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Abstract: The purpose of this study was to assess the role of tachykinins (TK) in mediating nonadrenergic
noncholinergic (NANC) contractions produced by electrical field stimulation (EFS) in the longitudinal
muscle of the rat ileum. In the presence of atropine (1 #M), guanethidine (5 4«M), and L-nitroarginine
(L-NNA, 200 M), EFS (0.5ms pulse duration, 120 V, 1-20 Hz for 2 min) produced a frequency-dependent
slowly-developing tonic contraction with superimposed phasic contractions (‘on’-contraction) followed by
off slowly-decreasing tonic and superimposed phasic contractions (’off’-contraction) of mucosa-free
longitudinal oriented muscle strip. These EFS induced responses were blocked by tetrotoxin. NK; receptor
selective antagonist L-732,138 strongly inhibited the EFS-induced excitatory responses. However NK»
receptor selective antagonist, GR 159897 and NK; receptor selective antagonist SB 222200 did not
significantly inhibited the responses. NK; receptor selective agonist [Sar’,Met(Os)''] Substance P and NK,
receptor selective agonist [ 3 -Ala®-neurokinin A (4-10) induced tonic contraction with superimposed phasic
contractions of longitudinal oriented muscle strip and almost blocked by selective antagonist L-732,138 and
GR 159897, respectively. But NK; receptor selective agonist senktide did not showed any effect. Nifedipine
(1 .« M) abolished the contraction produced either by EFS or by the TK receptor agonists [SarQ,Met(O:,)“]
Substance P or {8 -Alagj—neurokinin A (4-10).

It is concluded that, in the longitudinal muscle of rat ileum, both NK; and NK» receptors modulated the
responses to exogenous tachykinins, whereas NK, is mainly involved in NANC neuromuscular contraction.
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Tachykinin® &% FHFFEANARE E{FFE
o|27171K] Aol BE FE FolA HAHE Y E
Hefol = Hu shRA, o8 FFAHANA A
AGEAZ 28 ®ok ohet AP AT &
s34 #AEa, 3F7], A7), 894 Sk
FeE FH, £ FFNSoE #AAste ReE &
HA Aot [17].

ol 58 FEHOZ C-terminalol] Phe-X-Gly-Leu-Met-
NH;o] 97 1MES 2t don, T/FE £ 8=
¥ A< tachykinin® Z+= substance P (SP), neurokinin
A (NKA), neurokinin B (NKB) 5o At} ©]2{%} tachykinin
3} Ajtsle FEAZs NK, NK; NK; §5o] o0,
o5& 7}7} SP, NKA, NKBE 433} ofE F/
tachykinins} & & Agsl= Aoz daiad Aok [2, 6]
a8al 2ol z} NK & M=zl ZeA g0l
@o| 7i#E o], tachykininol] ©]§t ¥hE-o] o NK &
AE FAAAA dolvke ARMA FHo] 7HgsiFlch

A= HN A tachykininz} 1 FEAle] EXE B, )
AAZANA HEA tachykining] SP, NKA, NKB7} &%
AT glov, HA7A dHH Al FFHe NK 783
A BE QAR ExshE 202 9#A Ak [6). $
Ao A tachykinin® F2 vlotmd gl HIEUY F5
g fulsls A2 4EA e, ol A¥Ee
NK &3] 2= F3 gl B9lo weh oh2A o
Eldth ol & B9, Ao 313 &23<F (241, 71WT A
olA fART 23], REQ] Helx st 37 &4 91,
AU 29 A {4 (8, 10, H= IHEY &4
< 16}, 283 NV 2 S5 [T E AR
ol olgk djel=a gy BEFHY $F NK 3} NK7}
7 Hdele 202 BT HAUrk wiele) pRg-xe] 3
7 B2k (151904 = NK o st Alskel 2% 874
2B, 71V T 84§23 [19], R Aol Fad
[20]1A] NK7} 2 #eddhs 222 I
T, AT TFITE AT HRACE A
&3l A@e AFEFE Fdst=d (4, 18], &4
o M B Ad77F APHAL} FF2 g
A7 AHez vndt folth B3 Y= 3
ZRZ2o) A AT o gk FEHRSo] ofH NK 48
A7} Bost=A] o}F Rirg uprh gich wehA, B A
ol M= 7 NK 4-&Aol Al zQl gdA 9} A&
A3l 83 B FEe] HlolmdEd WEUA
A Ao &g &0kl Fsk= NK #8385 &
oFR. A} SRS TH

A
1

AR, G, g

R -

A8

250-300 g©] SD A=F 7R glo] AMHEEIH o,

AlZl & SPRERE 5 cm Hol

Zl BololA 10 em g FEldle] Age] AME3HS
=3 golo] 7l We 22470l
M AEE AAT T FFE HEFE o 2X6 mme
A712 PG PEUTE AH 5L 2w £ F
8 organ bathgtol]l & sylgard plated] H o2 A A]
¥, v £ 78E e 534 I5EwEr)
(Maclab, MLT-100)| dd3ted 0.5 gof 7|&4ES 7t
st th A ARFL S48 stimulator (Grass)ES ©]-&5+91 0
o, Hole ] 71&#% AA-L WIEA FFEHY AZE
gloiQl Chart 3.68& ol&3tqch A¥sts Foh EF7L
22(95% O; + 5% CONE FTYA71 2 ve] 7h28F &9l
(pH 7.4)< peristaltic pump & ©]-8-3}o] bath Q. & UA
g £5(L5 m/minZ AHHCE BAFAZLH, bath
ot LR E 374205CE IdAsA FAAATE

Hol=g g v Ed4 $74 2 7HE7] $13) atropine
(1 M)} guanethidine (5 #M)& Krebs &0l 34 3
7batiem, 3 nitrergic A7 23 A 2L
A5tz 23 L-NNA (200pM)E 3 FH7keksivh
o A g AE9l atropine?] EHE HE AHdAME
guanethidineZ} L-NNATF 1= 8ol A AAATE 7}
gt &, atropine2 Tt 200 AHe T thA] HA
A5g 78t atropined Fo48t7] A $- W& M)
25k 7F NK 84 A dae T & 4
3080l AIg ool AAAFE TRAY Ee 27
NK 84 Hd 3 a345 Folasich

AL8okE 9 89

[Sar"Met(O2)''-Substance P, [ -Ala*]-Neurokinin A
(4-10), senktide, 1-732,138, GR 159897, SB 22220 ©=&
Toctis (Ellisville, MO, USA)olA Fatdom, Ny
-nitro-L-arginine (L-NNA), nifedipine, atropine, guanethidine,
nifedipine -2 Sigma (St. Louis, MO, USA)oll A 15}
91T}, SB 222200, [ A-Ala"|-neurokinin A (4-10), 1-732,138
E2 DMSO) =9 0™, GR 159897-& o El-&of, L-NNA
< 0.1% HClY)) Y R] ofE-2 F57-5¢] =51tk DMSO,
Nerg Fol Sufel HFEEE 01 %7t <A sk

Krebs &ole] AL 23 7t (mM); NaCl 118,
KCl 4.7, KHPO, 1.2, MgSO, 1.2, NaHCO; 25, CaCl; 2.5,
gluicose 11. pHE HCIE o] &8l 748 23g]ch
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AREH 2 5

Ao og 9] HArjs 22 23 AA
atropine2 F<43}7] A carbarchol (CCh, 14 M)oﬂ o}af

YElE 20 I77d g g2 ZAES ) ghE,
on-contraction®} off-contraction®} =7+ HARE F
£ 5ok B A3 Fol Yehe £F9] WEg g
ZA A 7128 FHd el s vEE JEE 1
2] 37 atropine©] §l< _.-/M 141 WEH% 537]-’?*-’1?? A
A= A F 10 F ol

. freld AAe Ao uhet ANOVAQ} Studem t-test

£ AHE3l%on, p<00sd W Felidel e AeR
Eaa Se =

2
AT 20 U3} atropined} tetrodotoxin®]
2%

$e 34 E52 AHLE AAREH(1-20 Hz, 0.5 ms, 2

minjel els) AFUE | EH £HES ehich 4%

2ol o]k o] gEE-& 1A 817] 23] L-NNA (200 « M)
9} guanethidine (5 .M)yS HX A3 & HA=E 718}
s W, AE g FFT HA2 AR o8] Y
4d (wiphasic)2] whg-o] VhEbstch &, ARl A9
78] Aol Vel 27] 4% (initial contraction) 3} ©)
oAl MAE] A FFo] FristEA ofgE 944
F&o| F7belE ‘oncontraction” 18] 1. AR}
Sl o A EHAo] FR = “off-contraction’ ©]
vebdth (Fig. 1A). 84 242 23l A] aropines ]
2] sl Aol ’“Z}:)L"ﬂ )& o}’ (biphasic) ]
Hhg-o] Lebgt) &, dAAaiFe] Alzkd & dASE Az
o] At Foll 1] 53 ] o) AAE St
E]t}7} (on-contraction), Hg2l=o] FREH AMAe] 71
A FFo] Zhastil 94 £ AT fAEE
off-contraction®] WFERAT} (Fig. 1B). ¥
28 A=

=3} atropine®] §lS
o] ZREN A9l FAld 1Y FHol
H.olL} anopine©] Sl A4 o]

2 ,
Ay 259 FAT B HolA) 27 o
& BS

Lo AN _M

1 Hz 2 Hz SHz

10 Hz 20 Hz

?wm .Mh A« M‘ ‘__Jlg

1 Hz

10 Hz 20 Hz

2 min

¢ _MMMMWWWW

5 Hz

30 s

Fig. 1. Typical tracings showing the contractile response of the rat ileal longitudinal muscle to electrical field stimulation
(EFS: 1-20 Hz, 0.5 ms, 120 V, for 2 min) in the absence or presence of atropine. In the presence of guanethidine (5 xM)
and L-NNA (200 ;«M) without atropine, the strips showed triphasic responses composed of initial contraction (within 10s)
followed by the development of tonic and phasic contraction during the EFS and remaining small tonic and phasic
contraction after cessation of EFS (A, C). In the presence of atropine (1/M), the strips showed biphasic responses
consisted of slowly developing tonic and phasic contraction (on-contraction) during the EFS and slowly decaying tonic and
phsic contraction (off-contraction) after cessation of EFS (B, D). C and D are expanded tracings of the responses to 5Hz
EFS in the absence or presence of atropine, respectively. Bar indicates the application of EFS.
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Fig. 2. The contractile response of the rat ileal longitudinal muscle to EFS in the absence () or presence (@) of
atropine. Atropine (1 #M) blocked the initial contractions (A), but did not affect the maximal contractions to EFS in the
rat ileal longitudinal muscle (B). On-contraction, off-contraction and duration of off-contraction were not affected by
atropine (C, D, E). On the other hand, the lag time between starting of EFS and developing contraction was decreased by

increasing the frequency of EFS (F) (n=6).
Agap=el 2g 27jpE AFHE oEHOE &
7hshe 3 B, atropines] 2l) Ao} HeH)
o} (Fig. 2A). 2ejul, A%=e 9s) vehtes 59
H 7] atropineol] of3] FIFE WA FUTH (Fig
2B). AT Foll Welus 45 (on-contraction) @] =
7l AR jEHo R AXTE} 10 Hzoll A 2 3t
S yEhd 3 20 Heell M= 2518 aEE 23S del
Wigick o]# 8k on-contraction®] 7] atropineol <3l
Aok ks WA skt (Fg 20. 2% A= 5o v}
ERE off-contraction®] 7] A] AFHIE oEH o
Z7¥8lthb 10 Hzoll A #7318 JEbH .21, atropine
of A7k Zade A EAAW K4S sl
(Fig. 2D). ¥+, off-contractiono] |45 A17F 9A] 10
Hzol M Hull 352 2.9 atropines]] ©]8f HTHE 38
& WA 3T (Fig 2E). Atropine©] §l= 7% A=
A2l FAel FFo] Aol 2t atropineo] EAHE A

S A 717} A Fol) 5o) AlFEIT. ol

.
L

kol
T

3 AEATHE ANt S71EE Foldt (Fg
2F). ©]%¢] AFHo) A= submaximal § WSS Yo T
5 Hz®] ARG AMHEEHH 0 H, Krebs gl atropine
(1 uM), guanethidine, L-NNAS #|&2 08 Fojslith

R Y FEIe HAARF ok FEukg
Na" E2o] AA RS, tetrodotoxin (1 zMyoll &]3] 2
3 2E o H, tetrodotoxing A AT T AR

7Fsh ThA k&0 WebstTh (Fig. 3).

tlo % rlo

FEY
NANC %o dg 7} NK 483 A3 Z23A|
9] 4%

NK o] Z&A & delz L-732,138 [14] (10 2 M)& 30
3 077 T F AAAS6 Hog 716t E W,
AR2F 25t FHEe] A7|E FAAZ] vl st
HAABHA 7Sk I8k NKx2F NKsol AA2
2+ed 2 GR 159897 [2] (1 xM)$} SB 222200 [13] (1 M)
& Agzl=d o)gh w5 PGS A Bt (g 4).

g
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Fig. 3. Effects of tetrodotoxin on EFS-induced contraction. The contractile response of the rat ileal longitudinal muscle to
EFS (5Hz) was blocked by tetrodotoxin (1 2M). And the strip showed the contractile response to EFS (5Hz) again after
washing out. Bar indicates the application of EFS.
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Fig. 4. Effects of NK receptor selective antagonists on the EFS-induced contraction in the NANC condition. NK, selective
antagonist 1-732,138 (10 ,«M) time-dependently inhibited the contractile response of the rat ileal longitudinal muscle to EFS
(SHz)(A). However, NK; selective antagonist, GR 159897 (1 M), and NK; selective antagonist, SB222200, did not affect the
contractile responses to EFS (SHz) (B, C). D and E are statistical graphs showing the effects of NK receptor selective antagonists
on the EFS-induced contraction. Bar indicates the application of EFS (n=5). * p<0.05, **P<00] as compared with control.
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g, NK 2] Ade=e) F3842 Ao [Sar Met(Oy)' 'SP (1
pME A 57 222N AN £ A 55
& B fusle] AART o8 FEi AP AL
uhe-g ubsloich TTElT [SarMet(©)''}-SPel| ©]g B
S8 NK;©) A8 L-732,138 (10 Mol 2}3) SJA1=I2]
k. NK;©) Ael® §8219) [ 3-Ala"-NKA @-10) (1 M) &
Al A FF FE2el sl AN FE A 7%
o B% Z7AZ0m, o|gigh kS NK, ¢ Ae)4 713}
Aol GR 159897 (1Mol 28] el aehsch g
NK;©] &84 2 27 senktide (1 M= DE 37 23
ol tis) Wk G FA 9yth (Fg ).

NK /M4 $Zut-go] tfdl nifedipine] F3F
Ltype Ca** 29 Z&A|Ql nifedipine (1 zM)S 10
7 AR AF AAAFE vHekeE i Aol

o)8 FZuke2 gojuhx] erekrh 18l NK, 7 NK.
o] Z&A Q) [SarMet(0)'']-SP (1 M8} [ 3-Ala’]-NKA
(4-10) (1 xMyoll 218 2 3 A] nifedipined] ©]3) 9+

8] 2 vt (Fig. 6).
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[BAla8]-NKA(4-10)
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PSRN ¥ TV RRIOPWTY IR SRR
Senktide

= etk

P 34 EF L guanethidine} L-NNA7Y = &=

Aol 28-7ke] ARl e 27] £EEES Bl

T R e B e o] S A] ol A +
Holrh 12 atropineol] 2]

o

<
Ay

ZrhEE e
FHNSE 7o) $F AVHE QO Hol o]
27 £E08L MDA A o A7t

atropine ©] A2 ¥ Fefoll X AT
oA =4 o] o8 A|7HEQ Y %

A% & %
F 088 757 9 FFol Al

B ooy N v @O N
S @
N
Ty

Pl 2 X O o Ho ofy g N opn OB e o

g g Beth olef@ wee U 3%
o4 EIE wesks thch (8, 10 7Y
Lol A vlolza g HBY ZANME A4
AAS ALl BAl 27] FEHWEo] Lekskow,
of Aol ASHE B ARV AR FFol ¥
= 27 EAson, AgxFel Be S

oleigh 144 wFel A4 F2HU, ATl
o Folx ARATE B 1Y FEe] AL
et A4 AFel Al Betelvt 4] By £

Sl $14 o] Z7kshs Whge Hold ygieh [8)

Sar® Met(0,)!!)-SP
L-732.138

o O PNt e,

[BAlas]-NKA(4-10)
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Fig. 5. Effects of NK receptor selective antagonists on the NK receptor selective agonists-induced contraction in the
NANC condition. NK; selective agonist [Sarg'Met(Oz)“]-SP (1 #M) evoked the tonic and phasic contraction in the rat ileal
longitudinal muscle. However effect of [Sarg‘Met(Og)”]-SP was almost blocked by NK; sclective antagonist 1-732,138 (10
#M) (A). NK; selective agonist [B-Alax]-NKA (4-10) (1 #M) induced the tonic and phasic contraction in the rat ileal
longitudinal muscle, which was blocked by NK: selective antagonist, GR 159897 (1 «M) (B). On the other hand, NKj
selective agonist, senktide (1 M), did not any affect on the motility of the strip.
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Fig. 6. Effects of nifedipine on the NANC contraction produced by EFS, NK; and NK; selective agonists. Nifedipine (1
1 M) blocked the EFS (5Hz)-induced NANC contraction of the rat ileal longitudinal muscle (A). Effect of NK; selective
agonist [Sar’;Met(0,)""]-SP (1 M) and effect of NK selective antagonist, GR 159897 (1 M) were blocked by nifedipine

(I1xM) B, O.

, 21V E T A Dol A AR
uh-2-2 amopineol] o8 11 A7|E ZrAEL W 3}
R E3F9, aropine¥}t NK o] Aetd 28R &
Joll AR st & Aol M= ofs) A
4 F&o] Frtsldct [10]

vlojrgldel vlEeld A P HF T3
S AR Fodel U =5 3 F50)

£ on-contraction¥} F Aol FEH & ol
Zo] AAA 7 FAH= off-contractiond HERHATH
o]w] on-contraction-2- E-& off-contraction7} A & NK, 4l
e & ZekAlo] ol feold AA TAEHAL L, NK9}
NK; A&l 2 AgiAo] gafjr= Eohd doE i &
kTh o] AL AE G FHFIAAM Hletrdgd WE
2l 7ol 2]t  on-contraction3} off-contractiono] K.
T NK o] &4 oafjA] doldtks & ofn|girh

71WH 1 A §418 NK 9] Aeld Zgtalo] 9

AA g AT Fel 1Y FHel AReA w3
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ot L 1
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o £Eue e s AvsAE Bl 98, NK
HEE 04 G DT Y £RE A
o 27)4E Rt 797 5 e dAe &

Fol AAY FES

E Jehfsich E=e ﬁ’é”]:f % Y 2
Aeld ARl o8] 43 AetEAey 1En F

& g BAld £ A$ vty
1294 758 Adaaith weir o] 23 oA
AAgabol] g ¢35 NK; 3} NKzo] §A ik

Th B Hew [8), olF ARl o3| SPe}

NKA7} Atz feldvhy 33 =% 10] 9= 4

oA % 2‘4——28 Agzbel ofsf A=wie 94’”“’

2 FEEE Yehl, o) 27] oj¢ vEZ &

Hhgo] dojupn] 17l = S 5] wﬂﬂ

W AbFo] Byl Folle 913 FE 13 £F0)
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A&ElE Felel] ojw] gEo] AopAWA 2FH ] A
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Hlal, SAHO T NKS A ASH nbg 2o e 7242 A
;(()]_Z}_Joﬂ oa] 2.7 o)mrg vehdTtii WY %

WZF npe2 8% S22 SP9 NKAo 9|3
B 5ol dojuATh NKi AlAT vhg-2aol A=
NKAS| o]s)Aigr 4= 0] dolwtiy BaEAYTt [15].
oo AAEE vk 2% &4TlE NKi3 NK7
R ZAetal 212149 tachykininoli= WHg-lAIg A
Aol &g FEole NKio] F2 fodste o

£
o rEL‘

|

FA3H ok
,_72}1]— S Jeh}= 452] off-contraction B
WHEA 423 (rebound contraction)o] NK 4837} #te]

F

gioke A 7V 37 & (1919 Ao AR
F23 [BlolM BALE )y 18, o] 5 Z2F A o}
ElU= off-contraction R5 NK: A€} & 7lakx)of oja)
M AU, NK, A E Ao o)M=
&S WA gsirh wEba o] F o zHoAM thehe
off-contractionol] = 7 NKy7} #edshs Aoz A E
Q.

B AN HE 3 FFIL NK A8 4 A
ol {Sar"Met(O2)'']-SP9} NK> A8 F&##)9) [5-Ala’]-
Neurokinin A (4-10) FAA] 7144 =3 A4 5
o] MAj8) Z7heh e Btk deli o] o
& Wb 0 NK, M9l d 7)3k4)Q) 1L-732,1383 NK, A=
2 Z3rA1¢) GR 1598974 ojall ztz} od=) ¥t 118
U NK; A d & A2 senktide £ & 38544 %
gtttk ojelg dsfs Q= HAF FF2ofl NK3} NK;
T EAsH NKye R84 derhs A ofvlgich

NK; 3 NKzol| ¢ delad gdAo) os) 944 F53)
0478 FFol I S/ AL ol Y 3%

233 (220149 Haish AXste, A 1Y 84
[24]3 71V Aol A &2 (23], d= 291E%
A2 [16)X e 72& whgol B =y 34, 71y
371 3 A 2F32L atropineo] EAE 742 NK; A1g) 3
FdA ) oa 1A 57 YeRRLY, NK: HE 7
HA dME 248 FHE vehige 21). o)
e /UL 8% FE2elE NKi# NK7h B &
zHéM T oraAdle MR o AEY Asde A:

2 PREANTE AL DA AR A% 900
IL}E} o2 Bk2ol B E It Algel A Sk
Frd B WA tachykmmol SP} NKA®| 23] $)

1'\1 F%

o)

B FES AR FF WA ke, A8e
F43 BF2E SPSE NKA) 918 F2 094 +

Zuk Vehdth 1], 083 235 94w JE A
ol NKi3 NKo7b 2% EARHehs F3t 3-9]e) o
gt o e FUE F odnke e vehith

H HF 5L Aotmydd vEZAA
A NK; Al 58A9) senktideol] 23] o}%2i
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