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Contractile Mechanisms of Serotonin in the Renal Arterial smooth muscle of a Rabbit

Woo Young Lee, Se Hoon Kim and Seok Jong Chang

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

The contractile mechanisms of serotonin were investigated in the renal artery of a rabbit.

The helical strips of isolated renal artery were immersed in the normal or Ca?*-free tris-buffered
Tyrode’s solution, which was equilibrated with 100% O, at 35C.

The contraction by serotonin or norepinephrine (NE) began at 1 X10-7 M and reached the maximal
contraction at 1X10~% M. The maximal contraction by serotonin corresponded to 58.1+4.2% of
maximal contraction by NE.

Cyproheptadine, a serotonin receptor blocker, shifted the concentration-response curve to the right
without any reduction in the maximum response but shifted that of NE to the right with reduction in
maximum response. And phentolamine, an g-receptor blocker, shifted the concentration-response
curve of serotonin or NE without any reduction in maximum responses. The pA, values for cyprohe-
ptadine against serotonin and NE were 10.35+0.04 and 8.45+0.13, respectively. The pA, values for
phentolamine against serotonin and NE were 6.87+0.04 and 8.14+0.08, respectively. After the
pretreatment with 6-hydroxydopamine, the contraction induced by 100 mM K, tyramine and ser-
otonin reduced to 83.0+2.0, 26.8+6.2 and 82.0+3.5% of control, respectively.

The contraction by serotonin in the Ca?*-free Tyrode’s solution was increased and sustained with the
addition of Ca?* extracellulary. The serotonin-sensitive intracellular Ca?* pool was depleted completely
by the pretreatment with NE, but the NE-sensitive intracellular Ca?* pool was depleted partially by the
pretreatment with serotonin.

From the above results, it is suggested that the contraction induced by serotonin in the renal artery
of a rabbit may be due to mechanisms in which serotonin acts directly on specific serotonin receptors
and also acts indirectly on g-adrenoceptors by displacing NE from neuronal stores.

Key Words: Serotonin, Serotonin-receptor, g-receptor, Arterial smooth muscle

A L=

FH Ao h3 serotonin (5-hydroxytryptamine; 5
HT) o 482 0§ chokatol I3 AR B4,

ANEAY, Tkl wel &5 =& o|AALE
Zed da ez 2 FAYAME FF53LE,
A EH 3 2AEFol A= o] d2He-& el A
o2 d#AHgrl, o] 9L serotoning] Lo 3
I B NG A AL A A Ul



—H A s

244:8}04 norepinephrine (NE) | ¥:3]of %3¢ oI
A WAABI, B8 TS B4
o] SAo] Heldh Aoz oA sk} (Douglas,
1985; Haddy, 1960; Page & MaCubbin, 1953) .

Serotonin® 483k, Al % ¥ Yol A 3
CEREETES £Al0] H831od o1
%Y $5348 7hx|vf (Douglas, 1985) E7¢)
R s 4EZr) 282 et} (Cook &
Macleod, 1978), o] 9}7-& serotonin®] A= q] &
I 4=Zzb4o] ulslod serotonind P& FLoA T
A2 Y3 HBZol| L3 a7 il A
NE¢| 4] % 7h4:4]7) o] 9282 yelul = (Doug-
las, 1985), 7H¢] E-zjA =4+ serotonino] &
FEYwl AA serotonin 4§ o 283l 45
S HEbY 52 F=(10° M ol 4l dmll &= =
AT %83t NES| $ul8 Z7H407
& go7)7] wiFol o]4dA<l (biphasic) &&-
< =45 vepbd o} (Humphrey, 1978),

Serotonin®| 4-&#|oll gt A 2H-2of 2% &
HEZo 4F ol 849 FXJ FE Y E
3 ol whet etA doksiAl vebdo, #9 o
4, AR g AAFHL 5-HT, +84& 3}
of 5% 427 guinea pige] HAF™H, 4
EA ANl A= 5-HT, 835 53} “I:"-?ﬁ-‘g o
© 71t} (Cohen et al, 1981; Chang et al, 1988; Tuncer
et al, 1985), =3+ Apperleys (1980)0) ¢}s}wd 7l
2] A=z} o &5l serotonine]] u--ShE
+&A 7} z+7] w2} serotonin Z &A1l methyser-
gideol| oj3led AgtEl= A s} 2ok et v
& 3} (nasal vessel)-2 serotoninol] 8FE-3l= F71R]
AbE 484 &, 5o Hodle +EAs °?—‘4
o Ao dte FEA} A2 FPA R EAsE

serotonin 4~

2|

=

rJ

BozA $3o] Bojsie +EAT ergotammeoﬂ
2} &lo], o] glol] Ao dl= 4L A= cyproheptadine

% mainserine 5ol 2]3}e] x}=lE o} (Vargaftig &
Lefort, 1974), *=3 serotonin® serotonin 4--& |
o198l b Aol Agoho] LU WYL +3
A7) A5 st E79] L methysergideo]]
ofsle] ztwkel & 5-HT 48471 EAl3he vbdel
A% (ear artery)oll & 5-HT £ 3|7} &) 35}=
205 serotoninol| &g +%-E a-FEAF 53}

D H249 A 13 1990—

dojrlr} (Apperley et al, 1976),

o] &}zto] serotonino] 9|3t ¥ HHFZo FZok
/2:} < \:}-0(.} 511' 7 ] Z']“o‘ Eﬁ}o:] "}E“‘*}'k‘t‘“ serotonin <4 <
249 £F 9 serotonin? g-4-LA o} A=

S|
(=]

A& dTso] QA g}, webA Axpe 27 Al
=) 3 ZoA] serotonin 5L A& EAo] o}
a-45SAole] ALolX 23 serotonin®] &}
HEZo] g AR i 1R aL o B2 ulg)s)

$5}tod serotonin ~§-A AFEEA|Ql cyproheptadine,
a@-%-&# %5hA| 2l phentolamine, m7HA1 7 kg
3}3 8= okE<el 6-hydroxydopamined o] -§3}od
serotoning] A1 5w 3 gZo|| o} 4-Z 228 Fu
23} e,

AF 2.0~25kge] F-AR=A B E7E o
£ Fugle] ALEEZ A&}t EA9 32X
Q13 obzalifale] $ul% Aoz Fols] 93t

o 35LE €A Felael AT ¥ 5
$750E Aukaid ABAAT, A%otod A5
= AZY F 100% ALE HYE ol F wis-2A4F
Tyrode &< (NaCl 158, KCl 4, CaCl, 2, MaCl, 1,
tris 5, glucose 6 mM, pH 7.4 at 35C)o] So] g+
2187 dol A g FAZAE ARo] e
el 14D S 4oE FIANA 3447

>

HEY g OI—E— tris— -‘4—6— Tyrode £
187 (&% 100ml)oll &R, &
5 23719 RAAE B AR (B 60, Narco

¥ Aoz 4ze o
AR, ol A2
4 2Ae Aole 1094
Bashn
HA7olE AAE & oA 1417 o4 SEAHS
v A H o] 7] &L physiograph(MK-IV, Narco

£-3}9 =} (Chung et al, 1989),
-4 TAE 7] Astel GBS FALA



—ol %4 ¢ 2d

(cumulative) FA3}P32 AFPA AAA = +5F
A Bo 208 Al Ak 7 BEol BE A
o A ATE 303 ol 4e] AL FRon]
€ FEoA 12 559 £o2 A A
pA, 73} 7]-&7| (slope) = Arunlakshana®} Schild
o] wp (1959)of &) 3}e] 345}, 6-hydroxydopa-
mine *] X A]ol|&= 6-hydroxydopamine?] A}3}2 =}
7] 8%} 30 uM&] glutathiong- &7 183191},

K+-7 & falo 2 = AA Tyrode L4 NatE-
96mM Foj Al K*S& Fo] 100mME —lE
K*-Tyrode o8-8 283l o Ca?*-free Tyrode
gale Rz}E Carg AANS Aoted 0.1mM
EGTAS A 7}sto} ALg-aheieh,

Adol] A48 FEE g3} 2o,

5-Hydroxytryptamine creatinine sulfate (Sigma)

a*g

Arterenol hydrochloride (Sigma)
Cyproheptadine hydrochloride (Sigma)
Phentolamine (CIBA)

6-Hydroxydopamine hydrobromide (Sigma)
Tyramine hydrochloride (Sigma)

4 d 4 o

Serotonin®} norepinephrine (NE)o)] 9] 3} Al
HeTe 22L 1.0x10-7 Mol 1 A5jed 10
10-° Mol 4] o]l = 2elglon] EDg& 7hzh 4.
29%10-7M, 5.0x 10-7 ME & A& |A3HA e}
w21t serotonine] o & | 4E- NEo| 23 3
o 3¢ 58.1+4.2%°1% ¢} (Fig. 1), Cyprohepta-
dine#} phentolamineo] serotonin®} NE¢] £&k-u}
& F4lol )2 E Gee BT Fig 2,3,4,5,
Table 1), Cyproheptadine(1X10-10~1Xx10-¢ M)
3} phentolamine (1 X 1078~1Xx10-5M) a2 =} &=
A5 PBTe 224714 Bobeh Fig 2,5,4,5
ol £AIH uhe} o] Zrte] WA EL
NEo| o $%-18 34 22%o2 o547
2 n Schild plotA}ol| 4] cyproheptadine-2 serotonin

of] tff3}od, phentolamine2 NEo]| t]3}ed 7|87 7}
1ol 7}7H8 A S veplgl 21} cyproheptadine&
58 274170l oot NEo) 9% £3h-4-3 T4
o Hoj4Eee PadslE AL e,

X

serotonini}

o

: Serotoninel] 2|3 ¥} FHZ FZ7)d—

100)-

e
o]
-
v B0 |-
0
[
7]
Y]
o] -
° GO
6]
-
L]
B a0 |-
r
%
L]
3
“ 20 b ®——@ : norepinephrine
(o]
A——4A : serotonin
b
] t
Q L .
1o-" 10-" 10-* 10-=
mol/1

Fig. 1. Concentration-effect curves for norepinephrine
(NE), serotonin in the renal artery. Ordinate
scale represents the responses as a percentage of
the maximum response of control. Each point is
the mean value from 7 arterial strips. Vertical
lines show s.e. mean.
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Fig. 2. Effect of cyproheptadine on the serotonin-
induced contraction of renal artery. Ordinate
scale represents the responses as a percentage of
the contraction induced by serotonin (3 X 10-3

M). Each point is mean value from 5 strips.
Vertical lines show s.e. mean.
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Fig. 3. Effect of phentolamine on the serotonin-induced
contraction of renal artery. Ordinate scale repre-
sents the responses as a percentage of the con-
traction induced by sergtonin (3 X 10-% M). Each
point is mean value from 5 strips. Vertical lines
show s.e. mean.
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Fig. 4. Effect of phentolamine on the norepinephrine
(NE)-induced contraction of renal artery. Or-
-dinate scale represents the responses as a per-
centage of the maximum response of control.
Each point is mean value from 5 strips. Vertical

lines show s.e. mean.
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Fig. 5. Effect of cyproheptadine on norepinephrine
(NE)-induced contraction of renal artery. Or-
dinate scale represents the responses as a per-
centage of the maximum response of control.
Each point is mean value from 5 strips. Vertical
lines show s.e. mean.

Table 1. Interactions between agonists and antagonists

in the renal artery of a rabbit

Serotonin NE

Cyproheptadine  pA, 10.354+0.04 845+0.13

slope 1.0 —
Phentolamine PA, 6.874+0.04 8.14+0.08

slope 0.47 0.77
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= ZE53 (Fig. 7), A5 32§ serotonin
ol 102 o] 4 =2 A]A Azt 2 ot
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Fig. 6. Reproducibility of contractile response to tyramine (A) and serotonin (B) (no tachyphylaxis). Amplitude of
contraction was not reduced, when the renal arterial strip was exposed repeatedly to tyramine and serotonin.

| . washing with normal Tyrode’s solution.
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Fig. 7. Effect of 6-hydroxydopamine on the response to
100 mM K*, tyramine and serotonin of renal
artery. Each is mean value from 5 strips. Vertical
lines show s.e. mean. Open columns; control
responses, hatched columns; responses after

6-hydroxydopamine treatment (300 yg/ml, for

15 min). Tyramine induced contraction was

greately reduced after 6-hydroxydopamine treat-

ment. 100 mM K*-and serotonin-induced con-
traction was also reduced but it is not so great.
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Fig. 8. Effect of extracellular Ca?* on the serotonin-induced contraction of renal artery. Even in the Ca?*-free Tyrode’s
solution, serotonin induced contraction, but it was not sustained. The contraction reached the maximum at
0.5 mM of extracellular Ca?* and tonicity was sustained by extracellular Ca?*.
| : washing with normal Tyrode’s solution.
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Fig. 9. Tracing of tension responses seen in 2X10-5M La%* pretreated solution with the sequential addition of
serotonin and norepinephrine (NE) (A), NE and serotonin (B).
| washing with normal Tyrode’s solution.
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Fig. 10. Tracing of tension response seen in Ca?*-free Tyrode’s solution with the sequential addition of norepinephrine
(NE) and serotonin (A), serotonin and NE (B), histamine and NE (C), NE and histamine (D).

W  washing with Ca?*-free Tyrode’s solution.
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