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Different Mechanisms for the Activation of Vascular Smooth Muscle
by Norepinephrine and Depolarization

Yong Woo Hong*, Kwang Wook Ko* and Ki Whan Kim

Department of Physiology and* Pediatrics, College of Medicine, Seoul National University

The activation mechanism of the sustained contractions induced by norepinephrine and K-
depolarization was studied in renal vascular muscle. Helical strips of arterial muscle were prepared from
rabbit renal arteries. All experiments were performed in Tris-buffered Tyrode solution which was
aerated with 100% O, and kept at 35°C.

Renal arterial muscles developed a contracture rapidly when exposed to a 40 mM K-Tyrode solution.
In the absence of external Ca?*, however, no K-contracture appeared. The contracture induced by
K-depolarization was abolished by the treatment with Ca?* -antagonist (verapamil) or lanthanum (La®*).
From these results, it is obvious that K-contracture of renal arterial strip required Ca®* in the medium
and this contracture was developed by the increased Ca?*-influx due to K-depolarization.

Noradrenaline (5 mg/1) induced also a similar sustained contraction rapidly in all strips. Even on the
K-contracture and in Ca®*-free Tyrode solution and also in the Tyrode solution pretreated with
verapamil or La®*, noradrenaline produced a contraction. However, the contraction in Ca?*-free
Tyrode solution was not sustained and decreased gradually. The amplitude of noradrenaline-induced
contracture was dependent on external Ca?*; The contracture increased dose-dependently, but over 3
mM Ca?*, decreased.

The results of this experiment suggest that K-contracture was developed by an increased Ca?*-
influx due to membrane depolarization, while noradrenaline-induced contracture was developed by

both transmembrane Ca?*-influx and the mobilizaiton of cellular Ca?*

Key Words: Rabbit renal helical strip, Norepinephrine, K-contracture, Verapamil, Lanthanum
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T2 2Aa THolA AlZute] LA FE AE FEE 453 A T HAEAe
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o) A4E AT Cat Bxo] A FHeA 4
3% 4 YAT ABTE A GPe BT 9w
H ol A= AZ5t Ca* g glofH F4] 550 4
Ad J=2 A2y Ca** o2 g +50 23 A
< FEHET g Aol o2& T2-7]54]
SHoz Slae] ALHE BF Ca o5l 3
£ FE 2350 E HE2, 432 £oz 4
Aol & o33k8 wtA| =t} (Fleckenstein, 1977),

Rgee T2 % S9Ael Aoz Axato] So
T3lo 22
microvesicles (caveolae) 7} 95,\{—1’4] o] & F 9%z} Al
2o 24as 9d5ol Y 19%E 2T ol
4ol e ol 2 o B
A3t B gloml 2% Cat 43U E
Er} £Z0] 9lo] (Popescu, 1977) AL
ZAHE FE-43 ol A2 O 9o
Aol ¢AE Ha 9ok,

AN 30188 AFoE F2 AT
2ade] §28 Car smolm o
troponin-tropomyosin complexoll 7 g5} 430
A % 5] = (Ebashi, 1976; Endo; 1977) 3 o) 9}
oL o] Hojx o}zl AAo] itk Molluscan
muscle$ A}8-3F o1 Foj| 4= Caz*o] A& myosino]]
A3k o] 0|2l % ALL THEEeIE
o} B w53 9 x| vl (Bremel, 1974) ofof dici 3}
o] v}-E troponin-tropomyosin complex?] A A& t}
EAeks BToIAE BATolASt shaslA 2
Ca?*o] of7]ol| AE3le] 4Fo| Aty dho}
(Kuriyama, 1977),

FEDA S FA A7) & Cart FFYol s
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P oF ol St AL
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A FEo] THLA T 4EE oj2dy] AElE

Ak 5 AgollA 1A 7hsf wkA] 3 EAF ok, 2
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$A Z22471% 243 98| (Grass FT- 03) %
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Table 1. Composition of Tyrode solution for

preparation and experiment (mM/!)

A, Normal Tyrode for preparation(22°G) and
experiment (35°C) aerated with 100% O,

NaCl 158

KCl1 4.0

CaCl, 2.0

MgCl, 1.0

Tris 10

pH 7.30 — 7.35

B. K-Tyrode for experiment (35°C) aerated
with 100% O,

NaCl 122

KCl 40.0

CaCl, 2.0

MgCl, 1.0

Tris 10

pH 7.30 — 7.35
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AA 7|3 7] % 7] (DeviceA] ) of] A7 3o

2 544
%—( sometric contraction) 2% 7|5 4+ Y=
ZL
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=
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*‘J_%%ﬂ ol A A el A1z5 7] Aol 14]7E ©]
A 23] o] shEl Zolof| A F|EA|Z 2w o 20w}
o A2 Lo g ol 35S FAAF . &
B3 355 A7 5o A3 oshE Aol A H
g% & Gl & A 7 o] (optimal length) S &
3}od A A =} (Field stimulation, A. C., 60Hz, 3~4
V/em, of 2%ekeh 724) % ol 44 234
(phasic contraction curve)2- 22]HA gAH o=
2018 el ANAAE A 20 Ao

K-7} Z (K-contracture)-2-2 2 & A Al Tyrode ¢
o} Wlo] Na*g 36mM Fo]x 4l K*& ¥4 K*
& 40mMz uFE K-Tyrode £ (¥ 1-B)& o5
of g3l

Agel) A8 e 23t Bk

Norepinephrine HC1(Arterenol, Hoechst)
Verapamil (Isoptin, Knoll A.G.)
Phentolamine (Regitin, CIBA)

4 8 49
K* =5 & 40mM/12 &9l K-Tyrode &-oof A]
dojute HEAQ K-HZE 28 1o Boleh, A
A} Tyrodeoj| A K-Tyrode& v}¥-zputz} & 4-3o0] &

ol b4 & 2ol £ F okzk Bl Bolzchl of
A F74a) A HuAol B F A @

o
I

Isometric
tension

CYR BEe

o 42140] Y AF—

oAz AR %
(contracture) HARS Mo

B2 Fiol o 2
A5 B BE Aoz Hof Yk,

zx4go g alE K yrode-‘?—} A A Tyrode L oHof
Z7}2 36 mM K*& o} atE 734 K-Tyrode &
Ao A A RA 37} oo e 24
K-Tyrode] o] & 36 mM9| Na‘o| wlz 7| wiFol| o]
2 Qg dgoz AnHL

K%l 42 9 377k AL K* 550 3

51 o] WAE 2% 20 vebllch, £ KT
2 AA 4mMEEE A3 o] 2 15mM o]
Aol A1 -8 7 Zo] dora] 15~30 mM Alo]oj 7}

ON

L F3kA Aol Frleln 40mMe) =l A A
= (K 100 mMol| 4] 235 #A3) 2} & 37]0
23 3}, o] F $3F-ubE FAZA K-AES
2 7]7] 913 K-Tyrode -§-24-2 40 mME. uh-5of A}

o 2

e

Table 2. Comparison of the contractile response
induced by norepinephrine (NE) in Ca-
free Tyrode with and without La®*

++ Time, min .
Ca™ free ! Amplitude, %
tyrode 50§nh;1pax' after 10 min
+ EGTA, 0.1mM/] 3.4%0.5 17.1+ 2.4
+ EGTA, 0.1mM/I
’ 72104 4x1,
+ La®*, 20pM/I 2 44 1.2
Mean £ S. E., n=5
Temperature 35°C
pH 7.35
10 min
—
3g
2
1
0

Tyrode —spe— Isotonic ——ep— Washout —seje Hypertonic ~—sie Washout

K-Tyrode
(40 mM)

Fig. 1.

with
Tyrode

K-Tyrode with

{(40mM ) Tyrode

Reversible contracture produced by high K-Tyrode on rabbit renal strip.
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K-7 % doyleul AL Ca**ol g do}
87 9shed A Zuke 913 Cafree AHlZ hE
3. K-TyrodeZ sjgFolx K-H&E dojutA] X%
g0t d7lol Cat'g 2mM H}ek A8 A
A K-32 % erigich, oleie Ag 23 3
o] Ul glt}, Ca-free Tyrodetr £ 95 Ca?*g %
A3 AAs7| $5t Ca*ta AH o2 Ase
EGTA 0.1mM/12 Ca-free Tyrode £-oj] o] A E

Rabbit renal artery

Temperature 35°C
pH 7.35
1’/.
00 /a/———*
T
c
s S
£ [
e | :
: of i
[ L
o
= i
 an % . —
10 20 30 40 80 100 mM/1

Concentration of K*

Fig. 2. Dose-dependency of K* contracture in

#2139 A 25 1987—

o gl 9RAE Carrg AT, ol A
902 KA %S Yosl el dheA) 4 3ol Ca
o glofok 3 450 AL Ca*e) 78 2FY
o] AZ3e Catvolehe AR T + Asieh

)R e TR kol K-AFE Ao

2 Aol AZeE Sl Folrbe Cart #9)
Ca?* influx)& A1 8)4 o 2 uti= ofE-q] verapamil
2mg/l Foi3 A3 K-AFo| §AHA X3tz
3 A=Y}, o] L 1964\—4 Fleckensteinol]
ol sle] &hal A= ATolA A ez Ca?*
9kt Wl 3kA 52 (slow channel) & ot ApAlo] 2
5|9l o] (Kohlhardt et al, 1972), ¥ FZoj A%
QA oz Cart §9¢ Tt Aol 34 2
o} t} (Fleckenstein et al., 1969),

oo AW AR K-A2E £ A5 el
At 255 Kro2 Azl $¥IsiuA Catt
o] A zut Eqiel A AZHZ Ca’to] Foi7}
A A%o] delideh Bk,

919 WL ohA) Helsh7] Ajod verapamil o
Alell lanthanum (La®*)& o] £ A3 apiriA| 2
K-7Zo] 243 AASUet, La®*g 29 A
2ol £ AZelE FolohA o (Langer,
1976), AT B Ca* 2L 25 e Ao

2 ot2d# ¢t} (van Breemen, 1969),

o] Ay Az 843 K-AFedE

Bl Cart $90] Washche RS T 4

u.g.
-1a

SR

s

—

oH.r.,_,Lr,‘ZrUlO

Ajgeto g
AloJ

helical strips of rabbit renal artery. tt,
Rabbit renal helical strlp
Temperature 35 °C
H 7.35
Wet weight 32mg
K+
40mM/L
ca*
Washout 2mMA Washout
10 min i
—
Isometric
tension :I 1g

Tyrode - op— Ca-free Tyrode —f-Tyrode

K-Tyrode,
4L0mMA

+EGTA, 0.AmM/L

Fig. 3. Complete suppression of K*-induced contracture in the absence of Ca*" within the media.
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Rabbit renal helical strip

Temperature 35 °C
pH 7.35
Wet weight 2.5 'mg
Verapamil NE  Phentolamine
2mg 5mg 5mg

10 min '
[ |

Isometric 29
tension 1
0
Tyrode —sjo— K-Tyrode, 40 mM ———

Fig. 4. Sustained contraction induced by norepinephrine (NE) even in verapamil-containing medium.

Rabbit renal helical strip

Temperature 35 °C
735
Wet weight 2.0 mg
La3* NE Phentolamine
20uM 5mg 5mg
10 mi
fmin, b
Isometric
tension ]19

Tyrode —sp——— K-Tyrode, 40 mM
Fig. 5. Contractile response to norepinephrine (NE) unaffected by La®*.

Rabbit renal hellcal strlp
Temperature °C
H 7 35

Wet weight 2.5 mg

Norepinephrine, mg/L
001 01 1 5 10

\ \ \(( Washout
Isometric 2g
tension 1
0

Tyrode

—
10 min

Fig. 6. Dose-dependent sustained contractions induced by norepinephrine in renal artery.

Norepinephrine® 2 7] 425 K-7 2o 42} 63} 27 70 FA5tG et %9 A 2& 0.0l mg/l
ol A4l #F AT veblled] Skl whet oA Pom | mg/lol A 2AX 2] (10 mg/l FEofA
2 Aol ket F4 Tyrode §lez A whAlsls A#) 90.2+1.8%] =2& i), o9zt
o= ghlolE 94 3 Eo] ksl e Aol & £3%-uk3 BA o)A norepinephrine ¥ E &
of g4 8] A2 Fohgkrh, ol HAE 27 mg/lZ YA A A5tz AF3sirh, norepine-
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a7 ot 24 K- %
] B3A70 Aol 25417

— “ AT
¥ A7 23 8 vehlsich, K-AZol4 = o
A AEE dogE HeE Bo} noreplnephrme
4 A% @4 A w skl 24 FAG o] Lo
¢ T UvE 255 4 3%

Al ZEt Ca?t s o] w gk PA| 7} Yerte doln

7] $]38te] Ca-free Tyrode Mo norepmephrme—
gl & A% 23 9o gek, el B 4 9

Rabbit renal artery
Lﬂnperatun 353'?

(%)

10¢ _o
[- - L
[ ]
c s
] .
»
c L
£ ¥
© 501
[
- o
@
£
o -
@2
¥
001 01 1 5 10 mg/L
Concentration of norepinephrine
Fig. 7. Dose-dependency of norepinephrine-in-

duced contractions in renal helical strips.
(Mean £ SEM, n=12)

CAI21H A 23 1987

+ Catro] A8 g}
o 4%e dod

]
l“h dojm o 7]

Ca?t 2mM-E 4 il Tyrode -£-oHol| 4]
¥ 5 ge A2TAL »}E}LH%D} ool A4 e
norepinephrinec] 4% Z7|oll A|L8lo] ol A

2 WAL ATEY Cag FEAA Sdol o}
AR T A FAo = A Z9he Ca¥t FFo] I
89 Aclght GAF sz ok
4% 2700l Relsle G 2EUL E o 4l

7] $]5}o] Ca-free Tyrode -LoBol| Lad*-g & 713}

o Y& &N 35 wlmsled 28] 100 EhY

glt}, La*to| ¢l& Ca-free Tyrode 8-oof 4] o] =i

4 J5 % Latto] gle folielrje] o vls) &

A vgtcl, 2 a3koll =ekdlgirtr) 50% 2 ol A wf

A Al A71e we 34405 27 7.2+04%

o2 La**o] glow Ful o] 4 wa|A Wojxx, 10

% 5ol ol gl B 27E gl Hsho]

17.142.4%, 44.4+1.2% 2 La*e] &248 2 ebyY

123

Latte] AZ2g $4 Ca* 2% ou &3 A
Arke 54

zot oglol Lald 28 Ca'd 9l
% 47T o oeid AY A2 HH norepine
phrineo| Z7]ol] A 27t W= 2] & Al 24 Ca®* 3]
Azold Carr & ARk 7H4E WL 4 3l
A

norepinephrine4] 73 &3} A £ 9] Ca?* = o}t
A& 27 el ZA3k¢ich Al E5kol| Ca®*o] A3

Rabbit renal helical strip

Temperature 35°C
pH 7.35
NE Wet weight 2.5 mg
5 mg/t
10 min ‘Vashout
—
. 3g
Isornetric 2
tension 1
0

Tyrode =i~K-Tyrode —=- lyrode—
40 mM

Fig. 8.

A typical tonic contraction induced by norepinephrine (NE) even on the K contracture.
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Washout
10 min
|
Isometric
tension

Temperature 35 °C
pH 7.35
Wet weight 2.7 mg

Ca Phentolamine

5mg 2‘1\M *Smg
I

Tyrode -  +fe-Ca-free Tyrode+EGTA, 01 mM —

K-Tyrode,
40 mM

Fig. 9. A typical sustained tonic contraction induced by norepinephrine (NE) and its complete inhi-

bition by a-blocker.

Wet wt. 29 mg

NE

5 mg/L
10 min '
—_—

Isometric
tension } 19

Tyrode —sfe-Ca-free Tyrode
+EGTA, 0.1 mM/L

Rabbit renal helical strip
Temperature 35°C
pH 735

Wet wt. 3.4 mg

NE
5 mg/L
10min '
—

Isometric
tension 1g

Tyrode —sje-Ca-frex Tyrode
+EGTA, 0.1 mM/L
+La%, 20 uMAL

Fig. 10. Different contractile response produced by norepinephrine (NE) with and without La** in

Ca-free Tyrode solution.

9+ Ca-free Tyrode oo A5 2l =l 60%
AEvt 5 AHo] B o} F2] 5 FaHdn
5he] Ca?* =7} 0.01 mM/1 o] Abat = 2 & f
A=Ak, 1~2mM/lo| 5] Hughg BT o
d gonl 2dg AUe gL o 2L
norepinephrineo] Al Z o}l A Ca**-g F-8] 7] & 2
2ol Yt AL BE Cav $YT FAAUTGE A
AL vehia g, Ca?*o] Alzute S 248
oj:z] A A (stabilizing effect) o] Qo] =] }x]A|

£2 Car FrolAt 087 Y Walo| 24H

ror

kl
mﬂﬂﬂ!

2ol w2k 35

o

b Bgsia chokaeh, 2, AlZie] Kol A3
g+ K-free o4+ guinea pig 2 A (taenia
coli)o] =& ul& #o] 4459 (Axelsson et
al, 1971), Wl AL 252 A% o] Uoli} o] R
2 K-free contracture 2} 7. & & t} (Bohr et al,,
1977), K* Fx7} A4 A==l "9l A Z7}
3 3 YL o|ghg skl ol# g /AL 5
ZZo)lx ulgA 24 (active and reactive hypere-
mia)ol] 2 9L & 222 FZ 5w (Norton,
1972; Anderson, 1972) o]&l 7| & K+ &3} =]
2 A% 3T Ao ol9e der Aoz 4%
o} (Wahlstrom, 1971},

A Z8 K2 15mM/1 o4+ o] (Bohr, 1973)
73 Z&0] doji}-&d| (K-contracture) 42-3--& 9 AF
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Rabbit renal artery

rﬂnp:n(ur- ;g‘c

(%)
100 -

Isometric tension
o
o
T

ey Amamden A

0 001 01 1 4
External Calcium

Fig. 11. Effect of external Ca®’ on norepineph-
rine-induced contractions of helical
strips.

Norepinephrine conc. ................. 5 mg/1
(Mean t SEM, n=7)
A wl &4 AR o g FAE 0 9l on] Guinea-pig
ATl e HAA 45 A2 Ca?t Ao

A Catto] FaAslol htn 2|44 438 A2

s Catel Fofshq FHEcm
(Urakawa et al., 1964), o| 9} vl == A= 9o}
(Imai et al, 1967), 44 ) 454 5% 279
W ge BYT 220 wheh 7hx Aol T LA
©2 EAGE PAHE FEY 4L A44

523 48 A4 432 dehhz 8, A%
o, $]A] (stomach fundus) &] 3 23} o] T EA
of e 2AL Be 44 457 T A% 43
< & 2] ¢} (Suzuki et al., 1976; Casteels et al.,
1977), & Agel veld AFFAE e =2
Ll i) 7\%74] ok A3 2 22 A4 453 2
A5 55 2 728 + A A HE2
A g 910}"4 K-7 Zoll 4] A zabe] ghi-3 Ao
2 A XY Ca?t AAnZHE Ca?t e & 4
Z 9| A Ca?* Fio] FrtE ot 9] Frlx| ¥
oA ¥l K- &9 a7]71 A28 Ca® 55
ol z2-¢-5]3 glt} (Andersson et al, 1978), guinea-

pig A 2olA Bl S4B Aok AT

sgou

CA21A Al 2% 1987—

Br Ca** Fxol F-3AsiAl A9 dA s 44 4
o arl= A AAdH ez Frtsnt, ol A
A 2 A A 1A A 44 ubgoll & E = Ca?t

T80l 2o AL dAstae At & A
ABSHe ol7h ek, Z Cafree Tyrodeo] K*3
Pol REFE ARAT A3 44 B30l Lo}
A BRI 7ol Ca’t g Hou K-7Fe] dofr}
= A#H (24 3), 281 verapamilo]i} Ladt Fof
2 K-7%o] 9409 44D Aoz (2 4 5%
of £ AFe K-AZANE 2 ATHE §
3 Cat ool Ealslo| Uofipt Aoz Azd
9. Bg2e APE W ool ol mAx o
o317l Y= HHolch guineapigsl 2o}
9 FEEol4 K-A5 L Ca* $I3 AZh X7
2014 Cat* §2l7} o Bedsih alg] o EoHof
A K-A%e Car §48 Ehoz o
(Kuriyama, 1977),

Norepinephrineo] 4| £ 2+-&- B} H.2X] 7] & o] 8}
o] AFHE 434Utk A7} Su 5 (1964)] o
shod 23251915 £.719) 7 3} o 52 (Mekata o
al,, 1972; Mekata, 1974) o) = u}5t7}2] A} o] 9l<
o) #lsisie. 719 AFUol4 2R norepine-
phrineo] 1078 M o] 3}9] FxojA & 32L& oo )
o} = gel t #3b} 9193 2X 107 M o] ol4
£ oxgo] Bas D BETo] Yofubd 439 2

717v 2718k et, A5 59 norepinephrine® 2. A
e 52 Catt Foo] GEG TEEIE
U5} Mg Ca felh 2E FobAs
(Casteels et al., 1977), & A& o)A AL8-3} 5mg/l
ol Ex gyl 3X10-SM/I7} Slmg 2EE =o
529 Aol2E 20| AFolet 72t o] 5
7 &0l wtZwd norepinephrineo. @ Uo7 4&&
Ca?* 9l AMZu A7 Ca** Felz doxirtn
H4T £ AT, £ ARG AT A
Aa2RE Ca& FEA7le 7A(2F 458,
~10) 3} Ca?t §Y4& 247 = 7| A (=& 9,11) 9]
9L 293 4 94 o}, norepinephrine®} z}-g-o]
a-251A] (blocker) Q] phentolamineo]| ¢]3}o] 913
8 AL E AL E dop BYT ALY+ Tl 2
$3h0] £34E e e 0.2 A7} norepine-

phrinee] bz AL 4& Aol 2t AgoteA F&
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Az Cat Aoz 44 EoHeAE oFF
AR obe bt dhet,

£

H3ae] 1444 A (helical
mM K-Tyrode -£-o] A K-7 3
Tyrode &9¥0]] 5mg/]l norepine-
7%g oz,

A = }oj| A K-7 23} norepinephrineA] 7 2| «
2 7102 wi7] Ashod elef 2AsA dehbe
dshe DRl Be B ALL A3

1) AEeIA K- 5L 15mM/l)A A5
2 40mM/1 o) Aol e A Heligke] o],

2) Ca-free Tyrode £Boll4& K-7ZFo| dofrt
A ekska Ca** FolZ o] ofyiet,

3) K-7&2 verapamils} La’t £ol 2 914 3] o
A= S,

4) norepinephnie4d 74 %2 0.01 mg/lol| A A Zt=
S 1mg/l o] Aol A& H kel o] 27,

5) norepinephrine] 7 &£ verapamilo]i} La3%t
o2 AAH A dojyter] 53] Cafree
Tyrode Slol 45 Yolstort A F21517 £
S AAE RAsck,

o4l AB%e wol K-AFL ByFog A9
Ca#* %) o] %745/ o] 2o{ L} norepinephrine] 7
& Ca** )3t Az A Ca** fej7t 25 &
=] dojrt ez AlgH
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