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Abstract-l. Levels of progesterone and oestrone were estimated by means of RIA in the gonads and 
pyloric caeca of male specimens of Asterius rubens throughout the reproductive cycle. 

2. The patterns obtained appeared to be sex-specific on comparison with those of female specimens of 
A. rubens and it was concluded that progesterone and oestrone in the testes are involved in the regulation 
of gametogenesis. 

3. The levels of progesterone in the pyloric caeca were about ten times higher than those in the testes; 
in the same sequence levels of oestrone were only slightly higher. 

4. The onset of a new reproductive cycle, taking the abrupt decrease of the pyloric caeca-index as a 
marker, coincides with a strong decrease of the progesterone level (P~O.001) and an increase of the 
oestrone level (P < 0.01) in the pyloric caeca. 

5. It is supposed that progesterone and oestrone in the pyloric caeca are concerned with making 
available the materials required for gametogenesis 

INTRODUCTION 

In recent years the presence and the metabolism of 
steroids in the gonads and pyloric caeca of the female 
sea star Aster& rubens have been studied extensively. 
Dieleman and Schoenmakers (1979) demonstrated 
by radioimmunoassay (RIA) the presence of pro- 
gesterone and oestrone in these organs in agreement 
with earlier reports on the presence of progesterone 
(Botticelli et al., 1960, 1961; Ikegami et al., 1971) and 
of substances with oestrogen-like activity based on 
bioassays (Steidle, 1930; Donahue, 1940; Hagerman 
et al., 1957; Botticelli et al., 1960, 1961) in the ovaries 
of other echinoderms. 

In uitro studies showed that the gonads and pyloric 
caeca of female A. rubens are able to synthesize C,,- 
steroids from cholesterol (Schoenmakers, 1979) and 
&-steroids from progesterone (Schoenmakers and 
Voogt, 1980). Androstenedione was metabolized into 
other C,,-steroids, but no evidence was obtained for 
the production of oestrogens (Schoenmakers and 
Voogt, 1981), which was in agreement with earlier 
findings of Colombo and Belvedere (1976). Actually 
till now, no data are available on oestrogen for- 
mation in any invertebrate. 

Schoenmakers and Dieleman (198 1) reported vary- 
ing levels of progesterone and oestrone in the gonads 
and the pyloric caeca of female A. rubens and related 
these differences to the stages of the reproductive 
cycle as distinguished by Schoenmakers et al. (1984). 

Since all reports until now concern only the gonads 
of female echinoderms nothing is known about the 
levels of steroids in male specimens. 

This paper will be the first one dealing with steroid 
levels in male sea stars. For obvious reasons in this 

orientation the same steroids were estimated as had 
been determined earlier for female specimens 
(Schoenmakers and Dieleman, 1981). Presented are 
the levels of progesterone and oestrone in the gonads 
and pyloric caeca of male specimens of A. rubens 
collected at different times of the year, and the course 
of these levels is compared with that in female 
animals. 

MATERIALS AND METHODS 

Animals 

Adult specimens of Asterias rubens were collected from 
the Wadden Sea population (The Netherlands) at set inter- 
vals over a one year period, The animals were kept in 
recirculating sea-water at 6 C for three days in which no 
food was given to have the alimentary canal freed of food 
residues, and then processed. The male animals used in this 
study were from the same samples as the female animals 
used in an earlier study (Schoenmakers and Dieleman. 
1981). 

Dissection of animals 

Animals were dissected in the usual way, and the gonads 
and pyloric caeca were taken out (only non-parasitized 
animals were used). Sex was determined by microscopical 
examination of a squashed piece of gonadal tissue. The 
testes and pyloric caeca of at leas1 four male animals of each 
sample were stored after homogenization at -25 C until 
assayed. 

Estimakm of steroids 

Progesterone and oestrone levels were estimated in the 
homogenates by previously validated RIA methods (Diele- 
man and Schoenmakers, 1979). The antiserum (S74 B7) for 
the RIA of progesterone against 1 la-hydroxyprogesterone- 
hemisuccinate BSA conjugates was raised in sheep. The 

635 



636 P. A. VOOCT and S. J. DIELEMAN 

antiserum (7604-7 40) for the RIA of oestrone against 
oestrone-6-keto-oxime BSA conjugates was raised in 
rabbits. 

Progesterone and oestrone were extracted from the 
homogenates with n-hexane (99.5”,,; Merck AG. Darm- 
stadt, FRG) and twice distilled benzene (Uvasol. Merck 
AC). respectively. 

The intra- and interassay coetfcients of variation were 
< 1 I and < 12”; (n > 12). respectively. and the sensitivity 

was at least 7 pgitube. 

Analysis of variance of the data was performed and 
differences were tested by means of a modified r-test, a 
multiple comparison technique based on the Bonferroni 
inequality (Miller, 1980). When variances were unequal 
differences were tested according to Box 13.3 (Sokal and 
Rohlf, 1969). 

RESULTS AND DISCUSSION 

The mean organ indices (+ SD) per sample of the 

testes and the pyloric caeca are given in Table I. The 

gonad-index is low in June, August and September, 

increases slowly during October and November, and 

sharply from November until January and in March 
and April. Then there is an abrupt fall between April 
and June resulting from the shedding of the gametes. 
The pyloric caeca-index is high in June and August, 
fails abruptly in September, decreases gradually dur- 
ing the remaining part of the annual cycle, and is high 
again in June of the following year. 

The antisera used against progesterone and oe- 
strone are highly specific and therefore it is concluded 
that progesterone and oestrone are present in the 
gonads and pyloric caeca of male A. rubens as has 
been reported for female animals (Dieleman and 
Schoenmakers. 1979). 

The levels of steroids in these organs are given as 
nanogram steroid per gram fresh weight (Table 2). 

ng steroid per gram 

fresh wetght 

3.0 

2.0 

1.0 

0 

- progesterone 

l - - - * oestrone 

r........rgonad-Index 

Date of Number of Gonad Pylonc caeca 

sampling animals used index index 

1976 VI-30 3 0.92kO.28 21.76+1 76 

VIII-24 3 0.92kO.91 21.2ht4.32 

IX-28 5 0.83 i-O.48 12.27+3.94 

x-19 6 1.52+0.86 10.69+3.05 

XI-09 5 2.50& 1.74 9.25k4.55 

X1-23 5 1.5x+1.41 8.38*1.27 

1977 I-11 5 8.4412.91 10.12~2.82 

III-08 4 7.43+ 1.92 8.78-i-3.34 

III-22 5 12.3lk2.34 5.522 I.71 

IV-14 4 20.4315.81 4.88_t2.22 

VI-20 5 1x5* 1.05 16.00+6 17 

Steroids in the gonuds 

The progesterone level is low in June and August 
(Table 2, Fig. I), is higher in September with a 
gradual decrease until the beginning of November, 
reaches maximum values at the end of November, 
and is rather constant from January until April. The 
mean progesterone level at November 23 is higher 
than the mean levels of the periods before and after 
that date, but differences are not statistically 
significant. 

In Fig. 2 these progesterone levels are compared 
with those for female animals collected at the same 
time, at the same location and assayed in the same 
way (Schoenmakers and Dieleman, 1981). Obviously 
the courses of the level during the year are quite 
different, although they have in common that a low 
level is reached in both sexes at November 9 (in 
females this is even the lowest level observed). 

During the period preceding November 9, pro- 
gesterone levels in the testes are lower than the 
corresponding levels in the ovaries whereas the re- 
verse holds for the period after November 9: after 
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Fig. I. Mean (i_ SEM) levels of progesterone and oestrone per sample in the testes and the mean gonad 
index (*SD) per sample of Asterim rubs during the reproductive cycle. Levels are expressed as rig/g 

fresh weight. Number of animals as given in Table I. 
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Table 2. Mean (i: SEM) progesterone and oestrone levels per sample of male specimens 
of Asrericls rubens expressed as ngig fresh weight 

Date of sampling 

1976 VI-30 
VIII-24 
IX-28 
x-19 
XI-09 
XI-23 

1977 I-11 
III-08 
III-22 
IV-14 

Testes 
Progesterone Oestrone 

~-0.96 + 0.03 
0.62;0.25 

0.29*0.10 
0.48&0.17 

12X+0,24 0,77+0.16 
1.07*0.13 0.7i+o.16 
0.75*0.17 i.ooi_o.32 
3x4+ 1.10 1.18~0.20 

l.66*0.15 0.64+0.07 
1.29+0.35 0.73~O.li 
1.79_co.19 0.79+005 
1.42+0.28 0.82+0.11 

P$OliC 
Progesterone 

23.3+ I .8 
22.3*0.4 
14.913 5 
13.6t 1.6 
8.x*2.1 
10.3i_2.0 

12.92 I.2 
9.8i0.7 
12.3+ 3.8 
12.oi 1.4 

Oestrone 

1.72iO.06 
0.98&0.17 
203+0.12 
1.66&0.14 
1.48+0.10 
1.41~0.11 

VI-20 1.2btO. I7 0.54kO.06 13.5k2.2 1.53iO.18 

Number of animals as in Table I 

spawning (June) the former situation seems to be 
restored. In ovaries progesterone levels are higher in 
the period before November 9 than in the period after 
that date, whereas in testes the levels show an inverse 
course. 

The sex-specificity of the pattern of the pro- 
gesterone level in the gonads of both sexes during the 
year, supports the idea that progesterone is involved 
in the regulation of sex-specific processes going on in 
the gonads, particularly of gametogenesis. 

The oestrone level in the testes shows a picture 
rather similar to that of progesterone (Table 2, Fig. 
1): the level is low in the first part of the annual cycle, 
reaches a maximum value at the end of November, 
and shows little variation after that time, As was 
found for progesterone the oestrone level at 23 
November is not significantly different from the mean 
level of the periods before and after that date. 

In Fig. 3 these oestrone levels are compared with 
those reported for the ovaries of female animals 

(Schoenmakers and Dieleman, 1981). Essentially, the 
same picture is obtained as in Fig. 2. 

In the first part of the annual cycle oestrone level 
is higher in the ovaries, whereas from November until 
spawning it is slightly higher in the testes. The former 
situation seems to be restored after spawning. There- 
fore the course of the oestrone level in the gonads 
during the annual cycle seems to be sex-specific, too. 
On the same grounds it is supposed that also oestrone 
is involved in the process of gametogenesis. 

In Fig. 1 levels of progesterone and oestrone are 
shown together with the gonad-indices. Peak levels of 
progesterone and oestrone are reached some time 
after the onset of testes growth and are followed by 
a sharp increase in the growth. This also suggests that 
progesterone and oestrone are concerting in the 
regutation of gametogenesis. 

Progesterone levels in the testes are higher than 
those of oestrone. However, at 9 November, thus just 
prior to the peak values for both steroids, the level of 

ng steroid per gram 
fresh weight 
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Fig. 2. Mean (i SEM) levels of progesterone per sample in the testes and ovaries of Asreriu.7 rubens during 
the reproductive cycle. Levels are expressed as rig/g fresh weight. Number of male animals as given in 

Table I. Data on the female animals are after Schoenmakers and Dieleman (1981). 
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ng steroid per gram 
fresh weight 
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Fig. 3. Mean (+ SEM) levels of oestrone per sample in the testes and ovaries of Asferius rtrbens during 
the reproductive cycle. Levels are expressed as ng per g fresh weight. Number of male animals as given 

in Table 1. Data on female animals are after Schoenmakers and Dieleman (1981). 

oestrone exceeds that of progesterone. The same 
phenomenon was observed at the same date in the 
ovaries of the female sea stars under comparison. 
Particularly, when the concerting of progesterone and 
oestrone in the regulation of gametogenesis might be 
expressed in terms of a hormone balance, the reversal 
of the oestrone/progesterone ratio may be of great 
importance in triggering special processes. This as- 
pect will be studied further. 

Steroids in pyloric caeca 

The levels of progesterone and of oestrone in male 
pyloric caeca (Table 2) are one order and slightly 
higher, respectively, than those in the testes. The 
conversion rate of progesterone into other steroids 
during the year is higher in the pyloric caeca than in 
the testes (Voogt, unpublished data). This, together 
with the IO-fold higher level of progesterone. indi- 
cates that, like in females, the pyloric caeca are more 
important organs for the synthesis of progesterone 
than the gonads. 

The progesterone level in pyloric caeca (Table 2, 
Fig. 4) is high in June and August, decreases sharply 
during September and October, reaches a minimum 
at 9 November, and remains rather constant after 
that date. 

The oestrone level is high in June and August, 
reaches maximum values in September, decreases 
gradually after that date, reaching a minimum value 
(about one fourth of the maximal value) just prior to 
spawning, and is high again after spawning. 

The course of the levels of progesterone and 
oestrone in the pyloric caeca during the year differs 
considerably from that in the testes, which suggests 
that the functions of these steroids in the two organs 
are different. 

Progesterone levels in pyloric caeca are lower in 

males than in females (P < O.OOl), whereas the 
reverse holds for the oestrone levels (P < 0.02). 

The progesterone level in pyloric caeca of female 
sea stars was high during stage 1 and 2 and decreased 
abruptly at the beginning of stage 3 (late growth and 
partial maturation; Schoenmakers et al., 1984) and 
increased to the former level at the end of this stage 
(Schoenmakers and Dieleman, 1981). Since stage 3 is 
characterized by a rapid growth of the ovaries, the 
change in the progesterone level in the pyloric caeca 
may be related to making available materials stored 
in these organs for ovarian growth. Unfortunately, a 
detailed division of the reproductive cycle of male 
gonads into stages is not available. Table I shows 
that the pyloric caeea index drops sharply between 
August and September, whereas at that time no 
change in the gonad-index occurs. This phenomenon 
is quite common and has been observed both in male 
and female sea stars (Van der Plas and Oudejans, 
1982). It means that materials have been released 
from the pyioric caeca but have not yet been depos- 
ited in the gonads. This indicates that a new re- 
productive cycle has started at that time and it is 
logical to suppose that-if steroids are involved in the 
regulation of reproduction~this start is reflected in 
the levels of these steroids. Statistical analysis shows 
that the mean progesterone level of June and August 
is higher than that of the remaining part of the year 
(P~O.001). The progesterone level in September is 
lower than the mean level of June and August 
(P < O.OS), but is not different from the mean level of 
the second part of the year. Furthermore the oestrone 
level in September is higher than the mean level of 
June and August (P < 0.01) and of the second part 
of the year (P < 0.001). Thus the start of a new 
reproductive cycle in male sea stars coincides with 
significant changes in the levels of progesterone and 
oestrone in the pyloric caeca. 
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ng progesterone per gram 
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Fig. 4. Mean (k SEM) levels of progesterone and oestrone per sample in the pyloric caeca and the mean 
pyloric caeca index (k SD) per sample of male Asferias rubens during the reproductive cycle. Levels are 

expressed as ng per g fresh weight. Number of animals as given in Table I. 

In the testes the level of progesterone in September 
is not different from the mean level of June and 
August (0.05 < P < 0.1); the corresponding levels of 
oestrone are marginally different from each other 
(P = 0.05). This means that the onset of a new 
reproductive cycle is not clearly reflected in 
significant changes in the levels of progesterone and 
oestrone in the testes. 

Further research will be necessary to clarify the 
function and the interplay of steroids in the gonads 
and pyloric caeca of both male and female sea stars. 
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