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Effect of pertussis toxin on normorphine-dependence
and on acute inhibitory effects of normorphine and
clonidine in guinea-pig isolated illeum

J.F. Tucker

Department of Pharmacology, Chelsea College, Manresa Road, London, SW3 6LX

In guinea-pig isolated ileum from animals pretreated
with Pertussis toxin, the acute inhibitory effects of nor-
morphine and clonidine on electrically induced contrac-
tions were markedly attenuated whilst responses to
acetylcholine and electrical stimulation were unaltered.
Pertussis toxin treatment also reduced naloxone-
precipitated withdrawal contractures in normorphine-
dependent tissues. These results suggest that the acute
and chronic effects of normorphine are mediated by the
same mechanism, namely that of adenylate cyclase in-
hibition.

Introduction It has been proposed that adenylate
cyclase is involved in the presynaptic inhibitory ef-
fects of both opiates and adrenoceptor agonists (Col-
lier & Roy, 1974; Pelayo et al., 1978) and the depen-
dence resulting from chronic opiate exposure (Shar-
ma et al, 1975). The demonstration that islet-
activating protein, a toxin isolated from cultures of
Bordetella pertussis, can abolish receptor-mediated
inhibition of adenylate cyclase (Katada & Ui, 1982)
enables these proposals to be explored.

In the present investigation, Pertussis toxin has
been used in the guinea-pig ileum to investigate the
mechanisms underlying the acute inhibitory effects of
normorphine and clonidine on electrically-induced
contractions and on the naloxone-precipitated with-
drawal contractures seen in tissues chronically ex-
posed to normorphine.

Methods Ileum was obtained from male guinea-
pigs (Dunkin Hartley, 300-500 g) killed by cervical
dislocation and exsanguination, 2 or 3 days after
intraperitoneal injection of 50 pg purified Pertussis
toxin or of vehicle. Segments of tissue (2-2.5cm)
were taken from the caecal end of the ileum after
discarding the terminal 5-10 cm. Some segments of
tissue were used immediately for determinations of
acetylcholine sensitivity and the acute effects of nor-
morphine and clonidine on electrically-evoked re-
sponses, other segments were prepared for incuba-
tion with normorphine.

Acute effects of normorphine and clonidine were
determined in segments of ileum set up in Krebs
solution at 36°C and gassed with 95% O, and 5%
CO,. When appropriate, the ileum was stimulated
transmurally with parallel platinum electrodes using
a supramaximal voltage (60 V), a pulse duration of
1ms and a frequency of 0.1 Hz. Responses were
recorded isometrically under 1g tension. After a
20 min equilibration period, the effect of normor-
phine or clonidine on electrically-induced contrac-
tions was determined using a contact time of 1.5 min
and a dose interval of 10 min. Segments were used for
one concentration-response curve only.

Dependence was induced by incubating ileal seg-
ments for 16—21 h in Krebs solution containing nor-
morphine 107%M at a temperature of 10—-11°C. Incu-
bation fluid was pumped over the tissues at a rate of
2.5mlmin~!. Control tissues were incubated in
Krebs solution without normorphine. After incuba-
tion, tissues were set up in the appropriate Krebs
solution. Withdrawal was precipitated with a Krebs
solution containing naloxone (10~7M) administered
after a 45 min equilibration period. Between the 20th
and 30th min of equilibration, reference responses to
acetylcholine and to electrical stimulation were ob-
tained. Responsiveness to electrical stimulation was
reassessed 3—5 min after exposure to naloxone. The
contracture elicited by naloxone was expressed as a
percentage of the maximal response to acetylcholine
in that tissue.

Purified Pertussis toxin (Irons & Maclennan,
1979) was dissolved in equal parts of glycerol and a
buffer solution of 50 mM Tris and 1 M NaCl at pH 8.
The toxin was a gift from Dr L. Irons, Public Health
Laboratory Service, Porton Down. Statistical signifi-
cance tests were performed using Student’s ¢ test.

Results Pertussis toxin pretreatment markedly re-
duced the acute inhibitory effects of normorphine
and clonidine on responses to electrical stimulation
(Figure 1a and b). There was a displacement to the
right of the concentration-response curve and a
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Figure 1 Effect of Pertussis toxin on acute effects of normorphine and clonidine and on naloxone-precipitated
normorphine withdrawal in guinea-pig isolated ileum: (a) and (b) show concentration-response curves for
normorphine and clonidine, respectively, in the transmurally stimulated ileum, after prior treatment of animals with
50 ug Pertussis toxin (@) or vehicle (O). Responses are expressed as mean inhibition (%) of twitch height; vertical
lines indicate s.e.mean; number of experiments not less than 10. In (c) responses of ilea taken from animals
pretreated with toxin (lower trace) or vehicle (upper trace) are shown. Both tissues were incubated for 16-21h at
10-11°C in Krebs solution containing normorphine (10-%M) before being set up in fluid of the same composition at
36°C for recording contractions. Upper trace shows a typical withdrawal contraction in response to naloxone 10-’M
(Nx). Lower trace shows that the Nx-precipitated withdrawal contraction of ileum from Pertussis toxin pretreated

guinea-pigs is greatly attenuated. Reference responses to acetylcholine (ACh) and electrical stimulation (ES) are
also shown.
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50-70% reduction in the maximal response. How-
ever, the magnitude of responses to acetylcholine and
to electrical stimulation was unaltered.

In tissues exposed to 10~’M normorphine for
16-21h, the naloxone-precipitated withdrawal re-
sponses were reduced significantly from
52.5% *6.0% (mean * s.e.mean; n=10) in control
tissues, to 11.7% *+2.9% (n=11) in toxin-treated
tissues (P<<0.001). An example of the effect of
Pertussis toxin on naloxone-precipitated withdrawal
is shown in Figure 1c. The small contracture pro-
duced by naloxone in tissues incubated in Krebs
solution without normorphine was also reduced from
3.25% +0.7% t00.5% £ 0.5% (n=10; P<0.01).

Discussion Until recently, investigations into the
role of cyclic nucleotides in neurotransmission in
tissues such as the guinea-pig ileum have been re-
stricted to studies of the effects of alterations in cyclic
AMP levels. The availability of Pertussis toxin allows
a new approach to the problem. Islet-activating pro-
tein, a pertussis toxin, has been shown to attenuate
receptor-mediated inhibition of adenylate cyclase by
selective inactivation of a guanine nucleotide regulat-
ory protein (Katada & Ui, 1982). Since in the present
experiments the presynaptic inhibitory effects of nor-
morphine and clonidine in the ileum were markedly
attenuated by Pertussis toxin pretreatment, it is likely
that these actions were mediated through inhibition
of adenylate cyclase. This mechanism of action has
been proposed to explain the action of clonidine and
opiates in other tissues (Costa et al., 1983; Martinez-
Olmedo & Garcia-Sainz, 1983). Similar results with
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