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Regional Differences in Voltage-tension Relationship of Gastric Smooth Muscles

in Guinea-pig

Ki Whan Kim, Sang lJin Lee* and Suk Hyo Suh**

Departments of Physiology, college of Medicine, Seoul National University
and Chung Buk National University* and Dong Kuk University**

Mechanical contractions and electrical activities of the fundic longitudinal and antral circular muscle
fibers were investigated in order to elucidate topical differences of gastric motility. K-induced
contracture was produced by exposure of muscle strips to high K Tyrode solution. Membrane potential
and mechanical contraction were simultaneously recorded by conventional glass microelectrode method
and single sucrose-gap technique. All experiments were performed in tris-buffered Tyrode solution
which was aerated with 100% O, and kept 35C.

The results obtained were as follows:

1) The resting membrane potential of circular muscle cells in the antral region was about 10 mV
more negative than that in the fundic region.

2) The membrane potentials decreased almost linearly as the extracellular KCl concentration was
increased both in antral circular muscle cells and in fundic longitudinal muscle cells.

3) The thresholdal K concentration of K-contracture was 15 mM (membrane potential, —48 mV)
for the antral circular muscle strip and 20 mM for the fundic longitudinal muscle cells.

4) The ratio of membrane permeability coefficient for Na* and K*, Py, /Py (@) was 0.065 for antral
circular muscle cells and was 0.108 for fundic longitudinal muscle cells.

5) K-contracture of antral and fundic smooth muscle strips showed the contracture composed of
phasic and tonic components. The amplitude of the phasic component increased sigmoidally in a
dose-dependent manner, whereas that of the tonic component was maximal at a concentration of 40
mM KCl and at the concentrations above or below 40 mM KCi the amplitude was reduced.

6) The inverse relationship between the amplitude of tonic component and extracellular KCl
concentration in the range of 40 to 150 mM KClI was more prominent in the antral circular muscle strip
than in the fundic longitudinal muscle strip, where the amplitude of the tonic component decreased less
steeply and was maintained higher at the same high K concentrations.

7) The tonic component was totally dependent on the external Ca?* and completely abolished by
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verapamil, while the phasic component was far less dependent on the external Ca?* and partially

suppressed by verapamil.

From the above results, the following conclusions could be made.

1) The phasic component of K-contracture is produced both by intracellular Ca?+ mobilization and

by Ca?*-influx from outside, while the tonic component is generated and maintained by the Ca?*-influx

through the potential-dependent Ca?* channel.

2) The mechanism of reducing the free Ca?* concentration in the myoplasm seems to be more

developed in the antral circular muscle than in the fundic longitudinal muscle.

3) The lower resting membrane potential of the fundic longitudinal muscle cell reflects a relatively

high Py,/Py ratio of about 0.108.

Key Words: Antral circular muscle, Fundic longitudinal muscle, K-contracture, Tonic component,
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Fig. 1. A schematic representation of the isometric
contraction and the electrical activity recording
system. The isometric contraction was recorded
through a tension transducer from the smooth
muscle preparation. And the microelectrode
puncture technique for intracellular recording of
the electrical activities was employed in this
experiment.
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Fig. 2. Diagram of the single sucrose-gap apparatus.
The muscle chamber is consisted of three
compartment; NT for perfusion of normal
Tyrode or test solution, sucrose solution, and
KCI compartment for perfusion of isotonic KCl
Tyrode solution. A muscle strip is mounted as
shown, one end (KCl compartment) fixed and
the other (NT compartment) connected to a
force transducer. The width of sucrose-gap is 1
mm. Electrical activities are recorded through
the two Ag/AgCl recording electrodes connected
to preamplifier, CRO and recorder. Mechanical
contractions are measured through the force
transducer (FT) connected to recorder.

Tyrode)& 4mM K& Naz tfxA|7c}, K-H&
£ A7 9% Anka) Aok
A A7 75 A7 3R xR E (tetrodotoxin
3Xx10-"M, guanethidine 5X 10~ M, atropine 10-%
M)o] 23 =7lol A AYPS AH et
Aol AH3-A o2 ohg ot et
Atropine sulfate (Sigma)
Guanethidine sulfate (Tokyo Kasei)
Tetrodotoxin (TTX) (Sankyo)
Verapamil (Isoptin, Knoll AG)

48 4 3

L HIZ8 KI| 728 42 T4 4H
ofoll olxj= &

3

Aze K+ 252 A4 4mM2EE 150 mM7}
A FAA e ol EFH A A 2R

A ABoz oo}z K-7 2 (K-contracture) o]
JEFGS Fig. 3of] HpERA Y,

15mM A 5o M K-7Fo| dojrtr] A12sigla
Az K 527 F7Hdo| wet K-7Z9 277}
FtE Qe 53] A4 +F4-20] vl et
Asigich, oldl geielAATE ol gl A7
A5 AL B (Fig. 1) 4mM Ke|] 33
A} Tyrode g-BoflAlE —62.3+2.1 mV (meantS.
D, n=20)0] 9} 3, 10mM Ko} 4] —52242.0, 20
mM Kol 4] —45.8+3.5, 40 mM Koi4] —30.6%1.
4, 60 mM Kof|#] —22.84-1.9, 100 mM Kol —
142+1.9, gz 150004 —6.0+2.4mVol3icl,
A Z9] K-S kA3 ¢glod K-free Tyrode §oHoll A =
Aol AAF BEIHAN ALH 45 IR
H3 A&5H 559 AFe] s oo (Kfree
contracture, Fig. 5),

G sazz-3Ue olgde] K-AEH %
Agtel W8S A0 7123 A7E Fig. 60 e}
weich A9 K $EE(A)ol4%E 150 mM Ko
=2 A7} ojoj A 40mM K2 23 S 4

ox, A ofn

ovh, (B)olAE =3EA
oA AR oE

K-7A%9 A44
150 mM Kol 2]}

— 266 —



—7718 91 291 9] HEZo] o Ak A —

10 min

fL_] 100 mg

K 40 W/NT

T T

K 150 K100

Fig. 3. Dependence of the contracture produced by high potassium Tyrode solution on extracellular KCI
concentration (mM) in the antral circular muscle strip of guinea-pig stomach. In each K*-rich solution,
tetrodotoxin (3 X 10~"M), guanethidine (5 X 10-*M) and atropine (10-M) were present to eliminate the effects
of K*-induced release of transmitter.

Biphasic contracture, rapid initial phasic and slow subsequent tonic contraction, was developed by the
exposure of the strip to high K and low Na Tyrode solution.

Fig. 4. Relationship between extracellular potassium
concentration and membrane potential in the

Membrane potential (mV)
,
-
5]
T

_50 -
antral circular muscle cells of guinea-pig
60} stomach. This diagram reveals that the
membrane potentials decrease linearly over the
-70™- range of 40 to 140mM KCI. Each bar represents
h 5 % 20 65100 150 i the standard deviation of mean (Mean+SD, n=
Concentration of external K’ 5 to 20).
30 sec 5 min
| —
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Fig. 5. The contracture produced by K-free Tyrode solution in the antral circular muscle strip of guinea-pig stomach
(K-free contracture). Spontaneous contractions were abolished initially and replaced to contracture gradually
as the membrane potential was depolarized by K-free Tyrode solution.
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Fig. 6. Relationship between isometric tension and
membrane potential in the antral circular muscle

strip of guinea-pig stomach. Isometric tension
measured

and membrane
simultaneously by use of single sucrose-gap
technique. Upper trace, isometric tension; lower
trace, membrane potential respectively in (A)
and (B) panels. The sequence of exposure to two
kinds of high K (K 40 and K 150 mM) Tyrode
solution was changed alternately. The phasic
contraction was developed completely during the
and at the
constant level of depolarization the tonic

potenitial were

change of membrane potential,

contraction was developed.
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Fig. 8. Comparison of the measured membrane potential
with the theoretically calculated one (Goldman
equation). in antral circular muscle of guinea-pig
stomach. The measured value corresponds well
to the theoretical one(Py,/Px =0.065).
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Relationship between extracellular potassium
concentration and two components of K-
contracture in the antral circular muscle strip of
guinea-pig threshold of K-
contracture was on the range of 15 to 20 mM
KClL The amplitude of tonic component was
maximal at the concentration of 40 mM KCl,
and above or below K 40 the amplitude was
reduced in a dose-dependent manner. The
amplitude of phasic component, however, was
in a dose-dependent
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manner.
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Fig. 10. Relationship between extracellular potassium

concentration and two components of K-

contracture in the fundic longitudinal muscle
strip of guinea-pig stomach. Note that the
amplitude of tonic component was decreased
more gradually and maintained larger than that
of antral circular strip at the same high K
concentration.
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Fig. 11. Voltage-tension curves for antral circular
smooth muscle of guinea-pig stomach.
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Fig. 12. Voltage-tension curves for fundic longitudinal
smooth muscle of guinea-pig stomach.
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Fig. 13. Graded responses in tonic component of K-contracture by the administration of external Ca in the antral
circular muscle strip of guinea-pig stomach.
(A) The amplitude of tonic component was increased as the concentration of external Ca increased from 2 to
16 mM Ca.
(B) Relationship between isometric tension and membrane potential. Membrane potential was measured by
use of single sucrose-gap technique. Upper trace, isometric tension; lower trace, membrane potential. The

depolarized status of membrane potential was steadily maintained even during the increase of tonic component
by extra Ca (8 mM Ca).
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Fig. 14. The effect of external Ca on K-contracture in the antral circular muscle strip of guinea-pig stomach. The tonic
component was slightly increased in this range.
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Fig. 15. The effect of Ca-antagonist, verapamil on the

tonic component of K-contracture in the fundic

longitudinal muscle strip of guinea-pig stomach.

A tonic contraction induced by 40 mM KCI was
completely suppressed by 1 mg/l verapamil.
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K4 | K4 |
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Fig. 16. Partial separation of phasic component from the
tonic component of K-contracture by
administration of verapamil in the antral circular
muscle strip of guinea-pig stomach. The tonic
component of K-contracture was completely
suppressed by the pretreatment with verapamil
(0.3 mg/1), while the phasic component remained
partially.
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o] Ca?t 52 2,4,8 % 16mMz= 3] 5<&

.
6. Z& ZeNIt K-AH0f o|xj= &

Al Eute] Ca?*E 2 zbglA|Ql verapamil-2- o] &3}
o] K- ol 5=& Ca?* FFHUol Hsle] A
& ABE Fig. 159} Fig. 169] ebgich, A4+

D A23H A 23 1989~

F72 Aol 4] 40mM K2 442 2719l 4474
QA R4 FEel FAHE Aelol verapamil(l
mg/d)g T3 AME s olgslgint (Fig

$EE $42 ol 100mM K2 K-3 58
QoA hE=FHOE A kA B4 Tyrode &4

AL K SER} BYao] wA L 35
NS FAsha cheksieh, ATa Kol A
K-free Tyrode ol A= 7| Vg2 AAwe 28
Bl-2 w3 o] 44l 5 9 1 (Axelsson and Holmberg,

1971), ¥ HPFZol4£ 238 A Fo] Lo o]

e rlo

7€ K-free contracturez} i &t} (Bonaccorsi et
al, 1977), & A¥dAME Fis &4 4%
K-free Tyrode 8240l A} 23 qto] BRE-SE|H A =}
WA g-3o] AbebAIm A A o] eyttt (Fig. 5),
K-free contracture ©] wA7|AH o 22  K-free
Tyrode ZMoll4] A Z=9] . electrogenic Na-K
pumpz} A A|EHA A ko] "R E LR, ofel
sz Car* ool S74HA AZo) 24D A
oz 49, |

K* F57b A4 Aziel 9l deld Sokeh
W2 YL ol 9E shuvl ol F AAL 28E
SAo] vehte FaHel g4 2 (reactive
hyperemia) #Aloll $83 4L & Aoz 35
g]lud (Anderson et al, 1972; Norton and Detar,
1972), o]gbr|d-& Kt £ F7k2 Qg AE=
Ae7t o] 92 2T o2 o 45 ch(Wahlstrom,
1971),
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=778 9] 2¢] 1 8 HET 0y A-AY A

3

Y SHA¥oR TSI goo] A4 2 2%
4 FH4E A gL BBE 270l el
SepsAn ddor $5AYE AN 2
4 24 (AFF, FEE)L 2 944 425 42
A4 +5E depln, ABA, A5, A9

53 & ARA4 +F5E 2ol Aol vEolr
(Suzuki et al, 1976; Casteels et al, 1977),

A28 K 571 FobAe] wel 2hxgle] Axt
Mgl Hi AZute] Ca* F34o] AA A
W29 Ca?* -§-¢)o] wo}x] 1 (Briggs, 1962; Chujyo
and Holland, 1963), =3 AL W & 12 g
Ca** §-2|x wolx} (Bohr, 1973) A Z Y| Ca?t £x
b wobA ASA F%F K-7Fo] wAR
(Ebashi, 1976),

K-AZ9 Frlx] 248 F 944 4 2
B Aol Bodsle Ca? FFYol dhsled = ¢
7ol dig =l ek, & AlEutollA {5 Ca?t
o] F Aol BF FA3AY, 2719 AUy S
el AR AR FAdE 2 9E8E dde
A (Imai and Taketa, 1967; Johnishi and Suano,
1978) 3} 2719) 144 £54ES AT ABn
2RE Ca 2ol SQlem g4 A¥e A
Zog B¥ Cat 9] F2 d2gve 4
(Urakawa and Holland, 1964; Anderson and Djirv,
1978) 5o ¥,

¥ AYe) AHE uw $EE L4 246l
AZ3k K 55} 2ol A4 el B 9l
of (Fig. 4) AZ% K 558 ¥oldd 2aghe 5=
-Gedos A¥FHE ¢ 4 ok BY2 Az
o &3} Ca?* ¥-8 Z potential-sensitive Ca?+
channel 2txgke] W2 Aol Wt $27} o
o (& Catt £314 37)) Carro] AZVZ $92
Aelct,

2 AEY A3 F FEF FASIY AR
F2Y K-HZoll A 25 44 24582 &
Aol wlEdte] 2771 FrlEglm, ubd
A 452 40mMKE AHog K ¥5 =7}
Zhao| et ZH4 =9l o} (Fig. 9, 10),

514
i

2

fe e

o|9}2E Ade A +5L AZW Cat F
2|9} Ca* fqlol ofste] LA sH5A4E dAE
o, olol st 71FA FEHAHEFL Ca* 525 5
g Ca** Qi ofsled 27|17t AA=UE 7}
Ag ARA s, o)oe A4S sk
A2 $4 Fig. 169] A3tz 4 K- %9
AR FEAES AN FEFog A2 Ca»
Zao A Cat*o] fre|Elo] WAEUEE FHT
T U, =3 K- Fo] g Ca** Foiazns
2 Fig. 13, Fig. 14 9 Fig. 15 22 2wis] 714
A &L ALIA Felsle Cattoll 93le] o
BrAEE 4 F Uk F Fig 134 & 100
mM K2 24 ehg A5 &5 A E 134

2.(3ehA =zhA gk nAdw), AlZst Cat w2 &
F7HAIA A Zotute] Ca?t FEAAE ¥ Ca**
Fi%e 58 % Folx, Fig. 14= 100mM Ko} o
£ 559 Ca¥g dof K-AF FA9 F A4
vehtbe 298 2 AdezA o4 134 4
Ca?* Fxof FeElsHA FE-oEdoz 29
I, {4 FFAEE A7k Aort v Ao
Yo} AlZutoll A )5l Ca?t o] A F-Zof
= Aot Aoz gkt

Az K FE7} 40~150mM Hg o= 7]
FA %277 238 AujE WA de AL
Ca?*9] A F-A Al (current-voltage diagram, I-
V diagram) 2] EA44} olute 9 PP AX9 A
Foll& Ca™ A{7F H2AF Beol& 2hagte] 40
mM K(—30mV Z #)9} 60mM K(—23mV &
A)ell %71 WEoll K FE5 o] Foldd = gtol o
ZHaE A Ca?t fol ko] FolEe] R4 752
717} AeHe Aoz 4=, 8 &4
H AR FFToNM A FEHER K 5
o olz{ g oFu|e JA 7} FAZAA A «uls)
o ZAEF FAG AL F 9y BEE AE
oA, AlZ el F7HH Ca** g glole 719 &4
ol Zol 7}k §l% sFeAE dAls Foh B2
ZAWol A Ca** gloll A} Ajsled £7]& whd
o @ SRUZ A3]4, @ Na-Ca m3r|Aog
A7, @ 554 Ca** v|Z (Ca-pump), @ AX|
Ca™* AFFH 2 A7 +4ES AT 4 3
o FEE A2 AL AR FF 2 vlslo

N ofr o

2 o e

o de o
32 o 2

¢

—Z
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—sh el kel A

SR wheto] £33, active Ca-pumps] Zx| & Hukx
= A ¥ 17} glv} (Kuriyama et al, 1975),
7‘]"“"1 AAE, HAR 2 FEE 9
A2 Aot-AE AAE X (Szursz-
ewski, 1987) mechanlcal threshold7} 2] £ 24
) FEEolA] 7z —52, —55 ¥ —45mV o9
Wé kA gk 7}t —50, —60 @ —70 mVo]
&’iﬁf. a2 BEE AAFe] A by =dgke] 23
2} mechanical threshold ¥t} & uh 9k-L- vlehy]

2 glenz shdg-AE FAF oY LAt o
e F-foll Fof Al Ho] ofzhe] A gre Wi}
24 2 399 WS} 492 4 Y PAASIE
VHG 279 72 AL FANL 8T %+
S, 22 & 4Gl AP 1112 At
S} 25 ¥919l 244 454 %ol o) @ mechani-
cal thresholdol] Tl Ad A7} wx gle] canine
stomach®] 7 #}o} u] 37} Erl5sh} o] o =
o AYE st Fotslolol & Fo3 FAZ A4
st

g

f'J

Z &

A5 £ Alerl BAEE A9 U
W Euzl 7192 Holl4 Y=L (fundus) o}
2% (antrum) —'i'—-‘%] H2] A Z3le A Holx

4
32T A9E, FERIAE $4T 2

o F Yool HE 24l £5uge

r—v—'

-

to e fr do o

i/l

¢
Jfm o
o L

RES ks el
TETEL A2 K F5& dAA K-35
dozith, A +FUEE A ASde
Zele AEAH vlAA ST Yo} 1) Fazz
S A, =
<

:
A FEE E4T0l 10mV A= 2 b Ak
Boiet

Al Zo A AlZe K —‘g—}.a 4

2) #EF F4e
0

o wE BRI HEL by hAgh —623+2.1

D A239 Al 235 1989

(mean+8.D.) 25 ¥ Z+7} —52.24+2.0, —45.8+3.
5, —306+14, —228+19, —14.2+1.9, —6+24
mVo|gict,

3) AAF FFZ ALl M ALY K =5
mMell 4] 10, 20, 40, 60, 100 =) 150 mMZ 9o
weh wigo] obd wWAek —55.0+ 1048 e 7
7zt —45.5+0.99, —41.5+1.15, —28.4+1.04, —18.
8+0.72, —9.44+0.35, —~4.3+0.54 mVo| 9 o},

4) K-71&& YoJlE 9 %x (threshold con-
centration) = F%¥% $AZolA 15mM K(2+4
& —48mV), AR FF 2oL 20mM Ko| gl

Na* T34 u]§ (Pye/Px) &
=] FAZOAE 0.0659)d] Hlshe],
HAA R FFTol A= 0.1080] 9 o},

") KAz A3 4 £
EFE = 40~50mM K 53 oA A A7}
2o ulel WA} Bt o)
3o §2-E T4 AR} O Faheich
8) K-7d%ol A 744 +54%L 429 Ca?t
3} verapamilo] oj3}od ol $- olulalA| e
o}, YAA 22z 4x o 5k ulz] okolch

o T o"“" 1_ ] =4 5
ol4e AYANEE S T3 e AE
< WE 4 dsieh,

D ZIvsla § F&2e4 A2 K-35
AR FHATL AE A9 Ca?* F81 3} Ca®
Wolell ofeted LAslT, Zg4 FHAEL Ca?
FEE T Ca¥t frdell Asto] A A = het,

2) A XY free Ca?* H 2 & Yk A 34

2 A T
SE A FEE B0 HEE F420l4 o &
[e]
=

3) Qb4 =g Aol vl Nat 7ofrE &

T A Bt AR FFZolA vS dA
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