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MASUDA, Y., S. MURAl, H. SAITO, !. KOHORI AND T. ITOH. Repeated low dose apomorphine induced subsensitiv- 
ity ofpresynaptic dopamine receptors. PHARMACOL BIOCHEM BEHAV 28(1) 35-37, 1987.--The influence of re- 
peated administration of a low dose of apomorphine on presynaptic dopamine (DA) receptors was examined. (1) Male ddY 
mice were given a low dose of apomorphine (0.2 mg/kg) for 7 days. Following 2 drug-free days they were given apomor- 
phine (0.2 mg/kg, IP), after which cage climbing behavior and the level of 3-methoxytyramine (3MT) in striatum was 
measured. Mice became tolerant to apomorphine's activity-depressing effect and 3MT-decreasing effect. (2) Mice were 
given haloperidol (1 mg/kg) for 7 days. Then after 2 drug-free days they were given 0.2 or 1.0 mg/kg of apomorphine, after 
which cage climbing behavior was measured. One mg/kg of apomorphine signiticanfly increased cage climbing behavior, 
indicating that supersensitivity of postsynaptic DA receptors was induced by haloperidol, but the activity-depressing effect 
of 0.2 mg/kg of apomorphine was not modified. The results suggest that subsensitivity of presynaptic DA receptors 
participates in the tolerance to the activity-depressing effect of a low dose of apomorphine. 
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APOMORPHINE has a biphasic effect on the behavior of 
small laboratory animals. That is to say, with a high dose a 
marked behavioral s tereotypy is produced [6], probably as 
the result of  direct activation of  postsynaptic dopamine (DA) 
receptors [4], and with a low dose it preferentially stimulates 
presynaptic DA receptor  sites [8], reduces DA release from 
dopaminergic nerve terminals and induces hypomotility. 
Many studies have shown that presynaptic DA receptors in 
nigro-striatal projection correlate with the effect of  apomor- 
phine to decrease DA function [9, 14, 17]. Recently,  several 
studies [1, 5, 11] have suggested that the effect on behavior 
of  a low dose of  apomorphine is diminished by repeated or  
continuous administration. As to the mechanism of  this phe- 
nomenon, some investigators [11] have suggested that be- 
havioral tolerance of  a low dose of  apomorphine results from 
disuse supersensitivity of  postsynaptic DA receptors caused 
by chronic reduction of  DA release, whereas others [1,5] 
have suggested that it results from a down regulation of 
presynaptic DA receptors caused by repeated stimulation to 
the receptor.  The present  study was undertaken to examine 
whether the change of  sensitivity to presynaptic  DA recep- 
tors in mice striatum participates in behavioral  tolerance of  a 
low dose of  apomorphine. 

METHOD 

Subject 

Male ddY mice (initially weighing 22-24 g) were housed, 8 

per cage, with food and water ad libitum, and maintained under 
a 12-hr light dark cycle at 22-24°C ambient temperature,  
throughout the experimental period. The mice were divided 
into ten groups. The 1st and 2nd group was each given a low 
dose of apomorphine (0.2 mg/kg). The 3rd and 4th group was 
each given a saline solution (0.9% NaCI). Both were adminis- 
tered for 7 days,  twice a day at 9 a.m. (intraperitoneal injec- 
tion; IP) and at 6 p.m. (subcutaneous injection; SC), except 
on the 7th day,  when it was administered only once, at 9 a.m. 
(IP). Then after 2 drug-free days,  apomorphine (0.2 mg/kg, 
IP) was administered to all four groups, after which cage 
climbing behavior of  the Ist  and 3rd groups was measured. 
3-Methoxytyramine (3MT) in striatum was also measured 
using the 2nd and 4th groups. The 5th and 6th groups served 
as non-treated control groups. 

The 7th and 8th group was each given haloperidol (1 
mg/kg, IP, once a day for 7 days) to introduce a supersen- 
sitivity of postsynaptic DA receptors [2,16]. The 9th and 10th 
group was each given saline (IP, once a day for 7 days). Then 
after 2 drug free-days, the 7th and 9th group was each given 
apomorphine (0.2 mg/kg, IP) and theSth  and 10th group was 
each given a high dose of  apomorphine (1 mg/kg, IP), after 
which cage climbing behavior was measured. 

Behavioral Testing 

Cage climbing behavior was measured using the method 
of  Protais et al. [15] to assess the stimulation of  striatal DA 
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FIG. 1. Changes in the climbing behavior (A) and in the level of 3MT 
(B) resulting from apomorphine after having repeated administration 
of apomorphine or saline. Apomorphine (0.2 mg/kg) or saline solu- 
tion injected daily for 7 days (for further explanation see the Method 
section). Then after 2 drug-free days, apomorphine (0.2 mg/kg, IP) 
was injected and the climbing behavior and the level of 3MT was 
measured. The control group was injected only with the saline solu- 
tion on the day of measurement. Values represent the mean_+SEM 
(N=8 for A, N=6 for B). ANOVA gave a significant difference 
between the groups: F(2,21)= 11.898, p<0.005 for A; F(2,15)=7.77, 
p<0.005 for B. *p<0.05 (compared with control). 
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FIG. 2. Changes in the climbing behavior resulting from apomor- 
phine (0.2 and 1.0 mg/kg, IP) after having repeated administration of 
haloperidol (1 mg/kg). Mice were injected dally with haloperidol or 
saline for 7 days. Then after 2 drug-free days, apomorphine was 
injected and the climbing behavior was measured. The control group 
was injected only with saline solution on the day of measurement. 
Values represent mean_+SEM (N=8). ANOVA gave a significant 
difference: F(4,35)=54.077, p<0.005. *p<0.05; **p<0.01 (com- 
pared with control). 

receptors.  Mice were separated into individual cylindrical 
cages, with grids, for 15 min before the injection of  apomor- 
phine. Immediately after the injection, they were returned to 
the cages, and then their climbing behavior was observed for 
5 seconds every 2 min. This behavior was scored as follows: 
four paws on the floor (0); holding onto the grids of the cage 
with forepaws (1); intermittent climbing (2); essentially unin- 
terrupted climbing (3). Data was accumlated from 15 con- 
secutive observations. 

Biochemistry 

The level of 3MT was measured to assess the amount of 
DA released from dopaminergic nerve terminal [10]. Fifteen 
minutes after the injection of  apomorphine, the mice were 
killed by immersing into dry ice-ethanol solution to minimize 
postmortem increase of  3MT in the brain. The striatum was 
isolated from the nearly frozen brain on a cooled glass plate 
and stored at -80°C until assay for 3MT. The level of  3MT 
was measured by our assay procedure previously described 
[13]. The frozen striatum was homogenized with 150/zl of  0.1 
N perchloric acid containing 0.1 mM EDTA, and then cen- 
trifuged for 10 min at 12,000 g (4°C). Thirty /~1 of a clear 
supernatant was injected into the HPLC coupled with elec- 
trochemical detection. The HPLC and detection system 
consisted of  an HPLC pump (L-5000, Yanagimoto Com- 
pany, Kyoto,  Japan), a C-18 RP column (ODS-A, 25 cm x 
4.6 mm, Yanagimoto) and a glassy carbon detector  (VMD- 
501, Yanagimoto) set at a potential of  0.83 volts vs. the refer- 
ence electrode. The composition of  the HPLC buffer was 
0.05 M sodium acetate/citric acid, pH 3.91, containing 16% 
(v/v) methanol, 0.1 mM EDTA and 1.63 mM heptane- 

sulfonic acid. The flow rate of the HPLC was maintained at 
1.1 ml/min. 

Drugs 

Apomorphine HC1 (Sigma, St. Louis,  MO) was dissolved 
in a saline solution containing 0.1% ascorbic acid. Haloperi- 
dol (Shionogi and Co., Ltd. ,  Osaka, Japan) was dissolved in 
0.1 M tartaric acid to a concentration of 1 mg/ml, and further 
diluted with distilled water for injection. Drugs were always 
injected at a volume of 0.05 ml/10 g body weight. The dos- 
ages of drugs were adapted from preliminary experiments 
and other reports [12]. 

Statistics 

Data was analyzed by a single factor analysis of  variance 
(ANOVA) and subsequently with Duncan's  test for individ- 
ual groups. In all statistical evaluation, p<0.05 was used as 
the criterion for statistical significance. 

R E S U L T S  

After injection of 0.2 mg/kg of apomorphine, cage climb- 
ing behavior score (climbing score) in the group pretreated 
with saline was significantly smaller than that in the control, 
while climbing score in the group pretreated with repeated 
administration of  apomorphine did not differ from that in the 
control (Fig. 1. A). The 3MT level in the striatum of  group 
pretreated with saline was significantly less after the injec- 
tion of 0.2 mg/kg of apomorphine than that in the control, 
while the level of 3MT in the group pretreated with repeated 
administration of apomorphine did not differ from that of the 
control (Fig. 1. B). 
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After injection of 1.0 mg/kg of apomorphine, climbing 
score in the group pretreated with haloperidol was signifi- 
cantly higher than that in the group pretreated with saline. 
This shows that haloperidol was able to induce a state of 
supersensitivity to postsynaptic DA receptors, and 1 mg/kg 
of apomorphine stimulated postsynaptic DA receptors. 
With an injection of 0.2 mg/kg of apomorphine, climbing 
score in both groups was significantly smaller than that in the 
control (Fig. 2). 

DISCUSSION 

The results show that cage climbing behavior in the mice 
decreased with an acute low dose of apomorphine, while 
tolerance to apomorphine developed after repeated adminis- 
tration. Similar results (diminution of the activity-depressing 
effect of a low dose of apomorphine) have been observed in 
rats [1, 5, 11]. It is of interest to clarify why the activity- 
depressing effect of apomorphine decreases after repeated 
administration. 

It is known that the repeated administration of neurolep- 
tics results in a supersensitivity of postsynaptic DA recep- 
tors. This supersensitivity is manifested by a behavioral hy- 
persensitivity to apomorphine [17]. In our experiment, 
climbing behavior induced by apomorphine at 1.0 mg/kg 
significantly increased after a repeated administration of hal- 
operidol. It shows that mice were in a state of supersensitiv- 
ity after the repeated haloperidol, whereas the activity- 

depressing effect of a low dose of apomorphine was not in- 
fluenced in spite of the repeated haloperidol. Although 
others have suggested that disuse supersensitivity of 
postsynaptic receptor may cause tolerance to the effects of 
low doses of apomorphine, our results indicate this is not the 
case [11]. 

It is suggested that single low dose of apomorphine 
preferentially stimulates presynaptic DA receptors and de- 
creases the release of DA from the dopaminergic nerve ter- 
minals [13]. A decreased release of DA is closely and rapidly 
reflected by a decrease in the formation of 3MT, an 
O-methylated metabolite of DA, in the rat [18] and mouse 
brain [10]. Our results show that the level of 3MT in the 
mouse striatum decreased with a single low dose of apomor- 
phine, whereas the decrease in the level of 3MT was not 
observed after repeated administration. This change in the 
level of 3MT correlated with the behavioral change. Al- 
though it is difficult to interpret such biochemical change, 
and to correlate these changes with behavioral alterations, 
our results suggest that subsensitivity of presynaptic DA re- 
ceptors participates in behavioral tolerance of a low dose of 
apomorphine. 
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