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Reproducible Withdrawal Contractions of Isolated
Guinea-pig Ileum after Brief Morphine Exposure: Effects of
Clonidine and Nifedipine
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Abstract—Guinea-pig ileum stored for 30 min in Krebs solution and then mounted in Tyrode solution gave
reproducible contracture responses to naloxone after brief exposure to morphine. The preparation lasted
for several hours and a variety of pharmacological tests could be made. Clonidine, an ay-adrenoceptor
agonist, and nifedipine, a calcium channel antagonist, both known to interfere with tolerance and physical
dependence, inhibited naloxone withdrawal contractures in a dose related way. Their action seemed to be
receptor-mediated since yohimbine and Bay k 8644, respectively, reversed their inhibitory effect.

The guinea-pig ileum has been extensively used as a model to
study opiates and opioid peptides, the effects of which on the
enteric nervous system are believed to mimic those on the
central nervous system (Paton 1957, Kosterlitz & Waterfield
1975; North et al 1980; Szerb 1982; Garzon et al 1987).

Attempts have also been made to induce in the preparation
changes having the characteristics of the acute and chronic
effects of opiates on the whole animal. Several studies have
shown that the isolated ileum or the longitudinal muscle-
myenteric plexus preparations from guinea-pigs dependent
on morphine respond to naloxone with a powerful contrac-
tion (Ehrenpreis et al 1972; Schulz & Herz 1976; Gintzler
1980; Chahl & Thornton 1987).

Since the ileum can be made dependent in-vitro by
incubation with opiates, this indicates that the enteric
nervous system alone is responsible for the development of
dependence (Lujan & Rodriguez 1981; Collier et al 1981a). It
has been reported that the development of ileum dependence
occurs after just 0-5-2 min exposure to opioids, when
naloxone or washout induces withdrawal contractures
(Chahl 1983, 1986).

That observation offered a simple model for the study of
acute dependence, facilitating investigations on incipient
molecular mechanisms involved in dependence development
and on the expression of the abstinence syndrome. However,
only responses with enkephalin were reproducible after
washout and tissue preparations could no longer be used
after morphine and naloxone challenge (Chahl 1986). The
present work was undertaken to set up a simple and rapid
preparation of ileum with reproducible responses to a
challenge with naloxone after brief exposures to morphine.
We also tried to establish whether this model possessed some
of the characteristics of intact animals. To do this we studied
the effects of clonidine, an az-adrenoceptor agonist which is
known to antagonize some withdrawal symptoms in animals
and man, and nifedipine, a calcium channel antagonist.
There is evidence that calcium plays a role in the antinocicep-
tive action of opiates as well as in the development of
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tolerance and physical dependence (Harris et al 1976;
Bongianni et al 1986; Shah et al 1987a) and binding sites for
calcium blocking drugs have been found in intestinal smooth
muscles (Bolger et al 1983).

Materials and Methods

Methods

The experimental procedure was that of Chahl (1986) with
modifications. Male guinea-pigs (300-350 g) purchased from
Morini (Italy) were killed by a blow on the head. The
terminal portion of the ileum, discarding the 10 cm nearest
the caecum, was kept in a Petri dish with Krebs solution (mM:
NaCl 118, KCl 47, CACl, 2-5, KH,PO, 1:18, MgSO,
7, HO 1-2, NaHCO; 28, glucose 11-1) for 30 min and then
washed free of faecal matter. Two to four segments, 2-3 cm
long, from the same animal were set up under 1 g tension in §
mL organ baths containing Tyrode solution (mm: NaCl 137,
KCI1 27, CaCl, 1-8, MgCl, 1-05, NaH,PO, 0-4, NaHCO,
11-9, glucose 5). The baths were maintained at 37°C and
continuously bubbled with a mixture 0f 95% O; and 5% CO,.
The segments were allowed to equilibrate for 40-60 min
without washing and the response to acetylcholine (ACh)
was determined two or three times (10~ M) so that responses
could be expressed as percentages of the ACh maximum.
After a further 20-30 min, morphine was added to the baths
and 5 min later the ileum was challenged with naloxone.
Tension changes were recorded by an isotonic force trans-
ducer (Ugo Basile, 7006 Italy).

Atropine (2 x10-%M), clonidine (3:5-3 x 10-°M), nifedi-
pine (1-5x 10-*M) were added to the bath 1 min before
naloxone, while yohimbine (2x 107%M) and Bay k 8644
(methyl 1,4-dihydro-2,6-diemthyl-3-nitro-4-(2-trifluoro-
methylphenyl)-pyridine-5-carboxylate) (10-'mM) were added
30 s before clonidine and nifedipine, respectively. After the
response to naloxone, the preparations were washed, so the
opioid antagonist was in contact with tissues for not more
than 1-2 min.

Drugs
Drugs used were: morphine hydrochloride and naloxone
hydrochloride, SIFAC (Milan, Italy), clonidine hydrochlor-
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ide and yohimbine hydrochloride, Sigma Chemical Com-
pany (St. Louis, USA), nifedipine, Pfizer (New York, USA).
Alldrugs were dissolved in deionized water and ethanol (1:1)
to make up 1 mg mL-! solution from which further dilutions
were prepared before use.

Results

Time course of naloxone-precipitated contractures of mor-
phine-dependent ileum

The addition of morphine (10-¢ M) to the bath produced
relaxation and inhibition of movements of the preparation
(Fig. 1). Following a 5 min exposure to the opiate, naloxone
(10-7 M) induced a strong contracture (about 60% of the
ACh maximum). After washout and resting periods of about
10 min, a further addition of naloxone (10-¢ M) elicited
contractions decreasing with time up to 30 min by when
contracture to naloxone was not easily distinguished from
spontaneous tissue activity. Naloxone did not produce

effects on ‘“naive” preparations or those washed after
morphine contact.

Reproducible contractures to naloxone after morphine contact
A typical tracing of contracture responses of the ileum to
repeated challenges with morphine and naloxone is shown in
Fig. 2. Under our conditions the first contact with morphine
followed by naloxone induced a response which was not the
maximum obtainable (as in the tracing) for the doses used.
However, after washout and a 30 min interval between tests
to allow the dependence state to fade out (Fig. 1), a further 5
min exposure to morphine 10-¢ M followed by naloxone 106
M elicited reproducible responses.

Contractures were blocked by atropine injected into the
bath 1 min before naloxone. This also occurred after many
challenges with morphine and naloxone, indicating no
tachyphyllaxis (ACh mediated contractions). Following
washing and the 30 min resting period, the ileum responded
again to morphine and naloxone with the same intensity. The

FIG. 1. Time course of guinea-pig ileum contracture to naloxone 107 M (N) after 5 min exposure to morphine 10~ %M (M).

A =acetylcholine 2 x 10¢ M, B washout.
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Fic. 2. Reproducible contractions of guinea-pig ileum to naloxone (N) ® 10-% M O 10-7 M after 5 min exposure to
morphine 10~% M (M) and effect of atropine 2 x 10~% M (AT). A =acetylcholine 2 x 10~ M, B washout, a 25-30 min

intervals between two tests.
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ighest contractures for both morphine and naloxone (10-°
M) Was 68-3+ 318 of the maximum contracture to ACh (36
pl.eparations from 15 animals); no further increase was
obtained by raising concentrations of agonist and antago-
pist. By the use of a lower concentration of naloxone, the
contracture intensity in the same tissue preparation was
smaller but reproducible.

A more detailed analysis of the responsiveness of the ileum
preparation to different doses of naloxone following a
constant concentration of morphine 10~4Mis shownin Table
1; contractures are expressed as the percentage of that
produced by naloxone 10~¢ m. Naloxone-induced contrac-
tures were dose-dependent but the intensity of the response,
while generally constant in segments from the same animal,
could differ between animals. Ilea from most animals (Table
1, A) responded to naloxone 3 x 10~7 M with almost maximal
contractures and a concentration of 5x10~% M gave
12-4+9-84% of the maximum. However, even at the latter
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Table 1. Responsiveness of ilea from different animals (A, B) to
various concentrations of naloxone following 5 min exposure to
10~% M morphine. In brackets number of preparations.

Naloxone
concn (M) % of response to naloxone 10~¢m
A B
109 4)
3x1077 96-84+3-20 100+ 00
Ix1077 53-8+104 100+ 00
5x1078 12-4+9-48 9574361
2:5%107° — 874515

concentration some ilea gave an almost maximal contraction
(Table 1, B).

A variation in sensitivity of ilea from different animals was
also observed with morphine. The response elicited by
naloxone (10-% M), in most tissues, was dose-related to the
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Fi6. 3. Dose-dependent inhibition by clonidine 3-5 x 10~ M (Cy), 15 x 10 M(Cy), 35 x 107° M (C;) of guinea-pig ileum
contractions to naloxone 10~7 M (N) after 5 min exposure to morphine 107° M (M). A =acetylcholine 2 x 10°°m, m

washout, a 25-30 min intervals between two tests.
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FiG. 4. Clonidine 2 x 108 M (C) inhibition antagonism by yohimbine 2 x 10~8 M (Y) of naloxone 10~7 M (N) contracture

of ileum exposed for 5 min to morphine 10-¢ M (M). A =acetylcholine 2 x 10~

between two tests.

M, B washout, a 25-30 min intervals
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F1G. 5. Dose-dependent inhibition by nifedipine 5 x 10~#
ileum contracture to naloxone 10~% M (N) after 5 min expo

M (NF)), 2:5x 108 M (NF>), 1 x 10~8 M (NF3) of guinea-pig
sure to morphine 10~ M (M) and nifedipine | x 108 M (NF3)

antagonism by Bay k 8644 1 x 10~7 M. A =acetylcholine 2 x 10~ m, @ washout, a 25-30 min intervals between two tests.

amount of morphine in the range of 5x10~% to 10-° m.
However, at the lowest concentration some ilea gave con-
tractions that were about maximal.

Effects of clonidine and yohimbine

The dose-dependent inhibition by clonidine of the guinea-pig
ileum contraction to naloxone 10-¢ M is shown in Fig. 3.
Some ilea responded to naloxone with phasic and tonic
contractions. Low concentrations of clonidine (3-5x 10-°
M), injected 1 min before naloxone had little effect on the
phasic contractions and none on the tonic effects elicited by
opiate antagonists. Higher concentrations inhibited both the
phasic and tonic contractions. Nevertheless, ileum prep-
arations responded similarly and with the same intensity to
morphine and naloxone after repeated tests.

The effect of clonidine seemed to be specific and receptor
mediated, since yohimbine, an ay-adrenoceptor antagonist,
injected into the bath 1 min before clonidine blocked its
inhibiting effect (Fig. 4). Yohimbine alone had no effect on
the intensity of naloxone withdrawal contractures.

Experiments repeated with naloxone concentrations lower
than those used in Fig. 4, and giving smaller submaximum
contractures, confirmed that yohimbine counteracted the
effects of clonidine but did not affect the naloxone response
of dependent ilea when administered alone.

Effects of nifedipine and Bay k 8644

Fig. 5 shows a dose-dependent inhibition by nifedipine of the
ileum withdrawal contraction. A concentration of 10-8 M of
the drug inhibited the response by about 50%. Bay k 8644
reversed the effect of nifedipine, 10-8 M, but not completely.

Discussion

The results clearly demonstrate that brief contacts with
morphine induce a high degree of dependence in the guinea-
pig isolated ileum which can be observed only by naloxone
precipitated withdrawal, thus confirming a previous study
(Chahl 1986).

Under our conditions, the first challenge with morphine
followed by naloxone normally elicited a sustained with-
drawal contracture which was reproducible for up to 6 h. The
effects of opiate agonists and antagonists are reversible and
even after 30 min intervals the ileum preparations showed the
same sensitivity in further tests, this also occurred after
administration to the bath of drugs such as atropine,
clonidine, yohimbine and nifedipine.

In pilot experiments on withdrawal responses of guinea-
pig ileum to morphine, we noted that Krebs solution (Lujan
& Rodriguez 1981) was useful in short experiments as motor
activity was increased with time; on the other hand the
responses in Tyrode solution alone were not reproducible
(Chahl 1986).

The preincubation of ilea in Krebs solution for 30 min or
longer, and the subsequent perfusion in Tyrode solution,
alters organ behaviour so that the response to the first or
second contact to morphine-naloxone is the highest possible
and best reproducible for the doses used, and is unchanged
by excessive spontaneous activity. Although it is not clear
how brief exposure to Krebs solution changes the tissue
responsiveness, it seems that some constituents, probably the
K+ ions which are present at much higher concentrations in
Krebs than in Tyrode solution, are able to alter the ileum
response permanently. It is well established (McFadzean
1988) that ionic mechanisms play an essential role in opioid
actions.

Acute physical dependence, that is the precipitated opioid
withdrawal symptoms produced by the administration of an
opioid antagonist after brief exposure to an opioid agonist, is
a relatively unexplored means of investigating the complex
and as yet incompletely known processes leading to the
development of opiate dependence and to manifestations of
the abstinence syndrome (Valeri et al 1989). Studies in
animals and man have shown that this phenomenon is
characterized by as many signs and symptoms as those
observed in long term treatment, thereby confirming its
similarity to chronic physical dependence (Martin & Eades
1961; Smits 1975; Eisenberg & Sparber 1979; Eisenberg 1983;
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pickel et al 1988). This approach is a useful means of
¢ xamining Fh.e mcn'plent stages lqv91ved in the response to
opioid admlnlstrgtlon and of avgldmg more complex a'dapt-
jve changes resulting frorr} chronic exposure. However, in the
whole animal, many variables may confuse the analysis of
the biochemical mechanisms underlying dependence even
after a single dose of opioids. The study of acute dependence
in a simpler system than the isolated organ would be a more
suitable tool to illustrate the first molecular processes leading
to this condition.

In this context it is particularly attractive to be able to
obtain contractions which are completely atropine sensitive
without the involvement of non-cholinergic ones, as reported
in other experimental conditions where more complex
adaptive changes could have occurred (Tsou et al 1982;
Collier et al 1981a; Chahl 1983, 1985a; Chahl & Thornton
1987). We therefore focused on those pharmacological
characterizations of this cholinergic withdrawal response
which seem the simplest obtainable from an isolated prep-
aration in a dependent state.

Clonidine is an a;-adrenoceptor agonist which shares with
opiates an antinociceptive activity (Fielding et al 1978;
Browning et al 1982), the ability to reduce the release of
acetylcholine from the final motor neurons of the guinea-pig
ileum (Drew 1978; Browning et al 1982) and to counteract
the effects of opiate withdrawal (Gold et al 1978, 1982). This
last property has been widely studied in animals (Tseng et al
1975; Meyer & Sparber 1976) but little attention has been
given to the in-vitro preparation (Collier 1981b). Clonidine
at low concentrations and in a dose-related manner reduces
naloxone-induced ileum contractions as in the whole animal.
A similar result has been obtained by Chahl (1985b) with
Met-enkephalin. The clonidine effect is receptor mediated
since yohimbine is able to counteract its inhibitory effect. The
present observation that yohimbine does not increase with-
drawal contractures, even to doses of opiate agonists and
antagonists which give submaximal responses, is in accord-
ance with some in-vivo studies (Nakaki et al 1980; Van der
Laan 1985), but in contrast with other data (Dwoskin et al
1983). Besides the obvious differences between in-vitro and
in-vivo studies, it must be observed that in the guinea-pig
ileum the ultimate response to ay-adrenergic and opiate
agonists is via the cholinergic neuron, but a comprehensive
understanding of the events occurring when these receptors
are activated or inhibited is still lacking (Del Tacca et al 1988)
as also is knowledge of what takes place at different points
between receptor interactions and acetylcholine release.

) Among the many factors that could modulate acetylcho-
line release, the effect of calcium is an example because of its
fundamental role in many physiological and pharmacologi-
C?_ﬂ €vents. Evidence has accumulated that calcium antago-
Tistic activity could mediate some actions of morphine
(RamaSWamy et al 1986; Del Pozo et al 1987; Shah et al
1987b; Ramkumar & El-Fakahany 1988) as well as some
e‘feflts determined by a,-adrenoceptor activation (Bartfai &
Y121 1986). Calcium channel blockers have been shown to
nhibit the expression of the naloxone-precipitated absti-
fence syndrome in-vivo, suggesting a role for calcium
‘l';ham.lels in morphine abstinence (Harris et al 1975, 1976;

Onglanni et al 1986; Baeyens et al 1987).

Our results showing the inhibition by low doses of

nifedipine of naloxone-precipitated withdrawal further
stress the similarity to abstinence in-vivo and in-vitro, after
brief exposure to opiate. Similar results have been published
during the preparation of this paper with verapamil and cis-
diltiazem (Barrios & Baeyens 1988). The mechanism under-
lying these effects is not clear.

As the guinea-pig ileum cholinergic response may be
modulated by various neuronal activities (Drew 1978;
Garzon et al 1987), a more detailed study is needed to
ascertain at what level the effects of calcium channel agonists
and antagonists are exerted in morphine withdrawal contrac-
tures. For this purpose the present working procedure could
be a useful tool since this isolated ileum preparation is simple
and versatile. Comparable responses, in the same prep-
aration, can be obtained with different substances in a
relatively short time. Working at submaximal response it is
possible to ascertain factors and drugs capable of inhibiting
or exacerbating the withdrawal contraction in-vitro.

References

Baeyens, Y. M., Esposito, E., Ossowska, G., Samanin, R. (1987)
Effects of peripheral and central administration of calcium
channel blockers in the naloxone-precipitated abstinence syn-
drome in morphine-dependent rats. Eur. J. Pharmacol. 137: 9-13

Barrios, M., Baeyens, J.M. (1988) Differential effects of calcium
channel blockers and stimulants on morphine-withdrawal in
vitro. Eur. J. Pharmacol. 152: 175-178

Bartfai, T., Vizi, E. S. (1986) Prevention by nimodipine, a calcium
entry blocker, of the effect of a;-adrenoceptor blocking agents on
noradrenalin release: differential effects of nimodipine, on [3-H]
noradrenaline and [14-C] acetylcholine release measured conco-
mitantly from guinea-pig ileum. Arch. Int. Pharmacodyn. 284:
214-224

Bickel, W. K., Stitzer, M. L., Liebson, I. A, Bigelow, G. E. (1988)
Acute physical dependence in man: effects of naloxone after brief
morphine exposure. J. Pharmacol. Exp. Ther. 244: 126-132

Bolger G. T., Gengo, P., Klockowki, R., Luchowski, E., Siegel, H.,
Janis, R. A., Triggle, A. M, Triggle, D. J. (1983) Characterization
of binding of Ca?* channel antagonist, [3-H]Ni- trendipine, to
guinea-pig ilea smooth muscle. Ibid. 225: 291

Bongianni, F., Carla, V., Moroni, F., Pellegrini-Giampietro, D. E.
(1986) Calcium channel inhibitors suppress the morphine-with-
drawal syndrome in rats. Br. J. Pharmacol. 88: 561-567

Browning, S., Lawrence, D., Livingston, A., Morris, B. (1982)
Interactions of drugs active at opiate receptors and drugs active at
as-receptors on various test systems. Br. J. Pharmacol. 77: 487-
491

Chahl, L. A. (1983) Contracture of guinea-pig ileum on withdrawal
of methionine-5-enkephalin is mediated by substance P. Ibid. 80:
741-749

Chahl, L. A. (1985a) Effects of substance P antagonists on the
atropine-sensitive and atropine-resistance response of guinea-pig
ileum to substance P. Neurosc. Lett. 66: 35-40

Chahl, L. A. (1985b) The properties of the clonidine withdrawal
response of guinea-pig isolated ileum. Br. J. Pharmacol. 85: 457-
462

Chahl, L. A. (1986) Withdrawal responses of guinea-pig isolated
ileum following brief exposure to opiates and opioid peptides.
Naunyn-Schmiedeberg’s Arch. Pharmacol. 333: 387-392

Chahl, L. A., Thornton, C. A. (1987) Locomotor activity and
contracture of isolated ileum precipitated by naloxane following
treatment of guinea-pigs with a single dose of morphine. J. Pharm.
Pharmacol. 39: 52-54

Collier, H. O. J., Cuthbert, N. J., Francis, D. L. (1981a) Model of
opiate dependence in the guinea-pig isolated ileum. Br. J.
Pharmacol. 73: 921-932

Collier, H. O. J., Cuthbert, N. J., Francis, D. L. (1981b) Clonidine
dependence in the guinea-pig isolated ileum. Ibid. 73: 443-453

Del Pozo, E., Caro, G., Baeyens, J. M. (1987) Analgesic effects of



120 P. VALERI ET AL

several calcium channel blockers in mice. Eur. J. Pharmacol. 137:
155-160

Del Tacca, M., Tadini, P., Blandizzi, C., Bernardini, M. C. (1988)
Excitatory and inhibitory cholinergic effects of yohimbine on
isolated guinea-pig small intestine. Pharm. Res. Commun. 20:
673-684

Dwoskin, L. P., Neal, S. S., Sparber, S. S. (1983) Yohimbine
exacerbates and clonidine attenuates acute morphine withdrawal
in rats. Eur. J. Pharmacol. 90: 269-273

Drew, G. M. (1978) Pharmacological characterization of the
presynaptic a-adrenoceptors regulating cholinergic activity in the
guinea-pig ileum. Br. J. Pharmacol. 64: 293-300

Ehrenpreis, S., Ligth, 1., Schonbuch, G. (1972) Use of electrically
stimulated guinea-pig ileum to study potent analgesics. In: Singh,
J. M., Miller, L. H., Zal, H. (eds) Drug addiction: Experimental
aspects. Futura, Mount Kisco, NY, 319-342

Eisenberg, R. M., Sparber, S. B. (1979) Changes in plasma
corticosterone level as measure of acute dependence upon levor-
phanol in rats. J. Pharmacol. Exp. Ther. 211: 364-369

Eisenberg, R. M. (1983) Influence of clonidine on the acute physical
dependence response elicited in naive rats by naloxone. Life Sci.
32: 1547-1552

Fielding, S., Wilker, J., Hynes, M., Szewczak, M., Novick, W. J.,
Lal, H. (1978) A comparison of clonidine with morphine for anti-
nociceptive and antiwithdrawal actions. J. Pharmacol. Exp. Ther.
207: 899-905

Garzon, J., Hollt, V., Sanchez-Blazques, P., Herz, A. (1987) Neural
activity of opioid mechanisms in guinea pig ileum by excitatory
peptides. [bid. 240: 642-649

Gintzler, A. R. (1980) Substance P involvement in the expression of
gut dependence on opiates. Brain Res. 182: 224-228

Gold, M. S., Redmond, D. E. Jr., Kleber, H. D. (1978) Clonidine in
opiate withdrawal. Lancet I: 929-930

Gold, M. S., Pottash, A. L. C., Extein, L. (1982) Clonidine: inpatient
studies from 1978 to 1981. J. Clin. Psychiat. 43 (2): 35-38

Harris, R. A., Loh, H. H., Way, E. L. (1975) Effects of divalent
cations, cation chelators and ionophore on morphine analgesia
and tolerance. J. Pharmacol. Exp. Ther. 195: 488-498

Harris, R. A, Loh, H. H., Way, E. L. (1976) Antinociceptive effects
of ianthanum and cerium in non-tolerant and morphine tolerant-
dependent animals. Ibid. 196: 288-297

Kosterlitz, H. W., Waterfield A. A. (1975) In vivo models in the
study of structure-activity relationships of narcotic analgesia.
Ann. Rev. Pharmacol. 15: 29-47

Lujan, M., Rodriguez, R. (1981) Pharmacological characterization
of opiate physical dependence in isolated ileum of guinea-pig. Br.
J. Pharmacol. 73: 859-866

Martin, W. R, Eades, C. G. (1961) Demonstration of tolerance and
physical dependence in dog following a short term infusion of
morphine. J. Pharmacol. Exp. Ther. 133: 262-270

McFadzean, 1. (1988) The ionic mechanisms underlying opioid
actions. Neuropeptides 11: 173-180

Meyer, D. R., Sparber, S. B. (1976) Clonidine antagonizes bOdy
weight loss and other symptoms used to measure withdrawa} in
morphine pelleted rat given naloxone. Pharmacologist 18: 23¢

Nakaki, T., Chang, P. C.J., Takunaga, Y., Kato, R. (1980) Alpha.j.
adrenoceptors modulating diarrhoea in morphine-dependent ragg_
J. Pharm. Pharmacol. 33: 397-399

North, R. A., Katayama, Y., Williams I. T. (1980) Actions of
peptides on enteric neurones in: E. Costa and M. Trabucchi (eds)
Neural Peptides and Neural Communications. (Raven Press, New
York): 83-

Paton, W. D. M. (1957) The action of morphine and relateq
substances on contraction and on acetylcholine output of ¢o.
axially stimulated guinea-pig ileum. Br. J. Pharmacol. Chemo.
ther. 12: 119-127

Ramaswamy, S., Rajasekaran, M., Bapna, J. S. (1986) Role of
calcium in prolactin analgesia. Arch. Int. Pharmacodyn. 283: 56—
60

Ramkumar, V., El-Fakahany, E. E. (1988) Prolonged morphine
treatment increases rat brain dihydropyridine binding sites:
possible involvement in development of morphine dependence.
Eur. J. Pharmacol. 146: 73-83

Schulz, R., Herz, A. (1976) Aspects of opiate dependence in the
myenteric plexus of guinea-pig. Life Sci. 19: 1117-1128

Shah, M. H,, Dikshit, R. K., Mansuri, S. M. (1987a) The calcium
channel antagonist, verapamil, potentiates the inhibitory actions
of morphine on intestinal and biliary motility. J. Pharm. Pharma-
col. 39: 1037-1038

Shah, M. H., Dikshit, R. K., Mansuri, S. M. (1987b) Potentiation of
some central effects of morphine by verapamil. Med. Sci. Res. 15:
145-146

Smits, S. E. (1975) Quantitation of physical dependence in mice by
naloxone precipitated jumping after a single dose of morphine.
Res. Commun. Chem. Pathol. Pharmacol. 10: 651-661

Szerb, Y. C. (1982) Correlation between acetylcholine release and
neuronal activity in the guinea-pig ileum myenteric plexus: effect
of morphine. Neuroscience 7: 327-340

Tseng, L. F., Loh, H. H., Wey, E. T. (1975) Effects of clonidine on
morphine withdrawal signs in the rat. Eur. J. Pharmacol. 30: 93-
99

Tsou, K., Lovie, G., Way, E. L. (1982) Manifestation of gut opiate
withdrawal contracture and its blockade by capsaicin. Ibid. 81:
377-383

Valeri, P., Martinelli, B., Pimpinella, G., Severini, C. (1989) Effect of
dapiprazole, a selective alfa-1 blocking drug on development of
morphine dependence and withdrawal behaviour in mice. Drug
Alchol. Dependen. 23: 73-77

Van der Laan, J. W. (1985) Effects of -2 agonists on morphine-
withdrawal behaviour: potentiation of jumping mediated by a-2-
receptors. Naunyn-Schmiedeberg’s Arch. Pharmacol. 329: 293-
298



