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Abstract

AIM: To investigate the expression of substance P (SP)
and c-fos in the enteric nervous system (ENS) and central
nervous system (CNS) of a rat model of constipation-pre-
dominant irritable bowel syndrome (C-IBS), and to explore
the possible role of SP-immunoreactive nerve fibers in IBS.

METHODS: The rat model was established by intragastrical
injection with ice-cold water (0-4°C). The expressions of
SP and c-fos in the ENS and CNS of model group (n = 10)
and control group (n = 10) were detected by immunohis-
tochemistry, and analyzed semi-quantitatively by comput-
erized color image analyzer. The statistical differences of
the opacity density (OD) and immunoreactive areas (I1A)
between the two groups were examined by t-test.

RESULTS: The expressions of SP in ileocecus, colonic
myenteric plexus, spinal dorsal horn, hypothalamus, and
the fore part of gyrus cinguli were significantly higher in
model group than those in the corresponding regions of
control group (OD: 176.6 vs 155.5, 172.3 vs 152.0, 182.1
vs 160.2, 128.3 vs 117.9, 127.9 vs 114.5, P <0.05; IA:
169318 vs 137655, 144728 vs 114403, 145117 vs 117612
except in ileocecus and colonic myenteric plexus, P <0.05).
The expression of c-fos in the above tissues was significantly
higher in model group than that in the corresponding regions
in control group (OD: 120.9 vs 109.0, 101.3 vs 92.2,

125.4 vs 88.7, 115.5 vs 88.6, 120.6 vs 105.1, P<0.05; IA:
191 712 vs 154 363, 73 597 vs 41 179, 46 258 vs 33 238,
302 369 vs 204 563, 708 506 vs 409 856, P <0.05). There
was a close correlation between the expression of SP
and c-fos in the same region (r = 0.594-0.721, P <0.05).

CONCLUSION: The abnormal SP immunoreactive nerve
fibers may be involved in the pathogenesis of IBS. SP
containing neural pathway may play an important role in
the regulation of the gastrointestinal function.

Key Words: Irritable bowel syndrome; Rat model; Sub-
stance P; C-fos; Neural pathway

Wang WF, Yang YS, Sun G, Peng LH. Change of substance P con-
taining neural pathway in rat model of irritable bowel syndrome.
Shijie Huaren Xiaohua Zazhi 2004;13(2):214-218

ik B
EH: BA c—fos A4 BB 44 F5 74, KT SP Ak
A 2238 3542 TBS ZRm AL W #9 <T AR

Fik R RAKGE R ki SARBA W B4R AR (C—IBS)
KRB, B G BEE 10 R KRR Atk
T AR AR R AR E T IRIG Wi LA AF 2 A
REBREE BB F A L T AR FT 40 1T SP fo c—fos A&,
x¢ 3 &, 7 AT AL 2 B R AT

5B AL LR W SRR 4E W WUIA) AP 22 AASP FE R A 8 R
EREBEHREG T RE(H>HH 176.6 vs 1555,
172.3 vs 152.0, P<0.05), H#EHHE A. T LA o
W EISPIaPE R A W) B AR B 5 T EF xR (55 A
169 318 ws 137 655, 144 728 vs 114 403, 145 117 wvs
117 612, P <0.05), HHE A, TLRATIeH @
SPraM X REXARZEEH RE S TIET B (S
A A 182.1 ws 160.2, 128.3 vs 117.9, 127.9 vs 114.5,
P <0.05). B 20 &) B IR AL AL AP 2 2k BBE
. FRBAT doi & c—fos PR XM BRI B EH
F B 2T BAR(191 712 vs 154 363, 73 597 vs 41 179,
46 258 vs33 238, 302 369 vs204 563, 708 506 vs 409 856,
P <0.05), MR AE G IR LEHILEANZ A BRI
AL TR F I e c—fos AR A RERFEEE
¥R EETEF A BL(120.9 vs 109.0, 101.3 vs 92.2,
125.4 vs88.7, 115.5 ws88.6, 120.6 vs 105.1, P<0.05).48
AW R FAEREGE . AH . TR, fTieFasPi
ik 5 c—fos FIAZ A B K (r= 0.594—0.721, P<0.05).



1TFHR T BEHGSIEASE PYIRE LSRR

215

5t SP B P ARR I E STty C—IBS #99m 32 A it
A2, 0 HLSP AkAY 2185 T AR AL il L REB F)
eIl A A 2 4E B2 —.

KERa: 175 MR AL, KBRER; PYIBT; c-fos; PR

THIE, B, I, EME. BSRRERSIERR P YIRS @ISaICES.
HRENE LG 2005;13(2):214-218
http://www.wjgnet.com/1009-3079/13/214.asp

03I

W 5 &4E (irritable bowel syndrome, IBS)H
T, ABJR AR R AL A8 2 2, D& R I RIR
PUHIA iEz) ) . WAL 8 . T B4R
Fiv MR G MU PR Gl P 28 0 48 TR A LA
& IBS BF MR K miE W 2 Mk ik / B i A
WA, BIE LKA A 78 R, A EIRIE
7 PET J& fMRT fid148 4 & DR TBS i3 1) — 6 o = A 1y
BERS WA T A1k, $R7NIBS AT BEAFEAEMHER L N 703l
B2 R T R R AR NARIT R IBS B iE ML=
Jo HERR S JR G2 08 I PRI SO AR IR . AR AR
IBS R ARALE, AT FH UK HE B v Sr R By
i 5 Wi B R (C-1BS) KB RN B FTx 4, R
SP PUAAMAT e AL e 68, H o fos VRN MHIEIE BE 1)
feorW, WHITSP REMEATEENLE K h AR i R4
g3, AR AR IBS WAL i mT BefE H.

1 HRIFSE

1.1 A A4 wk OHEME Wistar K 20 K, &%
T 120-150 g, ZEHESFREGE LY TR
RSP A R HE A YA B 77 . DU R
W, B E LRSS, FEELEPT% 1gG, SABC
RGBS A A T 5. Rl o fos BLE,
DAB, JEEE, #AZ, PBS AdbntH LY AW =5
1.2 Fk RALWYE et al™ B L[ C-1IBS K RBIH
RS, 20 HOKRBENL A 2 4, 84 10
FHEAET0-4CUK2 nL#EB 1k, H14 d; S
PR E IE R AR EEREA 10 K, BHIE®EEEIR
K. 28 d MBI MIE R, BEATTT 3 cm A4 M
A HEMEALE (L5-S2) « KWL, 40 g/L FEEREe, &
A D) . Hp KN4 2R f4 Paxinos—Watson &
RIS 7 1.5 mm £ AT X5 /7 5. 0 mm 3% 4L w0IR )
ARG R LD 100 A BB St SP, o fos Bk, 1%
SABC G 3% AL VE A TARIC , #5420 B4R 8. DAB
HIRE A 5-10 min, BETFESHURME R, CIETRE
BARE AN, Y gt BN A UL E R i &R
g5, XA PR E M RN T, ARER

f5 (opacity density, OD)#HAT¥-E&EHT. AEAE
WAL nRE, B AEBR, JPEBaE kb )kE
MU A ALET AT 208, BP9 M.

Be it b3 SR SPSS1L. 5 844007, Tz Rl
YIEG AR meantSD #iIR, AR BORIIAT ¢ R%, T
HBORAER T B AR M. P <0. 05 A ZEREE.

2 ER

2.1 M R P ARAYZ A% SP &k IBS KERBIAHNIE
i of FRVZH K B[R & 30 % 45 i L TR) g e A A SP e 8 55
SRFIER RN, LA e NS AR GEAT 7 18 90 AR
SRR, BUR, s oL, ME R (B D). IBS
KBRS TR I 0 0 B2 K B SP Rt & JofE R BE 0 A1
BWEZMXIEAEA Rexed T, 11, VIE, HRK
FUALCERMESE, BEEEAREA(E 2). IBS K
BB T 1F o R 2H K B SP L 8 FT L 2 A Ry
%% SP BHERIA XL, FhTaigit, 41k
A, EHROEEEE (& 3). IBS KRR R E 5.
&8 1y SP PH T 2R A B ANIZE D' 28 5 P (B 1E i %) R B (2
=5 (P <0.05, F1);IBS KRB [E S, 45 SP
R Rk 140 ARS8 o PR A8 T RH (. 22 ¢ (P 0. 05).
IBS KBRS BE 5 £ SP PHMERIX I ARE e R 3
B~ PHE AR IE 0 B4 B 23 = (P <0. 05). IBS
KBRS 5 5 40385 [ SPRA P 26 14 [ AN i3 e 2 35 i
B BH M AR A 1 0 R4 B 8 = (P <0.05).

-
; - -l?.' r
e i o
= il
g o
- - [ g L -
e p
- L
- ) -
-- .l- -.-
@1 1BS R ELELERR SP FRMETRIA( x 400).
. - =
g,
- L]
& >
.'I
- - - i .
C o
el e #
L B
- - L
= = - ™
- e - o - -

B 2 1BS IREMEBEEESF SP FAMERIA( x 400).



216 ISSN 1009-3079 CN 14-1260/R THREIBEZYG 200618158 1345 E2H
=1 pERIREL RS0 SP RIA mean=SD
EENWIRA IBS &8Y4H

Bz

[EHEmER TEREBE [EHEmER TEREBE
O53 54 890 + 12 998 155.5 + 19.2 60616 + 17 081° 176.6 £ 13.7°
&0 58 784 + 14 105 152.0 + 15.4 65932 + 27 879° 172.3 + 20.7°
=] 137 655 + 34 236 160.2 £ 17.3 169 318 + 25 357? 182.1 £ 14.7°
O 114 403 + 15 207 1179 + 11.6 144 728 + 37 792° 128.3 £ 12.4°
BI0EE 117 612 + 17 941 114.5 + 8.2 145 117 + 35 973? 127.9 £ 11.4°
°P <0.05 vs IFENIBALE,; °P <0.05 vs [EENIBAEN K.
*2 BEROREEFRAD c-fos FTiklmeanzSD)

EENWIRA IBS f&fUZg°

Bz

[EHEmER TEREBE [EHEmER TEREBE
O53 154 363 + 63 462 109.0 + 9.0 191 712 + 71 405 120.9 + 85
7% 41179 + 11 762 922+ 75 73597 + 41613 101.3 £ 11.3
=] 33238 + 4 587 88.7 + 23.2 46 258 + 4 642 1254 + 23.3
O 204 563 + 89 698 88.6 + 10.3 302 369 + 103 026 1155 + 12.1
Sk k] 409 856 + 189 652 105.1 + 10.4 708 506 + 224 561 120.6 + 23.2

°P <0.05 vs IEFEWIBEHL .

B 3 IBS {EEY4E T T SP PEMEZRIA( x 400).

2.2 Wi R B ARAY B BT c—fos £ ik TR IERLIE A
Z MW W c—fos FHMEMETT, WNLHET 7 M50
(B 4). BHERTF AT K& c-fos FHMEMZ G, £
T EEYMfARexedI-TIT X, Rexed VIIIX LA

R £ T

& 4 IBS RAMAQIEER c-fos PAMERIE( x 200).

o

RexedVII[X (K]5). T e A B0 Bl A WK & o fos3R
i, MRRAE, 2R ERO(E 6). IBS BRI c-fos
PRI A E R EE MRS ST
IEEA Y (P <0.05, £2).

-

. : .
"~ i L o g ¢
-y TR
. sl ol ¥ | 5 "."g!l_ o
— - L. .!_-a.
2 s 7 .
[ “. F
g
- -FF 4
B 5 IBSREMEBEEE R c-fos PHMERIA( x 400).
- -
. '
- w =
-

@& 6 IBS =2 BU4E AN c—fos PAMETRIA( x 400).



1TFHR T BEHGSIEASE PYIRE LSRR

217

2.3 SP & c—fos F A W9 AR % 5 B 45 LR pi e A
SPRHMRIE I ANIE N EE F L o fosFHMERIAMAE N
R R YAHRK (= 0.670, P <0.05) ; BEALLH
8 SP KIA Y ¢ fos KIAFE VMK (r = 0.594-0. 672,
P <0.05) ; T i & 40 A SP P HIFA S ofos BH
TR (- = 0.649-0. 721, P <0.05, % 3).

&”3 BEROIRHE RS SP K c-fos FRIKAVEX DN

fetr r P
0558 SP 5 c—fos [BERIANNEALBE 0.411 >0.05
5 SP S c—fos [RIERANER 0.357 >0.05
507 SP 5 c—fos [BMERIAIVNEH LTS 0.670 <0.05
#5175 SP 5 c—fos B ZRIANER 0.329 >0.05
BHE SP 5 c—fos [BMERIAINEH LTS 0.594 <0.05
BB SP 5 c—fos [HMRIAER 0.672 <0.05
NEHW SP S c—fos BRI NEH LTS 0.383 >0.05
TEAK SP S c—fos BRI FRIAHIER 0.721 <0.05
BIH0B0 SP S c-fos [BMAIARINENEKE  0.578 <0.05
B0 SP S c—fos [BMZRIANEN 0.649 <0.05
3 1E

c-fos FEFZE—FEIZ FERE, FRik™=¥ fos Bk
N R E B2 U RS Y, o fos B
AR T 20 3 B RO 5T 0. SP RE I £ 4 X By
MAEEENLZ . HAix 1BS 835 P 4 BRI 5%
8 SR — 57000 R B 422 ) 75 000t 11 BT A A B
BT gy R TT B R R A SPE 5 i s 5 R T
ITERARE I, MR H N IR 550 PN
Iy . AT R PRSP E 1B NLZ ik 158, LLRT
REAHIE.

H AT — LSBT 5T BB R LE 8
FER AN B BE 45 R 26 ] S BUA I e A CE BE RIS
PE(R 515 %, il BB 2 IBS P AT my Uk 1 — R L. 45
HE J o) 8 AN A5 5 ) 7 TBOR BB & T BE A2 Y IE =
S G B R i) NS RN & o A7 b/ i¥r = ) N Gl
PR ARSI P P B T, W LR P, VIP,
GABA, BEMRZ. — AN SP R T E MR r &
)R BB SP AT A KR TR RE A
A, —F0or B BRI BE, A 5 2ok E
T 4332, EUFBA SP 76 52 filt 5 BUEfb o 2 A ke 35 A
A, SPETEEAE A T 5l J5 4 M B0 f pss oo e it
B R AT R K U A B S 8 SP A IS M
XTHEAH LU A B B, 4R R B AL SP e n) R
NG A DfRe, R T AR A D) REER Y
MR 5%, HRR DI BAE A e it — 20 BT SU0E 5K

g AR LR 8 R G A 1BS A LI B
FA 52 B—58 BIE. A HRIE NN PET A1 EMRT K325 R I8 H W

Ik 1BS H 1% P Th REIX 80 sh s slosgs =, wT
RS IBS MIRMHLHIA K. XL XA T E
g, mTA0ATEL, BEF A NSRRI G, %R
SOEFE N BN, KRR, N, i
Vi 2 WIETE ST 20 X BRI 15 & 3T KX L2 4% (4]
ThRER A MR AR ARl R WA B — 25T . BUE
PR 8 A R B e IR AR X LS s 28 R R B A% 0 i
BEZMMERRNSYS, WsP, XFELER, &
WERH B 2. T B, 75 Py SP 5 Hofh i 45 388 i 22 [ A2 7
EH YIS R B, A SR R KR = A
SP, AIflEE BN, ZHE ERE K& 5 FREalETEm
PR [T A7 PR A 00 AR szt b % BRI TBS K AL
1 SPTE T i A RIER A £, $RR I i
GRS SP AR AE T M, FEaTRE7E R
WX F- 2 5 i3 Dh e 1

A BT RBE, C-TBS BRIt SP 7Rl ENLE |
FHESG A N R IR A R, AR
SHTEIR cfos RILH SPRIEFEVIML, XTSI
TE LA H 22 M BIA i 5 A 2030 2 3R 50 1T ReA71E — 4% SP
REME AL S IE K. BARLIRTIF T O R mE m & NG
AR SP REMIER AT 4E, HRETfE{Ee AN K AR H¥) SP R
M, KA RSP e, BEEGHR 4%
PRI G R AT BNE 2 . SPAE AR RK B AT B 28 R G0 d8) Jg 2
s, B S AR S B AT, X
PR IR SPREMILEAL T IH B 1T e A — P A P e f
S, HETC A SPEEZ 5 NILR(E 54 %, B3
58 Wash i riiRTy, X GEA Ol e A I I HOE s
DU T I BN A 2 A TR R B S R AR NI
FUSPREMIL AL TATAE S X P SPBE M2 4% A1 I A1 4 Bk
A, 5 HAbshatt SR EER T Bk
ELR DL 2 s Bk =2 4k (R P #3310 32440 S5 0770,
TAK-637 % IBS HA VAT AE AR, X SP #1418 i i
FAA B T8 X L AW VL.

LI R 2 e IBS LG “ s
A[YAYE” (neural plasticity) FRIMES:. fhgs aysg 2850
RIS RSN G, MERALEW S LR
A ERAPEARLL, fE W RIS I h e AT MR
FERIIE B0 SR ; RO RIS AR 58 M, Mh&a4b
YR, L AR A T AR Ak, AR SER G- 1BS K
RSB MAERRIE . R MHERERE TN
A, RRTEE RIS Wil BNECE ol R AEME RS
AR AR, 4 IBS BIRHLE AT BEATAE T iE )
CHR YT BUR R AL TR AR

B2, IEHTENLT gl s i s s i
MM S B iR ARETEMERE, S
Wi ThEEAL T sh 250 T . R 2 I R



218

ISSN 1009-3079 CN 14-1260/R

ERENHERTE

200641 8165H $£13%& £2H

FMFERBT RN IBS BEIIE R & R, Wil
R R RGN Z 040 M S rE R AT B R AR AR AL,
N IBS B AL ol P2 AR 48 TR AL B A i
SR 22 (0 1) B2 B B B . (E7E e i R i B4R 5
1 R 3O BEAE A o 5 EEAROR & ) AR SRAIE 52

I

10

11

12

13

14

ZENH

WAk, B S5 EAEE N b N TBIENLE]. B iR
FiPmsZet 2002;11:320-322

TANE, i, I, EERE. [ERNANY 5 S S AT B i
BUEESz. R AEFeE 2004;12:112-116

Monnikes H, Ruter J, Konig M, Grote C, Kobelt P, Klapp BF,
Arnold R, Wiedenmann B, Tebbe JJ. Differential induction of
c-fos expression in brain nuclei by noxious and non-noxious
colonic distension:role of afferent C-fibers and 5-HT3 receptors.
Brain Res 2003;966:253-264

Nakagawa T, Katsuya A, Tanimoto S, Yamamoto J, Yamauchi
Y, Minami M, Satoh M. Differential patterns of c-fos mMRNA
expression in the amygdaloid nuclei induced by chemical so-
matic and visceral noxious stimuli in rats. Neurosci Lett 2003;
344:197-200

Murphy M, Greferath U, Nag N, Nithianantharajah J, Wilson
YM. Tracing functional circuits using c-Fos regulated expres-
sion of marker genes targeted to neuronal projections. Front
Biosci 2004;9:40-47

Martinez M, Calvo-Torrent A, Herbert J. Mapping brain re-
sponse to social stress in rodents with c-fos expression:a
review. Stress 2002;5:3-13

Hokfelt T, Pernow B, Wahren J. Substance P:a pioneer amongst
neuropeptides. J Intern Med 2001;249:27-40

WA, SR, BREA, BT, RTN. BpaEssaiting
REIZRNEN CCK 2 SP RIS &, JriH s 1997,5:437-438
THEE, TMT, IMGE, EFE. B2BSEEITEREERRES
k. Bigms 2001;6:116-121

IR, FOC, LI, HblE, ABE, P, KRR A
O THZANE SP, VIP, CGRP Z{LHIRRSY. 5 FRE kai
#z 2003;24:147-151

Tzavella K, Riepl RL, Klauser AG, Voderholzer WA,
Schindlbeck NE, Muller-Lissner SA. Decreased substance P
levels in rectal biopsies from patients with slow transit
constipation. Eur J Gastroenterol Hepatol 1996;8:1207-1211
e, SREEAR, SKEM, RAL BERMEERLC IR vIP, SP
G AT, e aeER  1998;18:35-36

Spiller RC, Jenkins D, Thornley JP, Hebden JM, Wright T, Skin-
ner M, Neal KR. Increased rectal mucosal enteroendocrine
cells, T lymphocytes and increased gut permeability follow-
ing acute Campylobacter enteritis and in post-dysenteric irri-
table bowel syndrome. Gut 2000;47:804-811

Tornblom H, Lindberg G, Nyberg B, Veress B. Full-thickness

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

biopsy of the jejunum reveals inflammation and enteric neu-
ropathy in irritable bowel syndrome. Gastroenterology 2002;
123:1972-1979

WA, BBTT, AW, KRS, TR 5SS T
B AT RF ST e RLgGE  1997;36:231-233

Coffin B, Bouhassira D, Sabate JM, Barbe L, Jian R. Alteration
of the spinal modulation of nociceptive processing in patients
with irritable bowel syndrome. Gut 2004;53:1465-1470
Hobson AR, Sarkar S, Furlong PL, Thompson DG, Aziz Q. A
cortical evoked potential study of afferents mediating human
esophageal sensation. Am J Physiol 2000;279:G139-G147
Barbara G, De Giorgio R, Stanghellini V, Cremon C, Corinaldesi
R. A role for inflammation in irritable bowel syndrome? Gut
2002;51(Suppl 1):i41-44

McLeod AL, Krause JE, Ribeiro-Da-Silva A. Immunocy-
tochemical localization of neurokinin B in the rat spinal dorsal
horn and its association with substance P and GABA:an elec-
tron microscopic study. J Comp Neurol 2000;420:349-362
Zubrzycka M, Janecka A. Substance P:transmitter of
nociception (Minireview). Endocr Regul 2000;34:195-201
Ringel Y, Drossman DA, Turkington TG, Bradshaw B, Hawk
TC, Bangdiwala S, Coleman RE, Whitehead WE. Regional
brain activation in response to rectal distension in patients
with irritable bowel syndrome and the effect of a history of
abuse. Dig Dis Sci 2003;48:1774-1781

Mertz H, Morgan V, Tanner G, Pickens D, Price R, ShyrY,
Kessler R. Regional cerebral activation in irritable bowel syn-
drome and control subjects with painful and nonpainful rec-
tal distention. Gastroenterology 2000;118:842-848

Kern MK, Jaradeh S, Arndorfer RC, Jesmanowicz A, Hyde J,
Shaker R. Gender differences in cortical representation of rec-
tal distension in healthy humans. Am J Physiol Gastrointest
Liver Physiol 2001;281:G1512-1523

Silverman DH, Munakata JA, Ennes H, Mandelkern MA, Hoh
CK, Mayer EA. Regional cerebral activation in normal and
pathological perception of visceral pain. Gastroenterology 1997;
112:64-72

Bonaz B, Baciu M, Papillon E, Bost R, Gueddah N, Le Bas JF,
Fournet J, Segebarth C. Central processing of rectal pain in
patients with irritable bowel syndrom:a fMRI study. Am ]
Gastroenterol 2002;97:654-661

Potargowicz E, Traczyk WZ. Role of substance P in central con-
trol of ovulation in female rats. Endocr Regul 1999;33:161-167
Furness JB. TAK-637. Takeda. Curr Opin Investig Drugs 2001;
2:1437-1440

Bennett MR. The concept of long term potentiation of trans-
mission at synapses. Prog Neurobiol 2000;60:109-137
Trojan S, Pokorny J. Theoretical aspects of neuroplasticity.
Physiol Res 1999;48:87-97

Simos PG, Papanicolaou AC, Breier JI, Fletcher JM, Wheless
JW, Maggio WW, Gormley W, Constantinou JE, Kramer L.
Insights into brain function and neural plasticity using mag-
netic source imaging. J Clin Neurophysiol 2000;17:143-162

hit R Tk KET



