dient, was enriched with glia. Small glial
cells (microcytes and oligodendrocytes)
appeared in fractions 17 and 18 (Fig.
1A) and 16 to 18 (Figs. 1B and 2A),
whereas larger glial cells (astrocytes)
appeared in fractions 18 to 20 (Fig.
1A) and 18 to 19 (Fig. 1B). The
latter fractions also contained capillary
tubes and endothelial nuclei which were
seen particularly in highest incidence
with astrocyte cells (Fig. 2B). The third
peak [fractions 25 (Fig. 1A) and 24
(Fig. 1B)], containing purified neuronal
perikarya (Fig. 2, C-F) was banded at
or near the interface between 58 percent
sucrose and potassium citrate, and was
cleanly separated from the tail of the
second peak. Fraction 22 (Fig. 1B),
which precedes fraction 24 (Figs. 1B
and 2, E and F) is the result of a
moving peak whose purified neuronal
contents (Fig. 2, E and F) disappear at
50,002 X 108 w2, including acceleration
and deceleration, into the interface of
58 percent sucrose and potassium cit-
rate forming fraction 24. The purity of
the recovered neuronal fraction was also
assessed by measuring carbonic anhy-
drase activity (/2), which is a marker
of glial cell concentrations in brain tis-
sue (I1). The distribution and highest
occurrence of enzyme activity (Fig. 1C)
are associated with the glial-enriched
band (tail of second peak); activity was
not detected in the neuronal fraction
(third peak).

Our experiments illustrate the poten-
tial resolving power and flexibility of
zonal ultracentrifugation for fractiona-
tion of brain into whole cells. It may
become practical to obtain increasingly
purified cellular populations of brain
in quantities necessary for classical
biochemical measurements of metabo-
lism.
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Mice: Fighting by Neonatally Androgenized Females

Abstract. Administration of testosterone propionate to female mice on the day
of birth resulted in increased fighting after administration of testosterone during
adulthood. This fighting, comparable to fighting among normal male mice, suggests
that early androgenic stimulation organizes neural structures mediating aggression

in the mouse.

When two male mice that have been
socially isolated for some time are
placed together, aggression is invariable.
Relatively little is known about the
development of the neuroendocrine de-
terminants of this behavior. One report
() indicates that, if the male mouse
is castrated before puberty, fighting is
rare. Treatment of the castrate with
exogenous testosterone results in arousal
of the propensity to fight. Unlike males,
adult female mice do not fight when
testosterone is administered (2). This
difference in response by male and fe-
male mice to testosterone may reflect
differences in the nature or sensitivity
of brain systems underlying aggression.
Much research on the neural mecha-
nisms underlying sexual behavior (3)
indicates that males do differ from fe-
males with respect to some brain char-
acteristics, and that these differences
result from differential androgenic stim-
ulation during a limited critical period
of development. I sought to determine
whether or not differences between
adult males and females in fighting also
are determined by the presence or ab-
sence of early stimulation by androgens.

Some Swiss-Webster litters of mice

were injected subcutaneously with 0.5
mg of testosterone propionate within
24 hours of birth. The result was geni-
tal virilization characterized by small
vaginal opening and hypertrophied
clitoris in all females. Control litters
received injections of peanut oil within
24 hours of birth, without genital effect.
The young mice were kept with the
mother until 30 days of age, when all
were weaned and gonadectomized;
they remained in the litter of birth
until 60 days of age, when the males
that had received testosterone at birth
were eliminated from the study, the
remainder being individually caged.
The remainder constituted three
groups: (i) males treated with oil at

Table 1. Percentages of pairs of mice fighting
at least once, and mean latencies to fighting
when fighting occurred.

Pairs
—_— Latency
Group No Fighting (min)
: (%)
oM 16 100.0 5.1
TPF 16 93.8 50
OF 12 8.3
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Fig. 1. Effects of neonatal stimulation by
testosterone on adult fighting in mice. Rep-
resented are the percentages of pairs in
each group fighting at various dosages of
testosterone during adulthood.

birth (OM), (ii) females treated with
oil at birth (OF), and (iii) females
treated with testosterone propionate at
birth (TPF). During the 1st week of
isolation all mice were injected sub-
cutaneously daily with 0.05 ml of oil.
On the 6th and 7th days of the 1st
week, all mice were tested for fighting;
none fought. Successively during each
of the subsequent 5 weeks, all subjects
received daily injections of 10, 20, 50,
100, and 500 pg of testosterone; on the
6th and 7th days of each week they
were tested for fighting. Thus during
successive weeks they were tested under
progressively higher doses of testos-
terone.

For testing, two mice from the same
group were paired in a neutral cage.
If they fought within 10 minutes, the
latency from the start of the test to the
beginning of the fight was recorded to
the nearest minute, and the test was
terminated by restoration of each mouse
to its home cage. A “fight” was scored
if one mouse (or both) persistently
attempted to bite the other. The same
individuals were paired for each test.

More than 90 percent of the pairs
of virilized females showed fighting
during at least one test. One hundred
percent of the pairs of males fought.
Only one pair of group OF ever fought.
Once fighting occurred, it persisted in
most subsequent observations under
conditions of increased dosage of tes-
tosterone.

For each pair in the OM and TPF
groups, a mean latency to fighting was
calculated for those tests on which
fighting occurred. Analysis of variance
of the data on latency (Table 1) failed
to indicate any significant difference be-
tween males and virilized females.
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When the dose of testosterone during
adulthood was increased, the propor-
tions of pairs of males and of virilized
females showing fighting were increased
(Fig. 1). The close correspondence of
the curves for the OM and TPF groups
indicates that these groups were little
different in their response to testos-
terone; at no dose level was the dif-
ference in proportion of pairs fighting
statistically significant. In constrast, fe-
males treated with only oil at birth
failed to fight even when given large
doses of exogenous testosterone in adult-
hood. Chi-square comparisons of group
OF with group TPF are significant be-
yond the 0.05 level at all dose levels
greater than 20 ug per day.

These data clearly indicate that ad-
ministration of testosterone to the neo-
natal female mouse facilitates the dis-
play of testosterone-aroused fighting in
adulthood; they suggest that the usually
observed difference between normal
male and female mice, with respect to
fighting, is due to the fact that males
are stimulated by testicular androgens
early in life. One may presume that the
stimulation by endogenous testosterone
in the male (and exogenous testosterone
in the female) can “organize” or cause
the differentiation of a neural sub-
strate for fighting.

The ability of early androgenic stimu-

lation to affect adult patterns of be-
havior has been clearly documented
in several species for a variety of sex-
ually dimorphic behaviors (3). In these
instances, androgenic stimulation af-
fected behavioral differentiation only
when this stimulation occurred during
a particular and limited period during
maturation. It is not yet clear to what
extent the “organizing” capacity of an-
drogens with respect to adult fighting
in mice is similarly time-limited. Data
now being collected in our laboratory
(4) suggest that the period, during
which administration of testosterone
promotes fighting in the female mouse,
may extend well beyond the 10th day
after birth,
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Red and Far-Red Light Effects on a Short-Term Behavioral

Response of a Dinoflagellate

Abstract. Cessation of movement (stop response) is used as a criterion for light
reception by the dinoflagellate Gyrodinium dorsum Kofoid. Brief irradiation 2
seconds at 470 nanometers) elicits a stop response in cells any time during the
6-minute interval after removal from growth lights. This stop response is inacti-
vated by exposure for 4 minutes to 470-nanometer light prior to stimulation. Red
light (620 nanometers) reactivates this stop response, and far-red light (700 nan-
ometers) reverses this reactivation, This red—far-red photo reversibility is taken

as evidence for phytochrome involvement.

Phytochrome mediates several long-
term growth responses (flowering, seed
germination, stem elongation) in higher
plants (7). Studies of leaf movement
in Mimosa (2) and in Albizzia (3), and
of algal chloroplast movement (4),
suggest the participation of this pigment
in short-term light responses, not medi-
ated by way of effects on RNA metab-
olism. Phytochrome, however, has not
been implicated in the control of move-
ment in motile lower plants, perhaps
because the effects of prior irradiation
on the light-induced behavioral response
have been ignored. We now report the

possible involvement of phytochrome in
a short-term response of the dinoflagel-
late Gyrodinium dorsum Kofoid.

Our culture procedure and expeti-
mental apparatus remain as reported
(5) with the following modifications.
Experiments were only conducted 8
hours after the beginning of a light
period, on 5-day-old cultures grown on
a 16-hour-light, 8-hour-dark cycle. Stim-
ulation sources were a Bausch and
Lomb No. 33-86-02 grating mono-
chromator with a 20-nm bandpass be-
tween 400 and 740 nm, and a Toyoda
microscope lamp in combination with
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