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Genetic differences in female house mice in aggressive response to sex steroid hormone treatment. PHYSIOL BEHAV 54(5) 899- 
902, 1993.--Male mice, genetically selected for aggression, characterized by short attack latency (SAL) or long attack latency 
(LAL), differ on several testosterone (T)-related parameters during ontogeny and adult age. The variation in aggressive behavior 
at adult age may be due to differences in degree of androgenization prenatally. When exposed to T at prenatal, neonatal, and/or 
adult age, nonlactating females also display intraspecific fighting behavior. In the present study, we investigated in females of the 
SAL and LAL selection lines, whether the differentiation of aggression involves processes similar to ones seen in males. Therefore, 
we injected females with testosterone propionate (TP) or vehicle on the day of birth, treated them after ovariectomy at adult age 
with T, estradiol (E), or vehicle, and tested their aggressive response. We found that neonatally vehicle-treated SAL females show 
a higher aggressive response to chronic T treatment at adult age than LAL females receiving the same treatment. Females of both 
selection lines treated with vehicle or E as adults were not aggressive. Neonatal TP treatment did not influence the adult T 
sensitivity and difference between selection lines in response to T at adult age. However, neonatally TP-treated SAL females 
showed aggressive behavior when treated with E at adult age, whereas LAL females failed to do so. These results suggest a genetic 
difference in susceptibility to T and E, which plays a major role prenatally, in organizing the development of sex steroid-dependent 
neural systems. 

Testosterone Estradiol  Ontogeny Aggression Female mice  Genetic differences 

CHRONIC testosterone (T) treatment induces aggression at adult 
age in mice and rats, both in males and nonlactating females 
[(2,27,29); for review see (1,6)]. The latter generally do not display 
spontaneous intraspecific fighting behavior. In addition, neonatal 
androgen exposure in females increases the adult aggressive re- 
sponse to T. Neonatally androgenized females begin to fight 
much sooner following the start of hormone treatment in adult- 
hood than do neonatally vehicle-treated mice (33,38). Accord- 
ingly, neonatal exposure to testosterone seems to sensitize the 
central nervous system to the aggression-eliciting property of T 
(7,12,36). Also, prenatal exposure to androgens facilitates adult 
aggressive response to T (15,19,34). Such prenatal T exposure 
may originate from the uterine position of females with respect 
to male fetuses (14,20). 

In our laboratory, two selection lines of wild mice (Mus mus- 
culus domesticus), one for short attack latency (SAL) and one 
for long attack latency (LAL), and a randomly bred control line 
are available (5,30,31). Both adult and perinatal levels ofT play 
an important role in the expression of adult intermale aggressive 
behavior in these genetic selection lines. We found that adult 
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males of the aggressive SAL line have a higher plasma T level, 
a higher seminal vesicle weight (32), and a larger testicular T 
production capacity (l 0) compared to mice of the nonaggressive 
LAL line. Furthermore, prepubertally castrated SAL males show 
a higher aggressive response following adult T replacement than 
similarly treated LAL animals, suggesting a higher T sensitivity 
of the central nervous system (32). However, neonatally the LAL 
males have a larger testicular T production capacity than SAL 
males at the same age (10). Moreover, after neonatal testosterone 
treatment, LAL males showed a further reduction in aggressive 
behavior at adult age, whereas aggression of SAL males was not 
affected (9). 

To investigate whether similar processes are involved in the 
differentiation of female aggression, we tested females of these 
selection lines to determine if they differ in aggressive response 
to the same neonatal and/or adult testosterone treatment. 
Therefore, we injected female mice of both selection lines with 
testosterone or vehicle on the day of birth, treated them after 
ovariectomy at adult age chronically with T, estradiol, or vehicle, 
and tested their aggressive response. 
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FIG. 1. Mean attack latencies (ALS + SEM) of females of the short attack latency line 
(SAL) and long attack latency line (LAL) neonatally treated with vehicle (oil) (A) or 
testosterone propionate (B) and chronic sex steroid treatment at adult age. Open bars: 
oil (O); lightly hatched bars: estradiol (E); heavily hatched bars: testosterone (T). Both 
neonatally oil- and TP-treated SAL and LAL females show a significant effect of chronic 
T treatment at adult age (*p < 0.05), in which the SAL females show a higher aggressive 
response than LAL females (p < 0.01) (A and B). Only the neonataUy TP-treated SAL 
females show an aggressive response to adult E treatment (**p < 0.01), which signif- 
icantly differs from similarly treated LAL females (p < 0.05) (B). 

M E T H O D  

Animals 

Female mice (Mus musculus domesticus) from selection lines 
bred in our laboratory were used. These lines have been genet- 
ically selected for either long intermale attack latency (LAL; 
generations 14-17) or short intermale attack latency (SAL; gen- 
erations 37-39) (30,31). Parents were housed on a sawdust bed- 
ding in standard mouse breeding Plexiglas cages ( 17 × 11 × 13 
cm), in animal rooms with controlled light/dark cycle (12:12; 
lights off at 1230 h) and temperature (19-21 °C). Standard lab 
chow and water were available ad lib. 

On the morning after the night of birth (day 1 ), all pups were 
treated with testosterone or vehicle. At 3 weeks postpartum, the 
young animals were separated from the parents and were kept 
apart according to sex. At an age of 10 weeks, after ovariectomy 
(OVX), the females were housed individually in standard cages 
( 17 × 11 × 13 cm). Aggressive behavior was tested at the age of 
14 weeks. Because normal female mice require a long exposure 
to testosterone to display aggression (27,33,38), the females re- 
ceived the hormone for 4 weeks. 

Treatment 

On day 1, between 1100 and 1200 h, a complete litter was 
injected subcutaneously (SC) in the neck with either 3.24 #g 
testosterone propionate (TP) dissolved in 20 #1 oil (Organon, 
Neo-Hombreol U.R. RVG00045) or just peanut oil, Prior to 
the aggressive behavior test, females were ovariectomized (OVX) 
at the age of 10 weeks, immediately followed by an implantation 
of either a standard testosterone (T) pellet, an estradioi (E) pellet, 
or one containing oil. The surgery Was carried out under ether 
anesthesia and the pellet was implanted SC in the neck. The 
pellet consisted of a silastic tube (Rubber B.V., python; length 
12 mm; i.d. 1.0 mm; o.d. 3.0 mm) filled with either peanut oil, 
5.0 mg of estradiol (Organon, oestradiol micron-Oes Mic 2004) 
(23), or 1.0 mg of testosterone (Organon, testosterone micron- 

Te Mic 2001) (1) and dissolved in oil. Both sides of the tube 
were sealed with a Silicon glue. Pellets were stored in the dark 
at 4°C. During the night before implantation, the pellets were 
kept in saline (0.9 % NaC1 solution) to initiate diffusion. The 
neonatal and adult treatment yielded six groups (oil-oil, oil-E, 
oil-T, TP-oil, TP-E, and TP-T, n = 6-9) of females in both 
selection lines. 

Aggressive Behavior Test 

Four weeks after surgery, the aggressive response was tested. 
As a measure of aggressive behavior, the attack latency score 
(ALS) was used (30). The ALS is the mean of the latencies to 
attack an opponent on 3 consecutive days, determined between 
1300 and 1500 h, during the dark phase. Each experimental 
female was confronted with a standard, gonadally intact male 
albino mouse (MAS-GRO). The test was terminated immediately 
after the experimental female attacked the opponent, or, in the 
absence of any attack, after 10 min. Thus, for those animals 
that did not fight at all the ALS was set at 600 s. 

Statistics 

Because the ALS data were not normally distributed, signif- 
icant neonatal and adult treatment effectsbetween groups were 
determined with nonparametric Mann-Whitney U-test. 

R E S U L T S  

The mean attack latencies (ALS) of the experimental females 
of the short attack latency line (SAL) and long attack latency 
line (LAL) are presented in Fig. 1. When treated with vehicle 
(oil) neonataUy [Fig. l(A)], both SAL and LAL females displayed 
aggressive behavior towards a male opponent after a T pellet 
was implanted at adult age. These females differ significantly 
from the females with an oil or E pellet (p < 0.05). However, 
the attack latency score of SAL females (ALS = 30.9 -+ 7.7 s) is 
significantly shorter than the ALS of LAL females (ALS = 420.3 
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__ 60.4 s; p < 0.01). This means that SAL females display a 
higher aggressive response to the standard adult T treatment 
than the LAL females. Moreover, all SAL females of this group 
attacked the opponent, whereas only 63% of the LAL females 
showed fighting behavior. Females with an E or oil pellet did 
not attack the opponents, in fact, it was frequently observed that 
the opponents did attack the ovariectomized females provided 
with an oil pellet (data not presented). 

A comparison between the neonatal oil treatment and the 
neonatal TP treatment revealed that neonatal TP does not affect 
the attack latency score in the adult oil-treated or in the adult 
T-treated females. As presented in Fig. l(B), after neonatal TP 
treatment SAL females provided with a T pellet show a shorter 
attack latency score (ALS = 35. l _+ 11.2 s) than similarly treated 
LAL females (ALS = 369.2 _+ 76.9 s; p < 0.01). Furthermore, 
the percentage of animals that fight did not change after a stan- 
dard testosterone dose immediately after birth: all adult T-treated 
SAL females attacked the albino mice, whereas 56% of the adult 
T-treated LAL females displayed aggressive behavior. 

However, all SAL females with an E pellet at adult age were 
highly aggressive if neonataliy treated with testosterone [Fig. 
I(B)]. The ALS of these neonatally testosterone-treated females 
is significantly shorter (ALS = 18.2 _+ 4.0 s) than SAL females 
with neonatal oil injection (ALS = 600 s; p < 0.01). In contrast 
to these SAL-TP-E females, the LAL-TP-E females hardly show 
aggression towards an opponent (ALS = 506.7 _+ 93.4 s; p < 
0.05). 

DISCUSSION 

The results of this experiment revealed that females of both 
the aggressive SAL and nonaggressive LAL selection lines display 
fighting behavior towards a male opponent after chronic T ex- 
posure at adult age. This is in accordance with several reports 
on chronic T-induced aggression in nonlactating female mice 
(2,25,27) and rats (29). However, T-treated SAL females attack 
the male intruder of the territory much faster than the T-treated 
LAL. females. This may indicate that the central nervous system 
(cNs)  of SAL females is more sensitive to the aggression-pro- 
moting properties of T. One may argue that the duration of 
adult T exposure was not long enough to facilitate a shorter 
attack latency in LAL females. However, we would still deal 
with a difference in the length of hormone treatment until fighting 
behavior occurs. This would also indicate a variation in T sen, 
sitization. The difference in adult CNS T sensitivity is in accor - 
dance with data obtained from prepubertally castrated males of 
the same selection lines. The SAL males also show a much higher 
aggressive response to a standard T treatment at adult age than 
LAL-type males (32). Hence, the CNS of both males and females 
of the SAL selection line is more sensitive to the aggression- 
eliciting properties of T at adult age compared to the LAL line. 

Earlier experiments in males indicated that neonatal testos- 
terone is ari important factor in the differentiation of aggressive 
behavior. However, in the present study, We found that neonatal 
TP treatment does not influence the adult attack latency after 
chronic T treatment irL females Of these selection lines. This 
indicates that the CNS sensitivity tO Ta t  adult age is not affected 
by neonatal TP treatment. However, we cannot exclude the pos- 
sibility that neonatal TP has modified the duration of adult T 
exposure necessary to elicit aggressive behavior (33,38). Nev- 
ertheless, it can be concluded that neonatal TP treatment does 
not affect the difference in adult T-induced aggressive behavior 
between the two selection lines, neither in males nor females. 
Accordingly, the adult difference between SAL and LAL animals 
in neural testosterone sensitivity seems to be established before 
birth. 

Several reports suggest that prenatal testosterone treatment 
influences the sensitivity of the CNS to the aggression-eliciting 
properties of T (i5,19,34) and facilitates masculine sexual be- 
havior (4,16) in later life. It is known in rats (37), mice (35), and 
ferrets (3) that before birth male fetuses produce more testos- 
terone than female fetuses. Contiguity to male fetuses (14) or 
the presence of caudally located males within a uterine horn 
(20) induces partial masculinization of the female CNS. How- 
ever, a more recent study by Gandelman et al. (13) showed that 
contiguity to male fetuses does not influence the display of het- 
erotypic sexual behavior by female mice in response to T treat- 
ment. Others found strain differences in aggression of female 
mice treated with T at adult age, whereas no variation was found 
within a strain due to uterine position (8,22). Apparently, it is 
not just the circulating testosterone in utero, but a m ~ e  general 
difference in genotype in interaction with prenatal T that plays 
a major role prenatally in the organization of adult CNS T sen- 
sitivity. 

Surprisingly, all neonatally androgenized SAL females re- 
spond with a very fast attack of the male opponent after chronic 
E exposure, whereas the attack latency in similarly treated LAL 
females is not affected. Apparently, the neonatal TP treatment 
does influence the sensitivity to chronic E treatment at adult  
age. Neonatal T is necessary to induce fighting behavior after 
chronic E treatment in adulthood (17,23), whereas neonatally 
nonandrogenized females do not show aggressive behavior, even 
when given large amounts of E in later life (11,25,29). However, 
neonataily androgenized LAL females did not show E-induced 
aggressive behavior. Obviously, a clear strain difference exists 
in the capacity of neonatal T in sensitizing the adult brain to 
estradiol. Indeed, neonatal TP treatment induces stroriger effects 
on aggression of intact females (not ovariectomized) of aggressive 
mice strains (21,28). Moreover, Simon and Whalen (24) showed, 
in males, a genetically determined difference between several 
strains of mice in sensitivity to the aggression-eliciting properties 
of androgens or estrogens. Accordingly, genetic differences in 
sensitivity to sex steroids play a major role in the variation of 
aggressive behavior. 

The genetic variation in neonatal T sensitivity indicates a 
prenatal differentiation in the organization of sex steroid-de- 
pendent neural systems. According to the present study~ one 
important factor involved in the differentiation of aggressiveness 
is the conversion of testosterone to estradiol by aromatase during 
ontogeny. In neonatal male rats a higher aromatase activity exists 
in pooled samples of several brain parts, i.e., hypothalamus, 
preoptic area, septum, and amygdala (18). It is possible that a 
variation in T level perinatally results in differences in aromatase 
activity at adult age (26). 

In summary, females as well as males of the aggressive SAL 
selection line are more sensitive to the aggression-promoting 
property of testosterone at adult age than LAL animals, irre- 
spective of neonatal TP treatment. Furthermore, only neonatally 
androgenized SAL females respond to adult chronic E exposure, 
whereas similarly treated LAL females are not affected. These 
results suggest a genetic difference, which plays a major role 
prenatally, in organizing the developmen t of  Sex steroid-depen- 
dent neural systems. The involvement in this process of sex ste- 
roids, their converting enzymes, and sex steroid receptors during 
ontogeny should be investigated in the future. 

ACKNOWLEDGEMENTS 

The investigations were supported in part by the Foundation for 
Biological Research (BION: 426.061), which is subsidized by the Neth- 
erlands Organization for Scientific Research (NWO). The authors like 
to thank Mr. G. Zuidema for excellent care of the animals. 



902 C O M P A A N  E'I AI ,  

R E F E R E N C E S  

l. Albert, D. J.; Jonik, R. H.; Walsh, M. L. Hormone-dependent 
aggression in male and female rats--experiential, hormonal, and 
neural foundations. Neurosci. Biobehav. Rev. 16:177-192; 1992. 

2. Barkley, M. S.; Goldman, B. D. Testosterone-induced aggression in 
adult female mice. Horm. Behav. 9:76-84; 1977. 

3. Baum, M. J.; Carroll, R. S.; Cherry, J. A.; Tobet, S. A. Steroidal 
control of behavioural, neuroendocrine and brain sexual differen- 
tiation-studies in a carnivore, the ferret. J. Neuroendocrinol. 2: 
401-418: 1990. 

4. Baum, M. J.; Erskine, M. S.: Kornberg, E.; Weaver, C. E. Prenatal 
and neonatal testosterone exposure interact to affect differentiation 
of sexual behavior and partner preference in female ferrets. Behav. 
Neurosci. 104:183-198; 1990. 

5. 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. 

6. Brain, P, F. Pituitary-gonadal influences on social aggression. In: 
Svare, B. B., ed. Hormones and aggressive behavior. New York: 
Plenum Press; 1983:3-25. 

7. Bronson, F. H.; Desjardins, C. Neonatal androgen administration 
and adult aggressiveness in female mice. Gen. Comp. Endocrinol. 
15:320-325; 1970. 

8. Cologer-Clifford, A.; Simon, N. G.; Jubilan, B. M. Genotype, uterine 
position, and testosterone sensitivity in older female mice. Physiol. 
Behav. 51:1047-1050; 1992. 

9. Compaan, J. C.; de Ruiter, A. J. H.; Koolhaas, J. M.; van Oort- 
merssen, G. A.; Bohus, B. Differential effects of neonatal testosterone 
treatment on aggression in two selection lines of mice. Physiol. Behav. 
51(1):7-10; 1992. 

10. de Ruiter, A. J. H.; Koolhaas, J. M.; Keijser, J. N.; van Oortmerssen, 
G. A.; Bohus, B. Differential testosterone secretory capacity of the 
testes of aggressive and non-aggressive house mice during ontogeny. 
Aggress. Behav. 18:149-157; 1992. 

I I. Edwards, D. A.; Burge, K. G. Estrogenic arousal of aggressive be- 
havior and masculine sexual behavior in male and female mice. 
Horm. Behav. 2:239-245; 1971. 

12. Gandelman, R. Gonadal hormones and the induction ofintraspecific 
fighting in mice. Neurosci. Biobehav. Rev. 4:133-140; 1980. 

13. Gandelman, R.; Kozak, M. Neonatal testosterone administration, 
but not in utero contiguity to males, augments the display of male 
sexual bahavior by testosterone-treated adult female mice. Physiol. 
Behav. 42:453-456; 1988. 

14. Gandelman, R.; vom Saal, F. S.; Reinisch, J. M. Contiguity to male 
foetuses affects morphology and behaviour of female mice. Nature 
266:722-724: 1977. 

15. Gandelman, R.; Simon, N. G.; McDerott, N. J. Prenatal exposure 
to testosterone and its precursors influences morphology and later 
behavioral responsiveness to testosterone of female mice. Physiol. 
Behav. 23:23-26; 1979. 

16. Hoepfner, B. A.; Ward, 1. L. Prenatal and neonatal androgen exposure 
interact to affect sexual differentiation in female rats. Behav. Neu- 
rosci. 102(1):61-65; 1988. 

17. Klein, W. P.; Simon, N. G. Timing of neonatal testosterone exposure 
in the differentiation of estrogenic regulatory systems for aggression. 
Physiol. Behav. 50:91-93; 1991. 

18. MacLusky, N. J.; Philip, A.; Hurlburt, C.; Naftolin, F. Estrogen 
formation in the developing rat brain: Sex differences in aromatase 
activity during early postnatal life. Psychoneuroendocrinology 10(3): 
355-361; 1985. 

19. Mann, M. A.; Svare, B. Prenatal testosterone exposure elevates ma- 
ternal aggression in mice. Physiol. Behav. 30:503-507; 1983. 

20. Meisel, R. L.; Ward, 1. L. Fetal female rats are masculinized by 
male littermates located caudally in the uterus. Science 213:239- 
242; 1981. 

21. Michard-Vanhee, C. Aggressive behavior induced in female mice 
by an early injection of testosterone is genotype dependent. Behav. 
Genet. 18(1):1-12; 1988. 

22. Simon, N. G.; Cologer-Clifford, A. In utero contiguity to males does 
not influence morphology, behavioral sensitivity to testosterone, or 
hypothalamic androgen binding in CF-1 female mice. Horm. Behav. 
25:518-530; 1991. 

23. Simon, N. G.; Gandelman, R. The estrogenic arousal of aggressive 
behavior in female mice. Horm. Behav. 10:118-127; 1978. 

24. Simon, N. G.; Whalen, R. E. Hormonal regulation of aggression: 
Evidence for a relationship among genotype, receptor binding, and 
behavioral sensitivity to androgen and estrogen. Aggress. Behav. 12: 
255-266: 1986. 

25, Simon, N. G.; Whalen, R. E.; Tate, M. P. Induction of male-typical 
aggression by androgens but not by estrogens in adult female mice. 
Horm. Behav. 19:204-212; 1985. 

26. Steimer, Th.; Hutchison, J. B. Is androgen-dependent aromatase 
activity sexually differentiated in the rat and dove preoptic area. J. 
Neurobiol. 21:787-795; 1990. 

27. Svare. B.; Davis, P. G.; Gandelman, R. Fighting behavior in female 
mice following chronic androgen treatment during adulthood. 
Physiol. Behav. 12:399-403; 1974. 

28. Vale, J. R.; Ray, D.; Vale, C. A. The interaction of genotype and 
exogenous neonatal androgen: Agonistic behavior in female mice. 
Behav. Biol. 7:321-334; 1972. 

29. van de Poll, N. E.; van Zanten, S.; de Jonge, F. H. Effects of testos- 
terone, estrogen, and dihydrotestosterone upon aggressive and sexual 
behavior of female rats. Horm. Behav. 20:418-431; 1986. 

30. van Oortmerssen, G. A.; Bakker, T. C. M. Artificial selection for 
short and long attack latencies in wild Mus musculus domesticus. 
Behav. Genet. 11(2):115-126; 1981. 

31. van Oortmerssen, G. A.; Benus, I.; Dijk, D. J. Studies in wild house 
mice: Genotype-environment interactions for attack latency. Neth. 
J. Zool. 35:155-169; 1985. 

32. van Oortmerssen, G. A.; Dijk, D. J.; Schuurman, T. Studies in wild 
house mice II. Testosterone and aggression. Horm. Behav. 21:139- 
152; 1987. 

33. vom Saal, F.; Svare, B.; Gandelman, R. Time of neonatal androgen 
exposure influences length of testosterone treatment required to in- 
duce aggression in adult male and female mice. Behav. Biol. 17: 
391-397; 1976. 

34. vom Saal, F. S, Prenatal exposure to androgen influences morphology 
and aggressive behavior of male and female mice. Horm. Behav. 
12:1-11; 1979. 

35. vom Saal, F. S.; Bronson, F. H. Sexual characteristics of adult female 
mice are correlated with their blood testosterone levels during pre- 
natal development. Science 208:597-599; 1980. 

36. vom Saal, F. S.; Gandelman, R.; Svare, B. Aggression in male and 
female mice: Evidence for changed neural sensitivity in response to neo- 
natal but not adult androgen exposure. Physiol. Behav. 17:53-57; 1976. 

37. Weisz, J.; Ward, 1. L. Plasma testosterone and progesterone titers 
of pregnant rats, their male and female fetuses, and neonatal offspring. 
Endocrinology 106:306-316; 1980. 

38. Whitsett, J. M.; Bronson, F. H.; Peters, P. J.; Hamilton, T. H. Neo- 
natal organization of aggression in mice: Correlation of critical period 
with uptake of hormone. Horm. Behav. 3:11-21; 1972. 


