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SEALE, T. W., K. McLANAHAN, P. JOHNSON, J. M. CARNEY AND O. M. RENNERT. Systematic comparison of 
apomorphine-inda('ed behavioral changes in two mouxe strains with inherited differences in brain dopamine receptors. 
PHARMACOL BIOCHEM BEHAV 21(2) 237-244, 1984.--Dosage and time dependencies of apomorphine-induced 
changes in stereotyped behaviors (climbing, gnawing and sniffing), locomotor activity and rearing activity were compared 
in young adult male mice of two inbred strains, DBA/2 and C57BL/6. These two strains are known to differ in their 
genetically specified brain dopamine receptor number. Apomorphine administered intraperitoneally at dosages of 0.5-20 
mg/kg failed to induced stereotyped climbing in DBA/2 at any of the doses tested but markedly increased climbing in 
C57BL/6 at higher dosages. Apomorphine-induced stereotyped gnawing occurred in both strains at higher dosages although 
the latency was shorter and maximal effect greater in C57BL/6. Stereotyped sniffing was induced in both strains to a 
comparable degree at doses ~2.0 mg/kg, and the duration of this stereotypy was indistinguishable between strains. 
Locomotor activity was inhibited maximally in DBA/2 at an apomorphine dosage of 2 mg/kg and was inhibited to a greater 
extent than was C57BL/6. Rearing was inhibited in both strains by doses of apomorphine/>0.5 mg/kg; however the duration 
of the effect was considerably greater in DBA/2 than in C57BL/6. These data suggest (1) that genetically determined 
differences in central dopamine receptors may have profound and selective effects on behaviors mediated by dopamine 
pathways; (2) that complex behavioral patterns, e.g., apomorphine-induced stereotypy, may be dissected in to individual 
components by identifying neuropharmaco genetic differences between strains; (3) that marked strain-specific, inherited 
differences in dopamine agonist-induced behavioral changes do occur among inbred, non-mutant mouse strains and that 
their occurrence in other mammalian species including man should be considered. 
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DBA/2 C57BL/6 Pharmacogenetics 

Stereotyped behavior Inbred mouse strains 

A P O M O R P H I N E  is a classic dopamine  agonist which exerts  
marked behavioral  effects  including the alteration of  locomo- 
tor act ivi ty [8,21] and induction of  s te reotyped behavior  in 
rodent.,; [24, 25, 29]. Howeve r ,  within a species conflicting 
findings f requent ly  have been reported for the dose-  
dependent  action o f a p o m o r p h i n e  on locomotor  act ivi ty  sup- 
pression [4, 18, 22, 34, 36], s te reo typed  climbing act ivi ty [3, 
28, 31] and s tereotyped gnawing act ivi ty [7, 18, 30, 31, 35, 
37]. These  differences in dopamine  respons iveness  in some 
cases  appear  to have an inherited basis. Certain inbred 
strains of  mice differ intrinsically f rom one another  in the 
number  of  brain dopamine receptors  [1,32]. At least in the 

case of  strains C57BL/6 and DBA/2,  this difference in recep- 
tor  number  is inherited in a simple Mendelian fashion [1]. 
The relat ive ability o f  dopamine  agonists  to induce behav- 
ioral changes in C57BL/6, DBA/2 [30, 32, 37] and other  
strains [32] has been attr ibuted to such differences [1,32]. 
For  example ,  CBA,  which has 50% fewer  striatal dopamine 
receptors  than BALB/c ,  is less sensi t ive to apomorphine-  
induced stereotypy and more sensitive to haloperidol-induced 
catalepsy than B A L B / c  [32]. 

Three  classes of  dopamine receptors  have been suggested 
to exist  in the brain [13]. This diversi ty coupled with the 
probable involvement  of  multiple brain regions in the regula- 
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tion of some dopamine-induced behaviors [4, 5, 24] imply 
that single gene effects on dopaminergic pathways may have 
complex behavioral consequences. In principle, genetically 
specified alteration of the number of receptors of one type 
might either be ubiquitous or be specific to only one brain 
region. Present data indicate that receptor number may be 
under separate genetic control in different brain regions. 
Thus, a single, simple genetic difference between strains 
may affect a variety of apomorphine-induced behavioral 
changes, be restricted in its effect to only a specific subset of 
behaviors or even effect novel behaviors. Inbred strains, 
such as C57BL/6 and DBA/2 which differ from one another 
with regard to brain dopamine receptor number [1], are use- 
ful experimental subjects to identify common or separate 
mechanisms underlying specific dopamine-induced behav- 
iors. Few studies simultaneously analyzing a variety of 
pharmacologically induced behaviors between two inbred 
strains have been made. Here we characterize the dosage 
dependency and time course of apomorphine effects on lo- 
comotor activity, rearing behavior, climbing activity, stereo- 
typed gnawing and stereotyped sniffing in C57BL/6 and 
DBA/2 strains of mice. 

METHOD 

Animals 

Adult male mice of inbred strains C57BL/6J and DBA/2J 
(Jackson Laboratory, Bar Harbor, ME) weighing approx- 
imately 25 g were housed in groups of 6 animals per cage on a 
continuous 12 hr light-dark cycle under constant temperature 
and humidity. Animals were used only once, i.e., for a single 
administration of drug. The litter used was kiln dried aspen 
wood chips (Sani-Chips, P. J. Murphey). Free access to a 
standard rodent pellet feed (Lab/Blox, Wayne) and water 
was given. 

Behavioral Testing 

Locomotor activity changes. Locomotor activity of indi- 
vidual animals (n=6 for each apomorphine dose) was meas- 
ured in an automatic activity monitoring device (Digiscan, 
Omnitech Electronics) which used an infrared detection sys- 
tem. Activity was measured over a 1 hr period and deter- 
mined in 10 rain increments. A fixed volume (0.5 ml/20 g) of 
apomorphine (apomorphine hydrochloride, Research 
Biochemical, Inc.) dissolved in physiological saline im- 
mediately prior to administration was introduced into the 
mice by IP injection. Animals were immediately placed in 
the activity monitor and locomotor activity recorded in 10 
min increments for 1 hr postinjection. 

Rearing activity changes. Individual rearing events were 
scored in 5 min increments for 1 hr before and after apomor- 
phine administration (n=6 for each dose). Control values for 
individual animals were determined at least several days 
prior to drug administration. A single event of rearing was 
defined to occur when an animal removed both forepaws 
from the floor of the cage and assumed a vertical or nearly 
vertical position. A second event of rearing was not scored 
until both forepaws were first replaced on the floor of the 
cage, i.e., the animal first assumed a normal horizontal posi- 
tion before initiating another rear. Rearing was distinguished 
from grooming events, and isolated grooming events were 
not scored as rearing. Rearing was scored in the cage de- 
scribed below. 

Stereotyped behavior induction. Assessment of stereo- 
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FIG. 1. Time-dependent effects on cage climbing activity elicited by 
apomorphine at different dosages. (A) C57BL/6 mice; (B) DBA/2 
mice. Mice (n=6 for each dosage) were given IP injections of 
apomorphine and immeidately placed in a wire cage used for scoring 
stereotypy. (0) Saline control; (11) 0.5 mg/kg; (©) 2 mg/kg; (A) 10 
mg/kg; (~) 20 mg/kg. Values are the mean sum of the amount of time 
spent climbing off the cage floor per 5 min scoring interval +SEM. 
The inhibition of C57BL/6 by 0.5 mg/kg from 5-20 min is significant 
at the 0.01 level. At 25 rain climbing is not significantly different 
from basal level at 0.05 mg/kg. At 2 mg/kg C57BL/6 the inhibition is 
significant at the 0.01 level for 35 rain but is not statistically different 
from baseline after 45 min, The stereotyped behavior seen in 
C57BL/6 at 10 mg/kg begins to decline at 40 rain and is significantly 
different (p<0.05) from the maximal effect by 45 rain. 

typed sniffing, gnawing and cage climbing was conducted in 
a wire mesh cage (I/4 inch galvanized hardware cloth, 
12x7x7 inches). Cage climbing activity was determined 
quantitatively by measuring the amount of time an individual 
had all four feet off the bottom of the cage, i.e., was posi- 
tioned on the cage side or hanging from the wire on the roof 
of the cage. Climbing time was determined in 5 rain incre- 
ments for 1 hr after the introduction of the animal into the 
cage. Control values were determined in 18 mice of each 
strain several days before they were given IP injections of 
freshly prepared apomorphine solutions. Measurement of 
cage climbing activity, sniffing and gnawing stereotyped ac- 
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TABLE 1 

SUMMARY OF APOMORPHINE-INDUCED BEHAVIORAL EFFECTS IN C57BL/6 AND DBA/2 MICE 

Strain 

Behavioral Trait C57BL/6 DBA/2 

Cage climbing activity* 
Basal 
Apomorphine treated 

Gnawing activity 
Basal 
Apomorphine treated 

Sniffing activity 
Basal 
Apomorphine treated 

Locomotor activity level 
Basal¢ 
Apomorphine treated 

Rearing Activity 
Basal 
Apomorphine treated 

22 - 10% 
induced, 10(FA~, at 10 mg/kg 

random biting, infrequent 
stereotypy induced, more 
affected, latency 
<5 min at 10 mg/kg 

continuous non-stereotyped 
stereotypy induced, 
latency to maximum 
<5 min at 10 mg/kg 

24 _+ 2(F/b 
suppressed, (~o at 10 mg/kg 

random biting, frequent 
stereotypy induced, less 
affected latency 
15-20 rain at 10 mg/kg 

continuous non-stereotyped 
stereotypy induced, 
latency to maximum 
>15 min at 10 mg/kg 

•0237 _+ 2730 3252 _ 1199 
42-+ 6% ll -+ 3% 

of basal at 2 mg/kg of basal at 2 mg/kg 

21_+ 6 
suppressed partially 
at doses ~10 mg/kg 

12_+ 5 
suppressed completely 
at all doses/>0.5 mg/kg 

*Cage climbing activity is expressed as percentage of time interval spent completely off the cage floor. 
CBasal locomotor activity is expressed as activity monitor score. 
Basal activities shown here were calculated from data on 18--36 animals. 

tivities described below were initiated immediately after in- 
jection in previously untreated animals (n=6 for each 
apomorpbine dose). We attempted to objectify the scoring of 
stereotyped gnawing and sniffing (each scored concurrently 
with cage climbing) and to assign a numerical score to the 
behavioral activity according to the following scheme: (0) no 
stereotyped behavior noted during the scoring interval; no 
qualitative change from basal activity; (1+) stereotypy pres- 
ent intermittently and infrequently (< 1/3 of scoring interval); 
(2+) stereotypy present frequently (>1/3 of scoring interval) 
but not continuously; (3 +) stereotypy present in exaggerated 
form and present continuously during the scoring interval, 
Animals (n=6) for each dosage were scored in 5 min incre- 
ments for 1 hr by two independent observers. There was a 
high correlation between the scores determined by the two 
observers. To avoid biasing the outcome of these experi- 
ments by anticipation of expected results, experimental de- 
terminations of stereotypy at all doses were completed be- 
fore any calculations and correlations were undertaken, 

Statistics. Dose effect curves were compared through the 
use of an analysis of variance program (ANOVA). Compari- 
son of individual data points was accomplished by student's 
t-tests [15]. Statistically significant results were considered 
to occur if a p value less than 0.05 was calculated. 

RESULTS 

Comparison of Apomorphine-lnduced Stereotyped Behavior 
Activity 

Cage climbing activity. Figure 1 shows the dose depend- 

ent effects of apomorphine on climbing activity in C57BL/6 
and DBA/2 scored in 5 min increments for 1 hr after drug 
administration. A general comparison of these findings to the 
other behavioral effects induced by apomorphine in these 
two strains is summarized in Table 1. Before apomorphine 
administration, the two strains had comparable climbing 
times (20--25% of a given interval spent climbing) although 
the variance was somewhat greater for DBA/2 than for 
C57BL/6. Low doses (0.5-2 mg/kg) of apomorphine suppres- 
sed the basal climbing activity in both strains, but C57BL/6 
(Fig. IA) showed a more rapid return to the basal activity 
level than did DBA/2 (Fig. 1B). Climbing activity returned to 
basal level in 25 min at 0.5 mg/kg but not until 50--55 min at 2 
mg/kg in C57BL/6. At a dosage of 10 mg/kg, there was a 
rapid increase in climbing activity in C57BL/6. In this strain 
climbing occupied 10t)% of the scoring interval over a period 
of 5-35 min following 10 mg/kg apomorphine administration. 
Induction of climbing behavior in C57BL/6 persisted for the 
entire 60 min when a dose of 20 mg/kg was given, but at 10 
mg/kg, a decrease in climbing activity was noted by 40 min. 
Thereafter, climbing decreased rapidly and returned to basal 
levels by 55 min. In contrast, the climbing activity of DBA/2 
was suppressed, not increased, at all dosages tested. 

Stereotyped gnawing or biting. Untreated or saline 
treated controls from C57BL/6 bit the mesh of the cage wire 
in an infrequent, isolated, non-stereotyped manner. DBA/2 
had more frequent isolated biting behavior which occasion- 
ally resulted in momentary fixed gnawing at a restricted sec- 
tion of the wire mesh. However, these infrequent events 
could be readily distinguished from stereotyped behavior in 
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FIG. 2. Time-dependent induction of stereotyped gnawing activity 
elicited by apomorphine at different dosages. (A) C57BL/6 mice; (B) 
DBA/2 mice. Mice (n=6 for each dosage) were given IP injections of 
apomorphine and immediately placed in a wire cage used for scoring 
stereotypy, (e)  Saline control; (11) 0.5 mg/kg; (©) 2 mg/kg; (&) l0 
mg/kg; (A) 20 mg/kg, Values are means derived from numerical 
scoring of qualitative classification of each mouse evaluated in indi- 
vidual 5 rain scoring intervals +SEM. At 10 mg/kg DBA stereotypy 
compared to baseline is statistically significant at the 0.0l level only 
from 25-50 min. The maxima reached by DBA at 10 and 20 mg/kg 
are not statistically different from one another but do differ at the 
0.01 level from the maxima achieved in C57BL/6. The longer dura- 
tion of the effect of 10 mg/kg in DBA is not statistically different 
from the response in C57BL/6. 
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FIG. 3. Time-dependent induction of stereotyped sniffing activity 
elicited by apomorphine at different dosages. (A) C57BL/6 mice; (B) 
DBA/2 mice. Mice (n=6 for each dosage) were given IP injections of 
apomorphine and immediately placed in a wire cage used for scoring 
stereotypy. (e)  Saline control; (11) 0.5 mg/kg; (:7)) 2 mg/kg; (A) 10 
mg/kg; (A) 20 mg/kg. Values are means derived from numerical 
scoring of qualitative classification of each mouse evaluated by in- 
dividual 5 min scoring intervals _+SEM. In both C57BL/6 and DBA/2 
the values />0.7 are significantly different from baseline at the 0.01 
level. The positive responses of DBA and C57BL/6 were not statisti- 
cally different from one another when compared for times >20 rain. 
Sniffing was not scored in C57BL/6 at 0.5 mg/kg. 

exper iments  in which the obse rve r  did not know whether  a 
given exper imenta l  animal had been pretreated with saline or  
with apomorphine.  At apomorphine  doses  ~<2 mg/kg, neither 
strain showed an increase in s tereotyped gnawing (Fig. 2). At 
doses  o f  10-20 mg/kg, s te reotyped gnawing was induced in 
both strains. All animals in both strains responded at these 
doses.  Howeve r ,  the magnitude o f  the response was signifi- 
cantly less (p<0.01) in DBA/2 (Fig. 2B) than in C57BL/6 
(Fig. 2A). Also,  the latency of  the onset  of  gnawing was 
increased in DBA/2 compared to C57BL/6 (Table 1 and Fig. 2). 

Stereotyped sniffing. Under  our  condit ions control  
animals of  both strains show cont inuous random sniffing ac- 
tivity. Apomorph ine  induced s tereotyped compuls ive  sniff- 
ing in a localized area  by both strains at dosages o f  />2 
mg/kg (Fig. 3). All animals of  both strains showed stereo- 
typed sniffing after drug treatments .  In each strain the mag- 
nitude of  the effect,  the latency and the durat ion of  the ster- 
eo typed behavior  were  doseage dependent .  La tency  of  onset  

of  response differed be tween  DBA/2 and C57BL/6; latency 
to maximal effect was longer  in DBA/2 (Fig. 3B; Table  1) 
than in C57BL/6 (Fig. 3A). Although the relative maximal 
values achieved were lower  in DBA/2 than in C57BL/6, these 
differences were  not statistically significant at t imes >20 min 
after apomorphine  administrat ion.  The  kinetics of  return to 
non-s tereotyped basal levels were indistinguishable be tween 
the two strains. 

Comparison of  Apomorphine-lnduced Changes in 
Exploratory Activity 

Locomotor activity. Basal locomotor  activity in C57BL/6 
was about  threefold higher than that found in DBA/2 (Table 
1). The overall  dose-dependent  effects of  apomorphine  on 
locomotor  activity are shown in Fig. 4 and Table 1. Initially 
we character ized locomotor  act ivi ty in l0 min increments  for 
60 min after drug administrat ion (data not shown) to deter- 
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FIG. 4. Comparison of dosage dependent effects on locomotor ac- 
tivity elicited by apomorphine in C57BL/6 and DBA/2 mice. Activity 
levels were measured for 60 min post apomorphine administration. 
Values are the mean percentage change compared to untreated basal 
locomotor activity in the same animals _+SEM. Note that saline 
injected control animals of each strain had activity levels of 80-90% 
of uninoculated controls. When the two strains were compared, only 
the inhibition of DBA at 2 mg/kg was significantly different at 0.01 
level from that observed in C57BL/6. (©) C57BL/6; (0) DBA/2. 

mine if there was a significant difference between strains in 
the time dependence of the apomorphine effects. Whether 
locomotor activity was determined early (e.g., the first 20 
min) or late (e.g., the last 20 min) after apomorphine adminis- 
tration, the results were essentially identical to those shown 
in Fig. 4. Neither strain was inhibited at a dose of 0.1 mg/kg. 
At an apomorphine dose of 0.5 mg/kg locomotor activity in 
both slrains was inhibited about 40%. At 2 mg/kg DBA/2 was 
inhibited to a greater extent than was C57BL/6 (/9<0.01). At 
doses />10 mg/kg, we found no significant difference be- 
tween the two strains in the inhibition of locomotor activity 
by apomorphine. 

Rearing a~'tivity. Basal rearing activity of  control 
C57BI_,/6 and DBA/2 mice differ significantly from one an- 
other (22---7 and 12_+6 rearings per 5 rain increments respec- 
tively) over the 60 min period of assessment (Fig. 5, Table I). 
The rearing activity of both strains was suppressed com- 
pletely by apomorphine (at doses ranging from 0.5-20 mg/kg) 
within the first 10 rain after drug administration. However,  at 
lower dosages (e.g., 2 mg/kg), C57BL/6 returned to normal 
or nearly normal rearing activity by 60 min (Fig. 5A) whereas 
rearing in DBA/2 (Fig. 5B) was still completely suppressed at 
this time. 

DISCUSSION 

The neuropharmacological complexity of each individual 
apomorphine-induced behavioral change as well as the po- 
tential mutual interactions of these behaviors requires cau- 
tious interpretation of  our findings. To put these results in 
contexl, we will first review individual behaviors as entities 
before discussing our overall interpretation of these new 
data. 
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FIG. 5. Time-dependent effects on rearing activity elicited by 
apomorphine at different dosages. (A) C57BL/6 mice; (B) DBA/2 
mice. Mice (n=6 for each dosage) were given IP injections of 
apomorphine and immediately scored in the wire cage used for scor- 
ing stereotypy. (0) Saline control; (11) 0.5 mg/kg; (©) 2 mg/kg; (A) 
10 mg/kg; (~) 20 mg/kg. Values are the mean sum of the number of 
individual rearing events occurring within each 5 min scoring inter- 
val ---SEM. Inhibition by all doses in both strains is statistically 
significant at the 0.01 level compared to control animals. The differ- 
ences in return to basal level between the strains were significant 
(p<0.01) at 0.5 and 2 mg/kg doses. 

Stereotyped behaviors induced by increased central 
dopamine transmission are characterized by the apparently 
purposeless repetition of small sequences of behavior 
[25,29]. Stereotyped cage climbing in mice is relatively spe- 
cific for the dopaminergic agonist action of apomorphine and 
related compounds [3, 24, 28]. However,  marked response 
differences between strains occur. In Swiss albino and BKW 
mice the threshold for induction of climbing is about 0.1 
mg/kg with a maximal effect occurring at about 1 mg/kg 
[3,24]. In contrast, such doses of apomorphine (e.g., 0.5 
mg/kg) did not induce cage climbing in our study with 
C57BL/6 and DBA/2 nor in the CD- I strain of mice [28]. Low 
doses actually inhibited basal climbing rates under our con- 
ditions. Other strains require significantly higher doses of 
apomorphine to stimulate climbing, e.g., high levels of cage 
climbing occur in CD-I at 10 mg/kg [28]. We found climbing 
stereotypy was induced in C57BL/6 at doses similar to CD-I 
(10 and 20 mg/kg) but no enhancement of this activity oc- 
curred in DBA/2 at these doses. In C57BL/6 the duration of 
cage climbing activity induced by apomorphine was dosage 
dependent. This was also reported to be the case in Swiss 
albino mice [24]. 

It is unlikely that this marked, isolated behavioral 
hyporesponsiveness of  DBA/2 arises from reduced general 
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availability of apomorphine because other behavioral effects 
with similar dosage requirements remain largely intact in this 
strain. The striatum [19] and the nucleus accumbens [4,5] 
have been shown in lesioning experiments to be brain re- 
gions which have a significant role in apomorphine-induced 
climbing activity. DBA/2 previously has been shown to have 
a reduced number of striatal dopamine receptor s compared 
to C57BL/6 [32]. B,,I~× for (3H) spiperone and (3H) dom- 
peridone binding in striatum of  DBA/2 is only 80% of that 
found in C56BL/6 [32]. Failure of  apomorphine to induce 
stereotyped cage climbing in DBA/2 may be correlated with 
this 20% reduction in striatal dopamine receptors. The 20% 
fewer binding sites may reflect a generalized reduction in 
receptor synthesis or increased receptor biodegradation. It 
could easily represent the absence of a particular subgroup 
of receptors. A multiplicity of dopamine receptor subtypes 
have been proposed.  The D1 subtype is associated with 
dopamine-sensitive adenylate cyclase [14]. While this recep- 
tor subtype appears to regulate a cyclase, it does not appear 
to be involved in the behavioral effects of dopamine receptor 
antagonists and agonists [16,33]. Spiperone binding and 
dopamine agonist binding are used to identify D2 receptors. 
This site appears to be correlated with the behavioral and 
therapeutic effects of neuroleptics [12,17]. The existence of 
functionally different receptor subpopulations is exemplified 
by the work of Niemegeers et al. [23]. They demonstrated in 
outbred rats that the various behavioral effects of spiperone 
occur at different doses and correspond to the fraction of 
receptors occupied. Thus, in the rat the hypermotility re- 
sponse induced by apomorphine appears to involve occupa- 
tion of only 20% of the total apomorphine binding sites avail- 
able. Thus, a relatively small decrease in the absolute 
number of receptors could in principle have a marked and 
specific effect on one behavior among the several mediated 
by a dopamine receptor agonist. 

How does such an interpretation apply to the other effects 
of apomorphine in DBA/2 and C57BL/6? 

Stereotyped gnawing activity in rodents has been pro- 
posed to be under tonic inhibitory control which can be re- 
leased in an all-or-none manner by apomorphine [26]. This 
may reflect a release of mechanisms in the superior col- 
liculus following a reduction in nigrally-mediated inhibitory 
control [26]. Quite conflicting results have been reported 
previously by various investigators with regard to 
apomorphine-induced stereotyped biting or gnawing in mice. 
Lapin [18] reported that apomorphine induced no stereo- 
typed gnawing in five strains of mice including C57BL/6 at 
doses up to 40 mg/kg. Oliverio et al. [30,37] detected 
apomorphine-induced gnawing in DBA/2 mice under one set 
of conditions but not another. Under conditions in which 
stereotyped biting was observed in DBA/2, it was not ob- 
served in C57BL/6 mice [37]. Apomorphine administration in 
N.M.R.I .  mice produced moderate biting [31] but not in 
Kausali mice [7] nor in an undefined strain [35]. By our 
method of scoring we found that apomorphine could induce 
stereotyped gnawing in both C57BL/6 and in DBA/2 strains, 
albeit with somewhat different latencies of onset, dosage- 
dependent maximal responses and duration of occurrence. 
Our semiquantitative findings in these mice are in general 
accord with the observations of Redgrave, Dean and Lewis 
[27] who designed an automatic measuring device to quanti- 
tate stereotyped gnawing behavior induced by apomorphine 
in the rat. The conflicting findings on apomorphine-induced 
gnawing in mice appear to reflect several variables including: 
(1) the intrinsic capacity of the strain to respond which may 

be strain specific; (2) the method of assessing the behavior 
and its changes; (3) the environmental conditions; (4) the 
dosage of apomorphine; (5) the time after apomorphine ad- 
ministration at which gnawing behavior is scored. We 
presume that either the method of scoring or the environ- 
ment explains the differences in our results compared to 
others [18, 30, 37]. Assuming the accuracy of our stereo- 
typed gnawing data (obtained under exactly the same condi- 
tions as climbing behavior was assessed) we suggest that the 
gnawing response is largely intact (although partially re- 
duced). Thus, either the dopamine receptor primarily 
mediating this behavior is a different subtype from that in- 
volved in climbing behavior or the synthesis and distribution 
of the same receptor subtype are under separate genetic con- 
trol for different brain regions. However,  there is a partial 
reduction of the maximal effect in DBA/2 compared to 
C57BL/6. This might be taken as the component mediated by 
the receptor subtype whose deficiency is postulated to 
underlie the climbing hyporesponsiveness also found in 
DBA/2. 

We found that neither DBA/2 nor C57BL/6 showed in- 
creased stereotyped gnawing or biting activity at 2 mg/kg 
apomorphine, a dose which appeared to induce stereotyped 
sniffing in both strains. Lapin [ 18] also observed stereotyped 
sniffing in the absence of gnawing in C57BL/6 and other 
strains. We found no differences between C57BL/6 and 
DBA/2 in the intensity or duration of apomorphine-induced 
stereotyped sniffing. Many authors have considered the var- 
ious components of drug-induced stereotyped behavior - -  
sniffing, repetitive head and limb movements, gnawing/bit- 
ing, licking, cl imbing--to be expressions of a single behav- 
ioral complex mediated by a common central mechanism. In 
the rat stereotyped sniffing can be dissociated from other 
stereotyped behaviors on the basis of neuroanatomical lo- 
calization of brain lesions altering the response [6] and by the 
respective profiles of sensitization and tolerance [9]. Stereo- 
typed sniffing appears to involve a substantial mesolimbic 
dopamine component [2,6]. Our results also clearly dis- 
sociate sniffing from other stereotyped behaviors. The differ- 
ences between DBA/2 and C57BL/6 which dramatically af- 
fect apomorphine-induced climbing behavior have little ef- 
fect on stereotyped sniffing. One possibility is that these 
behavioral responses reflect the intactness of the dopamine 
receptor functions in the nucleus accumbens in contrast to 
the loss of inducible climbing in DBA/2 as a consequence of 
the reduction in the number of striatal dopamine receptors. 

In the rat apomorphine at doses between 0.01 and 10 
mg/kg exerts a biphasic dose-dependent effect on locomotor 
activity [11,21]. Doses below about 0.2 mg/kg are inhibitory, 
whereas increased doses stimulate locomotor activity. The 
low dose inhibitory effects have been attributed to a 
presumptive presynaptic receptor. This receptor type is dis- 
tinguished from the receptors which mediate locomotor 
stimulation by its differential response to selected dopamine 
agonists [11]. A similar biphasic response with differential 
agonist effects is found in Swiss-Webster and N.M.R.I .  mice 
[10,34]. We interpret our results to indicate that a fraction of 
the receptors which mediate increased locomotor responses 
is reduced in DBA/2 compared to C57BL/6. Such a receptor 
deficit also may account for the more marked inhibition of 
rearing activity in DBA/2 (i.e., an inhibitory effect resulting 
from activation of one receptor class is opposed by the ac- 
tivation of a second receptor class at a higher dopamine con- 
centration in C57BL/6). Strain specific effects on mouse lo- 
comotor activity similar to those we observed at higher 
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doses  have been repor ted  by others  [4, 18, 22, 30, 37]. In the 
rat, apomorphine- induced  st imulation of  locomotor  act ivi ty  
also is dissociable f rom gnawing act ivi ty [18,19]. We found 
that low doses  o f a p o m o r p h i n e  markedly  inhibited locomoto r  
act ivi ty  in both DBA/2 and C57BL/6 without  inducing any 
s tereotyped behaviors .  Since under  our  condit ions marked 
locomotor  inhibition was induced in DBA/2 and C57BL/6 by 
apomorphine  without  the induct ion of  s te reo typed  gnawing,  
it seems unlikely that the induct ion of  s tereotypy itself 
produces  locomotor  inhibition [37]. 

Through the use of  full dose response curves  and multiple 
behavioral  measures ,  we have a t tempted to detail similarities 
and differences in apomorphine- induced  behavioral  respon- 
s iveness  be tween  two inbred mouse  strains known to differ 
in the relat ive number  of  their  brain dopamine  receptors .  In 
our  discussion we have suggested that the observed  behav-  
ioral differences in apomorphine  respons iveness  relate to 
genel ical ly  determined dopamine  receptor  number  differ- 
ence,;. While this may be so, our  exist ing data  do not un- 
equivocal ly  establish the causal  relationship be tween  re- 
duced receptor  number  and apomorphine  response  differ- 

ences  be tween  these two inbred mouse  strains. More  com- 
plex neuropharmacogene t ic  differences may occur  be tween  
these strains. Fo r  example ,  significant differences in the t ime 
course  for restorat ion of  basal climbing and rearing act ivi ty  
occur  be tween  C57BL/6 and DBA/2 after apomorphine  
t reatment .  Whether  these represent  differential disposi t ion 
o f  the drug to/from selected brain regions,  intrinsic neural 
compensa to ry  mechanisms (e.g., receptor  affinity state 
change) or  o ther  basic behavior-pharmacologica l  differences 
remains unclear.  It  has yet to be established whether  each o r  
any of  the differences in apomorphine  responsiveness  be- 
tween DBA/2 and C57BL/6 are inherited in a simple Mende-  
lian fashion and, if  so, whether  they co-segregate  with the 
genetic  determinant  for reduced  dopamine  receptor  number  
in the brain. It cannot  be assumed that an apparent  single 
gene difference in receptor  number  means  a single gene 
difference in behavioral  response.  The results presented  here 
now al low the systemat ic  invest igat ion o f  these quest ions in 
recombinant  inbred strains der ived f rom C57BL/6 by DBA/2 
hybrids.  
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