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Effects of H* on the Contraction Induced by Various Agonists in
the Renal Artery of a Rabbit

Seok Jong Chang, Se Hoon Kim, Byeong Hwa Jeon and Hae Kun Park

Department of Physiology, College of Medicine, Chungnam National University, Taejeon, Korea

The effects of H* on the arterial contraction and their mechanisms were investigated in the renal
artery of a rabbit. The helical strips of isolated renal artery were immersed in the HEPES-buffered or
CO,/HCO,~-buffered Tyrode’s solution. The contractions induced by agonists (norepinephrine,
histamine, serotonin and angiotensin II) or high K* were observed with change of extracellular or
intracellular H* concentration.

The contractions induced by norepinephrine, histamine, serotonin, angiotensin II or high K* in
HEPES-buffered Tyrode’s solution were inhibited by increase in extracellular H* concentration and
potentiated by decrease in extracellular H* concentration. The degrees of these effects were most
evident in the contraction induced by serotonin and angiotensin II, moderate in those by histamine and
high K*, and least in those by norepinephrine. Maximal contraction by norepinephrine, histamine and
high K* were not influenced by change in extracellular H* concentration, but influenced in those
contration by serotonin and angiotensin II. The attenuated contractions by an acidic pH were not
returned to the level of contraction at normal pH (7.4) by elevation of extracellular Ca?* concentration.
The agonists (norepinephrine, histamine and serotonin)-induced contractions in Ca?*-free Tyrode’s
solution were also attenuated by increase in extracellular H* concentration and potentiated by decrease
in extracellular H* concentration. Elevation of Pco, in the CO,/HCO; -buffered Tyrode’s solution,
which increase the intracellular H* concentration, at constant extracellular pH (7.4), increased the
contraction by 30 mM K.

From the above results, it is suggested that the decrease in contractions by increase in extracellular
H* concentration may be resulted from that H* make the receptors less sensitive to agonists and cell
membrane hyperpolarize and then inhibit the Ca?* influx as well as Ca?* release from intracellular

Ca?* storage site.
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Table 1. Chemical compositions of Tyrode’s solution for
measurement of isometric tension of the vascu-

lar smooth muscle

A. HEPES-buffered Tyrode’s solution (mM)
NaCl 158
KCl
CaCl,
MgCl,
HEPES
Glucose
pH

LS I S N

4

B. High K*, CO,/HCO;~ buffered Tyrode’s solu-
tion aerated with 4% CO,+96% O, (or 10%
CO,+90% O,) (mM)

NaCl 118.5(95)
Kal 30

CaCl, 1
MgCl, 1
NaHCO, 13.5(37)
Glucose 6

pH 7.4

FA ZeolE AAsIge, 4dErIe & T
2A EE 844 35CE KA st o 3
o &4t 715 A &| (F-60, Narco Biosys-
tem) 2} ¥]x] ¢ 28tz (MK-IV, Narco Biosystem) &
o] &5kl ch (Fig. 1).

HEPES-2}3 Tyrode &9l 2] 383 z4]-& Table
1A9} 7k, 3 K*+-Tyrode 98¢] =A4]-2 HEPES-
93 Tyrode $43} §15ks] tialx & KalS &
(mole) 4 whg NaClg wiulo} A-Fqhe] W37t ¢l
5% stglev pH Wishe 0.1 N NaOHE A A3}
77k 6.8, 7.4 3 8.00] HA Ak, AZW pHE
WskA 717 Slstel s CO,/HCO,-8k% Tyrode &
o} (Table 1B) 2] Pcoy 5 F7HIA AW Fdol&
1w B =514 7 o} (Aicken, 1984; Thomas, 1984)

Aol LR BH £2FAL 83} 2o,

Arterenol hydrochloride (Sigma)

5-hydroxytryptamine creatinine sulfate (Sigma)

Angiotensin II (Sigma)

Histamine hydrochloride (Sigma)

) L FLo| 2 AL HH 5ol w|XE JF—

Force
n} Transduce,

Ooxygen

Constant
Temp. <
Circulator

L Pen L

Recorder -

Fig. 1. Experimental set-up for measurement of the
isometric tension of the vascular strip.

A dMH A

Faol & Wyt AT HFT T30 7|
A= oddS AAsax pHES 74 I 809
HEPES-$}% Tyrode &4 7 4227 (nor-
epinephrine, histamine, serotonin, angiotensin II %
3 KN Frustel we) 420 WsE BAen
olF $#-uks FAoz JeitH(Fig 2,3, 4,
5,6),

7t £5E4 Y T2 BE FESF
oA ¥ vle} Zro] EAE 7ol pH w3l
459 Z7t 9 oA Axell Apolz} 37 §hA]
E2 07 pHry}l 2713 o} (74004 8.020.2) &
& Zrlslg o] pHIF 7F4 8 off (74004 6.82)
%42 A=}, Norepinephrine2: pH # 3toj]
£ 4349 Wl A Ho] 438 AR
AA%E, ANEEE ol 5 9 o F Fu
ol A2 43o] pH H 3ol freldt Abolgie] pH
Shol| ulet 0] T} B Hadte FE 2A
tl (Fig. 2), Histamine®} 1 K*o] 74§ pH &l 3lej
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—1

1y10% Lyl

1y 107 Lx o
Norepinephrine ( M )

Fig. 2. Dose-response relation of contraction induced by
norepinephrine at different pH in the renal
artery of a rabbit.

Ordinate scale represents the responses as a
percentage of the maximum response obtained
in dose-response at pH 7.4. Each point is mean
value from 5 strips. Vertical lines show s.e. mean.
The curves were shifted to the right by lowering
the pH.

o8l FolslAl w3lel g} (Fig. 3, 6), Serotonin
3} Angiotensin I+
Ktze whe] pH ¥idlel] ol dAd & 2y
r} (Fig. 4,5), Angiotensin 117} 4355 oo |
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EDy o 42 A)2sH 32355} 1008) o] 4t ¥
obalo 2 pH Wstel 7434 5218 B3-S LTk,

A|Z.9) pH 987} AL A7 Car ol Felo] o
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EGTA7} AH7}t5 Ca?*-free Tyrode &8¢ pHE ¥
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% Maximal contraction

Ixl0® 1x10°8 1x 104
Histamine ( M )

1x 107

Fig. 3. Dose-response relation of contraction induced by
histamine at different pH in the renal artery of a
rabbit.

Ordinate scale represents the responses as a
percentage of the maximum response obtained
in dose-response at pH 7.4. Each point is mean
value from 5 strips. Vertical lines show s.e. mean.
The curves were shifted to the right by lowering
the pH. :
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% Maximal contraction

A " L

Ex 108 1x 10 1y Ixit o 1x10f 1y

Serotonin ( M )

Fig. 4. Dose-response relation of contraction induced by
serotonin at different pH in the renal artery of a
rabbit.

Ordinate scale represents the responses as a
percentage of the maximum response obtained
in dose-response at pH 7.4. Each point is mean
value from 5 strips. Vertical lines show s.e. mean.
The curves were greately shifted to the right by
lowering the pH.
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Angiotensin I ( M)

Fig. 5. Dose-response relation of contraction induced by
angiotensin II at different pH in the renal artery
of a rabbit.

Ordinate scale represents the responses as a
percentage of the maximum response obtained
in dose-response at pH 7.4. Each point is mean
value from 5 strips. Vertical lines show s.e. mean.
The curves were shifted to the right by lowering
the pH.

Tyrode §-a}o) 4] pH W ghel o|shod 3ol 2 43
& e WE $EQl IXI0ME ¥ 9
Ca?*-free Tyrode -Lo|A] oLl £5 & A2
W A Carre] fafel] &3t #32 27 7oA B
% vhobgrol NES| 74 pHob 248 ) (74904 6.
8% ) 7tAaslod 740410} £2=20] 34.1+4.1%, pHr}
Z718 d (7.40]4] 8.0 2) Zrlsle] 740 4
Z29] 104.1+2.0%0°] %) 2 serotonin®] -9 pH7} 7+
£% ] 16.7+5.5%, pH7} 718 wl) 135.848.2%
oj9ien histamines] Ro}AE pHrt 24T ol
0% (%o deiutA] &%), pH7F F718 i 168
6+19.5% 24 o|§ 77 459 T3] g2 A
4+ Tyrode(1 mM Ca’*)oj 4 pH W &lel] o} 43
o F7k vl vl

pH Zhazofl ojdte] AAlE] FFo] ALl

]

% Maximal contraction
= = = =
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Fig. 6.
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% Maximal contraction
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Fig. 7.
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K* (mM )

Dose-response relation of contraction induced by
potassium at different pH in the renal artery of
a rabbit.

Ordinate scale represents the responses as a
percentage of the maximum response obtained
in dose-response at pH 7.4. Each point is mean
value from 5 strips. Vertical lines show s.e. mean.
The eurves were shifted to the right by lowering
the pH.

{J: pus.8
WN: pit 7.4

NE Histamine Serotonin

(1 x 1076 M)

Effect of change in pH on the contraction in-
duced by norepinephrine (NE), histamine and
serotonin in Ca**-free Tyrode’s solution.

Ordinate scale represents the responses as a
percentage of the maximum response obtained
at pH 7.4. Each bar is mean value from 5 Strips.
Vertical lines show s.e. mean. The contractions
induced by norepinephrine (NE), histamine or
serotonin in Ca?*-free Tyrode’s solution were
reduced by decrease in pH and increased by
increase in pH.
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K+ : 30 mM
% : pH 7.4

[:]: pH 6.8
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Fig. 8. Effect of extracellular Ca?* concentration on
contraction induced by 30 mM K* at pH 6.8.
Ordinate scale represents the responses as a
percentage of the maximum response obtained
at pH 7.4. Each bar is mean value from 5 strips.
Vertical lines show s.e. mean. The contraction
decreased by lowering the pH (6.8) and was not
returned to the level of contraction at pH 7.4 by
elevation of extracellular Ca’* concentration.

Ca* Fx F7loll ofsted 4 pHol| XS] 43 +F
22 el 4 leAE WA 93k pH 6.
8, A4} Tyrode Lol 4] NE(1x10-°M) =+ 30
mM K* §llo2 £&5 9oz §F Cat*g 713}
DA 5o HEE Farsta pH 7404 53 v]
A3 (Fig. 8,9), NEo 2 438 oz 7L
pH 6.801 4 &} 43& pH 7404 8] 22 56.3+3.
1%0l 2 Ca?tS A7}38led Ca?t 57} 1mM, 3
mM % 9mMY o] 432 77 75.84£6.4%, 70.
5+7.1% % 52.7+4.8%=24% pH 6.8 4] &8
Ca**9] 712 pH T4l A8 +F 4+F 22 HEo}
7bA £, 2§ 30mM Kre 2 £55 2o
7340l pH 680148 4%-& pH T40) 4 9] 439
57.84+4.8%0°] 3 Ca?*-g A 7}3le] Ca?t 57} 3
mM>} 5mM2Z 2 o] 4328 77}t 68.2+4.9%,
61.7+4.6% 2% NE$} ulalrzlzl g Ca?*e] A rloj
osled pH 740l 28] 4% $F2 2 5Eop7br] &

Norepinephrine 1 x 1076 M

:pH7.4
—Ij D:pHG,B

% Maximal contraction

0.3 1.0
CaZ+ (mM)

Fig. 9. Effect of extracellular Ca’* concentration on
contraction induced by norepinéphrine at pH 6.
8.

Ordinate scale represents the responses as a
percentage of the maximum response obtained
at pH 7.4. Each bar is mean value from 5 strips.
Vertical lines show s.e. mean. The contraction
decreased by lowering the pH (6.8) and was not

3.0 9.0

returned to the level of contraction at pH 7.4 by
elevation of extracellular Ca?* concentration.

3sich,

AL pHE 2&A717] 1% oz pHA o
A3 Aeiol4 CO,/HCO, 9% 81 Peo, % 5
A AL a0l ¥ FIAHES B3
30mM K*o] 23t¥l 100% O, HEPES-$}3gof
22 42470 ¥ 30mM K+o] L3 4% CO,+
96% O,, CO,/HCO, -2} & & o8 3} 10% CO,+
90% O,, CO/HCO,"-$3 &4 2% wlH ol 5w
Peo, Z7}oll 3 4%0] Z7}otglon of AeelA
t}4] 30mM K*o] Z3t®l 1009 O,, HEPES-$13
Feo2 upo] Fel 45o] FAF BrHY}
147kl A A48 225151} (Fig. 10),

2 %
HP2A Frole¥E WSy AU
Car*e) Faolut AL A4 Catve] $2l, $50

— 166 —



—3AAF 9 3 &

4% CO2 10% COz

| |

1S <t 30aM - K* <= HCO3~~ buffered
N Tyrode's 30mM K*- Tyrode’s
solution solution

~—}> 300M - K* Tyrode's solution

¥ WS WH 5] | E GG

]19
0

10min

——}> NTS

Fig. 10. Effect of change in Pco,, which change the intracellular H* concentration, on 30 mM K+-induced contraction

at constant extracelluar pH (pH 7.4).

Elevation of Pco, increased the contraction induced by 30 mM K*. NTS: Normal Tyrode’s solution

ol N Cat*sl %8, +5ELTo| Y 444
2] sensitivity, 4] £ 2+

% 7% 3
of $aoleErd ik 252 FoAAH 4
eFES FHE £HE FEAVE AoE U7

Z %k o} (Betz et al, 1973; Edvinsson & Sercombe,
1976; Griin et al, 1972; Mrwa et al, 1974k; Siskind et
al, 1989),

B Aol 8o FE3E oA +FEHE
(NE, histamine, serotonin, angiotensin II)-$ o] &
o] 7tE AlFY BEZE 5344 9 5% B4
off wet ztol = AA|ak F4o] R FEF AT

o), Batohieh SAghe LAIA (A2
o7t 2 K*-Tyrode £lol o} 8242
45 a0l L5 Aol ofzhe} 5
Ehileh. oleldt BAE Al o
£7} 3718 W AW Fa0 L5Eob Hae] 43
chil 29| Ca’ol &% 842 AAA7AY Az
Ca® A2 55 Ca’*o f2j7t AA o] 47
o2 4zo] gasE Aoz AL 4 9o, a9
b AES) ol £5E W3} AT FolE
5 Wsjel Ae J¥e FA ReoE vu
(Poole-Wilson & Langer, 1975)9} 2 o3¢ =3
100714 B wis} Zro] Peo, o] Frbefl o)sle] AlX

D

fo me
4>
Y
K
rlo

-

W a0l £E5} FAHE W 438 290 5
ek, webd ALY Lol Frol s 3
el 439 BaE Saolee] £3 25l
e 58209 sensitivity £+ 3ol 3 o]
A AZoollA] Axvizel Cat F3t AT A
& Ca**e] el E FAA SR JAIsA, Cat o
T 520 AF FEste] AZYolA Az HZE
Ca** +91-g AQAIst velE ez g,
A AL Tyrode 28 3l Ca?*-free Tyrode -2°§oi] A]
col&sEsl 2718 Wl 439 Past £237
2% o sl oo hzAl dehbe g4 4
ol ol Elo} 43EAo] HE +849 sensi-
tivity7} 7hsto] +3o] oAU LA AEeh,
Z, AA Tyrode £ o Ca**-free Tyrode -2-<Ho|
A NE % histamineol) ¢ % 4-34] & FEolAE
S0l s el 430 R AL el
o Aeldsole dFS ulAA Zegc ol
4e +22749 S5 52 Aol S84
sensitivity7} Z}A Sl 2 F£&2 EAL FEU} &7
Aol +3 oAl Babol ERA e el 4
% £ FE5b 22 ool +89 sensiivit
57} 43ol WA 4 3L 013 7] wl ol 4
AR, g-48AlE SaolEEE Wael U7
Al g atod Aol Bl A NEo) o3 422 4
col&sx WEel 5 FoIT FFE o
(Bygdeman & von Euler, 1962) 1.c}o]e] x|
A a-48% 57 F30] FaoltBE
A

dstel olF GFL W

o
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a8 Abole] AxAgel ARty B
(Edvinsson & Sercombe, 1976) = ¢ 9] A4 & 4k
Asle] ZFco}, dlwlo] serotonini} angiotensin 113
NE, histamined}= @2 Ht4% Froix A%
o 4aol&FE Wil T L VYT Ser
otonin® Y FF=ol A4 5% Bk ohife
Gzol] FE3e AR LRl = Z&ate] 2HgH
H4E Fo)o] S30] Bofshe Aoz YoiA Qe
| (Humphrey, 1978), angiotensin II+ &3 5 &
Z 454 AT F4o| & FEF FHLAIFIH ofF
3 HAL angiotensin 119] ¥ ZFrlol u]z)she]
v}hebyd o} (Berk et al, 1937; Hatori et al, 1987), =}
2}A] serotonin¥} angiotensin I1o}] 2] 3} 4=Z0f 4] Al
2] 4402 5E] WBE S 8A9 sensitivityE
W 3ha)g gatoh]a}, Al Udtol MY AEA #
] (serotonin) 3 A ¥} pH w3} (angiotensin II)
59 B¢l A48 B3l YeollAeh 2L Hadol
vehte Aoz &5 ol o] Ao &
A2 Azt

2EE Ko-gole] o8 +5& AL B
Ao 2y Al o]&A] 74 E =2 (potential operated-
calcium chancel) & %3] A 29 Ca?*g o]&3}e
4%< 9o 7t} (Kuriyama et al, 1977; Yamashita
et al, 1977), ¥ 5 Kt-Zollof] ofg 452 F4
o] 2F =] wislol] g o} FaolFEst 7
43kH £28 A2 Ko 4X 55} oo
U 43 FEA T F4ol 25 Wl I
o) AYh, 0|2 @ AT ol 2o] Aol %
B¢ nlHozA +3% dASE Aoz A%
t}. KimS(1982)& &7 5204 FAlEa]
BT waol, HUrlelFAE ART Bl 3
Lol ol AZet Selel 24 AeHE Fa0lLo
Z3A71E 8ol /12T Aoz wussich
3} Abergs (1967)-2 guinea pig®] 2 Aol A 4
oj&o] Al Zu} Ag}E ZA4AA AxT} 75F <
FA7 b sty en, Lofgvistet Nilsson
(1981) &= E79] AAroll A FiolF=rt F7t
T o 2 Kt-§odol] o3t +50] A" A3}
I ol griolfol o3l uhAgle] Frhdhe
Ca? §9)¢) 7ol 7lalstelebe 2 gle,

£ AgolA HAR4EF FE (100mM K)ol 4 2]

i e o

2 32

R

)

538 4aol e Wil e AA B v}
ol ool 3ol HAe] FABAL K*
b ol 8 A% Kool 93 gk 24 59}
7 27) W Fol ool Lol FAt F7k Ago] 2
Jog m AR Fote] £l Yol AL Aoz
AART, et A $5%E olaeld 4%
& faolesE Wael e Jepledl ol
Kvol 9% 2ol 2aEaot o] Faol ol
% gk WA 3ol Fae wA 4 3]

WEoleh AzAe, B S0l LFE o] 9
3 45 dorlt AAFEs GolAn Saol L
S5 Zrlol 8 24 £50] Az e Carr
FEE ZAAE ST Gt AL Fhol e
o Ca* $2o] Cas} AAR 02 Ag3r] urh
£ b $7HAA Catt $29 9UE 1A
o2 gAlsed $3& Badzlel A,

Z =

S0l % WErl 7lE Al LY =
o v]X& FgH 2 7|AE TR st 7t
E Al 59 A4 3 (helical strips)-3 HEPES-81 &
Tyrode &9 =% CO,/HCO, -2% Tyrode £}
oll ] §-oo] pH Y Pco, & W37 of2j7ka]
% 242 £3% Yo 2 22 AEL 4%
o},

1) Norepinephrine, histamine, serotonin, an-
giotensin 11 % 31-K* follo]l &g +F2 |29
4k0] LEE Folol 2lste] ARHYLH Faol
23w ghad o3t Foset 2 HEv ¥4
£ F5FAo| ute} =3

4

ol &5l Wil GE 439 dHL 4

olgiem NEo o5 45041 744 Hkeh,

3) Norepinephrine, histamine % -K* § 8 of
g8 22 Jd £EFEolME FLoleEE
Blol] &) 5}ed o Bko] = ¢ 2.1} serotonin} angioten-
sin 1ol 9|5 %32 3ol ek,

4) Ca?*-free Tyrode -& o} of] 4] norepinephrine,

histamine % serotoninol] o]t %L 40| 2 FE
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Fotel oJ#f AL
Sol 2AsIs 246 ALE 24 Tyrode &
Z

AN Fael 2Ry F3ol HE 59 T3
LIESEiS A=
5) AlZ9| 2] pH Zhaol ofsh 74d $5& Al

Z9Us) o $EF SIAAAS A4 pH(T4)2
4% 4F02 5854 2odh

6) 30 mM K* §elo] &)@ #5& Peo, F7}ol
o5} Zohel e,

ol 4ol A wop ALY FholL FEF
He 9B BYTol TATNE $EAT 53 22
Soll g sensitivity & k)7 SHAgke 2T
A7) oz AL Catvs) §¢ % AZU Catel
TANZY 215 JAsNe] $3 FEATE 2
o2 Aedo
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