CHOLESTEROL IN STARLING TESTES

each virus adsorbed in 30 minutes. This
time has therefore been adopted in assays of
both viruses.

The plaque assay of Mengovirus was com-
pared with the assay in mice and the plaque
assay of reovirus with the 50% infective end-
point titration in monkey kidney cultures.
The plaque-forming units of both viruses are
very similar in number to the infectious units
in the IDjo assays. Reovirus plaques were
read on the 9th day; corrected to the 14th
day gives a titer of 3.3 X 10® PFU/ml.
Thus it appears that plaque assays of both
Mengovirus and reovirus-3 are as sensitive
as IDj, assays and that repeated passage in
L-cells does not result in loss of virulence
for mice in the case of Mengovirus or for
monkey kidney cells in the case of reovirus.
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Summary. Reovirus-3 was passaged in L-
cells where it grew and produced a cytopathic
effect. A plaque assay in L-cells is described
for this virus and compared with the plaque
assay for Mengovirus.

Miss Joan Callender provided excellent technical
assistance.
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Androgenic hormones are known to influ-
ence very dramatically behavior associated
with courtship and breeding in many birds
(1). In the British starling Bullough
showed that these behaviors were greatly
intensified during the period of most rapid
growth of the testes(2). Witschi and Miller
found that the color of the bill in both sexes
of the starling is controlled by testosterone
(3). As the gonads increase in mass the
bill changes from black to yellow, and as the
testes decrease in weight the bill returns to
the black condition.

Cholesterol has been shown to be an im-
portant precursor in the biogenesis of the
steroids of adrenals and testes(4,5,6). Mar-
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shall and others have observed histochemi-
cally changes which occur in the cholesterol-
positive lipoids of avian testes during the
annual cycylic activity(7). The present
study conducted on starlings correlates the
cyclic changes in mass of the testes with
quantitative changes in concentration of cho-
lesterol present in the organ. An hypothesis
is advanced concerning the relationship of
cholesterol levels to steroid hormone produc-
tion. Correlations between behavioral ac-
tivity of the starlings and general histological
condition of the testes are also reported.
Material and methods. Starlings from a
known stage in their behavioral cycle were
killed with a shotgun. They were autopsied
immediately and the testes were removed,
blotted and weighed on a Roller Smith bal-
ance, and frozen in glass vials imbedded in
dry ice. Cholesterol content of the testes
was determined by the method of Knobil, et
al.(8) and reported as total cholesterol since
the free and esterified forms were not sepa-
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FIG. 1. Yearly eyeles of behavior, weight and con:
dition of testes, color of bill and concentration of
cholesterol in testes of starlings,

rated. Tissue for histological study was pre-
served in Bouin’s fluid.

Results. The results are summarized in
Fig. 1 in which concentration of cholesterol
in ug per mg of testes is plotted as the mean
monthly value (dashed line) plus or minus
2 standard deviations. The variance was
omitted for the November data since deter-
minations from only 3 individuals were
made during that month. A total of 110
starlings was used in the entire study and.
with the exception of November. mean value
for each month was based on analysis of be-
tween 8 and 10 individuals. The decrease ob-
served in concentration of cholesterol be-
tween December and January is statistically
significant (P<.01), as is the increase in
concentration between May and June (P<
.01). The marked decline between July and
September 1is also statistically significant
(P<.01). The solid line represents mean
monthly weights of the testes used for the
determinations.  Across the top of the figure
the time of molt, bill color change, and his-
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tological condition, as well as the various be-
havioral periods are indicated.

Discussion. While relatively little histo-
logical information for these particular star-
lings is available, a generalized pattern can
be adapted from work on the starling testes
by Bissonnette(9,10) and on other avian
species by Marshall(11). It is apparent that
certain correlations exist between the his-
tological condition of the testes, cholesterol
concentration in the testes, and annual cycle
of behavioral and physiological . changes in
the starling.

The first important correlation to be con-
sidered is the decrease in cholesterol concen-
tration which accompanies the very earliest
onset of testicular recrudescence (December-
January). The rapid decline in concentra-
tion is followed by a period of 4 months dur-
ing which cholesterol concentration is con-
stantly maintained at its lowest level. Dur-
ing this time the level of behavioral and
physiological activities reaches a maximum
and culminates in breeding. Presumably the
hormonal secretions of the testes are pri-
marily responsible for eliciting these re-
sponses. Rosenfeld(12) has shown that in
the mammalian adrenal cholesterol concen-
tration drops markedly when output of corti-
coids rises. If such is true of the testes of
the starling this should be the time of maxi-
mum androgen production and/or utiliza-
tion. It is suggested that the observed de-
cline in concentration of cholesterol could be
due to an increased use of this precursor
molecule for the biogenesis of more testicular
hormone.

A second correlation is observed during
the latter phase of testicular regression in
July and August when cholesterol concen-
tration increases markedly at the time when
cholesterol appears in the tubules. This
might suggest non-use, altered or greatly re-
duced use of the cholesterol molecule in bio-
synthetic pathways. Lofts and Marshall
(13) have shown in the spermatogentically
active or recrudescing testes of the pigeon
that the androgenic steroids androsterone
and androstenedione are present in the inter-
stitial tissue. In the regressing testes these
androgenic hormones disappear and the lipid
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is found in the degenerating seminiferous
tubules. From the intra-tubular lipid Lofts
and Marshall have isolated progesterone and
other progestins as well. It is also known
that progesterone induces molt in some birds.
Direct proof that in the starling the high con-
centration of cholesterol found in the regress-
ing testes plays a role in production of pro-
gesterone or other steroid hormones is lack-
ing. However, it is interesting to note the
correlation that exists between onset of the
molt and occurrence of the highest concen-
trations of cholesterol.

A third correlation is observed when the
accumulation of cholesterol-positive material
in the tubules slowly disappears and concen-
tration decreases until it reaches a plateau
during the start of fall territorial behavior.
The amount of androgenic hormone present
and/or utilized during the fall and winter
months appears to be less than that available
during the period of intensified spring activ-
ity, but more than that operative during the
low ebb of behavior observed in July and
August.

An hypothesis, based on the observed con-
centrations of cholesterol present through-
out the annual testes cycle of the starling,
can be illustrated by 3 phases: (a) The
lowest cholesterol concentration, greatest
hormone production and most active period
of behavior are observed during courtship
and breeding. (b) The highest cholesterol
concentration, lowest hormone production,
and period of least behavioral activity found
at time of summer flocking. (c) Intermedi-
ate concentrations, moderate hormone pro-
duction, and moderate behavioral activity
are shown to accompany fall and winter ter-
ritorialism.
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Summary. Levels of cholesterol were de-
termined in testes of starlings collected from
all portions of the gonadal and behavioral
cycle. The lowest concentration of choles-
terol was observed during recrudescence of
the testes and at the time of most active be-
havior. The highest concentration was ob-
served during regression of the testes and at
the period of lowest behavioral activity. In-
termediate concentrations of cholesterol ac-
companied the moderate behavioral activity
observed in fall and winter. An hypothesis
relating cholesterol concentration, hormone
production and behavioral activity is ad-
vanced.
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