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ABSTRACT
Seasonal variation of the interrenal cell-types both in male and
female Rana hexadactyla nod the exogenous hormonal effects on the
male interrenals have been studied quantitatively. The interrenal
coil-types wax and wane throughout the year. A reciprocal relation between the clear and compact ceils of the interronal in both sexes of the
frogs has been observed.
The decrease of compact cells and regression of interrenal activity
resulting from steroid administration were found to be statistically
significant. Concomitant with the decrease of interrenal activity, a
regression of interstitium of testis has been noticed.
Pituitary administration stimulates interrenal at tivity accompanied
by an increased sptrmatogenesis.
A possible role of exogenous steroid and pituitary hormones on the
interrenal has been discussed.
INTRODUCTION

It has been established in mammals that a change in their physiological
condition leads to a concomitant alteration in their adrenal glands, which is
often reflected in the histology or histoehernical picture of the glands
concerned.
Several workers (Stilling, 1898; Grynfelt, 1904; Radu, 1931; Kucnerowicz, 1935; Beatty, 1940; Fowler, 1955; Burgos, 1959; Hanke and
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Weber, 1964; Hanke and Bergerhoff, 1969) have reported the histology
and histochemistry of the anuran interrenal glands and described different
cell-types in various species. But none of them has dealt thoroughly with
the seasonal cycle and the impact of ,exogenous hormones except Kemenade
et al. in the recent report on Rana temporaria (1965). In the course of th~
spawning studies in Rana hexadactyla, Lakshman (1964) also reported the
interrenal histology of this animal in females only and found some variations in the stilling cells in different seasons.
In the present study the seasonal variation of the interrenal ceil-types
both in male and female Rana hexadactyla and the exogenous hormonal
effects on the male interrenals only are reported by quantitative analysis.
MATERIAL AND METHODS

Adult frogs (Rana hexadactyla) of both sexes averaging 60 gin in bodyweight and 90 mm snout to vent length were collected locally for all series
of experiments. The seasonal variation of the interrenals was studied both
in male and female frogs and the rest of the experiments with exogenous
hormone treatment were conducted only on male specimens. The following experiments were performed in the present Series:

Seasonal variation.--Eight to ten fleshly collected frogs of both sexes
were autopsied every month from January through December 1969 and
their interrenals were fixed and processed for this study.
Textosterone.--Two sets of experiments were conducted in this series
in the months of January 1969 and April 1969. Five frogs were taken in
all experimental and control groups. Testosterone pellets (Organon Lab.,
England, Batch No. 9364) of approximately 15 mg were implanted with
trochar into the dorsal lymph sac. After two weeks, the pellets were removed
and the animals were autopsied for further histological study of the interrenal
tissues.
StitbestroE--Tlfis'experiment was designed in the month of November
1968, taking 10 experimental and 8 control frogs in two groups. Singe
the mortality rate was very high in daily injections as noted previously, a
single dose of 1.25 mg of stilbestrol in 1 ml of frog ringer solution was
administered in the dorsal lymph sac of the experimental frogs. After two
weeks the frogs were autopsied and the interrenals fixed for further study.
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Desoxycorticosterone acetate (DOCA).--This experiment was conducted in the month of March 1969. Male frogs were selected, ten for the
experimental and five for control groups. Daily injections of 0.5 mg of
DOCA in 0-5 ml of frog Ringer were administered in the dorsal lymph sac
of the frogs for 15 days. A day after the last dose, the animals were autopsied and the interrenal tissues were fixed and processed for further observation.
Cortisol acetate.--The experiment was conducted in the month of
March 1969 and continued for two weeks. Daily injections (0" 5 mg cortisol
acetate in 0.5 ml of frog ringer) similar to DOCA were administered. Ten
hormone-treated and five control mate frogs were autopsied after the last
dose administration and the tissues were fixed for further observations.
Pituitary extract.--Two sets of experiments were conducted in this
series during the months of December 1968 and April 1969, taking ten
experimental and five control male frogs. Pituitaries were collected from
mature frogs during winter (December) and summer (April) and kept in
acetone at 15 ° C until the beginning of the experiments. The extracts were
prepared by pulverizing the dried material in a mortar, after which frog
ringer's solution was added and filtered before use. Each experimental
animal received a total amount of 3.5 ml of ringer's solution containing
14 frog pituitaries. This quantity was divided into 7 doses of 0.5 ml each
and these were injected every alternate day for 14 days. Both the control
and experimental frogs were autopsied after two weeks. The tissues were
fixed and processed for further observations.
Both the kidneys were dissected out from all animals and only the
yellowish interrenal portion embedded in the kidney tissue was separated
out by sharp incision. Those longitudinal strips of tissue were then fixed
in Helly's fixative. After a further careful processing the tissues were
embedded in paraffin. Serial saggital sections of 7/z thickness were stained
with Haemalum Eosin for microscopic observations.
After preliminary observations under low power of microscope, portions were selected, where maximum distribution of the interrenal cells were
noted. Different interrenal cell-types were counted in 100/z square area of
that selected spot in 25 different sections in each animal. Similar counting
methods were adopted for all the individuals in a group and the average of
the group results were considered. During the above-mentioned method
of cell-type counting the diameter was also noted by ocular micrometer
in all the groups and thus average nuclear diameter of groups was calculated.
B5
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Statistical significance of the means of observation was determined
using variance analysis (Snedecor, 1956). The t-test was used for results
of experiments containing only two comparable groups. The level of sign±ficance was set at P < 0.05 for all comparisons.
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TExT-FIG. I. Graphic representation of the seasonal variation of compact and clear cells
in both the sexes of frogs. A, Male; B, Female; X-axis represents the monlhs in a year and
Y-axis represents the number of cells counted.
RESULTS

Seasonal variation (Text-Fig. 1).--In female frogs the clear cell numbers
are very low (20.47 :k 3.50) in the month of September. They gradually
increase in number from (24.08 + 7.55 to 52.67 ± 12.34) October to
March. After a short decrease in April the cell numbers reach the maximum
(61.25 ± 8.60) in J u n e . As reported by earlier workers, these clear, cells
increase during the summer from 43.28 ± 11.10 to 61.25 4- 8..60 and are
hence known as Summer cells or Stilling cells. The compact cells do not
show much cyclical variation as the clear-cells. Compact cells also do
undergo a change though it is not as pronounced as that of clear cells.
~owever, Xhere is a definite reciprocity of changes in the compact and clear
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cells. They show their peak (13.07 4-3.80)distribution during the month
of July. Very characteristically, it is reduced in number (8.00 ± 2.30)
during May.
From the graph (Text-Fig. 1) it may be clearly seen that when compact
cell increases, the clear cells show decrease in number and rice versa. Consequently, there exists a close relationship between the compact cell and
clear cell.
In males also, the clear cells as in females increase in number (from
15.00 ± 5.00 to 32.32 ± 8.06) from October to January. After a short
decrease in February again they increase upto April and reach the maximum
number in June (36" 11 4-4.50) as irt females. From June onwards, the
number of cell decreases. The seasonal fluctuations in the cell counts more
or less follow the same patterns in both the sexes. Moreover, the number of
compact cells does not show much change. As in female frogs, when there
is a significant increase in the number of clear cells, the compact cells
decrease in number. Thus there exists an interrelationship between compact cells and clear cells.
Testosterone (Plate II, Fig. 2).--In our present investigations, it was observed that in testosterone treated frogs, the average number of compact cells
decreases to a statistically significant level of 5% (P < 0.05). The clear cell
does not show any change (Plate II, Fig. 2). It was also observed that there
is no significant change in the diameter of the nucleus of the compact cell
whereas a statistically significant change was found in the diameter of the
clear cell nucleus, due to this steroid treatment.

The results show that there is morphological difference between peripheral and central interrenal cell in the experimental and this may be due
to the secretory activity of the functional cell-type. The nuclei are small
and irregular in shape in both the types of cells compared to control. These
characteristics point to a regression in interrenal activity. Concomitant
with regression of the interrenal activity, a regression of the testicular interstitial tissue takes place (unpublished data).
Stilbestrol (Plate II, Fig. 3).--A reduction in the number of compact cell
has been observed; but the decrease in the diameter of the compact cell
nucleus from 3.71 ± 1.61 to 1.75 4-0-0 is only statistically significant
at 5% level. The clear cell, as in testosterone-treated animals, does not
show arty change. Even here there is a regression of interrenal activity
and at the same time the spermatogenetic process also is inhibited (Kasinathan and Basu, 1970).
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DOCA and cortisol (Plate II, Figs. 4 and 5).--In the DOCA and cortlsoltreated animal, the number of compact cells decreases compared to control
(P < 0.01). The clear ceils a/so show highly significant decrease in the
experimental group. The diameter of compact cell nucleus decreases to a
significant level (P < 0.001) in both the experimental animals, compared
to control. The nuclear diameter of the clear cell does not vary much.
In both cases, collapse of cells, picnosis of nuclei and vacuolation of cytoplasm are seen. With the administration of corticosteroids, cell exhaustion
and collapse results. On the whole, these steroids produce overstimulation
of the interrenal cells leading to some abnormal histo-architecture.
Pituitary extracts (Plate II, Fig. 6).--Admirdstration of pituitary extracts
on the adrenal histology of Rana hexadaetyla has yielded interesting results.
Hyperplasia of cortical cells has resulted. The pituitary of different seasons
has produced no change on clear cells or on their nuclei. But a statistically
significant change on the compact cell has been produced especially by
summer pituitary (P < 0.05) Picnosis of nuclei and vacuolation of
cytoplasm are seen. The changes produced in the cytology of compact cell
by summer pituitary is in perfect harmony with our earlier report that
summer pituitary has more gonadotropic activity than winter pituitary
extracts.
DISCUSSION

Seasonal variation.--Seasonal variation of the interrenals is not well
delineated in all species of Amphibia. Radu (1931)could not correlate
adrenal activity with the season in Rana temporaria and esculenta but he
confined himself to animals between January and September. Klose
(1941, 1942) also failed to establish such a relationship in Triturus vulgaris.
Miller (1953) feels that such a distinction can be made between the amphibians T. torosus and 7". cristatus. The former shows adrenocortical inacti.
vity in the gonad quiscent period, whereas the latter shows no such variation
as the gonads are quickly regenerated after breeding. The present obselvations on Rana hexadactyla with continuous spermatogenetic cycle reveals
that no such distinction can be noted with regard to the interrenals and
seasonal variations.

The structure and functions of Stilling cells are problematical. Their
waxing and waning in number and their change in appearance may be correlated with the general metabolic state of the body which would depend partly
on the activity of the interrenals. It is, however, interesting to note that
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there is a significant change and reciprocal relationship between the clear
and compact cells in both the sexes of frogs.
Steroid administration.--It is well known that the physiology of adrenal
cortex is intimately associated with that of the adenohypophysis. The
relationship is unquestionably a mutually interdependent one as revealed
by the fact that destruction of adenohypophysis results in adrenal cortical
atrophy, while, adrenal cortical disease induces morphologic alterations in
the pituitary in higher mammals. In a similar way, the exogenous steroid
administration affects the interrenal in frogs. Between the two types of
cells observed in the interrenal of Rana hexadaetyla, it was found that the
compact cells with their nuclei are affected to a greater extent by steroid
administration.

But in a few instances, as in cortisol and DOCA administration, the
clear cell is also affected in addition. It is in perfect harmony with the
earlier findings by Forsham et al. (1950)that prolonged administration of
adrenal steroid hormones produces suppression of ACTH output. It has
been suggested by Sayers et al. (1949) in mammals that DOCA exercises a
weak inhibiting effect on pituitary elaboration of ACTH while cortisol is
a potent suppressor (Softer et al., 1961). A similar effect has been noted in
the present species of flog. Hence, the atrophy of interrenal and especially
the decrease of compact celIs after the administration of Cortisol and DOCA
are due to the decreased secretion of ACTH by anterior pituitary.
In testosterone treatment the clear cell nuclei are also affected in addition
to the compact and clear cells. When stilbestrol is administered the compact cell and the compact cell nuclei are reduced to a statistically significant
level. Administration of androgenic and estrogenic hormones, similar to
higher mammals, produces atrophy of interrenals and hence interferes with
corticoid biosynthesis (Fowler, 1955; Miller, 1953). Concomitant with
the decrease of interrenal activity, a regression of the inteistitial tissue of
testes takes place (Lofts et al., 1968 in preparation cited by Kemenade et al.,
1968). Our findings corroborate the findings of Lofts et al. that with the
decrease of interrenal activity, a regression of the interstitium occurs
(unpublished).
On the basis of available data, it may be concluded that there is a fairly
close functional relationship between gonads and interrenals. The impact
of interrenal glands on reproduction is quite evident with special reference to
compact cells which are more related to gonadal functions in frogs. Hypophysio-gonadal relationship is an established fact in several amphibians.
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But in our present investigations in addition to the main axis the presence
of a specific and autonomous interrenal gonadal system has also been noted.
It is not quite certain that the exogenous steroids always act through pituitary
for it may also act directly on the target organ. To elicit further information
in this line, experiments on hypophysectomised frogs are in progress.
Pituitary extract administration.--When ACTH of mammalian source
was injected into a frog, hyperplasia of adrenal cortex resulted (Bulliard
et al., 1952; Chester Jones, 1957). It is now known that Anuran pituitary
secretes ACTH (Jorgensen etaL, •963) and hypophysectomy results in
atrophy of adrenal cortex proving that anuran pituitary secretes ACTH
which stimulates the adrenal cortex. This is similar to the mode of action
in mammals where administration of glucocorticoids or DOCA cause adrenal
atrophy through a negative feed back mechanism (Chester Jones, 1957).
As expected, the effect of pituitary extract administration is opposite
to that of the administration of steroid hormones. When steroids are
given, they inactivate the pituitary by a negative feed back mechanism and
this is reflected in the interrenal by a statistically significant decrease in the
number of compact ceils and a regression of the interrenal. On the other
hand while pituitary extract is given a significant decrease in the number of
compact cell by the summer pituitary administration only and increased
spermatogenetic activity are noted (Kasinathan and Basu---communicated).
In our previous communication, it has been found that hypophysial gonadotropin content of summer pituitary on summer frogs is greater than winter
pituitary extracts. In the present investigations, it is observed that the
pituitary extract has resulted in the decrease of compact cells. This decrease
in the compact cells after pituitary extract administration may be due to
increased production of sex hormones and steroid hormones stimulated by
the tropic holmones of the pituitary extract on target organs. Thus exogenous hormone administration (pituitary extract) stimulates the interrenal
and inactivates it in the case of steroid hormones acting through pituitary
centre. It is therefore presumed that the pituitary controls functions of the
interrenal either by ACTH or some ACTH like substance. Hence regression
of interrenal is associated with the regression of interstitial tissue suggesting
a possible role of the interrenal in reproduction.
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EXPLANATION OF PLATE FIGURES
(Abbreviations---Co., Compact cell; el., Clear cell).
FIG. 1. Saggital section of the interrenal of normal Rana hexadactyla, x 450. Note.-(1) Compact cells with round nucleus and pale cytoplasm, (2) Clear cells eccentrically
placed relatively dense nucleus with dark cytoplasm.
FIG. 2. The interrenal of Rana hexadactyla treated with testosterone, × 450. Note.-(1) The reduction of compact and clear cell, (2) The atrophy of interrenal.
Fie. 3. The interrenal of Rana hexadactyla treated
(1) The reduction of compact cell.

with

stilbestrol,

x 450.

Note.--

FIG. 4. The interrenal of Rana hexadactyla treated with DOCA, × 450 Note.-(1) The reduction of clear cells, (2) Picnosis of nuclei, (3) Cell exhaustion and
(4) Moderate atrophy.
FIG. 5. The interrenal of Rana hexadactyla treated with cortisol acetate, x 450. Note.-(1) The crowding of compact cell nuclei, (2) Intensely stained granular cytoplasm
of clear cells, (3) Collapse of cells, (4) Picnosis of nuclei.
Fro. 6. The interrenal of Rana hexadactyla treated with summer pituitary, × 450. Note.-(1) Reduction of compact cell, (2) Less granular cytoplasm of clear cells, (3) Vacuolation of cytoplasm, (4) Picnosis of nuclei.
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