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GUANETHIDINE AND

GUANACLINE ON THE RAT VAS DEFERENS

J.F. GERKENS!

Department of Pharmacology, University of Melbourne, Parkville, 3052, Australia

1 In acute experiments guanethidine was considerably more potent than guanacline in
reducing contractile responses of the rat vas deferens to electrical stimulation of intramural
nerves.

2 Chronic treatment of rats for 19 weeks with guanethidine (5mg/kg, daily) reduced
responses to electrical stimulation to 25% of control, potentiated responses to exogenous
noradrenaline and depleted endogenous noradrenaline.

3  After cessation of guanethidine treatment responses to electrical stimulation increased to
60% of control (in one week) but showed no further increase. There was no decrease in the
potentiation of exogenous noradrenaline (after 14 weeks) nor any increase in endogenous
noradrenaline levels (after 7 weeks).

4 Chronic treatment of rats for 19 weeks with guanacline (5mg/kg, daily) potentiated
responses to exogenous noradrenaline and depleted endogenous noradrenaline as much as
guanethidine treatment but did not reduce responses to electrical stimulation.

5 On cessation of guanacline treatment there was some increase in noradrenaline content
(after 2 to 3 weeks) and some decrease of potentiated responses to exogenous noradrenaline
(after 2 weeks).

6 The noradrenaline-depleting action of these drugs is distinct from blockade of
nerve-mediated responses in the rat vas deferens and contractile function after guanethidine
treatment can be partly restored despite persistence of noradrenaline depletion and

supersensitivity.

Introduction

In a previous study (Gannon, Iwayama, Burnstock,
Gerkens & Mashford, 1971) chronic treatment of
rats for up to 18 weeks with guanethidine or
guanacline markedly reduced the neuronal
catecholamine fluorescence of the vas deferens.
Moreover, after cessation of guanethidine treat-
ment the catecholamine fluorescence of nerve
fibres in the muscle layers of the vas deferens
showed no reappearance even after 6 months. It
was suggested that chronic treatment with guan-
ethidine may produce long-term damage to the
adrenergic innervation of the vas deferens.

This study describes the effect, on the function
of the rat vas deferens, of the acute addition of
guanethidine or guanacline to isolated vasa and of
the chronic treatment of rats with guanethidine or
guanacline.

! Present address: Department of Pharmacology,
Vanderbilt University, Nashville 37203, Tennessee, U.S.A.

Methods

Two groups of 40 sexually isolated male rats
(175-310g) were used for chronic treatment. One
group received daily intraperitoneal injections of
guanacline sulphate (Bayer; 5Smg/kg) and the other
guanethidine sulphate (Ciba; 5mg/kg). The drug
solutions, in 0.9% w/v NaCl solution (saline), were
made from the solid compound shortly before
injection. Injection volume was 1 ml/kg. Three rats
from each drug-treated group were used for
experiments after 4 weeks treatment. The remain-
der were treated for 19 weeks.

Experiments were performed on rats from each
drug-treated group 4 weeks and 19 weeks after the
start of treatment and at 1, 2, 3, 5, 7, 8 and 14
weeks after cessation of treatment. Animals were
anaesthetized with ether, pithed and used for
cardiovascular tests before removal of both vasa
deferentia. Untreated rats were used as controls.

One vas deferens was placed in ice cold saline,
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Fig. 1 Relation of reduction in contractile responses

of isolated rat vasa deferentia to concentration of
guanethidine (o) or guanacline (®) in acute experi-
ments. Stimulation at 5 Hz for 10 s every 4 min with 1
ms pulses. Responses 30 min after addition of drug are
expressed as a percentage of pre-drug responses. Each
point represents the mean result obtained with 3 or 4
preparations. Vertical bars are s.e. mean. Guanethidine
is much more potent than guanacline.

patted dry and transferred to a pre-weighed bottle
containing 5 ml ice-cold 0.4 M perchloric acid. The
noradrenaline content was assayed according to
the method of Anton & Sayre, (1962).

The second vas deferens from each animal was
set up in a SO ml organ bath containing McEwen’s
(1956) solution (NaCl 7.6, KC1 0.42, CaCl, 0.24,
NaH,PO,; 0.143, NaHCO; 2.1, dextrose 2.0,
sucrose 4.5, g/litre) at 37°C and continually
aerated with 95% oxygen and 5% carbon dioxide.
Contractions were recorded by an isotonic lever
(magnification six fold, tension 0.35 g) writing on
a smoked kymograph paper. The length of the vas
deferens in the organ bath was 40-45 mm.

The intramural nerves were electrically stimu-
lated, by means of a bipolar platinum ring
electrode around the prostatic end of the vas
deferens, with 1 ms pulses of supramaximal voltage
at 5 Hz for 10 s every 4 minutes. Contractions to
0.2 and 1.0 ug/ml noradrenaline bitartrate were
also obtained.

In the acute experiments preparations from
untreated rats were stimulated as above. Guanethi-
dine or guanacline was added to the organ bath
and left for 30 minutes.

Means were compared by Student’s ¢ test, P <
0.05 being accepted as significant.

120
10
100}
90
80
701
60

a0t
30F
20f
10— i 1 11 ]
oL 012 5 78 14
% Time after treatment
Treatment (weeks) (weeks)

Response (height in mm)

Fig. 2 Effect of 4 and 19 weeks treatment (5 mg/kg,
daily) with guanethidine (o) or guanacline (e), and of
periods up to 14 weeks after cessation of treatment,
on the contractile response of the isolated vas deferens
to electrical stimulation (as in Figure 1). During
guanethidine treatment responses were markedly
reduced whereas guanacline treatment produced no
significant reduction. After cessation of guanethidine
treatment there was partial recovery. Each point
represents the mean result obtained from 3 to 5
preparations. Vertical bars are s.e. mean.

Results
Nerve stimulation

In acute experiments guanacline was considerably
less potent than guanethidine (Figure 1). At the
highest dose used (50 ug/ml) guanethidine almost
abolished the response to stimulation whereas
guanacline reduced the responses by only 40% (s.e.
*7%).

In rats treated chronically with guanethidine
for 4 and 19 weeks the response of the vas
deferens to electrical stimulation was reduced to
25% of control (P < 0.01; Figure 2). In contrast,
guanacline treatment at no time significantly
affected responses to nerve stimulation.

After cessation of guanethidine treatment the
responses increased to, and remained at, about
60% of control. At all times up to 14 weeks after
cessation of treatment the responses were less than
control values (P < 0.05) but greater than
responses obtained at the end of guanethidine
treatment (P < 0.05).
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Fig. 3 Effect of 4 and 19 weeks treatment (5 mg/kg daily) with (a) guanethidine or (b) guanacline, and of periods
up to 14 weeks after cessation of treatment, on the contractile response of the isolated vas deferens to
noradrenaline 0.2 ug/mi (0,8) and 1.0 ug/ml (o,m), Both treatments produced a marked and similar potentiation
of noradrenaline responses and this potentiation persisted unchanged after cessation of guanethidine treatment.
Each point represents the mean result obtained with from 3 to 5 preparations. Vertical bars are s.e. mean.

Exogenous noradrenaline responses

Nineteen weeks treatment with either guanethi-
dine or guanacline produced a marked potentia-
tion (P < 0.01) of responses to exogenous
noradrenaline (Figure 3). There was no difference
at this time between the potentiation produced by
the two treatments. On cessation of guanethidine
treatment the potentiation was maintained, show-
ing no change after 14 weeks. On the other hand,
after cessation of guanacline treatment the
potentiation of noradrenaline responses showed a
limited decrease. From 2 to 14 weeks after
cessation of guanacline treatment the responses
were less than at the end of 19 weeks treatment (P
< 0.01) but still greater than controls (P < 0.01).

Endogenous noradrenaline content

The noradrenaline content of the vas deferens was
reduced by guanethidine treatment to 30% (P <
0.05) and by guanacline treatment to 25% (P <
0.01) of control values (Figure 4). The difference

10
o }
o
3 3
<
o)
- -
5
O 5-
)
E T
©
c |
e 1
°
©
= -
2
0.
6755 7
s Time after
Treatment tr(evagg'l(esr)]t
(weeks)

Fig. 4 Effect of 4 and 19 weeks treatment (5 mg/kg
daily) with guanethidine (o) or guanacline (e), and of
periods up to 7 weeks after cessation of treatment, on
the noradrenaline content of the vas deferens. Both
treatments produced a similar depletion of noradrena-
line content and there was no recovery from this
depletion after cessation of guanethidine treatment.
Each point represents the mean result obtained with
from 3 to 5 preparations. Vertical bars are s.e. mean.
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between the depletion produced by the two drugs
was not significant. Up to 7 weeks after cessation
of guanethidine treatment there was no increase in
the noradrenaline content. After cessation of
guanacline treatment there was a partial recovery
of noradrenaline levels. This was significant (P <
0.05) when the values after 2 and 3 weeks were
pooled.

Discussion

Chronic treatment of rats with either guanethidine
or guanacline in this study produced a very similar
depletion of noradrenaline stores of the vas
deferens. On the other hand, guanethidine treat-
ment markedly reduced responses to electrical
stimulation (to 25% of the control level) whereas
guanacline treatment did not produce any signifi-
cant reduction of these responses. Furthermore,
after cessation of guanethidine treatment the
previously-blocked responses to electrical stimula-
tion recovered to about 60% of the control level.
This recovery to stimulation however was not
matched by any recovery of the depleted
noradrenaline stores.

There is much evidence both pharmacological
and electrophysiological which indicates that
noradrenaline is the motor transmitter in the vas
deferens (Birmingham & Wilson, 1963; Burnstock &
Holman, 1964). However, it has been shown that
normal or near-normal responses to electrical
stimulation in sympathetically innervated tissues
do occur despite extensive noradrenaline depletion.
Thus Fielden & Green (1967) showed that after
treatment with (—)-3-hydroxyphenethylguanidine
the response of the cat nictitating membrane to
stimulation was little affected despite the loss of
more than 90% of the noradrenaline content.
Recently, Wakade & Krusz (1972) also found in
the guinea-pig vas deferens, that in spite of a 99%
reduction in noradrenaline content after reserpine-
treatment, the contractile response to stimulation
was still about 60% of normal. It is possible that in
the present study, the normal responses to
electrical stimulation obtained during guanacline
treatment, despite noradrenaline depletion, are
due to the release of enough noradrenaline to
stimulate the adrenergic receptors sufficiently to
cause a normal contraction. That such contractile
responses could be obtained with even a reduced
release of noradrenaline is supported by the fact
that during guanacline treatment the vas deferens
is super-sensitive to noradrenaline (Figure 3). This
supersensitivity is most probably due to a
guanacline-induced block of the noradrenaline
uptake process (Schiitmann & Philippu, 1968).

In contrast to guanacline, which does not

reduce responses, the block of responses to
electrical stimulation produced during guanethi-
dine treatment could be due to the potent and
specific adrenergic neurone blocking action of this
drug, independent of noradrenaline depletion. This
action has been well documented and reviewed
(Boura & Green, 1965; Fielden & Green, 1967)
and would result in a much-reduced release of
noradrenaline. Although there are no published
reports comparing the adrenergic neurone blocking
potency of guanethidine and guanacline, the
relative effect of these two drugs in acute
experiments would indicate that guanacline was a
much weaker adrenergic neurone blocking drug,
that is, it would not block the release of
noradrenaline as much as would guanethidine.
Therefore the fact that guanacline-induced
depletion during chronic treatment does not
reduce stimulation responses in the vas deferens is
probably a consequence of its much weaker
adrenergic neurone blocking action, the release of
some noradrenaline and the supersensitive state of
the tissue. It is still consistent with an adrenergic
innervation but might support the suggestion, by
Ambache & Zar (1971), that the motor résponse
may be at least partly non-adrenergic.

The persistent depletion of noradrenaline levels
and supersensitivity to exogenous noradrenaline
after cessation of guanethidine treatment are
similar to the effects of denervation in the cat
nictitating membrane (Smith, Trendelenburg,
Langer & Tsai, 1966). However, chronic treatment
of rats with guanethidine (10 mg/kg) for 13 weeks
has recently been shown not to decrease the
number of axons nor to produce any degenerating
axons in the vas deferens (Evans, Iwayama &
Burnstock, 1973). Although these authors report-
ed no restoration, after cessation of treatment, of
contractile responses to stimulation previously
blocked by guanethidine treatment, Hepp & Kreye
(1973) did find that ejaculatory function was
restored 8 weeks after guanethidine treatment had
finished (25 mg/kg daily for 8 weeks). The latter
result agrees with the findings in the present study
where contractile responses were partly restored
after cessation of guanethidine treatment. It seems
that the nerves are not destroyed by guanethidine
treatment and are able to synthesize and release
noradrenaline after cessation of treatment, but are
not able to take up and store noradrenaline to the
same extent. At this stage, the ability to release
more noradrenaline than during treatment, and the
partial recovery of responses to electrical stimula-
tion could be due to the absence, when the drug is
no longer present, of the adrenergic neurone
blocking action of guanethidine. The effect of the
transmitter released, albeit reduced in amount
compared to normal because of the depleted state,
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would be potentiated because of the persistent
supersensitivity to noradrenaline.

A persistent impairment of the membrane
noradrenaline uptake mechanism would account
for the persistent depletion of noradrenaline and
super-sensitivity to exogenous noradrenaline. The
effect of guanacline treatment appears to be
similar but less marked since after cessation of
treatment there is a partial return to normal of
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