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ABSTRACT 

The effects of varying degrees of neonatal androg-

enization on subsequent sex-typical somatic and behavioral 

characteristics of rats were investigated. Five day old 

Long-Evans hooded female rats were injected with 5, 50, 

or 500 yg testosterone propionate (TP). One group each of 

males and females received only control (oil) injections at 

five days of age. Measures of body weight, and sexual, 

social, and emotional behavior were obtained. The in

fluences of adult treatment with selected gonadal steroid 

hormones on body weight, and sexual and social behaviors 

were also evaluated. 

By 44 days of age, regardless of neonatal treat

ment, males were heavier than females. Females treated with 

500 yg TP eventually became heavier than oil- or 5 yg TP-

injected females. Weight loss in response to estrogen 

treatment declined as a function of increasing neonatal 

TP dose, while weight gain following adult testosterone 

treatment was enhanced by androgenization. The effects of 

androgenization on body weight and on weight change fol

lowing estrogen or testosterone treatment were evaluated in 

terms of the permanent somatic, metabolic, and neural 

ix 



X 

changes which result from exposure to TP during early 

development. 

Neonatal TP treatment resulted in dose-dependent 

decrements in estrogen-, and estrogen plus progesterone-

induced feminine sexual behavior. Following both types 

of "replacement" therapy, the control females showed the 

highest degree of receptivity, with males the lowest, and 

androgenized females intermediate. There were effects of 

androgenization on social behaviors, with some of the 

effects becoming evident only after testosterone treatment. 

Relative to control females, androgenized females generally 

spent more time investigating their social partners, and 

less time exploring the apparatus. Problems in interpreta

tion of the behavioral sequelae of androgenization are 

considered along with an evaluation of TP-induced physio

logical changes which might mediate the observed behavioral 

effects. 

The measures of emotionality (emergence and open 

field tests, and active avoidance response acquisition) 

revealed no sex differences, and few effects of androgeniza

tion. The absence of group differences in emotionality may 

have resulted from the high reactivity which is character

istic of the Long-Evans strain. 



GENERAL INTRODUCTION 

Differences between male and female mammals are 

minimal during their early embryonic stages, and become 

more and more obvious as maturation progresses. The de

velopmental process whereby animals acquire the potential 

or manifest phenotypic traits of their sex is termed 

"sexual differentiation". One crucial component of this 

process is the stage of "hormonal sex determination", 

during which the animal's subsequent sexual characteristics 

can be permanently altered by exposure to androgens (Bermant 

and Davidson 1974). 

In most eutherian mammals with long gestation 

periods, hormonal sex determination is completed during a 

prenatal "sensitive period". In certain "altricial" rodents, 

such as the rat, the sensitive period extends into the 

early neonatal stage. Under normal conditions, the direc

tion of hormonal sex determination (as male or female) is 

dependent on whether or not the animal posesses functioning 

testes. In males, the testes secrete androgens which act 

on the developing internal and external sex organs to 

produce a phenotypic male. Functional modifications of 

the nervous system occur, with resulting male-like neuro

endocrine and behavioral "organization". Additionally, 

1 
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the presence of androgens during early development affects 

the degree to which the animal will respond to sex hormones 

during adulthood (Bell and Zucker 1971; Clemens, Hiroi, 

and Gorski 1969). Unlike the males' testes, the females' 

ovaries are relatively inactive during early development, 

and become active around the time of puberty. Normal 

female hormonal sex determination thus occurs in the ab

sence of androgens or other gonadal hormones. 

Experimental modifications of the process of hor

monal sex determination can be accomplished by changing the 

amount of androgen the animal is exposed to during its 

sensitive period. The effects of these treatments have 

been most extensively studied in laboratory rats. With 

a few exceptions, the responses of rats to androgen depriva

tion or excess are similar to those of other species. One 

advantage of using rats is that since their hormonal sex 

determination occurs for the most part post-natally, it is 

not necessary to treat them in utero. 

The degree of behavioral and physiological di

morphism between male and female rats can be reduced by the 

appropriate alterations of androgen levels during the 

period of hormonal sex determination. Females treated 

neonatally with the androgen, testosterone propionate (TP), 

exhibit relatively male like patterns of emotional and 

social behavior. They also become heavier than normal 



females, and are characterized by an absence of repro

ductive cyclicity. The extent of at least some of these 

androgen-induced changes is dependent on the rat's age 

when she is injected, and the dose of TP administered 

(Clemens et al. 1969; Clemens, Shryne, and Gorski 1970). 

There is also evidence for variability in the responses of 

different behavioral or physiological "systems" to iden

tical parameters of TP treatment. For example, the systems 

regulating reproductive cycles and sexual behavior are 

maximally sensitive to the effects of TP at different times 

and reproductive cyclicity is probably more easily dis

turbed by low doses of TP than is female sexual behavior 

(Clemens et al. 1969; Gorski 1971). 

Unfortunately, few investigations of the behavioral 

effects of early TP treatment have included determinations 

of dose-response functions. Generally, each study is a 

report of the effects of only one (often large) dose of 

TP upon a small number of behavioral variables. This 

circumscribed approach to the study of the behavioral 

effects of androgenization of female rats suffers from 

limitations in the quantity and generality of information 

which it can provide. 

The purpose of the present group of experiments 

was to assess the relationship between neonatal TP doses 

and subsequent behavioral and physiological activities of 
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female rats. To accomplish this goal, three groups of 

females, treated with 5, 50, or 500 yg TP on Day 5 (the 

day of birth is considered Day 1), were compared with 

vehicle-injected males and females. In Experiment 1, 

effects of the neonatal treatments on water intake, body 

weight, and on body weight changes in response to estradiol 

benzoate (EB) or TP treatment were measured. Experiment 

2 consisted of measurements of social and sexual behaviors. 

Female mating performance was assessed following treatment 

with EB alone, and following injections of EB and pro

gesterone. Pairwise social behavior tests, with normal 

males or estrous females as stimulus rats, were conducted 

before and after treatment with TP. For Experiment 3, 

emergence latencies, open field activities, and rates of 

acquisition of a conditioned active avoidance problem were 

established. Prior to testing, the effects of the dif

ferent TP doses on reproductive cycles were determined to 

assure that the high doses produced the well-documented 

effect of eliminating cyclicity. A standard bioassay of 

the TP solutions was used to evaluate whether or not the 

different doses produced distinct physiological effects. 



GENERAL PROCEDURE 

The offspring of nine Long-Evans hooded female 

rats were used as subjects. All the litters were delivered 

within five days of each other. The neonatal treatments 

were administered when the pups were 5 days old. 

Table 1 summarizes the treatments-which were used, 

and the behavioral measures which were obtained. On Day 5, 

females received subcutaneous (s.c.) injections of 5, 50, 

or 500 yg TP in 0.1 ml cottonseed oil vehicle. Male and 

female control subjects were injected with 0.1 ml oil on 

Day 5. Dosages were distributed within each litter to 

minimize the chance of biasing the results of the experi

ments. Injections were made using a syringe fitted with a 

26-gauge needle which was inserted at the nape of the neck 

and run down to the small of the back. The entry hole was 

pinched as the needle was withdrawn to prevent escape of 

the injected material. Each of the pups received tattoos 

on their feet to indicate which treatment they had re

ceived. The rats were castrated at 58-60 days of age, 

approximately two weeks after the expected onset of puberty. 

The subjects were housed in a temperature-controlled 

room with a 13-hr light/ll-hr dark illumination cycle. The 

pups were handled at 14 days of age, and at weekly intervals 

5 



Table 1. Summary of treatment groups and behavioral 
measures obtained. 
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Sex 

Treatment Groups 
Neonatal Treatment Adult Surgery 

(Day 5) (Days 58-60) N* 

Female 

Female 

Female 

Female 

Male 

Oil 

5 yg TP 

50 yg TP 

500 yg TP 

Oil 

Oophorectomy 

Oophorectomy 

Oophorectomy 

Oophorectomy 

Oophorectomy 

5-7 

5-7 

5-7 

5-7 

5-7 

Measures 
Experiment 1 

Measure 

Body Weight 

Body Weight Response to EB 

Body Weight Response to TP 

Water Consumption 

Mating Test 1 

Mating Test 2 

Social Behavior Tests 

Subject's Age 

37,44,58,89, and 153 days** 

89-96 days 

7 months 

150-153 days 

Experiment 2 

89-96 days 

169-173 days 

7 months 
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Table 1. (Continued) 

Experiment 3 

Measure 

Open Field Test 

Emergence Test 

Subject's Age 

52-55 days 

70-77 days 

Active Avoidance Conditioning 154-160 days 

*Because of mortality or time limitations, some 
of the rats from each group were not tested on all the 
behavioral measures. 

**Body weights were statistically analyzed for the 
days shown. 



thereafter until behavioral testing was initiated. Prior 

to weaning, handling consisted of first removing the mother 

and then picking each pup up and holding it for 30 sec. 

Each litter remained with its mother until weaning at 23 

days of age. The subjects were housed singly in 27.5 by 

20 by 20 cm high cages between 23 days and 7 months of 

age. At 7 months, the rats were placed in large cages, 

with 5 or 6 rats of the same treatment group in each cage. 

The subjects remained in the group cages for the rest of 

the experiment. 

Vaginal smears from the females were examined at 

51 and 58 days of age to determine the effects of TP on 

their reproductive cycles. Excess males were used for a 

bioassay of the TP solutions which were administered to the 

females. The results of these measures are shown in 

Appendix A. Briefly, the 50 and 500 yg doses of TP caused 

sterilization (indexed by persistent vaginal cornification) 

while the vehicle or 5 yg TP dose did not appear to disturb 

reproductive functions. The effects of the different TP 

doses were clearly distinguishable by the bioassay tech

nique used. 

Statistical Analysis 

The analysis of variance and Newman-Keuls tests 

for individual comparisons were used to assess differences 

between the neonatal treatment groups, or between other 



treatment variables. Unweighted means analyses of vari

ance, also followed by Newman-Keuls tests, were used when 

there was not the same number of subjects in each qroup. 

The harmonic mean group size was used for computation of 

the critical differences for the Newman-Keuls tests which 

followed the unweighted means analyses (Winer 1971). Dif

ferences between means were considered reliable if p <.05 

according to the Newman-Keuls tests. 

2 Omega-square (w ) statistics, which are measures 

of the total variance accounted for by treatment effects, 

were computed for significant (p <.05) variables in the 

analyses of variance when there was an equal number of 

subjects in each group (Hays 1963). Some data from the 

three groups of androgenized females were further examined 

by analysis of variance and trend analysis to determine 

the degree of linearity or of non-linearity of the dose 

effects. The proportion of variance accounted for by 

2 linearity of dose effects (r ) was then computed (Winer 

1971). Pearson product moment correlation coefficients 

were used to evaluate relationships among some of the 

dependent variables (Hays 1963). 



EXPERIMENT 1 

Introduction 

Adult male rats are heavier than females of the 

same age, partially as a result of neonatal androgen ex

posure. Swanson and Van der Werff ten Bosch (1963) and 

Bell and Zucker (1971) showed that female rats which were 

treated with TP on Day 5 (500 yg and 1 mg , respectively) 

became heavier than untreated females, but not as heavy 

as normal males. Beatty, Powley, and Keesey (1970) reported 

that females treated with 1.5 mg TP on Day 3 became heavier 

than "control" females. Tarttelin, Shryne, and Gorski 

(1975) have also found that females androgenized on Day 2 

or Day 3 became heavier than oil-treated females, and that 

the growth-promoting effect of TP was primarily dose-

dependent. However, Tarttelin et al. (1975) found no 

effect of TP administered on Day 4 or Day 5; a result 

which is clearly at variance with Bell and Zucker's (1971) 

report. 

The body weights of rats are also influenced by 

adult gonadal secretions. Females become heavier after 

ovariectomy than do intact females, and males after castra

tion gain weight more slowly than intact males.(Kakolewski, 

Cox, and Valenstein 1968) . Bell and Zucker (.1971) found 

10 
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that females and neonatally castrated males, but not intact 

males, lost weight during treatment with estrogen and 

progesterone. Males and androgenized females, but not 

control females, gained weight after 12 days of treatment 

with TP. These results indicate that the sex and neonatal 

treatment of the rats influenced their response (indexed 

by body weight change) to gonadal steroid hormone treatment 

during adulthood. 

Bell and Zucker (1971) reported that the daily 

water intakes of intact males were higher than those of 

intact females. Bates (unpublished observation) also 

found that intact males had a higher absolute water intake 

than intact females. However, females drank more water 

per 100 g body weight than males did. Additionally, 

females consumed a smaller proportion of their daily water 

during the light phase of their illumination cycle. 

In the present experiment, the rats were weighed 

at various ages in order to evaluate the effects of neo

natal TP treatment on the sexual dimorphism in body weight. 

Additionally, influences of androgenization on sex dif

ferences in body weight following EB or TP treatment were 

assessed. Water intake was also recorded to determine 

whether castrate males and females showed differences in 

their pattern or volume of water consumption. 



Method 
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Body Weight 

The rats were weighed to the nearest 1.0 g at 

weekly intervals until 65 days of age, and less frequently 

thereafter. Weighing was conducted during the light por

tion of the illumination cycle. The rats were treated 

with EB (10 ug/rat/day) for 7 days, between Days 89 and 

96, in conjunction with tests of female sexual behavior. 

Body weights were recorded on Days 89 and 96 to determine 

the effects of EB on body weight. At seven months of age, 

the remaining rats in each group were treated with TP 

(500 yg/rat/day) for 10 days. Body weights were recorded 

at the beginning of TP treatment, and after 5 and 10 days 

of injections. 

Water Intake 

The subjects' water intake and body weight were 

measured at 11-hr intervals for 3 days (Days 15 0-15 3). 

The room lights were on from 0700 to 2000 hrs (colony time), 

and measurements were obtained between 0700 and 0800 hrs, 

and between 1900 and 2000 hrs. A 100 ml graduated drinking 

tube was affixed to the front of each cage, permitting 

measurement of water intake to the nearest 1.0 ml. Food 

was available at all times. 



Results and Discussion 
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General Weight Gain 

Figure 1 shows the mean body weights of the males, 

and oil- and 500 yg TP-treated females from 23 to 153 days 

of age. The weights of the 5 yg TP and 50 yg TP females 

were intermediate between those of the oil- and 500 yg 

TP-treated females from Day 23 to Day 153. There were no 

reliable differences in body weight between any of the 

groups prior to puberty (Table B-l, p >.05). The male 

rats were significantly heavier than all the female rats 

by 44 days of age (Table B-2, p <.05), and they remained 

heavier for the duration of the experiment (Tables B-3 

to B-5, p <. 05). Females treated with 500 yg TP at 5 days 

of age were heavier than oil-injected females on Day 89 

(Table B-4, p <.05), and by Day 153 they were also heavier 

than females treated with 5 yg TP (Table B-5, p < - 0 5) . 

The sex and neonatal treatment variables accounted for con

siderable proportions of the variance in the rats1 body 

weights (.688 at Day 58; .622 at 89 days; and .618 on 

Day 153). 

There were no significant differences at any age 

between oil-injected, 5 yg TP-injected, and 50 yg TP-

injected females, or between 50 yg TP and 500 yg TP rats. 

However, the relationship between neonatal TP doses and 

adult body weights was orderly. That is, 500 yg TP females 
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were heaviest, 50 yg TP-injected females were intermediate, 

and those treated with 5 yg TP were lightest, but slightly 

heavier than oil-injected females. A trend analysis of 

the body weights of the 5 yg TP-, 50 yg TP-, and 500 yg 

TP-injected females at 153 days of age revealed a signifi

cant linear component (Table B-6, p <.05) which accounted 

for a modest proportion of the variance in their body 

2 weights (r = .239). This finding suggests that body 

weight increases as a linear function of increasing neo

natal log TP doses. 

The measures of body weight revealed the expected 

difference between males and females, and also showed that 

females treated with 500 yg TP on Day 5 became heavier than 

oil-treated females. These results confirm the findings 

of Swanson and Van der Werff ten Bosch (1963) and Bell and 

Zucker (1971)—namely, that females treated with high 

doses of TP on Day 5 eventually become heavier than "control" 

females. Although Tarttelin et al. (1975) reported an ab

sence of effects of TP administered at Day 5 on female rats' 

body weight, the highest dose used in their experiment was 

270 yg. For 5 day old rats, the dose of TP needed to pro

duce significant differential body weight gain must, 

therefore, be greater than 270 yg. In the present experi

ment, the linear relationship found between log dose of TP 
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and body weight indicates that the rats may have been mar

ginally affected by the lower TP doses. 

Beatty et al. (1970) and Tarttelin et al. (1975) 

reported that females androgenized on Day 3 were heavier 

than oil-treated females by approximately five weeks of 

age. Although Beatty et al. (1970) used a very high dose 

of TP, Tarttelin et al. (1975) found that low doses of 

TP were also effective. The results of the present experi

ment, and those of Bell and Zucker (1971) and Swanson and 

Van der Werff ten Bosch (1963) indicate that weight dif

ferences between females androgenized on Day 5 and oil-

treated females do not become apparent until well after 

puberty, between 50 and 100 days of age. These findings 

indicate that, after Day 3, high doses of TP are needed to 

modify female rats' body weight, and that the weight incre

ments become apparent at a relatively late age. 

The hypothesis of Tarttelin et al. (1975) that 

there is a "critical period" for permanent androgen-induced 

body weight change which begins to terminate after Day 3 

appears to be tenable. The characteristics of this 

"critical period" are, in many ways, analogous to those of 

the sensitive period for disruption of reproductive 

cyclicity by androgenization. For example, female rats 

treated with low (10 yg) doses of TP on or before Day 4 

are usually sterile (anovulatory syndrome) by the time 
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they reach puberty (Gorski 1968). In order to produce the 

anovulatory syndrome in rats older than four days, it is 

necessary to use higher TP doses, and the onset of sterility 

may be well past puberty (Delayed Anovulatory Syndrome, 

Gorski 1968). Similarly, in order to alter the body weight 

of females after Day 3, high doses of TP are needed, and 

the effects first appear relatively late in life. The 

differences between effects of androgenization on weight 

and reproduction are, first, that higher TP doses are needed 

to alter body weight. Secondly, the sensitive period for 

TP-induced reproductive changes lasts until Day 8, while 

that for body weight alteration is nearly ended by Day 5. 

Effect of EB on Body Weight 

The effects of seven days of EB injections on body 

weight are shown in Table 2. Oil- and 5 yg TP-injected 

females, and oil-injected males, lost a small amount of 

weight, while 50 yg TP- and 500 yg TP-treated rats tended 

to gain weight. Analysis of the changes in body weight 

during EB treatment showed a significant effect of the 

neonatal treatments (Table B-7, p <.05). Further analysis 

of these data showed that the 5 yg TP-injected females 

lost significantly more weight than the 500 yg TP-injected 

rats (p <.05). 

These results indicate that "heavily" androgenized 

females are less responsive to the weight suppressing 



Table 2. Mean body weights (in gm) of neonatally-treated 
rats before (Day 89) and after (Day 96) seven 
daily injections of EB (10.0 yg/rat/day), and 
mean body weight change (Day 96 weight minus Day 
89 weight). 

Standard errors of the means are shown in 
parentheses. 

Neonatal (Day 5) Treatment 

Oil 5 yg TP 50 yg TP 500 yg TP Oil 
Female Female Female Female Male 

N 5 5 5 5 5 

Day 89 241.8 267.4 257.2 275.8 333.0 Day 89 
(8.1) (11.0) (6.9) (13.0) (10.0) 

Day 96 235.6 258.0 260.0 280.6 327.8 
(6.8) (10.2) (7.1) (15.9) (10.8) 

Change -6.2 -9.4 +2.8 +4.8 -5.2 
(in gm) (2.3) (2.1) (4.0) (2.3) (3.9) 



effect of EB than "lightly" androgenized and possibly 

"control" females. However, it is not clear why the males 

lost as much weight as the "control" females. The high 

doses of TP, administered at Day 5, may have constituted 

a "supranormal" stimulus for suppression of later somatic 

responses to estrogen. 

Since there were differences in body weights between 

the rats, and the same dose of EB was given to each rat, the 

dose of EB per unit body weight varied. Pearson Product 

Moment Correlation Coefficients were computed in order 

to assess the relationship of body weight at the beginning 

of EB treatment with subsequent body weight change. The 

correlations were: -.58 for oil-injected females; -.45 

for 5 yg TP rats; -.25 for 50 yg TP females; +.87 for 

500 yg TP females (p <.025, df = 4); and .00 for males. 

Negative correlations indicate that the heaviest rats lost 

the greatest (or gained the least) amount of weight, while 

positive correlations show that the heaviest rats gained 

the most weight. These values indicate that only in the 

females treated with 500 yg TP on Day 5 did higher relative 

doses of EB produce greater suppression of weight gain. 

In the other female groups, higher relative EB doses 

inexplicably produced less weight loss. 
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Effect of TP on Body Weight 

Table 3 shows the effects of 10 daily TP injections 

on the body weights of the rats at approximately eight 

months of age. Analysis of the rat's body weights before 

and during TP treatment showed that differences between 

the groups similar to those which were found at 153 days 

of age were still present (Table B-8). There were signifi

cant increases in body weights of each group during the 

period of TP injections (p <.05)- Analysis of the absolute 

weight gain (Table B-9) showed that after 10 days of TP 

treatment, females injected with 500 yg TP on Day 5 had 

gained significantly more weight than oil- or 5 yg TP-

injected females (p <.05). Although the males gained more 

weight than the oil-injected females, the difference was 

not significant. There were no significant differences in 

percent body weight gain relative to initial body weight 

following 10 days of TP treatment (Table B-10, p >.05). 

These results only partially replicate Bell and 

Zucker's (1971) finding that TP produced body weight gain 

in males and androgen!zed females, but not in "control" 

females. This discrepancy is not surprising, since the 

dose of TP used in the present experiment was five times 

higher than that used by Bell and Zucker (1971). 

Correlation coefficients were computed to determine 

whether there was a relationship between initial body weight 

(at the beginning of TP treatment) and absolute weight gain 



Table 3. Mean body weights of rats in different neonatal treatment groups im
mediately before, and during adult treatment with TP (500 yg/rat/day 
for 10 days). 

The mean absolute body weight changes after 5 and 10 days of TP injec
tions, and the mean per cent weight gains over 10 days are also shown. 
Standard errors of the means are shown in parentheses. 

Neonatal (Day 5) Treatment 

Oil 5 yg TP 50 yg TP 500 yg TP Oil 
Female Female Female Female Male 

N 5 6 5 6 5 

Pre-TP weight 303.0 315.0 
in gm (Day 0) (13.3) (10.8) 

5 days TP, 312.6 332.8 
weight in gm (12.0) (12.9) 

10 days TP, 325.4 336.0 
weight in gm (13.7 (12.8) 

0 to 5 day 9.6 17.2 
gain in gm (3.6) (5.0) 

341.6 355.2 416.4 
(16.2) (16.9) (10.6) 

361.2 377.5 434.8 
(17.1) (19.0) (11.6) 

372.8 397.5 448.8 
(16.9) (19.8) (10.9) 

19.6 22.3 18.4 
(1.7) (2.5) (2.0) 



Table 3. (Continued) 

Neonatal (Day 5) Treatment 

Oil 5 yg TP 50 yg TP 500 yg TP Oil 
Female Female Female Female Male 

N 5 6 5 6 5 

0 to 10 day 22.4 21.0 31.2 39.0 32.4 
gain in gm (3.0) (4.2) (4.1) (5.2) (2.1) 

0 to 10 day 7.5 6.6 9.2 11.0 7.7 
per cent gain (1.1) (1.3) (1.2) (1.3) (0.6) 
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following 10 days of TP injections. The correlations were: 

+.02 for oil-injected females; +.32 for 5 yg TP females; 

+.06 for 50 yg TP females; +.43 for 500 yg TP females; and 

+.04 for males. Each of the correlations was positive, 

indicating that the heavier rats tended to gain more weight 

than the lighter rats. However, none of the correlations 

was statistically reliable. 

Water Intake 

Table 4 shows the mean daily water intakes in ml 

and ml per 100 g body weight. There were no differences 

among the groups of rats on either of these measures 

(Tables B-ll and B-12). The five neonatal treatment groups 

also consumed similar percentages of their daily water 

intakes during the light phase of their illumination cycle 

(Table 5 and Table B-13). 

The absence of any effects of sex or neonatal 

treatment on the water intake measures probably shows that 

the sex differences observed in intact animals are de

pendent on their gonadal secretions. Bell and Zucker 

(1971) presented evidence which indicates that this is 

the case. 
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Table 4. Effects of neonatal hormone treatment on 150-153 
day old rats' daily water intakes (mean ml/24 
hours, and mean ml/24 hrs/100 gm body weight), 
and mean percent of total daily water intake 
consumed during the light phase of the illumina
tion cycle. 

Standard errors of the means are shown in 
parentheses. 

Neonatal (Day 5) Treatment 

Oil 5 yg TP 50 yg TP 500 yg TP Oil 

Female Female Female Female Male 

N 7 7 7 7 7 

Water intake 24.9 26.2 23.7 26. 8 27.1 
in ml (0.7) (2.0) (1.4) (1. 8) (1.6) 

Water intake 8.6 9.0 7.8 8. 1 7.0 
in ml/100 g (.3) (0.8) (0.5) (0. 5) (0.3) 

Percent daily 15.0 14.7 15.1 14. 1 18.3 
water intake (1.1) (1.8) (0.9) (1. 3) (1.6) 
during light 



EXPERIMENT 2 

Introduction 

Copulatory behaviors may be classified according 

to their "direction" and their intensity. Direction refers 

to the species- and sex- typical patterns of sexual behavior 

which are normally exhibited. Behaviors which are approp

riate to the animal's chromosomal sex are termed "homo-

typical". Examples are lordosis by female, and mounting 

by male rats. "Heterotypical" sexual activity consists 

of behaviors which are more frequently evinced by members 

of the "opposite" sex, such as mounting by female rats 

(Bermant and Davidson 1974). 

An important determinant of the intensity of sexual 

behavior is the presence of circulating gonadal steroids 

when testing is conducted. Following orchiectomy, males' 

sexual behavior gradually declines in intensity. This de

cline may be averted by replacement therapy with TP (David

son 1966). Similarly, female rats seldom engage in feminine 

sexual behaviors following ovariectomy unless they receive 

replacement therapy with estrogen, or even testosterone 

(Pfaff and Zigmond 1971). Treatment with progesterone fol

lowing estrogen "priming" greatly enhances the homotypical 

25 
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behavior of castrate females. Progesterone by itself does 

not enhance receptivity. 

Although the sexual behavior of normal adult rats 

is predominantly homotypical, males and especially females, 

tend to engage in heterotypical behavior on occasion. 

Females' mounting behavior can be increased by treatment 

with TP, and by using behaviorally-estrous "stimulus" 

females (Beach 1942; Beach and Rasquin 1942). Whalen and 

Edwards (1967) and Ward and Renz (1972) have found that 

post-natal androgenization, followed by TP treatment during 

adulthood, resulted in elevated intromission frequencies. 

Intact or adult castrate male rats rarely emit lordosis 

responses when mounted. While Davidson (1969) has reported 

that males show lordosis responses with some degree of 

regularity following prolonged treatment with EB, others 

have not been able to obtain feminine behavior from males 

(Edwards and Thompson 1970). In comparison to females, 

males are grossly insensitive to the lordosis-enhancing 

effect of progesterone (Clemens et al. 1970) . Neonatally-

castrated males exhibit feminine sexual behavior and 

progesterone sensitivity which is equivalent to that of 

normal females (Whalen and Edwards 1967). 

Following treatment with estrogen and progesterone, 

androgenized females show levels of homotypical behavior 

which are inversely related to the amount of TP they 

( 



received as neonates (Gerall and Kenney 1970). There has 

been considerable controversy in the literature over the 

cause of the androgenized females deficient in feminine 

sexual behavior. Clemens et al. (1969, 1970) contend that 

the androgenized female is insensitive to progesterone, but 

not to estrogen. On the other hand, Gerall and Kenney 

(1970) and Whalen, Luttge, and Gorzalka (1971) have pre

sented evidence which indicates that androgenized females 

are behaviorally unresponsive to estrogen, and to pro

gesterone as well. Whalen et al. (1971) suggested that 

the discrepancy between their findings and those of Clemens 

et al. (1970) resulted from the low, marginally effective, 

EB dose used in the latter study. 

Although there is an extensive body of literature 

on the effects of androgenization on rat sexual behavior, 

the social behavior of androgenized rats has not been so 

thoroughly investigated. Quadagno, Shryne, Anderson and 

Gorski (1972) measured social, exploratory, and sexual 

behaviors of normal and androgenized female rats, males 

castrated neonatally or on Day 20, and intact males. These 

rats were tested by separate pairings with intact male or 

intact, estrous female stimulus rats. In the pair en

counter with the male stimulus rats, normal males showed 

a greater tendency to approach the other rat than did 

members of any of the other groups. Androgenized females 



spent more time in contact with stimulus females than did 

males or oil-treated females. The normal females also 

showed more exploratory behavior (defined as rearing pos

tures) in the pair encounters than did androgenized females 

or intact males. Gummow (1975) has also reported that, 

relative to oil-treated females, androgenized females spent 

more time exploring behaviorally estrous stimulus rats, 

and less time investigating the testing apparatus. One 

generality emerging from these studies of social behavior 

is that, relative to normal females, androgenized rats are 

more "interested" in female stimulus animals. In addition, 

androgenized females spend less time exploring the test 

chamber. 

The following experiment was conducted in order 

to evaluate the dose-dependent effects of neonatally-

administered TP on feminine sexual behavior and on social 

behaviors. 

Method 

Mating Tests 

Each of the mating tests was conducted during the 

dark phase of the light/dark cycle, with illumination 

provided by a 15-w red light, positioned about 50 cm above 

the apparatus. Testing was conducted in two identical 

semi-circular arenas (50 cm wide by 34 cm deep by 27 cm 
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high). These chambers were equipped with plexiglas 

windows, and solid guillotine door partitions which divided 

each of them into two equal areas when lowered. Before 

beginning each mating test, the partition was lowered in 

the arena. One or two stud males, and the rat being 

tested for feminine behavior, were placed on opposite 

sides of the barrier and allowed one minute to adapt to 

the apparatus. The barrier was then raised to begin the 

test session. 

Each mating test was terminated after the rat 

being tested had been mounted 21 times. The mounts had 

to involve pelvic thrusting and flank palpation by the 

male, and had to be directed toward the appropriate end 

(i.e., the rear) of the subject. In addition, the male 

had to completely dismount from the subject before the 

next mount could be recorded. One observer recorded which 

of three types of responses the subjects emitted to each 

mount: 

No lordosis response. The subject showed no verte

bral dorsiflection. 

Minimal lordosis response. The subject arched 

its back when mounted, but returned to a normal posture as 

soon as the male had dismounted. 

Maximal lordosis response. The subject maintained 

the lordosis posture after the male had dismounted. 



The subjects" responses to the first mount were omitted 

from the data analyses because the probability of a lordosis 

response to the first mount of a test session may be lower 

than that for the rest of the session. Lordosis quotients 

(LQ; ratio of lordosis responses to mounts times 100) 

were computed for Maximal lordosis responses, and for Total 

lordosis responses (minimal plus maximal lordoses). 

The following procedures were used for the mating 

tests: 

Mating Test I. Each of the subjects was tested for 

sexual behavior following four daily injections of EB 

(10 yg/rat/day). The EB was injected s.c., in 0.1 ml 

cottonseed oil vehicle. Injections were continued for 

four days past the mating tests, for a total of one week, 

so the body weight responses to EB could be determined. 

Mating Test II. Three of the rats in each group 

were tested for female sexual behavior three days after 

receiving one s.c. injection of 10 yg EB. Another three 

rats from each group received 10 yg EB three days prior to 

testing, and 500 yg progesterone (s.c.) six to eight hrs 

before the test. Within each neonatal treatment group, 

the rats were randomly assigned to the EB only or EB plus 

progesterone subgroups. 



Social Behavior Tests 

The subjects were housed in groups for one month 

prior to, and during, social behavior testing. There were 

five rats in each of the 50 yg TP female, oil-treated 

female, and oil-treated male groups. There were six rats 

in both the 5 yg TP and 500 yg TP female groups. The 

subjects were removed from their group cages for weighing, 

testing, and injections, and returned as soon as those 

tasks were completed. The social behavior of each subject 

was assessed once immediately prior to initiation of daily 

s.c. TP injections (500 yg/rat/day), and after 10 days of 

TP treatment. 

Social behavior was observed in two mating arenas, 

the features of which were previously described. Tests 

were conducted during the dark period of the light/dark 

cycle, with illumination provided by a 15-w red light. 

Each subject was paired first with an estrous female 

stimulus rat which occupied one mating arena, and next 

with a male stimulus rat which occupied the other arena. 

At the beginning of each pairing the guillotine door was 

lowered, thus confining the stimulus rat to one half of 

the chamber. The subject was then placed in the vacant 

half of the arena. One min later, the door was removed, 

and the rats were observed for 10 min. 

Stimulus females were three spayed Long-Evans rats 

which were brought into behavioral estrous by injection of 
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10 yg EB 48 hrs, and 500 yg progesterone six to eight hrs 

prior to testing. Stimulus males were four intact Long-

Evans rats which had previously been used in the mating 

tests. The stimulus rats were randomly assigned to sub

jects, with the exception that each subject was paired with 

the same stimuli in both social behavior tests (pre- and 

post-TP treatment). 

An observer, using a 10 channel frequency/duration 

recorder, recorded the following behaviors of the subjects 

during each pairing: 

Total mounts. Frequency of mounts made by the 

subject which were directed toward the perineal region of 

the stimulus rat, and which involved paw placement. 

Mounting and thrusting. The frequency of mounts, 

from the rear of the stimulus animal, for which pelvic 

thrusting was observed. 

Lordosis. The frequency of lordosis responses by 

the subjects. The frequency of mounts by the stimulus rats 

were also recorded so LQs could be calculated for the 

subjects. 

Genital Exploration. The frequency of instances 

of the subject sniffing the perineal region of the stimulus 

rat. Durations of genital exploration (as well as fre

quency) were recorded in the tests which were conducted 

after the subjects were treated with TP. 



33 

Proximity. The frequency and duration (in sec) of 

the subject and stimulus rat being within one inch or less 

of each other (tails were not considered a part of the 

rats' bodies in the scoring of proximity). Since proximity 

scores were not exclusive of any other behavioral categories, 

they reflect the net result of behaviors which brought the 

rats into, or out of, contact with each other. 

Rearing. The frequency and duration (in sec) of 

the subject raising its forepaws from the floor of the 

arena so that it was standing on its hindlegs. 

Grooming. The frequency and duration (in sec) of 

the subject scratching or licking itself. 

Results and Discussion 

Mating Test I 

Figure 2 shows the effects of sex and neonatal 

treatments on the rats1 Total and Maximal LQ scores as 

determined following four daily EB injections (Tables C-l 

and C-2 show analyses). The Total LQs were similar for 

females which received oil or 5 yg TP on Day 5, although 

the oil-injected females showed slightly superior per

formance. The oil-injected females' Maximal LQ was sig

nificantly greater than that evinced by the 5 yg TP-injected 

females, or by the other groups (p <.05). Females treated 

with oil on Day 5 had greater Total and Maximal LQ scores 
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Figure 2. Mean LQs of 89-96 day old male and female 
rats following four daily injections of 10 yg EB per rat. 

fc>pen bars show the "Total" LQ (ratio of total number of 
lordoses to mounts times 100); solid bars represent the 
"Maximal" LQ (ratio of intense lordoses to mounts times 
100). Standard errors of the means are shown. "0" indi
cates that no lordosis responses occurred. 



than did 50 yg TP- and 500 yg TP-injected females, and 

oil-injected males (p <.05). Males, and females treated 

with 500 yg TP at Day 5, showed lower Total and Maximal 

LQs than did oil-, 5 yg TP-, or 50 yg TP-treated females 

(p <.05). The sex/neonatal treatment variable accounted 

for 52.7% of the variance in Total LQ scores, and 59.9% 

in Maximal LQ scores. 

The difference in Maximal and Total LQs between 

5 yg TP- and 50 yg TP-injected females were not significant, 

but were in the predicted direction. That is, the 5 yg 

TP females had the higher LQs. The Total and Maximal LQ 

scores of the androgenized females were evaluated by Trend 

Analysis to determine whether the effect of neonatal TP 

dose on sexual behavior was linear (Tables C-3 and C-4). 

The linear components were significant for both measures of 

sexual behavior, and accounted for sizeable proportions of 

2 2 the variance (r = .449 for Total LQ; r = .522 for Maximal 

LQ). This indicates that there was an orderly relationship 

between the magnitude of androgenization and levels of 

female sexual behavior. 

Correlations between body weight and the LQs were 

computed to evaluate whether the rats' behavioral responses 

to EB varied with their body weights. The correlations of 

body weight with Total LQs were: +.80 for oil-treated 

females; -.86 for 5 yg TP females (p <.025, df = 4); 



-.28 for 50 yg females; +.47 for 500 yg TP females; and 

-.10 for males. Correlations of body weight with Maximal 

LQ showed a similar trend: for oil-treated females, 

r = +.44; for 5 yg TP females, r = -.83 (p <.025, 
xy xy c 

df = 4); and for 50 yg TP females, r = +.21. The LQs 
xy 

of females treated with 5 yg TP on Day 5 were apparently 

increased by the higher relative EB doses which were 

associated with lower body weights. This relationship 

did not occur in any of the other treatment groups. 

The results of Mating Test I support the contention 

of Whalen et al. (1971) that androgenization leads to 

decreased feminine behavior in response to estrogen. There 

was no evidence of the enhanced responsiveness to EB in 

females treated with 5 yg TP on Day 5 which would be pre

dicted from the Clemens et al. (1969) report. If anything, 

the 5 yg TP-treated rats' LQs were depressed relative to 

those of females injected with oil on Day 5. The dis

crepancy between this finding and that of Clemens et al. 

(1969) may have been a consequence of the higher EB dose 

used in the present study (10 yg/day versus 2 yg/day). 

Additionally, Clemens et al. (1969) found increased EB-

induced LQs only in females treated with 10 yg TP on Days 

2 or 4, but not on Day 6. Since in the present experiment, 

the females were injected with 5 yg TP on Day 5, the TP 

dose and time of injection may not have been conducive to 

production of enhanced EB sensitivity. 



37 

Mating Test II 

For Mating Test II, each neonatal treatment group 

was randomly divided into two subgroups (consisting of three 

rats each). The subgroups were tested three days after 

an injection of 10 yg EB. One subgroup from each neonatal 

treatment .condition also received 500 yg progesterone six 

to eight hrs prior to testing, while the other subgroups 

received an injection of oil vehicle at that time. The 

results are shown in Figure 3. Since only one male rat 

exhibited a lordosis response (Total LQ = 5, following 

EB + oil), males are not represented in Figure 3. 

Rats treated with EB and oil had low Maximal and 

Total LQ scores, with no reliable differences between the 

neonatal treatment groups. Progesterone produced signifi

cant elevation of the Maximal and Total LQs of oil- and 

5 yg TP-injected females, relative to the males and females 

injected with 500 yg TP (Tables C-5 and C-6, p <.05) . 

Following EB plus progesterone treatment, the 5 yg TP 

females differed significantly from the 50 yg TP females 

in Total, but not Maximal, LQ scores. There were no 

significant differences between the 50 yg TP-, 500 yg 

TP-treated female, or male groups on either measure of 

sexual behavior. Treatment with EB plus progesterone 

resulted in higher (relative to EB + oil) Maximal and 

Total LQ scores for the oil- and 5 yg TP-injected females 
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Figure 3. Mean LQs of 122 to 130 day old female 
rats. 

Testing was conducted following one injection of EB (10 
yg per rat, 72 hrs prior to testing), or after EB priming 
plus 0.5 yg progesterone six to eight hrs prior to testing. 
Open bars show the "Total" LQ, and solid bars represent 
the "Maximal" LQ. Standard errors of the means are shown. 
"O" indicates that no lordosis responses occurred. 
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(p <.05). The relationship of neonatal TP dose with the 

Total LQs measured following EB plus progesterone treatment 

was assessed by a Trend Analysis (Table C-7). The linear 

component was significant, and accounted for 55.4% of the 

variance in the Total LQ scores of the androgenized females. 

Despite the small number of subjects in each treat

ment condition, the effects of androgenization on EB and 

progesterone-induced sexual behavior were evident. This 

finding concurrs with the numerous and unequivocal reports 

(e.g., Gerall and Kenney 1970) of depression of feminine 

sexual behavior resulting from neonatal TP treatment. 

Although Mating Test II was not specifically de

signed to assess behavioral sensitivity to progesterone, 

the results indicate that the neonatal treatments did 

affect the rats' response to this hormone. Figure 3 

indicates that the groups of rats treated with EB plus oil 

showed uniformly low LQs. Since only those females treated 

with oil or 5 yg TP on Day 5 had significantly higher LQis 

following EB plus progesterone, these rats were probably 

more sensitive to progesterone than males or heavily 

androgenized females. 

Social Behavior Tests 

Mounting. Table 5 shows that in the first pair-

wise social behavior test, females injected on Day 5 with 

oil, 5 jig TP, or 50 pg TP did not exhibit any mounting 
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Table 5. Mean frequencies of total mounts, and mounts with 
thrusting, by subjects during 10 min social 
pairings with male and female stimulus rats. 

Standard errors of the means are shown in 
parentheses. 

Mounting 
Sex and Total Thrusting 
Neonatal 
Treatment 

Adult 
Treatment 

Stimulus 
Female 

Sex 
Male 

Stimulus 
Female 

Sex 
Male 

Oil pre-TP 0.0 0.0 0.0 0.0 
Female (0.0) (0.0) (0.0) (0.0) 

post-TP 0.2 0.0 0.2 0.0 
(0.2) (0.0) (0.2) (0.0) 

5 yg TP pre-TP 0.0 0.0 0.0 0.0 
Female (0.0) (0.0) (0.0) (0.0) 

post-TP 2.8 0.0 1.3 0.0 
(1.7) (0.0) (1.0) (0.0) 

50 yg TP pre-TP 0.0 0.0 0.0 0.0 
Female (0.0) (0.0) (0.0) (0.0) 

post-TP 2.6 0.6 2.2 0.2 
(2.4) (0.6) (2.2) (0.2) 

500 yg TP pre-TP 0.7 0.0 0.0 0.0 
Female (0.7) (0.0) (0.0) (0.0) 

post-TP 10.3 0.0 7.3 0.0 
(3.9) (0.0) (3.4) (0.0) 

Oil pre-TP 1.2 0.0 0.0 0.0 
Male (0.7) (0.0) (0.0) (0.0) 

post-TP 14.8 3.6 12.2 2.4 
(5.2) (1.6) (4.4) (1.4) 
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behavior. During the same series of tests, one female in

jected with 500 yg TP at Day 5, and two oil-injected males 

mounted the stimulus females. None of these mounts involved 

pelvic thrusting. Following 10 days of TP injections, there 

was some evidence of mounting behavior for each of the neo

natal treatment groups. Analysis of the total number of 

mounts occurring in the pairwise tests following 10 TP 

injections indicated that the males treated with oil at 

5 days of age mounted more frequently than females treated 

with oil, 5 yg TP, or 50 yg TP (Table C-8, p <.05). The 

females treated with 500 yg TP on Day 5 did not differ 

reliably from either the males, or the other females. The 

analysis of the total number of mounts with pelvic thrusting 

revealed the same trend—males mounted the most, but not 

significantly more than 500 yg TP females, and there were 

no differences among the four groups of female rats (Table 

c-9) . 

The statistical analyses of these data show that 

the females treated with 500 yg TP on Day 5 did not differ 

from the other females in mounting behavior. However, 

there were indications that the performance of the 500 yg 

TP females was superior to that of the other females. For 

example, one of five oil-injected females (range = 0-1 

mounts), half the 5 yg TP females (range = 1-15 mounts), 

and two of the five 50 yg TP females (range = 0-15 mounts) 
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showed some mounting behavior. All of the 500 yg TP females 

(range = 3-26 mounts) and oil-injected males (range = 1-35 

mounts) mounted the stimulus rats. 

The masculine sexual behavior observed in the pair-

wise tests revealed the expected sex difference and effects 

of adult TP treatment. There are reports that androgenized 

and oil-treated females show similar, and relatively high, 

mounting frequencies after TP "replacement", but that 

androgenized females have the higher frequency of intro

missions and complete copulations (Ward and Renz 1969; 

Whalen and Edwards 1967; Whalen, Edwards, Luttge, and 

Robertson 1969) . On the other hand, Pollak and Sachs (1975) 

indicated that while most androgenized females showed 

mounting and intromissions, few or no oil-treated females 

exhibited these behaviors. Likewise, in the present in

vestigation, all the males and "heavily" androgenized 

(500 yg TP) females mounted. Fewer "control" and more 

weakly androgenized females showed mounting activity. 

These data are in essential agreement with Pollak and Sachs1 

(1975) findings. However, since the 500 yg TP-treated 

females did not reliably differ from the "control" females 

in mount frequency, the findings are not inconsistent with 

the reports of similarity between androgenized and oil-

treated females. 
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Correlations between body weight measures and total 

mounting frequency were computed for the 500 yg TP-treated 

female and oil-treated male groups to determine whether the 

relative doses of TP (per unit body weight) influenced the 

behavioral result of the treatment. The correlations of 

initial body weight with mount frequency were -.23 for 

500 yg TP females, and +.54 for males. The negative value 

found for the 500 yg TP females indicates that the heaviest 

rats tended to exhibit the lowest mounting frequencies, 

while the males' positive relationship shows that the 

heaviest rats had higher mount frequencies than the lighter 

rats. The correlations of body weight gain with mounting 

frequency were -.67 for 500 yg TP females, and -.33 for 

males. These negative relationships (which were not sig

nificant) suggest that the rats which had the greatest 

body weight response (weight gain) to TP showed the smallest 

behavioral response (indexed by mount frequency). 

Lordosis Responses. In the first social behavior 

test, some of the rats in each neonatal treatment group were 

mounted by the stimulus males, but none showed a lordosis 

response. Following TP treatment, three of the five females 

injected with oil on Day 5, but none of the rats in the 

other groups, were mounted by the stimulus males. The 

three females were mounted an average of 15.7 times, and 

had a mean LQ of 67, with a range of 55 to 78. This 
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finding of TP-induced feminine receptivity is in agreement 

with Pfaff's (1970) report on the same phenomenon. Pfaff 

also noted that TP did not enhance the LQ of castrated 

males. Since in the present tests, the males and androg-

enized females were not mounted, the effects of TP on their 

LQs could.not be evaluated. 

Genital Exploration. The overall frequencies of 

genital exploration were highest for females treated with 

500 yg TP on Day 5, and lowest for oil-injected females. 

This difference between the 500 yg TP- and oil-injected 

females was statistically significant (p <.05). Table 6 

indicates that, with one exception, TP treatment resulted 

in increased frequencies of genital exploration (p <.001, 

Table C-10). The exception to this trend was the slight 

decrease in mean frequency of exploration of the female 

stimulus which was shown by the male subjects after TP 

injections. The correlations between genital exploration 

frequency and mount frequency were -.34 for 500 yg TP 

females and -.32 for males, indicating that the two be

havioral variables were inversely related to each other. 

Durations of genital exploration were recorded 

during the pairwise tests conducted after TP treatment. 

Females injected with 50 yg TP on Day 5 spent more time 

exploring the female stimulus rats than did any of the 

other subjects (p <.05, Table C-ll). The 50 yg TP- and 
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Table 6. Mean frequency and duration (in sec/10 min) of 
genital exploration by subjects during 10 min 
social pairings with male and female stimulus 
rats. 

Standard errors of the means are shown in 
parentheses. 

Genital Exploration 

Sex and Frequency Duration 
Neonatal Adult Stimulus Sex Stimulus Sex 
Treatment Treatment Female Male Female Male 

Oil pre-TP 0, .2 0. ,0 — — 

Female (0, .2) (0. .0) —  -

post -TP 2. .8 1. .4 6. .2 1. .7 
(0, .7) (0. .9) (2. .2) (1. .4) 

5 yg TP pre-TP 1, .2 0, .8 — — 

Female (0. .4) (0. .7) —  - — -

post -TP 2. .0 2, .3 1. ,5 1. .7 
(0. .9) (0, .7) (0. .3) (1. .4) 

50 yg TP pre TP 2. .0 1. .0 — — 

Female (0. .7) (0. • 3) — — 

post -TP 7. ,4 3, .8 34. .2 15. .0 
(1. .4) (1. .5) (6. .5) (7. .0) 

500 y g TP pre-TP 2. ,8 2. .5 — — 

Female (1. .1) (0. .8) — — 

post -TP 7. .3 4. .2 11. .5 11. ,5 
(3. .7) (1. .2) (7. 7) (3. .1) 

Oil pre-TP 2. ,6 0. .8 — - -

Male (1. 2) (0. .6) — - — 

post -TP 1. ,4 4. ,2 3. ,7 14. ,5 
(0. 7) (1. 0) (2. 2) (6. 2) 
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oil-treated females were responsive to the sex of the 

stimulus rats, as indexed by their shorter exploration 

durations of the males. This difference was significant 

only for the 50 yg TP females (p <.05). Male subjects 

spent more time exploring male (relative to female) stimu

lus rats, but this difference was not significant. 

Although Pfaff and Zigmond (1971) and Gummow (1975) 

reported a lack of effects of androgenization on genital 

exploration, their procedures were quite different from 

those of the present experiment. Here, androgenization 

clearly enhanced both the frequency and duration of genital 

exploration, but there was no reliable difference between 

"control" females and males. The data further indicate 

that the difference between heavily androgenizea and 

"control" females was manifest only after TP treatment. 

Proximity. Table 7 shows that the subjects gen

erally had higher frequencies (p <.001, Table C-12) and 

durations (p <.05, Table C-13) of proximity to the stimu

lus rats in the social behavior tests conducted prior to 

TP injections. The proximity frequencies, but not durations, 

were higher when the subjects were paired with female (as 

opposed to male) stimulus rats (p <.001, Table C-12). 

Females injected with oil at 5 days of age spent less total 

time near the stimulus rats than did males, or females 

treated with 50 ug TP (p <.05). 
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Table 7. Mean frequency and duration of proximity of the 
subjects with male and female stimulus rats 
during 10 min social pairings. 

Durations represent sec of proximity per 10 min 
session. Standard errors of the means are 
shown in parentheses. 

Proximity 

Sex and Frequency Duration 

Neonatal Adult Stimulus Sex Stimulus Sex 

Treatment Treatment Female Male Female Male 

Oil pre-TP 36. .8 33. .6 178, .2 288, .7 
Female (2. .8) (3. .2) (11, .5) (21. .1) 

post -TP 30. .0 23. .0 182, .5 200, .2 post 
(3. .6) (2. .4) (18. .0) (29, .7) 

5 yg TP pre-TP 47. .8 23. .5 267, .8 264, .8 
Female 

pre-
(3. .3) (2. .4) (34, .8) (18, .3) 

post -TP 33, .2 24, .5 203, .6 276. .2 post 
(3. .4) (2. .6) (23. .4) (28. .5) 

50 yg TP pre-TP 50. .0 27, .0 326. .4 261. .9 
Female (2. .9) (2. .9) (16. .9) (15. .1) 

post -TP 30. ,8 16. .2 351, .9 167, .2 post 
(3. .6) (2. .1) (21. .3) (43. .4) 

500 yg TP pre-TP 28. .5 27. , 0 230. .4 280. .3 
Female (3. • 7) (3. .0) (30. .4) (40. .8) 

post -TP 41. ,3 21. ,7 239. .9 244. ,3 
(3. .3) (1. .3) (20. .4) (35. .8) 

Oil pre-TP 38. ,6 24. ,4 291. ,7 344. ,4 
Male 

pre-
(3. .4) (2. 0) (34. .7) (19. 0) 

post -TP 29. ,0 16. ,4 222. ,5 282. ,9 post 
(1. .0) (1. 2) (31. 1) (39. .4) 
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The measures of proximity and genital exploration 

indicate that androgenized females, relative to "control" 

females, were more likely to investigate their female 

partners. These results are thus in agreement with those 

of Quadagno et al. (1972) and Gummow (1975). In addition, 

both measures of "affiliative" behavior were influenced 

by adult hormone treatment and sex of the partner. 

Grooming. As Table 8 indicates, there were no 

overall differences among the neonatal treatment groups in 

either the frequency or the duration of grooming behavior 

during the pairwise social behavior tests (Tables C-14 

and C-15). This finding is consistent with those of 

Quadagno et al. (1972) and Gummow (1975). The subjects 

engaged in self-grooming more frequently when they were 

paired with a female stimulus rat than when tested with a 

male stimulus (Table C-14, p <.001). Additionally, a 

large general increase in grooming duration occurred fol

lowing TP injections (Table C-15, p <.001). 

Rearing. Frequencies and durations of rearing are 

shown in Table 9. There were no major effects of the 

neonatal treatments on rearing frequencies or durations 

(Tables C-16 and C-17). When paired with the female 

stimulus rats, males and 500 yg TP-treated females spent 

less time rearing than did oil-, 5 yg TP-, or 50 yg TP-

treated females (p <- 05). However, in the pairings with 
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Table 8. Mean frequencies and durations (in sec/10 min) 
of grooming by subjects while paired with male 
or female stimulus rats. 

Standard errors of the means are shown in 
parentheses. 

Grooming 
Sex and Frequency Duration 
Neonatal Adult Stimulus Sex Stimulus Sex 
Treatment Treatment Female Male Female Male 

Oil pre-TP 7. .8 6. .0 14, .4 23, .4 
Female (2. .6) (1. • 5) (8. • 0) (10, .1) 

post -TP 8. .2 5. .4 19. .7 27, .1 
(2. • 1) (1. .3) (8, .2) (11. .4) 

5 yg TP pre-TP 7. .8 7, .2 12. .4 16, .2 
Female (1. .7) (2, .1) (3. .5) (5. .9) 

post -TP 9. .8 7, .0 24, .1 34. .5 
(2, .2) (2. .1) (8. .0) (14, .6) 

50 yg TP pre-TP 10. .0 8. .2 18. .0 16. .7 
Female (2. .8) (2. .7) (4. .4) (3. .5) 

post -TP 6. .8 2. .8 45. .3 5. .6 
(1. .8) (1. .6) (11. • 1) (7. .2) 

500 jag TP pre-TP 6. .0 5. ,2 14. ,3 24. ,5 
Female (1. .8) (1. .6) (6. .9) (8. 3) 

post -TP 15. ,7 5. ,2 45. ,4 17. ,0 
(1. 5) (1. .1) (11. ,1) (7. .2) 

Oil pre-TP 9. ,8 5. ,5 18. ,9 23. ,4 
Male (2. .1) (1. .3) (10. .5) (7. .4) 

post -TP 10. . 6 7. .8 48. .9 71. ,5 post 
(1. .5) (2. .2) (14. .8) (24. 9) 
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Table 9. Mean frequencies and durations (in sec/10 min) 
of rearing by subjects while paired with male 
or female stimulus rats. 

Standard errors of the means are shown in 
parentheses. 

Rearing 
Sex and Frequency Duration 
Neonatal Adult Stimulus Sex Stimulus Sex 
Treatment Treatment Female Male Female Male 

Oil pre-TP 43, .6 31, .0 153, .2 79, .5 
Female (4. .0) (3, .3) (22, .5) (14. .5) 

post -TP 32, .8 27, .4 110, .3 99, .9 post 
(4, .6) (9, .4) (14, .0) (37, .8) 

5 yg TP pre-TP 36, .8 27. .2 110, .9 85. .1 
Female (3, .6) (3. .0) (14. .2) (10, .1) 

post -TP 30, .7 22. .2 133, .3 63, .2 post 
(2. .0) (3. .6) (27, .1) (12, .6) 

50 yg TP pre-TP 37. .2 26. .2 124, .3 108. .9 
Female (4. .5) (3. .0) (22. .5) (19. .4) 

post -TP 27. .6 21. .8 123. .5 78, .3 post 
(3. .3) (4. .8) (27. .6) (19. .0) 

500 yg TP pre-TP 28. ,3 27. .8 87. ,5 90. .9 
Female (4. .9) (3. • 8) (15. • 9) (12. • 8) 

post -TP 31. .3 32. ,2 83. ,9 107. .1 post 
(2. 3) (3. 5) (9. 3) (15. 1) 

Oil pre-TP 27. , 6 21. ,0 84. ,5 71. ,8 
Male 

pre-
(4. .8) (2. 8) (22. 2) (8. • 7) 

post -TP 15. , 6 15. ,0 49. ,1 51. ,3 post 
(2. .0) (2. 4) (10. 4) (18. 2) 
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male stimulus rats, there were no significant differences 

among the neonatal treatment groups in rearing duration. 

Frequency and durations of rearing by the subjects were 

generally greater in pairings with the female stimulus 

rats than in pairings with the male stimuli (p <.001 for 

frequency .and duration). The rearing frequencies were 

higher in the tests conducted prior to TP treatment than 

they were after TP injections (p <.001, Table C-16). 

There are reports indicating that, relative to 

"control" females, males and androgenized females rear 

less frequently in non-social settings (Gray, Levine, and 

Broadhurst 1965). Quadagno et al. (1972) found the same 

effect of sex and neonatal treatment on rearing frequency 

in a social situation, but only when male stimulus rats 

were used. In the present experiment, the expected effect 

of sex and androgenization on rearing was apparent only 

for pairings with female stimuli. Additionally, rearing 

activity in a non-social setting (Experiment 3) was not 

influenced by sex or neonatal treatment, but did vary with 

situational variables. These findings indicate that, in 

the present investigation, effects of sex and neonatal 

treatment on rearing behavior appear only under very 

specific conditions. 

Since there are reports of a negative relationship 

between grooming and rearing behaviors, correlations between 
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these variables were computed. The values were: -.68 for 

oil-treated females; +.23 for 5 ]ig TP females; +.01 for 

50 yg TP females; -.48 for 500 yg TP females; and -.72 

for males. Three of the five groups showed the predicted 

relationship between rearing and grooming behaviors. 

However, none of the correlations was significant. 

In general, the social behavior tests revealed 

effects of androgenization on mounting activity, and on 

exploratory behaviors directed towards both the partner 

and the environment. Some categories showed clear dif

ferences between "control" females and males (mounting and 

rearing), while the sexes did not differ on certain other 

measures (e.g., genital exploration). Additionally, there 

were effects of adult TP treatment and sex of the stimulus 

rat on most of the behaviors. 

More extensive and rigorously controlled experimenta

tion would be required to account for effects of androgeniza

tion and subject sex on social behavior. For example, 

genital exploration was mutually exclusive of certain other 

recorded behaviors, such as mounting and autogrooming, and 

of behaviors which were not scored, for instance, active 

avoidance of the stimulus rat. A subject's score on any 

particular behavior would, then, be the net result of its 

"tendency" to engage in the behavior, and its "tendency" 

to perform any of the possible mutually exclusive behaviors. 
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Hypothetically, it would be possible for different groups 

to posess widely diverse "tendencies" for showing a given 

behavior, but to obtain similar scores on that measure 

because of different probabilities of emitting incompatible 

activities. The converse is also true—the groups could 

have similar propensities for showing a certain behavior, 

but have differing degrees of competing activity, with 

resulting group differences on the behavior. 

In short, the problem in interpretation of the 

social behavior scores is that the probabilities of 

occurrence of the different behaviors are not independent 

of each other. A partial solution to this dilema would 

involve a sequential analysis of the different behaviors 

emitted by the subjects, and by the stimulus rats, in which 

more activities are quantified than was done in the present 

study. If such a technique was used, it would be possible 

to determine how a similarity or difference among the groups 

on any given measure originated. For example, males and 

females did not differ on the measure of genital explora

tion. A sequential analysis might have shown that females 

actively avoided or fought with the stimulus rats, while 

males spent more of their time mounting the stimulus rats, 

and engaging in subsequent grooming activity. Furthermore, 

it is possible that the stimulus rats would behave dif

ferently towards subjects which were treated differently. 



An important implication of the preceeding dis

cussion is that attempts at formulating neural or bio

chemical "causes" of sex or androgen-related differences 

in a social behavior setting are premature. Before postu

lating mechanisms of androgen effects on some activity, 

such as genital exploration, the behavioral and situational 

variables which affect the probability of the behavior 

must be more fully understood. 



EXPERIMENT 3 

Introduction 

Several commonly-used measures of "emotionality" 

indicate that male rats are more "fearful" than are females 

(Gray, 1971). These measures include activities in a novel 

situation, readiness to leave a familiar surround, and 

rate of acquisition of an active avoidance problem. In 

the above tests, "fearful" rats (relative to nonfearful 

rats) locomote less and groom and defecate more in a new 

environment, take longer to emerge from a familiar place, 

and learn an avoidance problem more quickly (Gray 1971). 

Females locomote more than males do in an open field 

situation (Broadhurst 1957; Freeman and Ray 1972; Gray, 

Levine and Broadhurst 1965; Pfaff and Zigmond 1971; Russel 

1971; Smith 1972; Valle 1970; Williams and Russel 1972; and 

others). Gray et al. (1965) found that females treated 

with TP (500 yg) on Day 5 ambulated less than control 

females in an open field. Pfaff and Zigmond (1971) obtained 

similar results using females injected with 200 yg TP on 

Day 2, and also noted that neonatally castrated males were 

more active than their intact littermates. Measures of 

latency to emerge from a familiar environment have also 

resulted in sex differences. Williams and Wells (1970) 
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found that females came out of their home cages faster than 

males did, Pfaff and Zigmond (1971) reported that androg-

enization resulted in longer emergence latencies (relative 

to intact female latencies), and that neonatally castrated 

males emerged more quickly than did intact males. 

There are several reports of female superiority 

in acquisition of active avoidance tasks (Ashe and McCain 

1972; Beatty and Beatty 1970; Beatty, Beatty, and Bowman 

1971; Denti and Epstein 1972; Freeman and Ray 1972; 

Nakamura and Anderson 1962; Scouten and Beatty 1971). 

Beatty and Beatty (1970), in a careful assessment of this 

problem, found that females acquired an active avoidance 

problem, at a variety of shock intensities, sooner than 

males did. Additionally, females were more reactive to 

foot-shock, showing lower flinch and jump thresholds than 

did the males. Moyer (1967) and Beatty and Beatty (1970) 

have shown that castration of males and females as adults 

had no effect on the sex difference in rate of learning 

an active avoidance task. There was an effect of gonadal 

hormones on avoidance acquisition, since females which 

received TP both neonatally and as adults performed worse 

than intact males did. 

In experiment 3, the effects of varying degrees 

of androgenization on the reported sex differences in 

emotionality were investigated. Emergence latencies, open 
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field activities, and rates of conditioned active avoidance 

response acquisition were measured. 

Method 

Emergence Test 

The subjects were tested for emergence latencies 

in four daily sessions. Tests were conducted with the 

room lights on. The emergence apparatus consisted of a 

15 by 18 by 14 cm high start chamber separated from a 15 

by 41 by 14 cm high alley by a guillotine door. Rats were 

placed in the start chamber, and after one min, the 

guillotine door was raised. The following latencies were 

recorded using a 10 channel frequency/duration recorder: 

Latency 1. Latency for the rat's nose to cross the 

doorway of the start chamber. 

Latency 2. Latency for the rat to completely 

emerge from the start chamber into the alley. 

Sessions were terminated after 18 0 sec if the 

subject did not emerge; otherwise, the rat was removed as 

soon as it came out of the start chamber. 

Open-Field Test 

The activity of each rat was observed for 20 min 

in a 96 cm square by 29 cm high dark gray plywood enclosure. 

The floor of the open field was divided into 16 squares, 

each 24 cm on a side. Illumination was provided by a dim 

* 
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red light source. Ten min after placing the rat in the 

field, a loud buzzer was sounded for 10 sec. The duration 

(in sec) of the rat's freezing response to the noise was 

recorded. Frequencies of the following behaviors were 

recorded at one min intervals: 

Rearing. Raising the fore-paws from the floor and 

assuming a standing position. 

Grooming. Incidences of the rat scratching or 

licking itself. 

Center Entries. Moving away from the walls of the 

open-field into any one of the four inner squares. 

Rat behavior in "novel" situations is known to 

change as a function of exposure to the setting. In order 

to determine whether this occurred in the present open 

field test, the frequency scores were analyzed with suc

cessive Time Blocks as a within-subjects variable. Total 

frequencies of each behavior were calculated for the second 

through fourth (Block 1), fifth through seventh (Block 2), 

and eighth through tenth (Block 3) minutes of testing, both 

before and after the buzzer stimulus. Since few rats showed 

any activity during either the first min of testing, or the 

first min following buzzer presentation, the data for the 

first min of testing in each segment were not analyzed. 
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Conditioned Active Avoidance 
Response 

Avoidance conditioning was conducted in a shuttlebox 

measuring 24 by 60 by 22 cm high. The box was divided 

into two compartments which could be freely crossed by the 

rats. Background illumination was provided by a 15-w lamp 

mounted 40 cm above the apparatus. Durations of the 

intertrial interval (ITI), conditional stimulus (CS), 

and unconditional stimulus (US) were controlled by switching 

circuits and timers. Escape and/or avoidance latencies 

were registered on a chronometer and recorded following 

each trial. Intertrial crossings were also recorded. The 

US consisted of a high voltage shock which was channeled 

through a scrambler to the grid floor of the apparatus. 

The subjects first received 10 presentations of the 

CS (sonalert tone) in the absence of the US. The CS dura

tion was 10 sec unless the tone was terminated by a 

shutteling response. The ITI was 60 sec during the 10 

initial CS presentations. Immediately following the 

adaptation period, 60 massed avoidance trials were ad

ministered. The CS preceded the US onset by 10 sec, and 

terminated with the US onset, or following an avoidance 

response. The US intensity was 0.6 ma, and the duration 

of shock was 30 sec during avoidance conditioning trials. 

The ITI was 40 sec, unless an intertrial crossing occurred, 

in which case the interval was repeated. In no instance 



did any of the subjects make more than one intertrial 

crossing per trial. 

Results and Discussion 

Emergence Test 

Table 10 shows the mean (of four trials) emergence 

latencies for the five neonatal treatment groups. Although 

there was a tendency for the males to have longer initial 

latencies (Latency 1) than oil- or 5 yg TP-treated females, 

there were no significant differences among the groups 

(p >.05, Table D-l). The scores for Latency 1 did not 

change appreciably over the four daily emergence tests, 

nor was there any interaction of trials with neonatal 

treatment conditions. Latency 2 also was equivalent for 

the different groups and days of testing (Table D-2). 

Quadagno et al. (1972) also found no effect of sex 

or neonatal treatment on emergence latency, but did find 

effects on the proportion of rats emerging. They reported 

that, relative to intact females, significantly more males 

and androgenized females failed to completely emerge from 

a start box within 150 sec on each of three daily sessions. 

In the present experiment, one of seven rats in each of the 

oil-, 50 yg TP-, and 500 yg TP-treated female groups 

failed to leave the start box on the first three days of 

testing. Three of seven rats in the male and 5 yg TP-treated 
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Table 10, Means for Latency 1 and Latency 2 of emergence 
tests, 

Standard errors of the means are shown in 
parentheses. 

Neonatal (Day 5) Treatment 

Oil 5 yg TP 50 yg TP 500 yg TP Oil 
Female Female Female Female Male 

N 7 7 7 7 7 

Latency 1 12.5 10.1 16.3 18.7 37.6 
(2.2) (3.0) (7.6) (4.5) (12.2) 

Latency 2 91.7 120.5 63.5 95.5 130.8 
(21.8) (27.4) (24.6) (17.0) (22.3) 

female groups did not emerge on the first three days of 

testing. These data indicate that in this test, there were 

no striking sex differences in emergence behavior, nor were 

there reliable effects of androgenization. 

Open Field Test 

The most consistent finding of the tests for open 

field behavior was that buzzer presentation was followed 

by gross reductions in exploratory behaviors. The overall 

mean frequency (per rat) of entries into the center of the 

field in the nine mins prior to the buzzer was 0.8; fol

lowing the buzzer, the nine min mean frequency decreased 



to 0.1 entries per rat (Table D-3, p <.001). The mean 

frequency of rearing prior to the buzzer was 11.9 rears 

per rat; after the buzzer presentation the mean rearing 

frequency was 3,9 (Table D-4, p <.001). 

On the other hand, a significant increase in the 

frequency of grooming behavior (from 1.7 to 2.4 grooming 

episodes per rat) resulted from the buzzer presentation 

(Table D-5, p <.025). All of the rats remained motionless 

for at least a short time after the buzzer was sounded. 

Table 11 shows the mean buzzer-induced freezing durations 

for each of the neonatal treatment groups. The females 

treated with oil or 5 yg TP on Day 5 tended to remain 

motionless for longer durations than did the males and the 

50 yg TP and 500 yg TP females. However, these differences 

were not significant (Table D-6, p >.05). 

There were general increases in the frequencies of 

exploratory behavior (center entries and rearing) from Time 

Block 1 to Time Block 3 (Table D-3, p <.001 for center 

entries; Table D-4, p <.05 for rearing). There was also a 

reliable interaction between neonatal treatment and Time 

Block for the measure of entries into the center of the 

apparatus (Table D-3, p <.001). Table 11 shows the mean 

number of center entries by each group of rats for the 

three Time Blocks prior to the buzzer presentation. During 

Block 2, oil-treated females entered the center more 
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Table 11. Mean freezing durations following 10 sec buzzer 
presentation, and mean number of center entries 
during the first, second, and third time blocks 
prior to buzzer onset. 

Standard errors of the means are shown in 
parentheses. 

Neonatal (Day 5) Treatment 

Oil 5 yg TP 50 yg TP 500 yg TP Oil 
Female Female Female Female Male 

N 7 7 7 7 7 

Freezing 240.7 207.1 95.0 122.9 124.3 
Duration (sec) (83.9) (70.1) (40.3) (25.4) (36.4) 

Center Entries: 

Block 1 0.6 0.4 0.1 0.9 0.6 
(0.4) (0.2) (0.1) (0.6) (0.3) 

Block 2 2.0 1.3 0.4 0.1 0.1 
(0.7) (0.5) (0.3) (0.1) (0.1) 

Block 3 1.0 1.4 2.3 0.4 0.0 
(0.3) (0.9) (0.7) (0.2) (0.0) 

frequently than the male and 500 yg TP-treated female rats 

did (p <.05). In Block 3, females treated with 50 yg TP 

on Day 5 had higher frequencies of entries than did oil-

treated males and females, and 500 yg TP-treated females 

(p <.05). The 50 yg TP females, but none of the other 
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neonatal treatment groups, showed significant increases in 

center entries with the passage of time (p <.05). 

During the open field testing, it became obvious 

that the behavioral measures were inadequate for accurate 

quantification of the rats' activities. For example, 

measurement of durations of the behaviors would have 

yielded useful information. The buzzer stimulus was used 

to determine whether sex or neonatal treatment affected 

response to a "frightening" event. The large general de

creases in exploratory behavior and the increase in grooming 

in response to the buzzer showed that the rats were dis

turbed by the noise. However, the groups did not differ 

in their response to the stimulus, apparently indicating 

that they were equally frightened. 

Conditioned Active Avoidance 

Response 

Table 12 shows the neonatal treatment group means 

for hurdle crossings during 10 initial CS presentations 

(adaptation period). There were no differences among the 

groups in number of adaptation crossings (Table D-7, p >.05). 

The mean number of avoidance responses occurring during each 

of six successive 10-trial conditioning blocks are also 

shown in Table 12. The avoidance response was learned by 

each group of rats (p <.001, Table D-8). None of the dif

ferences between the neonatal treatment groups, at any stage 
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Table 12. Mean number of adaptation crossings and avoidance 
responses by neonatally-treated rats. 

Mean avoidance and escape latencies (in sec) are 
also shown. Standard errors of the means are 
shown in parentheses. 

N 

Oil 
Female 
7 

Neonatal 

5 yg TP 
Female 
7 

(Day 5) Treatment 

50 ug TP 500 yg TP 
Female Female 
7 7 

Oil 
Male 
7 

Adaptation 1.3 4.0 3.1 2.6 4.0 
Crossings (1.0) (1.1) (0.8) (0.9) (1.0) 

AVOIDANCE: 

Block 1 1.7 0.6 1.9 1.0 2.0 
(0.5) (0.3) (0.9) (0.4) (0.3) 

Block 2 4.9 3.7 3.6 4.9 4.0 
(0.7) (0.6) (0.9) (1.4) (0.6) 

Block 3 5.4 7.1 4.3 5.4 5.6 
(1.3) (1.1) (1.0) (1.2) (0.9) 

Block 4 5.4 8.3 6.6 7.0 7.3 
(1.3) (1.2) (1.1) (0.9) (0.7) 

Block 5 7.0 8.9 8.4 7.7 7.9 
(1.2) (0.7) (0.8) (1.0) (0.9) 

Block 6 7.9 8.6 8.7 8.9 8.6 
(1.2) (1.3) (0.7) (0.8) (0.5) 

Avoidance 4.1 3.4 4.5 4.0 3.9 
Latency (0.1) (0.3) (0.3) (0.3) (0.4) 

Escape 3.0 4.2 4.3 3.2 2.1 
Latency (0.6) (1.5) (1.2) (0.9) (0.3) 
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of training, were statistically reliable (p >.05, Table 

D-8). The neonatal treatment groups also had comparable 

escape (p >.05, Table D-9) and avoidance (p >.05, Table 

D-10) latencies. 

Despite the numerous reports of sex differences in 

"emotionality", virtually none were observed in the present 

experiment. One possible contributing factor was the strain 

of rats used (Long-Evans hooded rats). Most studies of 

sex related differences in "emotionality" have used 

Sprague-Dawley, Wistar, or Holtzman albino rats as sub

jects. In comparison to these albino strains, Long-Evans 

hooded rats are highly "reactive" (Radford 1971) . This 

factor might be expected to mask any minor differences in 

emotionality between the sexes. 

Results of studies on emotionality, using Long-Evans 

rats as subjects, have proven to be more equivocal than 

are the findings obtained with albinos. For example, Barrett 

and Ray (1970) showed that while Long-Evans females 

were the more active of the sexes in an open field, there 

was no difference in rate of acquisition of an active 

avoidance task. Valle (1970) found that Long-Evans females 

showed more locomotion and rearing than males in an open 

field test. Conversely, Quadagno et al. (1972) found no 

major, consistent behavioral difference between male and 

female Long-Evans rats in open field tests, but did report 
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differences in emergence behavior. Radford (1971), also 

using Long-Evans rats, failed to find any sex differences 

in emergence latency. 

Other factors which affect indices of emotionality 

include how extensively the animals were handled during 

early development, and age at the time of testing. Rats 

which were handled as infants were more active than non 

handled rats during later open field testing (Denenberg 

1969), and showed superior avoidance response acquisition 

(Denenberg 1962). Early handling thus seems to produce 

relatively nonemotional rats. Williams and Russel (1972) 

found sex differences in open field activity in handled, 

but not unhandled, black hooded rats, indicating that sex 

differences could be obscured by factors which produce 

overall changes in emotionality. With respect to age, 

Quadagno et al. (1972) found that 270 day old Long-Evans 

rats were more active than 55 day old rats in an open field. 

In the present experiment, the handling conditions 

and ages of testing were not the same as those used in 

studies which yielded differences between male and female 

Long-Evans rats. These procedural dissimilarities may ac

count .for the failure to find sex differences in emo

tionality. In addition, consistent sex differences in 

albino rats' emotionality have been obtained using a 

variety of procedures, but for Long-Evans rats, this is 
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not the case. Apparently, male and female Long-Evans rats 

show differences in emotionality only under certain specific 

rearing and testing conditions. 



GENERAL DISCUSSION 

The results of the present experiments indicate, 

first, that neonatal androgen treatment produces dose-

dependent .changes in some sexually dimorphic characteristics 

of rats. The measures which revealed this trend were body 

weight, feminine sexual behavior, and mounting in the social 

behavior tests. Secondly, some scores yielded only marginal 

differences between "control" females and males, but were 

affected by neonatal androgen treatment. These included 

body weight responses to TP and EB, and genital explora

tion during the social behavior tests. Lastly, there 

were no consistent differences among the groups in any 

of the measures of water intake, or "emotional" behavior. 

Neonatally-administered TP produces permanent 

metabolic (Denef and DeMoor 1968), somatic (Pollak and 

Sachs 1975), and neural (Green, Luttge, and Whalen 1969) 

effects, any or all of which could influence body weight 

and weight change in response to gonadal steroids. For 

instance, there are sex differences in reductive and 

oxidative steroid hormone metabolism in the liver 

(Schriefers 1967). Androgenized females resemble males in 

certain aspects of this process (Denef 1971). The dif

ferent metabolites of steroid hormones produced by "control" 

69 
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and androgenized females might, then, produce distinct 

effects on body weight. Furthermore, early androgen ex

posure could modify the rate of disposition of exogenous 

steroid hormones injected later in life. However, since 

the effects of most steroid hormone metabolites on body 

weight are unknown, it would be premature to definitely 

assign liver enzyme activities a causative role in mediating 

androgen-induced body weight differences. 

Neonatal androgen treatment also decreases the 

potential for neural tissue to retain tritiated estradiol 

(Green et al. 1969). Some of the neural regions which are 

thus affected such as the ventromedial hypothalamus, have 

also been implicated in regulation of eating behavior and 

body weight (Cox, Kakolewski, and Valenstein 1969). 

Neonatal TP treatment results in altered sensitivity 

of certain "target tissues" to gonadal steroid hormones. 

Relative to oil-treated females, androgenized females are 

less sensitive to effects of estrogen on the uterus (Van 

Rees and Gans 1966) and vagina (Gerall and Kenney 1970), 

and show more clitoral hypertrophy in response to adult 

TP treatment (Pollak and Sachs 1975). The effect of early 

TP treatment on later body weight response to gonadal 

steroids might, then, be the result of altered general 

somatic, as well as "target tissue", sensitivity to these 

hormones. The development of increased body weight in 



71 

ovariectomized, androgenized females, relative to control 

females, could result from the androgenized rats' greater 

sensitivity to weakly anabolic adrenal androgens. 

Behavioral consequences of androgenization probably 

arise from somatic, metabolic, and neural alterations 

similar to. those implicated in effects on body weight. The 

increased masculine sexual behavior of heavily androgenized 

females can be attributed primarily to their greater 

clitoral development and sensitivity to TP (Whalen 

and Edwards 1967). Differences between androgenized 

and control females in social behavior which became apparent 

after TP treatment may have resulted from differences in 

neural sensitivity to androgens. 

Decrements in feminine sexual behavior are thought 

to result from decreased neural sensitivity to estrogen 

and progesterone (Gerall and Kenney 1970). Komisaruk 

(1971) has reported that by a combination of manual flank 

palpation and probing of the vaginal cervix with a syringe 

plunger, intense lordosis could be elicited from androg

enized as well as control female rats. This finding shows 

that the failure of androgenized females to obtain high 

LQs in mating tests is not the result of an inability to 

emit lordosis responses. Rather, because of their de

creased sensitivity to ovarian hormones, androgenized 



females may have yery high thresholds of stimulation for 

their lordosis reflex. 



APPENDIX A 

VERIFICATION OF PHYSIOLOGICAL EFFECTS OF TP DOSES 

Introduction 

Barraclough (1967) and Gorski (1971) have reviewed 

the effects of neonatal androgen treatment on female repro

ductive functions. Normal adult female rats have four or 

five day ovulatory (estrous) cycles. Characteristic changes 

of the vaginal epithelium occur during the cycle, and the 

ovaries generally contain corpora lutea which indicate that 

the rat is ovulating. 

On the other hand, female rats injected with a 

sufficiently high dose of TP during their first week of 

life are acyclic. Their ovaries contain many developing 

follicles, but no corpora lutea, indicating that they do 

not ovulate. Their vaginal smears always consist primarily 

of cornified epithelial cells, which indicate that the 

ovarian follicles are tonically secreting estrogens 

(Barraclough 1967). The anovulatory syndrome which is 

caused by TP has been termed "androgen sterilization", 

and probably reflects the same developmental process which 

results in males1 characteristic tonic hormone secretion 

patterns. 

73 
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Gorski (1968) showed that most female rats which 

were injected with 10 yg TP on Day 1 never ovulated. If 

injection of the same dose was delayed until the females 

were five days old, only half of them were sterile when 

they reached puberty. Nearly all five day old females 

treated with higher TP doses were sterilized. These re

sults show that with increasing age, greater quantities 

of TP are needed to produce androgen sterilization. The 

"sensitive period" for androgen sterilization by systemic 

TP treatment ends at about eight days of age. 

Since the present experiments were designed to 

evaluate dose-dependent effects of TP on several sexually 

dimorphic phenomena, it was considered important to as

certain that the different TP doses could produce distinct 

physiological effects. Vaginal smears from the androg-

enized and oil-treated females were examined to demonstrate 

the presence or absence of reproductive cycles. Addi

tionally, quantitative measures of the effects of the 

different TP doses were obtained using a standard bioassay 

procedure for androgens (Hershberger, Shipley, and Meyer 

1953). This assay was based on the response of castrate 

males' accessory sex organs to TP treatment. 
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Method 

Vaginal Smears 

Vaginal smears were obtained by lavage, and were 

microscopically examined after staining with methylene blue. 

Each rat's smear was examined at 51 and 58 days of age. 

Rats were classed as vaginally estrous if the smear con

sisted primarily of cornified epithelial cells; proestrous 

if nucleated epithelial cells predominated; and diestrous 

if the smear contained primarily leucocytes. 

2 Chi-square (X ) tests, using Yates" correction for 

discontinuity (McNemar 1969) were used to evaluate whether 

the oil- and 5 ug TP-treated female groups differed with 

respect to proportion of rats estrous versus non-estrous 

(proestrous or diestrous). 

Bioassay 

Bioassays of the TP mixtures used for androgeniza-

tion of the female rats was conducted on the surplus male 

rats, using the method of Hershberger et al. (1953). 

Weanling (23 day old) males were castrated, and received 

their first injections on the same day. The rats were 

randomly assigned to dosage conditions, and were housed in 

groups with one dosage level per group. The rats received 

seven daily injections of 0, 5, 50, or 500 yg TP in 0.1 ml 

cottonseed oil. All the males were sacrificed one day 
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after the last injection (eight days after castration). 

The following measures were then obtained from each rat: 

Body weight, in g. 

Penis length, in mm. This measure was obtained by 

manually eversing the penis by forcefully pressing on the 

ratls perineal region. Distance from the posterior base 

of the penis to its tip was then recorded to the nearest 

1.0 mm. 

Seminal vesicle weight, in mg and mg-% (mg per 

100 g body weight). The seminal vesicles were cut from 

the ductus deferens, and dissected from any adhering tissue 

such as the coagulating glands. Both seminal vesicles 

from each rat were immediately placed in cold physiological 

(0.9%) saline, and refrigerated. They were weighed 4 hrs 

after removal. The paired seminal vesicles from each rat 

were removed from the saline, quickly blotted on filter 

paper, and weighed to the nearest 0.1 mg on a Mettler balance. 

Ventral prostate weight in mg and mg-%. Ventral 

prostate glands were removed from the urethera and dis

sected free of extra adhering tissues. They were then 

treated the same as the seminal vesicles. 

Results of the bioassay were analyzed first by 

analysis of variance, and differences among the groups 

were evaluated by the Newman-Keuls method for individual 

comparisons (Winer 1971). This was done primarily to 
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determine whether the lowest TP dose (5 yg) produced any 

growth of the accessory glands. Next, the data from the 

TP-injected males were subjected to analysis of variance 

and "Line Analysis" (Finney 1952, p. 70-75). For each of 

the "Line" analyses, the between subjects (doses) sum of 

squares was partitioned into a sum of squares resulting 

from linear regression of the physiological response to 

TP on the log dose of TP, and a sum of squares resulting 

from deviation from linear regression. The regression 

coefficient (b) was estimated as the ratio of the variance 

of the cross-products (S ) to the variance of the doses xy 

(S ). For each measure except for body weight, the ratio xx 

of b to the square root of the mean square error (within 

subjects) term was computed as an estimate of the "pre

cision" of the assay (Emmens 1962). 

Results 

Vaginal Smears 

Table A-l shows the results of the examinations of 

the female rats' vaginal smears at 51 and 58 days of age. 

Females treated with 50 or 500 yg TP on Day 5 were vaginally-

estrous at Days 51 and 58, indicating that they were acyclic. 

On the other hand, none of the females treated with oil or 

5 yg TP on Day 5 was vaginally-estrous on Day 51 and on 

Day 58. The oil-treated females did not differ significantly 
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Table A-l. Results of vaginal smears taken at 51 and 58 
days of age from female rats receiving 0, 
5.0, 50.0, or 500.0 yg TP at 5 days of age. 

Values shown are frequencies and percent of 
groups. 

0 
F % 

Neonatal TP 
5.0 
F % 

Dose (in yg) 
50.0 
F % 

500 
F 

.0 
% 

Day 51 

Estrus 0 0 1 13 6 86 4 57 

Proestrus 2 29 3 37 0 0 0 0 

Diestrus 5 71 4 50 0 0 0 0 

N. 0.* 0 0 0 0 1 14 3 43 

Total 7 8 7 7 

Day 58 

Estrus 2 29 4 57 6 86 6 86 

Proestrus 2 29 0 0 0 0 0 0 

Diestrus 3 43 3 43 0 0 0 0 

*
 • 

o
 • 0 0 0 0 1 14 1 14 

Total 7 7 7 7 

•Vagina was not open. 
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from the females injected with 5 yg TP with respect to 

proportion of rats estrous versus the proportion non-

estrous (Day 51, X^ = .005, df = 1, p >.05; Day 58, = 

.149, df = 1, p >.05). Some of the females which had been 

treated with 50 or 500 yg TP did not have complete vaginal 

opening, while all the oil- and 5 yg TP-injected rats had 

patent vaginae. 

Bioassay 

The results of the bioassay are shown in Table A-2. 

There were no significant differences in body weight among 

the groups (Table A-3). Penis length increased as the TP 

doses were increased (Table A-4, p c.001), and all the 

difference between dosage groups were reliable (p <.05). 

Although the relationship between log TP dose and penis 

length was predominantly linear (Table A-5, p c.001), the 

deviation from linearity was also reliable (Table A-5, 

p <.05). ' 

The absolute seminal vesicle and ventral prostate 

weights were increased by TP treatment (Table A-6, p <.001; 

Table A-7, p <.001). For both measures, all the dif

ferences between the groups were significant (p <.05). 

The linear relationship between TP dose and seminal vesicle 

and ventral prostate weights were significant (Table A-8, 

p <.001; Table A-9, p <.001), while the deviations from . 

linearity were not. 
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Table A-2. Results of a bioassay of three TP doses. 

Values were obtained from 31 day old rats, 
following castration at 23 days of age, and 
injection of 0, 5, 50, or 500 yg TP daily 
for seven days. The ratio of the square root 
of the mean square error to the slope of the 
regression line is shown as s/b. Standard 
errors of the means are shown in parentheses. 

Daily TP Dose (yg) 
0 5 50 500 s/b 

N 7 7 7 6* 

Mean Body Weight 52. 7 ft* 62. 3 ** 54 .1 ** 60 . 8 __ _ _ 

(in g) (4. 3) (4. 8) (2 .5) (3. 1) 

Mean Penis Length 6. 6 8. 1 9 .1 11. 5 .392 
(in mm) (0. 4) (0. 3) (0 .1) (0. 3) 

Mean Seminal Vesicle 20. 1 38. 3 152 .5 245. 4 .144 
Weight (in mg) (1. 4) (3. 7) (8 .0) (4. 2) 

Mean Seminal Vesicle 40. 1 ** 63. 8 283 .7 409. 5 .243 
Weight (in mg-%) (5. 1) (8. 2) (14 .8) (24. 8) 

Mean Ventral Prostate 51. 7 84. 1 174 .2 233. 5 .380 
Weight (in mg) (5. 2) (6. 3) (13 .1) (14. 8) 

Mean Ventral Prostate 101. 5 * *140. 7 321 .4 397. 7 .368 
Weight (in mg-%) (7. 4) (15. 4) (17 .7) (26. 9) 

*Means for ventral prostate weights (in mg and mg-%) 
of rats treated with 500 yg TP are based on an N of 5 
rather than 6, since one prostate was lost. 

**Not significant: p >.05. All other comparisons 
were statistically reliable at p <.05. 



Table A-3. Summary table of analysis of variance for body 
weight of rats used for bioassay of TP doses. 

Source df SS MS F P 

Dose 3 465.75 155.25 1.53 NS* 

Error 23 2336.55 101.59 

Total 26 2802.30 

*Not significant: p >.05. 

Table A-4, Summary table of analysis of variance of penis 
length. 

Source df SS MS F P 

Dose 3 82. .26 27. ,42 48.79 <.001 

Error 23 12. .93 0. .56 

Total 26 95. .19 

Table A-5. Summary table of analysis of variance and "Line 
Analysis" of penis length of TP-injected rats. 

Source df SS MS F P 

Dose 2 37.79 

Regression 1 35.69 35. 69 84.18 <.001 

Deviation from 
Regression 1 2.09 2. 09 4.94 <.05 

Error 17 7.21 0. 42 

Total 19 45.00 
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Table A-6. Summary table of 
vesicle weights 

analysis of 
(in mg). 

variance of seminal 

Source df SS MS F P 

Dose 3 215234.92 71744.97 425.83 <•001 

Error 23 3875.13 168.48 

Total 26 219110.05 

Table A-7. Summary table of 
prostate weights 

analysis of 
(in mg). 

variance of ventral 

Source df SS MS F P 

Dose 3 124746.44 41582.15 63.77 <.001 

Error 22 14345.20 652.06 

Total 25 139091.64 

Table A-8. Summary table of analysis of variance and 
"Line Analysis" of seminal vesicle weight 
(in mg) of TP-treated rats. 

Source df SS MS F P 

Dose 2 140146.32 

Regression 1 139622.04 139622. 04 626 •
 CO
 

<.001 

Deviation from 
Regression 1 524.29 524. 29 2 .35 NS* 

Error 17 3788.76 222. 87 

Total 19 143935.08 

*Not significant: p >.05. 



Table A-9. Summary table of analysis of variance and 
"Line Analysis" of ventral prostate weights 
(in mg) of TP-treated rats. 

Source df SS MS F P 

Dose 2 68485. 74 

Regression 1 67429. 64 67429. 64 81.73 <. 001 

Deviation from 
Regression 1 1056. 10 1056. 10 1.28 NS* 

Error 16 13200. 24 825. 02 

Total 18 81685. 99 

*Not significant: p >.05. 

Table A-10. Summary table of analysis of variance for 
seminal vesicle weights in mg-%. 

Source df SS MS F P 

Dose 3 619088.06 206362.69 150.67 <.001 

Error 23 31502.71 1369.68 

Total 26 650590.77 

Table A-ll. Summary table of analysis of variance for 
ventral prostate weights in mg-%. 

Source df SS MS F P 

Dose 3 370371.60 123457.20 68.14 <.001 

Error 22 39858.10 1811.73 

Total 25 410229.71 
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Analysis of the relative (mg-%) seminal vesicle 

and ventral prostate weights (Tables A-10 and A-ll, re

spectively) , showed that while all the differences among 

the TP-injected rats were reliable (p <.05), the males 

treated with 5 yg TP did not differ from the oil-treated 

rats. Although most of the variance in the relative seminal 

vesicle and ventral prostate weights resulted from their 

regression on log TP dose, both measures also revealed 

significant deviation from linearity (Tables A-12 and A-13). 

Conclusions 

High doses of TP (50 and 500 yg) effectively pro

duced sterility while females treated with the lower dose 

(5 yg) were apparently not sterile at the time of their 

gonadectomy. The bioassay showed that the lowest TP dose 

(5 yg), relative to the vehicle alone, was effective in 

altering penis length, and absolute seminal vesicle and 

ventral prostate weights. Emmens (1962) has noted that 

the "index of precision" (s/b) of an assay should be less 

than 0.4 if the technique is to be useful as an assay. 

Table A-2 shows that, for each measure which was influenced 

by TP treatment, the ratio s/b was less than 0.4. 
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Table A-12, Summary table of analysis of variance and 
"Line Analysis" for seminal vesicle weights 
in mg-% of TP-treated rats. 

Source df SS MS F P 

Dose 2 

Regression 1 

Deviation from 
Regression 1 

Error 17 

Total 19 

402589.07 

392519.40 392519.40 219.57 <.001 

5.63 <.05 10069.67 

30390.33 

432979.40 

10069.67 

1787.67 

Table A-13. Summary table of analysis of variance and 
"Line Analysis" for ventral prostate weights 
in mg-% of TP-treated rats. 

Source df SS MS F P 

Dose 2 216643.15 

Regression 1 204669.90 204669. 90 87.20 <.001 

Deviation from 
Regression 1 11973.24 11973. 24 5.10 A • O

 
U1
 

Error 16 37553.88 2347. 12 

Total 18 254197.03 



APPENDIX B 

ANALYSIS OF VARIANCE SUMMARY TABLES 
FOR EXPERIMENT 1 
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Table B-l. Summary table of analysis of variance for body 
weights at 37 days of age (pre-puberal). 

Source df SS MS F P 2 to 

SNT* 4 349.31 87.33 0.40 NS** 

Error 30 6605.43 220.18 

Total • 34 6954.74 

*Sex and neonatal treatments. 

**Not significant: p >.05. 

Table B-2. Summary table of analysis of variance for body 
weights at 44 days of age (puberal). 

Source df SS MS F P 2 w 

SNT* 4 2587.26 646.81 3.66 <.025 .233 

Error 30 5296.43 176.51 

Total 34 7882.69 

*Sex and neonatal treatments. 

Table B-3. Summary table of analysis of variance for body 
weights at 58 days of age (pre-castration). 

Source df SS MS F P 2 0) 

SNT* 4 20021.72 5005.43 20.34 <.001 .688 

Error 30 7384.57 246.15 

Total 34 27406.29 

*Sex and neonatal treatments. 
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Table B-4. Summary table of analysis of variance for body 
weights at 89 days of age (post-castration). 

Source df SS MS F P 2 0) 

SNT* 4 28753.83 7188.46 15 .38 '<.001 .622 

Error 30 14025.71 476.52 

Total 34 42779.54 

*Sex and neonatal treatment. 

Table B-5. Summary table of analysis of 
weights at 153 days of age. 

variance for body 

Source df SS MS F P 2 0) 

SNT* 4 42397.10 10599.28 15.16 <.001 .618 

Error 30 20982.34 699.41 

Total 34 63379.44 

*Sex and neonatal treatment. 
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Table B-6. Summary table of analysis of variance and 
trend analysis of body weights of androgenized 
females on Day 153. 

2 Source df SS MS F P r 

NT* 2 5477.67 

Linear (NT) 1 5358.66 5356 .66 5. 65 

in o
 • 

V
 .239 

Quadratic 
(NT) 

1 119.01 119 .01 0. 13 NS** 

Error 18 17079.32 948 .85 

Total 20 22556.99 

*Neonatal TP dose. 

**Not significant: p >.05. 

Table B-7. Summary table of analysis of variance for EB-
induced body weight change (in g). 

Source df SS MS F P 2 0) 

SNT* 

Error 

Total 

4 

20 

24 

749.35 

1130.4 

1879.76 

187.34 

56.52 

3.32 <.05 .270 

*Sex and neonatal treatment. 
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Table B-8. Summary table of analysis of variance for 
body weights prior to, and after five and ten 
days of TP treatment. 

Source df SS MS F P 

Between 26 

SNT* 4 141422.03 35355.51 12.48 <.001 

Error 22 62346.29 2833.92 

Within 54 

Days (D) 2 11565.30 5782.65 170.57 <.001 

SNT x D 8 728.58 91.07 2.69 <.025 

Error 44 1491.71 

Total 80 

*Sex and neonatal treatment. 
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Table B-9. Summary table of analysis of variance of body 
weight gain (in g) after five days, and five to 
ten days, of TP treatment. 

Source df SS MS F P 

Between 26 

SNT* 4 599.57 149.89 3.37 <.05 

Error 22 988.60 44.94 

Within 27 

Days (D) 1 426.17 426.17 6.21 <.025 

SNT x D 4 387.31 96.83 1.41 NS** 

Error 22 1509.42 68.61 

Total 53 

*Sex and neonatal treatment. 

**Not significant: p >.05. 
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Table B-10. Summary table of 
cent body weight 
TP injections. 

analysis of variance 
change following ten 

for per 
days of 

Source df SS MS F P 

SNT* 4 68.68 17.17 2.31 NS** 

Error 22 163.92 7.45 

Total 26 232.60 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

Table B-ll. Summary table of analysis of variance of 24 hr 
water intake (in ml). 

Source df SS MS F P 

SNT* 

Error 

Total 

4 

30 

34 

53.48 

515.16 

568.64 

13.37 

17.13 

0.78 NS** 

*Sex and neonatal treatment. 

**Not significant: p >.05. 
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Table B-12. Summary table of analysis of variance of 24 hr 
water intake in ml per 100 g body weight. 

Source df SS MS F P 

SNT* 

Error 

Total 

4 

30 

34 

16.83 

55.21 

72.04 

4.21 

1.84 

2.29 NS** 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

Table B-13. Summary table of analysis of variance for 
per cent daily water intake consumed during 
the light period. 

Source df SS MS F P 

SNT* 

Error 

Total 

4 

30 

34 

74.12 

388.57 

426.69 

18.53 

12.95 

1.43 NS** 

*Sex and neonatal treatment. 

**Not significant: p >.05. 
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Table C-l. Summary table of analysis of variance of 
maximal LQs following treatment with EB 
(Mating Test I). 

Source df SS MS F P 2 w 

SNT* 

Error 

Total 

4 

.25 

29 

13950.00 

9304.17 

23254.17 

3487.50 

372.17 

9.37 <.005 .527 

*Sex and neonatal trsatment. 

Table C-2. Summary table of analysis of variance of total 
LQs following treatment with EB (Mating Test I). 

Source df SS MS F P 2 
w 

SNT* 4 24388.00 6097.00 12.18 <.001 .599 

Error 25 12514.17 500.567 

Total 29 36902.17 

*Sex and neonatal treatment. 
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Table C-3, Summary table of analysis of variance and trend 
analysis of maximal LQs of androgenized females 
in Mating Test I. 

Source df SS MS F P r2 

NT* 2 8401.00 

Linear 
(NT) 1 8112.00 8112 .00 12. 61 <.005 .449 

Quadratic 
(NT) 1 289.00 289 

o
 
o
 • 0. 45 NS** 

Error 15 9647.50 643 .167 

Total 17 18048.500 

*Neonatal TP dose. 

**Not significant: p >.05. 

Table C-4. Summary table of analysis of variance and trend 
analysis of total LQs of androgenized females 
in Mating Test I. 

Source df SS MS F P 2 r 

NT* 2 2352.78 

Linear 
(NT) 1 2268.75 2268 .75 5. 70 <.05 .522 

Quadratic 1 84.03 84 .03 0. 21 NS** 

Error 15 5970.83 398 .06 

Total 17 8323.61 

*Neonatal TP dose. 

**Not significant: p >.05. 
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Table C-5. Summary table of analysis of variance of maxi
mal LQs following treatment with EB, or EB 
and progesterone, in Mating Test II. 

Source df SS MS F P 2 
to 

SNT* 4 7146.67 1786. 67 6. 07 <. 005 .245 

AH** 1 5333.33 5333. 33 18. 13 <. 001 .207 

SNT X AH 4 5733.33 1433. 33 4. 87 <. 01 .187 

Error 20 5883.33 294. 17 

Total 29 24096.67 

*Sex and neonatal treatment. 

**Adult hormone treatment. 

Table C-6. Summary table of analysis of variance of total 
LQs following treatment with EB, or EB and 
progesterone, in Mating Test II. 

Source df SS MS F P 2 
to 

SNT* 4 13586.67 3396. 67 7. 63 < .  001 .319 

AH** 1 5880.00 5880. 00 13. 21 < .  005 .147 

SNT x AH 4 8203.33 2050. 83 4. 61 < .  01 .174 

Error 20 8900.00 445. 00 

Total 29 36570.00 

*Sex and neonatal treatment. 

**Adult hormone treatment. 
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Table C-7. Summary table of analysis of variance and trend 
analysis of total LQs of androgenized females 
treated with EB and progesterone in Mating 
Test II. 

Source df SS MS F P r2 

NT* 2 7016.67 

Linear 
(NT) 1 7004.17 7004 .17 7.46 <.025 .554 

Quadratic 
(NT) 1 12.50 12 .50 0.01 NS** 

Error 6 5633.33 938 .89 

Total 8 12650.00 

*Neonatal TP dose. 

**Not significant: p >.05. 

Table C-8. Summary table of analysis of variance for total 
number of mounts following TP treatment during 
Social Behavior Tests. 

Source df SS MS F P 

STN* 4 1124.00 281.00 4.13 <.025 

Error 22 1496.97 68.04 

Total 26 2620.96 

*Sex and neonatal treatment. 
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Table C-9. Summary table of analysis of variance for total 
number of mounts with thrusting following TP in 
Social Behavior Tests. 

Source df SS MS F P 

STN* 4 722.81 180.70 3.89 <.025 

Error 22 1021.86 46.45 

Total 26 1746.67 

*Sex and neonatal treatment. 



Table C-10. Summary table of analysis of variance of 
genital exploration frequency during Social 
Behavior tests. 

Source df SS MS F P 

Between 26 

STN* 4 153.09 38.27 3.32 <.05 

Error 22 253.54 11.53 

Within 81 

SS** 1 22.68 22.68 3.47 NS*** 

STN x SS 4 33.34 8.37 1.27 NS 

Error 22 143.98 6.54 

1 134.45 134.45 12.92 <.001 

STN X AT 4 31.15 7.79 0.75 NS 

Error 22 228.94 10.41 

SS x AT 1 0.20 0.20 0.03 NS 

STN X SS 
X AT 

4 47.33 11.83 1.94 NS 

Error 22 134.29 6.10 

Total 107 

*Sex and neonatal treatment. 

**Sex of stimulus rat. 

***Not significant: p >.05. 

****Adult TP treatment. 
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Table C-ll. Summary table of analysis of variance of dura
tions of genital exploration following TP 
treatment during Social Behavior tests. 

Source df SS MS F P 

Between 26 

SNT* 4 3464.81 866.20 6.77 <.005 

Error 22 2814.82 127.95 

Within 27 

SS** 1 86.44 86.44 0.89 NS*** 

SNT x SS 4 1268.24 317.06 3.25 <.05 

Error 22 2144.36 97.48 

Total 53 

*Sex and neonatal treatment. 

**Sex of stimulus rat. 

***Not significant: p >.05. 
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Table C-12. Summary table of analysis of variance for 
frequency of proximity during Social Behavior 
tests. 

Source df SS MS F P 

Between 26 

SNT* 4 234.88 58.72 0.855 NS** 

Error 22 1510.43 68.66 

Within 81. 

SS*** 1 4454.33 4454.33 134.42 <.001 

SNT x SS 4 610.12 152.53 4.60 <.01 

Error 22 729.03 22.14 

^•p**** 1 1350.70 1350.70 33.80 <.001 

SNT X AT 4 1004.67 251.17 6.28 <.005 

Error 22 879.27 39.97 

SS x AT 1 3.34 3.34 0.02 NS 

SNT x SS 
x AT 4 893.06 223.26 6.42 <.005 

Error 22 765.43 34.79 

Total 107 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

***Sex of stimulus rat. 

****Adult TP treatment. 
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Table C-13. Summary table of analysis of variance for 
duration of proximity during Social Behavior 
tests. 

Source df SS MS F P 

Between 26 

SNT* 4 255082. 13 63770 .53 3. 62 

in o
 • 

V
 

Error 22 387243. 48 17601 .98 

Within 81 

SS** 1 23349. 98 23349 .98 1. 15 NS*** 

SNT x SS 4 433472. 59 108368 .15 5. 34 <.005 

Error 22 446770. 22 20307 .74 

1 167312. 28 167312 .28 5. 82 <.05 

SNT X AT 4 34150. 73 8537 .68 0. 30 NS 

Error 22 632723. 15 28760 .14 

SS x AT 1 23150. 12 23150 .12 2. 15 NS 

SNT x SS 
X AT 4 109498. 64 27374 . 66 2. 54 NS 

Error 22 236839. 48 10765 .43 

Total 107 

*Sex and neonatal treatment. 

**Sex of stimulus rat. 

***Not significant: p >.05. 

****Adult TP treatment. 
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Table C-14, Summary table of analysis of variance for 
grooming frequency during social behavior 
tests, 

Source df SS MS F P 

Between 26 

SNT* 4 39.85 9.96 0.34 NS** 

Error 22 641.31 29.15 

Within 81 

SS*** 1 285.32 285.32 14.57 <.001 

SNT x SS 4 55.09 13.77 0.70 NS 

Error 22 430.71 19.58 

* * * * 1 9.97 9.97 0.89 NS 

SNT X AT 4 261.80 65.45 5.84 <.005 

Error 22 246.74 11.22 

SS x AT 1 36.27 36.27 2.03 NS 

SNT x SS 
X AT 4 108.24 27.06 1.51 NS 

Error 22 393.14 17.87 

Total 107 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

***Sex of stimulus rat. 

****Adult TP treatment. 
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Table C-15. Summary table of analysis of variance for 
grooming duration during Social Behavior 
tests. 

Source df SS MS F P 

Between 26 

SNT* 4 23853.94 5963.49 2.29 NS** 

Error 22 57327.41 2605.79 

Within 81 

SS*** 1 86.49 86.49 0.04 NS 

SNT x SS 4 16152.15 4038.04 1.79 NS 

Error 22 49535.41 2251.61 

^rp * * * * 1 28926.88 28926.88 11.47 <.001 

SNT X AT 4 14412.42 3603.11 1.43 NS 

Error 22 55487.91 2522.18 

SS x AT 1 3104.17 3104.17 2.14 NS 

SNT x SS 
X AT 4 14783.20 3695.80 2.54 NS 

Error 22 31955.64 1452.53 

Total 107 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

***Sex of stimulus rat. 

****Adult TP treatment. 
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Table C-16. Summary table of analysis of variance for 
rearing frequency during Social Behavior 
tests. 

Source df SS MS F P 

Between 26 

SNT* 4 2245.79 561.45 2.69 NS** 

Error 22 4584.14 208.37 

Within 81 

SS*** 1 959.22 959.22 28.25 <.001 

SNT x SS 4 364.71 91.18 2.69 NS 

Error 22 746.94 33.95 

1 676.10 676.10 13.37 <.001 

SNT X AT 4 537.48 134.37 2.66 NS 

Error 22 1112.84 50.58 

SS x AT 1 117.05 117.05 2.09 NS 

SNT x SS 
x AT 4 40.07 10.02 0.18 NS 

Error 22 1233.44 56.07 

Total 107 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

***Sex of stimulus rat. 

****Adult TP treatment. 
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Table C-17, Summary table of analysis of variance of 
rearing duration during Social Behavior 
tests. 

Source df SS MS F P 

Between 26 

SNT* 4 121447. 47 30369. 37 1. 18 NS** 

Error 22 366537. 92 16660. 81 

Within 81 

SS*** 1 58120. 79 58120. 79 21. 12 <.001 

SNT x SS 4 51142. 59 12785. 65 4. 65 <.01 

Error 22 60552. 98 2752. 41 

* * * * 1 8388. 63 8388. 63 1. 23 NS 

SNT X AT 4 18599. 47 4674 . 87 0. 69 NS 

Error 22 149600. 32 6800. 01 

SS x AT 1 1113. 46 1113. 46 0. 26 NS 

SNT x SS 
x AT 4 41028. 98 10257. 24 2. 43 NS 

Error 22 92907. 38 4223. 06 

Total 107 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

***Sex of stimulus rat. 

****Adult TP treatment. 
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Table D-l. Summary table of analysis of variance for 
Latency 1 in the Emergence tests. 

Source df SS MS F P 

Between 34 53608.57 

SNT* 4 13293.14 3323.29 2.47 NS** 

Error 30 40315.42 1343.85 

Within 105 90824.25 

Trials (T) 3 6048.94 2028.31 2.49 NS 

SNT x T 12 11390.74 949.23 1.17 NS 

Error 90 73348.57 814.98 

Total 139 144432.82 

*Sex and neonatal treatment. 

**Not significant: p >.05. 
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Table D-2, Summary table of analysis of variance for 
Latency 2 in the Emergence tests. 

Source df SS MS F P 

Between 34 520670.17 

SNT* 4 78122.03 19530.51 1.32 NS** 

Error 30 442548.14 14751.61 

Within 105 219697.00 

Trials (T) 3 3654.94 1218.31 0.57 NS 

SNT x T 12 22476.20 1873.02 0.87 NS 

Error 90 193565.86 2150.73 

Total 139 740367.17 

*Sex and neonatal treatment. 

**Not significant: p >.05. 
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Table D-3. Summary table of analysis of variance for center 
entries during Open Field tests. 

Source df SS MS F P 

Between 34 57.52 

SNT* 4 8.48 2.12 1.30 NS** 

Error 30 49.05 1.64 

Within 175 154.5 

BS*** 1 22.67 22.67 22.03 < .001 

SNT x BS 4 5.64 1.41 1.37 NS 

Error 30 30.86 1.03 

2 4.15 2.08 4.64 < .001 

SNT X TB 8 14.04 1.76 3.93 < .001 

Error 60 26.81 0.45* 

BS x TB 2 1.03 0.51 0.91 NS 

SNT x BS 8 15.45 1.93 3.44 <.005 

Error 60 33.86 0.56 

Total 209 212.02 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

***Buzzer stimulus presentation. 

****Successive time blocks. 
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Table D-4. Summary table of analysis of variance for 
rearing frequency during Open Field tests. 

Source df SS MS F P 

Between 34 2330.59 

SNT* 4 158.64 39.66 0.55 NS** 

Error 30 2171.95 72.40 

Within 175 5386.67 

BS*** 1 3376.02 3376.02 191.15 < .001 

SNT x BS 4 66.79 16.70 0.95 NS 

Error 30 529.86 17.66 

2 59.34 29.67 3.59 < .05 

SNT X TB 8 44.42 5.55 0.67 NS 

Error 60 495.91 8.27 

BS x TB 2 26.47 13.23 1.15 NS 

SNT x BS 8 90.44 11.31 0.97 NS 

Error 60 697.43 11.62 

Total 209 7717.26 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

***Buzzer stimulus presentation. 

****Successive time blocks. 



113 

Table D-5. Summary 
grooming 

table of analysis 
frequency in Open 

of variance 
Field tests 

for 

Source df SS MS F P 

Between 11 179.70 

SNT* 4 25.93 6.48 1.27 NS** 

Error 30 153.76 5.13 

Within 175 708.00 

BS*** 1 23.33 23.33 5.71 < .025 

SNT x BS 4 32.71 8.18 2.00 NS 

Error 30 122.62 4.09 

yg * * * * 2 0.72 0.36 0.10 NS 

SNT X TB 8 18.75 2.34 0.66 NS 

Error 60 213.52 3.56 

BS x TB 2 0.50 0.25 0.06 NS 

SNT x BS 
x TB 8 46.89 5.86 1.41 NS 

Error 60 248.95 4.15 

Total 209 887.70 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

***Buzzer stimulus presentation. 

****Successive time blocks. 
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Table D-6. Summary table of analysis of variance for 
freezing duration following buzzer presenta
tion in Open Field tests. 

Source df SS MS F P 

SNT* 4 109181.43 27295.36 1.25 NS** , 

Error 30 653178.57 21772.62 

Total 34 762360.00 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

Table D-7. Summary table of analysis of variance for 
number of adaptation period crossings during 
Avoidance Conditioning tests. 

Source df SS MS F P 

SNT* 4 36.00 9.00 1.42 NS** 

Error 30 190.00 6.33 

Total 34 226.00 

*Sex and neonatal treatment. 

**Not significant: p >.05. 
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Table D-8. Summary table of analysis of variance for num
ber of avoidance responses during six suc
cessive 10-trial blocks during Avoidance 
Conditioning. 

Source df SS MS P P 

Between 34 539. .07 

SNT* 4 16. .09 4. .01 0. ,23 NS** 

Error 30 523. .05 17. .44 

Within 175 1876. .50 

Trials (T) 5 1226. .37 245. .27 64. .89 < .001 

SNT x T 20 83. .18 4. .16 1. .10 NS 

Error 150 566. .95 3. .78 

Total 209 2415. ,57 

*Sex and neonatal treatment. 

**Not significant: p >.05. 
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Table D-9. Summary table of analysis of variance for 
escape latencies during Avoidance Conditioning 
tests. 

Source df SS MS F P 

SNT* 4 23.54 5.89 0.84 NS** 

Error 30 210.08 7.00 

Total 34 233.62 

*Sex and neonatal treatment. 

**Not significant: p >.05. 

Table D-10. Summary table of analysis of variance for 
avoidance latencies during Avoidance Condi
tioning tests. 

Source df SS MS F P 

SNT* 4 4.17 1.04 1.62 NS** 

Error 30 19.31 0.64 

Total 34 23.48 

*Sex and neonatal treatment. 

**Not significant: p >.05. 
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