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PART IV.

Studies in the distribution and concentration of alkaline phosphatase in the testis of
normal and of Desoxycorticosterone acetate treated juvenile sparrows.

INTRODUCTION.

The presence of alkaline phosphatase has been demonstrated cytochemically
in the testis of some mammalian species. In the rat this enzyme occurs in both the
tubules and in the intertubular tissue (Dempsey et al., 1949). In the tubules the
most prominent reactions occur in the spermatids and in a zone of almost hairline
sharpness in the basement membrane surrounding the tubules. The nucleus of the
spermatogonia and the chromosomes of the spermatocytes also exhibit moderate
reactions for the phosphatase. The intertubular tissue shows the presence of variable
amounts of the enzyme. Most prominent are the endothelial cells lining the blood
vessels. The cellular elements in the interstitium give only a slight reaction for the
phosphatase. These authors further reported that after hypophysectomy the
testis of the rat becomes entirely negative for alkaline phosphatase. After replace-
ment therapy with whole pituitary the enzyme returns to its original distribution
and intensity in all the elements. Soulairac and Thibault (1948) observed that
alkaline phosphatase is almost absent from the seminal tubules and the interstitial
tissue of rat’s testis. Wislocki (1949) demonstrated the presence of phosphatase
in the seminiferous tubules and the interstitium of the testis of two species of deer,
Odocotleus virginianus borealis and Cervus nippon.

Sinee the presence of alkaline phosphatase has not hitherto been reported in
the avian testis, it seemed desirable to study the distribution and concentration of
the enzyme in the testis of normal sparrows and to determine whether testicular
phosphatase responded to desoxycorticosterone acetate (DCA) treatments.

EXPERIMENTAL PROCEDURE.

Juvenile Indian House Sparrows, Passer domesticus indicus were used in this
study. Bight birds were taken for this investigation of which 4 were injected with
desoxycorticosterone acetate, and the remaining 4 were left uninjected to serve
as the controls. The birds were housed in cages and maintained under uniform
husbandry conditions throughout the duration of the experimental period.

Desoxycorticosterone acetate in sterile sesame oil was administered intra-
musocularly. The daily injections (0-1 mgm.) were made into the breast muscles
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and continued for a period of 7 days. The sites of injection alternated on successive
days between the right and left sides of the breast.

All the birds were autopsied on the day following the final injections. The
testes were fixed immediately in chilled 809, ethyl alcohol and in alcoholic Bouin’s
fluid. After dehydration and imbedding in paraffin, serial sections were cut 6 mic-
rons in thickness. The tissue fixed in Bouin’s fluid was stained with Ehrlich’s
hematoxylin. The sections of the testis fixed in ethyl alcohol were incubated in
sodium gylecerophosphate smbstrate (pH 9-5) according to the technique of Gomori
(1941) for the demonstration of alkaline phosphatase. In order to allow critical
observation of the granular deposits of cobalt sulfide no counterstain was used.
The sections were dehydrated and mounted in the usual manner.

Resurrs,

Conirols. The connective tissue forming the basement membrane of the tubules
gives only a faint reaction for alkaline phosphatase. Among the other tubules
elements the spermatogonial cells exhibit moderate phosphatase activity. Apart
from the spermatogonia the tubules contain some scattered discrete masses of fused
cytoplasm and nuclei somewhat resembling the elements of a similar nature reported
in the testis of juvenile parakeets (Kar, 1949). These cellular masses probably
represent a normal phase in histogenesis of the seminiferous tubules of the prepuberal
testis. It is interesting to note that these masses show marked enzyme activity
(P1. IV, fig. 1). In the intertubular tissue the maximal concentration of the phos-
phatase is seen in the endothelium of the blood capillaries. The cellular elements
of the interstitium, the fibroblasts and the interstitial cells, stain in a faint manner.

DCA Treaiment.—Histologically, the tubules present a compact appearance
typical of extreme immature condition of the testis. The diameter of the tubules
are much smaller as compared with that of the controls and the amount of inter-
tubular tissue is also much less. The spermatogonial cells form the principal cellular
elements of the tubules and the luminal cellular mass, characteristic of the tubules
of the control specimens are practically absent. In the interstitium there is a pre-
dominance of fibroblasts over the interstitial cells and the blood capillaries of this
region instead of being distributed throughout the intertubular space are concen-
trated mainly along the corners of the seminiferous tubules. The significant finding
in connection with enzymatic response is that the corticoid produces a total loss of
alkaline phosphatase in the different elements of the testis, except, however, in the
endothelium of the intertubular blood capillaries where great deal of enzyme activity
is retained (Pl IV, fig, 2).

DiscussIoN,

The present studies have indicated clearly that there are considerable quantities
of alkaline phosphatase in the testis of juvenile sparrows. Treatment with desoxy-
corticosterone acetate causes marked reduction in testicular phosphatase activity.

The smaller size of the seminiferous tubules, the absence of luminal cellular
mass, and the lesser amount of intertubular tissue are the significant histological
features of the testis of DCA-treated sparrows which clearly indicate that the normal
histogenetic progress of this organ is arrested by the corticoid. The Gomori test
reveals that there is also a concomitant reduction in alkaline phosphatase activity
in the testis after DCA treatment. However, the presence of testicular phosphatase
in the prepuberal sparrows and its marked inhibition after DCA treatment un-
doubtedly suggest that this enzyme plays some unknown rdle in the progressive
isogonic development of the testis.

Previous studies have shown that the activity of alkaline phosphatase may be
inhibited by the action of certain chemical agents. Thus, cyanide, formaldehyde
and other agents inactivate renal and jntestinal alkaline phosphatase (Emmel, 1946).
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Injection of androgen reduces phosphatase concentration in the avian uropygial
gland (Kar, 1950a). Sex hormone treatments depress adreno-cortical phosphatase
activity in the pigeon (Kar, 1950b). Administration of progesterone also results
in a loss of phosphatase activity in the genital system of female pigeons (Kar, 1950c).
The present investigation, therefore, adds a new instance in which the acitvity of
enzyme is shown to be reduced after hormone treatment, and as such it provides
an interesting evidence to the thesis that the hormones exert their effects on organs
by regulating the rate of enzyme activities. ‘

SvMMary,

Alkaline phosphatase is demonstrable in the seminiferous tubules and in the endothelium
of the intertubular blood vessel of the testis of juvenile sparrows., DCA treatment causes
marked loss of phosphatase activity from the component parts of the testis with the exception
of endothelium of the intertubular blood capillaries, The possible significance of this
enzymatic inhibition is discussed.

PART V.

Responses of the adreno-cortical alkaline phosphatase in the pigeon to Progesterone
and Desoxycorticosterone acetate.

INTRODUCTION,

Dempsey et al. (1949) observed that alkaline phosphatase disappears from the
fasciculata and the reticularis of the rat’s adrenal cortex after hypophysectomy but
persists in the zona glomerulosa. Replacement therapy with whole pituitary powder
causes a reappearance of the enzyme and a return to a condition approximating
that of the normal gland. Elftman (1947) reported that the phosphatase is absent
from the adrenal cortex of the castrated male, the ovariectomized female, and the
immature male mice. Treatment of such animals with androgen results in the
reappearance of the cortical phosphatase. Xar (195056) studied the distribution and
concentration of alkaline phosphatase in the adrenal cortex of the pigeon and further
noted that treatment with androgen or estrogen reduced cortical phosphatase activity.

The present report relates to a study of the effects of progesterone and desoxy-
corticosterone acetate (DCA) on the distribution and concentration of alkaline
phosphatase in the adrenal cortex of the pigeon.

EXPERIMENTAL,

Female pigeons, 110 days old were used in this study. Fifteen birds were taken
for this investigation of which 5 birds each were injected with progesterone and
DCA and the remaining 5 were left uninjected, to serve as the controls. The birds
were all housed in cages under uniform husbandry conditions throughout the duration
of the experimental period.

) Progesterone or DCA in sesame oil was administered intramuscularly. The
daily injections (0-1 mg.) were made into the breast muscles and continued for a
period of 24 days. The sites of injection alternated on successive days between the
right and left sides of the breast.

) Aqtopsy followed 24 hours after the final injections. The adrenals were fixed
immediately in chilled 809, ethyl alcohol and in 10% formol-saline. After de-
hydra_tlon and imbedding in paraffin, serial sections were cut 6 microns in thickness.
The tissue fixed in formol-saline was stained with Mallory’s trichrome stain. The

phosphatase activity was studied by the technique of Gomori (1941) described in
Part IV of this series.



24 AMIYA B. KAR: STUDIES ON CYTOCHEMISTRY OF HORMONE ACTION.

RESULTSs.

Controls. In the adrenal of the untreated pigeons the phosphatase is present
in the capsular cells. Moderate amounts of the enzyme are also present in the
endothelium of the capsular blood vessels. In the cells of the peripheral cortical
strands the phosphatase is visible in the nucleus but not in the cytoplasm. Enzy-
matic reaction, however, is uniform in the cells of the cortical strands located in
the central region of the gland. The endothelium of the capillary network in the
gland also shows strong phosphatase activity (PL 1V, fig. 3).

Progesterone treatment. The amount of phosphatase is somewhat reduced in
the adrenal capsule of the progesterone recipients. The endothelium of the blood
vessels in the capsule, however, continues to give a positive reaction for the enzyme.
In the peripheral cortical strands moderate amounts of phosphatase are present
while in those of the central region of the gland intense enzyme activity is visible.
The endothelium of the blood capillaries in the gland also gives strong positive
reaction for the phosphatase (PL IV, fig. 4).

DCA Treatment.—The capsule of the adrenal gland in the DCA-treated pigeons
shows intense phosphatase activity. However, the amount of enzyme in the endo-
thelium of the capsular blood vessels is extremely small. In the peripheral cortical
strands very strong nucleur phosphatase activity is visible while the cytoplasmic
enzyme concentration appears to belittle. There is, however, a pronounced mobiliza-
tion of the phosphatase in the strands of the central region of the gland. The com-
ponent cells of these strands are totally masked by black granular deposits of cobalt
sulfide. Even the contour of these cells is made invisible by these black deposits
(PL. 1V, fig. 5). The endothelium of the capillary network also gives intense reactions
for the enzyme,

DIsCUSSION.

The results secured in the experiment demonstrate clearly that the phosphatase
activity is markedly increased in the adrenal cortex of the pigeon after progesterone
or DCA treatments, the effect of the latter being more marked.

It has been reported (Kar, 1950b) that only negligible guantities of alkaline
phosphatase are present in the peripheral adreno-cortical strands of the pigeon;
in the more centrally located strands, however, the concentration of the enzyme is
found to be considerably high. Treatment with androgen or estrogen do not neutral-
ize this difference in the amount of phosphatase between the cortical strands in the
two regions of the gland. 1Inthe present study it is seen that the hormonal treatments
are similarly ineffective in neutralizing the difference in cortical phosphatase activity
in the two regions of the gland. In view of the known histogenesis of the adreno-
cortical cells in the pigeon (Miller and Riddle, 1942), the present findings corroborate
the view that in this species the phosphatase activity is correlated with the age of
the cortical cells (Kar, 19506). Thus, the amount of the enzyme is very little in
the young cortical cells in the periphery, but reaches a considerably higher concen-
tration in the older cells located in the central region of the gland.

Recent studies have shown that the activity of the phosphatase may be en-
hanced by the injection of hormones. Thus, estrogen treatment causes an increase
in uterine phosphatase in the mice (Atkinson and Elftman, 1947). Phosphatase
activity is also markedly increased in the vaginal epithelium of the ovariectomized
mice following estrogen therapy (Kamnell and Atkinson, 1948). Androgen treatment
causes a significant mobilization of alkaline phosphatase in the ovarian theca of the
pigeon (Kar, 1950a). Comparable results are also obtained in the ovary of the
same species after desoxycorticosterone acetate treatment (Kar, 1950a). The
present report, therefore, adds a new example of augmentation of phosphatase
activity by hormones. It is interesting to note that both progesterone and DCA
are effective in enhancing the cortical phosphatase activity, However, this cyto-
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chemieal similarity between the two hormones is to be expected since their chemical
structure and physiological actions are great deal alike (vide Burrows, 1947).

SumMmary.

Intramuscular injection of progesterone increases the concentration of alkaline phosphatase
in the adrenal cortex of the pigeon. Desoxycorticosterone acetate causes a similar but more
pronounced augmentation of adreno-cortical phosphatase activity m t}}e same species. The
significance of this cytochemical similarity between the two hormones is pointed out and discussed.
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EXPLANATION OF PLATE,

(AW figures are photomicrographs and are magnified x 130.)

Fia. 1. Segtion through the testis of an untreated juvenile sparrow. Note the distribution of
a.lkalmp phosphatase. '

Fia. 2.. Section through the testis of a DCA-treated sparrow. Note the presence of the enzyme
in the endothelium of the intertubular blood capillaries.

Fia. 3. Section through the adrenal cortex of an untreated pigeon. Note the distribution of
alkahn-e phosphatase,

Fia. 4. Section through the adrenal cortex of a progesterone-treated pigeon. Note the increase
In enzyme activity.

F1e.5. Section through the adrenal cortex of a DCA-treated pigeon. Compare with fige. 3 and 4,
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