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MONTANO, M. M., M.-H. WANG, M. D. EVEN AND F. S. VOM SAAL. Serum corticosterone in fetal mice: Sex differences,
circadion changes, and effect of maternal stress. PHYSIOL BEHAV 50(2) 323-329, 1991. —The serum concentration of cortico-
sterone was examined in control and stressed pregnant female mice {(Mus domesticus) as well as male and female fetuses due to
our interest in the behavioral effects of material stress on offspring in mice. Pregnant females were restrained under flood lights (2
sessions/day, 45 min/session} from Day 13-17 of pregnancy. On Day 17 of pregnancy a significant increase in maternal serum
corticosterone was exhibited 1 h after the onset of a stress session, and serum corticosterone did not return to baseline until 16 h
later. We also observed a significant increase in serum corticosterone in male fetuses during the first 4 h after maternal stress,
while no significant change in serum concentration of corticosterone was observed in female fetuses throughout 24 h after mater-
nal stress. Daily variation in serum concentration of corticosterone was also determined at 4-h intervals in pregnant mice and their
fetuses from Day 16-18 of pregnancy. Pregnant females maintained on a 12 L:12 D cycle exhibited peak serum corticostercne
concentrations at and just before the onset of the darkness. Daily fluctuations in serum concentrations of corticosterone in male
and femnale fetuses reflected the pattern observed in the mothers, A sex difference in serum corticostercne in fetuses was observed
at some, but not ail times of the day, with the difference being greatest during the dark phase of the mother’s light:dark cycle.
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THE present studies were undertaken due to our interest in the
mechanisms underlying the effects of maternal stress on serum
adrenal and gonadal steroid concentrations in fetuses and the
subsequent reproductive behavior and physiology of prenatally
stressed mice (18). The fetal pituitary-adrenal system starts func-
tioning betweent Days 17 and 18 of pregnancy in rats (6,12),
and an important modulating role of corticosterone of maternal
origin is well established (20). While studies have been con-
ducted to examine serum concentrations of corticosterone in
nonstressed and stressed pregnant female mice, there is no in-
formation conceming the effects of maternal stress on serum
concentrations of corticosterone in fetuses.

During the second half of pregnancy in mice, maternal se-
rum concentrations of corticosterone increase dramatically. By
Day 16 of pregnancy, serum corticosterone concentrations are
approximately 60 times higher than in nonpregnant mice (2).
There is circadian variation in baseline serum concentrations of
corticosterone in virgin female mice (13,14) and the secretion of
corticosterone in response to stress, such as being placed under
bright lights, can also vary as a function of the time of day dur-
ing which animals are stressed (5, 7, 10, 17). We thus also ex-
amined whether pregnant female mice and their male and female
fetuses showed a daily rhythm in serum corticosterone similar to
that observed in virgin female mice.

We report here that serum concentrations of corticosterone
differed in control male and female fetuses, but only at some
times of day. Male and female fetuses also showed a different
pattern of change in serum corticosterone in response to mater-
nal stress.

METHOD

Animals and Light Cycle

CF-1 mice were housed in 18x29x 13!/ cm polypropylene
cages on Aspen bedding. Mouse breeder chow (Purina) and wa-
ter were available ad lib. Animal rcoms were maintained at
22=1°C on a 12:12 light:dark cycle, with lights on at 1200 h.
All times of day will be presented relative to the beginning of
the light phase, which will be referred to as Time 0 for each
day of pregnancy. All work in the animal rooms during the dark
phase of the cycle was conducted under a 25 W red light to
which mice do not respond.

Mating

Adult CF-1 female mice were time-mated by being placed
with stud males for 4 h beginning at 0900 h. Mating was con-
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firmed by the presence of a copulatory plug (Day 0 of pregnan-
cy). Mated animals were considered to have been fertilized at
the onset of the light phase (1200 h), which was labelled as
Time G of Day 0 of pregnancy. Mated females were housed
three per cage until assignment to treatment groups.

Maternal Light and Heat Stress

Randomly selected pregnant females were stressed using pro-
cedures similar to those previously described by Ward and Weisz
(19). Pregnant females were placed in Plexiglas mouse restrain-
ing chambers (9x6.3x5 c¢m) under a bank of 150 W flood
lights (350 fc; 38°C = ambient temperature inside chamber). Fe-
males were stressed two times per day at 0400 h and 2000 h
beginning at 2000 h on Day 12 of pregnancy. Each stress ses-
sion lasted 45 min. Control pregnant females were left undis-
turbed in their cages.

Blood Collection

Pregnant females were housed individually on the day before
blood collection. Pregnant females were decapitated and blood
was collected in test tubes within 15 s of the cage being touched.
All fetuses were removed from the uterine horns, and fetal bleod
was collected in heparinized micropipettes by aspiration after fe-
tal decapitation within 2 min of maternal decapitation. Fetal sex
was determined by examining the length of the anogenital space,
which unambiguously distinguishes males from females at the
times examined in these studies. Blood from fetuses of each sex
within a litter was pooled to control for litter effects. After cen-
trifugation, the sera were frozen at — 30°C until assayed.

Extraction of Steroids From Serum

Corticosterone was extracted twice from 5-10 pl serum with
2 ml of an ethylacetate:chloroform (80:20) mixture, dried under
nitrogen, and reconstituted in 140 pl buffer. It was necessary to
further dilute maternal sera (1:40) in buffer to obtain corticoste-
rone concentrations that fell within the working range of the as-
say. Recovery was monitored by addition of 2800 dpm (5 pg)
of [1,2,6,7-*H]-corticosterone (85.8 Ci/mmol; New England Nu-
clear, Boston, MA) to quality control samples before extraction.
A 20 pl aliquot for recovery and duplicate 50 pl aliquots for
steroid radioimmunocassay (RIA) were withdrawn after reconsti-
tution. Recovery was routinely greater than 90%.

Corticosterone RIA

[1,2,6.7-*H}-Corticosterone (85.8 Ci/mmol) was obtained from
the New England Nuclear, and unlabelled corticosterone was
obtained from Steraloids, Inc. (Wilton, NH). Corticosterone an-
tiserum (rabbit) was obtained from Dr. Gordon Niswender (Ft.
Collins, CO). Information regarding cross-reactivity was pro-
vided with the antisera. With the exception of 11-deoxy cortico-
sterone, cortisol, and progesterone, cross-reactivity with all other
steroids was reported to be less than 0.1%. We determined the
percentage of cross-reaction of the corticosterone antiserum to
be 0.39% with progesterone and 0.44% with cortisol.

Duplicate aliquots of 50 wl extracted steroid in buffer were
incubated for 4 h at 24°C with 18,000 dpm (33 pg) of *H-corti-
costerone and antiserum to corticosterone (diluted 1:600). Free
and bound steroids were separated by addition of second anti-
body (diluted 1:11; goat, anti-rabbit; Radioassay Systems Labo-
ratories, Inc., Carson, CA). Tubes were incubated ovemnight at
4°C and then centrifuged at 1500 g for 1 h. The supernatant
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was decanted, and the precipitate (representing the bound por-
tion) was counted in a liquid scintillation counter (Beckman LS
5801, efficiency for toitium: 56%) after addition of 5 ml of
Scintiverse I1 (Fisher).

Charcoal-treated mouse serum was extracted and assayed as
described above, and the corticosterone values were indistin-
guishable from the baseline of our assay. After addition of corti-
costerone (286 pg) to different volumes (9, 18 and 36 ply of
charcoal-treated serum, we were able to measure more than 90%
of the added steroid {mean=3.D. corticosterone concentrations,
uncorrected for extraction losses, 27720, 238 =20, 267=35
pg/tube, respectively). This demonstrates that there were no ef-
fects of serum volume on the concentration of corticosterone
measured. The range of the standard curve for corticosterone
was 60-2000 pg/tube. The blank of the assay was indistinguish-
able from baseline. The inter- and intraassay coefficients of
variability were 11% and 2%, respectively.

Statistical Analysis

Serum concentrations of corticosterone were compared by
analysis of variance using the Statistical Analysis System (SAS),
General Linear Model. Planned comparisons were made using
the LS Means test in SAS.

RESULTS
Serum Concentrations of Corticosterone in Pregnant Mice

The objective of this initial study was to characterize serum
concentrations of corticosterone throughout pregnancy in CF-1
mice, prior to examining the effects of stress on serum cortico-
sterone during the last third of pregnancy. While serum cortico-
sterone in pregnant females has been examined in other stocks
of mice (2,3), the considerable strain differences which have
been reported in circulating gonadal steroid concentrations dur-
ing pregnancy in mice {1) led to the decision to obtain our own
normative data in CF-1 females.

Blood was collected from pregnant female mice immediately
after the onset of the light phase of the light:dark cycle (0
h-0300 h) from Day 6 {one day after implantation) through Day
19. In addition, blood was collected after females had delivered
one pup (mean time=0300 h, §.D. = *8 h) on Day 19 of preg-
nancy and 24 h later beginning at 0230 h on Day 20 after mat-
ing. At least 5 females were examined at each time point.

Figure 1 shows that on Day 6 through Day 10, pregnant fe-
males had serum concentrations of corticosterone (mean + SEM:
2.8+0.9,29+1.3, 3.8+x0.8, 3.2=1.7, 1.720.2 pg/100 ml,
Days 6-10, respectively) that were similar to those observed in
nonpregnant females at the onset of the light phase (Fig. 2). Be-
tween Day 11 (4.9 % 1.4 ug/100 ml) and Day 14 (152.8 ng/100
ml) serum corticosterone concentrations increased to 53 times
higher than the mean (2.9 pg/100 ml) for sera collected on Days
6-10. A drop in serum corticosterone was observed on Day 15
followed by an increase on Day 16. Corticosterone concentra-
tions observed at the beginning of the light phase on Day 19
were lower than those observed on Day 18. However, higher
concentrations were observed after delivery of one fetus which,
on average, occurred 3 h later. At 24 h after the mean time of
the start of delivery, serum corticosterone dropped to 6 times
nonpregnant values.

Daily Variation in Serum Corticosterone in Pregnant Females
and Fetuses

A recent study has shown that the circadian thythm in corti-
costerone in rats may control the duration and possibly the mag-
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FIG. 1. Serum corticosterone concentrations (mean = SEM) in pregnant
females just after lights on {at 0000 h) from Day 6 through Day 19.
Blood was also collected after the delivery of one pup on Day 19 (mean
time = 0300 h) and 24 h after the onset of delivery. Group sizes for Day
17 and Day 18 were 12/group (all other days, 5-7/group).

nitude of the ACTH response to stress (9). While there is
considerable literature reporting a light:dark rhythm in circulat-
ing corticosterone in virgin mice, the existence of changes in se-
rum corticosterone concentrations throughout the light:dark cycle
in pregnant female mice and their fetuses has not been exam-
ined. Obtaining this information in pregnant mice and fetuses
was considered to be important, since baseline changes in serum
corticosterone during the light:dark cycle affects the relative
magnitude of the corticosterone response to stress in virgin mice
(5, 7, 10, 17). For purposes of comparison, we also measured
serum corticosterone in virgin female mice at 4-h intervals
throughout the light:dark cycle.

A daily rhythm in serum corticosterone was observed in vir-
gin CF-1 female mice (Fig. 2), which is in agreement with prior
findings with other stocks of mice (13,14). A 7-fold increase in
serum corticosterone concentrations was observed at 12 h (at the
beginning of the dark phase) when compared with the end of
the dark phase (20 and 24 h) and the first 4 h of the light phase.
Values at 8, 12, and 16 h were significantly (p<<0.01) elevated
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FIG. 2. Serum corticosterone concentrations (mean = SEM) in virgin fe-
males during the light:dark cycle (6 females/time point).
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FIG. 3, Serum corticosterone concentrations (mean=SEM) during the
light:dark cycle in pregnant females. Blood was collected at 4-h inter-
vals from Day 16 (2000 h) through the onset of delivery. Blood was
also collected 24 h after the onset of delivery. Beginning on Day 16,
2000 h, group sizes for successive time points were: 9, 13, 17, 8, 10,
5,10,12,6,7,12,8, 10,7, 5, 6.

relative to other time points.

To determine whether there were changes in serum concen-
trations of corticosterone throughout the light:dark cycle in preg-
nant female mice and their fetuses, blood was collected at 4-h
intervals throughout the light:dark cycle from Day 16 (2000 h)
of pregnancy through the onset of delivery (139 litters were
used).

Analysis of variance on serum corticosterone concentrations
in pregnant females showed a significant effect of time of blood
collection, F(5,133)=35.3, p<<0.001. The highest values were
recorded just at and 4 h prior to the onset of the dark phase
(Fig. 3). Specifically, values at the end of the light phase at both
8 h and 12 h (mean for these 2 time points =150 wg/100 ml)
were, on average, 60% (p<<0.01) higher than values from 16 h
(during the middle of the dark phase) through 4 h (after the be-
ginning of the light phase; mean for these 4 time points=93
jg/100 mi). The values at 8 and 12 h did not differ significantly,
which was also true for the values at 16, 20, 0 and 4 h.

Analysis of variance on serum corticosterone concentrations
in fetuses (Fig. 4) also showed a significant effect of time of
blood collection, F(5,241)=7.1, p<<0.001, and exactly the same
daily pattern observed in mothers was observed in fetuses. Spe-
cifically, serum corticosterone concentrations at both 8 h and 12
h (mean for these two time points =28.1 pg/100 ml) were, on
average, 30% higher (p<<0.01) than values from 16 h (during
the middle of the dark phase) through 4 h (after the beginning
of the light phase; mean for these 4 time points=21.8 ng/100
ml). As was true for mothers, the values at 8 and 12 h did not
differ significantly, which was also true for the values at 16,
20, 0 and 4 h. The 4-hr interval between blood collection in this
study was too great to justify testing for the relationship between
serum corticosterone concentrations in pregnant females and fe-
tuses, and we cannot conclude from this study that changes in
serum concentrations of corticosterone in fetuses reflect changes
in pregnant females throughout the light:dark cycle.

There was also a significant effect of fetal sex on serum con-
centrations of corticosterone, F(1,241)=6.5, p<0.01. Post hoc
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FIG. 4. Serum corticosterone concentrations (mean = SEM} in male and
female fetuses during the light:dark cycle. Blood was collected at 4-h
intervals from Day 16 (2000 h) through the onset of delivery. Blood
was also collected from pups 24 h after the onset of delivery. The fol-
lowing number of samples (representing pooled sera from fetuses of the
same sex in each litter) were assayed for successive time points: Male
fetuses=7, 8, 8, 5, 11, 6, 11, 9, 8 8, 12, 11, 12, 7, 6; Female fetus-
es=5,8,8,5, 8,5,7.10,9, 7, 12, 11, 10, 7, 6. *Significant differ-
ence between male and female fetuses (p<<0.05).

analysis showed that significant sex differences in fetal serum
corticosterone occurred only at some times of the day, in partic-
ular, toward the end of the dark phase and the beginning of the
light phase (Fig. 4). The sex difference appeared to be associ-
ated with a greater decrease in serum corticosterone in male fe-
tuses than in female fetuses at these times. The sex by hour
interaction was not significant.

Effect of Maternal Stress During the Last Third of Pregnancy on
Maternal and Fetal Serum Corticosterone Concentrations

In this study we examined whether there was a sex differ-
ence in the serum concentrations of corticosterone in fetuses
throughout a 24-h period after a maternal stress session on Day
16. Blood was collected throughout Day 17 rather than through-
out Day 18 so that the results would not be confounded by stress
associated with parturition, which occurs early on Day 19. Prior
to 2000 h on Day 16, very little serum can be obtained from
mouse fetuses.

Pregnant females were stressed as described above beginning
at 2000 h on Day 12. The concentrations of corticosterone were
determined in maternal and fetal serum collected 1, 4, 8, 12, 16
and 24 h after the beginning of the last stress session. The last
stress session for all pregnant females began at 1900 h and ended
at 1945 h near the end of Day 16. Blood was collected begin-
ning at 2000 h on Day 16 through 2000 h on Day 17.

The control and stressed animals examined in this study were
randomly assigned to treatment conditions. Control animals were
killed at 4-h intervals between 2000 h on Day 16 (at the same
time as the animals killed 1 h after the onset of stress) and 2000
h on Day 17 (at the same time as the animals killed 24 h after
the onset of stress),

Other randomly selected control pregnant females from the
same mating were also killed throughout Day 18 of pregnancy
and after the onset of parturition. Figures 3 and 4 show the
changes in serum corticosterone at 4-h intervals throughout the
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FIG. 5. Serum corticosterone concentrations (mean=SEM) in control
and stressed mothers on Day 17 of pregnancy. Stress=stressed 2 times
per day starting on Day 12. Blood was coilected at different times after
the onset of the last stress session, which began at 1900 h on Day 16.
Control = left undisturbed in their cages until blood collection at corre-
sponding time points. Sample sizes for successive time points: Con-
trol=9, 13, 17, 8, 10, 10; Stress=7, 13, 11, 8, 8, 7, *Significant
difference between control and stressed mothers (p<0.01).

last 2 days of pregnancy in all control pregnant females and fe-
tuses from this experiment. Since the control animals killed on
Day 16 through Day 17 in this experiment were also examined
at the same time as stressed animals, these same control data
are again presented along with data from stressed animals at
corresponding times in Fig. 5 and 6. The design of this experi-
ment was intended to reduce the number of animals that had to
be killed.

Analysis of variance performed on serum corticosterone con-
centrations in control vs, stressed pregnant females revealed that
the interaction between time and treatment was significant,
F(4,106)=4.5, p<t0.01. Post hoc analysis revealed that stress
resulted in a 4-fold increase in maternal serum corticosterone
concentrations 1 h after the onset of stress relative to control
values (p<<0.001; Fig. 5). Maternal serum concentrations of cor-
ticosterone decreased to approximately 1.5 times control values
4 h after the onset of stress (p=0.07). Higher concentrations
(p<<0.01) of corticosterone relative to control values were ob-
served at 8 h and 12 h, but not at 16 h or 24 h after the onset
of the last stress session,

Analysis of variance on serum corticosterone in male and fe-
male fetuses showed a significant effect of sex, F(1,164)=4.9,
p<0.05, as well as an hour X treatment interaction, F(5,164) =
4.3, p<t0.001. Post hoc analysis revealed an increase (p<<0.01)
in serum corticosterone concentrations in stressed male fetuses
relative to control male fetuses at both 1 h and 4 h after the
onset of the last stress session (Fig. 6). Stress did not induce a
significant change in serum corticosterone concentrations in fe-
male fetuses relative to control females fetuses at any time
throughout the sampling periced.

Effect of a Single Maternal Stress Session on Maternal and
Fetal Serum Corticosterone Concentrations

Pregnant females were stressed at one time only on Day 17
beginning at 1900 h to determine whether the effects on serum
corticosterone were different than in the previous study due to
either sensitization (leading to an increase in the magnitude of
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FIG. 6. Serum corticosterone concentrations (mean = SEM) in male and
female fetuses delivered from control and stressed mothers on Day 17 of
pregnancy (Fig. 5). Mothers were stressed 2 times per day starting on
Day 12. Blood was collected at different hours after the onset of the last
stress session, which began at 1900 h on Day 16. The following number
of samples (representing pooled sera from stressed fetuses of the same
sex from each litter) were assayed for successive time points: Male fe-
tuses=>5, 6, 11, 8, 9, 11; Female fetuses =6, 8, 9, 8, 8, 7. *Significant
difference between control and stressed fetuses (p<<0.01).

response to stress) or habituation (leading to a decrease in the
magnitude of response to stress) as a result of repeated stress.
Blood was collected from these mothers and their fetuses at ei-
ther 1 h or 4 h after the onset of the single stress session (at
2000 h and 2300 h on Day 17). A total of 51 pregnant females
was used in this experiment. Corticosterone values obtained for
stressed pregnant females and their fetuses were then compared
with those obtained at corresponding time periods from different
control pregnant females than those used in previous experi-
ments. All control and stressed females used in this experiment
were randomly assigned to treatment conditions and were killed
at the same time.

When pregnant females that were stressed at one time only
for 45 min beginning at 1900 h on Day 17 were compared to
control females killed at corresponding time periods, the interac-
tion between time of blood collection and treatment was signifi-
cant, F(1,30)=15.3, p<0.001. Serum corticosterone con-
centrations in stressed females (260 +4.0 png/100 ml) were 2.4
times higher (p<<0.001) than those in control females (110+20
pg/100 ml) 1 h after the onset of the stress session. By 4 h after
the onset of the stress session, values for stressed females
(9110 pg/100 ml) and control females (94 +10 pg/100 mi)
did not differ significantly.

Analysis of variance conducted on the data for male and fe-
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FIG. 7. Serum corticosterone concentrations (mean = SEM) in male and
female fetuses obtained from pregnant females that were stressed at one
time only on Day 17 at 1900 h. Blood was coliected 1 h (at 2000 h on
Day 17) and 4 h (at 23 h on Day 17) after the onset of the siress ses-
sion. Sera from control fetuses carried by nonstressed mothers were col-
lected at the same time points. The following number of samples
(representing pooled sera from fetuses of the same sex in each litter)
were assayed for successive time points: Male fetuses: Control, 1 h,
n=11; 4 h, n=9; Swess, 1 h, n=T: 4 h, n=06; Female fetuses: Con-
trol, 1 h, n=7; 4 h, n=10; Stress, 1 h, n=6; 4 h, n=6. *Significant
difference between control and stressed fetuses (p<0.05).

male fetuses showed significant effects of sex, F(1,54)=12.2,
p<0.001, time of blood collection, F(1,54)=102.6, p<0.001,
and treatment, F(1,54)=10.0, p<<0.01. There were no signifi-
cant interactions. Post hoc analysis revealed an increase (p<<0.05)
relative to control values in male fetuses at 1 h and 4 h after the
onset of the single stress session (Fig. 7), while no significant
change (p>0.1) was observed between control and stressed fe-
male fetuses at either 1 h or 4 h after the onset of maternal
stress.

We previously found that female fetuses had higher concen-
trations of corticosterone than male fetuses at both 20 h (p=
0.09) and 0 h (p<0.01) at the end of Day 17 of pregnancy (Fig,
4). In addition, both male and female fetuses showed a marked
(p<<0.01) decrease in corticosterone concentrations at ¢ h rela-
tive to 20 h on Day 17. In the present study we also found that
at both 20 h and 23 h at the end of Day 17, control females had
significantly higher (p<<0.05) concentrations of corticosterone
than control males. We again observed that both males and fe-
males showed a decrease (p<<0.05) in corticosterone at 23 h rel-
ative to 20 h on Day 17.

DISCUSSION

We found that on Days 16-18 of pregnancy, maternal serum
corticosterone concentrations were lowest toward the end of the
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dark phase and increased gradually during the light phase to peak
values toward the beginning of the dark phase. This pattern is
very similar to what we observed in virgin female mice, despite
the much higher concentrations of serum corticosterone in preg-
nant females. A contributing factor to the high concentrations of
serum corticosterone during pregnancy are the high concentra-
tions of plasma corticosteroid binding globulin (CBG) in preg-
nant mice, which have been demonstrated to be approximately
20 times those of the nonpregnant adult (16). Since the daily
pattern of plasma corticosterone parallels changes in corticoster-
oid binding capacity (16), our findings suggest changes in se-
rum binding capacity as a function of the time of day. Recent
studies have indicated that changes in serum binding activity can
be attributed to changes in binding protein cencentrations (8).

The pattern of fetal serum corticosterone during the light:dark
cycle was similar to that observed in mothers. However, the 4-h
interval between collection of samples was too great to assess
whether the differencecs in serum corticosterone throughout the
light:dark cycle in fetuses were correlated with the pattern seen
in their mothers. In mammals, the suprachiasmatic nuclei of the
anterior hypothalamus act as a biological clock generating hor-
monal thythms. In the rat, the suprachiasmatic nuclei appear to
be functional before birth and are entrained by the mother (15).
However, the expression of overt rhythms, such as the daily
thythm in corticosterone secretion, has not been demonstrated
untif postnatal life in the rat (4). Furthermore, there is no infor-
mation available as to the nature of the maternal signal which
entrains the fetus.

In prior experiments examining changes in circulating corti-
costerone as a result of stress in rats, corticosterone was only
examined within 3.5 h after the onset of maternal stress; a sig-
nificant increase in maternal serum corticosterone 2-3.5 h after
the onset of stress was observed on Day 17 and 18 of pregnancy
(19). We observed that on Day 17 of pregnancy in mice, a sig-
nificant increase in maternal serum corticosterone was exhibited
1 h after the onset of a stress session, and serum concentrations
did not return to baseline until 16 h later.

One possible hypothesis for the above finding is that expo-
sure to bright lights during the dark phase could lead to a phase
shift in the daily rhythm in serum corticosterone concentrations.
This phase shift could lead to a significant increase in cortico-
sterone concentrations in stressed animals relative to controls if
corticosterone were measured only during the times that values
were low in control animals. However, our finding of higher se-
rum corticosterone concentrations across a 12-h period in stressed
female mice relative to values observed at any time during Day
17 in control females argues against this as an explanation for
our findings.

We found a similar increase in serum corticosterone concen-
trations 1 h after the onset of stress in pregnant females whether
the females were administered two stress sessions per day from
Pay 12-16 or only administered a single stress session on Day
17. However, the pregnant females stressed two times per day
between Day 12-16 showed elevated serum corticosterone con-
centrations for 12 h after the onset of the last stress session,
while females stressed only one time had control levels of corti-
costerone by 4 h after the onset of stress.

In contrast to the findings in pregnant females, the increase
in serum concentrations of corticosterone in response to stress
was much greater in male fetuses whose mothers were repeat-
edly stressed relative to male fetuses carried by mothers stressed
only one time. This finding suggests that although the mothers
showed a similar corticosterone response to stress regardless of
the number of prior stress sessions, the transport of corticoste-
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rone across the placenta into male fetuses might have been al-
tered. However, the same qualitative pattern of change in
corticosterone was observed in male and female fetuses regard-
less of the number of stress sessions administered to the mother,

Maternal stress resulted in an increase in serum coiticoste-
rone for a 4-h period after maternal stress relative to control lev-
els in male fetuses. Female fetuses, which show significantly
higher baseline serum corticosterene concentrations at certain
times of the day relative to male fetuses under control condi-
tions, did not show any significant change in serum corticoste-
rone concentrations over a 24-h period after maternal stress.

Dalle et al. (3} did not observe a sex difference in serum
corticosterone in fetuses from nonstressed mice when measured
between 0900 and 1100 h on Days 18-19 of pregnancy. In rats,
Ward and Weisz (19) reported that although serum corticoste-
rone concentrations were slightly higher in control female fetuses
relative to males, the changes in serum corticosterone in male
and female fetuses due to maternal stress were similar. We ob-
served a sex difference in the effect of maternal stress on serum
corticosterone concentrations in fetuses, such that the sex differ-
ence in serum corticosterone concentrations in control fetuses
was eliminated throughout a 24-h peried after a stress session.
Studies with adult rats have also indicated that the rise in plasma
corticosterone after stress is dependent on sex (11).

In other studies which will be described elsewhere, we did
not find a difference in adrenal corticosterone content in control
male vs, female fetuses at a time when we observed a sex dif-
ference in corticosterone concentration in serum collected from
these same fetuses. In addition, the sex difference in serum cor-
ticosterone in fetuses camried by nonstressed mothers was elimi-
nated by maternal adrenalectomy. Specifically, as a result of
maternal adrenalectomy, the serum concentration of corticoste-
rone in male fetuses increased to that of control female fetuses;
there was also no sex difference in adrenal content of corticoste-
rone in these same fetuses, although adrenal corticosterone con-
tent was significantly elevated relative to levels in fetuses carried
by control mothers with intact adrenals (M. Montano, unpub-
lished observation). These findings lead to the hypothesis that
the fetal sex difference in serum corticosterone in control fetuses
may be due to differential transpert of corticosterone from the
mother to female vs. male fetuses rather than a difference in the
functioning of the brain-pituitary-adrenal axis of female fetuses
as compared to male fetuses.

In the present experiments we observed an increase in mater-
nal serum corticosterone concentrations at the beginning of par-
turition. The increase in maternal serum corticosterone during
parturition, however, was not reflected in the fetal serum, where
we observed a continuous decrease after Day 18 of pregnancy.
This finding suggests that toward the end of pregnancy, mecha-
nisms may exist which protect the fetus from increases in mater-
nal serum corticosterone, such as a decrease in the passage of
corticosterone across the placentae into fetuses.

We also observed no change in serum corticosterone in ei-
ther male or female fetuses following maternal stress if the
stressed pregnant females had previously been adrenalectomized
(M. Montano, unpublished observation). This finding showed
that the changes in serum corticosterone in fetuses in response
to maternal stress were mediated by secretions from the mater-
nal adrenals, This finding also suggests that the difference in the
pattern of serum corticosterone after maternal stress observed
between male and female fetuses is mediated by differential
transport of corticosterone secreted by the maternal adrenals
across the placentae to male vs. female fetuses.
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