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VOM SAAL, F. §., M. D. EVEN AND D. M. QUADAGNO. Effects of marernal stress on puberty, fertility and aggressive
behavior of female mice from different intrauwterine positions. PHYSIOL BEHAV 49(6) 1073-1078, 1991.—We examined the
effects of maternal stress (bright light and heat) during the last third of pregnancy on subsequent reproductive and behavioral
characteristics of female mice from different intrauerine positions. Female mice that develop in utero between two male fetuses
{2M females) differ from females that develop between two female fetuses (OM females) in their serum concentrations of both
testosterone and estradiol during the fetal period of sexual differentiation. After birth, OM and 2M females differ in a wide range
of reproductive characteristics, We examined the effects of maternal stress on the response to social cues regulating the timing of
first vaginal estrus and the length of the first postpubertal estrous cycle when 4 OM or 4 2M females were housed together next to
an adult male. Maternal stress decreased the inhibitory effect of being housed with other females in terms of the length of the first
postpubertal estrous cycle. but this only occurred in OM females. We found no effect of maternal stress or intrauterine position on
the capacity to mate and remain pregnamt, regardless of whether 0M or 2M females were stressed or not stressed during early
pregnancy prior to implantation. While there was no effect of prior intrauterine position on interfemale aggression or behavior
toward young, matemal stress did tend to reduce the likelihood that females (in diestrus) would exhibit aggression toward other
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females.
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DURING the last third of pregnancy in rats and mice, differen-
tiation of the gonads, reproductive tract and brain begins. Stress-
ing pregnant females during this time reduces fertility and fecundity
in female offspring in rats (6) but not mice (19). In both rats
and mice, maternal stress also results in a delay in the age at
vaginal opening and the lengthening of estrous cycles of female
offspring (7, 19, 38). Maternal stress can also influence aggres-
sive behavior in female mice, although the effect of maternal
stress depends on the type of aggression being studied and the
mouse strain that is used (9,10).

Another source of variation in all of the above traits in mice,
rats and gerbils {30} and pigs (22) is the intrauterine position in
which a female develops relative to other male and female fe-
tuses. Specifically, female mice that developed in utero between
two male fetuses (2M females) have been compared with fe-
males that did not develop next to a male fetus (OM females).
2M females were more aggressive than OM females while vir-
gins (20,32) as well as when pregnant and in defense of their
young after parturition (£2,32). 2M females also exhibited a

deficit in sexual attractiveness and in sexual behavior (21,32).
Prior intrauterine position also accounts for variation in the age
at which fertility begins in mice, rats and gerbils (3, 26, 30-32,
37). These differences are presumed to be mediated by differen-
tial exposure to both testosterone (16, 25, 29) and estradiol dur-
ing the fetal period of sexual differentiation as a result of
developing between either two male or between two female fe-
tuses (33,38).

In male mice, maternal stress only led to a change in behav-
jor toward young in males positioned in utero between two fe-
male fetuses (27). Also, only OM females showed postnatal
changes in genital morphology and length of adult estrous cy-
cles in response to maternal stress (38). Thus in no prior study
has maternal stress been found to have any effect on either males
or females positioned in utero between two male fetuses. In the
studies reported here, we examined the effects of maternal stress
on the timing of puberty, length of the first postpubertal estrous
cycle, fertility and aggressive behavior of female mice from dif-
ferent intrauterine positions.

'Requests for reprints should be addressed to Frederick S. Vom Saal, 205 Lefevre Hall, Division of Biological Sciences, University of Missouri,

Columbia, MO 65211.
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GENERAL METHOD
Animals and Housing Conditions

Adult CF-1 mice (Mus domesticus) were initially purchased
from Charles River Laboratories in 1979 and have been outbred
in a closed colony since that time. Mice were housed in 18 %
29 x 13-cm polypropylene cages and maintained at 25+ 1°C on
a 12:12 light:dark cycle, with lights on at 1200 h. All work in
the animal rooms during the dark phase of the cycle was con-
ducted with a 25-W red light. Mouse breeder chow (Purina
5008) and water were available ad lib.

Intrauterine Position Classification Scheme

The scheme that was used to designate the intrauterine posi-
tions of females takes into account the sex of fetuses that are
directly adjacent to the fetus being classified. In the experiments
described below, 2M females developed between 2 male fetuses,
IM females developed between a male and a female fetus, and
OM females developed between 2 female fetuses in utero. In-
trauterine positioning is a random developmental event (4,26}
and, using this classification scheme, we find, on average, 1
OM, 2 1M and 1 2M female fetuses per litter. Average litter
size in CF-1 mice is 12 pups, and 33% of the pups (at the ends
of the two uterine horns) cannot be classified using this scheme.
Other schemes have been proposed for classifying animals for
intrauterine position studies, but only this classification scheme
accounts for a significant portion of the variance in reproductive
traits in mice (36).

Mating and Delivery Procedure

To obtain mouse fetuses from known intrauterine positions,
adult CF-1 female mice were time-mated by being placed daily
with a stud male beginning at 0800 h, and examination for a
vaginal plug was 4 h later (Day 0 of pregnancy). Inseminated
females were housed three per cage and not disturbed until Day
10 of pregnancy, at which time the cages were changed. Preg-
nant females were housed individually one day prior to delivery.

Pregnant females were killed by cervical dislocation begin-
ning at 1030 h on Day 19 of pregnancy (the mean time of par-
turition is 1430 h for CF-1 mice on this light:dark cycle). Pups
were fostered to females that had delivered normally within the
preceding 24 h in groups consisting of 5 OM and 5 1M females
or 5 2M and 5 1M females from the same prenatal treatment
group. The animals were weaned at 24 days of age and were
then housed with other foster-littermates from the same intra-
uterine position (45 females per cage) until being assigned to
an experiment.

Prenatal Stress Procedure

Randomly selected pregnant mice were stressed by being
placed into Plexiglas mouse-restraining chambers (9Xx6.3x5
cm) under a bank of 150-W flood lights (350 footcandles; 38°C
temperature inside the chamber) two times per day at 0900 and
1600 h. The first stress session occurred at 0900 h on Day 13 of
pregnancy. The last stress session was at 1600 h on Day 18 of
pregnancy. There was a total of 12 stress sessions, with each
stress session lasting 45 min.

Data Analysis

Data were analyzed by analysis of variance using the Statisti-
cal Analysis System (SAS), General Linear Model. Comparisons
of differences between group means were made using the LS
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means test in SAS if the overall ANOVA showed a significant
main effect or interaction. The criterion for rejecting the null
hypothesis was p<<0.03; when rejection was at a greater level of
confidence, it is noted.

EXPERIMENTAL METHOD AND RESULTS

Age at First Estrus and Length of First Postpubertal
Estrous Cycle

The objective of this experiment was to assess the effects of
maternal stress on the timing of puberty and length of the first
postpubertal estrous cycle in OM and ZM female mice. In prior
studies, we showed that OM females (produced by nonstressed
mothers) passed through puberty (ovulated and mated) at a
younger age and subsequently exhibited shorter estrous cycles
than did 2M females when each female was housed either to-
gether with or across a wire partition from a male. However,
exactly the opposite occurred when the females were housed
both with a male and with other females. In this situation, OM
females entered puberty later and exhibited prolonged estrous
cycles during early adolescence, relative to 2M females. As in
most comparisons, |M females were intermediate between 0M
and 2M females on these measures (31, 32, 34, 37).

The findings described above showed that, in addition to in-
trauterine position influencing the intrinsic timing of the puber-
tal ovulation and the length of subsequent estrous cycles, there
was also an effect on the social cue(s) (presumed to be phero-
monal) which influence the timing of these events in female
mice. Studying the effects of intrauterine position and maternal
stress on the timing of puberty and length of subsequent estrous
cycles is thus complicated by the dramatic role that pheremonal
cues produced by both mailes and females play in regulating the
timing of these events in mice (24). The conclusion from recent
studies (31) is that, relative to 2M females, OM females produce
more potent cues and are also more sensitive to the cues that
regulate the timing of puberty and length of estrous cycles dur-
ing early adolescence. However, the estrous cycle-prolonging
effect due to the presence of other females which is observed in
OM but not 2M females only occurs during early adolescence.
By adulthood (after 55-60 days of age), if a male is present,
OM females have shorter estrous cycles than 2M females, regard-
less of the presence or absence of other females (31,34).

In this experiment, first vaginal estrus was used as an indi-
rect method of assessing the timing of the first (pubertal) ovula-
tion. First vaginal estrus in CF-1 female mice that are housed
across a wire partition from a male does not differ from the age
at which females ovulate, mate and become pregnant when co-
habiting with a male (31). The age at first vaginal estrus thus
serves as a reliable method of assessing the age at which fe-
males experience the first ovulation signalling the completion of
puberty. Without the presence of a male, individually housed
juvenile female mice cannot reliably be assessed as ovulating
based on the presence of cornified epithelial tissue in the va-
gina, and individually housed female mice do not exhibit regu-
lar estrous cycles prior to around 150 days of age (18, 31, 34).

Merhod. The age at first vaginal estrus and the length of the
first postpubertal estrous cycle were examined in OM and 2M
prenatally stressed and control female mice (n=28/group). 1M
females were not examined. The females were housed in groups
of 4 females from the same intrauterine position (7 replicates/
intrauterine position) in 30 %30 X 15-cm cages divided into two
compartments of equal size (15x15x 15 cm) by a wire-mesh
partition. An adult 1M male (saved from control litters) was
housed across the wire partition from the females.
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FIG. 1. The mean (+SEM) length (in days} of the first complete es-
trous cycle exhibited in pubertal OM and 2M females mice delivered by
cesarean section from control and stressed mothers. Vaginal smears were
obtained daily beginning at vaginal opening, and the day on which most
cells were cornified was labeled as the first day of the cycle. OM con-
trol females differed significantly (p<<0.01) from all other groups.

The females were 26 days old and weighed between 13-15 g
at the start of the experiment. Heavier or lighter females were
not included, since body weight serves as a predictor of the age
at puberty in mice (1). Beginning at vaginal opening, vaginal
smears were obtained at 1600 h.

Results. The age at first vaginal estrus was slightly later in
control OM females (mean + SEM age: 39.1 = 1.7 days old) than
in control 2M females (37.8%= 1.1 days cld; p>0.1). Body
weights at first vaginal estrus did not differ significantly (p>>0.1)
between control OM and 2M females. The mean length of the
first postpubertal estrous cycle was significantly (p<<0.001) longer
for control OM than control 2M females (Fig. ).

A comparison of prenatally stressed OM and 2M females re-
vealed no significant difference in ages or body weights at first
vaginal estrus [mean=SEM age: OM females=37.4 0.8 days
old; 2M females =37.9+0.9 days old; (p>>0.1)], although both
prenatally stressed OM and 2M females were more similar to
control 2M females than control OM females in terms of the age
at first vaginal estrus. The overall ANOVA comparing prena-
tally stressed and control OM and 2M females was not signifi-
cant (p>>0.1) for either body weight or age at first vaginal estrus.

The significant difference between control O0M and 2M fe-
males in the length of the first postpubertal estrous cycle was
not observed in a comparison of prenatally stressed OM and 2M
females (p>0.1). However, there was a significant interaction
between maternal condition (control vs. stressed) and intrauter-
ine position (p<:0.01). While the first postpubertal estrous cycle
for all prenatally stressed OM and 2M females was similar to
that for control 2M females, post hoc analysis showed that all
three of these groups differed significantly (p<<0.01) from con-
trol OM females (Fig. 1).

Fertility of Control and Prenatally Stressed OM and 2M
Females When Left Undisturbed or When Stressed During
Early Pregnancy

OM and 2M females produced by either control or stressed
mothers were compared in adulthood for their capacities to pro-

duce litters when either 1) left undisturbed or 2) stressed during
the first five days of pregnancy (prior to and during the time of
implantation). The likelihood of female mice aborting due to
stress during pregnancy decreases after implantation of the em-
bryos (2). This appears to be due to inhibitory effects of adrenal
steroids on implantation (8) and the fact that the placentae take
over gonadotropic control of the secretion of progesterone by the
matemal ovaries during the second week of pregnancy {15,17).
We therefore only subjected females to stress during early preg-
nancy (Days 1-5), prior to and during implantation of the em-
bryos, which occurs at the beginning of Day 4 after fertilization
(unpublished observation). Stress during this time results in
abortion in some female mice, while other females remain preg-
nant. Specifically, over many vears of mating CF-1 mice and
examining females for copulatory plugs to verify pregnancy, we
have typically found that between 20-30% of females that had
copulatory plugs never showed any evidence of becoming preg-
nant (unpublished observation). In CF-1 mice, there is thus a
subgroup of females that appears to be likely to abort the entire
litter due to even mild disturbance (picking up and examining
the females) during early pregnancy. However, the proportion
of females aborting due to stress prior to implantation depends
on the mouse stock being examined (2).

In previous studies, young adult OM and 2M CF-1 female
mice were found to be virtually identical in their capacities to
become pregnant and produce and raise healthy litters of young
when paired with males under optimum conditions (32,35).
However, after repeated pregnancies beginning at puberty, 2M
female mice ceased producing live pups at a younger age than
did OM females {35). These findings show that prior intrauterine
position is not the basis for individual differences in fertility or
fecundity in young adult females. In this study, we examined
whether the likelihood of female mice remaining pregnant and
successfully producing normal litters of young when stressed
during early pregnancy was related to prior intrauterine position
and/or having, themselves, been produced by mothers that had
been stressed during pregnancy. Our prediction was that control
OM females would be the most likely to abort when stressed
during early pregnancy. This prediction is based on the hypothe-
sis that the functioning of the adrenals is influenced by gonadal
steroid levels during fetal life (28), with elevated testosterone (in
control 2M female fetuses or all stressed female fetuses) leading
to a dampening of the pituitary-adrenal response to stress during
later life.

Method and results.

Nondisturbed group. Twenty-two control OM and 26 control 2M
females (i.e., produced by control mothers) as well as 21 prena-
tally stressed OM females and 20 prenatally stressed 2M females
were paired with males at 4 months of age. Females were ex-
amined each day for the presence of a copulatory plug 1 h after
the onset of the light phase of the light:dark cycle. Examination
was accomplished by gently lifting the tail of the female without
picking her up. The male was transferred to another cage when
a plug was found to minimize disturbance of the females. We
recorded the proportion of females mating, remaining pregnant,
and producing young, as well as the number of young alive on
the moming following delivery.

All females that were paired with males were found to have
a vaginal plug within one week of being paired with a male.
For control females, of the 22 OM females, 19 (86%) delivered
(mean*+SEM) 10.7x0.5 live pups, while 22/26 (83%) of the
2M females delivered 12.8 £0.5 live pups (number of live pups;
p<0.01). For the prenatally stressed females, 20/21 (95%) OM
females delivered 12.5+0.2 live pups, and 19/20 (95%) 2M fe-
males delivered 10.9=0.6 live pups (number of live pups;
p<0.05). This latter finding is thus opposite to the results with
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control females in which control 2M females produced signifi-
cantly more pups than did control 0M females.

Stressed dwring earlv-pregnancy group. Thirty control OM fe-
males and 23 control 2M females, as well as 12 prenatally
stressed OM females and 15 prenatally stressed 2M females (4
months old), were mated (Day 0 of pregnancy) by being placed
with a stud male, as described above. These females were dis-
turbed on Days 1-5 of pregnancy by being placed in mouse-re-
straining cages (9X6.3X5 c¢m) under 150-W lights (325
footcandles) at 0900 h and 1400 h each day; each session lasted
45 min. The proportion of females delivering young and the
number of live young were again recorded.

OM and 2M control females showed no significant difference
in the proportion of females delivering young or the number of
young found alive on the day of birth: 17/30 (57%) of the mated
control OM females became pregnant and delivered (mean>
SEM) 11.4+0.8 live pups, while 13/23 (56%) of the mated
control 2M females became pregnant and delivered 11.3x0.7
live pups (ANOVA for live pups, p>0.1). For the prenatally
stressed females, 4/12 (33%) mated OM females delivered 9.3 + 1.1
pups, while 7/15 (47%) mated 2M females delivered 10.4 0.7
pups (ANOVA for live pups produced by OM vs. 2M females,
p=0.1).

There were no significant differences between OM and 2M
females in any of the groups in the likelihood of remaining
pregnant after mating (x°, p=>0.1). Regardless of prior intrauter-
ine position, there was a greater likelihood of aborting in fernales
stressed during the first 5 days of pregnancy relative to nondis-
turbed females; this was true for control females (x°, p<<0.01)
and for prenatally-stressed females (x*, p<<0.001). When the ef-
fects of being stressed during early pregnancy were compared in
prenatally stressed vs. control females (regardless of prior intra-
uterine position), being disturbed during early pregnancy had a
slightly greater (x?, p>>0.1) effect on prenatally stressed females
(11/27; 41% delivered litters) than on control females (30/53;
57% delivered litters).

Aggressive Behavior

In a previous study, adult 2M females were found to be more
likely to attack and establish dominance over OM females when
these two types of females were paired during the diestrous
phase of the estrous cycle (32). Adult female mice not only
show aggression toward other adults, but, under some circum-
stances, they will also attack nursing young [referred to as in-
fanticide (14)]. Relative to wild mice, in which most females
exhibit infanticide, few (10-20%) adult CF-1 female mice ex-
hibit infanticide (14)., However, in some domesticated stocks of
mice, females are more likely to kill young during early adoles-
cence than in adulthood (23).

In this experiment, we examined the behavior of OM and 2M
females toward young during early adolescence as well as ag-
gression toward other females in adulthood, The objective
was to determine whether prenatal stress elevated or decreased
these two different types of aggression in 0M and 2M female
CF-1 mice.

Method. Females were weaned at 24 days of age and main-
tained in groups of § females per cage until being housed indi-
vidually at 30 days of age (n=20/group). At 34 days of age,
each female was tested for her behavior toward a newborn pup,
which was quietly placed into a corner of the cage. The pup
was immediately removed from the cage if an attack was ob-
served, or females were observed for 30 min if the pup was not
attacked. Females that did not attack the pup either exhibited
parental behavior (the female retrieved the pup to the nest and
crouched over it to keep it warm) or did not handle the pup.
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At two months of age, these same females were housed 4
per cage (30X 30 % 15 cm) that was divided into two equal com-
partents by a wire-mesh partition. An adult control IM male
was housed on the other side of the barrier to induce regular
estrous cycles (27). Preliminary studies had indicated that being
group-housed with other females in the presence of a male in-
creased the incidence of interfemale aggression in CF-1 mice.

Each cage contained one female from each group: control
OM, contro] 2M, prenatally stressed OM, prenatally stressed 2M
(16 replicates). When three months old, a female was tested for
interfemale aggression. Fifteen min prior to testing, the male and
three of the four females were removed from each cage. The
one female remaining in the cage was the resident, while an op-
ponent female from the same experimental group but housed in
another cage was assigned to be the intruder (8 pairs of females
were observed for each experimental group, and each female
was only used in one test). The intruder was placed into the res-
ident's cage for 5 min. Biting and chasing (labeled as aggres-
sion) were recorded.

Vaginal smears were obtained so that all behavioral tests
were conducted when females were in diestrus. Behavioral tests
were conducted on the day after females showed a vaginal smear
indicating diestrus-1, On the day of behavioral testing, vaginal
smears were not obtained until after the behavioral test to mini-
mize disturbance of the test females.

Results. There was no effect of prior intrauterine position or
maternal stress on the proportion of 34-day-old females exhibit-
ing infanticide (control 0M =25%, control 2M = 20%, prenatally
stressed OM=40%, prenatally stressed 2M =25%). There was
also no difference in the proportion of females in each group
that did not handie the pup (50% of the females in each group)
or that exhibited parental behavior.

When tested in adulthood, the proportion of females fighting
(biting and chasing) did not differ between control OM females
(60%) and 2M females (67%) or between prenatally stressed OM
females (22%) and 2M females (409%). There were alsc no dif-
ferences between females in any of the groups in the intensity
of aggression. In virtually all cases, the resident female initiated
the attacks, while the intruder female fought back. Disregarding
prior intrauterine position, fewer pairs of prenatally stressed fe-
males (31%) than control females (63%) exhibited aggression,
although the difference was not statistically significant (x7,
p=>0.1).

DISCUSSION

Previous experiments have shown that, when housed with
other females near or with an adult male, control 2M females
exhibit first vaginal estrous (and also ovulate, mate and deliver
litters) at a younger age than OM females (31,32). We showed
here that prenatally stressed OM and 2ZM females were similar to
control 2M females in the age at first vaginal estrus. In contrast,
control OM females showed first vaginal estrus at a slightly later
age than any of the other females (Table 1). Similarly, the length
of the first postpubertal estrous cycle was altered (shortened) in
prenatally stressed OM females relative to control 0M females,
while prenatal stress had no effect on 2M females relative to
control 2M females (Fig. 1). These findings suggest that differ-
entiation of the pheromonal mechanisms which regulate both
the timing of puberty and the length of estrous cycles during
early adolescence is altered by maternal stress, but only in OM
female mice.

In a prior study, we examined the length of estrous cycles in
adult fernale mice housed individually near a male; these ani-
mals were examined in adulthood without other females present
to eliminate effects on estrous cycles of pheromonal cues pro-




MATERNAL STRESS AND REPRODUCTIVE TRAITS IN FEMALE MICE

1077

TABLE 1

RESULTS OF COMPARISONS OF OM AND 2M FEMALES PRODUCED BY MOTHERS WHO
WERE STRESSED OR NOT STRESSED (CONTROL) BETWEEN DAY 13-18 OF
PREGNANCY IN EXPERIMENTS ]-3

Control Maternal Stress
Experiment OM Females 2M Females OM Females 2M Females
1 Age at first 39117 378x11 37408 37909
estrus (days)
2 % Delivering young
nondisturbed 86% 85% 5% 95%
Stressed 57% 56% 33% 47%
3 % Exhibiting 25% 20% 40% 25%
infanticide
3 % Exhibiting 60% 67% 22% 40%
interfemale
aggression

Results for Experiment 2 are the proportion of mated females that produced young
when not disturbed throughout pregnancy or when stressed on Day 1-5 of pregnancy.
None or these comparsions were statistically different (p=>=0.1).

duced by females when housed in groups. The length of estrous
cycles was significantly increased in prenatally stressed OM fe-
males relative to control OM females, while prenatally stressed
2M females did not differ from control 2M females in estrous
cycle length (38). This finding suggested that the intrinsic tim-
ing of estrous cycles had been influenced by maternal stress, but,
again, only in OM females. Our present findings concerning the
timing of puberty and length of the first postpubertal estrous cy-
cle are thus consistent with these prior findings in that maternal
stress was found to influence the development of the social cu-
ing system which modulates these events in OM females, while
no difference was observed in prenatally stressed 2M females
relative to control 2M females.

In our previous study on maternal stress, we also examined
the effects of maternal stress on serum concentrations of testos-
terone and estradiol in OM, 1M and 2M female CF-1 mouse fe-
tuses and on genital morphology at birth (38). Maternal stress
only altered postnatal reproductive traits in OM females, while
no effect of maternal stress in 1M or 2M females was observed,
similar to the findings in Experiment 1 reported here. Maternal
stress resulted in a significant increase in serum testosterone in
ali female fetuses, with the magnitude of the increase being
similar in females from each intrauterine position; there was no
effect of maternal stress on serum concentrations of estradiol in
female fetuses. The observation that maternal stress only altered
reproductive traits in OM but not 2M females was thus not re-
lated to differential effects of maternal stress on circulating tes-
tosterone or estradiol in OM vs. 2M female fetuses. Our findings
do not rule out the possibility that the mechanism by which ma-
ternal stress alters reproductive traits in rodents is via changes in
testosterone (38), which is increased in female fetuses by mater-
nal stress, but it appears likely that other components of the en-
docrine system, such as the endogenous opiate system (11,13),
are involved.

In rats, there is also evidence that intrauterine position influ-
ences reproductive traits [reviewed in (30)]. Whether in rats ma-
ternal stress only alters the traits of OM females, while 2M
females are unaffected by maternal stress, remains to be exam-
ined. However, this is certainly possible, since there is evidence
that maternal stress alters the traits of female offspring in a mas-
culine direction in rats [(11,13); reviewed in (38)]. Maternal

stress has also been reported to have dramatic effects on fertility
in rats (6). However, our findings confirm those of Politch and
Herrenkohl (19) that prenatal stress does not reduce fertility or
fecundity in female mice. Specifically, we did not find differ-
ences between control OM and 2M females or prenatally stressed
OM and 2M females in the likelihood of remaining pregnant and
producing healthy young when they were subjected to heat and
light stress during the first 5§ days of pregnancy or left undis-
turbed throughout pregnancy. However, disturbance during the
first 5 days of pregnancy did result in a reduction in the propor-
tion of mated females from all groups that delivered young, rep-
licating other findings in mice {Table 1) (39).

We found that the likelihood of observing aggression between
adult females in diestrus tended to be reduced in prenatally
stressed CF-1 females relative to control females, although the
difference was not statistically significant; there were no differ-
ences in interfemale aggression due to intrauterine position. We
also did not observe any effect of prenatal stress or prior intra-
uterine positien on the behavior of female mice toward new-
born pups, although most females did not exhibit infanticide [see
also (12)].

Numerous experiments have demonstrated that increasing tes-
tosterone levels during both the prenatal and neonatal periods of
sexual differentiation increases aggressiveness toward other adults
but decreases aggression toward infants (16, 25, 29). The de-
crease in interfemale aggression observed in prenatally stressed
OM and 2M females was thus surprising, since maternal stress
results in increases in serum testosterone concentrations in all
female mouse fetuses, regardless of intrauterine position (38).
An increase in aggression toward unfamiliar adult male mice
both before and after parturition was observed in prenatally
stressed female mice of one strain (C57BL/6J), while in another
mouse strain (DBA/2J), postpartum aggression toward an unfa-
miliar male was reduced in prenatally stressed females (9). In
an outbred stock of mice (R-S), maternal stress decreased ag-
gressiveness during pregnancy but elevated maternal aggressive-
ness in defense of young after parturition (10). The basis for
strain differences in the effects of maternal stress on various
types of aggression remains to be examined. But these findings
suggest that the physiological response to maternal stress differs
even among mouse strains. The implications of the marked strain
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and species differences in the effects of maternal stress have
typically been ignored by those proposing a relationship (based

14.

18.

19.

20.

21.

22.
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on studies with rodents) between matemal stress and human
sexual behavior (5).
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