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Effects of Histamine Pretreatment on the subsequent Noradrenaline
-induced Contraction and K*-Contracture in Rabbit Renal Artery

Sung Woo Lee, Se Hoon Kim, Seok Jong Chang and Hae Kun Park

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

The contraction of renal arterial strip by norepinephrine (NE) or 40 mM K* were significantly
attenuated after histamine (10~° M)-induced contraction. The mechanisms of this phenomenon were
investigated in the helical strips of isolated renal artery with the measurement of isometric tension. The
arterial strip was immersed in the tris-buffered Tyrode’s solution which was equilibrated with 1009 O,
at 35°C.

The contraction was induced by NE or 40 mM K* during the recovery from the histamine-induced
contraction which lasted for 15 minutes.

The contraction by NE was also attenuated in the Ca?*-free Tyrode’s solution and the increase of
contraction by addition of 2 mM Ca?* was attenuated as well. This attenuation phenomenon was not
observed in the presence of low concentration (3 X 10-7 M) of histamine.

This attenuation was not affected by destruction of endothelium, pretreatment with papaverine or
propranolol. This attenuation was partially inhibited by pretreatment of ouabain or in low K+ (0.5 mM)
Tyrode’s solution. But the attenuation in the Ca?*-free Tyrode’s solution was not inhibited. Further-
more this attenuation was completely blocked by pretreatment of diphenhydramine (H;-receptor
blocker) and potentiated by pretreatment of cimetidine (H,-receptor blocker). This attenuation
phenomenon was disappeared after recovery of 1 hour.

From the above results, it is suggested that the attenuation phenomenon may be resulted partially
from the activation of Na*-K* exchange pump and partially from the depletion of intracellular Ca®*
pool after the histamine-induced contraction mediated through H;-rceptor function.

Key Words: Renal artery, Histamine, Na*-K* exchange pump, Ouabain
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7t ot b 2-& 1} e} i o} (Broadly, 1975; Black et al,
1972, 1975; Dale & Laidlow, 1910; Owen & Parsons,
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£ 3L £ o4 498 Ay, K3
] yrode g-9}¢] Na*$% 36mM &
3] —‘_é,-_’—oti 40 mMZE. u}& K*+-Tyrode &
0“-;_2; ]—%*3]-95{ D:] Ca?*+-free Tyrode &2 7]-3“—
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1X10°M

10inin

}—— Normal Tyrode’s solution

Histamine
1X10°M

I

Normal Tyrode's

solution

—— 40mM
K '-Tyrode's
solution

|- 40mM  ~}-
K'-Tyrode's
solution
Fig. 1. A, B. Attenuation of contractions induced by NE
(A) and 40mM K* (B) after histamine-induced
contraction in a renal artery.
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tamine.2.2 4% A]7]7] Aol ¥l 5}e] VA3 3]
%At (Fig. 1), Fig. loflA] B wlel Zre] 10°M
norepincphrines] $jako] +%o] AR AL
0] 5} 3 histamine 105 M3 4% 9
Tyrode £o8o 2 5% w=ic}h 33 A
pinephrine 10-¢ M- ©}A] o043 A3 & —g—-
#-2]5HA] ok3tE] ol =] o] & histamine® Z. < 5‘1—/‘
717] B 459 54+4%0] Aekalsich (Fig. 11),
213 +F5HS o A H AL A7k A el wet 1
A3 3|55 o] 147} Fol & histamine 2 34
7171 ol og A 5% (Fig. 2), =& 45
uh-g-o] okt AL 40mM K*oll o3 FHeA=
Velstow At mdle -r—f"rt’}—-J e
% histamine® 8 43 A]7]7] Aol H|dld o] $- =
9t} (Fig. 1-B),

Histamineol] ¢]3F 43 ok3}zl20] 3| H7] Fof
& 9= histamme«] 2ol 2]t AR S uj
AE7] fstd %S dod)|A] gv A v
histamine (3X10-7M)-& 3 x5} norepineph-
rined §o{5}gdc}., A3} norepinephrined) 23} 4
%2 histamine A A x]ol] 2Jsle] &8 A} F7t
st ok (Fig. 3).
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Fig. 2. Time-dependency of attenuation of contraction induced by NE after histamine-induced contraction.
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1X10°M  3X WM _NE 1X10°M.

AT

N
|-~ Normal Tyrode’s solution 10 Nin

Fig. 3. Effect of pretreatment with histamine on the
contraction by NE. The pretreatment with low
concentration of histamine (3X10-"M) slightly
potentiated the contraction by norepinephrine.
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0
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}—— Norma! Tyrode"s solution
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e
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}— Nurinal Tysode’ s solution
Ni Papaverine - Histamine NE
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i TRERE
[

Fig. 4. Effects of endothelial rubbing (A), pretreatment
with propranolol (B) and papaverine (C) on the
attenuation of contraction induced by NE after

f— Nonnal Tyrode’s solution

histamine-induced contraction. The endothelial
rubbing, pretreatment with propranolol, or
papaverine did not affect the attenuation of
contraction.
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NE NE
1X10°M 1X10°M
QOuabain
1X10°M

A | " l {

}— Normal Tyrode’s solution

NE Histamine
1X105M 1X10°M

Ouabain NE
1X10°M

1X10°M

j— Normal Tyrode’s  solution

Fig. 5. A. Effect of ouabain on the contraction by NE
B. Effect of ouabain on the attenuation of con-
traction induced by NE after histamine-

induced contration.
Ouabain did not affect the contraction by NE
but partially blocked the attenuation of
contraction induced by NE after histamine-

induced contration.

cholinee 2 &3 WA 29 sl o5 5al3]
otol| Al 9] A% ulE-gt 23} histamineo] 2|3k
Z ofstat g2 W WAl 2 shafo] JIx] ¢
olc} (Fig. 4-A), =& 3 oAA|Ql papaverine
(Fig. 4-C), B-4&#| 3|4l propranolol (Fig. 4
B)S] AR F o 4] FUL AL V2 A

+ B

papaverine?} propranolol& histamine®| 42 <k3}
ol o e 77 wakek.
. Histamineol| &3 4% o3}z go] Nat-K+

ATPase 34 Z Na*-K* exchange pump &4l
93 Az oprrl HAsled A ATHS
ouabain 105 M. # # X5} 1 norepinephrine 10-°
ME <247 A7} ouabain *x A -F nore
pinephines]) 913 4ol W3k STt (Fig. 5
-A), 2]} histamine & 2 £227)53 AA 8

ouabaing A 2] %3} norepinephrine2 2 43
baing FA A3 norepinephrine. 2. %4
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Quabain
1X 10°M

1y

10min~ 0
f———

|- 40mM  —— Normal ——  40mM

K*-Tyrode’s  Tyrode's K*-Tyrode's
solution solution solution
+Quabain 1X10°M
Histanine QOuabiain
X H0*M xR

B ol

— 40mM ~|— Normal Tyrode’s solution —— 40mM
K'-Tyrode's K*-Tyrode's

solution solution

4 Ouabain 1 X 10°M

Fig. 6. A. Effect of ouabain on the contaction by 40
mM K+
B. Effect of ouabain on the attenuation of con-
traction induced by 40mM K* after
histamine-induced contraction.
Ouabain did not affect the contraction by 40
mM K+, but blocked the attenuation of
contraction induced by 40mM K* after
histamine-induced contraction.

71 73} histamine® T FZA]7|7|H $=2] 84+
5924 ousbaing AA A5} e Aol u]3lo]
FrostA e 7159l (Fig. 5-B, 11),
ouabain®] o] H-&-& 40mM K*ol 3k 4o
A% =939 b (Fig. 6)., Na*t-K* exchange
pumpd AAA)7]7] 43 ohE v oz oy K+
5 & 0.5 mME Yo] Bt} wx K+ 0.5 mM
3} 4mM9] 537 NEo| 813 4Zo & o]
x| A 235 3913 (Fig. 7-A) % histamine© 2 4
ZA7)|2 AAF o2 0.5mM K+-Tyrode £-oHo
2 3] E-X7)3 norepinephrine 10 ME F=4]7]
A%} 452 histamine 2.2 §34]7]7] Ao u]5}eq
90£4%2 A4 Tyrode o Woll A 5184171 74$
of] v]ale] f-)5HA F7b= it (Fig. 7-B, 11),
Histamineol| ]38} 43 oF3} 2H-8-4] £330 Y
GE AT - G Carrol ofYr] FF VEAE
oolw 7] 9|3lo] Ca?t-free Tyrode 8ol 4] nore-

=%

Histamineol] 2] g}

4% 43 11—

NE NE
1X 10°M 1X 10°M
A { l
N
0
10imin
}— Normal  —}— 0.5mM ~~ Normatl Tyrode's solulion
Tyrode's  K*-Tyrode's
solution solution
NE Histamine NEr
B 1X10°M  1X10°M 1X10°M

l’ I I T

j—~ Normal Tyrode’s solution
solution

Fig. 7. A. Effect of 0.5 mM K*-Tyrode’s solution on
the contraction by NE.

B. Effect of recovery in 0.5 mM K*-Tyrode’s

solution on the attenuation of contraction
induced by NE after histamine-induced
contracton.
The low K* did not affect the contraction by
NE but partially blocked the attenuation of
contraction induced by NE after histamine-
induced contraction.

pinephine 10-* Mg Fojsle] =2 375 9]
3 Lol Ca* 2 mME H7}ste] +Fo] F-71
Ao Zy}5l8 31913l ¥ histamine . & FFA]7|
2 A A Tyrode £ole 2 A& & Ca’-free
Tyrode gNoj 4] norepinephrine 10-¢ M-8 Fof 3}
o3 histamine® 2 43 4]7]7] A& 4%} v 135}
t}, Z 3} histamine® 8 & 1X}7] Z-$ norepine-
phrineo]] ¢] & 452 27]¢ ozt Ca®* 2mM
7holl & & +FF7HEE 24519 (Fig. 8),
Ca?*-free Tyrode £-o8ojlA] ouabaing 2 x] x| %}
o] ouabaine] histamine®] 4&<k3talLof mz]+=
oJ &g Byt & Ca?t-free Tyrode £ Yo
4] ¢} norepinephrined] 2} & & ) Ca’* 2mM &
ofol 1% 423 7HE ouabain 10-M AR A 9
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Histamine :O_]-o:‘ O %0 LZ] Olgkt'}' (Flg 9- A) 1311/}- his-

Ca?' 2mM 1X10°M N . 1 . .
N px oy S BN . tamine©. & 43 A]7|1 ouabaine 2 AXx 3 o}
e , I J . < norepinephrinec]] 23} Ca?*-free Tyrode £
10min Oﬂ /(-]_9‘ Zﬁ%% Ouabain ;ﬂﬂi] Oﬂ ,9]3“ %7}5’] Z] ?%‘
—

, stevh galife] Cat* 2mM Sojol 93 4557
£ ouabain A A |0l ¢]5}ed histamine 2 & 4-ZA4]

LCa'. free-i— Normal Tyvode™s solution —= Ca?'- free—~H  Noru ]
Tyrode's ‘Fyrode's Tyvode’s ?] 7] X“_I Ca?t 2mM 03} oﬂ ’] 3}' 7}9—]— H]—}:-o]—}“

solution solulion solution = = .

+0.1mM_EGTA +0.mM EGTA Z7}sl9i o) (Fig. 9-B),
i i o] 3} 42 ok3lzl 4. i ine <
Fig. 8. Attenuation of conrraction induced by NE and Histamineol] 2|3} <=3 <}3}z}-4-0] histamine 4~
subsequent addition of 2 mM Ca?* in Ca?*-free LA 7157 ofwd Aol YA E Lolr ] 3}
Tyrode’s solution. Contraction by NE and by o cimetidine % diphenhydramine$- Z}zt 2 3 =] 3

1tl 2+ 2+ _

subsequent addition of Ca?* in Ca’*-free %o histamine . 2 4-Z2]7} 1. A|A 8 & norepine-

Tyrode’s solution were also attenuated after o
histamine-induced contraction. phrine 10-¢ Moj1} 40mM K*& Fostgict (Fig.

A o 24 4 NE
NE Ca?' 2mM IX10'M  Ca*' 2mM

1X 10°M
\‘ j ! Ouabam\’ ' !

1X10°M _J 19

|

}~Ca2*- free~} Normal —f Ca?* free 'l‘yrodc"s solution
Tyrode's +0.1mM EGTA

0
10min

Tyrode's solution

+0.1mM EGTA solution 4+ Quabain 1X10°°M
B . NE
NE Ca?' 2mM  Iistamine (X 10-M
1X10°M l 1X10°M I Ca?' 2mM

Ca?" free~ Normal Tyrode's solution —f— Ca?*-free —{- Normal Tyrode's
Tyrode's solution Tyrode’s solution  sofution

+0.1mM EGTA +0.1mM EGTA
+ Quabain 1X10°M

Fig. 9. A. Effect of pretreatment of ouabain on the contraction by NE and by subsequent addition of Ca®* in
Ca?*-free Tyrode’s solution. The pretreatment of ouabain did not affect the contraction of NE in Ca?*-free
Tyrode’s solution.

B. Effect of pretreatment of ouabain on the attenuation of contraction induced by NE and by subsequent
addition of Ca®* in the Ca?*-free Tyrode’s solution after histamine-induced contraction. Attenuation of
contraction induced by NE in Ca?*-free Tyrode’s solution was not blocked but attenuation of contraction
induced by subsequent addition of Ca?* was blocked by ouabain.
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NE Cimetidine  IHistamine NE Diphenbydramine

IX10M  1X10°M . 1X10°M 1X10°M NE 5 listami NE
I/ 1X10°M 1 X 10°M Histamine 1X 105M

[/ 1X10°M l | .
T BN ],

B
10min
L. |

|= Normal'fyrode’s solution

}— Normal Tyrode’s solution

Diphenhydramine  Histamine
1X105M 1X10°M |

—ae

J— 40mM -4~ Normal Tyrode's solution —{—— 40mM

K'-Tyrode's  solution K*-Tyrodes  solution

Fig. 10. Effect of pretreatment of cimetidine (A) and diphenhydramine (B, C) on the attenuation of contraction induced
by NE after histamine-induced contraction. Cimetidine did not block the attenuation of contraction but
potentiated it (A). Diphenhydramine abolished completely the attenuation of contraction induced by NE (B)
and 40mM K* (C).

el ™

90 ’_L
g % -
“2 70 Fig. 11. Comparison of attenuation of
S contractions induced by NE with or without
‘: 0 some pretreatments after histamine-induced
'§ 5 -Tj contraction.
g N (C): Norepinephrine (Control})
S g HN: Histamine + Norepinephrine
%" HCN: Histamine + Cimetidine + Norepine-
3 30 phrine
* 2 HDN: Histamine + Diphenhydramine + Nore

pinephrine
1o HON: Histamine + Ouabain + Norepinephrine
HKN: Histamine+0.5 mM K+ + Norepine-
0= phrine
N©) HN 1ICN 1IDN HON HKN  Each value is mean+S.E..
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10), Fig. 1004 B w}9} #ro] cimetidine-g 7] 3] ] 4 A% 7} cimetidine A 2 X)8)}x] ¢ A
#|5}3L histamine© & 4=Z4]7] 7% histamine® 8  $ ¥} o] 224 eyt o (Fig. 10, 11) diphenhy-
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9Jo] 4] norepinephrine 10-¢ M & 40 mM K+*of] 2]
B 435 ostarge A3 4459 (Fig. 10,
11),

i &

o~

Histamineo] 9|3 ¥ H 8] % 4394
£ utAgke] wWslglo] 445 B3t £5& 7
3} E4<9] norepinephrine (Mekata & Niu 1972;
Mekata, 1974)0ll &3t 4% (FE-7|AAAZ)Eqt
ohve} 4825 53kx] g At AESE F
sto] $5%& A7 E(@I-71AHAA) 40 mM
K* (Casteels et al, 1977)0)] &g =A% JElG
o}, ulg}4] histamineo & F&& do7l F AlsY
B a3z 50| ksl AL FEAEY S
Aol ZasEd 79ld Aol oldet &4
A7 wE A7 -7 A AR NG FFl A TF
& 3ol olstol 43 obsiRg g bl 3
o= A7 4 3ok,

2 Q3704 histamined] 4% oF5tahgo] 33|
Zol &3 9t histamines] 9T AUAE WA
371 S5t 7| 2AEE WA 71IA e P '
histamine ¥ % (3X 107 M)oll4] norepinephrine-&
Soigt A3 +34-3-2 257 Z7hsgleh. Bevan
5(1975)2 E719] HAFHAA 7|2 o] W3}
) gt 9] hisamineo] 223 wl 7213,
norepinephrine & serotoningol] g 4EHuk-E2
73tsichn ¥ w3t o] & histamineo] o] & &
ASo A FP2Y HEAE TV AEol
2} s1gich, & dFolA & Bevan$ (1975)9) ®.3ot
QA 5he AE Q9w v} histamineo 2 4347
£ Uehie 45 ekl 31%7] S AT
histamineo] 9] 2&o] obdE & 4 2ih BB
W] 5] 4| 9] 7] 5 (Furchgott & Zawadzki, 1980) ©] his-
tamince] 4% okhrgo] HolsHENE FE|
sl @R WIALE H3IF F histamines] 4
% ob53e 8 AEHR A3 2B AL 3}
33 histamines] % obshaigol 3B FA 9
Sich, weba) W B Bzo) 4 histamines] 43 oF
3zt 8oj = endothelial relaxing factor7} %o = o
QA &g ouldeh, =d@ g-F&A A=A

—_—

propranolole]] €] 8] 4] = histamineol] 2§l 42 <}3}
Z-g-e 33k whx ¥gkom o|& histamined] 4
Z f3tatgol & f-4-EA 9] 75ol Fedsta §UA
oS o 4 itk A FHAACAL dHA
QA ot ATzl Cat FY& AAIHAY
AER S Cat*3h 457 7519] 438 ohste] 4
2 AdAslE oE =2 o4z papaverine (Broe-
kaert & Godfraind, 1978; Ferrari, 1974)-2 & AX
% AWM E histamines] €I 4% obs}age
33e WA hokeh, Z histamineo] )& 43 oksh
44.¢ histamineo] 9 4% B4 § - FohE
23 ez 49,

Na+-K+ exchange pump & #| A| Q] ouabainz} K*
£ 7}4A]7) -tris-243 Tyrode §-o (Harder, 1980;
Karaki et al, 1978; Broekaert & Godfraind, 1978)-&
0]-2-5}e] histamined] 43 <f3}z}Lo] Nat-K+
exchange pump7} FAHEAE BAY A
ouabaing Az AL Kto] 4& uis-9 &
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o}h#go] Na*-K* exchange pumpe| ¥4 3
o] 9152 AlA eI}, Histamineo] g 43 oF
82} §o] Na*-K* exchange pumpe] R4 %
o] Gk AL 4% 532 s|4do] “Potassium
-relaxation” 7| A 3} FAHHS &4t} F potassium
relaxationo] gk A ZojAe] K+ FEF HE AF
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Na* 57} golx&dl olw AlZ9jle] K T&
% W02 ZAA7] A Z o] $41 Navel ¢
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Tyrode &} o g HlojFw] 715l A2 Natel ¢
8}4] Na*-K* exchange pump2] &4do] ZFrixo
2 WP AT FEFo] AL ol |7

e
& e

o
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FHAY BE2 Qo] 43 okshargo] ek 2
oz g7,
G BIJZE F350] oM AZug Ca? F
e pmAl ase ool FEFUezE 24
5% T AT Catt AR A FHHE
Car*3h Al Zatolelo] oA AT AL 2HY
A Z 9] Ca2*o| 9]t} (Prosser, 1974; Kuriyama et al,
1977), dHbH o2 £ 8AE 53 +5¢ Yo
v EAEL Az Ca*t $ab ofdet AES
Cor = 4ol FUo 4841 F 5344 a2
hg M A £528 doye A2 AE9
Ca* £ ¢ Foho] +32 Yol Aoz YeiA
9]t} (Yamashita et al, 1977),

£ Aol AlE H o] histamineo] 2f3)
428 907 Fo| norepinephrines] 9% +%A]
AZAAN S Caol 3t +38 ohiz)
AZell A 5 Cattoll g +F= oiF Fhi
5]9l.om ouabain AX Aol ajA AL F
AHE Cartel % $E3FEL A4 BrdAz
ol il ot AlZejollA FlEE Ca’ofl o3
F-&5-E2 943 3] 55} (Fig. 9). Ouabainol]
Sjal A 4%o] A5 2} 23 g ¥aol
EAaE AL histamines] 3 4% oFshzgol
Na*-K* exchange pumps] 43ol o8 343
9ol et 71"e] £ Y& dAlgt.

w}ebA] histamine &4 XA S o] &3} 4
o3t 71AE o] F7egle Hi-&A AhA

2

o ofN
o e
Mo

o 2 Hy

diphenhydramineo & A 23 454 HE
43 okgago] 9aE L4siglen H,-48
2}EbA| 9] cimetidine & %] 2] 3 histamineo)| x=2A] 7]
ALY FEZE £F 3ol o 2A By,
o2l Az histamineo] % H A E o] E2)3}
H4+84% S50 43 ohs28e Uehie
A AR}, HistamineS ol 4] A3 wheh o]
8408 B3l W AP £33} 54 A
28 S AT AE Carr g 72AI7
(Deth & van Breemen, 1974), wlg}x] H,-4+&
A% Ao Ho+8AE £8 Az Na'
Sool Auksled Az AE Carrsl P4 A4
of dAlso] 4% chshagol ehin Bor

H,-4 848 A0A719 H-484% 59 his

—Z
i
Q.

o T oo e

tamine 2}-&-o] Al A o 2 7135w Az Ca?t9
F25 A A7le Hy-4849 24 (Casteels &
Suzuki, 1980) = X}tglo 2 <l3le] HHFol 43
kgl 2-go] o] AAA oz g},

ol A AME-F B histamine® ® 4Z%& Yo
7 AEY FEZ A Jehte 5 oatg-2 3
A, H-58A€ Folo] AZHZS Na* §<lo]
Z7}5)o] Nat-K+ ATPase®] &4jo] 2755 wte}
A 2t ske] S Seo] 2dld o R g A2 Cat
o f<l At 4% oebatgoz vehie £
L, H 4838 E3lo] AZuo] A5 Ca**g
ZHEAAA kIl Ao 2 Ala T

4 =

Histamine® 2 43§ do7|1 AA5 3]87]
9 A% 7tE A59 A A (helical strip)ol] 4
norepinephrine %+ 40 mM Ktol] 93} 4~Zul-$-0]
histamine© 2 42§ 94 .2.7]7] Aoj u]ste] & A3
oFstE| = dAto] el e 7S Wl axt s34
F5% o[ &3 AY L 53 o AL AAE
A

1) Histamineo] ¢]3F 4= 3. norepinephrinedy]
gk 4= ukgo 7+4 L Ca’t-free Tyrode -§lof
HE ebgor] 2mM Cat rtel 9% 5% F
HEE =3 AAEE XA

2) &5 doy|r ¥ Hdlel histamine (3 X
10" M) A x| & norepinephrined %38 7%
norepinephrinec]] 2]3} 4%-2 histamine # ] X]o]
sied 39 2 ZohshRh

3) Histamineo] S1% 43 oFSh8-2 Q3 W)
PECEERPERET TSP

4) Histamineo]] &%} 4= <k3}2}-22. papaverine
& propranolol A& X|of o]sle] kAl 3k
ct.

5) Ouabain A 2 x| & histamineol] 9]3} 43 <F
Bhatg-2 A= ol

6) #] K* (0.5 mM) Tyrode g9} © 2 histamine2]
T35 oF3hat&-2 oA =gl

7) Ca?*-free Tyrode £-°Hoj|A] ouabain = | x]off
o3te] 4% ofshat g A EHZA ¢gkort 2mM
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ol gy el k8] 7|

Ca** H7toll o3 7
o} A = A e,

8) Diphenhydramine % ] X]of| ¢]&}o] histamine
of 5 o4shage A3 L4 en] cime-
tidines] < a4 o1 25}=l 9l ek,

9) Histamineol] 2] 8l «+& o}3}a} 8- 117} o] A
o] 8 %ol o)3}ol 243

o|Ae] A2 Mo} 7}E AlF™He] histamineo]

Syol] Bk oksharge

S L

S8 5 F AR e £ ohd e

histamineo)] 2]3} 4Z7] Zo} H,-42|9] 7|5l
o] & Az Cate] _,17101] 7Qlale w3 42 %
3] 87159} Na*-K* exchange pump 49 Z7}
o XHA o 7 7|9lsle HAog AlgE),
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