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Abstract:

The aim of the present study was to investigate a nitric oxide (NO) involvement in the mediation of a 5-HT-induced vasoconstriction

response in the rat portal vein in vitro. Isolated rat portal vein segments were placed in organ baths for isometric force measurement.

5-HT (3 × 10�� M–3 × 10�� M) contracted portal vein preparations (EC�� = 7 × 10�� M) in a concentration-dependent manner. The

vasoconstriction induced by 5-HT was significantly increased in endothelium-denuded vessels. Pretreatment with

N�-nitro-L-arginine methyl ester (L-NAME 100 �M) enhanced the contractive response to 5-HT either in intact or

endothelium-denuded vessels. However, ketanserin (0.1 �M) abolished 5-HT-induced vasoconstrictions (EC�� = 4.6 × 10�� M).

Furthermore, a non-selective 5-HT���	 receptor agonist, sumatriptan (1 × 10��� M–1 × 10�� M), induced a reduction of spontaneous

rhythmic contractions also in endothelium-intact vessels. However, 5-HT- induced vasoconstriction was unaffected by propranolol

(10 �M). The data support the hypothesis of the existence of serotonergic innervations modulating the contractility of vascular

smooth muscle. These findings are consistent with the hypothesis that the vasoconstrictor activity of 5-HT in smooth muscle was

mediated by activation of 5-HT���	 and 5-HT
� receptor subtypes involving the endothelium-dependent mechanism.
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Introduction

The portal vein smooth muscle in several species has

been shown to have unusual properties, including ex-

hibition of spontaneous myogenic tone and vasocon-

striction to acetylcholine [1, 31, 40]. Structural and

pharmacological features of portal veins offer con-

venient preparation of venous smooth muscle, which

possibly models the pharmacological reactivity of

blood vessels [4, 7, 14, 15].

The existence of endothelium-derived vascular re-

laxant factor (EDRF) was postulated by Furchgott et

al. when they observed that acetylcholine paradoxi-

cally relaxed preconstricted aortic strip preparations

by an endothelium-dependent mechanism [8, 9]. This

phenomenon has since been demonstrated in different

blood vessels and mammalian species [13, 20]. It is

well established that endothelium-derived relaxing

factor has been identified as nitric oxide (NO). The

nitric oxide synthases (NOSs) constitute a family of

closely related isoenzymes [10, 21, 26]. In addition to
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its vasoconstrictor effects, several studies have shown

that NO may counteract the constrictor effects of sev-

eral pressor systems [5, 11, 17, 27]. In vitro studies

have indicated that NO plays important role in the

modulation of the vascular tone of pharmacological

tools [24, 33–35, 37]. In the present study, we investi-

gate the involment of NO in the response of rat portal

vein to exogenously applied 5-HT, and we further

used a selective 5-HT2 receptor antagonist and sub-

type selective 5-HT1 receptor agonist to identify the

receptor subtype(s) involved in the vasomotor

responses.

Materials and Methods

Animals

Male 18–22 weeks old Wistar Kyoto rats (WKY,

280–350 g) bred at the Department of Nutrition and

Pharmacology in Abidjan (République de Côte

d’Ivoire) were used for the experiments. All of the

animals were housed at constant humidity (60%) and

temperature (25°C) and kept under a 12-hour

light/dark cycle. Animals were cared for and treated

according to the principles for the care and use of

laboratory animals approved by the Ethical Commit-

tee of Cocody University, Abidjan.

Preparation of isolated mesenteric portal vein

strips

The portal veins were isolated from the animals and

dissected carefully and placed in a Tyrode solution

(NaCl 148.9, KCl 2.7, CaCl2 1.8, NaPO4H2 0.2,

NaC03H 11.9, MgCl2 1.2, glucose 5.5 mM). Vessels

were removed and immediately cleaned of connective

tissues. The preparations (5–6 mm) were transferred

into normal Tyrode solution. Functional endothelium

in the vessels was destroyed by gently rubbing the in-

timal surface with a wooden rod. When a functionally

intact endothelium was required special care was

taken to avoid any damage to the intimal surfaces.

Measurement of isometric tension

Vascular isolated preparations were mounted in 10 ml

jacketed tissue baths by suspending them between

two L-shaped stainless steel hooks. The lower hooks

were attached to stationary supports such that they

could be positioned at the bottom of the bath cham-

bers. The upper hooks were attached to force-

displacement transducers Swema (Stockholm, Swe-

den). The bath chamber contained the appropriate Ty-

rode buffer (37 ± 0.5°C) constantly bubbled with 95%

O2 and 5% CO2, giving a pH 7.4. Isometric force was

measured and recorded using a Hellige polygraph

(Hugo Sachs Instruments, Freiburg, Germany).

A pre-load of 1 g was applied. After mounting, strips

were equilibrated for 30 min. Changes in isometric

force were measured and recorded by means of

a force transducer.

Experimental protocol

The effects of 5-HT were evaluated on isometric

spontaneous myogenic contractions of portal veins.

To each preparation, norepinephrine (NE, 10 �M) was

added and the maximum contractile response to NE

had been obtained in order to assess the presence or

absence of functional endothelium. A rapid and

marked reduction of the induced tone was taken as

evidence that a significant amount of functional endo-

thelium was present. The absence of a relaxant re-

sponse was taken as indicative for the disappearance

of functional endothelium. After the 30-min period of

equilibration, the contractile response to depolarizing

potassium solution was assessed as a test for viability.

The depolarizing KCl solution (80 mM) had the same

composition as the Tyrode buffer used, except for the

NaCl that had been completely replaced by an equi-

molar amount of KCl. The preparations were washed

with Tyrode solution four times and re-equilibrated

for another 30 min. 5-HT was directly administered

into the organ bath and the magnitude of the sponta-

neous and rhythmic contractions was evaluated. After

equilibration, cumulative concentration-response

curves for 5-HT contraction were recorded. NE (10 �M)

contraction in the presence of endothelium did not be-

gin fading away for at least 30 min after stimulation.

In strips precontracted with 5-HT (100 �M), relaxa-

tion induced by sodium nitroprusside (1–50 nM) was

significantly higher than in those precontracted with

NE (10 �M). There was no significant difference be-

tween the levels at 30 min after stimulation with NE

(Fig. 1) or 5-HT. These results suggest that decrease

in vascular tone in rat vena portae after the plateau of

5-HT contraction has been reached is in part due to
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� ���
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�� �2 ������������- ��������������
���&���� �
��� 2�� <�=6 �� �������� &����� ���� &��&�������� �2 45,�����- �������������� �2 <�=6 ��� �1&������ �� �� ���

��
�2 �� ����� ����

����������- 8�� &���� ��&������� �� ���� ���
�� �������� 
���� AB% ������ ��� �������� 2��� ��22����� ������- ����C��� �������� �8;
7� D AB%9 7Fig. 1B9- *� �� ������� 7�9 ��� &������� 7�9 �2 ��	�;8 �� � ������������� �2 :"" �;- �������������� �2 <�=6 ��� �1&������ �� ��
���

��
�2 �� ����� �������������� ��� &���� ��&������� �� ���� ���
�� �������� 
���� A ������ ��� �������� 2��� ��22����� ������- ����C���

�������� �8; 7� D A9 7Fig. 1C9



NO derived from vascular endothelial and non-

endothelial cells.

Drugs used

NE was purchased from Hoechst AG, Darmstadt,

Germany. 5-HT, ketanserin, sumatriptan, N�-nitro-L-

arginine-methyl ester (L-NAME) and sodium nitro-

prusside, all were purchased from Sigma Chemical

Co., St. Louis, MO, USA.

Statistical analysis

Concentration-response curves were analyzed using

GraphPad software (GrapPad Software Inc., San Di-

ego, CA, USA) to determine pEC50 variance [nega-

tive logarithm of the concentration eliciting 50% of

the maximal contractile response (Emax)]. When a pla-

teau in the concentration response curve was not

reached, the response observed with the highest con-

centration used (100 �M) was considered as Emax. All

values in the text and illustrations are presented as

mean ± SEM, with n representing the number of dif-

ferent preparations. Differences between pEC50 and

Emax values of the compounds were evaluated with

Turkey’s test, once an analysis of variance (ANOVA)

for data had revealed that the samples represented dif-

ferent populations. Values of p < 0.05 were consid-

ered to indicate significant differences.

Results

Effects of 5-HT on the spontaneous contrac-

tions of portal vein preparations

The contractile activity of the rat portal vein in re-

sponse to 5-HT was examined in muscle preparations.

Contractions evoked by 5-HT in endothelium-intact

isolated mesenteric portal vein preparations are illus-

trated in Figure 1A. 5-HT, in concentrations ranging

from 1 × 10–8 M to 1 × 10–4 M, induced an increase of

the contractile force of vessels, causing a graded en-

hancement of the rate and force of contraction in

a concentration-related manner (Fig. 1B). The half

maximum contractile response was achieved at (–log

EC50) 6.1 ± 0.02. The maximal contraction-response

(Emax) of the concentration-response curve for 5-HT

was enhanced in the presence of L-NAME at 10–4 M
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�� �������� 
���� % ������ ��� �������� 2��� ��22����� ������- ����C��� �������� �8;



by 14.6 ± 2.5%, and the EC50-value in L-NAME-

treated vessels was slightly affected (EC50 = 7.2

× 10–7 M, Fig. 1C). The sensitivity of vessels to 5-HT

was increased in L-NAME-treated vessels.

Effects of 5-HT on the spontaneous contrac-

tions of denuded vessels

Further study for the importance of endothelium for

5-HT-induced vasoconstrictions was obtained from

experiments with L-NAME-pretreated vessels with-

out functional endothelium. In mechanically denuded

vessels, the contractile force induced by 5-HT was en-

hanced and the maximum contractile response to

5-HT was achieved and corresponded to 131.5 ± 2.2%

compared to control endothelium-intact vessels (Fig.

2A). After 30 min of L-NAME incubation in the or-

gan bath, inhibition of NO synthesis by L-NAME in-

creased 5-HT-induced contractions in denuded ves-

sels. The maximal contraction response (Emax) of

concentration-response curve for 5-HT was signifi-

cantly different of values observed in vessels impreg-

nated of L-NAME at a concentration of 100 �M

(Emax= 134 ± 3.6%, EC50 = 1.3 × 10–7 M, Fig. 2B).

Moreover, significant enhancement of the frequencies

rate was observed.

Tab. 1. ������������
�

7F9 �� <�=6

Treatment % reference contraction

Control

+ L-NAME + 14.6 ± 2.5

(– endo) + 31.5 ± 2.2

(– endo) + L-NAME + 34.5 ± 3.6

+ Ketanserin 12.8 ± 3.1

+ Propranolol –

�
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��
�2 �� ����� �������������- 8�� &���� ��&������� ��

���� ���
�� �������� 
���� < ������ ��� �������� 2��� ��22����� ������- 3�������/ ����������� �� &��������� �2 ��1���� ���&����H ��������/
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��
� ��� �� �22��� �2 �
�����&��� 7��;�9 �� � ������������� �2 :" �;- 6� ���?����� ��� ��@� �� ���� �2 ��������� ��� �� �������� ��� ��&�
������� �� ������
�� �2 ������������



Influence of ketanserin and sumatriptan on the

contractions evoked by 5-HT

It is well established that ketanserin and sumatriptan

are agonist and antagonist of HT-receptor, respec-

tively. The experiments were carried out in the pres-

ence of ketanserin, 5-HT2A receptor antagonist. After

30 min of ketanserin incubation at a concentration of

10 �M, Emax value of the concentration response

curve for 5-HT was significantly prevented to 12.8

± 3.1% (Table 1), and the EC50 value was affected

(EC50 = 4.6 × 10–8 M, Fig. 3A). The pretreatment

with ketanserin showed a slight increase of the rate of

the frequencies of rhythmic spontaneous contractions.

Whereas, sumatriptan, 5-HT1B and 5-HT1D receptors

agonist in concentrations ranging from 10–4 �M to

100 �M, greatly increased the rate of frequencies of

contractions 2.5 fold in comparison with endothelium-

intact vessels (267 ± 8%, Fig. 3B), but decreased con-

tractions of vessels to 78 ± 1.5% of control value.

However, 5-HT-induced contractions in portal vein

vessels were unaffected by propranolol pretreatment

at a unique concentration of 10 �M (data not shown).

Discussion

The study showed that 5-HT enhanced the contractile

force of preparations isolated from rat’s portal vein

smooth muscle. Moreover, NO inhibitors affected

5-HT sensitivity in portal vein smooth muscle by increas-

ing the contractile activity. Similar observations were ob-

tained in the presence of L-NAME in endothelium-intact

vessels or in endothelium-denuded vessels. The vasocon-

striction obtained in the experiments indicated that the

effect on blood vessels involved NO–dependent

mechanism as demonstrated by Sumner [30], Martin

et al. [18], and Wallis and Martin [36].

It is known that the presence or absence of func-

tional endothelium can influence contractile re-

sponses in blood vessels [16, 23, 29, 32]. These data

suggest that a dual endogenous vasocontractory

mechanism is present in portal vein and that products

of the EDRF-NO pathway may interact to regulate

5-HT stimulation via 5-HT receptors, as obtained by

Yamano et al. [39], Hinton et al. [12] and Nieto et al.

[22]. The endothelium-dependent contraction induced

by 5-HT was antagonized by ketanserin, but was not

affected by propranolol. The strips contracted in the

presence of �-adrenoceptor antagonists [25]. The re-

ceptor mediating the contractile response has been

shown to be a 5-HT1-like receptor (positively coupled

to adenyl cyclase) located on the vascular smooth

muscle [2, 6, 12, 38].

The endothelium-dependent response to 5-HT was

not mimicked by sumatriptan. The effect of sumatrip-

tan was not related to the endothelial quality, though

in a large post hoc study, the authors have previously

demonstrated that portal vein contraction in response

to sumatriptan slightly decreased with increasing

functional integrity of the endothelium [3, 6, 16, 19,

28]. Sumatriptan induced an increase in the rate of the

rhythmic spontaneous contractions in the presence of

L-NAME.

Conclusion

Our results confirm the vasoconstricting effects of

5-HT in isolated portal vein smooth muscle. The NO

inhibitors induced a slight and variable enhancement

of contractile activity. 5-HT contracts rat isolated

vena portae preparations by both an endothelium-

dependent and an endothelium-independent mecha-

nism. 5-HT-induced contraction in rats is mediated

via 5-HT1 and 5-HT2 receptors on the muscle, but not

by release of NE via �-adrenoceptors. 5-HT activates

5-HT2A and 5-HT1D and/or 5-HT1B receptors to cause

contraction.
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