SR Al FRN-TEN OF o PR 0y 53 WY ¢ Sbipuals o oo

Journal of Veterinary Research. 68,4:341-348, 2013

Y *\ \

‘;‘-s-”'""'t"*‘ UJGW ;|j.’v.k.«.>uw
DA e A8y Sl ed8ENs (58S ye s SO\
Q\ﬂ\_o\;w‘omu\g\;&\:é&#\aaﬁ\u\a ‘A{\ﬁj&mjﬁg

(WAY sle 0T ¥ 1l Gaody < IYAY sloulyya YA tallie sily 5u)

oS
1B 09 ()lsS ol (6315, 0le (glog o 59,02 Hlrdivne) 15155 s (so3g) cmas wims JolS5 (glav g lominls 5t ardlne dino
Soae Ve alaas 15 Gyl 039y § o (i (5l0dg) (s i Cudlad g ()l L (Sibl led 0550 b)) il dalllas 5l Caun
sl 505 6o e Ty 659 p 959355 51 (Slalad ¢ ibar dbogono (13,53 31 Ly 5 353355 (S B jw 52)S 1 L E 0039,V (sl iz
S5 Jlibs b cun g dlaedlad pl 8,5 8 o) 035015700 3 itmnns 3 5T Sy callab g dugd nodg colabab 3l olioxe
Ol 0 )55 Lauo 5 05 il Sl —50590T s lnees S 105 (ppiozads 5 dlog: po (gl sS Th 055,075 S5 idsS (sloss S
4,Glial Fibrillary Acidic Protein (GFAP) ;550 jlealitol by 039l ol dsl coladad ¢ i locuad 5 . 5000,5 s S xSl
D979 & 10030385 (i (813500 (1885 )0 (o 5 2 53955 53 o (8355053 Sy LU 1l b (b))l (cord s 5500l D)
Lol dbul o &y (Po/74)) (33555 (P</) i35 LSl i3 a8l s 3 i sl 1S5 S 15 55l
oS S a5 313 RIS (P 41) &y 33555 (P</+0) i3 Syl Ll el 6,13 sine S S TS
S o sigenl adllan gl 3,5 (P</+4Y) (o (P</+)) 33335 bz b Sl oA yarin gl 3omasdg, 1S 2alS
(81039, (ma umpms w0 5 o (6 ySeas w039 GFAP L glodg) o (gl sal S5 ol (6 0y STy 2 e 31
252039, 5> (1o S| e s kil go sy g (5L (S8l ks 4y )55 51 Lo

(8355 95 Sai LA L T¢ coud gimud ghgenl (61039 ouas i ¢ o (ymir 039, 1 lS slaely

Lol AT (6ldi 65 dy S 0 S Ted 1) 5,195 ol tws 5, >

ool ol Y ppdal> po P )3l (5)> (SlogSl oo g Sl o
L aly 5o Sl a5l U Lo (V) aies o o5 ,=5d]
(V%) g3 3 (Isolated Organ System) yowe 1S, aslolu b oyl g5 o
SlgS 0 (S1099) (s e (LSS (Sl s ) louials 9

oSt (35> (Sldled (60150 (Sl jlon (5 9 Slwdins;
saplieodg, Al slajide wlses o gloual ol .ol o)lsS
U y9)45 Bl (Hirschsprung) S5 g sy 6 yLows - (V) D55 o
JUEVCTSPCINUONRRE YL G FPHE ST LFN P S ST L& ORI
ALad dus B Cewl Sao dus jle ol Ay Mo lolgh .l o (glosg,
308 o i Olallas oSzl ol ailgss yinn LSS
ad)le plandlig So g daily g )58 ez 505l Sl latares
6‘°°5)g5—35)9—.’6)‘>L'{:—‘H‘> .(Y‘AT/\)QQ)—f‘;_A)’l_’:_?_A
e glomals ;) S0 SO (Intestinal Neuronal Dysplasia)
Bowe slodg, cras pims LIS sl Syl 5oy g,s sLiis

5 iuled oo Dy lge 059 solad iou 4 lacyl jo wiledld gie Sy

Qoo

(> S 09)95 3l (S1as goe 00T 53 (Sl0dg) (oAt i
Joe 63570 (s s 3l e 8395 2045 Sl (5,2 9 Sl
O8O55 9325 099932 O30 D5 (D> s (l - (14) il
ot 31 s (gt )3 1A e o JiSTT) %195 oS (55
AIF) S s 0l S 55 530 Ly (099 3ied (lgue by (glodg, smas
NI4T 033 il (19,55 1+ 339 531 Slo05, e s
RIOIS 09y Crl 3l - oo 8L g5 j3 45 el (ol 9 5 Slaas
Ao gy 45 sl (3550 (omas s 008 Ll (i ) ot
s S0 9) 98 (Johow e (V) 1300 21y ()155 Joo oedass
L aS Wloads &8ly S 45 sl 9SS J 515 58 slosg, cmas
R LS 50 5 N5 oo Jato SeuSs & (omas gloasd ) Sl

320 oo SNBSS yiile g oleayy rac loaSd
LS 0das (Slosg) (s ot (bl ddao g s ) o0 a4y
Lwgi oS (5, oSl enl il (So 1) abl 5 )g5 ol (5>
b (Sl o, 5l (S DLELEIN 050 o0 J S i (12
b aly, SO Sl vy . aily o (Basic Electrical Rhythm)

Email: harab@ut.acir ~X\-7 7YX s N-FNWAAF 225t § g sn sdieny (%



AYAX ¥ e)\.‘s..; ‘?/\a))b Lé—ﬂﬂﬁ\-} C)\j.:;ﬁ?ﬂ‘\-\"'-‘

a3l (eoSbabgoe b (L8505l e 85008 (SL B o
ool (ylgieds pos 935 (slol 3l (slantad aodg) Su35l93 )50 (o) 2
la o 51 S 039y 00iuled (e 0 (y5lsS 51 (lankad 9 S 95 009,
20,5

— oS Jeloe (g9l s (6 yoaloldMyosg 00l o> lalad
V¥ mM KC16/9 mM (NaCl\W> mM : Jol ) & s i
5555151\ mM .NaHCO3 \d mM NaH2PO41/Y mM .MgCI2
70 9 0y 5emnS1730) (y590,5 35 Las wsai ools 1,3 CaCl2) V/A mM
Sl (gilulaz g gt 5l (o 2 o0 (23198 (0SS 50
Slalad.0p0 S apidigel 1231 Cm Jgbody glail> LpiTol pad dion
S9l> (Bl plox 15,3009, Job Slo wlac gla b g 5o
5395 IS LS (P e L) FC Eerbeni - oS 3 lone
G975 b Joue SG au JLlash 5l ag cadab o0l 1B eads oo so0lg e
J)3/0g S o b plas 318 )3 Bl Slakad (S zeg 1
L5 e, Sl Uy 8 75,5 (5o S5 1255,
RS JENCEE IS NIIE PU I K U PONEEE U IE
&3 (AD Instruments Pty Ltd, Bella Vista, NSW, Australia)
3 Jolss 5 (655l dd o s Bl 0010 o8 Lol g 4y 4 B0 FO
Joloro ;LSS ad. 3510 12 48,80 FO ae ¢yl 1o aiew p o> ba o
G B3 g I o0 (2975 (Bl ploz 10052 g Lrlain - S
S ag 8o Sow d aly S Sl e 5l AU ololdsl e Jolas
ICCRVRI S

e 955500 905 500 (S5 yidgS Glac lad 5
039y S5 ydgS eitumrns (52 Ty (50 (o) 32 ST 1SS pt9S
Olgse 4y (Novartis, Switzerland) wul (1S 195 futwl (59,10 ¢ yui
_W)SJ}I:«_M\.‘,\:fmolc;Jé:.L’cb@)&wyéuo\.\;ﬁfw;T
O 03,5 S OLoLE g 099381 8L plos dy 3 52 go i
S g0u8,8 L ga5 JLgo (8L ples 310 i - )T Jokoo
O T gl j3 a8 ) e ay (8L Olakadc Jolas (51,52
Glooas, S 5y S LT g tc 4y (Sigma-Aldrich, USA)
0575 iyl (8l -z, S LB 1 ol Edale Uy iy | Sasge
2 S i gl Dlalad S5 5 )3T (e e (2L
L2005 S i g ST ylgicay (Sigma-Aldrich, USA) ¢y 5
)oa?yw_w;k)ym@ax\'_;molcﬁ&L’qu‘ij;)oT
A o 039, SLLE g9, o 3l g s )T adlil 8L slaplas
09y Slaladc Jolas (61,8 g kit - (o) Johowo a2 25 b s
s S 15T 922 4y (Sigma-Aldrich, USA) Jolsil gy (o y2e 4o
sl 31 M0l et Ly S5, 30T -Bsbmonsy
-0 oS i g S LT ylgicay (Sigma-Aldrich, USA)
eSlee 50 0000, 848,85V e 4y \'_?mol cdale G5 5,07

\BAS

(e AE e ¢ 7S5 3l g §OLS oS> S sl SSu Ay e
Etw (B axladaS conl Sl valad .aies oo JuSid Ty gloss,
&Md'o&s)wﬁwdumw)dﬁwa&
Glylo duate Glaods .S aS ool axal (V) oyl yids b,ls3 olXtwd
P09, Gloudlg) g (2955 9Dy leee 50 (G5 (259 58 Sdlad
Sy SBJdo )l (S2Olge g yo iz -l amd Nz oy

)'.‘.“*‘""’(“)wu')ﬂt'C)J"'“Lgb‘)B)gsﬁ‘:&WJ‘&ul’m&‘ﬂ
&30 O 50 103 (e s S i (Lo Jorbo &2 Lo
O3l o0 oo Slge> o Joe plus 11 € yo i a5 (o S
a9 3l Sla Sl (050 & po g5 g5 Lyt (W)l o0 i
Ol e jloolaal o1y (gauas fad Sty sl g ) Sews ad
(\f)w'oéﬁwk}o&6&..\)5)6|4.:buu&:.461).:u|5»>
Gxube) gl peno b LS, o (g0l olallas (eSS 0> o

0 plonil & yo (2 (Slge> Joho 0 009) Gl 95 2L
(5 o A5 5 A 0 52led ol 9o ap 055 51 S sloo
TS0 & 97015009, D)2 02l )3095 3 Sas Sloj ezl slosy,
s Sl W g (a0l S50 )0 Wil o0 (398 (Sl ey 1 el
ploljlanldl.asblaSal, o slo s lxal 3555k g lodg, omas
Joe g 3l S T edlad 3l (56 o5, slogSl byl g sless,

AL 0 & po (i (Slga>

N R9y90lse

slodslas & e dae Ve canlas (ol plovil e 1l gus (B!
Silr JLaS jglae 0 g S0 S Sl w5505 3155
VW ENFOC (lod ;0 s QB0 g 1o S0 ¢ S JolSS al> 1o
270/ 555LgSl o 53 555 de (Sl jap s - aSal (5 oSS
JB75 G OA s Cuglo) 5 YV/BPC slas 13 (5l £ pitle uSS)
222 59) Olgre 4, 53LgSSl 13 W o 03 (38,5 1,8 59, adab o3l
Wiz 391005 el Jpan ) glaiads. albazd S 5lai o s
2GS SS9 3o o0 o))l i dddad g, yo L oS
Jolts _alStule]l Sllgam U 1S BN g ool s e, Lol
== )=l => s (Refinement) _z— ¥ ((Reduction) ol s

A(YY)ays,5 >,k (Replacement)
S oy 31 (U LOL e 905 9 5l 3o wlatad angs (o
S A2 La (i gUADALSEBE yonS 083595 59, 50 144




\RAN

P50 At Dland 31 Joloeo L AR 1o 9 0y0,5 a8Lo abolis
oo (59)  AdB0N Do dy | ftanigas ()5909 )5 393813l « O 5
.28 ,5 sl Mayer Hematoxylin

b)yog_)}iwe)s.uabs&éyOMdﬁT&)H&Ebdjkfuﬁy
LA Lg);\fw)k- a0 ! Sl o ‘C"é)LS" u.i;).ub.oakgbbu)_:)
5@&'5;&J.4|9.C)‘GFAP boolade‘_,’_,..a.chme&)_c_.L;lf
5l oad dps  cowd gt 5 goul (LMWL H&E (slop¥ j0 00l
Babosls el Blie il slacSyl

Oladad dsdlas jl ool Cawdy (g0l (g 5Lol Jopdonsi g doy joix
)Wsw&)w@lwww)bwdwbés)
.(n=)) Wiloads 0010 yiules (Mean) ,-SSlee + (Standard Error)
) ‘)mwbw)»bo¢5)ubob.ﬂ;lmbsf‘yQ&MMWG‘f
(o P goul g sordgtunca Dlalllae )3 ol (603 Sy 55
50 dboslaiwl(One-Way ANOVA) ad 1o S il 19 5J6T 505751
o 42 Bonferroni t-test 5l .5 95 dy g0 JSi ds o g,S 12Sle dlio
089S 9085955 et L2001 (1 Silis dglio (gl o ad S
oottt b (o)l Jodons g ag je .ol oslaziw! Student's t-test
-2 5 alouI BioStat® Ye-A 15316 )3

515145 503 3 9 1l S SN it 5 5 L LB e
9508 700390959 Oix 4l (S S e 3l (AL DLALEN i
S ,25 o e 5o e lahaB a7 eyl 10 6 (Lo ) il Cord
a8 5 51805 50T 508 5005 rdsS e 5 S5 50T S5 ydsS
35 g0 0ddlive Sl 10 dS g Slas (el od ooty Lt
SR 99355550 8 s Sl 1 B 53950355 L
SLALDI () )10g03)0.3)l8852 9 € 10059,03585 (i (1320 9955
3l o e0lie 9> 1 e § Canmd 65 1592 50 525 g gy Sl 5o
o0 dulite (Lo 1o 4 S5 11l (Sl 5 LT 5 Lt 05T
SLoL 5185 Sl cduly e 348 0l 1) Lis (6 leT e llors - sl
Sl 005y (9095 51yl (510 im0 90 A 93935 50 (S5 5u0 5>
Ap<e /oo caiBs 3 (ALEIT/YE /N ol 50/YY /A ol )
ol S Sl 5l BB Lol pasas sl lasslaalis el
5 40) SBla o g5 955 5 i (610 e JSB A 9IS
AP/ Vs /FAE /NG s 0+ /VOE-/ g
) pgig5sololdil aels « Bl plos dy (g S il (40958
O3 Al Sl s s (P /) V£ /1Y) (613 o S

Er e 8l 0395 (o2 s e

Ve Slejorl o ad 8o 8 Lol SlaaS s pdalad ;o Lol 51g3
alold 1 Sloe 31 5 LU dield 5 S0leo ol duwlono 48,80
2aiB0Y (Slojojly ;0 lhzma 009, lalad (LS dipeS g ddndion (2
05 Ao p )5 o

= 52558t ot (2Ol Ol S S
seosg, (Non-Adrenergic-Non-Cholinergic) SG 5 oot 95,
(Electrical Field Stimulation) SG ySJ1 yloue G ;o0 jldadUae s
9 93l e ma FTL O jglone 50 (8L lalad lazl o a8 S oy
0310 ,1,8 48,80V oo 4y 398 ;000 I3 glacdale Uy Jedgil g
-Aldrich, USA) peliy 90 /IS b accion (oLl SO g 050
S L el Sl g 1555 Lrg ol aLe L (Sigma
L(ag 30T 55,000 ta il L) 100 V) (S =Sl ylacee SO o
8L plox 31 18 15500 C8L o 90 )0 45 pladg xSl jlos Lozl
-(Harvard Apparatus Stimulator, USA) ol sl c050 g3 00 d s’
1 S S S i S5 S oz ol oo
e 2 Bl 50039) S5 958 - S5 50T e Slad
303,53 bl s AL o

b g5 (el 50 axd ) )54 (Sl g5 ST g Lo i oS T dale
Villamo )43 Jlw ;o 4 ) Ken g Denac e picio Y e jlos it
ol BN g Al i 5ol Sladlae g Yoo Jluo ;0 o) Lot
(FYR) sl 0030 )3 e Ao

99955 Slalad i condh gilund 9 g0ul § (Soad gilannd ila Lo (5
ALolansd Joloe boads 3.3, 710 (lleyd )0 o (sleosg) gl
(Jgb1 Jgo o dale 135U g 6 30Tl s g A5 Cansi+/Ymo
LlaSal cnl o0t ags (sLady Dol -5 ,5 45 T bl sl Sobs
(H&E) b el 0055,5 1L OA L yo Aiitken Jawgs 45 &g,
(V)Xo (650155, Hematoxylin-Eosin

3-8 =8l leSel ¢ condig it g5 gl dnlla o (gl
O - 5038 ,58 s 0T bglore 10 48, 88 T e 4y (655 b
10 s 35 3 day -5 0318 51,8 0yl (59 2 g Asgs F MM (o b s
IRV O La:ai)l,a|65)ﬂVV0C Sl )0 8L sl by eadBo
(553 i J5561 o slo e 5 5 ,555Ts 2195l 1
DAKO, Glostrup, Denmark) L o g g5 g0l 9,40
Jerdly g wlasl 1 g Glial Fibrillary Acidic Protein (GFAP;
4 03T (L3l M Hobods 103008 ,5 (50l ) S 0L
om0 pll Ol e ;8L gl > Sleslaswl L ad8s ) i
45830 ey blie 5, 1 A Jgilio s 1T (55,0008 Sy
cdalol 0. AL 0818 gty yado L TL Ml T 5l as g b 004381
blie (59, 4B ) Do dy (e 5 Lol o) gl (0l 5T
69, AT g 41 93U (60L 5T ¢ o 1350385 gl g 50 A8LS|




ATAY % a)\.«.:l» c?/\ajjb ‘é.uff\a QM“-\’U

reF

1+ mOl) o oo

'z

\min

@\ "mol) i

0¢ ¢l eV €0 V) EFS

(\frmol) kg AS (aids¥ ¢ 50

| | y cl

wals Jrals (o) ‘k&jfé"sm‘)}:g"\ﬁ 4 'c..«l.;)z oS ololalaals ilisl () '.CJ“).J) W e slyeengy b k;.:jzﬁ‘rs.;))"&irb Slolal o) o geas
S (S STl Glas G o b G5 a8 1o - S5 5 550 T b s 5wl o 53 235955 Sl e Bl () 0655 ,5,0T s (slatdal s 0 sy )3 0 S L Ll

by o Sl S TL G5 5,51 50505 b 03 05 4S5k

‘GFAPQQ_Q}SWLM)JW|6):AT«_<S)(&))€\"X ww)ﬁ:rjjjo&EdﬂT&)(;ﬂD.E!u)"”\‘\w;?)aélezjjwﬁwdu&@idue)&ﬁ).Yﬂ}ﬁaj

110509 3,503 52 s auly Il Ldlie o 5200 5155 5 055 555 4Ly
(o

3200039, FlS 1o Sae (1l o 9o« (S Sl Gl S 5
OLOY/VEEYE )0 dy 33 00 yarkiie pomliy 3y S L WS 4S
A0, S (p<e/Y) 5t eS S ZFA/NVEF/8Y 5 (p<e/+)) pog55
Syl x5yl gl 009y idS 2lS (yl5e yo Lol (7 - 52 9ec25)
23 S5 0aline (S U ee S 525 JLisdr 955 993535 o

S (S g0 1 el gl 95 gl b omars (gL ndic wlualine
0995 SHEE (6500155, L039) 18 (ir 295593 5559 Sro b laaline
QLY g )3 GFAP Lawsgs (cordoginnd gl (650l S5) L o
mas swodie 54> sH&AE Loats S5, (gladiges ;o - awloabosls
el 03928 gpelion ¢y jlodal Cuandy (395 g P95 935 laad Jlar
Sl S5 slodi gad ;3 GFAP L o Sianl (g i y2STly olomy|

il n slo gy e e o s s L e S S5 P plaS

SLoldil aials jlo soe il oo go 33 (5ol sS 10 (oS el 0lo
A2 0 g03) 03,8 by el b Comanss (p<e/+) M/ 1k +/\eg)
OS5 95935 Slizme Dladad (69l b plox 4 (1) oS i (599 3!
Aald 13 (60 siro yask (W30 gr a8 5 18 g 5TLE jgloee oWB AT
A1) )15903) )5l S92 5 (919 L 253935 (395 95 LA
Sy sy e 2 93 955 (69 950 g5 Lol diwld (s 185 ol Lol
Oeizred (p</0 8 /YAE /¥ g) ols alS gl Sxe s godrally
e S 5l cabololdilacels. gL alosa a5 ol 0933
03 pg3595 50 425 T Aulioe (513 xe yobo & i) Iiome (y9lsS o Ay
O sllel (o) Jlogas) (p<e /o) s/ YL/ ¥g) ols jralS ol
(397095 DLOLAN 4ald 13 (6 ekl (e 9312 9 U 991 29 2 ) 92 50
9 OS98I o gd) 0 gats oLl 999 g 9935

(S So3 31 (BLSLAE 5155 515 )l srae 315 (0 5 o




Y¥o

Er e 8l 0395 (o2 s e

0.0

I1%1 2 ¥ 1% 3
I
L L

7.0
6.0 (403
i abys
40
3.0
2.0

1.5

0.0

AR e R
BT R N
el ]

Gy 23l oS53 0 e 5 S5 S e ) Lo s ol 53 55 sy 53 10030, W ior (glimne )l (S xSl o5l 2B Lo LY Jlases
lolal sl . Sle (0) f‘;,uwwu&;;p(d\).ubﬁpblM}fubwﬁbjﬁﬂ;m}pﬁw}Mﬁ’l)pﬁw&f;,;);b&f;,;),s

I s s e 3l

)l (s0b OLOLE] (iiS dield aS dwy o ytas ay (V) g 55 A
g3 555 5] e (s 995 pd 4l (S )
Gl liBrad 43 cmal pitnnn 51 350 (6 5 Snas S5 gl 15 004,
Ol L5 jsbasl oy, Bloalac cudlad o Seilowl )b jiduaS
oéﬁ)dumwww&lshjéuwwwjjéhow
PO Ao PSUrwlr (p3gly pol g 0. (V) abl o0
yga> ydgodd abad il > > BocuacaS olioes slaods,
& 70059, 8 iz 39005, SG5 53,01 9 45 5288 (gvodi S JolS
S5 185 905 ,3,0T Gl it mogdle Lol aciils Yo
A ) (coten Gl 525 05 il 95 =05 5 )0 o (e itanons
U185 0l (gl yiSiiwl ylajedd y Al Aty 5 5L g o0 g, IS, >
ot Jlozl g3k e ylane dy AL TS 05 58 (Y0) oS oo Ly
SIS 55 oo e 05 9558 - S5 5T
Blo odlac gla Jokw 3,5 089, mac pituw oAbl 5l ool
IS 195 2 35T o0 (A5 (595 039 72 L g 00k (S35 ol
5550 5159155 e Sl r 90 595 (Guanylyl Cyclase)
Sai b T s 4y gL Jylw 01 18 (CGMP) (sgrils> lius

LIl Ll 3 pe/e V=% il ms sllas SLes (Error Bar) Uasls s

550 (e LA B 057 9 2 S U sord gt giganlLioa
Y i) A5l o0 SN 368

(smas S Cudlabogon g (6l L plad (e pol> dslllas 5

48,5 )18 (o) 2090 € 7o G (Slge> S o Vg5l B sloss,
o 3 (U Lol sg > g 5l Gid gt ! 3l odel y galis Ll
Sl eeblo oS> € 0039) A i 9985 5299935 )0 4y (So S
(S s S5 95008 - S5 )3T e 9 S5 50T Syl
G912 SHli>lo asllas . ailod gy Jld Lo yim ulodg, )0 glodg,
9o g (o9, L e iz (] 099 9 o595 laka s
Slodg) srac GladSd gl gh 2ol 3250 b (cord g g g
©o9Pus s> Ololdl.cawl oo gy Slgam Jowe Jow (pl jo g5 51 1S
Sllga Cilidre (godi oS 5 il ;0 009, by (S S oy 51 DU
Ll (FANYTY) caslond anlllas o)) Kt g3 3l 6 Lo Lansgs &
S Bl OlaLEl (pl 092 g pae b 392 9 45 (slanlllan (s 920 (o)
FETN Y IC S NP TSR TIRVRTCH IPR-A IS SR I RU I

s Eadlad 1 sl eyl anlling ;5 (1) 395 o Dl
252 53 (S S Glore S 20 51 S ped 9508 - S 55T e
23,5 00l S5 55 5505 50T (St (Sl s S LT
g0 (S Sl lae S o aS Cwl S oldlas  pam il
S 51 MS IS 28 9 (502197 95 Jrimsl o T
3 pol dsdlas 4o Lol .(\A)oo)fsa 099, Jad sac slapinw
a3 S0 5 595 9 S5 55,0159 (slvoas S A LT
ety o 5 40 10 30 g3 00l Uil b gy (L s o5 LT
Al e ey (S0 Sl e S 25 3l AU S (Sad

f
BLIIE po (i 3 3055 5| 1, (53950095 AL 5525
Y
poll Ceonn 4y am 0319 51 S5 b oo g, Lol 51g3 b sl yo
P35l 9l9S (§397u 93 DLALEI g5 aS J> 13 e3)ls (Jg 3 595
Ol pgi g3 (2lanl (isu ;o BLoLE 5195 .0 g8 oo ydun cals a4y
48,85 50 LA Sgu y9deS  loul s ;8 gad8s jo LIV Sgu
L 5155 (090 YU (b oS i ol andlae gl (V) ol oo
JB9E 70 iz )3 9155 e L 53555 (2] GRS )0 (69 470 95
Sl 59095 SHac Y v 3 Yhasaz g5 Lblel . cuwlos gy adi 5




AYAX ¥ e)\.‘s..; c?/\a))b Lé—ﬂﬂﬁ\-} C)\j.;ﬁ?ﬂ‘\-\"'-‘

‘jla,.\a,,&:u
(2R3 e Sglae 5l Al oo p3Y 093 Allie (St g
9‘:)31,.:L_§VL°4,_,JQUML,M A QQl)@o&M’ WY ;i‘.;"}_;,.doom"'lo
oLl 3T ol LS o Jlg 0y gucrin 1l (6L o 5 i 00
dled 108 g S cligleTalonl )3 659l 65 Loyl

References
1. Aitken, R.N. (1958) A histochemical study of the

stomach and intestine of the chicken. JAnat. 92: 453-
66.

2. Barrett, K.E., Barman, S.M., Boitano, S., Brooks,
H.L. (2010) Ganong's Review of Medical Physio-
logy. (23" ed.) McGraw-Hill. New York, USA.

3. Bowman, W.C., Hall, M.T. (1970) Inhibition of
rabbit intestine mediated by alpha- and beta-
adrenoceptors. Br JPharmacol. 38: 399-415.

4. Burns, A.J., Douarin, N.M. (1998) The sacral neural
crest contributes neurons and glia to the post-
umbilical gut: spatiotemporal analysis of the develop-
ment of the enteric nervous system. Development.
125: 4335-47.

5. Dabbs, D. (2006) Diagnostic |mmunohistochemistry.
(2nd ed.) Churchill Livingstone. Philadelphia, USA.

6. Denac, M., Kimin, G,, Scharrer, E. (1990) Effect of
electrical field stimulation on muscle strips from
chicken crop. Exp Physiol. 75: 69-73.

7. Doyle, A.M., Roberts, D.J., Goldstein, A.M. (2004)
Enteric nervous system patterning in the avian
hindgut. Dev Dyn. 229: 708-712.

8. Everett, S.D. (1968) Pharmacological responses of
the isolated innervated intestine and rectal caecum of
the chick. Br JPharmacol Chemother. 33: 342-56.

9. Fairman, C.L., Clagett-Dame, M., Lennon, V.A.,
Epstein, M.L. (1995) Appearance of neuronsin the
developing chick gut. Dev Dyn. 204: 192-201.

10. Furness, J.B. (2008) The enteric nervous system:
normal functions and enteric neuropathies. Neuro-
gastroenterol Matil. 20: 32-8.

11. Goldstein, A.M., Nagy, N. (2008) A bird's eye view

YYs

S5 A9t S0 50Tt S (9390 JLad g LS 1S
awlosgy sialesTes slayim ;0 (slod g, cras pitupw

b & o iz (51009 (s s ()i bus JalSS 0550
JLw o Teillet gLe Douarin - ol odls dslllas aliseo ol ,Sias s
51655y oras i SIS (Sla Jslos 5L 55345 Wils LETAVY
S e 53555 5o (sLov Jorbos - (1Y) 05,5, o Lo e s 3|
SI5Syedlacis a5 90 g 0 co 2 los ()55 gl Jgbo 50 (A3
oS ) S0 5l (o2 ) g (bl (A Lo ()9S5
2 Sy s & jlodb Bt slo iy Sl oo (V) ar23 o0
Ol 9 WS oo Ly leen (it (smas dgd jl pg 59, 50 € o (i
plad3lo0g) il e 39,95 do Sl Johw -5 90 o0 olAS03 9 el o
Bl 009, (Sloctl 4 (i A/D 55 5 § At o Doyl A 4
ool gLy, 95 JuSos 10 525 (2 (orae foton - (AeF) At o0
e cypl Lol - (TYYP) WS, o Uiyl 5 100 o oo felS
5 aS (61055 dy 009y o Sgdore Al 00, Jbes (isu asloes
Aol yor (T (o ftns 3l (Slodg) (smat i JSIZNY
ST (S ol 59,00 (ZB (rae S Jsho 2 Lo -0 S o
5958 b - (FTY) s oo L5009, Lol a0 590 9998 5
S8 oS 9k 0 S0 58k g (Sl ) (omae sladSid (i d
led Slejoanms yLis aS )13 g gie (o y2 50 (V) 055 o
bl 205 Bl Bl 033, 5 5:lSIE sl b JolS g L
O GFAP a5 oy o pas g callie oyl 80 L Baslas
@YU Olme o o Slodg) (ovas (SLa gl Al jles sla Johow
59 il Sew gKawana dstUas ;555 (gaus il (ol 113) 98,5 co )l
Sl sla o GV (ol S e 2S5 5) (SN L
Aty S 595 do (g -(10) 0Ly 0 GFAP 4 (gloss, smas
Ol (502 e Blie (Slo ok )0 45 Conl lawlg (glady,
9o (SSeilSn plSouiwsl 0 45 ) (o0 p Lo A 9 090 o0
LS pol anlllan gl - (0) A oo (A Sl ledTa iy S
399€ 72039) W i 039 (59555 (1o Jghao 3 GFAP o 1
Al oo leT (g bl £ gl g led cazes

45 Sy A2 (2l 4 Ol P o0 Pl 93 (6o il ol
Sl g s o )L E gl g 5l B (Slodg) (omaas otmns
Ear® oy Lol -39 oo SLETWS 5l i 58 ()95 oS (5>
ewloaidallas G855 )0 Swiz 0,9 ,0odg, S5, coled
G503 9525 )18 ) 28y 50 Gn 5L S g5 ;0 g5 s alliace
el 55 g5 5l das (63570 (ora poems JolST AS01 & 42 951 503
e O 352 90 Olgl3 SLaoaalids (5285515 )3 1 (YF) by o
> 50 )3 ()55 ols (5,2 W9 ()l e S1039) 9 (5350 (e
Ak (659 42 STl ;o g0l565

¥



\BA

of enteric nervous system devel opment: lessonsfrom
the avian embryo. Pediatr Res. 64: 326-33.

12. Goyal, R.K., Hirano, I. (1996) The enteric nervous
system. N Engl JMed. 334: 1106-15.

13. Harlow, H.J., Weekley, B.L. (1986) Effect of melatonin
on the force of spontaneous contractions of in vitro
rat small and largeintestine. JPineal Res. 3: 277-84.

14. International Chicken Genome Sequencing (2004)
Consortium. Sequence and comparative analysis of
the chicken genome provide unique perspectives on
vertebrate evolution. Nature. 432: 695-716.

15.Kawana, T., Nada, K., lkeda, S, Goto, S, Hirose, R.,
Taguchi, T., Kubota, M., Toyohara, T., Shono, T.
(1989) Distribution and localization of glial Fibril-
lary acidic protein in colons affected by Hirsch-
sprung's disease. JPediatr Surg. 24: 448-452.

16.Lammers, W.J., Stephen, B., Karam, S.M. (2012)
Functional reentry and circus movement arrhythmias
in the small intestine of normal and diabetic rats. Am
JPhysiol Gastrointest Liver Physiol. 302: G684-9.

17.Le Douarin, N., Teillet, M.A. (1973) The migration
of neural crest cellstothewall of the digestivetractin
avian embryo. JEmbryol Exp Morphol. 30: 31-48.

18. Maggi, C.A., Patatcchini, R., Santicioli, P, Giuliani,
S., Turini, D., Barbanti, G., Giachetti, A., Meli, A.
(1990) Human isolated ileum: motor responses of the
circular muscle to electrical field stimulation and
exogenous neuropeptides. Naunyn Schmiedebergs
Arch Pharmacol. 341: 256-61.

19. Matsuda, N.M., Miller, S.M. (2010) Non-adrenergic
non-cholinergic inhibition of gastrointestinal smooth
muscle and its intracellular mechanism(s). Fundam
Clin Pharmacol. 24: 261-8.

20.Metzger, M. (2010) Neurogenesis in the enteric
nervous system. Arch Ital Biol. 148: 73-83.

21. Newgreen, D., Young, H.M. (2002) Enteric nervous
system. Development and developmental disturb-
ances- part 1. Pediatr Dev Pathol. 5: 224-47.

22. Pomeranz, H.D., Rothman, T.P, Gershon, M.D. (1991)
Colonization of the post-umbilical bowel by cells
derived from the sacral neural crest: direct tracing of
cell migration using an intercalating probe and a

Er e 8l 0395 (o2 s e

replication-deficient retrovirus. Development. 111:
647-655.

23. Popescu, L.M., Vidulescu, C., Curici, A., Caravia, L.,
Simionescu, A.A., Ciontea, S.M., Simion, S. (2006)
Imatinib inhibits spontaneous rhythmic contractions
of human uterus and intestine. Eur J Pharmacol. 546:
177-81.

24. Raznahan, A., Greenstein, D., Lee, N.R., Clasen,
L.S., Giedd, J.N. (2012) Prenatal growth in humans
and postnatal brain maturation into |ate adol escence.
Proc Natl Acad Sci. 109: 11366-71.

25. Riviere, JE., Papich, M.G (2009) Veterinary Pharmaco-
logy and Therapeutics. (9™ ed.) Willey-Blackwell.
NewYork, USA.

26. Serbedzija, G.N., Burgan, S., Fraser, S.E. (1991)
Bronner-Fraser M. Vital dye labeling demonstrates a
sacral neural crest contribution to the enteric nervous
system of chick and mouse embryos. Development.
111: 857-66.

27.Sirois, M. (2005) Laboratory Animal Medicine:
Principles and Procedures. (15[ ed.) Moshby. NewYork,
USA.

28.Ure, B.M., Holschneider, A.M., Meier-Ruge, W.
(1994) Neuronal intestinal malformations: aretro-
and prospective study on 203 patients. Eur J Pediatr
Surg. 4: 279- 86.

29. Villamor, E., Ruijtenbeek, K., Pulgar, V., De Mey,
J.G, Blanco, C.E. (2002) Vascular reactivity in
intrapulmonary arteries of chicken embryos during
transition to ex ovo life. Am J Physiol Integr Comp
Physiol. 282: R917-27.

¥



Original Journal of Veterinary Research. 68,4:341-348,2013 YfA
Article

Thelevel of differentiation and function of theenteric nervous
systeminthechicken embryo
Muhammadnejad, S.l,Arab, H.A.l*, Naeimi, s?

1Department of Pharmacol ogy, Faculty of Veterinary Medicine, University of Tehran, Tehran-Iran
2Department of Basic Sciences, Faculty of Veterinary Medicine, Semnan University, Semnan-Iran
(Received 18 June 2013 , Accepted 25 October 2013)

Abstract:

BACKGROUND: Any developmental disorder in enteric nervous system (ENS) may lead
to congenital motility diseases of the gastrointestinal tract. OBJECTIVES: The present study
aimedtoexaminethestructural differentiationandfunctional activity of theENSintheChick
embryo. METHODS: Ten Chick embryoswere sacrificed at embryonic day 19 and then, their
jejunumand col on specimenswerecol lected. Theisolated ringsof theintestinewereprepared
andtheir motor activity wastested in an organ bath system. The contraction of theti ssueswas
recorded in basic condition and following the stimulation by cholinergic and adrenergic
agonistsaswell asthestimul ation of thenon-adrenergic-non-cholinergic systemby el ectrical
field stimulation (EFS). The structure of the intestinal specimen was assessed immuno-
thistochemically (IHC) using glial fibrillary acidic protein (GFAP) biomarker. RESULTS:
Spontaneous rhythmic contractions were seen in both jgunum and colon specimens.
Cholinergic stimulations significantly increased the amplitude of contractions in jgjunum
(p<0.01) and colon (p<0.001) tissues. However, adrenergic stimulation decreased
significantly the amplitude of contractions in isolated tissues prepared from the jgjunum
(p<0.05) and colon (p<0.001). The EFS-induced decreases significantly the tension of
isolated ti ssues pre-contracted with potassium chloridein both jgjunum (p<0.001) and colon
(p<0.001). Theresults of IHC were showed a positive immunoreactivity of enteric nervous
gangliawith GFA Pbiomarker. CONCL USIONS: It seemsthattheENSinchickintestineisfully
differentiated before birth and it can control theintestinal motility patternsinbirds.

Key words. chick embryo, enteric nervous system, immunohistochemistry, spontaneous rhythmic
contractions

Figure Legends and Table Captions

Figurel. Thecurveof intestinal contractionsinduced by basic el ectrical rhythminisolated ring taken a19-day chicken embryoinwhich:
(a) increased amplitude of colonic contractions in response to cholinergic mediator, (b) reduced amplitude of colonic contractionsin
responseto adrenergic mediator (c) Thesmooth musclerel axation of jefunum that wasinduced by non-adrenergic, non-cholinergic system
activated by electrical field stimulation after blockade of cholinergic and adrenergic systemswith corresponding antagonists.

Figure 2. Microscopic view of enteric nervous system network in 19-day chicken embryosinwhich: (a) H & E staining of jejunumwith
magnification of x 100. (b) Immunohistochemical staining of colon with GFAPand magnification of x 400. The arrowhead indicatesthe
presence of enteric nervous system ganglions.

Graph 1. Intestina contractioninduced by basic electrical rhythminisol ated i ntestinetaken from 19-day chicken embryosinresponseto
cholinergic and adrenergic mediators. Theresponsesto the cholinergic and adrenergi ¢ systemsweretested firstin the presence of agonists
and then, in the presence of equivalent amount of both agonists and antagonists. (a) The average range of contractions, (b) The average
frequency of contractions. Theerror bar representsthe standard error and * = p<0.001 compared to thebaseline.
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