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ance to and physical dependence on drugs (e. g. Jaffe and
Sharpless, 1968; Collier, 1966; Sharpless and Jaffe, 1969;
Puri and Lal, 1973a), since withdrawal phenomena seem to
represent rebound effects which are opposite in character
to those produced by the drug itself. The characteristics
of the two methods of producing supersensitivity in the

CNS are described below.

1) Lesion Induced Supersensitivity

Intracerebral injections of 6-hydroxydopamine produce
a degeneration of catecholamine containing nerve terminals
in the CNS (Breese and Traylor, 1970; Uretsky and Iversen,
1970). Following this treatment, rats exhibit a marked in-
crease in locomotor activity in response to L-DOPA (Uret-
sky and Schoenfeld, 1971) or apomorphine (Schoenfeld and
Uretsky, 1972) as well as enhanced apomorphine-induced
stereotypy (Iversén and Creese, 1975) and ET-495 induced
hypothermia (Reid, 1975). Similarly, destruction of the
substantia nigra results in enhancement of apomorphine-
induced stereotypy, while the stereotypy produced by am-
phetamine is blocked (Iversen and Creese, 1975).

Unilateral destruction of dopaminergic nigro-striatal
fibers or terminals provides an interesting model for the
study of dopaminergic supersensitivity (Ungerstedt, 1971a;
Von Voightlander and Moore, 1973c). After such lesions,
animals circle away from the side of the lesion in response

to apomorphine and towards the side of the lesion in response
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In addition, the rat was weighed and his colonic
temperature was measured onehour after receiving the final
injection of morphine. The temperature was measured using
a digital thermistor thermometer (Digitec Model 581C, Un-
ited Systems Corp.). The rectal probe was inserted 5 cm
and maintained in place for one minute before recording
the temperature. Immediately prior to the observation
session, the rats were again weighed and their temperatures
taken. These values were compared with the initial meas-
urement in order to establish the magnitude of change in
weight and temperature. The descriptions and measurements

of these signs may be found in Gianutsos et al. (1975).

F. Aggression

Aggression was measured by placing similarly treated
rats in groups of four into a chamber (23 cm X 20 cm X 19
cm) made of Plexiglas with a wire floor. The walls of the
chamber were covered with a sound-absorbing rubber material,
with the front left uncovered to allow for observations.

The rats were observed for one hour during which time,
three parameters of aggression were measured as described
in Lal (1975). These were: attacks (including bites), rear-
ing time and vocalizations. An attack was recorded each
time one rat bit, violently shoved or leaped upon another
animal. Rearing time consisted of the total elapsed time,

in seconds, 1n which two or more rats assumed an aggressive

posture in which they stood on their hind paws facing each


















































































































TABLE 17

EFFECT OF DEXETIMIDE ON HALOPERIDOL INDUCED BLOCKADE
OF MORPHINE WITHDRAWAL AGGRESSION

Aggressive Responses/Hour
(mean ¥ S.E.)
Dose Rearing

Drug1 mg/Kg Ez Attacks (secs) Vocalizations

72 hour withdrawal3

Saline - 5 30%2 3114 ¥ 121 1507 ¥ 158
Haloperidol  0.64 5 0 2 ¥ P
Haloperidol 0.64 + + +

+ 9 4 - 4 334 - 296 284 - 246
Dexetimide 5

7 day withdrawal3

Apomorphine 1.25 6 30 pa 6 3391 s 89 2387 - 464
Apomorphine 1.25

+ 3 0 0 0
Haloperidol 0.64
Apomorphine 1.25 + +

+ 3 42 - 5 2792 - 533 1948 - 525
Dexetimide 5
Apomorphine 1.25

+ 4+ +
Dexetimide 5 4 1 4 - 4 8 - 6

+
Haloperidol 0.64

Haloperidol was injected two hours before testing while
dexetimide and apomorphine were injected 40 minutes and
10 minutes, respectively, before testing.

Number of groups (four rats per group) tested.

Time since last morphine injection.

86



87

aggression.

b) Effect of Acetylcholine

In order to further test the similarities between mor-
phine withdrawal aggression and apomorphine-induced aggres-
sion, the effect of cholinergic stimulation and blockade was
tested. The cholinergic agonist, pilocarpine, reduced the
72 hour morphine wifhdrawal aggression in a dose-dependent
manner (Figure 4), with the 10 mg/kg dose being maximally
effective in reducing all three measures of aggression. The
anticholinergic, dexetimide, produced a dose-dependent in-
crease in the aggression (Table 18) with the 10 mg/kg dose
being effective. Similar results were noted in apomorphine-

induced aggression.

¢) Effect of Clonidine i

Clonidine, at a dose of 0.25 mg/kg, intensified the
aggression normally seen at 72 hours of withdrawal (Table
19). Clonidine produced a similar enhancement of apomorph-

ine-induced aggression, suggesting that noradrenergic acti-

vity may be important in the aggression.
2) ELICITED WITHDRAWAL AGGRESSION

Naloxone, a narcotic- antagonist, is capable of pre-
cipitating a withdrawal syndrome if administered to depen-
dent rats within a few hours of a narcotic(Wei et al., 1973),
but certain characteristics of the withdrawal differ from

spontaneous withdrawal (see Gianutsos et al., 1975). It





























































































Fig. 9--Effect of apomorphine on striatal
dopamine turnover in normal rats and after chronic
haloperidol. Rats were sacrificed 30 minutes after
apomorphine or saline. The drugs were injected into
either normal rats or rats who had received haloper-
idol for 17 days. Tests were made seven days after
the last haloperidol injection. The dose of 0.63
mg/kg significantly reduced the striatal dopamine
turnover in the chronic haloperidol group (p«&£ 0.05)
while the dose of 2.5 mg/kg was the minimum ef-
fective dose in normal rats. Yoints are mean +
S. E, for four rats. Dunnet's Test was used for
statistical evaluations.
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with the latter interpretation are studies which show that
parachlorophenylalanine (PCPA), an inhibitor of serotonin
biosynthesis (Koe and Weissman, 1966), elicits aggression
after treatment with DOPA in mice (Lycke et al., 1969) and
rats (Benkert et al., 1973b). Furthermore, three days af-
ter an injection of 20 mg/kg of PCA, there is spontaneous
aggression in miée (Gianutsos and Lal, 1975).

Apomorphine causes a transient elevation in serotonin
turnover which is antagonized by neuroleptics (Grabowska et
al., 1973). Furthermore, activity in the dopaminergic caput
nuclei caudati rostromedialis of the caudate nucleus is abol-
ished by activation of serotonergic nuclei in the caudate
(Cools, 1974). These results suggest that dopaminergic ac-
tivity activates a serotonergic system which attenuates the
effects of the dopaminergic stimulation that initiated the
cycle,

In addition, the disruption of behavior produced by
scopolamine is antagonized by elevating brain serotonin with
5-hydroxytryptamine (Swonger and Rech, 1972), while pilo-
carpine increases brain serotonin turnover (Haubrich and
Reid, 1972). These findings suggest a co-operation between
ACh and serotonin in the CNS. Since both neurotransmitters
appear to reduce drug-induced aggression, such a co-opera-
tive relationship would be consistent with the data presen-

ted,
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metabolite, 5-hydroxyindoleacetic acid produced by apo-
morphine (Maj et al., 1973). Thus, it may be argued that,
as above, stimulation of dopamine receptors produces a com-
pensatory antagonistic activation of serotonin neurons.
Clonidine, therefore, would exacerbate the aggression in-
duced by apomorphine by preventing the release of serotonin
which would normally antagonize the aggression in a manner

analogous to the arguement for PCA (above).

B. Morphine Withdrawal Aggression

Aggression during morphine withdrawal has been consid-
ered to reflect a dopaminergic supersensitivity in the CNS
since it is enhanced by apomorphine (Puri and Lal, 1973a),
amphetamine (Thor, 1969; Lal et al., 1971) and L-DOPA (Puri
and Lal, 1973a) and reduced by haloperidol (Puri and Lal,
1973a). The degree of aggression was sﬁown to be dependent
on the amount of morphine administered during the addiction
process, since increasing the terminal dose or the duration
of addiction increased the amount of aggression seen during
withdrawal. The aggression reaches its maximum intensity at
72 hours of withdrawal, in contrast to other signs of with-
drawal which peak earlier. However, the onset of withdrawal
hyperactivity was found to be well correlated with the ap-
pearance of the aggression.

The aggression was reduced by morphine, haloperidol or

lesions of the dopaminergic nigro-striatal bundle, which pro-
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ducing dopamine turnover in the striatum. Normally ineffec-
tive doses of apomorphine were capable of reducing striatal
dopamine turnover after chronic haloperidol treatment.

In addition, there was a marked shift to the left of the
apomorphine-induced aggression dose-response curve after re-
peated injections with haloperidol. However, in constast to
the effect of chronic morphine, there was no spontaneous or
amphetamine-induced aggression after chronic haloperidol, de-
spite the presence of supersensitive dopamine receptors. It
is interesting that amphetamine induces aggression after
chronic morphine (Thor, 1969; Lal et al., 1971) or chronic
ethanol (Mann and Lal, 1975) both of which are abused drugs,
but failed to induce aggression after prolonged treatment
with haloperidol, a non-abused drug. The reason for these
effects is not clear, but several explanations may be offered.
For example, it may be proposed that haloperidol stabilizes
the pre-synaptic dopamine neuronal membrane (Janssen, 1967).
Such a stabilization may prevent the release of dopamine by
stimulation of the nerve or by amphetamine so that the amount
of dopamine reaching the receptor is insufficient to produce
aggression., Such an effect, if it in fact occurs, would
have to be long-lasting and specific for brain areas which
are responsible for aggression, since other actions of am-
phetamine (stereotypy, locomotor stimulation) are enhanced

after chronic haloperidol. A long-lasting alteration of pre-

synaptic dopamine mechanisms may be an important aspect of

the haloperidol action, working in concert with receptor
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abstinence syndrome (Mullin and Phillis, 1974). It has been

noted that neuroleptics accelerate the turnover of ACh in the

striatum, but do not affect cortical ACh turnover (Trabucchi
t al., 1974), while morphine decreases the turnover of ACh

in the cortex, with no effect on the striatum (Cheney et al.,

1974). This has been attributed to a combined direct effect
on morphine on ACh neurons and an indirect effect mediated
by DA (Cheney et al., 1974). furthermore, Yarbrough (1974)
was unable to demonstrate an increased sensitivity of corti-
cal neurons to ACh when measured six hours after a terminal
injection of morphine, but the efficacy of atropine in
blocking the effects of ACh was reduced (another apparent
distinction between morphine and haloperidol, since the be-
havioral effects of anticholinergics were increased after
chronic haloperidol).

In spite of the seeming cholinergic supersensitivity,
there are some inconsistencies. The ratio of the effective
anti~aggression dose of pilocarpine to haloperidol in block-
ing apomorphine-induced aggression in naive rats was 2:1
(5 mg/kg:2.5 mg/kg). The ratio of these drugs in blocking
morphine withdrawal aggression was 16:1 (10 mg/kg:0.64 mg/kg).
Thus, despite the fact that there is supposed to be a dopa-
minergic supersensitivity and a cholinergic supersensitivity
during narcotic withdrawal, pilocarpine (cholinergic stimu-

lation) was relatively much less effective than dopaminergic

receptor blockade in decreasing morphine withdrawal aggression
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9. Following chronic haloperidol, the stimulation of loco-
motor activity produced by dexetimide was increased and the
locomotor depression produced by pilocarpine was decreased,
while pentobarbital wasequi-effective in naive and chronica-
1ly haloperidol treated rats. These results suggested that
a cholinergic subsensitivity develops during chronic haloper-

idol treatment, perhaps as a compensatory mechanism.
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