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The effects of hormones on the
gonads and gonoducts of amphibiang
have been described numerous times
during recent years. The many
kinds of experimental animals and
the variety of hormonal substances
administered have given somewhat
inconclusive results (reviews by
Blair, 1946 ; Gallien, 1950). Admin-
istering chorionie gonadotropins to
adult amphibians in tests for preg-
naney in the human being has be-
come a useful and commonplace pro-
cedure (Robbins, Parker, and Bi-
anco, 1947; Robbins and Parker,
1948 ; Galli-Manini, 1948; Wilt-
berger and Miller, 1948). However,
it is reported that administering
chorionic gonadotroping to larval
anurans has no apparent effect on
gonads (Krichesky, 1934; Mintz,
Foote and Witschi, 1945). Puckett
(1939) reports that precocious de-
velopment of the gonads of Rana
catesbiana was obtained with mam-
malian pituitary extracts, and Blair
(1946) found that chorionic gon-
adotropins administered to Juvenile
Bufo fowleri retarded spermatogene-
sis and hypertrophied the interstitial
tissue of the testis and caused ae-
celerated growth of ovocytes in the
ovary.

MATERIALS AxD MerHODS

Larvae of Rana sphenocephala
were obtained from a mine pond in

L Aided by grants from the General Research
Fund, Southern Illinois University,

late May. The tadpoles at that time
measured between 35-50 mm. total
length, with an average length for
13 animals of 44.0 mm. Histologieal
examination of gonads showed that
the sex of many of the larvae could
not be definitely determined as the
gonads were in an immature stage
(figs. 1 and 2).

A single injection of 0.025 mgs. of
testosterone propionate (Perandren-
Ciba)* was given, in sesame oil, to
one group of 50 larvae (Group I).
One month later a second group of
16 larvae, in which the sex had dif-
ferentiated, were injected with a like
amount of testosterone propionate.
Larvae of this group (Group II)
were selected from a reserve of con-
trol animals which had received no
treatment with hormones. A third
group of larvae (Group IIT) re-
ceived oil only and served as con-
trols.

As the animals began to metamor-
phose approximately two months
after the experiment was started,
some of each group were given two
daily injections of 0.1 ee. (100 T.U)

- of chorionie gonadotropic hormone

(““APL”-Ayerst)’ and were then
sacrificed at the end of the second
day. Some larvae received similar
injections of chorionic gonadotropin

2The testosterone propionate  was furnighed
through the generosity of the Cibg Pharmaceutical

- Company, Summit, New Jersey.

3 The chorionic gonadotropic hormone wasg sup-
plied by Ayerst, McKenna and Harrison, Rouses
Point, New York.
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T1g. 1—Camera lucida drawings of gonads,
gonadotropin-injected larvae
testosterone-treated larvae (E, F, males), testosterone-

controls (A, male, B, female),
larvae (G, H, I, J, intersexes). X9

two days prior to sacrifice. It had
been hoped that metamorphosed ani-
mals might be kept for longer pe-
riods of time, but the mortality in
this group was so high that all ani-
mals were sacrificed soon after me-
tamorphosis. _

Larvae were kept in well-aerated
aquariums in a room where the tem-
perature varied between 15-20° C.
They were fed daily on fresh lettuce
leaves and dry brewer’s yeast.

At the time of sacrifice the ab-
dominal eavity was opened and the
animals placed in Bouin’s solution.
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kidneys, and fat bodies of larval
(C, female; D, intersex),
and gonadot_ropin-treated

Qerial sections of 10 microns were
cut and the tissues stained in Har-
ris’s hematoxylin with an eosin coun-
terstain. :

RESULTS

As would have been expeeted from
previous investigations the animals
of Group I, which received testoster-
one propionate, had gonads of the
male type (fig. 5), as contrasted: to
the oil-treated controls of Group 11T
which showed a sex distribution of b
males and 8 females (table I). In
Group II, however, where testoster-
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Fi6s. 2-11.—(2) Ovary of control larva at beginning of experiment. (3) Control
ovary showing secondary gonad cavity one month after beginning of experiment.
(4) Testis of control larva one month after beginning of experiment. (5) Testis of
larva treated with testosterone propionate. (6) Intersexual gonad of larva treated
with testosterone propionate and chorionic gonadotropin. (7) Ovary of control
larva treated with chorionic gonadotropin. (8) Testis of metamorphosed control.
(9) Testis of metamorphosed animal treated with testosterone propionate. (10)
Testis of metamorphosed animal treated with chorionic gonadotropin. (11) Testis
of metamorphosed animal treated with testosterone and chorionic gonadotropin.
X 130.
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one injections were given after sex
differentiation had already occurred
there were 4 males to 8 females
(table I).

The administration of chorionie
gonadotropin in two injections on
successive days caused marked stim-
ulation of the interstitial tissue of
the gonads of all animals treated
(figs. 6 and 7). There was no ap-
parent effect on the germ cells. The
chorionie gonadotropin in stimulat.
ing the interstitial tissue caused the
development, or retention, of a cavity
which had the appearance of a seo-
ondary ovarial cavity. The gonads
of animals which were genetic males
or sex-reversed males, as a result of
the testosterone treatment, and
which also received chorionic gon-
adotropin, appear to be of an inter-
sexual type (fig. 6). In groups
which received chorionic gonadotro-
pin the sex ratios were modified
from that expected with a preponder-
ance of intersexes or females. Im-
stead of the expected sex ratio of
1:1 in the controls and 100 percent
males following testosterone treat-
ment very few gonads were of the
male type in those animals receiving
chorionic gonadotropins (table I).

Whereas the larval testes stimu-
lated with chorionie gonadotropin as-
sume the form of gonads with much
distended ovarial sacs with germ cells
- surrounding the cavities (fig. 1: G,
H, T, J), the testes of metamorphosed
males, treated with chorionic gon-
adotropin, resemble the testes of
control males, showing the formation
of seminiferous tubules and intersti-
tial cell stimulation (figs. 8, 9, 10,
11). _

Ovaries of larvae show some ef-
fects of the chorionic gonadotropin
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in that the interstitial tissues are
stimulated and the ovarial cavities
appear to be more distended than
those of controls. However, no
marked differences are apparent be-
tween ovaries of metamorphosed ani-
mals treated with chorionie gonado-
tropins and control animals, but the
small number of females prevents
the drawing of any definite con-
clusions concerning the growth of
ovocytes.

The wolffian ducts of none of the
groups of animals, larval or me-
tamorphosed, show any apparent un-
natural increase in size. The mul-
lerian ducts could not be definitely
identified and, as in normal animals,
are undeveloped at this stage.

Drscussion

A single injection of 0.025 mes.
of synthetic male sex hormone (Per-
andren-Ciba) is sufficient to bring
about reversal of sex from female to
male if treatment is started before
sex differentiation has oceurred.
Mintz (1948) has shown that 1 gam-
ma per liter of aquarium water, ad-
ministered to larvae of Rang sylva-
tica, from hatching to metamorpho-
sis, is sufficient to bring about in-
duction of male development. The
amount of testosterone propionate
injected into larvae in this experi-
ment was greater than the amount
used by Mintz. In the group of older
larvae (Group IT) treated with tes-
tosterone propionate no great modi-
Tication of the ovaries was noted, hut
it is probable that if the amount of
hormone had been increased and the
experiment had been prolonged, re-
versal of females to males would
have - oceurred. Mintz, Foote, and
Witschi (1945) found that a total
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of 4.0 mgs. of testosterone propion-
ate in weekly injections brought
about sex reversal in Rana clamitans
larvae.

The chorionic gonadotropin used
in this experiment (*‘ APL’-Ayerst)
contained a preponderance of luten-
izing hormone. This preparation, as
stated by the pharmaceutical com-
pany preparing it, is to be used the-
rapeutically for the lutenizing effect
to aid corpus lutenm development.
Therefore little effect on follicle
stimulation could have been antiei-
pated: Injections of this hormone
into adult males of Rana pipiens in
our laboratory caused the appear-
ance of spermatozoa in the urine, as
in cases of testing positive pregnaney
urine. Treatment of larval forms
with this hormone brought about no
maturation of the germ cells; the en-
tire effect of the hormone was on the
interstitial tissues of the gonad.
Krichesky (1934) reports that hu-
man pregnancy urine extracts ad-
ministered over a period of 10 days
had no effect on larvae of Rana
catesbiana.

There have been few reports of
the nuse of a combination of sex hor-
mones and chorionic gonadotropins
on anuran larvae. Puckett (1939)
found precocious development of
gonads of Rana catesbiana tadpoles

with injeetions of mammalian pituit-

ary extracts, as well as acceleration
of the development of sex reversed
gonads of larvae receiving both sex
hormone and pituitary injeetions.
Mintz, Foote, and Witsehi (1945)
using a variety of gonadotropic sub-
stances found no effect on the course
of sex reversal of females to males in
Rana clamitans larvae treated with
testosterone propionate.
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There are several factors involved
in the variations in results reported
by Puckett (1939), Mintz, Foote and
Witschi (1945), and by the present
investigator. Some of these are: 1.)
different species of anurans were
used, 2.) Puckett and Mintz, Foote,
and Witschi began treatment with
sex hormones and gonadotropins at
a time when the sex of the larvae
had already differentiated, whereas,
in the present experiment, treat-
ment with sex hormones began be-
fore sex differentiation was com-

plete, 3.) in the experiments of
Puckett and Mintz, Foote, and
Witsehi, treatment with the two

types of hormones was simultaneous,
whereas in the present experiment
the gonadotropin was not adminis-
tered until shortly before the animals
were sacrificed, and after sex re-
versal had oecurred, 4.) dosage of
hormone was less in the present ex-
periment, and 5.) apparently there
was a greater proportion of follicle-
stimulating hormone in-the gonado-
tropic substances used in the earlier
experiments, while here the gonado-
tropic hormone contained mostly
lutenizing substances.

Engle (1939) states that the evi-
dence from animal experiments in-
dicates that human chorionic hor-
mone is never a follicle stimulator
and that in the male at ages below
maturity, the uniform response is
the hypertrophy and hyperplasia of
the interstitial cells with the con-
comitant production of androgens.
In this experiment with larval an-
urans there is a marked hypertrophy
of interstitial cells of the gonad, but
there is little evidence to indicate
whether or not androgens were pro-
duced. No response of the gonoducts
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was noted, even though synthetie
androgen was administered. It may
be that the wolffian ducts were not
mature enough to respond to andro-
gen stimulation even though the hor-
mone was present or perhaps the
injected androgen was in insufficient
amounts to bring about a response.

On the other hand, the testes,
even though stimulated with chori-
onie gonadotropin, may produce no
androgens during the larval stage.
Perhaps, if the experiment could
have been prolonged the testes would
have produced androgens and
brought about stimulation of the
gonoducts. It does seem, however,
that the gonads were not producing
natural androgens during the larval
period of development.

SuMmAry
1. A single injection of 0.025 mgs,
of testosterone propionate adminis-
tered to larvae before sex differentia-
tion is complete brings about re-
versal of sex from female to male,
after a period of two months,
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2. A single injection of 0.025
mgs. of testosterone propionate ad-
ministered to larvae after sex dif-
ferentiation has oceurred does mnot
bring about reversal of sex, after a
period of one month,

3. Two injections of 0.01 ee, (100
L.U.) of chorionic gonadotropic hor-
mone just prior to the time of sacri-
fice cause stimulation of interstitial
tissues of the gonads.

4. In larvae, the testes respond to
chorionic gonadotropic hormomne
stimulation by the formation of a
cavity in the gonad which is similar
to the secondary gonad cavity of the
ovary. ‘

5. In metamorphosed animals the
testes respond to chorionic gonado-’
tropic hormone treatment by forma-
tion of seminiferons tubules and the
hypertrophy of interstitial tissues.

6. Wolffian duets are not stimu-
lated by synthetic male sex hor-
mones or by chorionic gonadotropie
hormones. Mullerian duets were un-
developed in animals observed.
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