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BHARGAVA, H. N. AND R. F. RITZMANN. Inhibition of neuroleptic-induced dopamine receptor supersensitivity by 
cyclo (Leu-Gly). PHARMAC. BIOCHEM. BEHAV. 13(5)633-636, 1980.--Behavioral supersensitivity of dopamine recep- 
tors was induced in mice by chronic administration of haloperidol (1 mg/kg/day for 21 days) and its subsequent withdrawal 
for 48 hr. This was evidenced by enhanced spontaneous locomotor activity and hypothermic responses to a dopamine 
agonist, apomorphine. Concurrent administration of cyclo (Leu-Gly), the enzymatically resistant diketopiperazine, an 
analog of melantropin release inhibiting factor, blocked haloperidol-induced dopamine receptor supersensitivity as evi- 
denced by the blockade of apomorphine induced responses. Since many studies have linked the development of neuroleptic 
induced tardive dyskinesias with enhanced sensitivity of brain dopamine receptors, and the latter was blocked by cyclo 
(Leu-Gly), this agent may be of value in preventing the development of symptoms of neuroleptic-induced tardive 
dyskinesias. 
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CONSIDERABLE evidence suggests that chronic treatment 
with neuroleptic drugs produces supersensitivity of brain 
dopaminergic systems. This supersensitivity is manifested in 
exaggerated response to dopaminergic agonists administered 
after neuroleptic treatment is terminated. For instance, 
dopamine agonists elicit more intense stereotyped chewing, 
gnawing, and aggression following long term treatment with 
neuroleptic drugs [18, 19, 24, 32, 33]. Long term administra- 
tion of neuroleptic drugs results in the development of a 
neurological syndrome known as tardive dyskinesias, a 
condition in which abnormal involuntary oral-facial move- 
ments (dyskinesias) appear [11]. The symptoms are difficult 
to treat and may persist for months or years after discontinu- 
ing the drug [10]. 

It has been suggested that tardive dyskinesia is a result 
of postsynaptic dopaminergic receptor supersensitivity [23] 
induced by protracted pharmacological blockade of dopa- 
minergic neurotransmission by the neuroleptics [12,35]. Bio- 
chemical evidence has also been presented for the altered 
brain dopaminergic sensitivity following long term treatment 
with neuroleptics [26]. These studies indicated that in rats, 
chronic haloperidol administration and subsequent with- 
drawal significantly increased the specific binding of tritiated 
haloperidol and tritiated apomorphine in the striatum and 
mesolimbic regions of the brain. The binding to serotonergic 
and alpha-adrenergic receptors was either not altered or pro- 
duced a minimal change. Thus selective increments in 
dopamine or neuroleptic receptors (receptor proliferation) 
may form the basis of dopaminergic supersensitivity. Similar 
biochemical evidence of enhanced dopamine receptor sensi- 
tivity has been obtained in rats treated chronically with 
phenothiazine neuroleptics [5, 6, 32]. The supersensitivity of 

dopamine receptors has been proposed as an animal model 
of tardive dyskinesia which develops in humans after long 
term administration of neuroleptic drugs [23,24]. 

In addition to the neuroleptics, chronic,administration of 
narcotics also leads to the development of supersensitivity of 
postsynaptic dopamine receptors, as a result of chronically 
decreased dopaminergic neurotransmission [27]. This was 
evidenced by an increased response to a direct acting dopa- 
mine receptors agonist, apomorphine. The dopamine recep- 
tor supersensitivity has also been confirmed by the meas- 
urement of striatal dopamine turnover [20] as well as the 
increase in dopamine stimulated adenylate cyclase activity in 
the caudate nuclei [21] of the chronically morphine treated 
rats. We have shown previously that chronic administration 
of opiates, which results in the development of tolerance and 
physical dependence, is associated with the development of 
dopamine receptor supersensitivity in mice [30] and rats [3]. 
This supersensitivity development, as well as the develop- 
ment of tolerance and dependent states are blocked by cyclo 
(Leu-Gly) [3,30]. It was therefore of interest to determine 
whether the neuroleptic induced dopamine receptor super- 
sensitivity is affected by cyclo (Leu-Gly). 

In the present communication, the effects of concurrent 
administration of cyclo (Leu-Gly) on the development of be- 
havioral supersensitivity of dopamine receptors induced by 
long term administration of haloperidol is described. 

METHOD 

Male Swiss Webster mice (Scientific Small Animal Co., 
Arlington Heights, IL) weighing 20-25 g were used. The 
animals were housed in rooms with controlled temperature 

Copyright © 1980 A N K H O  International Inc.--0091-3057/80/I 10633-04500.90/0 



634 BHARGAVA AND RITZMANN 

TABLE 1 
EFFECT OF CYCLO (LEU-GLY) ON HALOPERIDOL INDUCED DOPAMINE RECEPTOR 

SUPERSENSITIVITY IN MICE 

Treatment* N Spontaneous motor 
activity following 

apomorphine injection. 
Counts/15 min 
Mean _+ SEM. 

Change in rectal 
temperature at 30 min 

after apomorphine 
injection, °C.t 
Mean _+ SEM. 

Water + vehicle§ 8 263 +_ 51 -1.23 _+ 0.22 
Cyclo (Leu)Gly) + 

vehicle 8 320 _+ 42 -1.38 _+ 0.32 
Water + haloperidol 20 492 + 32:~ -2.11 _+ 0.11:~ 
Cyclo (Leu-Gly) + 

haloperidol 20 280 _+ 31 - 1.07 _+ 0.13 

*Refers to daily treatment for 21 days. Responses to apomorphine (1 mg/kg) were 
determined 48 hr after the last injection. N represents the number of mice used. 

tDifference between prior to and at 30 min after apomorphine (1 mg/kg) injection. 
$p<0.05 vs all other groups. 
§0.01 M tartaric acid. 

(23___1°C), humidity (65-+2%) and light (L0600--1800 hr). 
Food  and water were available at all times. 

Cyclo (Leu-Gly) was synthesized in these laboratories as 
described previously [30] and was dissolved in water. Halo- 
peridol was dissolved in 0.01 M tartaric acid. The solutions 
were freshly prepared in concentrations such that each 
mouse received a volume of 0.01 ml/g mouse and the rats 
received 1 ml/kg. Unless otherwise noted, all injections were 
given intraperitoneally (IP). 

Mice were divided into two groups. One group received 
vehicle (water) and the other received cyclo (Leu-Gly) (50/~g 
per mouse) injected subcutaneously. One hour later each 
group was divided into two subgroups. One subgroup of 
mice received the vehicle (0.01 M tartaric acid) and the other 
subgroup received haloperidol (I mg/kg). Mice from each 
group received their respective injections of drugs and vehi- 
cles daily for 21 days. Forty-eight hours after the last injec- 
tion behavioral response to apomorphine was evaluated as 
follows. Mice in all the four groups: [vehicle-haloperidol, 
cyclo (Leu-Gly)- haloperidol, vehicle-vehicle and cyclo 
(Leu-Gly)-vehicle] were injected IP with apomorphine (1 
mg/kg). Fifteen min after apomorphine injection, the motor 
activity of mice was recorded for 15 min subsequent to a 5 
min preambulatory period in a Stoelting activity monitor 
(The Stoelting Co.,  Chicago, IL). The activity was expressed 
as mean counts-+SEM. Rectal temperatures of mice were 
also measured immediately before and 30 min after apomor- 
phine (1 mg/kg) administration using a rectal probe (inserted 
2.5 cm into the rectum) and a telethermometer (Yellow 
Springs Instrument Co., Yellow Springs, OH). The data 
were expressed as the difference between the temperature 
reading at 0 and 30 min. The activity and temperature data 
were analyzed by using Students " t "  test (two tailed). 

RESULTS 

Chronic administration of haloperidol to mice resulted in 
the development of supersensitivity of dopamine receptors.  
This supersensitivity was evidenced by the exaggerated re- 
sponse to apomorphine on both the spontaneous motor ac- 
tivity as well as on body temperature in mice. As can be seen 

in Table 1, apomorphine produced greater locomotor stimu- 
lation and greater hypothermia in mice treated chronically 
with haloperidol compared with mice treated chronically 
with the vehicle. Chronic treatment with cyclo (Leu-Gly) did 
not alter apomorphine responses either on spontaneous lo- 
comotor  activity or the hypothermia in chronically vehicle 
treated mice. As shown in Table 1, a dose of apomorphine (1 
mg/kg) produced a 1.23°C drop in rectal temperature in 
water-vehicle treated group which was not significantly dif- 
ferent from cyclo (Leu-Gly)-vehicle treated group. Adminis- 
tration of  apomorphine to chronically haloperidol treated 
mice resulted in a significantly greater motor activity counts 
(492_32), compared with the vehicle controls (263_+51). 
Similarly, a greater hypothermia (a drop of  2.11 °) was ob- 
served in haloperidol treated mice compared with a drop of 
1.23°C in vehicle treated mice. Pretreatment with cyclo 
(Leu-Gly) prevented the development of  behavioral super- 
sensitivity of dopamine receptors in chronically haloperidol 
treated mice. The latter was evidenced by a blockage of the 
enhanced locomotor and hypothermic effects observed fol- 
lowing apomorphine administration. As indicated in Table 1, 
the apomorphine-induced effects on motor activity and the 
body temperature of mice from water-vehicle,  cyclo (Leu- 
Gly)-vehicle, and cyclo (Leu-Gly)-haloperidol groups were 
not different. The apomorphine-induced responses to the 
water-haloperidol group were, however,  significantly 
(p<0.05) different from all the remaining three groups of 
mice. 

DISCUSSION 

We have previously shown that cyclo (Leu-Gly), which 
blocks the development of tolerance and physical depend- 
ence on morphine [3, 4, 34], also blocks the dopamine recep- 
tor supersensitivity produced as a result of chronic morphin- 
ization [3, 20, 21, 27, 30]. In addition to the opiates, long 
term treatment with neuroleptics also produces hypersensi- 
tivity of dopamine receptors as evidenced by behavioral [5, 
6, 18, 20, 33] or biochemical measurements [5, 6, 21, 26]. The 
present studies also indicate that, in mice, behavioral super- 
sensitivity to dopamine agonist apomorphine, the actions of 
which are thought to reflect stimulation of dopamine recep- 
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tors [2, 14, 15], is also produced as a result of the long term 
administration of  haloperidol. 

Several similarities exist between the actions of opiates 
and neuroleptic drugs. Comparative actions of the two types 
of drugs were elegantly summarized by Lal et  al. [25]. Thus, 
both drugs produce catalepsy [1], increase dopamine turn- 
over in the brain [1], and block morphine-induced with- 
drawal aggression, as well as the aggression induced by 
apomorphine, amphetamine-L-dopa or electroshock admin- 
istration and hypothermia [25]. Furthermore, tolerance de- 
velops to their cataleptic action. Other behavioral 
similarities were observed when the drugs, morphine or hal- 
operidol, were given chronically to animals and then with- 
drawn. Cross tolerance to some opiate-neuroleptic actions 
has been demonstrated [16,28]. These authors concluded 
that haloperidol blocks dopamine receptors directly. 
whereas opiates block these receptors indirectly, possibly 
through trans-synaptic mechanism by which input to the 
dopaminergic systems is decreased. A similar conclusion 
was arrived at biochemically by studying the dopamine- 
sensitive adenylate cyclase of the caudate nucleus of rats 
treated with morphine or haloperidol [21]. These authors 
concluded that "haloperidol was a direct effect on the 
dopamine receptors associated cyclase activity, morphine 
must act by another mechanism, and that chronic use of 
either drug produces enhanced dopamine sensitivity." 

Even though morphine and neuroleptics show some 
similarities, there are several differences in the actions of the 
two drug types. As indicated above, neuroleptics seem to 
block the dopamine receptor directly, whereas morphine 
acts by some indirect mechanism. Apomorphine, a direct 
postsynaptic dopamine receptor agonist prevents morphine 
catalepsy, but is less effective in blocking haloperidol 
catalepsy [17,29]. Naloxone antagonizes morphine 
catalepsy, but has no effect on haloperidol catalepsy [29]. 
The actions of neuroleptics are blocked by anticholinergics, 
whereas those of opiates are not [8,17]. Morphine possesses 
analgesic activity whereas haloperidol does not [25]. 

Since both the opiates and the neuroleptics on chronic 
administration produce supersensitivity of  brain dopamine 
receptors, and the opiate induced supersensitivity was 
blocked by cyclo (Leu-Gly) in mice [30] and rats [3], it was 
thought that cyclo (Leu-Gly) might also block the dopamine 
receptor supersensitivity induced by chronic haloperidol 
treatment. In the present study, the latter was found to be 
true. 

The mechanism by which cyclo (Leu-Gly) inhibits the 
development of  neuroleptic-induced dopamine receptor 
supersensitivity (receptor proliferation) is not clear at pres- 
ent. It must be noted, however, that receptor proliferation 
may be related to increased protein synthesis, since protein 
synthesis inhibitors like cycloheximide or anisomycin can 
attenuate the enhanced responsitivity to apomorphine in- 
duced by short-term attenuation of dopaminergic activity [8]. 
It is quite possible that attenuation of  enhanced response to 
apomorphine in chronic haloperidol treated mice by cyclo 
(Leu-Gly) may be related to inhibition of receptor protein 
synthesis. Such studies are in progress in these laboratories. 

In an earlier study [13] with melanocyte stimulating hor- 
mone release inhibiting factor (MIF), of which cyclo (Leu- 
Gly) is an analog, it was found that in humans the severity of  
signs of tardive dyskinesia was significantly less after multi- 
ple oral administration of MIF, even though it was tempo- 
rary. The effectiveness, however, could be improved by in- 
travenous or intramuscular administration since the amount 
of MIF reaching the brain after oral administration is not 
known. The effect of MIF was thought to have been due to 
the stabilization or binding of some of the dopamine receptor 
sites to reduce hypersensitivity [13]. 

Many studies [20, 23, 24, 26, 32] have associated the de- 
velopment of tardive dyskinesia syndrome induced by 
chronic neuroleptic treatment and drug dependence [17,22] 
with enhanced dopamine receptor activity in the brain. The 
latter was blocked by cyclo (Leu-Gly). Thus cyclo (Leu-Gly) 
and/or related agents might be of value in preventing the 
development of the symptoms of tardive dyskinesias and 
development of a drug tolerance-dependence process. 

Further studies are in progress to characterize biochemi- 
cally the effects of  cyclo (Leu-Gly) on the changes in 3H- 
spiroperidol binding in the striata of rats which had been 
treated chronically with neuroleptic drugs. In addition the 
effect of cyclo (Leu-Gly) on brain dopamine, synthesis, 
turnover, release and uptake are being pursued in these lab- 
oratories. 
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