STUDIES ON CYTOCHEMISTRY OF HORMONE ACTION—
PARTS VII AND VIII.

By Amiva B. Kawr, Ph.D. (Edin.), Senior Research Fellow, N.1.8.1.,
Central Drugs Laboratory, Gout. of India, Calculta.

(Communicated by Dr. B. Mukerji, F.N.1.)
(Recetved December 26, 1950; read May 4, 1951.)

Part VII. RESPONSES OF THE ADRENO-CORTICAL, ALKALINE PHOSPHATASE IN THE
PIGEON TO EXPERIMENTAL HYPERADRENALISM,

InTRODUCTION,

The presence of alkaline phosphatase has been demonstrated cytochemically
in the mammalian adrenal cortex and also in that of the pigeon. The distribution
of this enzyme in the cortex of the rat (Dempsey ¢t al., 1949) and the mouse (Eiftman,
1947) exhibits a marked sexual dimorphism. Much more of the enzyme is present
in the male than in the female. Dempsey et al. (1949) observed that the 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. - Alkaline phosphatase is
absent from the adrenal cortex of the castrated male, the ovariectomized female,
and the immature male mice (Elftman, 1947). Treatment of such animals with
testosterone propionate results in the restoration of the cortical phosphatase
activity.

In the pigeon there are considerable amounts of alkaline phosphatase in the
adrenal cortical strands located in the central region of the gland but in the peripheral
cortical masses there is very little enzyme activity. Treatment with estrogen or
androgen reduces cortical phosphatase activity (Kar, 1950a). Progesterone or
desoxycorticosterone acetate administrations, however, are associated with a
pronounced augmentation of enzyme activity in the cortex of this species (Kar,
19500).

The present report relates to a study of the effects of experimental hyperadrena-
lism caused by adrenalin, on the distribution and concentration of alkaline phos-
phatase in the adrenal cortex of the pigeon. An effort has also been made to test
the action of gonadotropic hormone on the adreno-cortical phosphatase activity
in the adrenalin-treated birds.

ExXPERIMENTAL PROCEDURE.

Male pigeons were used in thisstudy. A total of 15 birds were experimented on,
of which 5 were m]ected with adrenalin, 5 with adrenalin plus gonadotropic hormone,
and the remaining 5 were left umn]ected to serve as controls. The hirds were
housed in cages and maintained under uniform husbandry conditions throughout
the duration of the experimental period.

Liq. Adrenalin tartratis (Standard Pharmaceutical Works, Calcutta), 1: 1,000
dilution, was administered intramuscularly to one group of birds. The daily injec-
tions (2 minims = 0-108 c.c.) were made into the pectoral muscles and continued
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for a period of 8 days. An equal amount of this drug (2 minims daily) was injected
in the similar manner and over the same period of time to a second group of pigeons.
In addition to adrenalin this group also received four injections of ‘ Gestyl’ (Organon
Laboratories), each containing 100 LU, of serum gonadotropin. The gonadotropic
hormone therapy started simultaneously on the second day of adrenalin treatment
and was continued on every alternate days till the 8th day, and 24 hours subsequent
to which all the birds were autopsied.

The adrenals were carefully dissected out and fixed immediately in chilled
80 per cent ethyl alcohol. After dehydration and imbedding in paraffin serial sec-
tions were prepared, 6 microns in thickness. The technique of Gomori (1941) was
used for the demonstration of alkaline phosphatase. The details of this technique
have been described in previous communications by the writer (Kar, 1950a and b).

REsvLrs.

Controls.—The distribution of alkaline phosphatase in the adrenal cortex of
normal pigeons has been described in two previous papers (Kar, 1950z and b). In
agreement with our findings, we observed that the capsule of the gland gives a
positive reaction for the enzyme. The endothelium of the capsular blood vessels
also shows the presence of alkaline phosphatase. In the cells of the peripheral
cortical strands the enzyme is present in the nucleus but not in the cytoplasm.
A pronounced activity of the phosphatase, however, is observed in the cortical
masses of the central region of the gland. Here, the enzymatic reaction uniformly
appears in the cytoplasm as well as in the nucleus of the cells of these masses (Pl. X,
fig. 1). The endothelium of the stromal capillary network also shows strong
phosphatase activity.

Adrenalin treatment.—Alkaline phosphatase is prominently absent from the
adrenal capsule of the treated pigeons. However, a slight activity of the enzyme
is retained in the endothelium of the capsular blood vessels. The peripheral cortical
strands are virtually devoid of any phosphatase activity. In the central cortical
masses & marked concentration of the enzyme is visible in the nucleus of the cells
but cytoplasmic phosphatase activity is totally absent (Pl. X, fig. 2). The endo-
thelium of the blood capillaries in the stroma also gives a negative reaction for the
enzyme.

Adrenalin plus gonadotropic hormone treqtment.—Gonadotropic hormone treat-
ment entailed no perceptible change in the distribution of alkaline phosphatase in
the capsule and in the peripheral cortical masses of the adrenalin-treated birds.
However, appreciable amounts of cytoplasmic phosphatase are retained in the cells
of the central cortical strands in addition to the pronounced activity of the enzyme
observed in the nucleus of these cells (Pl. X, fig. 3), The endothelium of the stromal
blood capillaries also gives a positive reaction for the phosphatase.

Discussion.

The results of the present study indicate clearly that experimental hyper-
adrenalism in the pigeon is associated with a marked reduction in adreno-cortical
phosphatase activity. Gonadotropic hormone therapy in the adrenalin-treated
birds is only partially effective in preventing this enzymatic loss. This is evidenced
by the fact that only the central masses and the endothelium of the stromal capillaries
show normal distribution of the enzyme but in the rest of the cortical components
the phosphatase is prominently absent. Possibly, a higher dosage level of gonado-
tropic hormone would have been more effective in preventing this loss of phosphatase
activity in the cortex of the adrenalin recipients.

It has been reported previously that sex hormone treatments cause pronounced
inhibition of phosphatase activity in the adrenal cortex of this species (Kar, 1950a).
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However, the degree of this inhibition is more well marked in the birds receiving
estrogen than in the androgen-treated ones. In the former group there is an overall
loss of enzyme activity from all the cortical components with the exception of the
capsular blood vessels which continue to give a positive reaction in the endothelium.
The situation, as we see, has an interesting parallel in the present experiment.
Here, adrenalin treatment also caused a comparable reduction of phosphatase
activity from the component tissues of the adrenal cortex. It should be recalled
in this connection that the action of desoxycorticosterone or its close chemical
ally, progesterone, is marked augmentation of enzymatic activity in the pigeon’s
adrenal cortex (Kar, 1950b).

There are a number of previous reports on inhibition of phosphatase activity
by hormonal and other agents. Thus, androgen treatment causes a reduction of
enzymatic concentration in the avian uropygial gland (Kar, 1950c). Progesterone
administration results in a likewise loss of phosphatase activity in the female genital
system of the same species (Kar, 1950d). Injection of desoxycorticosterone acetate
into juvenile sparrows is associated with a pronounced enzymatic loss from the
testicular tissues (Kar, 1950b). Addition of KCN in the substrate is followed by a
definite inactivation of renal and intestinal alkaline phosphatase (Emmel, 1946).
The present findings, therefore, fall well in line with these reports and further indicate
that this enzymatic inhibition in the pigeon’s adrenal cortex caused by adrenalin,
may be obviated to some extent by gonadotropic hormone therapy.

SUMMARY,

Injection of adrenalin causes a loss of alkaline phosphatase activity in the pigeon’s adrenal
cortex, Gonadotropic hormone therapy is only partially effective in preventing this enzymatic
loss. The similarity of action between the sex hormones and adrenalin in influencing the
phosphatase concentration of the avian adrensal cortex is pointed out and discussed.

Parr VIII. STUDIES IN THE DISTRIBUTION AND CONCENTRATION OF ALKALINE
PHOSPHATASE IN THE TESTES OF NORMAL AND OF SEX HORMONE-TREATED
PIGEONS.

INTRODUCTION,

The cytochemical localization of alkaline phosphatase has been made in the
testes of some mammals and in that of the sparrow. In the rat this enzyme occurs
in both the tubules and in the intertubular tissue (Dempsey et al., 1949). After
hypophysectomy the phosphatase disappears from the testicular components but
replacement therapy with whole pituitary powder causes a return of the enzyme
to its original distribution and intensity in all the elements. Wislocki (1949)
demonstrated the presence of alkaline phosphatase in the testis of two species of
deer, Odocotleus virginianus borealis and Cervus nippon.

In the testes of juvenile sparrows the enzyme is present in the seminiferous
tubules and in the endothelium of the interstitial blood vessels (Kar, 1950b).
Desoxycorticosterone acetate treatment causes a marked loss of phosphatase activity
from practically all the testicular components.

The present report is concerned with an attempt to study the distribution and
concentration of alkaline phosphatase in the testes of normal and of sex hormone-
treated pigeons.

EXPERIMENTAL PROCEDURE,

Adult male pigeons were used in this study. = A total of 12 birds were experi-
mented on, of which 4 were injected with estrogen, 3 with androgen, and the
remaining 4 were left uninjected to serve as controls. The birds were housed in
cages and maintained under uniform husbandry conditions throughout the duration
of the experimental period.
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Testosterone propionate in sesame oil was administered intramuscularly. The
daily injections (2 mgm.) were made into the breast muscles and continued for a period
of 10 days. An equal amount of estradiol dipropionate (2 mgm.) was injected in
a similar manner and over the same period of time. The sites of injection alter-
nated on successive days between the right and left sides of the breast.

Autopsy followed 24 hours after the final treatments. The testes were carefully
dissected out and fixed immediately in chilled 809, ethyl alcohol and in Bouin’s
fluid. Serial paraffin sections of the organ fixed in ethyl alcohol were prepared and
processed according to the technique of Gomori (1941) for the demonstration of
alkaline phosphatase. For routine histological observations the sections of the
tissue fixed in Bouin’s fluid were stained with Ehrlich’s hematoxylin followed by
alcoholic eosin.

RESULTS.

Controls.—The histological picture is typical of a mature testis at its height of
spermatogenetic activity. The presence of large seminiferous tubules with successive
stages of transformation of the epithelium into spermatogonia, spermatocytes,
spermatids and spermatozoa are clearly seem in the sections. The basement
membrane of the tubules contains small amounts of alkaline phosphatase. In the
celluar elements of the tubules the enzyme activity is more pronounced in the
nucleus than in the cytoplasm (Pl. X, fig. 4). The chromosomes of the dividing
tubular elements also show positive reactions for the phosphatase. In the inter-
tubular tissue the maximal concentration of the enzyme is seen in the endo-
thelium of the blood vessels. Among the cellular elements of the interstitium,
the Leydig cells exhibit marked activity of the phosphatase in the nucleus but less
so in the cytoplasm. However, uniform nuclear and cytoplasmic enzyme activities
are a notable feature of the fibroblast cells of this region.

Androgen treatment.—Histological changes more or less similar to those reported
by Kar (1949) in the testis of this species after androgenic treatment are also seen in
the present material. A definite retardation of spermatogenic activity and marked
atrophy of the cellular elements are clearly evident upoh microscopical examination.
The basement membrane of the seminiferous tubules gives a negative reaction for
the phosphatase. An overall reduction in enzyme activity from the various tubular
elements is visible (Pl. X, fig. 5). However, in most instances the phosphatase has
totally disappeared from the cytoplasm of these elements but the nuclear enzyme
activity is retained to some extent. In the interstitium there is a predominence of
fibroblasts over the Leydig cells. The latter show signs of atrophy and a reduction
in the amount of phosphatase. The enzyme activity is also inhibited in the fibro-
blast cells. The endothelium of the interstitial blood vessels, however, shows a
total loss of the enzyme.

Estrogen treatment.—Estrogen treatment has induced extreme atrophic condi-
tion in the testicular elements. The seminiferous tubules show a shrunken
appearance and a degenerated state of the cellular elements. The phosphatase is
totally absent from the tubular components (Pl. X, fig. 6). In the interstitium the
almost total absence of the Leydig cells is a prominent feature. A slight activity
of the enzyme is discernible in the fibroblast cells but there is a complete
disappearance of the phosphatase from the endothelium of the interstitial blood
vessels.

Discussion,

The distribution of alkaline phosphatase in the testis of the pigeon differs in
some respects from that in the mammals. In the rat (Dempsey et al., 1949) the
most prominent reactions for the enzyme occur in the spermatids and in a zone of
almost hairline sharpness in the basement membrane surrounding the seminiferous
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tubules. The nucleus of the spermatogonia and the chromosomes of the sperma-
tocytes also exhibit moderate activity of the phosphatase. Variable amounts of
the enzyme are present in the interstitium. Of the various elements in this region
the endothelium of the blood vessels alone shows marked phosphatase activity.
The distribution of the enzyme in testis of two species of deer studied by Wislocki
(1949), exhibits a pattern which is more or less similar to that in the rat. In the
species under report, however, it is evident that the phosphatase activity is practically
uniform in the cellular elements of the seminiferous tubules and not localized in the
spermatids as in the mammals. Moreover, appreciable amounts of the enzyme are
also present in the Leydig and fibroblast cells of the interstitium in contrast to the
almost negligible activity of the phosphatase visible in the mammalian counterpart
of these cells.

It has been reported previously that desoxycorticosterone acetate treatment
causes marked inhibition of phosphatase activity in the testis of juvenile sparrows
(Kar, 19506). In the present material also we observed that sex hormone injections
are associated with a pronounced loss of enzyme activity from the various testicular
components. Moreover, the histological changes encountered after hormonal
treatments are clearly indicative of a suppressive action of the sexual hormones on
both the gametogenic and endocrine activities of the testis. If these histological
findings are reckoned against those on phosphatase reactions it would appear that
some important physiological relationship exists between the hormonal-induced
inhibition of testicular functions and the concomitant loss of phosphatase activity
from the component tissues of this organ. However, we feel that pending further
studies, no definite comments could be made at this stage on the specific réle that
the enzyme might play in the testis of sex hormone-treated pigeons.

SUMMARY.

Alkaline phosphatase is demonstrable cytochemically in the seminiferous tubules and in
the interstitium of adult pigeon’s testis. Sex hormone-treatments cause a pronounced loss of
enzymo activity from the tosticular components. Tho possible significance of this enzymatic
change after hormonal treatments is pointed out and discussed.
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ExrLaNATION OF PraTte X,
(All figures are photomicrographs and are magnified x130.)

Fra. 1. Section through the adrenal gland of a control pigeon. Cortical strands from the
central region of the gland are shown. Note the marked phosphatase activity in the
strands.

Fra. 2. Section through the adrenal gland of an adrenalin treated pigeon. Some central
cortical strands are shown. Note the nuclear phosphatase activity.

Fra. 3. Section through the adrenal gland of an adrenalin plus gonadotropic hormone treated
pigeon. Both the nuclear and cytoplasmic phosphatase activity can be seen. Compare
with fig. 2.

Fra. 4. Section through the testis of a control pigeon. Note the phosphatase activity in the
testicular tissues.

Fra. 5. Section through the testis of an androgen treated pigeon. Note the atrophic nature
of the organ and the overall reduction in phosphatase activity from the component
tissues.

Fi1a. 6. Section through the testis of an estrogen treated pigeon. Note the extreme atrophic
nature of the testis and the total absence of the phosphatase from the testicular com-
ponents.
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