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Abstract. The testis formed of 4 follicles develops as a definitive organ on the first day of
IV instar. The localization of A5-3j1-hydroxysteroid dehydrogenase, 17{J-hydroxysteroid
dehydrogenase and I 1{J-hydroxysteroid dehydrogenase. was limited to peritoneal sheath
and epithelial layer of the testis of IV and V instar larva. From 3rd day of pupation upto the
8th day of pupation the enzyme activity extended to the cysts containing spermatogonical
cells, primary and secondary spermatocytes and subsequently to the spermatids and
spermatozoan bundles from 9th day of pupation and continued thereafter in the adults.
Glucose-o-phosphate dehydrogenase activity was observed in all the testicular components
during larval. pupal and adult stages. These results indicate that the developing and adult
testis of eri silkworm. Philosamia ricini has the ability to metabolize hydroxysteroids.
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1. Introduction

In recent years vertebrate type of hormonal steroids are shown to be present in
arthropods, molluscs and echinoderms (Lehoux and Sandor 1970; Thompson et al
1973; Sandor et at 1975,. In the last few years evidence has been accumulated to
show that the gonads of insects are capable of metabolizing enzyme systems (Lehoux
et al 1968; Lehoux and Sandor 1969; Dube and Lemonde 1970). In vitro conversion
of~5-3,8-hydroxysteroids by the testis of cockroaches, Gramphadorhina portentosa,
Byrostria fumiqata and the cricket, Gryllus assimilis (Lehoux and Sandor 1970) has
indicated, albeit indirect, the existence of ~5-3,8-hydroxysteroid dehydrogenase
(HSDH) activity and in fact it has been histochemically demonstrated in the testis of
these insects (Lehoux and Sandor 1970) and in the testis of two hemipterans, Graphosoma italicum and Eurydema ventralis (Trandaburu and Tasca 1976). To the best of
our knowledge there is no report on the histochemical demonstration of 17,8-HSDH
and 11,8-HSDH in the testis of insects.
In the present investigation an attempt has been made to present histochemical
evidence for steroid metabolizing potential of the testis of eri silkworm, Philosamia
ricini during IV and V instar larval period, pupal period and in the adult before and
after mating by demonstrating the presence of ~5-3,8-HSDH, 17,8-HSDH and 11,8HSDH activity. In addition, the histochemical localization of glucose-o-phosphate
dehydrogenase (G-6-PDH) in the testis of this silkworm, is also carried out.
2.

Materials and methods

The larva. pupa and adult P. ricini reared in the laboratory were used in the present
investigation. For histochemical study the animals from respective stages of larva,
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pupa and adult were decapitated, the testes were removed and immediately frozen
over dry ice vapour at - 50°C and sectioned in a cryostat at - 20°e. For the
histochemical demonstration of L\5-3fJ-HSDH, 17fJ-HSDH and I1fJ-HSDH activity
the frozen sections were incubated in the media containing different substrates (table
1) prepared according to the procedure described by Baillie et al (1966) and Saidapur
and Nadkarni (1972). For the localization of G-6-PDH activity, the frozen sections
were incubated for 15 min at 3rC in the medium prepared according to the methods
described by Bara (l965a, b). After incubation the sections were washed in distilled
water, fixed in 10% neutral formalin for 30 min and mounted in glycerol jelly.
Parallel sections incubated in the media lacking the substrates served as controls. A
few sections incubated in the medium containing dehydroepiandrosterone (DHA) coenzyme, nitro blue tetrazolium (NBT) and cyanoketone/isoxozol, as specific control
of L\5-3fJ-HSDH activity.
3.

Results and discussion

The results on the histochemical reaction for the HSDH, indicated by the deposition
of blue diformazan granules in the cytoplasm of different cells types of the testis of
larva, pupa and adult P. ricini are summerised in table 1.
A weak L\5-3fJ-HSDH activity was observed only in the cells of the peritoneal
sheath and- epithelial layer of the testis (figure 1) of IV and V instar larva of P. ricini.
Of the two substrates used, pregnenolone was somewhat better utilized than DHA.
On the first day of pupation the spermatogoneal cells showed activity in traces, the
primary and secondary spermatocytes did not show any activity (figure 2). From
third day of pupation and onwards upto 12th day of pupation the cells of peritoneal
sheath and epithelial layer showed moderate activity with DHA as the substrate and
on 15th day of pupation the activity was intense with both the substrates (figure 3).
The spermatogoneal cells showed a weak activity from 3rd day pupation to the
remaining period of the pupal life. The primary and secondary sperrnatocytes,
spermatids and spermatozoan bundles at the respective developmental stages of
pupa showed a gradual increase in the intensity activity from traces to moderate
(table 1).
A fairly intense L\5-3fJ-HSDH activity was observed in the cells of the peritoneal
sheath and epithelial layer, spermatogonial cells, primary and secondary spermatocytes, sperrnatids and spermatozoan bundles of the testis of adult P. ricini before
mating (figure 4).
The distribution of 17fJ-HSDH activity with testosterone and 17fJ-estradiol in the
cells of the peritoneal sheath and epithelial layer of the testis of IV and V instar
larvae was similar to that of L\5-3fJ-HSDH activity in the corresponding instars.
There was a gradual increase of 17fJ-HSDH activity from moderate to intense in
the cells of peritoneal sheath, epithelial layer and sperrnatogoneal cells from 3rd day
of pupation upto 9th day of pupation. On 12th and 15th days of pupation the activity was reduced to moderate with both the substrates.
On the 3rd day of pupation, the 17fJ-HSDH activity was in traces in primary and
secondary spermatocytes and there was no activity in the spermatids. On 6th day of
pupation the activity was moderate in primary and secondary spermatocytes and in
sperrnatids. In the spermatozoan bundles the activity was in traces. On 9th, 12th and
15th day of pupation the activity was moderate in primary and secondary
spermatocytes, spermatids and spermatozoan bundles (figure 5). There was relatively
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Activity of hydroxysteroid dehydrogenases in the testis of larva. pupa and adult

P. ricini.

Intensity of reaction"

Developmental
stages

Enzymes and the
substrates"

I V instur 111r1'11

ti s_3fJ-HSDff
DHA
Pregnenolone

Ist and 3rd day

Peritoneal
sheath and
epithelial
cells

Primary and Spermatids and
Spermatogonial
secondary
spermatozoan
cells
spermatocytes
bundles

++
+++

Not yet formed Not yet formed
-do-do-

l7 {1-ffSDff

Testosterone
17{I-estradiol

++
++

- do-

-do -

++

-do-

-do

Only Primary
spermatocytes

do
-do

Ilfl-HSDH

11 {I-hydroxyandrostenedione
V instar luri:a

1st day

ti'-3{I-HSDH
DHA
Pregnenolone

++
+++

II {I-HSDH

Ilfl-hydroxyandrostenedione

++

-do -

++
++

-do-do -

17{I-HSDH

Testosterone
17{I-estradiol
3rd day

Primary and
secondary
Not yet formed
sperrnatocytes

ti'-3 {I-HSDH

DHA
Pregnenolone

++
+++

17 {I-HSDH

Testosterone
17{I-estradiol

++
++

-do-

++

-do-

11 [J-HSDH

11[J-hydroxyandrostenedione
Pupa

l st day

ti'-3{I-HSDH

DHA
Pregnenolone

++
+++

±
±

-do-

++
++

±
±

-do-

++

±

-do-

+++
++++

++
++

±
±

-do-

+++
+++

++
++

+
±

-do-

+++

-+

±

-do-

l7 {I-HSDH

Testosterone
17{I-estradiol
11 {3-HSDH

11 {3-hydroxyandrostenedione
3rd day

ti'-3 [J-HSDH

DHA
Pregnenolone
l7 {I-HSDH

Testosterone
17fl-estradiol
Ilfl-HSDH

I ItJ-hydroxyandrostenedionc
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(Contd.)
Intensity of reaction"

Developmental
stages
6th day

9th day

Enzymes and the
substrates'
ti s _3 {f-HSDH
DHA
Pregnenolone
17{I-HSDH
Testosterone
17{I-estradiol
II/f-HSDH
II {f-hydroxyandrostenedione

Adult
Before mating

After mating

Primary and Spennatids and
Spermatogonial
secondary
spermatozoan
spennatocytes
cells
bundles

+++
++++

++
++

++
++

+
+

+++
+++

++
++

++
++

++
+

+++

++

++

+

+++
++++

++
++

+++
+++

+++
+++

+++
+++

+++
+++

+++
+++

++++
+++

+++

+++

+++

+++

+++
++++

++
++

+++
+++

+++
+++

+++
+++

++
++

+++
+++

++++
+++

+++

++

+++

+++

+++
++++

+++
+++

+++
+++

+++
+++

+++
+++

+++
+++

+++
+++

++++
+++

+++

+++

+++

+++

++
+++

++
++

++
++

+++
+++

++
++

++
++

++
++

+++
++

++

++

++

+++

t,s_3 {f-HSDH

DHA
Pregnenolone
17{f-HSDH
Testosterone
17/I-estradiol
11{f-H.SDH
I I{f-hydroxyandrostenedione
12th day and
15th day

Peritoneal
sheath and
epithelial
cells

t,s_3 {f-HSDH

DHA
Pregnenolone
17/I-HSDH
Testosterone
17{i-estradiol
II {I-HSDH
II {f-hydroxyandrostenedione
t,s-3/I-HSDH
DHA
Pregnenolone
I7fJ-HSDH
Testosterone
17j1-estradiol
11 {f-HSDH
II {J-hydroxyandrostenedione
ti s _3 j1.HSDH

DHA
Pregnenolone
II {f-HSDH
Testosterone
17fJ-estradiol
II fJ-HSDH
11fJ-hydroxyandrostenedione
Control

"All the chemicals are of Sigma grade, obtained from Sigma Co., USA.
"lntensity of reaction is graded from minimum (+) to intense (+ + + +) activity, (-) denotes absence of
reaction and ( ± ) denotes trace activity.
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Figures l--{). 1. ,1.s-3~-HSDH activity (dark granules) in the cells of the peritoneal sheath
(PES) and epithelial layer (E), in the fresh frozen section of the testis of IV instar larva of
P. ricini with DHA as the substrate. 2. ,1. s-3P-HSDH activity in the cells of the peritoneal
sheath (PES), epithelial layer (E) and the spermatogoneal cells (SPC) in the fresh frozen section of the testis of one day old pupa of P. ricini with pregnenolone as substrate. 3. 6 s_3pHSDH activity in the cells of the peritoneal sheath (PES), epithelial layer (E),
spermatogoneal cells (SPC~ spermatids (S) and spermatozoan bundle (S8~ in fresh frozen
section of the testis of 15 day old pupa of P. ricini with pregnenolone as
substrate. 4. Fairly intense ,1.5-3P-HSDH activity in the epithelial layer (E), spermatogonial cells (SPC), spermatids (S) and spermatozoan bundles (S8) in fresh frozen section of
the testis of adult P. ricini before mating, with DHA as substrate. S. 17P-HSDH activity in
the spermatids (S) and spermatozoan bundles (S8) in fresh frozen section of the testis of 12
day old pupa of P. ricini with 17f1-estradiol as substrate. 6. A weak 17P-HSDH activity in
the epithelial layer (E), spermatids (S) and spermatozoan bundles (S8) in fresh frozen section
of the testis of adult P. rtcini after mating with testosterone as the substrate.
The scale in the figures indicate 40 lim.

more diformazan granules in the sperm bundles when testosterone was used as the
substrate, indicating that the spermatozoan bundles seemed to have utilized
testosterone better than 17fJ-estradiol.
In the testis of adult P. ricini the spermatozoan bundles utilized testosterone better
than 17fJ-estradiol. The reaction in spermatogonial cells. primary and secondary
spermatocytes, spermatids and spermatozoan bundle of adult after mating was
reduced to moderate activity (figure 6).
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The intensity and distribution of 11 fJ-HSDH activity with 11fJ-hydroxyandrostenedione as the substrate, in the various components of the testis of IV and V instar
larvae and on the day of investigation during the pupal period (Ist, 3rd, 6th, 9th, 12th
and 15th day) and in the adults, before and after mating in P. ricini (table 1) was
similar to that of 17fJ-HSDH activity in the corresponding periods.
An intense G-6-PDH activity was observed in all the components of the testis in
larva, pupa and adult of P. ricini. After mating a slight reduction in the enzyme activity
was observed in all the testicular components except the cells of peritoneal sheath
and epithelium of the testis.
The control sections incubated in the medium lacking either the substrate or the
co-enzyme did not give any positive reaction but some times a very weak reaction
was observed. The control sections treated with cyanoketone or isoxozol prior to
incubation and incubated in normal medium containing DHA, did not give any
histochemical reaction, thus indicating the specificity of d S -3fJ-HSD H activity.
The steroid biosynthesis is not an exclusive prerogative of vertebrates, since
steroid biosynthesis is wide spread throughout the animal kingdom (Barrington
1968). The histochemical demonstration of d S-3fJ-H SD H activity is generally taken
as an evidence, albeit indirect, that the particular tissue is capable of steroid
metabolism or biosynthesis (Lehoux and Sandor 1970). In vitro and histochemical
studies by Lehoux and Sandor (1970) have shown the occurrence of d S-3fi-HSDH in
the testis of cockroaches, "G. portentosa, B. [umiqata and the cricket, G. domesticus.
However, there is no detailed information as to which of the testicular components
showed d S-3fJ-HSDH activity. Recently Trandaburu and Tasca (1976) have
histochemically demonstrated the presence of d S-3fJ-HSDH activity in the
spermatids and spermatozoan of two heteropteran species, G. italicum and E. ventralis.
In the present investigation the cells of the peritoneal sheath and epithelium are the
first testicular components to possess the d S-3fJ-HSDH activity.
The occurrence of d S-3fJ-HSDH in the spermatids and spermatozoan bundles in
the testis of this insect is in conformity with that of G. italicum and C. ventralis
(Trandaburu and Tasca 1976). The reduction of d S-3fJ-HSDH activity in all the
components of the adult after mating indicate the reduced metabolic rate of steroid
hormones. In the present investigation occurrence of d S-3fJ-HSDH in the testicular
components during larval, pupal and adult stages, it may be suggested that the testis
of developing and adult P. ricini possess the enzyme or enzymes necessary to convert
exogenous pregnenolone to progesterone and DHA to androstenedione.
17fJ-HSDH catalyses the interconversion of androstenedione testosterone and
17fJ-estradiol-estrone in the gonads of vertebrates (Baillie et al 1966). 17fJ-HSDH
enzyme system has been isolated from the various nonreproductive tissues and testis
of G. domesticus (Lehoux and Sandor 1969) and the ovary and testis of S. gregaria
(Dube and Lemonde 1970). In these studies the enzyme activity was shown to be
highest in the male and female gonads on tissue weight basis. 17fJ-HSDH activity
has also been histochemically demonstrated in the ovary of Bombyx mori and
Antheraea mylitta (H urkadli et at 1988).
In the present investigation a weak 17fJ-HSDH activity in the various components
of the testis of IV and V instar larva of P. ricini indicates a weak metabolism of sex
steroids. The activity of this enzyme was gradually extended to the spermatogonial
cells, primary and secondary spermatocytes, spermatids and spermatozoan bundles
of the testis during pupal period. At the same time even the intensity of reaction was
also increased. These results indicate the increased quantity of 17fJ-HSDH activity
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being present in these tissues during latter half of pupal period. This in tum may
result in the increased rate of sex steroid metabolism. In the last few days of pupal
period, the activity of this enzyme was maximum which may be correlated to the
increased metabolism of testosterone and 17p-estradiol by spermatozoans during
that period. 17P-HSDH activity found in the various components of the testis of
adult after mating is reduced which may be due to cessation of spermatogenic
activity of the testis. Our histochemical findings, that the testis of P. ricini contains
17P-HSDH activity is in conformity with the biochemical investigations of other
workers (Lehoux and Sandor 1969, 1970; Ohnishi 1985). The present results indicate
that the testis of larva. pupa and adult P. ricini possesses 17P-HSDH activity which
can bring about the interconversions of testosterone-androstenediol and 17Pestradiol-estrone. It may be suggested that the testis of P. ricini has the capacity to
metabolize the sex steroids.
The occurrence of corticosterone and cortisol in the haemolymph of the cricket G.
domesticus has been reported (Lehoux and Sandor 1970). The ovaries and pyloric
caeca of the star fish, A. rubens are known to produce II-desoxycortosterone
(Schoenmakers and Voogt 1980). 11P-HSDH activity has been histochemically
demonstrated in the ovaries of B. mori and A. mylitta (Hurkadli et al 1988). In the
present investigation 11P-HSDH activity has been demonstrated in the testis of
larva. pupa and adult P. ricini and this indicates the ability of the testis to metabolize
11p-hydroxysteroids.
G-6-PDH provides energy needed for hydroxylation during steroidogenesis or
steroid metabolism in steroidogenic tissues of vertebrates (McKerns 1968).G-6-PDH
activity indicates the presence of NADPH generating system in the testis of
developing and adult P. ricini.
In conclusion the present investigation indicates that the testis of the larva. pupa
and adult P. ricini has the necessary steroid converting enzymes that can convert the
exogenous hydroxysteroids to ketosteroids.
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