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TeE PROBLEM.

The effect of androgens on the testes of juvenile animals has been studied
principally on several species of birds and mammals. Different testoid preparations
of concentrates, or pure chemical substances, have been used in these experiments.
The results in the majority of cases have been inhibition of, or injury to the testes.

Following the original reports by Moore and Price (1930 and 1932) that treat-
ments with bull testis extract, injected into young male rats from birth up to 60
days of age, caused reductions in testis weights of 50 to 70 per cent below that of
untreated littermates, it was shown that androsterone (Moore and Price, 1937),
testosterone and testosterone propionate (Moore and Price, 1938) exerted entirely
similar effects. Pronounced cellular damage and inhibition of spermatogenesis
also occurred. The dosages of androgens used were approximately physiological
doses, in the sense that amounts injected were sufficient to maintain a growth of
the accessory reproductive orgarfs in castrate rats equivalent to that induced by the
intact testes.. The results with other than physiological doses, however, are con-
siderably discordant, since very small doses (Rubenstein and Kurland, 1941) and
very large ones (Selye and Friedman, 1941; Shay et al., 1941) are alleged to stimulate
the testes, whereas Green and Burril (1940) deny stimulation of testes by large doses.

Reductions in testes weight due to androgenic treatments have been reported
for young rats by several subsequent investigators (vide Moore and Morgan, 1942).
Comparable results have been obtained with young dogs (Itho and Kon, 1935) and
guineapigs (Bottomly and Folley, 1938). Moore and Morgan (1942) employed the

. opossum as test animal and could obtain no definite evidente of any damaging
effect of androgen treatment on the testes. Wells (1943) observed that prolonged
treatment with large doses of testosterone or its propionate did not prevent the
formation of spermatozoa in the young ground squirrel, Citellus tridecemlineatus.

Injuries to the juvenile testes of several species of birds have been shown to
follow androgenic treatments. Thus, experiments with ducks (Bulliard and Ravina,
1938), chicks (Breneman, 1939), and pigeons (Chu, 1940) have revealed marked
injuries after treatments with androgens. In an earlier paper Breneman (1937)
reported that testosterone and dehydroandrosterone retarded testis growth in very
young chicks but enharnced the testis weight in chicks 30 days old. However, a
consistent stimulation of testis in juvenile birds due to prolonged androgenic treat-
ments has not hitherto been reported.

In view of the clinical as well as theoretical interest in the effects of androgens
on the testis of prepuberal animals, it seems desirable to contribute the present
observations, since prolonged androgenic treatment is here found for the first time
to produce a consistent stimulation of the juvenile bird testis.
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PrOCEDURE.

Male parakeets, Psittacula eupatria nipalensis (Hodgs.), 31 days old were used
in this investigation. The birds were housed in cages and maintained under uniform
husbandry conditions throughout the duration of the experimental period. The
initial body weight of each bird was taken at the commencement of the experiment,
and the final weight was recorded on the day of autopsy.

The testoid, testosterone propionate in sesame oil was administered intramus-
cularly. The daily injections (1-2 mgm.) were made into the breast muscles and
continued for a period of 60 days (April 12 to June 11, 1948). The site of injecticn
was altered from day to-day on the right and left sides of the breast. Uninjected
birds served as the controls.

All the birds were autopsied on the day following the last injections. The

_testes were carefully dissected out, weighed to the nearest mgm., and finally fixed
in alcoholic Bouin’s fluid for histological studies. The sections of the testes were
prepared by the paraffin method and stained with Delafield’s haematoxylin followed
by eosin.

EXPERIMENTAL RESULTS.

Macroscopic observations: Gross examinations at autopsy revealed pronounced
enlargement of the testes of the experimental males in contrast to those of the
control birds. A perusal of Table 1 will also indicate that the absolute and relative
weights of the testes of androgen treated birds were significantly greater as compared
to those of the untreated controls.

TaBLE 1.

Testicular weight in control and treated parakeets.

Testicular weight.
Number Body weight
of birds. | Apsolute, Relative.t | &bautopsy.
Mgm. Per cent. Gm.
Untreated controls .. .. 10 52-24+0-6* <0049 1052422
Androgen treated .. .. 10 105-5+0-5 <0119 1035+ 1-5

* Standard error of the mean.
+ Testis weight expressed as percentage of body weight.

Microscopic observations: Control males. Microscopical examination revealed
a compact appearance typical of immature testis (Plate 1, fig. 1). The wall of the
seminiferous tubules is formed by a basement membrane which is supported by a
thin layer of connective tissue. The tubular epithelium can be identified as a single
layer of cuboidal cells. The lumen of the tubules is very inconspicuous and in many
cases practically obliterated (Plate 1, figs. 1 and 3).

Sometimes at the luminal edge of the tubular epithelium and occasionally
within the lumen itself, the tubules contain some scattered, discrete masses of fused
cytoplasm and nuclei somewhat resembling the mammalian ‘giant cells’ of testis
degeneration. Though not numerousthese cells are rather conspicuous and probably
represent a lack of maturity similar to the involuting follicles in an ovary at puberty.

The interstitial tissue is rather sparsely distributed in the space between the
seminiferous tubules (Plate 1, figs. 1 and 3). It is made up of fibroblast and inter-
stitial cells. The latter appear as oval cells with great many vacuoles and a spherical
nucleus, An occasional blood vessel can also be encountered in the interstitial tissue.
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Experimental males: Histological examination of the testis disclosed a much
less compact condition (Plate 1, fig. 2). The seminiferous tubules are enlarged in
size and the tubular epithelium presents a columnar appearance in contrast to its
cuboidal condition in the untreated males. The lumen of the tubules is very con-
spicuous and it appears that the amount of giant cell-like masses is greater in the
testes of the treated cases than that in the normal controls (Plate 1, fig. 4).

An item of considerable interest is the marked hypertrophy of the interstitial
tissue (Plate 1, fig. 4). This hypertrophy is caused to a large extent by the pro-
nounced increase in number of the vacuolated interstitial cells. This can be appre-
ciated by an examination of the Plate 1, figures 3 and 4.

Discussion.

Judging from the testis weights, treatment with testosterone propionate signi-
ficantly provoked testicular stimulation in the parakeets. The question arises as
to what components of the testis were responsible for the increased weights. Un-
doubtedly the vacuolated interstitial cells were involved to a great extent, since
their number increased remarkably in the treated males. However, it is unlikely
that the testicular enlargement was due solely to the interstitial cells, since the
seminiferous tubules also became enlarged in size. Consequently it seems probable
that the enhanced testis weight in the treated birds was related partly to the en-
largement of the tubules and partly to the increase in number of the interstitial
cells.

A significant finding in connection with the androgen induced testicular stimu-
lation in the parakeets was the conversion of the tubular epithelium from cuboidal
nature to a columnar shape. If we interpret this finding as an indicator of possible
gametokinetic action of the androgen, then it becomes extremely important, since
a very substantial evidence is provided in favour of the stimulating action of the
testoids on the prepuberal testes. However, the presence of giant cell-like masses
in the tubular lumen of the testes of the treated birds should be reckoned in this
connection. These cellular masses may represent some sort of tubular degeneration.
But it is also noteworthy that a similar cellular débris was observed in the lumen
of many seminiferous tubules in the testes of the untréated specimens, which there-
fore suggests that the giant cell masses represent a normal cytolytic phase of the
tubular epithelium during the period of isogonic growth of the testes.

A remarkable histological consequence of androgenic treatment in the juvenile
parakeets was the marked increase in number of the vacuolated interestitial cells.
Wells (1943) reported that in immature ground squirrels the administration of tes-
tosterone or its propionate did not affect the germinal epithelium, but severely
damaged the interstitial cells. It appears therefore, that the reverse is true in the
interstitial cells of the testis in the present material. However, it should be noted
that the morphological features of the interstitial cells were identical in the normal
as well as in those of the treated birds. This is very significant, especially in the
light of ‘Sluiter and Van QOordt’s (1947) findings. These authors observed that in
the immature fowl the interstitial cells were full of lipoid granules and they concluded
that these cells have only a trophic function. With the onset of sexual maturity
the glandular cells appear in the interstitial tissue and these elaborate the male
hormone. It is very likely that the vacuolated interstitial cells observed in the
testes of juvenile parakeets may correspond to the lipoid cells of the immature testes
in the fowl, since these cells were morphologically very much alike in the two species.
Moreover the vacuoles of the interstitial cells in the parakeets may indicate the
positions occupied by the lipoid granules in living cells which, however, have
been dissolved during the histological procedures employed in this study. It
becomes evident therefore, that the androgenic treatment in the parakeet merely
increased the number of trophic interstitial cells, but did not stimulate the intersti-
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tium to produce male hormone. The total absence of glandular cells from the inter-
stitial tissue provides strong evidence in support of this concept.

. A question may now be raised as t6 whether the action of the administered
androgen was independent of the presence of the hypophysis. In this connection
it should be noted that although androgens prevent testicular involution after
hypophysectomy, and exert some reparative action after degenerative changes
have occurred, it is still not known whether this is a direct or an indirect effect
(Smith, 1944; Chu and You, 1946). However, it has been satisfactorily established
that the secretions of the anterior hypophysis must be regarded as the chief factors
concerned with the regulation of both the gametogenic and hormonal activities of
the testis (vide Turner, 1948). In the light of this knowledge the réle played by the
hypophysis in testicular stimulation of the parakeets, appears to be highly suggestive.
Moreover, there is ample evidence of secretory activity by the hypophysis in im-
mature male fowl (Breneman, 1944).

In view of the above, it can be assumed that in the present material androgenic
treatment influenced the hypophysis to release greater amounts of ICSH and FSH
which probably account for the increase in number of interstitial cells as well as for
the changes in the tubular epithelium. Whether a higher level of androgen would
have been mare effective in inducing further histo-physiological changes in the testis
is an interesting problem worthy of future study.

SUMMARY.

1. Intramuscular injections of testosterone propionate (1-2 mgm. daily for a period of
60 days) into 31 days old parakeets, Psittacula eupatria nipalensis (Hodgs.) elicited significant
increase in the testicular weight.

2. The interstitial tissue was hypertrophied and there was a marked increase in number
of the vacuolated interstitial cells in the androgen recipients.

3. The tubular epithelium was converted from a cuboidal state in the normal blrds to a
columnar shape in the hormone treated ones.

4. Tt is suggested that these changes were induced by the testoid through the augmentation
of ISCH and FSH output of the hypophysis.
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Prate XII.

ExPranaTiON OF FIGURES.

Psittacula eupatria nipalensis (Hodgs.).

Fig. 1. Photomicrograph of the section through the testis of a control male (x 30).

Fig. 2. Photomicrograph of the section through the testis of an androgen treated male (X 30).
Fig. 3. Magnified view of a portion of figure 1 (< 240).

Fig. 4. Magnified view of a portion of figure 2 (X 240). Note the enlarged size of the semini-

ferous tubules, hypertrophied interstitium, and the giant cell-like masses in the
tubular lumen. -
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