
cer inc lu ding ab do mi nal and pel vic can cers. Alt ho ugh ra di a ti on is di-
rec ted aga inst the ma lignant tis su es, its si de ef fects in nor mal tis su es
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li mit its the ra pe u tic ef fec ti ve ness. The small in tes ti -
ne is one of the most ra di o sen si ti ve or gans; thus it is
the ma in do se-li mi ting fac tor for ab do mi nal and pel -
vic ra di ot he ra pi es.1 Ra di a ti on en te ri tis presents as
at rophy, ul ce ra ti on and inf lam ma ti on in the in tes ti -
nal mu co sa and is a se ri o us cli ni cal prob lem in ab do -
mi nal ra di ot he rapy pa ti ents.2,3 Bac te ri a and
en do to xins pass thro ugh the distrupted mu co sal bar-
ri er and en ter ex tra-in tes ti nal tis su es as well as the
blo ods tre am.4 Af ter ab do mi nal ra di a ti on, dis rup ti on
of morp ho lo gic mu co sal in teg rity and nor mal bac te-
ri al mic rof lo ra le ad to ma lab sorb ti on.5 Di arr he a, vo -
mi ting, ab do mi nal cramps and we ight loss are the
comp la ints of the pa ti ents du ring and fol lo wing ra-
di a ti on tre at ment of ab do mi nal and gyne co lo gi cal
ma lig nan ci es.6 Da ma ge to the gas tro in tes ti nal tract
re ma ins a sig ni fi cant prob lem in spi te of so me tech-
ni cal mo da li ti es that lo wer the ra di ot he rapy-re la ted
comp li ca ti ons. Tis su e in jury from io ni zing ra di a ti on
is be li e ved to be a con se qu en ce of a cas ca de of cyto -
ki ne ac ti vity, which ul ti ma tely be gins with oxi da ti -
ve stress from ra di oly tic hydroly sis and for ma ti on of
re ac ti ve oxy gen me ta bo li tes.7,8 Furt her mo re, DNA,
li pids and pro te ins are al so at tac ked by fre e ra di cals
in du ced by io ni zing ra di a ti on which re sults in DNA
da ma ge, apop to sis or cell nec ro sis.9-11

Gink go bi lo ba (G. bi lo ba), ex trac ted from the le -
a ves of gink go bi lo ba tre e, is com po sed of fla vo no id
glyco si des, ter pe no ids, gink go li des and bi lo ba li de.12

G. bi lo ba ex tract is a po tent fre e ra di cal sca ven ger,
an ti o xi dant and al so a pla te let ac ti va ting fac tor in hi -
bi tor.13,14 An tic las to ge nic ef fect of G. bi lo ba was tes -
ted at a do se of 50 and 100 mg/kg and fo und as 66
and 83%, res pec ti vely.15 G. bi lo ba was used in rats ir-
ra di a ted with 800 cGy who le body gam ma ir ra di a ti -
on at a do se of 50 mg/kg and sho wed a po ten ti al
be ne fit in en han cing the suc cess of ra di ot he rapy.16

Pro bi o tic is a ge ne ric term and re fers to a pro -
duct con ta i ning vi ab le and de fi ned mic ro or ga nisms
in a num ber tho ught to be suf fi ci ent to al ter the
host’s mic rof lo ra by imp lan ta ti on or co lo ni za ti on
and the reby exert be ne fi ci al ef fects.17 Sacc ha romy -
ces bo u lar di i (S. bo u lar di i) is non-pat ho ge nic ye ast
used as a bi ot he ra pe u tic agent and is wi dely pres -
cri bed in a lyop hi li zed form in many co un tri es.18 It
has be en fo und that oral ad mi nis tra ti on of S. bo u -

lar di i (1 mg/kg) af ter pro xi mal en te rec tomy im pro -
ves func ti o nal adap ta ti on of the rem nant ile um.19

N-acetylc yste i ne (NAC) is a well-known pre-
cur sor of glu tat hi o ne (GSH), an en do ge no us non-
enz yma tic an ti o xi dant that plays a pi vo tal ro le in
pro tec ting mam ma li an cells from oxi da ti ve da ma -
ge.20 NAC al so eli cits be ne fi ci al ef fects on inf lam -
ma ti on pro cess.21 The pro tec ti ve ef fect of NAC on
a number of is su es inc lu ding fib ro sis and dep res si -
on of fre e ra di cals has be en stu di ed at va ri o us do ses,
ran ging from 5 to 250 mg/kg.22

Cad he rins are trans mem bra ne pro te ins, res -
pon sib le for se lec ti ve cell re cog ni ti on and nor mal
tis su e in teg rity, and they re gu la te morp ho ge ne sis
in a va ri ety of or gans du ring de ve lop ment.23 They
are ab le to con trol the po la ri za ti on of cells and hen -
ce exert di rect sig na ling ac ti vity.24 In te rac ti on of
cad he rins with ne igh bo ring cells co uld in tra cel lu -
lary trig ger a cas ca de of bi oc he mi cal events that 
ul ti ma tely le ads to the cor rect po si ti o ning, re cog -
ni ti on, and com mu ni ca ti on of cells.25

Thre e re gi ons of the small in tes ti ne (du o de -
num, je ju num, and ile um) have si mi lar his to lo gi -
cal com mon fe a tu res as pli ca e cir cu la res, vil li, and
mic ro vil li. The mu co sa of the small in tes ti ne is
com po sed of thre e la yers: a simp le co lum nar epit -
he li um, the la mi na prop ri a, and the mus cu la ris mu-
co sa e. The sub mu co sa of the small in tes ti ne is
com po sed of den se, ir re gu lar fib ro e las tic con nec ti -
ve tis su e with a rich lympha tic and vas cu lar sup-
ply. The mus cu la ris ex ter na of the small in tes ti ne is
com po sed of an in ner cir cu lar la yer and an ou ter
lon gi tu di nal smo oth musc le la yer. Ex cept for so me
parts of the du o de num, the en ti re small in tes ti ne is
in ves ted by a se ro za. The vil li of the je ju num are
nar ro wer, shor ter, and spar ser than tho se of the du -
o de num. The num ber of gob let cells per unit are a
is gre a ter in the je ju num than in the du o de num.

The aim of this study was to de mons tra te the
his to lo gi cal eva lu a ti on of the ra di op ro tec ti ve ef-
fects of G. bi lo ba, pro bi o tic (S. Bo u lar di i) and NAC
on ra di ot he rapy in du ced small in tes ti ne in jury. To
our know led ge, this is the first ex pe ri ment de a ling
with the ef fects of ra di op ro tec ti ve agents on the
cell ad he si on mo le cu le pan cad he rin.
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MA TE RI AL AND MET HODS

ANI MALS

A to tal of 48 fe ma le Wis tar al bi no rats we ig hing 220-
260 g we re used in this study (On do kuz Ma yıs Uni-
ver sity Me di cal and Sur gi cal Ex pe ri men tal Re se arch
Labs). Ca re and use of the ani mals were in ac cor -
dan ce with NIH gu i de li nes and Ins ti tu te Ani mal Ca -
re and Use Com mit te e re gu la ti ons. The ex pe ri ment
pro to col was ap pro ved by the Ani mal Ex pe ri ments
Lo cal Et hi cal Com mit te e of On do kuz Ma yıs Uni ver -
sity. All rats we re ho u sed in a tem pe ra tu re and hu-
mi dity con trol led en vi ron ment, two per ca ge, with a
12 h light/12 h dark cycle at 21-24 oC. They we re fed
ad li bi tum stan dard rat chow and had fre e ac cess to
wa ter. The rats we re ran domly di vi ded in to fi ve gro -
ups: The first gro up (con trol, Gro up I, n= 6) re ce i ved
sham ir ra di a ti on with tab le lamp. The se cond gro up
(Gro up II, n= 6) re ce i ved only ir ra di a ti on. The third
gro up (G. bi lo ba tre at ment gro up, Gro up II I, n= 12)
re ce i ved ir ra di a ti on and G. bi lo ba (Te bo kan®, Ab di
İbra him, İstan bul, Tur key) 50 mg/kg/day. The fo urth
gro up (Pro bi o tic, S. bo u lar di i, tre at ment gro up, Gro -
up IV, n= 12) re ce i ved ir ra di a ti on and pro bi o tic (Re-
f lor®, Sa no fi Aven tis, İstan bul, Tur key) 1 mg/kg/day.
The fifth gro up (NAC tre at ment gro up, Gro up V, n=
12) re ce i ved ir ra di a ti on and NAC (Asist®, Hüs nü Ar -
san, İstan bul, Tur key) 100 mg/kg/day. 

IR RA DI A TI ON 

The rats we re anest he ti zed with a sub cu ta ne o us in-
jec ti on of 0.05 mg/g ke ta mi ne hydroch lo ri de (50
mg/ml, Ke ta lar® Pfi zer, Tur key) be fo re all ir ra di a ti on
app li ca ti ons. Af ter anest he si a, all ex tre mi ti es of the
ani mals we re fi xed to a spe ci al fra me with ad he si ve
bands and the ab do mi nal re gi ons we re sha ved. Un -
der the xip ho id pro cess, one an te ri or fi eld of 4 x 5 cm
(width X length) was si mu la ted in SSD 80 tech ni qu -
e (so ur ce skin dis tan ce 80 cm) (Nuc let ron System
300). Ex ter nal ab do mi nal ra di ot he rapy, 5 Gy/day,
was ad mi nis te red for fi ve con se cu ti ve days en ding up
with a to tal of fi ve frac ti ons (25 Gy). The ani mals we -
re ir ra di a ted with Co balt-60 pho tons (The rat ro nics,
The rat ron 780 C) at skin do se, vi a one an te ri or fi eld.

The ra di op ro tec ti ve agents we re star ted as twi -
ce per day by ga va ge re gi men the day be fo re the

first ra di a ti on ex po su re and comp le ted wit hin 14
days. The rats we re sac ri fi ed on the 15th day.

H&E STA I NING AND IM MU NO HIS TOC HE MISTRY 

Af ter ex trac ti on of the je ju num seg ments, the sam-
p les we re fi xed in 4% pa ra for mal de hi de, was hed in
wa ter, dehy dra ted with al co hols, cle a red in xyle ne
and em bed ded in pa raf fin. Fi ve µm thick pa raf fin
sec ti ons we re re mo ved from tis su es and then de pa -
ra fi ni zed and rehy dra ted. H&E sta i ning was app li ed
to sec ti ons in or der to eva lu a te tis su e morp ho logy,
in teg rity and vil lus num ber. Im mu no his toc he mistry
was per for med using a mo noc lo nal an ti body aga inst
pan cad he rin using avi din-bi o tin-pe ro xi da se met hod
(Zymed®, San Fran cis co CA, USA). The mo noc lo nal
an ti-pan cad he rin an ti body (clo ne CH-19), which
was ge ne ra ted by using a synthe tic pep ti de cor res -
pon ding to the C-ter mi nal ami no acids of chic ken
N-cad he rin with an ex tra N-ter mi nal lysi ne re si du -
e as im mu no gen sho wing re ac ti on with a dis tinct
135 kD band in a wi de va ri ety of tis su e and spe ci es
was ob ta i ned from Sig ma (St. Lo u is MO, USA). Sec-
ti ons we re was hed se ve ral ti mes with phosp ha te
buf fe red sa li ne-tri ton X-100 (PBS-Tx) and they we -
re pre-tre a ted with 3% hydro gen pe ro xi de for 10
min to eli mi na te en do ge no us pe ro xi da se ac ti vity. To
re du ce non-spe ci fic sta i ning, sec ti ons we re pret re a -
ted with nor mal rab bit se rum for 20 min. Sec ti ons
we re then in cu ba ted with a 1/200 di lu ti on of an ti-
pan cad he rin an ti body for 24 h at 4 oC in a hu mi di -
fi ed cham ber. Af ter was hing in PBS-Tx, bi o tiny la ted
se con dary an ti body (His tos ta in plus kit, Zymed®)
was app li ed for 15 min at ro om temp. Fol lo wing
was hing in PBS-Tx, strep ta vi din-pe ro xi da se con ju -
ga te (His tos ta in plus kit, Zymed®) was app li ed for 15
min at ro om temp. Af ter was hing in PBS-Tx, 0.6%
H2O2 and 3, 3’-di a mi no ben zi di ne (DAB) was app li -
ed as chro mo gen for 3-5 min at ro om tem pe ra tu re.
Sec ti ons we re exa mi ned by light mic ros copy
(BX5OF-3; Oly mpus, Tok yo, Ja pan). In the ab sen ce
of pri mary an ti body, sec ti ons we re in cu ba ted with
PBS for im mu no his toc he mi cal con trols.

CO UN TING

Co un ting procedunes we re per for med in de pen dently
by two ob ser vers who we re blin ded for the eva lu a ted
sli des (SF and PCB). The num ber of vil li was de ter mi -



FI GU RE 1: Pho to mic rog raph of pancad he rin im mu nos ta i ning in je ju num of the con trol rat (Gro up I). (A) In tes ti nal struc tu res are nor mal. Pan cad he rin im mu no -
re ac ti vity is pre sent in the la mi na prop ri a (lp), sub mu co sa (s), mus cu la ris ex ter na (me), and myen te ric ple xus (ar rows). (B) Pan cad he rin im mu no re ac ti ve cells
are pre sent in the crypts (ar rows). (C) H & E sta i ning of Gro up I. Ori gi nal mag ni fi ca ti ons x400 for A, B, and x40 for C.

FI GU RE 2: Photomicrographs of Group II (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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ned at fi ve se pa ra te mic ros co pic fi elds of the je ju num
in 5 sec ti ons for each ani mal (to tal 25 mic ros co pic fi -
elds) and re cor ded as the me an va lu e by using light
mic ros copy at an ori gi nal mag ni fi ca ti on x 200.

Qu an ti fi ca ti on of pan cad he rin im mu no re ac ti -
ve cells was per for med in ran domly se lec ted 10 vil-
lus of the je ju num in 5 sec ti ons for each ani mal
(to tal 50 vil li) at an ori gi nal mag ni fi ca ti on x 400. 

STA TIS TI CAL ANALY SIS

SPSS 10.0 sta tis ti cal soft wa re was used for sta tis ti -
cal analy sis of the da ta using Krus kal-Wal lis one-
way analy sis of va ri an ce test. All da ta we re
ex pres sed as me an ± SD. A p va lu e of <0.05 was
con si de red sta tis ti cally sig ni fi cant.

RE SULTS
His to lo gi cal analy sis of in tes ti nal sec ti ons de mons -
tra ted the ha zar do us ef fects of ir ra di a ti on in all gro -
ups when compared to the con trol gro up. In Gro up
I (con trol), the num ber of vil li and pan cad he rin im-
mu no re ac ti ve (IR) cells in the vil lus epit he li um
we re gre a ter than the ot her gro ups (p< 0.05; Graph
1). Pan cad he rin im mu no re ac ti vity was al so pre sent

in the la mi na prop ri a, mus cu la ris mu co sa, mus cu -
la ris ex ter na, myen te ric ple xus, and aro und all ves-
sels (Fi gu re 1A, B). In H&E sta i ning of Gro up I,
in tes ti nal struc tu res are nor mal (Fi gu re 1C).

The in tes ti nal mu co sa of Gro up II (ir ra di a ti on
alo ne) rats sho wed su per fi ci al mu co sal ul ce ra ti ons,
vil lus loss, cryptic di la ta ti ons, in cre a sed vas cu la rity
and di la ted ves sels in the mu co sa, sub mu co sa, and
mus cu lar la yers. La mi na prop ri a des truc ti on was
al so se en in so me vil li. In ad di ti on, mu co sa was se -
pa ra ted from the un derl ying sub mu co sa in so me
are as (Fi gu re 2A, B, and for H & E sta i ning C). The
num ber of vil li and pan cad he rin IR cells in the vil-
lus epit he li um of Gro up II we re smaller than the
ot her the ra pe u tic gro ups (p< 0.05; Graph 1). 

In Gro up III (ir ra di a ted and re ce i ved G. bi lo -
ba), the num ber of vil li and pan cad he rin IR cells
we re gre a ter than Gro up II (p< 0.05), but smaller
than Gro up I, IV and V (p< 0.05; Graph 1). Mu co -
sal ul ce ra ti on, cryptic di la ta ti ons and di la ted ves sels
we re pre sent mo re no tab ly than the ot her gro ups,
ex cept for Gro up II. Lymph ves sel con ges ti on was
al so pre sent in the sec ti ons of Gro up III. Ne vert he -



FI GU RE 3: Photomicrographs of Group III (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).

FI GU RE 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). 

FI GU RE 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).
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less, la mi na prop ri a in the vil lus was re la ti vely well
pro tec ted (Fi gu re 3A, B, for H&E sta i ning C).

In Gro up IV (ir ra di a ted and re ce i ved pro bi o -
tic) su per fi ci al mu co sal ul ce ra ti on was pre sent in
patc hes. Cryptic di la ta ti ons and lymph ves sel con-
ges ti ons we re re la ti vely mo re fre qu ent than Gro up
II I. Alt ho ugh di la ted ves sels and ede ma to us ca vi ti -
es we re se en, the tis su e in teg rity was well in com-
pa ri son with Gro up III (Fi gu re 4A, B, and for H&E
sta i ning C). The num ber of vil li and pan cad he rin
IR cells we re greater in number when compared to
Gro up II and III (p< 0.05), but smaller than Gro up
V and si mi lar to Gro up V (Graph 1).

In Gro up V (ir ra di a ted and re ce i ved NAC),
mu co sal in teg rity was well pro tec ted. Cryptic di la -
ta ti ons and di la ted ves sels we re significantly less
when com pa red to Gro up II, III and IV (Fi gu re 5A,
B, and for H&E sta i ning C). The num ber of vil li and
pan cad he rin IR cells we re greater than Gro up II
and III (p< 0.05; Graph 1).

In all gro ups, pan cad he rin im mu no re ac ti vity
was se en in the la mi na prop ri a, mus cu la ris mu co sa,
aro und the ves sels and in the mus cu la ris ex ter na.
The in ten sity of the im mu no re ac ti vity was den se in
epit he li al cells lo ca ted to wards the tip of the vil li
com pa red with the cells lo ca ted at the ba se. In ad-



di ti on, epit he li al cell sha pe chan ges we re ob ser ved
in all gro ups when compared to the con trol rats. 

DIS CUS SI ON
Io ni zing ra di a ti on in du ces va ri o us morp ho lo gi cal,
func ti o nal and bi oc he mi cal chan ges in small in tes -
ti ne. The in tes ti nal epit he li um un der go es ra pid and
con ti nu o us self-re ne wal along the crypt-vil lus axis
en su red by the mi to tic ac ti vity of its stem cells.
Stem cells dif fe ren ti a te in to co lum nar epit he li um
and mig ra te to ward the vil lus.26 This ra pid cycling
cons ti tu tes the ba sis for the high sen si ti vity of the
gas tro in tes ti nal mu co sa to ra di a ti on.27 The re sults
of the pre sent study de mons tra ted the des truc ti ve
ef fects of ra di a ti on on in tes ti nal mu co sa and the ef-
fi cacy of ra di op ro tec ti ve agents to mi ni mi ze the si -
de ef fects of ra di ot he rapy. Ho we ver, in this study
an ti o xi dant le vels at ba se li ne we re not as ses sed,
which in part might ha ve con tri bu ted to the ob ser -
ved ra di op ro tec ti ve ef fect. 

In the pre sent study, io ni zing ra di a ti on ca u sed
in tes ti nal mu co sal ul ce ra ti ons, vil lus loss, cryptic
di la ta ti ons, and in cre a sed vas cu la rity and di la ted
ves sels in the mu co sa, sub mu co sa, and mus cu lar la -
yers which as cer ta i ned inf lam ma ti on. Be si des, se p-
a ra ted mu co sa from the un derl ying sub mu co sa was 
se en in so me are as. Si mi lar fin dings we re al so de -
mons tra ted in ot her stu di es.4,5,28,29 The lo ca li za ti on
of pan cad he rin im mu no re ac ti vity was shown in
nor mal in tes ti nal tis su es in our pre vi o us stu di es.30,31

For the first ti me, the pre sent study de ter mi ned the
lo ca li za ti on of pan cad he rin im mu no re ac ti vity in
small in tes ti ne of ir ra di a ted rats, as well as the ef-
fects of ra di op ro tec ti ve agents on pan cad he rin im-
mu no re ac ti vity.

In this study, the num ber of pan cad he rin IR
cells in the vil lus epit he li um was con si de rably low in
Gro up II (ir ra di a ti on alo ne). Du ring ra di ot he rapy,
io ni zing ir ra di a ti on par tic les in te ract with bi o lo gi -
cal systems to in du ce a cas ca de of cyto ki ne ac ti vity
and ex ces si ve oxy gen fre e ra di cals or re ac ti ve oxy gen
spe ci es, which at tack va ri o us cel lu lar com po nents
inc lu ding DNA, pro te ins and mem bra ne li pids, the -
reby le a ding to sig ni fi cant cel lu lar da ma ge.7,32 In re l-
a ti vely few ins tan ces, fre e ra di cals may per form
be ne fi ci al func ti ons, such as in the des truc ti on of

pat ho gens du ring pha gocy tic ac ti va ti on or in the re -
gu la ti on of vas cu lar to ne.33 Un der nor mal con di ti -
ons, fre e ra di cals ge ne ra ted du ring cell me ta bo lism
are ra pidly sca ven ged by en do ge no us an ti o xi dant
enz ymes, ho we ver, in tis su e in jury, fre e ra di cals in-
cre a se ex ces si vely. Acu te ra di a ti on to the small in-
tes ti ne ca u ses im me di a te and po ten ti ally re ver sib le
ef fect on the sen si ti ve re ge ne ra ti ve epit he li um of the
in tes ti nal mu co sa whi le re pe a ted ex po su re to ra di a -
ti on the rapy may le ad to a prog res si ve di se a se thro -
ugh ir re ver sib le ob li te ra ti ve vas cu li tis chan ges.34

Cad he rins play a ma jor ro le in ma in ta i ning tis su e in-
teg rity and in du ce epit he li al po la rity, plas ti city and
sur vi val du ring epit he li al re mo de ling.35,36 The in teg -
rity of po la ri zed in tes ti nal epit he li a is en su red by a
se ri es of junc ti ons, tight junc ti ons, ad he rent junc ti -
ons, and des mo so mes.37 So, it can be as su med that
the low le vels of pan cad he rin IR es pe ci ally at the tip
of the vil lus may in di ca te the des truc ti on of epit he -
li al cells and the ir in teg rity. 

In Gro up III (ir ra di a ted and re ce i ved G. bi lo -
ba), the num ber of vil li and pan cad he rin IR cells
we re gre a ter than the ir ra di a ti on alo ne gro up, but
smaller than the ot her gro ups. In ad di ti on, mu co -
sal ul ce ra ti on, cryptic di la ta ti ons and di la ted ves-
sels we re more com pa red to the ot her tre at ment
gro ups. G. bi lo ba ex tract, par ti cu larly the fla vo no -
id glyco si de com po nent sca ven ges the ex cess fre e
ra di cals.38 It was shown that se ve re epit he li al loss of
the vil li and inf lam ma tory cell in va si on in the la m-
i na prop ri a du e to ir ra di a ti on was rep la ced to re g-
u lar tis su e in teg rity with G. bi lo ba pret re at ment for

GRAPH 1: Mean number of pancadherin immunoreactive cells and villi. 
*Error bars indicate ± standard deviation.
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15 days.16 In our study, alt ho ugh G. bi lo ba tre at -
ment was ef fec ti ve on the pro tec ti on of vil li and
the ir la mi na prop ri a, this ef fect was less than the
ones in the ot her tre at ment gro ups.

In Gro up IV (ir ra di a ted and re ce i ved pro bi o tic),
the re we re su per fi ci al mu co sal ul ce ra ti ons in patc hes.
Cryptic di la ta ti ons and lymph ves sel con ges ti ons we -
re re la ti vely mo re fre qu ent com pa red to Gro up II I.
We de ter mi ned that the num ber of vil li and pan cad -
he rin IR cells we re gre a ter than tho se in Gro up II and
II I, but the re was no sta tis ti cally sig ni fi cant dif fe ren -
ce with Gro up V. It has be en shown that S. bo u lar di i
is re sis tant to aci dity, pro te a ses and na tu rally to all an-
ti bac te ri al an ti bi o tics and furt her mo re, has no known
ad ver se ef fects.18,39 Af ter tre at ment with S. bo u lar di i,
sig ni fi cant in cre a ses in se ve ral brush bor der mic ro -
vil lus enz ymes we re fo und in hu mans and pro du ced
a mar ked sti mu la ti on of sec re tory IgA pro duc ti on in
in tes ti nal crypt cells which is the ma in im mu no lo gic
de fen se bar ri er of the in tes ti nal epit he li um.18,40 Pre-
vi o us stu di es de mons tra ted that use of pro bi o tic or-
ga nisms may ef fec ti vely down mo du la te the se ve rity
of in tes ti nal inf lam ma ti on thro ugh al te ring the com-
po si ti on and the me ta bo lic and func ti o nal pro per ti es
of gut in di ge no us flo ra.41 Our re sults we re in pa ral lel
with De mi rer et al. who used L. bul ga ri cus and con-
c lu ded that the ad mi nis tra ti on of pro bi o tics in the tre -
at ment of ra di a ti on-in du ced en te ri tis exerted a
ra di op ro tec ti ve ef fect on small in tes ti nal mu co sa
which may be re la ted to the ir an ti-inf lam ma tory ac-
ti ons.5 Ot her stu di es car ri ed out with dif fe rent spe ci -
es and stra ins L. aci dop hi lus, L. hel ve ti cus, L. ca se i, L.
plan ta rum, L. del bru ec ki i subsp. bul ga ri cus, B. lon -
gum, B. bre ve, B. in fan tis pro bi o tics ha ve al so shown
a ra di op ro tec ti ve ef fect. Ho we ver, such ef fect can not
be ex tra po la ted to pro bi o tics in ge ne ral.34,42 

The pre sent study cle arly de mons tra ted that
mu co sal in teg rity was well pro tec ted in Gro up V (ir-
ra di a ted and re ce i ved NAC). Cryptic di la ta ti on and
di la ted ves sels we re less when com pa red to ot her
tre at ment gro ups. Furt her mo re, num ber of vil li and
pan cad he rin IR cells were greater when com pa red
to all ot her tre at ment gro ups, ex cept for the con trol
gro up. This dif fe ren ce was sig ni fi cant for Gro up II
and II I, but in sig ni fi cant for Gro up IV. NAC is one
of the most wi dely in ves ti ga ted phar ma co lo gi cal

agents among fre e ra di cal sca ven gers. NAC exerts
its an ti o xi dant ef fect in two ways: first, as a so ur ce
of sulphydryl gro ups it in di rectly fa ci li ta tes GSH bi -
osyn the sis and, the reby, in cre a ses GSH supply for
glu tat hi o ne pe ro xi da se. Se condly, it di rectly re acts
with re ac ti ve oxy gen spe ci es.43 Thi ol and its de ri va -
ti ves cons ti tu te the most ef fec ti ve class of ra di op ro -
tec ti on com po unds and NAC is a thi ol re du cing
agent which has an ti o xi dant, an ti an gi o ge nic, and
an ti car ci no ge nic pro per ti es.44,45 The ra di op ro tec ti ve
ef fects of NAC on coch le ar cells and ovary cells we -
re at tri bu ted to a mec ha nism ope ra ting over the thi -
ol path way.46,47 NAC tre at ment ma in ta i ned the
in tes ti nal mu co sal bar ri er in teg rity af ter burn in jury
and had a ra di op ro tec ti ve ef fect on li ver tis su e.32,48,49

E-cad he rin is one of the ma jor cad he rins in the in-
tes ti nal epit he li um and an al te ra ti on of its ex pres si -
on has be en ob ser ved in a num ber of diserders
in vol ving loss of cell po la ri za ti ons and dif fe ren ti a ti -
on.50 The ex pres si on of pan cad he rin in the in tes ti nal
epit he li um in NAC tre at ment was in cre a sed. This
may in di ca te the pro tec ti ve ef fect of NAC on for-
ma ti on of cel lu lar junc ti o nal comp le xes bet we en in-
tes ti nal cells which was mo re pro no un ced than that
of G. bi lo ba and pro bi o tic tre at ment gro ups.

In the pre sent study, the in ten sity of the im mu -
no re ac ti vity was den se in epit he li al cells lo ca ted to-
wards the tip of the vil li com pa red with tho se lo ca ted
in the ba se. Con ti nu o usly ge ne ra ted epit he li al cells
in the crypt re gi on are pus hed up to hig her le vels on
the vil li. Thus it can be as su med that the low le vels
of im mu no re ac ti vity in the cells lo ca ted at the ba se
may be du e to pro li fe ra ti on, dif fe ren ti a ti on and mi-
g ra ti on of epit he li al cells, and ad he si on comp le xes
es tab lis hed at the tip of the vil li. We al so ob ser ved
epit he li al cell sha pe chan ges in all gro ups when com-
pared to the con trol gro up. It is known that ir ra di a -
ti on al ters tight and ad he rent junc ti ons. The
des truc ti on of tight junc ti ons may le ad to al te ra ti ons
of bar ri er func ti on ref lec ted by chan ges in pa ra cel lu -
lar path way when the dis rup ti on of ad he rent junc ti -
ons imp li ca ted in the in ti ma te cell-cell con tact may
le ad to the sha pe chan ge of epit he li al cells.51

In conc lu si on, our re sults in di ca ted that ab do -
mi nal ir ra di a ti on ca u sed se ve re in tes ti nal mu co sal de-
s truc ti on and alt ho ugh, G. bi lo ba and pro bi o tics may



ha ve cons truc ti ve ef fects aga inst ir ra di a ti on-in du ced
in tes ti nal da ma ge; NAC may ha ve be ne fi ci al ef fects.
Ho we ver, furt her stu di es are ne e ded for imp li ca ti ons
of the use of such agents in cli ni cal tre at ment.
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