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SLUYTER, F., B. BOHUS, H. J. A. BELDHUIS AND G. A. VAN OORTMERSSEN. Autosomul and Y chromo- 
somal effects on the response to apomorphine in wild house mice. PHARMACOL BIOCHEM BEHAV 52(l) 11-22, 
1995.-The behavioral response to apomorphine, a dopamine agonist, was shown to be different between a selection line 
characterized by Short Attack Latencies (SAL) and a selection line having Long Attack Latencies (LAL) (4). Aggressive SAL 
mice were more sensitive to apomorphine than nonaggressive LAL males. The aim of this research was to determine whether 
the stereotyped response to apomorphine is affected by the Y chromosome in the same way as it influences attack latency. For 
this purpose, F, reciprocal hybrids as well as congenic lines (SAL.LY and LAL.SY) were used. The major difference 
between the congenic and parental lines is the nonpairing part of the Y chromosome (non-PAR). Apomorphine was injected 
subcutaneously at a preselected dose level of 5.0 mg/kg to induce stereotyped behavior manifested in compulsive sniffing, 
gnawing, and licking. Both the autosomes and the non-PAR Y chromosome affected the response to apomorphine. The effect 
of the autosomes was in accordance with the aggression data, whereas the effect of the non-PAR Y chromosome was different, 
and suggests a specific relation between dopamine systems and the non-PAR Y chromosome. 
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THE IDEA that rodents may display different behavioral 
strategies in response to environmental challenges is well es- 
tablished. Henry and Stephens (22) have presented the first 
evidence that differential patterns of neuroendocrine activa- 
tion are related to contrasting behavioral response patterns of 
dominant and subordinate mice to social interaction. Three 
distinct artificial selection experiments support this evidence. 
First, two selection lines of rats for superior and inferior active 
shock avoidance acquisition, Roman high-avoidance (RHA/ 
Verh) and low-avoidance (RLA/Verh), not only differ in their 
response to their selection criterion, i.e., a foot shock in a 
two-way shuttle box (9), but also in other behavioral, neuro- 
chemical, and hormonal aspects (17,18). Secondly, selection 
of rats for their susceptibility to the dopamine agonist apo- 
morphine to display gnawing behavior has resulted in a line 
being susceptible to apomorphine (APO-SUS) and another 
one being not susceptible to apomorphine (APO-UNSUS) 
(16). The difference between these lines is not limited to the 

amount of gnawing elicited by apomorphine, but also extends 
to other behavioral and neurochemical correlates. The use of 
external and internal information in organizing behavior un- 
derlies all interline differences between APO-SUS and APO- 
UNSUS rats (16). 

Thirdly, our own studies (40) have shown that male wild 
house mice originating from a tine selected for short attack 
latency (SAL), i.e., artificially selected aggressive animals, dif- 
fer both for this particular trait with respect to animals origi- 
nating from a line selected for long attack latency (LAL), 
i.e., artificially selected nonaggressive animals, and for other 
spontaneous and induced behaviors as well. SAL perform bet- 
ter in a two-way shock avoidance (3), are more routine like 
and less flexible in their behavior (6,8), whereas LAL perform 
better in a changing environment (7) and suppress their activ- 
ity when exposed to uncontrollable and inescapable shocks 
(2). All together, these differences lead to the conclusion that 
SAL animals show an active strategy, whereas LAL males 

’ Requests for reprints should be addressed to F. Sluyter, Genetique, Neurogenetique et Comportement, URA 1294 CNRS, UFR Biomtdicale, 
Universite Paris V Rent Descartes, 45 rue des Saints-P&es, 75270 Paris Cedex 06, France. 
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display a passive strategy to environmental challenges (5). Ac- 
cordingly, both in rats and in mice, a bimodal distribution 
originally limited to one behavioral trait, extends to other 
behavioral, physiological and neuroendocrinological aspects 
of the animal (11). 

Another difference between SAL and LAL mice is the be- 
havioral response to apomorphine. Apomorphine is consid- 
ered to stimulate dopamine receptors (1) and induces stereo- 
typed behavior (19). Aggressive (SAL) animals show more 
apomorphine-induced stereotyped behavior than nonaggres- 
sive (LAL) mice (4). It is suggested that this neurochemical 
difference underlies the diversity in flexibility between these 
selection lines. As stated earlier, the difference in flexibility is 
an important aspect on which the concept of different behav- 
ioral strategies is based. Accordingly, a difference in dopamin- 
ergic function may well be, directly or indirectly, causally re- 
lated to different coping strategies. The potential role for 
dopamine mediating alternative, behavioral strategies is em- 
phasized by Cools (15). He finds a significant positive correla- 
tion between the amount of fleeing a rat displays in a defeat 
test and the amount of gnawing elicited by the dopamine ago- 
nist apomorphine. 

Because of the artificial selection, at least a part of the 
differences in behavioral strategies may be genetically deter- 
mined. One of the potential genetic factors is the Y chromo- 
some. Selmanoff et al. (33,34) were the first to report evidence 
for a Y chromosomal contribution to aggression in laboratory 
mice. Although Y chromosomal effects on aggression have 
been demonstrated with certainty only in two cases (28,30), 
strong indications have been found in other studies [for recent 
reviews on Y chromosomal influences on aggression: see 
(13,27)]. Our experiments confirm these indications (39,41). 
By crossing SAL and LAL, the F, reciprocal hybrids bearing 
the SAL Y chromosome show a lower attack latency and can, 
therefore, be considered more aggressive than the F, hybrid 
carrying the LAL Y chromosome. Although maternal and X 
chromosomal factors, as well as genomic imprinting, cannot 
be completely ruled out, all data up till now suggest a Y chro- 
mosomal effect, possibly in interaction or coaction with ma- 
ternal factors. The pseudoautosomal region (PAR), which 
pairs during meiosis and exchanges information with the X 
chromosome, is likely to contribute most to the execution of 
aggression (30,42). 

The aim of this research is to determine whether the Y 
chromosome affects behavioral traits unrelated to aggression 
in the same direction as it acts upon aggression. For this pur- 
pose, F, reciprocal hybrids are used as well as congenic lines. 
These congenics have been developed by the backcross system 
of breeding and result in stocks that only differ in respect of 
the nonpairing part of the Y chromosome (42). Apomorphine- 
induced stereotyped behavior is measured on a previously used 
rating scale as compulsive sniffing, gnawing, and licking. This 
rating score is based on spontaneously occurring behaviors 
including nonstereotyped behavior and apomorphine-induced 
stereotyped behavior characterized by an aberrant way of 
movement/posture (Table 1). 

METHIOD 

Mice 

All strains originated from a colony of wild house mice 
(Mus musculus domesticus) maintained in our laboratory 
since 1971. The mice were housed in Plexiglas cages (17 x 11 
x 13 cm) in a room with an artificial 12L : 12D cycle (lights 
out 1230 h). Food (standard laboratory chow; Hope farms 

TABLE 1 
RATING SCALE OF SPONTANEOUS AND 

APOMORPHINE-INDUCED BEHAVIORAL CATEGORIES 
IN WILD HOUSE MICE 

Rating Behavior Observed 

0 Grooming, feeding, drinking, climbing, sniffing, up- 
right, digging,sitting, asleep 

1 Freezing 
2 Locomotion with intermittent, compulsive sniffing, 

and rearing 
3 Stereotyped behavior in a particular pattern (not in 

one place) 
4 Stereotyped behavior in a particular pattern (in one 

place) 
5 Stereotyped behavior in a particular pattern in one 

place with intermittent gnawing and/or licking 
6 Continuous gnawing and/or licking the walls and 

bars of the cage 
Apomorphine-induced 

7 Reduced locomotor activity (slow, hesitant move- 
ments) 

8 Compulsive sniffing and gnawing the sawdust; the an- 
imal is mobile but slow relative to normal 

9 Compulsive sniffing and gnawing the sawdust; occa- 
sionally front paws on the cage wall 

10 
11 

12 

At least two paws on the cage wall, slow climbing 
Slow climbing and/or maintaining the same position, 
stretched out vertically at a slight angle 
Continuous compulsive gnawing or licking the walls 
and bars of the cage, exaggerated head nodding, 
arched back, extremely splayed limbs 

AM2) and water were available at lib. At weaning age (3-4 
weeks), the litters were separated from their parents. At the 
age of sexual maturity (6-8 weeks), the animals were paired 
male-female. 

Strains 

Males of four different strains were used: a) SAL, b) LAL, 
c) SAL.LY, and d) LAL.SY. The first two are selection lines 
for short (SAL) and long attack latency (LAL). They origi- 
nated from the 45th and 23rd generation of selection, respec- 
tively. The latter two lines are congenic for the Y chromosome 
(42). The congenic line of SAL mice with the LAL Y chromo- 
some was developed by the backcross system of breeding (20). 
Initially, a SAL female was crossed to a LAL male. The F, 
male progeny and those of all subsequent generations have the 
SAL X chromosome and the LAL Y chromosome. In this 
way, almost all of the LAL autosomal ones have been replaced 
by SAL autosomal alleles at the 10th generation of repeated 
backcrossing to SAL females (27). Because crossing over is a 
obligatory event at male meiosis, the pseudoautosomal region 
(PAR) of the original LAL Y chromosome has also been re- 
placed by the SAL pseudoautosomal region. Therefore, the 
major genetic difference between the SAL selection line and 
its congenic (designated SAL.LY) is the non-PAR Y chromo- 
some, being the conservative part of the Y chromosome. By 
the same procedure but in an inverse way, a congenic stock of 
LAL mice with the SAL non-PAR Y chromosome (designat- 
ed as LAL.SY) was obtained. For this experiment we used 
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SAL.LY congenics from the 25th and LAL.SY congenics 
from the 16th generation of backcrossing. lo- 

We realize that SAL and LAL are not inbred. There exists 
a certain degree of heterogeneity of the genetic background. 
The comparisons in our congenic tines, thus, refer to average 
effects of the Y chromosomes involved on a similar gene pool 
background, either that of the SAL line or that of the LAL 
line. Therefore, theoretically, the gene pool background may 
involve differential intragenomic interaction that may influ- 
ence the expression of the Y chromosome. 

8- 

The F, reciprocal hybrid bearing the SAL Y chromosome 
is denoted as F,LAL.SAL, whereas the F, reciprocal hybrid 
bearing the LAL Y chromosome is denoted as F,SAL.LAL. 

Testing Procedure 

At an age of 14-17 weeks, the animals were tested for 
their behavioral response to apomorphine. The apomorphine 
(Sigma No. A-4393, 5 mg/kg) was injected subcutaneously. 
This dose of the drug was selected on the basis of former 
dose-response experiments with the selected lines (4). Individ- 
uals were their own controls. To assess possible sequential 
effects of drug administration, a crossover design was used. 
Half of the animals were injected with saline on experimental 
day 1 and with apomorphine on the next day; the other half 
of the animals were treated vice versa. The observer was not 
blind to the treatment and genotype of the mice. The experi- 
ment was carried out just after onset of the dark period in the 
home cage of the animal. The females were removed from the 
cages at the start of the experiment. The males were injected 
and after 5 min the observations were started. The behavior 
was observed for 30 s at intervals of 3 min for a total of 20 
observations. At the end of each observation period the male’s 
behavior was assigned a numerical score based on the rating 
scale described in Table I. This rating score is based on sponta- 
neously occurring behaviors including nonstereotyped behav- 
ior (= rating O-l), and stereotypies that are not induced either 
by suddenly disturbing the animals or by drugs (= rating 2- 
6), and apomorphine-induced stereotyped behavior character- 
ized by an aberrant way of movement/posture (= rating 7- 
12). The difference between the spontaneous and apomor- 
phine-induced stereotyped behavioural categories is clearly 
distinguishable, the major distinction being the slow, hesitant 
movements induced by apomorphine. The choice of the rating 
scale was not arbitrary, but is based on previously used rating 
scales (29,35) and was applied before to the selection lines (4). 
A mean stereotypy score was calculated for each individual. 
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FIG. 1. Median stereotypy score (+ IQR) in all genotypes after a 
saline and 5.0 mg/kg apomorphine injection. 

of these behaviors over the rating scale was significantly dif- 
ferent between all genotypes (x2, p < 0.01). except for SAL 
and SAL.LY (x2, p = 0.39), and LAL and F,SAL.LAL &*, 
p = 0.06). A striking difference was the presence of higher 
rating stereotypies 5 and 6 (see Fig. 2) in SAL, SAL.LY and, 
to a less extent, F,SAL.LAL. 

All genotypes showed a significant increase in stereotypy 
score in response to an apomorphine injection (all genotypes: 
WMP, p > 0.01). SAL showed highest median scores, fol- 
lowed by SAL.LY. The F, hybrids showed intermediate val- 
ues, whereas LAL.SY and LAL showed lowest scores (see Fig. 
1). Table 2 summarizes the statistical differences in stereotypy 
scores between all genotypes. The distributions of behavioral 
items over the rating scale were significantly different between 
all genotypes (x2, p > 0.01). A remarkable difference was the 
near absence of apomorphine-induced stereotypies in the LAL 
group and intermediate scores for the F, hybrids. In contrast, 
a relatively large percentage of the highest rating stereotypies 
appeared in SAL and SAL.LY mice (see Fig. 2). 

Statktics 
DISCUSSION 

Values are expressed as median and their interquartile 
ranges (IQR). The Mann-Whitney U-test (MWU) was used to 
compare independent samples. If the samples were related the 
Wilcoxon’s matched pairs test (WMP) was used. Differences 
between SAL and LAL in frequencies in the discrete categories 
of the stereotypy rating scale were tested by the X*-test. 

RESULTS 

No effect of the sequence of saline and apomorphine ad- 
ministration was found; hence, the dam of all animals were 
combined in accordance with the treatment. 

When injected with saline there were no differences in me- 
dian stereotypy score between genotypes (Fig. 1). In response 
to a saline injection, all genotypes showed behaviors of the 
spontaneous category only (Fig. 2). However, the distribution 

The main finding of these experiments is that the dopamine 
agonist apomorphine induces different degrees of stereotyped 
behavior in SAL and in LAL male mice with intermediate 
values in congenics and F, hybrids. Because of the absence of 
differences between the F, hybrids and the dissimilarity be- 
tween congenic and parental lines, one may conclude that both 
autosomes and Y chromosome, the nonrecombining part to 
be specific, affect the response to apomorphine in wild house 
mice. 

Artificially selected, aggressive, male wild house mice dif- 
fer in their response to apomorphine, a dopamine agonist, in 
comparison to their nonaggressive counterparts. SAL individ- 
uals show more stereotyped behavior after acute apomorphine 
administration than LAL males, confirming the Iindings of 
Benus et al. (4). In this context it is important to recall that 
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FIG. 2. Mean frequencies expressed as a percentage of total observa- 
tions, per rating category in all genotypes after a saline and 5.0 mg/kg 
apomorphine injection. 

agonist drugs are poorly effective at high values of fractional 
occupancy of the receptors by the endogeneous agonist, but 
strongly effective at low values of fractional occupancy of 
the receptors by the endogeneous agonist (16). This principle 

implies that mice showing a weak response to the dopaminer- 
gic agonist apomorphine, i.e., LAL males, have a functionally 
high activity of dopamine, while the reverese applies to mice 
showing a strong response to apomorphine, i.e., SAL males. 
Because stereotyped behavior can be initiated by intrastriatal 
injections of dopaminergic drugs like apomorphine, the inten- 
sity of behavioral responses can be considered as an index of 
striatal dopaminergic functions (35). Therefore, these findings 
suggest that SAL mice are characterized by a low neostriatal 
dopaminergic activity and LAL mice by a high activity. 

Previous results by Benus et al. (4) have indicated that SAL 
and LAL differ in sensitivity to apomorphine and not in the 
character of the induced response. They demonstrated that at 
a higher dose LAL mice showed qualitatively the same apo- 
morphine-induced behaviors as SAL males. Accordingly, it 
can be concluded that SAL and LAL mice differ in sensitivity 
to apomorphine rather than in the character of the induced 
response. 

The F, hybrids, the product of a reciprocal cross between 
SAL and LAL, show intermediate values pointing to no domi- 
nance of the measured character, i.e., apomorphine sensitiv- 
ity. Therefore, these results suggest an autosomal and interme- 
diate inheritance of neostriatal dopaminergic activity. The 
finding that both F, hybrids (F,SAL.LAL and F,LAL.SAL) 
show identical values implies either the absence or opposing 
actions of cytoplasmatic, maternal, heterosomal effects, and 
genomic imprinting. Opposing actions seem plausible because 
both congenics differ from their parental lines for apo- 
morphine sensitivity. Because SAL show higher values than 
SAL.LY and LAL.SY than LAL, and also because the conge- 
nits only differ in respect of the conservative, nonpairing part 
of the Y chromosome (non-PAR), an additional effect of this 
part of the Y chromosome seems obvious. In the F, hybrids 
this Y chromosomal effect is likely to be overruled by one or 
more of the abovementioned factors. 

Accordingly, these experiments illustrate an effect of the 
non-PAR of the Y chromosome on neostriatal dopaminergic 
activity. Because the parental selection lines are not inbred, 
we realize that autosomal gene(s) may also be responsible for 
the difference between SAL and SAL.LY. However, keeping 
in mind the degree of inbreeding in wild populations of wild 
house mice and the number of successive backcrosses in the 
congenic lines used, we estimate the chance that (an) autoso- 
ma1 gene(s) is/are responsible for the difference in apomor- 
phine-induced stereotyped behavior between the congenic and 
parental lines, very low. 

The non-PAR of the Y chromosome is, among others, 
involved in individually unique urine odors (26), plasma tes- 
tosterone concentrations (21,24), sensitivity to exogeneous tes- 
tosterone (24), and testis and kidney weight (36). All these 
studies used strains congenic for the non-PAR Y chromo- 
some. Effects of the Y chromosome on brain-related variables 
have been demonstrated earlier by Van Abeelen et al. (38). 
They randomized autosomal, X-linked, cytoplasmic, and ma- 
ternal factors over Y chromosomal groups by means of a 
four-way cross and obtained evidence of Y linked influences 
on, among others, right-side hippocampus weight and hippo- 
campal asymmetry. 

Many mouse strain differences have been found in the 
number of dopamine neurons (31), dopamine synthesis (37), 
dopamine binding sites (lo), reactivity of dopaminergic neu- 
rons to stress (23), and apomorphine related behavioral traits 
(12,25,32,42). However, to our knowledge, no specific Y chro- 
mosomal effect on dopamine-related behavior or physiology 
is known. Benus et al. (4) have related the difference in poten- 
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TABLE 2 

STATISTICAL DIFFERENCES OF EXPERIMENTAL VARIABLES 
FROM DIFFERENT GENOTYPES 

Saline SAL SAL.LY F, LAL.SAL F, SAL.LAL LAL.SY LAL 

Apomorphine SAL SAL.LY F, LALSAL F, SAL.LAL LAL.SY LAL 

Twelve to 14 male mice were used per genotype. Underlined genotypes are statistically equiva- 
lent @ > 0.05). The Mann-Whitney U-test was used to compare the scores of the different 

tial dopaminergic activity between SAL and LAL to their dif- 
ference in behavior in a defeat test (2) and a Y maze (6). 
Low dopaminergic activity (indicated as high sensitivity to 
apomorphine) accompanies a fight-flight strategy character- 
ized by aggressive, routine-like, stereotyped behavior, whereas 
high dopaminergic activity (indicated as low sensitivity to apo- 
morphine) underlies a conservation-withdrawal strategy char- 
acterized by more flexible behavior, i.e., a higher degree of 
freedom in shifting arbitrarily their ongoing behavior. Cools 
(14) has found a correlation between dopaminergic activity, 
behavioral flexibility, and strategy. Following his line of rea- 
soning, one would expect a parallel with aggression: the more 
sensitive an animal to apomorphine, the lower the dopaminer- 
gic activity, and the more aggressive is the animal. Our find- 
ings partly confirm this argumentation. Both for aggression 
and apomorphine sensitivity, SAL and SAL.LY show higher 
values than the F, hybrids, which, in their turn, are more 
aggressive and more sensitive to apomorphine than LAL and 
LAL.SY. However, the congenic lines differ in sensitivity to 

apomorphine from their parental, selection lines with SAL.LY 
being less sensitive than SAL and LAL.SY more sensitive than 
LAL, whereas SAL.LY animals have been proved to be 
equally aggressive with SAL. LAL.SY and LAL appeared 
equally nonaggressive, as indicated by their long attack laten- 
ties (42). Taken together, the present data suggest that the 
genetical information underlying the basic idiosyncrasy be- 
tween behavioral strategies is located on the autosomes. 
Whether dopamine is a correlative or a causal factor in the 
differences remains to be further investigated. 

ACKNOWLEDGEMENTS 

The authors would like to thank Ralph Engel, Feijo Meeter, and 
Bianca Meijeringh for their technical assistance, as well as Gerhardus 
Zuidema for excellent animal care. FS was supported by the Dutch 
Foundation for Biological Research (BION; FS project 430.222). 
which is part of the Dutch Science Organisation NWO, and a stipend 
from the Fondation Fyssen (Paris, France). H.J.A.B. was supported 
by the National Epilepsy Foundation (project CLEO A87). 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Anden, N. E.; Rubenson, A.; Fuxe, K.; Hokfeh, T. Evidence 
for dopamine receptor stimulation by apomorphine. J. Pharm. 
Pharmacol. 19:627-629; 1967. 
Benus, R. F. Aggression and coping: Differences in behavioural 
strategies between aggressive and nonaggressive male mice, PhD. 
Thesis, University of Groningen, The Netherlands; 1988. 
Benus, R. F.; Bohus, B.; Koolhaas. J. M.; Van Oortmerssen, G. 
A. Behavioural strategies of aggressive and nonaggressive male 
mice in active shock avoidance. Behav. Proc. 20:1-12; 1989. 
Benus, R. F.; Bohus, B.; Koolhaas, J. M.; Van Oortmerssen, G. 
A. Behavioural differences between artificially selected aggressive 
and nonaggressive mice: Response to apomorphine. Behav. Brain 
Res. 43:203-208; 1991. 
Benus, R. F.; Bohus, B.; Koolhaas, J. M.; Van Oortmerssen, G. 
A. Heritable variation for aggression as a reflection of individual 
coping strategies. Experientia 47: 1008-1019; 1991. 
Benus, R. F.; Den Daas, S.; Koolhaas, J. M.; Van Oortmerssen, 
G. A. Routine formation and flexibility in social and nonsocial 
behaviour of aggressive and nonaggressive mice. Behaviour 112: 
176-193; 1990. 
Benus, R. F.; Koolhaas, J. M.; Van Oortmerssen, G. A. Individ- 
ual differences in behavioural reaction to a changing environment 
in mice and rats. Behaviour 100:105-122: 1987. 
Benus, R. F.; Koolhaas, J. M.; Van Oortmerssen, G. A. Agres- 
sion and adaptation to the light-dark cycle: Role of intrinsic and 
extrinsic control. Physiol. Behav. 43:131-137; 1987. 
Bignami, G. Selection for high rates and low rates of avoidance 
conditioning in the rat. Anim. &hav. 13:221-227; 1965. 
Boehme, R. E.; Ciaranello, R. D. Dopamine receptor binding 
in inbred mice: Strain differences in mesolimbic and nigrostriatal 
dopamine binding sites. Proc. Natl. Acad. Sci. USA 78:3255- 
3259; 1981. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Bohus, B.; Benus, R. F.; Fokkema, D. S.; Koolhaas, J. M.; 
Nyakas, C.; van Oortmerssen, G. A.; Prins, A. J. A.; de Ruiter, 
A. J. H.; Scheurink, A. J. W.; Steffens, A. B. Neuroendocrine 
states and behavioral physiological stress responses. In: De Kloet, 
E. R.: Wiezant. V. M.: DeWied. D., eds. Progress in brain re- 
search, ~01.72. Amsterdam: Elsevier;.1987:57-70. 
Cabib, S.; Puglisi-Allegra, S. Different effects of apomorphine 
on climbing behavior and locomotor activity in three strains of 
mice. Pharmacol. B&hem. Behav. 23:555-557; 1985. 
Carlier, M.; Roubertoux. P. L.; Kottler, M. L.; Degrelle, H. Y 
chromosome and aggression in strains of laboratory mice. Behav. 
Genet. 2Ck137-156; 1990. 
Cools, A. R. Brain and behaviour: Hierarchy of feedback systems 
and the control of its input. In: Klopfer, P. H.; Bateson, P., eds. 
Perspectives in ethology, vol. 6: Mechanisms. New York: Plenum 
Press; 1985:109-168. 
Cools, A. R. Transformation of emotion into motion: Role of 
mesolimbic noradrenaline and neostriatal dopamine. In: Hell- 
hammer, D.; Florin, I.; Weiner, H., eds. Neurobiological ap- 
proaches to human disease. Toronto: Hans Huber Publishers; 
i988:15-28. 
Cools, A. R.; Brachten, B. R.; Heeren, D.; Willemen, A.; Ellen- 
broek, B. Search after neurobioloaical nrofile of individual- 
specific features of Wistar rats. BrainRes. Bull. 24:49-69; 1990. 
Driscoll, P.; Battig K. Behavioral emotional and neurochemical 
profiles of rats selected for extreme differences in active, two-way 
avoidance performance. In: Lieblich, I., ed. Genetics of the 
brain. Amsterdam: Elsevier Biomedical Press; 1982:95-123. 
Driscoll, P.; Dedek, J.; D’Angio M.; Claustre, Y.; Scatton. B. A 
genetically based model for divergent stress responses: Behav- 
ioral, neurochemical and hormonal aspects. Adv. Anim. Breed. 
Genet. Suppl. 5:97-107; 1990. 



22 

19. Ernst, A. Mode of action of apomorphine and dexamphetamine 
on gnawing compulsion in rats. Psychopharmacologia IO:316 
323; 1%7. 

20. Green, E. L. Breeding systems. In: Green, E. L., ed. Biology of 
the laboratory mouse, 2nd. ed. New York: McGraw-Hill; 1966: 
1 l-26. 

21. Guillot, P. V.; Roubertoux, P. L.; Degrelle, H.; Carlier, M.; 
Phillips, J.; Maxson, S. C. Y chromosome and adult plasma 
testosterone levels. Behav. Genet. 23:555; 1993. 

22. Henry, J. P.; Stephens, P. M. Stress, health and the social envi- 
ronment: A sociobiological approach to medicine. New York: 
Springer Verlag; 1977. 

23. Herve, D.; Tassin, J. P.; Barthelemy, C.; Blanc, G.; Lavialle, 
S.; Glowinski, J. Difference in the reactivity of the mesocortical 
dopaminergic neurons to stress in the Balb/c and C57BL/6 mice. 
Life Sci. 25:1659-1664; 1979. 

24. Jutley, J. K.; Stewart, A. D. Genetic analysis of the Y chromo- 
some of the mouse: Evidence for two loci affecting androgen 
metabolism. Genet. Res. Cambr. 47:29-34; 1985. 

25. Kendler, K. S.; Davis, K. L. Genetic control of apomorphine- 
induced climbing behavior in two inbred mouse strains. Brain 
Res. 293:343-351; 1984. 

26. Macintosh Schellinck, H.; Monahan, E.; Brown, R. E.; Maxson, 
S. C. A comparison of the contribution of the major histocom- 
patibility complex MHC and Y chromosomes to the discrimini- 
bahty of individual urine odors of mice by Long-Evans rats. 
Behav. Genet. 23:257-263; 1993. 

27. Maxson, S. C. Methodological issues in genetic analyses of an 
agonistic behavior offense in male mice. In: Goldowitz, D.; 
Wahlsten, D.; Wimer, R., eds. Techniques for the genetic analysis 
of brain and behavior: Focus on the mouse, techniques in the 
behavioral and neural sciences. vol. 8. Amsterdam: Elsevier; 
1992:349-373. 

28. Maxson, S. C.; Ginsburg, B. E.; Trattner, A. Interaction of Y- 
chromosomal and autosomal gene(s) in the development of inter- 
male aggression. Behav. Genet. 9:219-226; 1979. 

29. Randall, P. K.; Randall, J. S. Mouse strain differences in apo- 
morphine-induced behavior: An empirical and methodological 
study. Behav. Neurosci. 100:85-92; 1986. 

30. Roubertoux, P. L.; Carlier, M.; Degrelle, H.; Haas-Dupertuis, 
M.-C.; Phillips, J.; Moutier, R. Co-segregation of intermale ag- 
gression with the pseudoautosomal region of the Y chromosome 
in mice. Genetics 136:225-230, 1994. 

SLUYTER ET AL. 

31. Ross, R. A.; Judd, A. B.; Pickel, V. M.; Joh, T.; Reis, D. J. 
Strain-dependent variations in number of midbrain dopaminergic 
neurons. Nature 264:654-656; 1976. 

32. Seale, T. W.; McLanahan, K.; Johnson, P.; Carney, J. M.; Ren- 
nert, 0. M. Systematic comparison of apomorphine-induced be- 
havioral changes in two mouse strains with inherited differences 
in brain dopamine receptors. Pharmacol. B&hem. Behav. 21: 
237-244; 1984. 

33. Selmanoff, M. K.; Jumonville, J. E.; Maxson, S. G.; Ginsburg, 
B. E. Evidence for a Y chromosome contribution to an aggressive 
phenotype in inbred mice. Nature 253:529-530; 1975. 

34. Selmanoff, M. K.; Maxson, S. C.; Ginsburg, B. E. Chromosomal 
determinants of intermale aggressive behavior in inbred mice. 
Behav. Genet. 6:53-69; 1976. 

35. Severson, J. A.;, Randall, P. K.; Finch, C. E. Genotypic influ- 
ences on striatal dopaminergic regulation in mice. Brain Res. 210: 
201-215; 1981. 

36. Shrenker, P.; Maxson, S. C. Effect of the DBA/lBg Y chromo- 
some on testis weight and aggregation. Behav. Genet. 16:263- 
270; 1986. 

37. Sved, A. F.; Baker, H. A.; Reis, D. J. Dopamine synthesis in 
inbred mouse strains which differ in numbers of dopamine neu- 
rons. Brain Res. 303:261-266; 1984. 

38. Van Abeelen, J. H. F.; Janssens, C. J. J. G.; Crusio, W. E.; 
Lemmens, W. A. J. G. Y chromosomal effects on discrimination 
learning and hippocampal asymmetry in mice. Behav. Genet. 19: 
543-549; 1989. 

39. Van Oortmerssen, G. A. A behavioural-genetic approach to vari- 
ation in attack latency, serum testosterone level, and other agonis- 
tic parameters. Aggress. Behav. 10:177; 1984. 

40. Van Oortmerssen, G. A.; Bakker, T. C. M. Artificial selection for 
short and long attack latencies in wild Mus musculus domesticus. 
Behav. Genet. 11:115-126; 1981. 

41. Van Oortmerssen, G. A.; Benus, R. F.; Sluyter, F. Studies on 
wild house mice IV: On the heredity of testosterone and readiness 
to attack. Aggress. Behav. 18:143-148; 1992. 

42. Van Oortmerssen, G. A.; Sluyter, F. Studies on wild house mice 
V: Aggression in selection lines for attack and their congenics for 
the Y chromosome. Behav. Genet. 24:73-78; 1994. 

43. Vetulani, J.; Sansone, M.; Oliverio, A. Analysis of the difference 
in the behavioral effects of apomorphine in C57BL/6 and DBA/ 
2 mice. Pharmacol. Biochem. Behav. 17:%7-971; 1982. 


