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Fig. 9. Electron micrograph of steroid producing cells (S) in the testicular tissue of male gonad. Steroid
producing cells are distributed in the interstices among lobules. SC—spermatocyte; SP—sperm. X2,500.

to produce of T (51.7 pg/mg tissue), 11-KT (101.7
pg/mg tissue) and E, (16.3 pg/mg tissue) in response
to SGA. Comparing the ability of gonads to produce
steroid hormones, male gonads had higher levels of
11-KT production than did female gonads, while
female gonads had higher levels of T and E, than did
male gonads.

Discussion
The histological observations of the present study

are basically in agreement with the reports on go-
nadal structure in anemonefish by other researchers

(Fricke and Fricke, 1977; Moyer and Nakazono,
1978; Fricke, 1979; Ochi, 1989; Brusle-Sicard and
Reinboth, 1990; Hattori, 1991; Hattori and Yanagi-
sawa, 1991). Namely, males have hermaphroditic
gonads with both undeveloped ovarian and testicular
tissues, without any boundary between them. Ovar-
ies of females have no testicular tissue.

The studies on distribution and activity of SPC in
the gonads of sex-changing fish are very few, though
it is essential for understanding relationship between
steroid hormones and sex change. Yeung and Chan
(1985) have observed the activity level of steroid
producing cells in the gonads of protogynous Monop-
terus albus during sex change. The activity of SPC

Figs. 10 and 11. Electron micrographs of steroid producing cells in the testicular tissue (Fig. 10) and in the
ovarian tissue (Fig. 11) of the same male gonad which has active spermatogenic tissue. They have well-
developed endoplasmic reticulum and mitochondria (M) with well-developed tubular cristae. N—nucleus.

X 25,200.

Figs. 12 and 13. Electron micrographs of steroid producing cells in the testicular tissue (Fig. 12) and in the

ovarian tissue (Fig. 13) of the same male gonad which has inactive spermatogenic tissue.

They have

mitochondria (M) with undeveloped cristae and undeveloped endoplasmic reticulum (compare with Figs.

10 and 11). N—nucleus. X25,200.
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(Leydig cell) in female phase was immature, and was
at the peak of their activity in the mid-intersexual
phase. Nakamura et al. (1989) also revealed that
Leydig cells increased in size and number in the mid

and later stages of sex change in the gonads of
protogynous wrasse, Thalassoma duperrey. There
have been no reports on the activity and distribution
of SPC in the gonads of protandrous species. In the
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Fig. 14. Effects of salmon gonadotropin (SGA) on
in vitro secretion of testosterone, 11-ketotesto-
sterone and estradiol-178 by gonadal fragments
of Amphiprion frenatus male and female. Frag-
ments of the gonads were cultured for 24h at
25°C in L-15 medium (R) or in L-15 medium
plus SGA (10 pg/ml).

present study, we confirmed ultrastructurally- the
distribution of SPCs both in the testicular tissue and
in the ovarian tissue of male gonads. Activities of
SPCs both in ovarian and testicular tissues are in
accord with spermatogenic activity. Namely, SPCs
in gonads having active spermatogenic tissue are
active in structure, but SPCs in gonads having in-
active spermatogenic tissue are inactive. This fact
may indicate that SPCs distributed in ovarian tissue
also produce the steroid hormones involved in sper-
matogenesis.

In the ovaries of female anemonefish, SPCs were
found in the interstices between oocytes and in the

theca layer enclosing the developing oocytes. It
would be interesting to find out the origin of these
two types of cell. Recently Nakamura et al. (1993)
found evidence that steroid producing theca cells
enclosing developed oocytes were formed as a result
of the enclosure of oocytes by SPCs originating from
the area in the vicinity of blood vessels in the ovary
of tilapia, Oreochromis niloticus. This fact indicates
that SPCs move actively in the gonads. Thus, it is
highly possible that SPCs distributed in testicular
tissue of gonads in male phase move into the intersti-
tial area and theca layer in the process of sex change.

We measured serum steroid hormones by radio-
immunoassay, but the levels were not detectable in
most samples. This results not only from the small
amount of serum but also from the low steroid levels.
In contrast, it was possible to measure the steroid
hormones in incubation media. This method, in
vitro production of steroids by gonadal fragments in
the presence of SGA, has been tried in other species
of fish (Sakai et al., 1989; Nakamura et al., 1989;
Hourigan et al., 1991). Thus, this method seems to
be a generally applicable way to determine the ster-
oid profile of gonads in small fish from which blood
can not be taken efficiently.

Kime et al. (1991) had demonstrated that E, may
be involved in the sex inversion of the protandrous
sobaity Sparidentex hasta, on the basis of the correla-
tion of seasonal changes in serum steroid hormones
and the changes of sexual states of the gonads during
regression and recrudescence. Thus, it is also impor-
tant to know the ability of E, production in the
gonads of anemonefish. In the present study, E,
production by gonadal fragments of male was low,
even though gonadal fragments contained ovarian
tissue together with testicular tissue. This fact sug-
gests that the production of E, by ovarian tissue in
the male gonad is low. Nagahama (1983) demon-
strated that testosterone produced in the theca cells
is transported to the granulosa cells and aromatized
to E, in salmonid ovary. In addition Nakamura et al.
(1993) revealed that the timing of an increase in
serum E, levels coincides with the development of
granulosa cells in the process of gonadal develop-
ment in tilapia. These facts indicate that develop-
ment of granulosa cells is essential for the production
of E,. In this paper we report the observation that
granulosa cells enclosing oocytes in the ovarian
tissue of male-phase fish are poorly developed. This
fact supports the hypothesis that granulosa cells in
ovarian tissue of male gonads are capable of support-
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ing only a low levels of conversion of T to E,. This
low production of E, in the ovarian tissue may bring
about the degeneration of oocytes, without inducing
further development of oocytes. On the other hand,
organella in steroid producing cells and granulosa
cells enclosing yolky oocytes in the ovary of female
had well-developed, indicating active production of
steroids. Moreover, ovarian fragments from fish in
female phase produced T and E, in response to SGA.
T is the precusor of E,, and E, is involved in vitello-
genin synthesis in the liver, as widely known in fish
(Fostier et al., 1982). Thus, it is interesting to
investigate the changes in the levels of E, production
and development of steroid producing cells and gra-
nulosa cells in accompanying with sex change of
anemonefish.

Gonadal fragments of males produced T and 11-
KT in response to SGA. These may be involved in
spermatogenesis. 11-KT was also produced by ovar-
ian fragments of female. High production of 11-KT
in females has been reported in gonochoristic tilapia
(Eckstein, 1970) and in protogynous wrasse, Thala-
ssoma duperrey (Nakamura et al., 1989). 11-KT is
thought to be the main androgens in teleost fish
(Ozon, 1972). Moreover, this steroid has the highest
androgenic potency among natural androgens (Hi-
shida and Kawamoto, 1970). Hourigan et al. (1991)
reported that 11-KT is associated with aggressive
behaviour in males of T. duperrey. However, the role
of 11-KT in females is unknown.

It is certain that the development of the testis and
the ovary depends on gonadotropins from the pitui-
tary, as in other vertebrates (van Oordt and Peute,
1983). Active spermatogenesis in the male gonad is
a strong indicator of active secretion of endogenous
gonadotropins. Despite this fact, the reasons for the
low production of E, and the poor development of
ovarian tissue in the male are unknown.
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