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Recent studies using the domestic 
chick have shown the preoptic-anterior 
hypothalamic continuum to be involved 
in patterns of reproductive behavior. 
Specifically, precocial copulation in the 
male chick has been activated by 
testosterone implants in the preoptic 
region (1), inhibited by progesterone 
implants placed in the medial preoptic 
area (2), and disrupted through 
bilateral electrolytic lesions in the 
anterior hypothalamus (3). These data 
suggest that hormone-sensitive neurons 
exist in the male chick brain, possibly 
similar in neuroanatomical distribution 
to the male rat, where autoradiographic 
surveys have shown the presence of 
androgen-sensitive (4) and estrogen- 
sensitive (5) neurons. 

The purpose of the present study 
was to determine the topographical 
distribution of androgen-sensitive cells 
in the male chick brain by surveying 
for the differential uptake of tritiated 
testosterone. The autoradiographic 
technique has been a useful method 
for mapping hormone-sensitive sites in 
the mammalian brain (4, 5), and 
recent studies (6) have incorporated 
improvements in order to minimize 
artifactual data due to diffusion of 
water-soluble compounds. In the pres- 
ent study, brain tissue was sliced in 
a microtome-cryostat under safelight 
and directly mounted on slides pre- 
coated with photographic emulsion. The 
resultant autoradiograms contained ade- 
quate cellular resolution for the analysis 
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of silver grain concentrations in various 
neuroanatomical areas. 

Fifteen male Rhode Island Red X 
White Rock chicks were reared in 
isolation. At 2 weeks of age, they 
were subcutaneously injected with 
200 /Ac (1.3 tag) of 1,2-[3H]testosterone 
(specific activity 45 c/mmole), and 
decapitated 1/2 hour (n = 3), 2 hours 
(n 4), or 3 hours (n = 5) later. One 
chick for each of the three decapitation 
times was injected with unlabeled 
testosterone. Brains were removed after 
decapitation and frozen in powdered 
CO,. Brain tissue was sliced at 6 ttm 
in a cryostat at -18?C, under safelight 
conditions (7), and the sections were 
mounted directly on slides precoated 
with emulsion (Kodak NTB-3). The 
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Fig. 1. Autoradiogram showing cellular 
uptake of ["H]testosterone in nucleus 
praeopticus paraventricularis magnocellu- 
laris (X 450). Exposure 146 days, 3- 
hour decapitation. 
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slides were then packed in lightproof 
boxes, placed in plastic containers 
under partial vacuum, and exposed in 
lead-lined boxes at 5?C. After an 
exposure period of 4 to 6 months, 
the autoradiograms were developed and 
stained with thionin. 

Quantitative analyses of reduced 
grains beneath brain cells were per- 
formed for each of the 18 neuroanatom- 
ical areas (8) given in Table 1. Fifty cells 
were counted under bright-field mi- 
croscopy at X 400 for each brain area 
in every animal. Radioactivity beneath 
cell bodies for the three decapitation 
times is given in Table 1. These data, 
grouped according to neuroanatomical 
area, are presented in terms of mean 
grains per cell body, and also as the 
mean number of labeled cells, that is, 
cells which contained 11 or more 
silver grains. Highest mean uptake 
over the three decapitation periods 
was seen in the nucleus praeopticus 
paraventricularis magnocellularis, which 
consistently showed the greatest mean 
concentration of reduced grains per 
cell, as well as cells with 11 or more 
grains. In addition, relatively high 
mean grain counts were found in 
the nucleus supraopticus, nucleus 
praeopticus medialis, nucleus hypo- 
thalamicus anterior medialis, nucleus 
paraventricularis magnocellularis, and 
nucleus hypothalamicus posterior me- 
dialis. A labeled neuron in the nucleus 
praeopticus paraventricularis magnocel- 
lularis is shown in Fig. 1. 

Generally, reduced grain content de- 
creased as decapitation time increased, 
although the nucleus praeopticus 
paraventricularis magnocellularis re- 
tained high mean grain counts for 
all three decapitation periods. Chicks 
injected with unlabeled testosterone had 
low concentrations of silver grains 
throughout the brain, and averaged 
no higher than 1.03 ?+ 0.37 grains per 
cell in any neuroanatomical area. In 
no instance did an unlabeled control 
contain a cell with 11 or more grains. 
Moreover, experimental slides which 
had been fogged with light showed no 
fading of the latent image. 

In order to determine the highest 
uptake over the three decapitation 
times, the chi-square test was used 
to compare neuroanatomical areas for 
differences between labeled (11 or 
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Testosterone Concentration in the Male Chick Brain: 
An Autoradiographic Survey 

Abstract. Differential uptake of [3H]testosterone in male chick brain was found 
in periventricular areas of preoptic-hypothalamic continuum. Concentration of 
silver grains for all decapitation periods was especially high in the medial preoptic 
area, particularly the nucleus praeopticus paraventricularis magnocellularis. Dis- 
tribution of testosterone-sensitive cells is in agreement with studies showing 
neuroanatomical control of reproductive behavior by the avian forebrain. 
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Table 1. Quantitative summary of topographical distribution of radioactivity for the three decapitation periods. Uptake of ['H]testosterone is 
expressed as the mean number of grains per cell (? S.E.M.) for the various neuroanatomical areas, as well as the mean number of cells 
per brain area which contained 11 or more reduced grains. 

1/ hour (n = 3) 2 hours (n = 4) 3 hours (n 5) 

Brain area GraiCells with Cells with Grain ells with 
11 or more 11 or more It or more per cell 

grains per cell per cellgrains ~~~~~~~~~~grains grains gan 

Olfactory structures 
Bulbus olfactorius 
Hippocampal complex 

Striatal centers 
Neostriatum 
Paleostriatum primitivum 
Archistriatum 

3.30 ? .36 
3.95 ? .38 

3.96 ? .37 
4.44 ? .40 
4.31 ? .42 

2.00 
2.67 

3.16 ? .36 
2.69 ? .29 

2.33 2.59 ? .28 
1.67 2.72 ? .29 
1.67 2.63 ? .30 

Preoptic-hypothalamic continuum 
Nucleus supraopticus 
Nucleus praeopticus para- 

ventricularis magnocellularis 
Nucleus praeopticus medialis 
Lateral preoptic region 
Nucleus hypothalamicus 

anterior medialis 
Nucleus paraventricularis 

magnocellularis 
Nucleus hypothalamicus 

posterior medialis 
Lateral hypothalamic region 

Other areas 
Nucleus rotundus 
Optic tectum 
Nucleus mammilaris medialis 
Cerebellum 

7.37 ?- .50 

8.53 ? .54 
7.88 ? .49 
5.88 ? .47 

7.45 ? .44 

7.15 ? .48 

6.94 ? .46 
6.17 ? .42 

7.03 ? .47 
3.47 ? .39 
4.46 ? .39 
3.01 ? .32 

8.00 5.58 ? .41 

13.67 
11.33 
6.33 

9.00 

9.33 

7.33 
5.67 

8.33 
0.33 
2.67 
0.33 

8.12 ? .65 
5.74 ? .44 
3.64 ? .35 

5.60 ? .48 

5.32 ? ,40 

4.86 ? ,42 
3,87 ? .36 

4.78 ? .41 
2.52 ? .28 
3.87 ? .35 
2.08 ? .25 

4.50 6.30 ? .45 

13.25 9.77 ? .77 
6.25 6.35 ? .44 
0.75 3,65 ? .41 

6.00 6.11 + .51 

4.50 4.20 ? .42 

3.75 5.84 ? .47 
2.00 2.78 ? .35 

2.50 
0 
1.50 
0 

3.88 ? .43 
2.46 + .34 
1.72 ? .26 
1.20 ? .18 

while in the /2-hour condition the 
mean number of labeled cells was 
similar to that found in the nucleus 

praeopticus medialis, nucleus hypo- 
thalamicus anterior medialis, and the 
nucleus paraventricularis magnocellu- 
laris. 

Comparisons across decapitation 
times indicated that the nucleus 
praeopticus paraventricularis magno- 
cellularis and nucleus hypothalamicus 
anterior medialis showed no reliable 
decreases in mean labeled cell content, 
while other areas such as the nucleus 
supraopticus, nucleus praeopticus me- 
dialis, nucleus paraventricularis magno- 
cellularis, and the nucleus hypothala- 
micus posterior medialis all showed 
significant decreases (P < .05) in mean 
labeled cell content from the ?/2-hour 
to 2- or 3-hour decapitation times. 

The results suggest that the medial 
preoptic area, especially the nucleus 
praeopticus paraventricularis magno- 
cellularis, contains neurons which are 
particularly sensitive to radioactive 
testosterone. Cellular regions sur- 
rounding the third ventricle, and 
extending from the preoptic area to 
the medial hypothalamus, showed the 
highest uptake and retention over the 
three decapitation periods. It should 
be noted that some neuroanatomical 
regions, such as the midbrain and 
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striatal centers, were only cursorily 
sampled, and the possibility remains 
that testosterone may have been 
taken up in these or other brain 
areas. Autoradiographic studies using 
the male rat (4, 9) have also shown 
[:IH]testosterone retention within the 

preoptic-hypothalamic continuum. In 

addition, [3H]estradiol has also been 
shown to concentrate in this neuro- 
anatomical region in the female rat 

(4, 5). For the male ring dove, scintil- 
lation studies have shown [PHjtestos- 
terone to accumulate in greater 

quantities in the hypothalamus as 

compared with the cerebrum (10). 
Other data are available which 

indicate that the testosterone-sensitive 
areas described in this report are 

directly involved in the various patterns 
of avian reproductive behavior. For 
the male chick it has been shown that 
testosterone implants in the medial 

preoptic area activate copulation (1), 
while lesions in the anterior hypothala- 
mus disrupt it (3). Testosterone implants 
in the preoptic-anterior hypothalamic 
continuum have also been shown to 
activate copulation in male fowl (11) 
and male ring doves (12). Thus it 

appears that a preoptic-hypothalamic 
periventricular network exists in the 
bird which is sensitive to radioactive 
testosterone and is involved in the 

control of reproductive behavior. This 

system is at least partially developed 
at 2 weeks of age, and is similar in 
neuroanatomical distribution to that 
found in the rat. Moreover, this net- 
work may contain receptors for other 
sex steroids such as estrogen and 

progesterone. Whether testosterone 

receptor-neurons within this network 
are sensitive to other sex steroids has 

yet to be established. 
CORNELIUS C. MEYER 

Departments of Psychology 
and Biology, Quinnipiac College. 
Hamden, Connecticut 06518 
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Effects of infantile stimulation on 
adult "emotionality" in rats have been 
widely investigated. Stimulation has in- 
cluded manipulations such as handling 
for a few minutes a day (1), exposure 
to mild electric shock (2), cooling (3), 
and maternal deprivation (4). Applica- 
tion of these procedures to rats prior 
to weaning has affected their emotional 
behavior in adulthood, as measured by 
open-field performance (5). 

The degree to which the animal has 
control over its early environment has 
never been systematically investigated 
for its effect on adult behavior. Several 
cognitive theorists (6, 7) have sug- 
gested that this variable is important in 
much human behavior. In particular, 
Rotter (7) devised a rating scale de- 
signed to differentiate individuals who 
perceive a contingency between their 
behavior and environmental events (in- 
ternal locus of control) from individuals 
who perceive that their behavior has lit- 
tle effect on their environment (external 
locus of control). Rotter theorized that 
the differences between the two groups 
of individuals are caused by variations 
in their early reinforcement histories. 

Since controlled long-term manipu- 
lation of reinforcement in humans 
would be impossible, a systematic in- 
vestigation with rats appeared to be 
one way to evaluate the importance of 
this variable for adult behavior. In view 
of the fact that open-field "emotional- 
ity" is sensitive to early environmental 
manipulations in rats, this test was 
used. One of the personality traits that 
seems to be correlated with differences 
in perceived locus of control in humans 
is variation in "anxiety" levels (8). 
Therefore, insofar as "anxiety" in hu- 
mans. is similar to "emotionality" in 
rats, the test appeared appropriate. 

In the present study, two groups of 
animals that had different degrees of 
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reared in the contingent environment were less emotional, as judged 
and defecation scores in open-field testing. 
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