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Methysergide induces selective potentiation in

cholinergic contractions of the guinea-pig vas defereng

by facilitating acetylcholine release

*TAKESHI KATSURAGI AND TATSUO FURUKAWA

Department of Pharmacology, School of Medicine, Fukuoka University, Fukuoka 814, Japan

Methysergide (3 X 10~¢ M) enhanced the contractile responses of the isolated stripped vas
deferens of guinea-pig to acetylcholine(ACh) and arecoline, but not those to noradrenaline,
tyramine and bradykinin. Methysergide (3 x 102 M) suppressed the contraction elicited by
noradrenaline or histamine. The methysergide-induced potentiation of the response to ACh
was prevented by pre-addition of hemicholinium but not by tetrodotoxin or morphine. The
augmentation of the response to ACh by physostigmine was unaffected by hemicholinium.
The phasic contraction of the tissue elicited by 30 mMm KCl was also enhanced by methyser-
gide, and this enhancement was prevented by the pre-addition of atropine (1-4 x 10-7m).
In the depolarized vas deferens after exposure to 30 mm KCl, methysergide occasionally
induced a sustained tonic contraction which was inhibited by atropine. These findings
suggest that methysergide facilitates a release of ACh by acting on the cholinergic nerve
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terminals and selectively potentiates the cholinergic response.

The 5-hydroxytryptamine (5-HT) antagonist, methy-
sergide has been reported to increase the acetyl-
choline (ACh)-induced contraction of the isolated
human intestine (Metcalfe & Turner 1970). However
a convincing explanation of the mechanisms involved
in the potentiation was not made.

The guinea-pig vas deferens is well accepted as an
adrenergic dominant tissue, little attention has been
paid to its use for evaluating the acetylcholine-like
effects of drugs. However, it has been amply demon-
strated from morphological (Watanabe 1969;
Furness & Iwayama 1972) and pharmacological
(Birmingham 1966; Thoa & Maengwyn-Davies
1968) evidence that the cholinergic terminal axon
and its postsynaptic receptor site exist in the vas
deferens smooth muscle.

We have found that methysergide potentiated the
contractile responses of guinea-pig vas deferens to
acetylcholine-like agents and the present investiga-
tion was an attempt to understand the mechanism
involved in this potentiation.

MATERIALS AND METHODS
Male guinea-pigs, 300-500 g were killed by a blow to
the back of the head. Both vasa deferentia were
removed, dissected free of mesentery and vascular
tissue to prepare a stripped preparation, and sus-
pended in 10 ml organ bath containing Tyrode
solution composed of (mM) NaCl 137, CaCl,-2H,0O
1-8, KCl 2-7, MgCly6H,0 1-1, NaHCO; 11-9,
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NaH,PO, 04, and anhydrous D-glucose 56, and
bubbled with O,.

Isometric contractions were recorded on the Grass
polygraph using a force displacement transducer
(Grass FT-03). A resting tension of 1 g was used.
The preparation was allowed to equilibrate for 30
min before the experiment. Concentrations of
acetylcholine-like agonists used corresponded to
ED20-EDS50 values for the contractile response of
the tissue.

Statistical analysis was performed using the
paired sample r-test.

The following drugs were used: acetylcholine
chloride (ACh, Sankyo), arecoline hydrochloride
(Nakarai), carbamylcholine chloride (carbachol,
Sigma), noradrenaline hydrochloride (NA, Sankyo),
tyramine hydrochloride, dopamine hydrochloride
(Wako), bradykinin triacetate (Nakarai), histamine
hydrochloride, atropine sulphate, hemicholinium-3
(HC-3, Aldrich), morphine hydrochloride, crystalline
tetrodotoxin (TTX, Sankyo), physostigmine salicylate
(Merk), methysergide bimaleate (Sandoz).

RESULTS

Selective potentiation by methysergide of contractions
induced by acetylcholine-like agents

Methysergide at concentrations up to 10~4 m did not
produce any contraction of the vas deferens. How-
ever, the contractile responses of the tissue to ACh
(10-¢ M), arecoline (2 x 10-3M) and carbachol (3
x 10-¢M) were significantly potentiated by methy-
sergide (5 x 10-% M) for 5 min, whereas those to NA
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( 0-* M), tyramine (10~% M), dopamine (3 X 105 M),
d pbradykinin (3 X 10-" M) were not affected
able 1). A higher concentration of methysergide

5 x 10°M) further enhanced the contractile

£esponses to ACh-like agents, such as ACh (10-¢ m)
d arecoline (2 X 10~°M), but inhibited those to

NA (10~° M) and to histamine (3 X 10-% m). (Fig. 1).
Cumulative concentration-response curves for

ACh, (1077, 107%, 10~%, and 10~* m) were determined

in the presence and absence of methysergide. The

curve for ACh, at 10~ and 10-%M, was displaced
signiﬁca.ntly to the left by the addition of methyser-
ide 5 min before the first introduction of ACh

(10~ M) (Fig 2).

Effects of TTX, morphine, and HC-3 on the methyser-
gide- or physostigmine-induced potentiation in con-
tractile response to ACh

The potentiation by methysergide (5 x 10-°M for
5 min) of the contractile response to ACh (10-¢ M)
was prevented by the addition of HC-3 (10~4 M) 20
min before methysergide administration (P 0-01),
but not affected by TTX (3 x 10-7M) or morphine
(3-5 x 10~° M) 5 min before methysergide. Converse-
ly, the augmentation by physostigmine (2:3 X 10-"m)
in response to ACh was barely altered by the pre-
addition of HC-3 (10~* M). Physostigmine and HC-3
were added to the bath 5 min and 25 min before
adding ACh, respectively (Fig. 3).

Effect of methysergide on the K+-induced contraction
The phasic contraction of the vas deferens induced
by KCl (30 mMm) was markedly enhanced by pre-
treatment with methysergide (3 x 10-5 M for S min).
This enhancement was inhibited by treatment with
atropine (1-4 x 107 M) before methysergide (Fig. 4).
In a few cases, methysergide itself produced a

Table 1. Effects of methysergide on the contractile
responses of guinea-pig vas deferens to agonists

Response ratiot
to control after
methysergide

Agonist Dose (M (5 x 10-%m)
ACh (5) 10-8 1:52 + 0-15*
Arecoline (5) 2 x 108 1-70 + 0-12**
Carbachol (5) 3 x 10-¢ 143 + 0-09**
Noradrenaline (5) 10-8 0-98 + 0-03
Tyramine (4) 10-¢ 096 -+ 0-04
Dopamine (4) 3 x 10-® 0-99 + 0-05
Bradykinin (6) 3 x 1077 0-96 + 0-08

T Response ratio: mean & s.e.
Significant differences from the control: * P <0-05,
** P <00l.
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Fic. 1. Effects of methysergide (Met) on the contractile
responses to histamine (Hist), noradrenaline (NA),
ACh and arecoline (Are). The intervals between admin-
istration of test agonists was 20 min. During this
period, the preparation was washed with the normal
Tyrode solution. Methysergide was introduced into the
bath 5 min before the agonist.
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Fi1G. 2. Concentration-response curves for ACh in the
absence (@—@) and presence (O ---0Q) of methyserg-
ide (5 x 107> M). Ordinate: percent from the maxi-
mum response to ACh. Points: mean values of 4 experi-
ments. Bars: standard errors. * denotes significant
difference, P <0-05. Ordinate: % response. Abscissa:
concentration of ACh (m).

continuous tonic contraction in the depolarized vas
deferens that had been exposed to 30 mm KCI. This
contraction was immediately inhibited by atropine
43 x 107" m).

DISCUSSION
Methysergide (5 x 10~% M) potentiated the contrac-
tile responses of vas deferens to acetylcholine-like
agents but not those to NA-like agents and other
drugs used. At a higher concentration of methy-
sergide (5 x 10-® M), the responses to ACh and
arecoline were also enhanced whereas those to NA
and histamine were markedly suppressed as reported
with other tissues (Dalessio et al 1962; Apperley et al
1976).
The potentiation of the contractile response to
ACh (10-* M) by methysergide was not inhibited by
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F1G. 3. Influences of TTX, morphine, and HC-3 on the
methysergide- and physostigmine-induced potentiation
in the contractile response to ACh. Drugs: TTX (3
X 10-7 M), morphine (Mor, 3-5 x 10-®*mM), HC-3 (10-*
M), methysergide (Met, 5 X 10-° M) and physostigmine
(Physos, 2:3 x 10-7M). For methodology, see the text.
Ordinate: response ratio to the control (ACh, 10~% m).
Numbers in parentheses represent the number of
experiments. * denotes significant difference, P <0-01
vs Met plus ACh.
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FiG. 4. Effects of methysergide on the K+-induced con-
traction before and after atropine. In panel A, the
interval between KCl administration was 20 min.
Atropine (Atr) and methysergide (Met) were added into
the bath 10 min and 5 min before KClI, respectively.
At the end of each trace, the preparation was washed
with the normal Tyrode solution. In panel B, methyserg-
ide was added 5 min after KCl.

pretreatment with TTX (3 x 10-7 M) or morphine
(35 x 105 M) but was prevented by pretreatment
with HC-3 (10~*M). From the negative results
obtained with TTX, a blocker of nerve conduction
(Gershon 1967), the methysergide-induced potentia-
tion is not mediated through the nerve excitation.
Lysergic acids such as methysergide and LSD-25
were postulated to exert a stimulating action on the
vascular 5-HT receptor in man (Gant & Dyer 1971)
or sheep umbilical vein (Dyer & Gant 1973), dog
saphenous vein (Apperley et al 1976), and rabbit ear
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artery (Apperley et al 1977). In the gl-linea.pi
isolated ileum, 5-HT contracted the longityg; g
muscle partly by increasing the output of ACh from
the cholinergic nerve terminals, this contractigy,
being suppressed by morphine (Gaddum & PiCarelli
1957).

However, it is unlikely from the present Tesuleg
that the potentiation is due to a stimulating actiop
of methysergide on the morphine-sensitive terming)
axon.

It is widely accepted that HC-3 is a specific
blocker of ACh synthesis in the nerve terminalg
which results from inhibiting choline tra.nsp(,r;
across the axonal membrane, and is, therefore, an
important tool for distinguishing between direct anq
indirect action of cholinomimetic agents (MacIntogh
et al 1956; Hukovic et al 1965; Katsuragi & Fury.
kawa 1979). Accordingly, the present result with
HC-3 implies that methysergide seems to exert an
effect at the presynaptic site, presumably by affecting
ACh release.

Our interpretation of this potentiating phep.
omenum is further supported by the facts that the
phasic contraction by 30 mM KCl was enhanced, ag
with ACh, by methysergide (3 x 10-3M) but this
enhancement was prevented by pretreatment with
atropine. Furthermore, the continuous tonic con-
traction elicited by methysergide after treatment with
KC! was also inhibited by atropine. Therefore, a
depolarization by the high concentration of K+ in
conjunction with methysergide may synergistically
act on the release of ACh from the cholinergic nerve
terminals.

Glegg & Turner (1971) in an in vitro study on
human red cells reported that methysergide mani-
fested a slight anticholinesterase activity. However,
the physostigmine-induced enhancement of contrac-
tile responses of the vas deferens to ACh was not
prevented by pretreatment with HC-3. From this
fact, the potentiation by methysergide seems not to
involve cholinesterase inhibition.

Thus, the present findings provide evidence that
the selective potentiation in responses to ACh-
agents is due to a facilitation of ACh release from
the cholinergic nerve endings by methysergide and
that the stripped guinea-pig vas deferens is a useful
tissue for investigating an indirect parasympath-
omimetic action.
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