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Effects of stress upon plasma estradiol 
and progesterone levels and the rate of oviducal 

embryo transport in the rat 
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The possibility that changes in sex steroid levels associated with stress could alter the rate of 
oviducal embryo transport was investigated in the rat. To this end, the effect of cold-swimming and 
cold-restraint upon estradiol (E 2) and progesterone (P) serum levels and embryo transport were 
assessed. Swimming in water at 16° C for 10 min two or four times between 16:00 and 22:00 h on 
day 3 of pregnancy caused a modest acceleration of embryo transport that was not associated with 
decreased fertility. Restraint at 10° C for 2 h between 13:00 and 15:00 h on the first 4 days of 
pregnancy did not affect embryo transport. Both stimuli increased corticosterone serum levels. 
Cold-swimming produced a severe hypothermia as compared to cold-restraint and increased serum 
E 2 , decreasing significantly the ratio P/E 2. Cold-restraint increased the P/E 2 ratio. When rats swam 
in cold water for 10 min twice and were rewarmed by immersion in water at 38" C during 20 min, 
embryo transport was accelerated despite that no changes occurred in the blood levels of sex 
steroids. It is concluded that oviducal embryo transport is minimally affected by stress in the rat 
and that the effect of acute immersion may be independent of alterations in circulating sex steroid 
levels. 

INTRODUCTION 

Transport of fertilized ova through the ovi
duct follows a complex pattern whose purpose 
is not well understood. The time of transfer 
of ova to the uterus needs to be coordinated 
with embryonic and uterine changes, so that 
the embryos reach a receptive environment 
for implantation. Fertilized eggs arriving too 
early or too late to the uterus will not implant 
(Dickmann and No yes, 1960; Noyes and 
Dickmann, 1960). It has been demonstrated 
that these processes are regulated in the rat 
by the blood levels of estradiol and progester
one. Treatment with estradiol accelerates 
ovum transport and causes premature entry 
of embryos in the uterus (Ortiz et al, 1979). 
Interference with the production of endog
enous estradiol has the opposite effect 
(Forcelledo and Croxatto, 1988). The accel
erating effect of exogenous estradiol in the 
cycling rat is counteracted by the concomitant 
administration of progesterone (Fuentealba et 
al, 1987), and blockade of progesterone 

receptors with RU486 accelerates ovum 
transpor t in cycl ing and pregnant rats 
(Fuentealba et al, 1987). So, the rate of pas
sage of ova through the oviduct appears de
termined by the interplay between the accel
erating and delaying influences of estradiol 
and progesterone, respectively. Therefore, it 
can be expected that physiological conditions 
implying different progesterone/estradiol ra
tios in serum should exhibit different rates of 
ovum transport; this is the case for the rat 
during pregnancy, pseudopregnancy and the 
estrous cycle (Forcelledo et al., 1981). 
Stressful stimuli may also induce changes in 
the blood levels of sex steroids (Nequin et al, 
1975; Boehm et al., 1982; Bruce et al, 1984). 
Stressful stimuli are likely to alter the rate of 
ovum transport in the rat through changes in 
the circulating levels of progesterone and 
estradiol. In this paper we examined this pos
sibility studying the effects of cold-swimming 
and cold-restraint upon blood levels of pro
gesterone and estradiol and upon the rate of 
embryo transport in the rat. 
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MATERIALS AND METHODS 

Animals 

Female Sprague-Dawley rats weighing 220 g 
were kept in rooms with 14 h light and tem
perature around 25° C. On proestrus they were 
caged with males of proven fertility and mat
ing was verified by observation of spermato
zoa in the vaginal smear on the following 
morning (day 1 of pregnancy). Control ani
mals were handled back and forth between 
the animal house and the laboratory, contem
poraneously with experimental goups sub
jected to the stressful stimuli. Different groups 
of rats were used to assess the effects of stress 
on embryo transport, rectal temperature and 
blood hormonal levels. 

Embryo transport 

In order to assess changes in the mean rate of 
embryo transport, rats were killed at 17:00 h 
on day 4 of pregnancy or at 12:00 h on day 5 
of pregnancy, after been exposed to cold-
swimming or cold-restraint (see below) on 
the previous days. Oviducts were flushed with 
saline and the flushings were examined under 
low power magnification to count the em
bryos. Acceleration of ovum transport would 
be detected as a decrease in the number of 
embryos recovered from the oviducts on day 
4 of pregnancy, whereas a delay would be 
detected as an increase in that number on day 
5 of pregnancy, with respect to control ani
mals. 

Stressful stimuli 

Rats were submitted to one of two stressors: 
cold-swimming or cold-restraint. A total of 
46 rats were submitted to one out of three 
schedules of cold-swimming: one (18:00 h), 
two (18:00 and 20:00 h) or 4 (16:00, 18:00, 
20:00 and 22:00 h) 10 min swimming sessions 
in tap water at 16° C on day 3 of pregnancy. 
Another group of rats was subjected to 2 
swimming sessions as above, but each fol
lowed by immersion (without swimming) in 
tap water at 38° C, for 20 min, procedure that 
normalized rectal temperature. Additional 22 
rats were restrained in small boxes made of a 
wooden frame and wire sticks that can be 

adjusted to avoid displacement of the animals. 
From 13:00 to 15:00 h on days 1 to 4 of 
pregnancy they were maintained in the re
straint boxes inside the cold room at 10° C. 

Collection of blood 

In order to measure corticosterone in serum, 
some rats were killed by decapitation and their 
blood was collected one hour after the first or 
the fourth swimming session began, or after 
one hour of cold-restraint. To assess the in
fluence of swimming on serum progesterone 
and estradiol levels, trunk blood was collected 
from rats decapitated at different times after 
the initiation of the first or the second swim
ming session. To assess the effect of cold-
restraint on progesterone and estradiol levels, 
trunk blood was collected from rats killed at 
different times during or after cold-restraint 
on day 1 of pregnancy. Contemporaneously 
with the experimental rats, blood was also 
collected from control animals. Serum was 
stored frozen until the assays. 

Hormone assays 

Corticosterone was measured by HPLC as 
described by Hofreiter et al. (1982). Intra and 
interassay coefficients of variation were 8% 
and 9% respectively; sensitivity was about 
10 ng. Progesterone was measured according 
to the methods and reagents provided by the 
WHO Programme for the Provis ion of 
Matched Assay Reagents for the RIA of Hor
mones in Reproductive Physiology (Sufi et al., 
1985). Intra and interessay coefficients of 
variation were 6% and 17% respectively. 
Sensitivity was 6 pg, the volume of extraction 
was 0.1 ml and the recovery was 7 3 % . 
Estradiol was also measured with the methods 
and with the reagents provided by the WHO 
Programme except that estradiol-(2, 4, 6, 
7- 3H(N)) (NEN Research Products, Boston, 
USA) was used instead of the radioactive 
estradiol provided by the WHO Programme. 
Sensitivity was 2 pg, volume of extraction 
was 0.4 ml and recovery was 92%. Since 
estradiol and progesterone effects on ovum 
transport depend on the relative amount of 
each, the changes of both steroids were also 
expressed as the molar ratio progesterone/ 
estradiol. 
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Embryo implantation 

Rats subjected to 4 swimming sessions on 
the evening of day 3 of pregnancy were killed 
on day 15 of pregnancy to assess the number 
of implanted embryos. 

Measurement of rectal temperature 

Rectal temperature was measured in experi
mental rats at various times during and after 
the aplication of the stressful stimuli and in 
control animals, through a rectal thermoprobe 
connected to a telethermometer. 

Statistical analysis 

Data were analyzed using non-parametric 
statistics because their distribution was not 
always normal. Analysis of variance was ap
plied to the ranks of the data, according to 
the recommendations of Conover and Iman 
(1981). Significance level was set at p < 0.05. 
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Figure 1: Effect of cold-swimming upon rectal temperature. 
Stressed rats (empty circles, n = 5) subjected to four succes
sive swimming sessions in cold water (black arrows) on the 
evening of day 3 of pregnancy (P3). Rectangle, 95% normal 
distribution of rectal temperature of control rats (filled cir
cles; grand mean ± SD = 37.8 ± 0.6° C, n = 32) maintained 
at ambient temperature (around 25° C). 

RESULTS 

Effects of stressful stimuli upon rectal tem
perature 

Each one of four successive swimming ses
sions applied every two hours on the evening 
of day 3 of pregnancy was followed by an 
acute and pronounced hypothermia (Fig. 1). 
Body temperature did not return to normal 
values until several hours later. However, im
mersion in water at 38° C during 20 min im
mediately after swimming normalized rectal 
temperature (data not shown). Cold-restrained 
rats developed mild hypothermia, which dis
appeared within one hour (Fig. 2). 

Effects of stressful stimuli upon corticosterone 
levels in serum 

One hour after a 10 min swimming session, 
corticosterone serum levels increased from (x 
± SD) 440 ± 100 ng/ml (n = 4) in control rats 
to 900 ± 240 ng/ml (n = 4) in experimental 
rats. Similarly, one hour after the last of four 
swimming sessions serum corticosterone had 
increases from 192 ± 119 ng/ml (n = 5) in 
control rats to 1197 ± 279 ng/ml (n = 5). One 
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Figure 2: Effect of cold-restraint upon rectal temperature. 
Stressed rats (empty circles) subjected to cold-restraint from 
13:00 to 15:00 h on day 1 of pregnancy. Controls (filled 
circles) maintained at ambient temperature (around 25° C). 

hour of cold-restraint applied from 13:00 on 
day 1 of pregnancy led also to a significant 
increase of corticosterone serum levels from 
33 ± 6 ng/ml (n = 3) in control rats to 521 ± 
69 ng/ml (n = 3) in experimental rats. Differ
ences between the 3 control groups are ac-
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counted by the circadian rhythm of cor-
t icosterone in the rat (for example see 
D'Agostino et al, 1982). 

Effects of stressful stimuli upon progesterone 
and estradiol levels in serum. 

Progesterone levels decreased significantly 30 
and 60 min but not 120 min after one swim
ming session (Fig. 3a). There was no differ
ence between experimental and control rats 
120 min after the stimulus (Fig. 3a). A second 
swimming session applied two hours later 
produced a similar decrease, but in this case 
the difference between experimental and con
trol rats was also significant 15 min after the 
beginning of swimming (Fig. 3a). On the other 
hand, serum estradiol levels were higher in 
experimental than in control rats 15, 30 and 
60 min after the first and 15 and 30 min after 
the second swimming session (Fig. 3b). The 
effect of swimming was a decrease in the 
molar ratio progesterone/estradiol, which was 
significant 15 and 30 min after the beginning 
of the first and 15, 30 and 60 min after the 
second swimming session (Fig. 3c) The area 
under the curve progesterone/estradiol vs time 
was 28% lower in experimental than in control 
rats (Fig. 3c). However, there were no differ
ences in blood progesterone and estradiol 
levels between control and experimental rats 
one hour after one cold-swimming session 
when hypothermia was corrected by immer
sion in water at 38° C. Progesterone levels 
were (x ± SD) 52 ± 23 ng/ml (n = 10) and 51 
± 15 ng/ml (n = 10) in control and experi
mental rats, respectively. Estradiol levels were 
45 ± 13 pg/ml (n = 10) and 41 ± pg/ml (n = 
10) in control and experimental rats, respec
tively. 

Cold-restraint produced an increase in se
rum progesterone which was significant from 
15 min up to 120 min of restraint. The major 
difference between control and experimental 
rats was observed after 60 min of restraint, 
when progesterone serum levels had increased 
from 19 ± 5 ng/ml in control to 78 ± 14 ng/ 
ml in experimental rats (Fig. 4a). Serum 
estradiol was also higher in experimental than 
in control rats at 60 and 120 min of cold-
restraint (Fig. 4b). The net effect of this 
stimulus was a rise in the serum levels of 
both steroids with a significant increase in 
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Figure 3: Effect of cold-swimming upon blood levels of 
progesterone and estradiol. Groups of stressed (empty cir
cles) and control (filled circles) rats sacrificed at different 
times from beginning of first or second swimming session in 
cold water. Each swimming session significantly depressed 
both progesterone and molar ratio progesterone/estradiol, and 
increased estradiol in serum. 

the molar ratio progesterone/estradiol, which 
was maximal at 30 min of restraint (Fig. 4c). 
The area under the curve progesterone/ 
estradiol vs time was 68.5% higher in ex
perimental than in control rats (Fig. 4c). 

Effects of stressful stimuli upon the rate of 
embryo transport and implantation 

Two or four swimming sessions in cold-wa
ter led to a similar slight but statistically sig
nificant decrease in the proportion of embryos 
recovered from the oviducts (Table I). One 
swimming sesion did not affect the rate of 
embryo transport. The decrease induced by 
two swimming sessions was not affected when 
rats were rewarmed by immersion in water at 
38° C after each session (Table I). In addi
tion, four swimming sessions did not modify 
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TABLE I 

Effect of swimming in cold water upon 
oviducal embryo recovery 

Condition Oviducal embryos Number 
Mean ± SD of rats 

Control 11.5 + 2.9 57 
1 session 11.6 ± 3.7 17 
2 sessions 3.7 ± 4 . 2 * 15 
4 sessions 9.4 ± 4 . 4 * 14 

Control 13.3 + 1.7 10 
2 sessions + rewarming 7.0 + 1.3* 9 

Stressed rats subjected to 1, 2 or 4 swimming sessions on 
evening of day 3 of pregnancy. Another group of rats sub
jected to 2 swimming sessions but rewarmed by immersion 
in water at 38° C during 20 min after each session. Autopsy 
performed on following day at 17:00 h. 
* Significantly lower than controls. 
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Figure 4: Effect of cold-restraint upon blood levels of pro
gesterone and estradiol. Groups of stressed (empty circles) 
and control (filled circles) rats sacrificed at different times 
from beginning of cold-restraint. Progesterone, estradiol and 
molar ratio progesterone/estradiol were significantly increased 
in stressed animals. 

the rate of implantation. On day 15 of preg
nancy there were 12.4 ± 2.0 and 13.3 ± 1.4 
implanted embryos in control and experimen
tal rats, respectively. 

Cold-restraint from 13:00 to 15:00 h ap
plied on the first 4 days of pregnancy did not 
modify the rate of embryo transport (Table II). 

TABLE II 

Effect of cold-restraint upon oviducal 
embryo recovery 

Day of Condition 
Pregnancy 

Oviducal embryos 
Mean ± SD 

Number 
of rats 

4 Control 11.6 ± 2.8 16 
Restraint 10.8 ± 3.6 17 

5 Control 0.5 ± 0.8 8 
Restraint 0.3 + 0.5 6 

Stressed rats subjected to 2 h of cold-restraint from 13:00 to 
15:00 h on first 4 days of pregnancy. Autopsies performed 
on days 4 or 5 of pregnancy. No significant differences be
tween control and experimental rats. 

DISCUSSION 

Results presented in this paper show for the 
first time that stressful stimuli can elicit 
changes in circulating levels of sex steroids 
in the early pregnant rat, and that these 
changes, in contrast to what has been de
scribed previously for plasma corticosterone 
levels, are stimulus specific: cold-restraint 
produced an increase in the progesterone/ 
estradiol ratio and cold-swiming led to a de
crease in that ratio. The increases in blood 
progesterone and estradiol induced by cold-
restraint could be of adrenal origin as dem
onstrated in other stressful conditions (Nequin 
etal., 1975; Boehm et al, 1982). 

The results also show that different stress
ful stimuli may induce different effects upon 
oviducal embryo transport. The estrogenic 
predominance of cold-swimming was associ
ated with accelerated transport and the 
progestational predominance of cold-restraint 
was associated with no changes in the rate of 
oviducal transport. These relationships are to 
be expected in view of the accelerating effect 
of exogenous estradiol (Ortiz et al, 1979) and 
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the lack of effect of exogenous progesterone 
in the pregnant rat (Fuentealba et al, 1987). 
However, when the severe hypothermia in
duced by two swimming sessions was reverted 
by immersion in water at 38° C the accelera
tion of ovum transport was maintained de
spite that estradiol and progesterone changes 
disappeared. So, acute cold per se induced a 
discrete acceleration of ovum transport inde
pendent of any change in circulating sex ste
roid levels. This suggests that the rich inner
vation of the oviduct (for example see 
Sjoberg, 1967; Papka et al, 1985), or some 
other stress-associated hormonal change me
diated the acceleration of oviducal embryo 
transport induced by swimming in cold water. 

The rather discrete change in the rate of 
embryo transport induced by the deep hypo
thermia associated with cold-swimming which 
did not affect the implantation rate, and the 
lack of effect of repetitive exposures to cold-
restraint, demostrate the efficacy of the regu
lation of the oviducal ovum transport in the 
rat, which ensures that fertilized ova reach 
the uterus at the appropriate time in order to 
accomplish successful implantation. In this 
regard the rat appears to be different to the 
mouse in which it has been reported that re
petitive restraint applied on early pregnancy 
induces a decrease in progesterone plasma 
levels associated to luteolysis, acceleration of 
ovum transport and decrease in the implanta
tion rate (Wiebold et al, 1986). 
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