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=Abstract=
Non-Adrenergic Non-Cholinergic Responses of Guinea-Pig
Tracheal Smooth Muscle

Eun Yong Cho, M.D.*, Hyung Ho Choi, M.D.*, Jae Yeoul Jun, M. D.**

The neurogenic responses of tracheal smooth muscles to electrical field stimulation (EFS) is biphasic,
consisting firstly of cholinergic contraction followed by a slow and sustained relaxation. It is well known
that a sustained relaxation involves the inhibitory non-adrenergic non-cholinergic systems. This study was
done to investigate the relaxing agents and their action mechanisms by use of an organ bath with plati-
num.

The tracheal smooth muscle relaxation due to EFS was suppressed by L-NAME, the NO (Nitric Oxide)
synthase inhibitor, and these effects were reversed by L-arginine, the precursor of NO. Also, L-NAME
(NG-nitro-L-arginine methyl ester) increased the basal tension. Nitroprusside, the NO-donor, suppressed
the tracheal basal tension greatly. Methylene blue, the inhibitor of guanylate cyclase, decreased
EFS-induced relaxations and increased basal tension. Forskolin and isoprenaline, which are activators of
adenylate cyclase, suppressed tracheal basal tension in the same way as nitroprusside. TEA
(tetracthylammonium), the non-specific K* channel blocker, and apamin, the Ca’*-activated K* channel
blocker, increased tracheal basal tension and EFS-induced relaxations.

Our results indicate that NO is released upon stimulation of the NANC (Non Adrenergic Non
Cholinergic) nerves in guinea-pig tracheal smooth muscle and that the release of NO related with the K™
channel, as well as the release of other inhibitory agents<<e. g.)VIP(Vasoactive Intestinal Polypeptide),
PHI (Peptide Histidine Isoleusine)> mediated via ¢cAMP/(cyclic Adenosine MonoPhosphate) may be
involved in sustained relaxation.

(Korean J Thorac Cardiovasc Surg 1996 ;29 :487-94)

Key words: 1. Smooth muscle relaxation

2. Trachea
3. Neurotransmitter

« zAld et o o)t F4o) vt Al

* Department of Thoracic and Cardiovascular Surgery, Medical College of Chosun University

= ZAddeHL o o st Yelet Al

** Department of Physiology, Medical College of Chosun University

AT 95 84 31 AR 95 104 4

TAA: 2 EE, (501-140) B T3 HA) T A F 588, Tel. (062) 220-3160, Fax. (062) 228-1444

— 487 -



A =

71 % BETe) % (activity)= Al 7HA] el 713,
Z 44 (myogenic), 4173 Al (neurogenic) ¥ =2 E-(hor-
mone)E 3t =AE I gle}’ 7| PA] HETL A3
B A9} o] A3 (slow wave)2 Q1gF AU 5
v_ }_g_o] ]u} /\h;ﬂz—l o2 1% t’ A—L‘L uﬂ_?. l:g},r,]_. Z}HE}ZJ,
FE5HE 12 Ao 2= AAE 58 do Fgle
w Alshe) Aol sha)zigte] Mg o2 w2 A 21
gk ou] ] Eo] dofdrl o]t 2 71H #AFQl ATt
QS v o] T2 F& Austs AEAAA
olch. 7| mof| BE3H AHAIAA = thh Batgh oS
Holgglc) A3 A2 g A (bronchoconstriction)S- oF
7] 3}, yr;yt} A7AAQl EHA AlA ) A (broncho-
dilatation)& Holx, 7 A17AA Q) ol=dldaiAd AlA,

| el = ol=ddals} o FHE ofd o} A7
AEEAS Pvste vlolmddsid wEdAd AA
(non-adrenergic non-cholinergic, NANCYA -2 g3}
AUTH Y. NANCAI A f+= ofA] S84 3 Aoz v
5o ':‘ﬂ %——‘r‘f’."‘é A1 73 A =EA 2 = substance P7} 714
otz gl B AR Al A ARG EA = o]z 7} %
neuropeptldeﬂ] o] A 5ol A A% 1 ¢lct. NANC 417
Ao A atgh AelstA 7ol dal A= deid glH) oA
AR 1 HEkte] 1A E ARG Y o2 v A
o} (mucus) #u] ZAH| Fofdt= Ao odeix gl o
Ao g A (asthma) DA A7 9l Aoz
AAF I Qe AFAA AL el F& A
(hypersensitivity)db-8-& Vel = 2k 454 Agko 2 A
7V Eol| FES I ASAA AL oAb EFH oA
o= NANCE®A AZAF7 Wi 2&E (over-exci-
tation)shA vt A AlA ARV AP o] HAg =izl
T gsta ok o]21 3k NANCAIZ AL Fo A% &
T3 71 #A) G&EFe Ao 7 F g FulEE Al A
g £4, 53] dAA AR AL EA da)ds Bzt
o oh2A BaEw gk zeu FH o) As 2ge
7] & AAWHLET % =ETNA NO7F A4
NANC Al7RAddEdz 2g3icta odeixglod
nitrovasodilatorsel] ¢]3&F ¥H-2o] NANCE wj7/) &&= utg
4 w)sedbe}ar glef gl

712 AT o] eAHE o FE A (foregut)ol] 4
LAY v AR ehRrER R NANCAIA A=
NO7} AAAZEAZL w7is ezt AL 58 5 9l

5

jed

=

[od

i
1996:29:487-94

<.

debd B AR U2 V)R BT AT
SR fuE)E o)shy whgo] WA NO¥u6) 7]l
2] o} o} 1 4§7) Aol o8 A kobr Al sholeh,

cHAH S0y

A 300g 2} e) 71Ua)1E ok 1 Gle) A
2 Abgskdel. 555 AEelste] Az H A
ksl A¥AZIebS AR EE HE st A
A} 95% 02 ¢} 5% CO:E 13 -S o] F 31 9]+ Bicarbonate
Kreb,s-Ringer &8 (NaCl 135, KCl 5.4, MgSO+. 7H:0 1,
CaCl:. 2HxO 1.8, NaHCO: 15.3, NaH:PO.. 2H:0 1, glu-
cose 5.6 mM, ph 7.35)2. & Al izl Fu] 87 el =]yt
7 AR 22 AT F 7
axis) 2 2 AWsta F 709 cartilage”} ol & w3k
(transverse axis)®] A& § =AM AL 59

Isometric tension recording: =% A
%l Bicarbonate Kreb,s-Ringer £ 22 9= f-8 47
(8350 ml) (Fig. DE &7 o8 &% &2 28334 7]
A FFA, v &2 A W 3k7] (Beckman)ol] QA A 5
A E TS 7]127) (Beckman)ol| 7| &3t 158
AR A2 SA o ZolFma) oF 1A7F F3t 3

ot 2 A2 (optimal force)S F3+7] 9181
T892 ZolE dAH e w 58 7] % A2 (basal tension)
< 500~600mg2 A3 ¥ BE A S Algslsct

Electrical field stimulation experiment: & 2p=-& Al
&7l HyPsA dXH F N WF TS F3ho]
A7) (Grass) 2 A58 Fsivh A5 w2 A17 et
A A7 AdEAle] ¥uldt 4= ¢ £ & supramaximal volt-
age, pulse duration; 2 msec, frequency; 2~12 Hz, train
duration; 5 sec® 3hgith RE AL atropine (107° M)-&-
1024 A A3 -5 A& 2P st

Direct drugs experiment: A2} o g fHlE] o] A
uh-g-o} 7148 otolr 7] 9)sled NO donorql nitroprus
side?} guanylate cyclase] & A9l methylene blue %
adenylate c:yclase:é'~ A3} A17) F cAMPE A4 AA A
2] 83 "k viehy & forskolin®} isoprenaline& 7zt
Foi sl J—KJ NO2| 24-714& odolraal K" B2
o} | &) ¢} apamin % tetraethylammonium-& Fof st}

e Ay A B2 A ke AAH v =
2 BAEA Aele AMEEhA] @A ks Al e A
rg 13 ¥ 1o F WEAR] AFGE A A7 A4

ot
fo 2 ol
o mn

2

V=8 #3438k (longitudinal

mo
(98]
~J
cs
fu
S

)

—488 —



o 2] 7|
1996;29:487-94

[ ;

[[Oxgen ] | A
| [Simuidfor ] | ‘

Pen ‘ !
recorder | | | i1 ooo |

| i O ©
[ b
Force
- transducer| !

Constant Temp ‘
circulator .

Fig. 1. A schematic representation of the 50 ml chamber with
isometric contraction recording system and transmural electri-
cal field stimulation system. The transmural electrical field
stimulation was done with platinum plate electrodes that were
0.5cm? in area, positioned parallel with preparation, and
separated 1.5cm from each other.

guanethidine

Fig. 2. The typical neurogenic responses of guinea-pig tra-
cheal smooth muscle induced by eiectrical field stimulation
(EFS (Electrical Field Stimulation), supramaximal voltage, 3Hz,
1ms, 5sec duration)
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Fig. 3. Frequency-dependent relaxations and effects of L
-NAME (NG-nitro-L-arginine methyl ester) on the NANC
(non-adrenergic non-cholinergic) relaxation of the guinea-pig
tracheal smooth muscle induced by electrical field stimulation.
Frequency stimulus was 12, 8, 5, 2Hz.

ammonium (TEA), methylene blue, NG-nitro-L-arginine
methyl ester (L-NAME)
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Al =)o (Fig. 2B) YA o2 v 7H % &

otk 37FA17 2]l guanethidine 5X 1070 Mol
= obdl wishr} glsd om (Fig. 20), 217 M xjglA
3l tetrodotoxin (TTX) 1077 M-& F-o3} 7% o]g}A ule
= apek(Fig. 2D)E| o] o]2{&t Hb-go] AlH Mo oot
& o Uk AT o2 fE o)k wree AT
g F7HA3 (2, 5, 8, 12 Hz)ol| wha} ukg-2o) m7] v 2
7Fst A e} (Fig. 3A).

AR2SS s NOMA A E= 2l L-NAME (5%
107 M)E Foidt A% 7 wikol 4] whasl o)ghAd ut
52 z=7 7 AAl=E 9 oh(Fig 3B). dAHE A5 1)
Eof A Eohs Anlxe] 2FeA] o] =24 A=}
(Fig. 4). Aol 2183t 243 A F-= L-NAMEo]| 9] 3] 4
71 274# o] Zr1stsdr} (Fig. 5).
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Fig. 4. Histogram of frequency-dependent relaxations and ef-
fect of L-NAME (NG-nitro-L-arginine methyl ester) on the NANC
(non-adrenergic non-cholinergic) relaxations of the guinea-pig
tracheal smooth muscle induced by electrical field stimulation.
Results are shown as the mean=SD and are expressed as
percentage of the 12Hz-induced relaxation for n=4.

Fig. 6. Effect of L-NAME (NG-nitro-L-arginine methyl ester) on
the basal tension of tracheal smooth muscle.

A3 F-EH o 2 3 8= 9} (Fig. 6).
2. Nitroprusside 2} methylene blueOi| L&t E 2t

AR AFE FH4 NO donor® &z gl+ nitro
prus-side (107 M)E F& A 7= J¥Ze) 723
Ho] uf-9- =] 7FAsk o (Fig. 7A). th-5-2 o]t <1zt
2] zhgokAl-S- olol® 7] 2]3}e] guanylate cyclase® Al A
Q] methylene blue(5x107° M) %% 2% L-NAME
< 543 359 o) 72AHE FUHRIZ e o)A
u-$-8 443 oA st} (Fig 7B).
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L-arginine 10 M

Fig. 6. Effects of L-arginine(10™* M) on the decreased NANC
(non-adrenergic non-cholinergic) relaxations by L-NAME
(NG-nitro-L-arginine methyl ester) of the guinea-pig tracheal
smooth muscle induced by electrical field stimulation.

methylene hlue 5x10° M

Fig. 7. Effects of nitroprusside and methylene blue on the
NANC (non-adrenergic non-cholinergic) relaxations of the
guinea-pig tracheal smooth muscle induced by electrical field
stimulation.
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4. Apamin & TEA2| &2}

A 2 (field stimulation)E 3+H A apamin (2x1077
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forskolin 10° M

Fig. 8. Effects of isoprenaline(10™° M) and forskolin (10™° M)
on the responses of the guinea-pig tracheal smooth muscle
induced by electrical field stimulation.

M)#} tetraethylammonium (TEA, ImM)-& 7}7} BoigF 7
9 7E 3829 2L U)o ofge
ojA W= F7MAF ) o]H% AdbE TEAS T8
735l A vl% 2A el (Fig. 9A, B).

1] &

HFEe] JZTol = 7129 opA | -Z4 (acetylcholine)
o]u} rol= ) d# (noradrenaline) o] 2] ¢] o}& AlA4 A
=AS BHdhs A AAA 7} B2l 9o 2
AHE LA gler o] AAAE v)-ol=g ] v-Fa
A 4173 A (Non-Adrenergic Non-Cholinergic, NANC)z2}
S Ut Zl A E FHTE o]2hskE NANC o4
A AAAZ A 233 H2] BF FolA] QJE=H o}
BT B8] AR R AE Y)5A ] ZEAAAY R
vl 7} 17] wf el 7] 2=] 83} (bronchodilatation)o] Qo]

= FU3 417 A 27} NANC JAA AAAE £351
o] Fo{ A1t} wtzbx] NANC A1 A 7AA ) gt A2
A A "o i Fo)s) WA thate] o] gt
ok A g7HA] el Al 71 2ol A o] NANC A4 A7 A ¢
A2 FE29 7|2 ¥ S AAslw glod, 7l E g}
A9l Mol Eulolx sl glE AR Hogol
EF HAXE AT JE gF4 Asta H4

control TEA 1mM

Fig. 9. Effects of apamin and TEA (tetraethylammonium) on
the NANC (non-adrenergic non-cholinergic) relaxations of the
guinea-pig fundic circular muscle induced by electrical field
stimulation.

(asthma)2] A 71- o] NANC A4 A7A 7} edgt
= STAR = PRI o

71E HE8T] YA AlAS AA 2T (electrical field
stimulation)3}A] ™ W& FHA F5o) o] e
A EA Q] o]t whgo] gt} 279 FEA S
atropineel] &3jx| 2=} THAo wgE o F
sl o] 2kA wh-8-2 atropines?} guanethidines &7 %
g Aoz EAsk, 474 A2 A 2AQ) tetro
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2Hg opadell sl A AL 43 AYEE 2 240 w4l
HAve} o2 A B w5 3 g} 19701 BurnstockS-el] 9]
3 $1Aol A ATP(Adenosine TriPhosphate) &= 19}
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% ATP17"®, VIP(Vasoactive intestinal polypeptide), =
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AAF 3 gle}. E=JE F 7L o)Ake] A1 AdEAdoe] %
kiss AR RnA- kA2
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