
References and Notes 

1. W. R. Brewster, J. P. Isaacs, P. F. Osgood, 
T. L. King, Circulation 13, 1 (1956); T. S. 
Harrison, Physiol. Rev. 44, 161 (1964). 

2. L. S. Goodman and A. Gilman, The Phar- 
macological Basis of Therapeutics (Macmil- 
lan, New York, 1967), p. 405. 

3. T. S. Harrison, Physiol. Rev. 44, 161 (1964); 
H. E. Swanson, Endocrinology 59, 217 (1956). 

4. G. Krishna, S. Hynie, B. B. Brodie, Proc. 
Nat. Acad. Sci. U.S. 59, 884 (1968). 

5. A. J. Prange, J. L. Meek, M. A. Lipton, 
Life Sci. 1, 901 (1970); M. A. Lipton, A. J. 
Prange, W. Dairman, S. Udenfriend, Fed. 
Proc. 27, 399 (1968). 

6. P. C. Whybrow, A. J. Prange, C. R. Tread- 
way, Arch. Gen. Psych. 20, 48 (1969). 

7. J. J. Schildkraut, Amer. J. Psychiat. 122, 509 
(1965). 

8. A. J. Prange, I. C. Wilson, M. Rabon, M. 
A. Lipton, ibid. 126, 457 (1969); A. J. 
Prange, 1. C. Wilson, A. Knox, T. K. Mc- 
Clane, M. A. Lipton, ibid. 127, 191 (1970); 
1. C. Wilson, A. J. Prange, T. K. McClane, 
A. M. Rabon, M. A. Lipton, New Engl. J. 
Med. 282, 1963 (1970). 

9. B. V. Earle, Amer. J. Psychiat. 126, 1667 
(1970). 

10. D. S. Segal and A. J. Mandell, Proc. Nat. 
Acad. Sci. U.S. 66, 289 (1970). 

11. V. E. Hall and M. Lindsay, Endocrinology 22, 
66 (1938); C. P. Richter, ibid. 17, 73 (1933). 

12. J. J. Schildkraut, A. Winokur, P. R. Dras- 
koczy, J. H. Hensle, Amer. J. Psychiat. 127, 
1032 (1971). 

13. M. Levitt, S. Spector, A. S. Sjoerdsma, S. 
Udenfriend, J. Pharmacol. Exp. Ther. 148, 
1 (1965). 

14. Obtained from Hormone Labs, Chicago. 
15. E. G. Tomich and E. A. Wollett, J. En- 

References and Notes 

1. W. R. Brewster, J. P. Isaacs, P. F. Osgood, 
T. L. King, Circulation 13, 1 (1956); T. S. 
Harrison, Physiol. Rev. 44, 161 (1964). 

2. L. S. Goodman and A. Gilman, The Phar- 
macological Basis of Therapeutics (Macmil- 
lan, New York, 1967), p. 405. 

3. T. S. Harrison, Physiol. Rev. 44, 161 (1964); 
H. E. Swanson, Endocrinology 59, 217 (1956). 

4. G. Krishna, S. Hynie, B. B. Brodie, Proc. 
Nat. Acad. Sci. U.S. 59, 884 (1968). 

5. A. J. Prange, J. L. Meek, M. A. Lipton, 
Life Sci. 1, 901 (1970); M. A. Lipton, A. J. 
Prange, W. Dairman, S. Udenfriend, Fed. 
Proc. 27, 399 (1968). 

6. P. C. Whybrow, A. J. Prange, C. R. Tread- 
way, Arch. Gen. Psych. 20, 48 (1969). 

7. J. J. Schildkraut, Amer. J. Psychiat. 122, 509 
(1965). 

8. A. J. Prange, I. C. Wilson, M. Rabon, M. 
A. Lipton, ibid. 126, 457 (1969); A. J. 
Prange, 1. C. Wilson, A. Knox, T. K. Mc- 
Clane, M. A. Lipton, ibid. 127, 191 (1970); 
1. C. Wilson, A. J. Prange, T. K. McClane, 
A. M. Rabon, M. A. Lipton, New Engl. J. 
Med. 282, 1963 (1970). 

9. B. V. Earle, Amer. J. Psychiat. 126, 1667 
(1970). 

10. D. S. Segal and A. J. Mandell, Proc. Nat. 
Acad. Sci. U.S. 66, 289 (1970). 

11. V. E. Hall and M. Lindsay, Endocrinology 22, 
66 (1938); C. P. Richter, ibid. 17, 73 (1933). 

12. J. J. Schildkraut, A. Winokur, P. R. Dras- 
koczy, J. H. Hensle, Amer. J. Psychiat. 127, 
1032 (1971). 

13. M. Levitt, S. Spector, A. S. Sjoerdsma, S. 
Udenfriend, J. Pharmacol. Exp. Ther. 148, 
1 (1965). 

14. Obtained from Hormone Labs, Chicago. 
15. E. G. Tomich and E. A. Wollett, J. En- 

The critical role of androgen during 
perinatal development on the differen- 
tiation of adult sexual behavior poten- 
tials has been clearly demonstrated. 
Male rats deprived of androgen pre- 
natally in injection of the antiandro- 
genic drug, cyproterone acetate, or 
neonatally by castrating on the day of 
birth, display less male copulatory be- 
havior and more female lordotic pat- 
terns than normal males (1). Converse- 
ly, female rats exposed to exogenous 
androgen during critical perinatal de- 
velopmental stages show male-like copu- 
latory and ejaculatory patterns while 
female receptivity is partially or totally 
impaired (2). 

In the normal male, the differentiat- 
ing androgen is presumably testosterone 
secreted by the fetal and neonatal testes. 
There is, however, an alternate source 
of androgen, namely, the adrenal cor- 
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tex. Among other androgenic steroids, 
the adrenals secrete small quantities of 
testosterone and large amounts of the 
less potent androstenedione (3). The 
possible functional significance of this 
apparently redundant androgen source 
has not been investigated. However, 
since the adrenal cortex under certain 
pathological conditions releases suffi- 
cient androgen to virilize human fe- 
males (4), its role in the differentiation 
of healthy individuals may have been 
underestimated. This possibility is worth 
consideration in view of the large in- 
creases in adrenal 17-ketosteroid out- 
put during severe stress. The amount 
and ratio of androgens measured in 
plasma and urine of stressed animals 
differ from those of normal subjects. 
Exposure to a variety of stressors- 
including shock avoidance, living in 
overpopulated colonies, and adreno- 
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corticotropin (ACTH)-decreases both 
testicular size and plasma and urine 
testosterone concentrations but in- 
creases the amount of androgen se- 
creted by the adrenal cortex (5). Pre- 
sumably the increased adrenal androgen 
is androstenedione since 80 to 85 per- 
cent of adrenal androgen is in this form 
in the normal organism (3). The fetal 
adrenal cortices also are highly secre- 
tory and respond to stress and ACTH 
(6), and the placenta is permeable to 
corticosteroids and ACTH (7); thus the 
fetus is exposed to maternal hormones 
as well as its own. 

Sexual differentiation in male rats 
stressed during critical prenatal and 
postnatal developmental stages appears 
to take place in the presence of large 
amounts of the weak adrenal androgen, 
androstenedione, rather than under the 
primary influence of testosterone. The 
resulting behavioral potentials would be 
expected to resemble those obtained by 
other experimental manipulations which 
decrease functional testosterone titers. 
Male behavior should be reduced 
and female behavior enhanced. In a 
study designed to test these proposals, 
14 time-mated Sprague-Dawley rats 
were stressed daily during three 45- 
minute sessions during days 14 to 21 of 
gestation by being restrained in 7 by 3 
inch (18 by 8 cm) semicircular Plexi- 
glas tubes across which 200 foot-candles 
(2150 lumens per square meter) of light 
were directed. This treatment produced 
piloerection and substantial amounts of 
urination and defecation. Nine control 
mothers were housed in an adjacent 
vivarium and were not handled. Half 
of the prenatally stressed litters and 
four of the control litters were then 
given daily postnatal stress from days 
1 to 10 of age; stress consisted of three 
30-minute sessions during which each 
male pup of a given litter was placed 
in a separate compartment of a plastic 
ice cube tray mounted on a vibrating 
metal rack. At about 90 days of age, 
all males were given 30-minute weekly 
tests with estrous lure females for spon- 
taneous behavior. Each animal con- 
tinued to be tested until he had either 
ejaculated or had failed to copulate for 
6 weeks. The number of incomplete 
and complete intromission patterns as 
well as of ejaculations was recorded. 

The results are presented in Table 1. 
A marked reduction was obtained in 
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A marked reduction was obtained in 
the percentage of prenatally stressed 
animals capable of showing the ejacula- 
tory response. The postnatally stressed 
group did not differ from the control 
group, nor did the combination of pre- 
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Prenatal Stress Feminizes and Demasculinizes 

the Behavior of Males 

Abstract. Male rats were exposed to prenatal or postnatal stress, or both. The 
prenatally stressed males showed low levels of male copulatory behavior and high 
rates of female lordotic responding. Postnatal stress had no effect. The modifica- 
tions are attributed to stress-mediated alterations in the ratio of adrenal to gonadal 
androgens during critical stages of sexual differentiation. Specifically, it appears 
that stress causes an increase in the weak adrenal androgen, androstenedione, from 
the maternal or fetal adrenal cortices, or from both, and a concurrent decrease in 
the potent gonadal androgen, testosterone. 
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natal and postnatal stress enhance the 
effect above that produced by prenatal 
stress alone. For the most part, the pre- 
natally stressed groups simply did not 
attempt to copulate. Those animals ini- 
tiating mating usually did so by the 
second or third test. Only one male in 
each group copulated without emitting 
an ejaculatory response. If the pattern 
appeared it was normal. Standard mea- 
sures such as the mean number of 
copulatory responses emitted preceding 
the first ejaculation, the time from the 
first copulation to the ejaculatory re- 
sponse, and the duration of the post- 
ejaculatory interval were not signifi- 
cantly different among responding ani- 
mals of the different groups. 

The males were then castrated and, 
after a 10-day recovery period, given 
5 weekly injections of 0.1 mg of estra- 
diol benzoate followed 42 hours later 
by 1 mg of progesterone. Beginning on 
the second week, female receptivity 
tests were given before the progesterone 
injection and 2, 4, 6, and 8 hours after. 
The number of times each animal was 
mounted by a vigorous male during a 
10-minute period and the number of 
lordotic responses were recorded. Be- 
havior was rated on a 7-point qualita- 
tive scale used in this laboratory with 
1 indicating minimal and 7 maximal 
receptivity (8). Female behavior ratings 
recorded during the four tests are sum- 
marized in Table 2. All groups were 
mounted about an equal number of 
times, but the two prenatally stressed 
groups averaged over 3 times as many 
lordotic responses as the control group 
(Mann-Whitney U, P < .01). Postnatal 
stress had no significant effect on this or 
any of the other measures of female 
behavior. The enhanced tendency of the 
prenatally stressed groups to show fe- 
male behavior is also reflected in the 
larger mean percentage of tests on 
which at least two lordotic responses 
were emitted and by the superior qual- 
ity measures. Postnatal stress combined 
with prenatal stress did not increase the 
effect above that induced by prenatal 
stress alone. 

Close inspection of the quality mea- 
sure indicates that, although the level 
of female behavior shown by the pre- 
natally stressed males was higher than 
that of normal males, it was lower than 
that of receptive females. No soliciting 
behavior, darting, or ear wiggling, typi- 
cal of strous female rats, were seen; 
and the males only occasionally held 
the lordotic posture after the vigorous 
stud male had dismounted. On the other 
hand, like estrous females, the males 
7 JANUARY 1972 

Table 1. Percentage of males which ejacu- 
lated or copulated on at least one of six tests 
with an estrous female. Binomial tests of 
results against the expected probability of 
control group gave the following results: 
prenatal stress, P<.001; pre- and postnatal 
stress, P < .03. 

Stress N Percentage N 
treatment Ejaculated Copulated 

Control 11 64 73 
Postnatal 12 58 66 
Prenatal 19 21 26 
Pre- and 

postnatal 10 30 40 

were tense, did not resist being mounted 
and displayed high-quality lordotic re- 
sponses which were held as long as the 
stud remained mounted. Control and 
postnatally stressed males generally re- 
sisted being mounted, but when they 
permitted it they showed only slight 
curvature of the neck and back. 

With the exception of the group 
stressed in both ways, responsivity in 
all groups increased from a low on the 
first test to a stable level during the 
last three weekly tests. There was no 
increase in responding as a function of 
number of hours after progesterone 
injection in any of the groups. 

The present data support the hypoth- 
esis that exposure of pregnant rats to 
environmental stressors modifies the nor- 
mal process of sexual behavior differen- 
tiation in male fetuses by decreasing 
functional testosterone and elevating 
androstenedione levels during perinatal 
development. During stress conditions 
plasma testosterone emanating 'from 
the gonads decreases while adrenal 
androstenedione rises (5). The molecu- 
lar structure of the two androgens being 
very similar, it is postulated that the 
two hormones compete for the same 
receptor sites. Since androstenedione is 
a less potent androgen than testosterone, 
the decreased male copulatory ability 
and increased lordotic potential seen in 
the prenatally stressed animals of the 
present study would be expected. The 
relative difference in potency between 
testosterone and androstenedione has 
been repeatedly demonstrated. When 

injected into intact males, both hor- 
mones cause decreased testicular size; 
they also maintain prostate and seminal 
vesicle weights in hypophysectomized 
males. However, testosterone is superior 
to androstenedione in producing these 
effects (9). Further, the feminization of 
behavior of male rats castrated on the 
day of birth is not blocked by simul- 
taneous injections of androstenedione 
as it is by administration of testosterone 
propionate (10). 

It is postulated that sexual differenti- 
ation occurs under the influence of a 
dual system. Normally, in males, go- 
nadal steroids would assure the estab- 
lishment of male copulatory potentials 
and suppress female lordotic behavior. 
However, under a variety of unfavor- 
able environmental conditions which 
have in common the ability to activate 
the adrenal cortical response to stres- 
sors, the normal amount and ratio of 
testicular to adrenal androgen is altered, 
and, along with it, the relative potency 
of androgenic stimuli under which the 
tissues mediating sexual behavior dif- 
ferentiate. The resulting alterations in 
sexual behavior provide the basis for 
an effective population control mech- 
anism, since offspring so affected would 
not possess the behavioral repertoire 
necessary to contribute to population 
growth. Thus, the environment, by trig- 
gering or failing to trigger an adrenal 
stress response, may control the repro- 
ductive capacity of successive genera- 
tions of differentiating fetuses and, 
thereby, population size. Since male be- 
havior was tested in intact animals, it 
is not clear whether the modifications 
in behavior are attributable to stress- 
induced deficiencies in adult endogenous 
androgen levels, peripheral sex struc- 
tures, central nervous system potentials, 
or some combination of these. Further 
experiments are in progress to try to 
delineate the locus of the modification. 
The female behavior differences, how- 
ever, were observed in castrated sub- 
jects given constant hormone replace- 
ment and, therefore, probably reflect 
central nervous system modifications. 

Although sexual differentiation in the 

Table 2. Summary of lordotic behavior. 

Stress Mean Mean Tests* Mediant 
treatment N lordotic times receptive highest 

responses mounted (%) quality 

Control 7 2.7 22.1 36 1 
Postnatal 8 4.0 21.1 53 1 
Prenatal 14 8.8 25.8 73 2 
Pre- and postnatal 8 8.4 22.6 88 2 

*Tests on which a minimum of two lordotic responses were emitted. tMedian of the highest qual- 
ity lordotic pattern emitted on the four test days. 
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rat spans both the prenatal and post- 
natal periods of development, in the 
present study, stress was effective only 
during prenatal differentiation. This is 
not too surprising since it is known that 
newborn rats pass through a stress-non- 
responsive period for the first 10 days 
after birth (11). Paradoxically, while the 
newborn rat lacks the normal adrenal 
response to environmental stress, its 
adrenals show an increased sensitivity 
to ACTH (11). We are currently test- 
ing the possibility that by stressing the 
mother, enough ACTH or adrenal ste- 
roids can be transferred to the pup 
through the milk to influence the proc- 
ess of sexual differentiation which, in 
the rat, continues to about 10 days of 
age. 

INGEBORG L. WARD 
Department of Psychology, 
Villanova University, 
Villanova, Pennsylvania 19085 
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rat spans both the prenatal and post- 
natal periods of development, in the 
present study, stress was effective only 
during prenatal differentiation. This is 
not too surprising since it is known that 
newborn rats pass through a stress-non- 
responsive period for the first 10 days 
after birth (11). Paradoxically, while the 
newborn rat lacks the normal adrenal 
response to environmental stress, its 
adrenals show an increased sensitivity 
to ACTH (11). We are currently test- 
ing the possibility that by stressing the 
mother, enough ACTH or adrenal ste- 
roids can be transferred to the pup 
through the milk to influence the proc- 
ess of sexual differentiation which, in 
the rat, continues to about 10 days of 
age. 
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Olfactory Bulb Units: Activity Correlated with 
Inhalation Cycles and Odor Quality 

Abstract. Single olfactory bulb units were studied in two macrosmatic species 
of rodents under conditions intended to preserve the cyclical stimulation which 

normally accompanies nasal breathing. Patterns of unit activity related to the 
inhalation cycle were observed in all animals, often in the absence of specific 
stimuli, and could not be explained in simple mechanical terms. Distinctive 

changes in these patterns occurred in response to certain odors, and were gen- 
erally independent of changes in the overall firing frequency. These findings 
indicate that a change in the overall firing frequency of unit discharges is neither 
a necessary nor sufficient measure of responsiveness to odors in the rodent 

olfactory bulb, and that stimulus-specific temporal distributions of unit firing may 
be involved in olfacto-endocrine activities. 
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Among mammals from mouse to 
monkey, olfacto-endocrine factors fig- 
ure prominently in the control of criti- 
cal activity patterns upon which indi- 
vidual and species survival depend. In 
many species of rodents, carnivores, 
and primates, scented glandular secre- 
tions (pheromones), produced under 
the combined influence of interoceptive 
and exteroceptive stimuli, influence in 
turn the endocrine cycles and the repro- 
ductive, territorial, or social behavior 
of conspecific animals (1). Phero- 
mones appear to exert their effects in 
at least two ways. First, they are dis- 
tinctive cues or signals and, as such, 
trigger specific responses from other 
members of the species. Anyone who 
has tried to take an estrous bitch for 
a walk around the block will testify to 
the potent attractant effects of certain 
hormone-dependent scents. Second, 
pheromones normally present within 
the immediate environment may exert 
long-term effects. That is, they con- 
tribute to the stable background neces- 
sary to maintain essential consumma- 
tory activities. It is a notorious fact 
that the absence of familiar odors, or 
the presence of unfamiliar ones, may 
interfere with normal patterns of such 
varied activities as eating, sleeping, 
copulation, and maternal behavior. 
Furthermore, specific mammalian pher- 
omones, produced under endocrine 
control, have been implicated in the 
regulation and maintenance of normal 
reproductive cycles (2). 

In most mammals, pheromones and 
other airborne stimuli are continuously 
swept in wave-like fashion across the 
primary olfactory receptors deep with- 
in the nasal cavity. Under what we 
call resting conditions, when the nor- 
mal respiratory rhythm provides a basis 
for repetitive and periodic sampling of 
the olfactory background, the normal 
sampling epoch coincides with the 
nasal inhalation phase of each respira- 
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tory cycle. Whenever a distinctive 
change in the quality of the inhaled air 
is detected during regular nasal breath- 
ing, most mammals react by sniffing, a 
sign of active olfactory exploration 
which tends to take precedence over 
any routine consummatory activities. 
Sniffing involves increase in the mean 
frequency of nasal inhalations and in 
the overall rate of odor sampling. 
These changes are accompanied by 
corresponding decreases in the dura- 
tion of each sampling epoch. Thus, 
under both resting and active condi- 
tions, olfactory stimulation remains an 
essentially periodic process. This peri- 
odic patterning of nasal air flow may 
itself play a role in the processing of 
olfactory information. 

In an attempt to elucidate the mech- 
anisms whereby animal scents exert 
their effects upon behavioral and en- 
docrine activities in rodents, we have 
been studying the responses of single 
olfactory bulb units to various odors 
in two macrosmatic species: the 
Syrian golden hamster (Mesocricetus 
auratus) and the prairie deermouse 
(Peromyscus maniculatus bairdii). For 
reasons already noted, precautions have 
been taken to preserve the periodicity 
of odor stimulation which occurs under 
natural conditions. We report two find- 
ings consistently obtained in each of 
more than 100 animals of both species 
and sexes, tested under various condi- 
tions and at ages ranging from two 
weeks to six months. These are (i) a 
general tendency for olfactory bull 
units to exhibit a definite temporal 
pattern of firing with respect to par- 
ticular phases of the nasal inhalation 
cycle and (ii) the occurrence of stim- 
ulus-specific changes in this pattern in 
the presence of various odors. Such 
changes often occurred without a cor- 
responding alteration in the overall 
frequency of unit firing. We conclude 
that stimulus-specific differences in the 
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