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Jin-Taur Shih and Ching-Fong Liao (1998) Conversion of cholesterol to sex steroid-like substances by
tissues of Mictyris brevidactylus in vitro. Zoological Studies 37(2): 102-110. This study aimed to determine
whether the ovary or hepatopancreas of the soldier crab Mictyris brevidactylus can synthesize sex steroid-like
substances. Tritium-labeled cholesterol was used as a precursor for steroid synthesis and was added to the
culture medium in which tissues were incubated in vitro. Steroid extracts prepared from ovaries, hepatopan-
creases, and their incubation media were analyzed by HPLC. We had the following results. 1) Ovary and
hepatopancreas took up tritium-labeled cholesterol at different rates and these rates leveled off during incu-
bation. 2) By HPLC analysis, we detected tritium-labeled radioactivities in fractions which might represent
newly synthesized steroid-like substances (17-o-hydroxypregnenolone, progesterone, and pregnenolone). 3)
Little or no tritium-labeled steroid-like substance was detected in tissues taken from crabs during

prereproductive and reproductive seasons (egg-carrying).
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Whether crustaceans produce endogenous
steroid hormones remains untested. However, sex
steroid-like substances and enzymes involved in
steroid metabolism have been detected in tissues
of crab and shrimp (Lisk 1961, Kanazawa and
Teshima 1971, Teshima and Kanazawa 1971,
Sandor 1981, Couch and Hagino 1983, Skinner
1985, Couch et al. 1987, Fingerman 1987, Sasser
and Singhas 1988 1992, Shih 1992 1993 1997,
Shih and Wang 1993). Physiological studies have
shown that progesterone and 17-a-hydroxyproges-
terone increased yolk protein synthesis in ovaries
of penaeid shrimp (Kulkarni et al. 1979, Qua-
ckenbush and Keeley 1987 1988, Quackenbush
1992). The maturation of penaeid shrimp ovary
was enhanced by progesterone and 17-o-proges-
terone (Sarojini et al. 1985 1986, Yano 1987).
Quackenbush (1994) stated that steroid hormones
produced in lobster ovary may regulate yolk pro-
duction.

Shih (1992 1993), and Shih and Wang (1993)

reported that in the hemolymph progesterone-like
substance levels of Uca arcuata and Mictyris
brevidactylus reached the peak phase 2 to 3 mo
before their egg-carrying periods (April-May for
U. arcuata, January-April for M. brevidactylus)
started. At the same time, the gonadosomatic in-
dex (GSI) also reached its peak phase. This sug-
gests that the progesterone-like substance is an
endogenous product of the crab. Also this hor-
mone may have an effect on crustacean reproduc-
tion, for example, in ovarian maturation as sug-
gested by Quackenbush (1989a,b 1992).
Recently, Shih (1997) detected progesterone-
like and estradiol-like substances in steroid extracts
of ovary and hepatopancreas of M. brevidactylus.
However, there is still a lack of evidence showing
that sex steroids are synthesized in this crab. In
this report, tritium-labeled cholesterol was used as
a precursor to test if crab tissues could synthesize
sex steroids in vitro. After incubation, steroid ex-
tracts of ovaries and hepatopancreases contained
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tritium labeled substances. HPLC analysis showed
that labeled substances may represent newly syn-
thesized steroids. Steroid extracts of tissues taken
from nonreproductive season (August) specimens
were labeled with more radioactivities than those of
prereproductive (November and December) and
reproductive seasons (January) specimens.

MATERIALS AND METHODS
Chemicals

Organic solvents used were LC grade from
Alps Chemical Co. (Taipei, Taiwan, R.O.C.). The
authentic steroids were from Sigma Co. (St. Louis,
MO, USA).

Sample collection

Adult (carapace width > 0.60 cm) female sol-
dier crab, M. brevidactylus were collected in the
Tanshui mangrove swamp of northern Taiwan in
nonreproductive (August), prereproductive (No-
vember and December), and reproductive (Janu-
ary) seasons (Shih et al. 1991, Shih 1993). Zero-
year-old crabs (CW < 0.50 cm) were collected in
the nonreproductive season (August).

In vitro incubation of tissues

Crabs were rinsed and anesthetized in a refrig-
erator (4 °C). Ovaries and hepatopancreases were
dissected out and weighed. About 18-36 mg of
tissue was usually placed in an Eppendorf vial (2.0
ml) filled with saline (Shih et al. 1989). For labeling
experiments, tritium-labeled cholesterol [1a, 2a(n)-
tritium, 48.0 Ci/mmol, Amersham International
Place, UK] was added to the incubation medium
(0.5-0.7 uCi/[ml of saline]). For study of uptake
kinetics, a lesser radioactivity (0.06 uCi/[ml of sa-
line]) was used. After incubating at 22.0 °C for 20-
24 h with shaking (80 rpm/min), tissues were rinsed
twice each in 20 ml of cold saline and placed in
absolute ethanol.

Extraction of steroids

Extraction of steroids from ovary and hepato-
pancreas tissues was carried out by using a modi-
fied procedure described previously (Shih 1992,
Shih and Wang 1993). Ovaries or hepatopancre-
ases were homogenized twice in cold absolute
ethanol in a mortar. The pooled homogenate was
filtered. The filtrate was extracted twice with 10

volumes of methanol and chloroform (1:2, v/v).
The organic phase was air-dried. This extract was
dissolved in 0.3 M CacCl, in 70% methanol. This
mixture was kept in a refrigerator (4 °C) overnight.
The precipitate was removed by filtering. The
above procedure was repeated once. The steroids
in the aqueous phase were extracted by dichlo-
romethane. To 40 ml dichloromethane extract, 8
ml water, 8 ml 0.1 N NaOH, and 8 ml 0.1 N acetic
acid were added and mixed in a separatory funnel.
After removing the aqueous phase, the extract in
the dichloromethane was evaporated to dryness.
The resulting extract was designated as the steroid
extract and used for this study. Because the incu-
bation medium (saline) contained water, it was
necessary to separate the aqueous phase by add-
ing diethyl ether to the medium. The ether phase
containing steroids was collected; after the ether
was evaporated, the extract was dissolved in abso-
lute ethanol and subjected to the same procedure
as for the ovaries.

High-performance liquid chromatography

The HPLC system used for this study was

[6)]
o

@@ Hepatopancreas
m—m Ovary

S
o
1

w
(@)
|

-
o
!

o
I

Radioactivity of tritium (cpm x 10'3/[g of tissue])
N
o
L

Time (h)

Fig. 1. Uptake kinetics of tritium-labeled cholesterol by tissues
of Mictyris brevidactylus in vitro. Ovaries or hepatopancreases
(August 1996) were incubated in 2.0 ml saline with tritium-la-
beled cholesterol (0.06 uCi/[ml of saline]) at 20 °C for 24 h. At
each time point, tissues were rinsed with 20.0 ml saline twice
and fixed in absolute ethanol. Then tissue was homogenized,
air-dried, and prepared for scintillation counting. The bar of
each point represents the mean and standard errors (n = 2).
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composed of a Knauer HPLC pump (Type 364,
Germany), a sample injector, a Spectral photom-
eter (N,/No,. 731 879), a Chromatocorder 11 (SIC,
Japan) and a column of LiChroCART 250-4, RP-
C18 (4.0 mm x 244 mm, Merck, Germany). The
elution was carried out by the procedure of Shih et
al. (1990). Methanol at 80% was first used to
separate steroid hormones, followed by 100%
methanol to elute the cholesterol.

If not otherwise stated, UV-absorbing steroids
were detected in all chromatograms at 275 nm;
attenuation was set at 32 a.u./cm. A sample of 20
ul was injected for each run. Steroid extracts were
dissolved in 0.6-1.0 ml methanol, filtered through a
Millipore membrane (0.45 um) and prepared for
HPLC. Authentic steroid standards were proges-
terone (pregn-4-one-3, 20-dione), pregnenolone (5-
pregnen-3p-ol-20-one), 17-o-hydroxypregnenolone
(5-pregnene-3p,17a-diol-20-one), and cholesterol.
Eluates which had retention times corresponding to
standards were collected at the OD peak region.
Fractions without OD peaks were also collected at
various time intervals. All eluates were extracted
with ether and then air-dried. The extract of each

eluate was first dissolved in 0.5 ml 95% ethanol
and then mixed with 6.0 ml Omni-Szintisol (Merck,
Darmstadt, Germany) in preparation for liquid scin-
tillation counting.

To check the efficiency of the extraction proce-
dure and the possibility of cholesterol metabolism,
tritium-labeled cholesterol (0.5 uCi) was mixed with
10.0 ml saline and stored in an incubator (22.0 °C)
for 24 h. This mixture was then extracted for ste-
roids. The efficiency of extraction was 79.6%.
When this tritium-labeled cholesterol extract was
run through HPLC, 76.0%-79.0% of the applied
radioactivity was recovered at the retention time of
authentic cholesterol, and 21.0%-24.0% of the ra-
dioactivity came out a few minutes before the cho-
lesterol did.

RESULTS

Different cholesterol uptake rates by the ovary
and hepatopancreas

Fig. 1 shows the uptake over time of tritium-

Table 1. Radioactivity detected in tissue, medium, and their steroid extracts
after Mictyris brevidactylus fresh tissues were incubated in the presence of

tritium-labeled cholesterol? in vitro

Date of sampling

Radioactivity (% of total input)

Radioactivity (% of total input)

and detected in detected in steroid extract of
experiment Tissue Medium Tissue Medium
1995
November
Ovary 5.55 + 0.64° 65.76 + 5.34 3.66 + 0.55 60.32 + 6.44
Hepat.° 1.77 £ 0.45 71.66 £ 7.22 2.44 + 0.51 5111 +£7.12
December
Ovary 1.20 61.31 0.14 36.10
Hepat. 1.71 66.61 0.52 32.76
1996
January
Ovary 4.31 72.05 2.00 49.32
Hepat. 2.22 81.52 1.20 33.11
August (I)d
Ovary -° - 1.27 33.64
Hepat. - - 1.31 36.60
August (I)f
Hepat. - - 2.91 56.96

& Radioactivity of cholesterol applied to medium (2.0-4.0 ml) was 0.5-0.7 uCi/[ml of saline].
® Results are from 2 separate experiments and expressed as mean and standard errors.

° The abbreviation Hepat. represents hepatopancreas of crab.

9 Tissues of adult crab (CW > 0.60 cm).
° Not determined.

' Tissues of 0-yr-old crab (CW < 0.50 cm) which had premature ovaries.
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labeled cholesterol by the ovary and hepatopan-
creas of M. brevidactylus. The uptake of tritium-
labeled cholesterol by the ovary reached a maximal
level before 15 h, and maintained a plateau for
another 10 h. The uptake kinetics of tritium-labeled
cholesterol by the hepatopancreas were more com-
plex, reaching a maximal level before 5 h and
maintaining a plateau for another 10 h; then the
uptake increased to a higher level thereafter. After
incubation, the ovary took up 1.45% (2.5 x 10°
CPM/[g of ovary]) of the total input radioactivity
while the hepatopancreas took up 2.50% (4.1 x 10°
CPM /[g of hepatopancreas]).

Table 1 shows the amount of radioactivities in
the tissues and incubation media. At the end of
incubation, about 1.20%-5.55% of the total input
radioactivity was found in the tissues. After extrac-

it

Retention time (min)

OD275

Fig. 2. HPLC chromatograms for steroid standards and
samples. (a) Authentic steroid standards were 17-0-OH-preg-
nenolone (OH-Preg), progesterone (P,), pregnenolone (Preg),
and cholesterol (CHO, 1000 ng each, except P, at 150 ng). (b)
Tritium-labeled steroid extract of Mictyris brevidactylus ovary
(August 1996) in the presence of 4 authentic steroids as ana-
lyzed by HPLC. (c) Tritium-labeled steroid extract of (b) in the
absence of steroid standards as analyzed by HPLC.

tion for steroids, the tissue and medium extracts
had 0.14%-3.66% and 32.0%-60.0% of the total
input radioactivity, respectively.

HPLC analysis of steroid extracts of tissue and
incubated medium

Fig. 2a is a typical chromatogram of authentic
steroids: 17-o-hydroxypregnenolone (OH-Pgg),
progesterone (P,), pregnenolone (P s4), and cho-
lesterol (CHO, 1000 ng each, except P4 at 150 ng).
Retention times of these standards were 11.5 min,
18.0 min, 27.1 min, and 33.8-37.0 min, respec-
tively. After that the tritium-labeled ovary steroid
extract (sample prepared in August [I] 1996, see
Table 1) passed the HPLC with 4 authentic ste-
roids; its chromatogram is shown in Fig. 2b. The
authentic steroids still had correlated retention
times with those in Fig. 2a (11.7 min, 17.8 min,
27.3 min, and 35.0-38.0 min). The ovary extract
run through HPLC without standards is shown in
Fig. 2c. Three OD peaks with retention times of
11.0 min, 17.6 min, and 33.0-38.0 min may repre-
sent OH-P 44, P4, and CHO, respectively.

Radioactivity detected in chromatographed
steroid fractions

Labeled steroid-like substances of the ovary steroid
extract

As shown in Fig. 2b, fractions of the whole
profile of the chromatogram were collected. The
OD and radioactivity of each fraction were deter-
mined and recorded. Results are shown in Table
2. Based on the retention times, 3.66%, 3.74%,
and 7.42% of the chromatographed radioactivity
were found in fractions which may represent newly
synthesized OH-P,qq, P4, and P4, respectively.
Some radioactivities were also found in the frac-
tions which came out between the authentic steroid
standards. Lower radioactivity was detected when
the medium steroid extracts were run through
HPLC (0.75%-0.90% of the chromatographed
radioactivity). The fraction which contained choles-
terol had relatively high radioactivity (48.89%-
85.70%).

Labeled steroid-like substances of the
hepatopancreas steroid extract

Tritium-labeled hepatopancreas steroid extract
was run through HPLC, and the OD and radioactiv-
ity of each fraction are shown in Table 3. There
were 3.45%, 5.45%, and 4.70% of the chroma-
tographed radioactivity detected which may repre-
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sent labeled OH-P,y,, P4, and P, respectively.
Again, lower radioactivities (0.29%-1.82%) were
found in steroid fractions when the medium steroid
extracts were analyzed.

Labeled steroid-like substances of tissues and
media during the study period

Table 4 presents results of the chromatograph-
ed tissue and medium steroid extracts which were
labeled with tritium. Though radioactivities were
detected in steroid fractions of ovaries and their
media of November and December 1995 and Janu-
ary 1996, they were at low levels (< 0.92% of the
chromatographed radioactivity, except 1.62% of
ovary medium of December 1995). No radioactivity
was detected in the hepatopancreas steroid ex-
tracts of December 1995 and January 1996. Table
4 also presents the results of experiments con-
ducted in August 1996 with the hepatopancreases
of 0-yr-old crabs which had only premature ovaries
(barely detected tissue). About 3.79%, 5.28%, and
3.31% of the chromatographed radioactivity were
found in fractions representing OH-P 4, P4, and
Preg, respectively.

DISCUSSION

There are 3 main findings of this study. 1)
Ovary and hepatopancreas took up tritium-labeled
cholesterol in vitro. 2) By HPLC analysis, tritium-
labeled radioactivities were detected in fractions
which possibly represent the newly synthesized
steroid-like substances 17-o-hydroxypregnenolone,
progesterone, and pregnenolone. 3) Little or no
tritium-labeled steroid-like substance was detected
in tissues taken from specimens of late prerepro-
ductive (November and December) and reproduc-
tive (January) seasons.

According to Van Den Oord (1964), and
Zandae (1967), crustaceans do not synthesize cho-
lesterol de novo; tritium-labeled cholesterol was
therefore used in this study as a precursor for ste-
roid synthesis by crab tissues in vitro. After incu-
bation in vitro for 24 h, tissues took up 1.20% to
5.55% of the radioactivity applied to the incubation
medium. Watson and Spaziani (1985) used '“C-
labeled cholesterol (1.0 uCi/[ml of saline]) to study
the synthesis of ecdysone by crab tissues. Simi-
larly, these tissues took up about 1.0% to 5.0% of

Table 2. Radioactivity of eluate fractions from HPLC of Mictyris brevidactylus ovary steroid extract®

Fraction ODy75 Retention time Radioactivity (CPM) of Percent of total Steroid standard
no. (min) eluate of tissue (T) and chromatographed emerging at this
medium (M) extract radioactivity retention time
1° 0.003 5-10 468 (T)° 4.76
(M) 1.31
2 0.008 10 - 12 ) 3.66 OH-Pregc®
(M) 0.90 OH-Preg
3 0.003 12 - 17 (M) 1.92
(M) 0.95
4 0.002 17 - 19 (M) 3.74 Py
(M) 0.76 Py
5 0.000 19 — 26 (T 5.24
(M) 0.03
6 0.000 26 — 28 (M) 7.42 Preg
(M) 0.75 Preg
7 0.000 28 — 30 (M) 2.92
(M) 0.02
8 > 0.040 30 -35 ()] 21.47 Unk
2560 (M) 8.99 Unk
9 > 0.040 35 - 45 4810 (T) 48.89 CHO
24400 (M) 85.70 CHO

20varies of M. brevidactylus collected in August 1996 were incubated in saline with tritium-labeled cholesterol at 20 °C for
24 h. After incubation, tissue and its medium were extracted for steroids. Steroid extracts were then analyzed by HPLC.

®Fractions 1-7 came out in 80% methanol elution. Fraction 8-9 came out in 100% methanol elution.

¢ Abbreviations T and M represent tissue and medium, respectively.

9 Abbreviations OH-Preg, P4, Preg, Unk, and CHO represent 17-a-OH-pregnenolone, progesterone, pregnenolone, unknown

substance, and cholesterol, respectively.
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the total applied radioactivity. The uptake of la-
beled cholesterol by crab ovary leveled off at 24 h,
while the Y-organ may have had a longer uptake
time. Since the amounts of free cholesterol and
the cholesteryl esters were not assayed in this
study, the radioactive cholesterol taken up by M.
brevidactylus tissues may contain free cholesterol.
Different patterns of tritium-labeled cholesterol
uptake rates may represent different metabolic
mechanisms in the tissues (Fig. 1). In crab, circu-
lating cholesterol may be bound to high-density
lipoprotein (HDL), and cholesterol is taken up by
endocytosis of the entire HDL-cholesterol complex
(Kang and Spaziani 1995). Addition of crab se-
rum may enhance the uptake process as shown
by Watson and Spaziani (1985). In this study,
unlabeled cholesterol (50 fold of the amount of the
tritium-labeled cholesterol) was added into the
culture medium as a chaser to reduce the incorpo-
ration of tritium-labeled cholesterol by the tissue.
Results did not show any difference between con-

trol and test experiments analyzed by HPLC for the
labeled steroids (data not shown).

In this study, the first 3 intermediates of the
sex steroid synthesis pathway were analyzed by
HPLC. When steroid extracts with or without ste-
roid standards passed the HPLC, the OD peaks
with retention times of 17-a-hydroxypregnenolone,
progesterone, pregnenolone, and cholesterol were
clearly separated on the chromatogram. Since
fractions along the whole profile of the chromato-
gram were collected, the percentage of the radio-
activity in each fraction was obtained. Results
show that all 3 steroid-like substances were labeled
with tritium, indicating the ovary and hepatopan-
creas possibly synthesize steroid-like substances.

The steroid extract of the culture medium also
contained tritium-labeled steroid-like substances.
This result indicates that the newly synthesized
steroid-like substances were secreted into the me-
dium. But the possible contamination of tissue to
the culture medium could not be excluded.

Table 3. Radioactivity of eluate fractions from HPLC of Mictyris brevidactylus hepatopancreas

steroid extract?

Fraction ODy75 Retention Radioactivity (CPM) of Percent of total Steroid standard
no. time (min) eluate of tissue (T) chromatographed emerging at this
and medium (M) radioactivity retention time
extract
10 0.002 5-10 1270 (T)° 5.02
120 (M) 1.10
2 0.010 10 - 12 875 3.45 OH-Pregd
M) 0.29 OH-Preg
3 0.002 12 - 17 905 (T) 3.58
M) 0.46
4 0.008 17 - 19 1380 (T) 5.45 P4
M) 0.62 Py
5 0.001 19 - 26 1448 (T) 5.72
M) 0.62
6 0.006 26 — 28 1330 (T) 4.70 Preg
198 (M) 1.82 Preg
7 0.000 28 — 30 1021 (T) 4.03
102 (M) 0.93
8 > 0.040 30 -35 7534 (T) 29.78 Unk
2620 (M) 2417 Unk
9 > 0.040 35 - 45 9534 (T) 37.68 CHO
6404 (M) 58.90 CHO

& Hepatopancreases of M. brevidactylus collected in August 1996 were incubated in saline with tritium-labeled cho-
lesterol at 20 °C for 24 h. After incubation, tissue and its medium were extracted for steroids. Steroid extracts were

then analyzed by HPLC.

® Fractions 1-7 came out in 80% methanol elution. Fractions 8-9 came out in 100% methanol elution.
¢ Abbreviations T and M represent tissue and medium, respectively.
9 Abbreviations OH-Preg, P4, Preg, Unk, and CHO represent 17-a-OH-pregnenolone, progesterone, pregnenolone,

unknown substance, and cholesterol, respectively.
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Shih (1993) reported that a progesterone-like
substance was detected in hemolymph of female
M. brevidactylus at high levels 2-3 mo before egg-
carrying. In a recent report, progesterone-like sub-
stance was detected in the hepatopancreas and
ovary of M. brevidactylus (Shih 1997). In this
study, tissues of August 1996 specimens converted
radioactive cholesterol to sex steroid-like sub-
stances in vitro, indicating that these tissues may
be the site of steroid-like substance synthesis.
However, tissues taken from specimens of Decem-
ber 1996 and January 1997, which are times close
to egg-carrying, had low or no activity to convert
cholesterol to sex steroids.

Ovaries and hepatopancreases of the fiddler
crab, Uca vocans borealis which has a shorter
oogenesis time (about 2 wk) were tested for steroid
synthesis in vitro in this laboratory. Preliminary re-

sults showed that these tissues synthesized tritium-
labeled steroid-like substances at a relatively faster
rate (data not shown).

In order to check if there was steroid hormone
contamination between tissues, hepatopancreases
of 0-yr-old crabs which had only immature ovaries
were also tested. Results showed that these
hepatopancreases synthesized even more tritium-
labeled steroids in vitro. Therefore, it seems that
both the ovary and hepatopancreas can indepen-
dently synthesize steroid-like substances.

Steroid extracts of ovaries and hepatopancre-
ases of M. brevidactylus were measured by radio-
immunoassay for 17-a-OH-progesterone, aldoster-
one, and cortisol (Shih 1997). Results showed a
positive immunoreaction to 17-a-OH-progesterone,
but negative ones to aldosterone and cortisol.
However, more quantitative data are needed to

Table 4. Radioactivity of fractions from HPLC of Mictyris brevidactylus ovary and

hepatopancreas steroid extracts

Date of sampling Tissue (T) Percentage of radioactivity in the fraction with retention
and or time corresponding to standard steroid or cholesterol®
experiment Medium (M) OH-Pre® Py Pre UNK CHO
1995
November Ovary (T) 0.15 0.15 0.12 37.12 62.38
Ovary (M) 0.16 0.38 0.34 4217 56.18
Hepat. (T)° 0.11 0.26 0.45 37.35 61.81
Hepat. (M) 0.11 0.19 0.12 39.10 60.48
December Ovary (T) -d - - - -
Ovary (M) 1.62 0.92 0.78 19.39 77.29
Hepat. (T) 0.00 0.00 0.00 22.31 76.71
Hepat. (M) 0.51 0.33 0.23 25.21 73.71
1996
January Ovary (T) 0.27 0.18 0.00 27.86 71.67
Ovary (M) 0.06 0.07 0.07 21.87 77.91
Hepat. (T) 0.00 0.00 0.00 38.90 61.10
Hepat. (M) 0.06 0.15 0.05 19.62 80.10
August® Hepat. (T) 3.79 5.28 3.31 11.28 78.38
Hepat. (M) 1.24 0.90 0.87 3.74 87.45
Saline with 0.00 0.00 0.00 22.10 77.90

3H-cholesterol’

8HPLC was carried out as described in Materials and Methods. Radioactivities of ovary and hepatopan-
creas steroid extracts applied to HPLC were 2900 to 23000 CPM. Radioactivities of tissue incubation
media were 61 000 to 208 000 CPM. Fractions with retention times corresponding to authentic steroids
were collected and prepared for radioactivity counting. Other fractions at 1-2 min intervals were also

prepared for radioactivity counting (data not shown).

® Abbreviations OH-Pre, P4, Pre, UNK, and CHO represent 17-0-OH-pregnenolone, progesterone, preg-
nenolone, unknown substance, and cholesterol, respectively.

®The abbreviation Hepat. represents hepatopancreas.

dOvary steroid extract of December 1995 had low radioactivity and was not assayed by HPLC.
®Results are of tissues of 0-yr-old crabs which had premature ovaries.
" Saline with tritium-labeled cholesterol was stored at 22.0 °C for 24 h. Steroid extract was prepared from

this saline and analyzed by HPLC.
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support the possibility that this crab can synthesize
sex steroids endogenously.
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