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significance of the active metabolite norfluoxetine awaits further
investigation.
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Further studies on the anti-nociceptive effect of vasopressin
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Abstract—The possible interactions of pathways which mediate
anti-nociception when stimulated by a;-adrenoceptor agonists and
arginine vasopressin (AVP) were investigated. Yohimbine, an a;-
antagonist, failed to modify the anti-nociceptive response of AVP.
However, clonidine pretreatment, in sub-effective and effective
doses, potentiated the anti-nociceptive response of a sub-effective
dose of AVP. This potentiation was attenuated by yohimbine and
completely anatagonized by naloxone. These studies suggest that
pathways related to the opioidergic system and those stimulated by
az-agonists may be utilized by AVP in eliciting the anti-nociceptive
response.

Attempts have been made in recent years to understand the
mechanism responsible for the anti-nociceptive activity pro-
duced by arginine vasopressin (AVP) recorded in different
animal models. This effect has been reported to be independent
of the opioidergic system (Berkowitz & Sherman 1982; Hart &
Oluyomi 1990). An important non-opiate pathway for eliciting
anti-nociception is one which is stimulated by a,-adrenoceptor
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agonists. a,-Agonists, such as clonidine produced a significant
anti-nociceptive response which was antagonized by yohimbine
and unaffected by naloxone (Paalzow & Paalzow 1976; Spauld-
ing et al 1979; Chance 1983).

Even though opioidergic and a-adrenergic anti-nociception
are independent, an interaction between them and a common
pathway have been proposed (Spaulding et al 1979; Ramas-
wamy et al 1981, 1983b). The possible interaction between AVP
and oy-agonists in eliciting anti-nociception has not been
examined. In the present study, an effort has been made to
analyse such an inter-play.

Materials and methods

Male Swiss albino mice, 25-30 g, housed ina 12 hdark: 12 h light
cycle with free access to food and water were used. Anti-
nociception was tested using the acetic acid-induced abdominal
constriction assay. The onset and number of abdominal con-
strictions were noted for a period of 10 min following the
injection of acetic acid (0-6%; 10 mL kg~!; i.p.). The anti-
nociceptive effect of clonidine (0-1 and 1-0 ug kg~'; i.p.) and
AVP (0-8 and 4-0 ug kg~'; i.v.) were recorded by administering
them 15 or 10 min, respectively, before acetic acid challenge.
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Table 1. The influence of AVP, clonidine, yohimbine and naloxone alone and in combination on acetic
acid-induced abdominal constriction in mice.

First Second Third
treatment treatment treatment
(mgkg™") (vgkg™") (rg kg™

Saline Saline Saline
Saline Clonidine (0-1)  Saline
Saline Clonidine (1-0)  Saline
Saline Saline AVP (0-8)
Saline Saline AVP (4-0)
Saline Clonidine (0-1) AVP (0-8)
Saline Clonidine (1-0) AVP (0-8)
Yohimbine (1-0)  Saline Saline
Yohimbine (1-0)  Clonidine (1-0)  Saline
Yohimbine (1-0)  Saline AVP (4-0)
Yohimbine (1-0)  Clonidine (1-0) AVP (0-8)
Naloxone (1-0) Saline Saline
Naloxone (1-0) Clonidine (1-0) AVP (0-8)

Abdominal constrictions

Onset (s) Number Inhibition (%)
20924183 22:8+1-7 —
242-:0+174 193414 154
306-6 +41-32 13-0+1-5 430
199-0+13-5 196407 14-1
3130+ 1472 10-6 +0-82 53-6
331-0+402**  11-8+1-62P 48-3
434-0+45-550 3-6+0-92b 843
2204+ 187 20-8+0-9 88
185:0+2-9° 21-341-8¢ 66
330-0+36 7% 80+1-72 65-0
354-0 +30-124 8141-20¢ 64-5
205-0+12-0 24-6+12 —
2769 +18-9¢ 16-4+ 1-42¢ 281

The values are mean +s.e.m. of six experiments. * P <0-01 compared with saline-saline-saline value.
b P <0-05 compared with saline-saline-AVP (0-8) and saline-saline-clonidine (0-1) values. ¢ P <0-05
compared with saline-clonidine (1-0)-saline value. ¢ P<0-05 and ®P<0-01 compared with saline-

clonidine (1-0)-AVP (0-8) value.

The influence of yohimbine (1 mg kg~!;i.p.) on clonidine (1 ug
kg~'; i.p.)- and AVP (4 pug kg~'; i.v.)-induced anti-nociception
was examined by injecting yohimbine 15 min before clonidine or
AVP. In separate groups of animals, the influence of clonidine
(0-lor1-0ugkg=")Yand AVP (0-8 ugkg~';i.v.) on the abdominal
constrictions was studied by administering clonidine 15 min
before AVP.

The role of ay-adrenergic mechanisms and the opioidergic
system on the changes in the AVP anti-nociception produced by
clonidine was examined by exposing the animals either to
yohimbine (1 mg kg~'; i.p.) or to naloxone (1 mg kg~!; i.p.)
15 min before clonidine. The changes induced by yohimbine
(1 mg) and naloxone (1 mg) on the abdominal constrictions were
recorded independently. Saline-treated animals served as con-
trols.

The results were statistically analysed initially by analysis of
variance followed by Dunnett’s s-test.

Results

The data are summarized in Table 1. Clonidine (0-1 ugkg~") did
not significantly modify the abdominal constrictions but a dose
of 1.0 ug kg~ significantly delayed the onset and decreased the
number of abdominal constrictions. AVP at a dose of 0-8 ug did
not significantly modify either the onset or the number of
abdominal constrictions whereas 4-0 ug of AVP significantly
delayed the onset and decreased the number of abdominal
constrictions. Exposure to sub-effective doses of clonidine
(0-1 ug) and AVP (0-8 ug) resulted in a significant delay in the
onset and reduction in the abdominal constrictions. Further, a
similar but enhanced response was recorded in animals treated
with clonidine (1:0 ug) and AVP (08 ug) at 15 min intervals.

This enhancement was comparatively less in yohimbine-pre-
treated animals and was almost absent in naloxone-pretreated
animals. Yohimbine pretreatment significantly antagonized the
effect of clonidine while it did not affect that of AVP (4-0 ug
kg ). The antagonists themselves in the doses employed did not
modify significantly the abdominal constrictions.

Discussion

In agreement with the previous reports (Berkowitz & Sherman

1982; Hart & Oluyomi 1990), AVP when administered i.v.
produced a significant anti-nociception as tested in the acetic
acid-induced abdominal constriction assay. The a,-adrenergic
pathways appear not to contribute to the AVP-induced anti-
nociceptive response as the AVP response was insensitive to
yohimbine. It is clear that both clonidine and AVP act through
non-opiate mechanisms to elicit anti-nociception (Spaulding et
al 1979; Berkowitz & Sherman 1982). However, clonidine-
induced anti-nociception was sensitive to yohimbine (Paalzow &
Paalzow 1976) while that of AVP was not sensitive as shown in
this study. Hence, it may be stated that AVP and clonidine might
utilize different pathways in this action.

The results of the experiments involving clonidine and AVP
treatment, however, showed that a combination of sub-effective
doses of clonidine and AVP produced a significant anti-
nociceptive response. Furthermore, clonidine pretreatment
potentiated the anti-nociceptive effect of a sub-effective dose of
AVP. These findings suggest some role for a,-adrenergic path-
ways in the anti-nociceptive response of AVP. This suggestion
was supported by the observation that this potentiation was
reduced (84-3-64:5%) in yohimbine-pretreated animals.

It has been previously reported that clonidine and morphine,
though acting through different mechanisms, potentiate the
anti-nociceptive response of each other (Spaulding et al 1979).
Therefore, it was suggested that these agents, though acting
independently, might utilize a common pathway in their anti-
nociceptive responses. Similarly, AVP which was reported to act
through a non-opiate mechanism (Berkowitz & Sherman 1982)
has been shown to potentiate the anti-nociceptive effect of |
prolactin (Ramaswamy et al 1991) which essentially utilizes
opioid pathways (Ramaswamy et al 1983a). This potentiation
was naloxone-sensitive which suggested that it was mediated
through an opioidergic system (Ramaswamy et al 1991). In the
present study, the possible involvement of opiate pathways in
the potentiation recorded for AVP-induced anti-nociception by
clonidine was tested by employing naloxone. The reduction of
this potentiation (84-3-28-1%) in naloxone-pretreated animals
favours a role for an opiate mechanism in this action. This
finding further supports the contention that a-adrenergic and
opiate mechanisms utilize related pathways and also suggest that
AVP could act through more than one pathway to elicit an anti-
nociceptive response.
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Effects of benzodiazepine administration on A adenosine receptor binding

n-vivo and ex-vivo

GARY B, KAPLAN*1}, MONETTE M. COTREAUT, DAVID J. GREENBLATT*, *Division of Clinical Pharmacology,
Departments of Psychiatry and Pharmacology, Tufts University School of Medicine and New England Medical Center Hospital,
Boston, MA, 02111, USA and tDepartment of Veterans Affairs Outpatient Clinic, Boston, MA, 02114, USA

Abstract—The adenosine receptor has been implicated in the central
mechanism of action of benzodiazepines. The specific binding of an
A,-selective adenosine antagonist radioligand, [H])8-cyclopentyl-
1,3-dipropyixanthine, was measured in-vivo in mice treated with
alprazolam (2 mg kg~!, i.p.), lorazepam (2 mg kg~!, i.p.) and
vehicle. Binding studies were performed in-vivo and ex-vivo in mice
receiving continuous infusion of alprazolam (2 mg kg~! day™1),
lorazepam (2 mg kg~' day~!) and vehicle by mini-osmotic pumps
for 6 days. Continuous infusion of alprazolam and lorazepam
significantly decreased specific binding by 34 and 53%, respectively,
compared with vehicle treatment (P < 0-01). Single doses of alprazo-
lam and lorazepam induced a similar trend in specific binding in-vivo
(P=0-07). There were no alterations in A,-receptor density (Bpax) or
affinity (K4) in cortex, hippocampus or brainstem in ex-vivo studies.
Benzodiazepine treatment may diminish A- receptor binding in-
vivo by inhibiting adenosine uptake or by direct occupancy of the A;
adenosine receptor recognition site.

The central effects of benzodiazepines are mediated by mol-
ecular mechanisms which have not been completely elucidated.
Benzodiazepines are known to bind to a high-affinity benzodia-
zepine receptor site on a supramolecular GABA, complex,
enhancing binding of y-aminobutyric acid (GABA) to its
recognition site and altering coupling to its effector. However,
benzodiazepine-induced enhancement of GABA-ergic synaptic
transmission or its antagonism do not explain all of the clinical
effects of benzodiazepines. Other mechanisms of action have
been considered including the interaction of benzodiazepines
with the neuromodulator adenosine. Adenosine is an endoge-
nous neuromodulator which binds to its own recognition sites,
A, and A;, and like benzodiazepines, adenosine agonists are
known to be sedating, motor-depressant and anticonvulsant
(Phillis & O’Regan 1988).

Benzodiazepines reverse the behavioural effects of adenosine
receptor antagonists, such as caffeine. Diazepam reverses caf-
feine-induced restlessness, tension, alertness and arousal in man

1Present address and correspondence: G. B. Kaplan, Research
Service (151), Department of Veterans Affairs Medical Center, 8§30
Chalkstone Avenue, Providence, RI 02908, USA.

(Roache & Griffiths 1987). In animal models, interactions
between benzodiazepine and adenosine agonist and antagonist
agents on locomotor activity, suppressed behaviours and con-
flict behaviours have been demonstrated (Crawley et al 1981;
Polc et al 1981; Barraco et al 1984; Kaplan et al 1990). However,
a lack of interaction between diazepam and adenosine agonists
was shown in another behavioural study (Commissaris et al
1990). Consistent interactions have been seen with convulsant
effects, since adenosine agonists suppress the induction of
seizures by bicuculline, a GABA-ergic proconvulsant agent
(Franklin et al 1989), and benzodiazepines inhibit caffeine-
induced seizures (Marangos et al 1981; Chweh et al 1986).

Functional responses of the adenosine receptor system have
been examined by measuring adenosine-induced depression of
evoked activity in neurons. Alterations of adenosine-evoked
depression by benzodiazepine have been consistently found,
suggesting their role in modulating adenosinergic responses
(Phillis 1979; Mally et al 1990).

Various alterations of the specific components of the adeno-
sine receptor system by benzodiazepines have shown that
benzodiazepines inhibit the uptake and release of adenosine at a
specific high-affinity site, resulting in increased concentrations
of extracellular adenosine (Phillis et al 1980a, b; Bender et al
1980). Adenosine-uptake-inhibiting agents and benzodiazepines
similarly block adenosine uptake (Bender & Hertz 1986). A
correlation between inhibition of benzodiazepine binding and
inhibition of adenosine uptake has been found with various
drugs (Wu et al 1980). Additionally, a correlation between
adenosine-uptake inhibition and inhibition of seizure-induction
by the GABA-ergic agent, pentetrazol, has been described
(Chweh et al 1984). These correlations suggest relationships
between adenosine-uptake-inhibition and benzodiazepine
receptor binding and function.

Adenosine and diazepam are structurally similar with a flat,
fused heterocyclic ring structure and neutral charge, suggesting
that cross-reactivity of drugs could occur between the two
receptor systems. Benzodiazepines bind weakly to adenosine
receptors in-vitro at micromolar concentrations while binding to



