GENERAL AND COMPARATIVE ENDOCRINGLOGY 90, 183-131 (1993)

Ovarian and Hemolymph Ecdysteroid Titers during Vitellogenesis in
Macrobrachium rosenbergii

N.J. YoUuNG,* S. G. WEBSTER,T AND H. H. REgs*'!

*Department of Biochemistry, University of Liverpool, P.O. Box 147, Liverpool, L69 3BX UK, and tSchool
of Biclogical Sciences, University of Wales, Bangor, Wales, LL37 2UW UK

Accepted January 15, 1993

Changes in ovarian and hemolymph ecdysteroid concentration and composition during
vitellogenesis have been investigated in the freshwater prawn Macrobrachium rosenbergii.
Free ecdysteroids (20-hydroxyecdysone and ecdysone) in hemolymph increased in concen-
tration during vitellogenesis from zero at stage 0 to 1.5 ng/ml at stage I to 7.3 ng/ml in
mature, stage IV animals. 20-Hydroxyecdvsonoic acid (1.2 ng/ml) was detected in the stage
IV hemolymph. Qvarian-free ecdysteroid concentration, expressed as nanograms per gram
of tissue, fell during vitellogenesis from £3.2 ng/g at stage 0, non-pigmented tissue to 14.2
ng/g at stage 1V tissue, being minimal at stage 1 (6.3 ng/g). However, expression of ovarian
free ecdysteroid content as nanograms per ovary revealed a rise from 7.7 ng/ovary at stage
0, nonpigmented tissue to 28.3 ngfovary at stage IV, again being minimal at stage I (2.0
ng/ovary). 20-Hydroxyecdysonoic acid and ecdysonoic acid were identified at ovarian

stages 1I-III and stage I'V.

It has been proposed that, in addition to
neuropeptides (see Charniaux-Cotton and
Pavyen, 1988) and juvenoids (see Laufer and
Borst, 1988), ecdysteroids may be involved
in the regulation of crustacean vitellogene-
sis. This proposal is based, in part, on the
evident analogy between the endocrine sys-
tems of crustaceans and insects. Ecdyste-
roids are molting hormones in both insects
(see Sehnal, 1989) and crustaceans (see
Chang and O’Connor, 1988) and there is ev-
idence that ecdysteroids are involved in the
regulation of yolk protein synthesis in in-
sects (Bownes, 1989).

Ecdysteroids can be detected in the
adults of evolutionarily advanced orders
which do not molt, indicating other roles
for ecdysteroids in the adult (see Hagedorn,
1989). The role of ecdysteroids in insect
ovarian development has been studied in
detail in Drosophila melanogaster and
Aedes aegypti. In Aedes, a blood meal trig-

! Author to whom correspondence and reprint re-
quests should be addressed.

© 1993 Academic Press, Inc.

gers the release of egg-development neuro-
secrefory hormone from the brain, which
stimuiates ovarian production of 20-
hydroxyecdysone to, in turn, stimulate
yolk protein synthesis by the fat body (sece
Hagedorn, 1985, 1989). Similarly, in Droso-
phila, both the fat body and ovary synthe-
size yolk protein, and the fat body volk pro-
tein gene transcription is stimulated by 20-
hydroxyecdysone (see Bownes, 1989).
Ovarian and hemolymph ecdysteroid con-
centrations increase during ovarian devel-
opment in the majority of insects studied,
for example, Sarcophaga bullata (Briers
and Deloof, 1980), and four species of
blowfly (Briers et al., 1983): Calliphora
vomitoria (Campan et al., 1983}, Phormia
regina (Yin er al., 1990}, Glossina fuscipes
(Robert et al., 1991), and Libidura riparia
(Sayah et al., 1991).

There is little information on the role of
ecdysteroids in the regulation of vitellogen-
esis in crustaceans. Several groups have in-
vestigaied the changes in ovarian and/or he-
molymph ecdysteroid concentration during

183

0016-6480/93 354.00
Copyright © 1993 by Academic Press, Inc.
All rights of reproduction in 2ny form reserved.



184

vitellogenesis. In the shore crab, Carcinus
maenas, ovarian and hemolymph ecdyste-
roid Ievels markedly increase during vitel-
logenesis and fall prior to spawning, with
levels of 20-hydroxyccdysone and pona-
sterone A reaching a peak toward the end of
vitellogenesis (stage IV} and levels of ecdy-
sone being maximal slightly earlier
(Lachaise and Hoffmann, 1977; Lachaise et
al., 1981). In Orchestia gammarellus,
Blanchet et al. (1979) observed low ecdy-
steroid levels in whole body extracts,
ovary, and hemolymph during vitellogene-
sis and a rapid increase in ecdysteroid titers
at the end of vitellogenesis, indicating that
vitellogenin synthesis is independent of ec-
dysteroid levels. In Artemia, a peak in
whole body ecdysone concentration occurs
during primary vitellogenesis, but ecdysone
levels decrease during secondary vitello-
genesis (Walgraeve et al., 1986, 1988).
Laufer et af. (I1988) reported that he-
molymph ecdysteroid levels are low and do
not fluctuate markedly during vitellogene-
sis in Libinia emarginata, and in Acantho-
nyx lunulatus ovarian ecdysteroid concen-
trations are high only at the beginning of
vitellogenesis and at the end of oocyte mat-
uration (Chaix and DeReggi, 1982).

Young et al. {1993) recently described
the changes in ovarian and hemolymph ec-
dysteroid titers during vitellogenesis in Pe-
naeus monodon. Ovarian and hemolymph
free ecdysteroid, predominantly 20-hy-
droxyecdysone, was maximal in animals
with immature (stage 0) ovary, decreased
gradually during early vitellogenesis (stage
0 to stage I) and then fell sharply during
later vitellogenesis (stage I to stage ['V). Po-
lar ecdysteroids, identified as 20-
hydroxyecdysone 22-phosphate and 20-
hydroxyecdysonoic acid, were detected
only in the immature tissue.

Wilder et al. (1991) also reported that, in
Macrobrachium rosenbergii, ovarian ecdy-
steroid concentration increased during a re-
productive molt cycle from 1-2 ng/g tissne
during stages C4-D0 to 22.9 ng/g at premolt
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stage D, compared to 11.4 ng/g at stage D,
of a nonreproductive molt cycle. Following
reproductive molting, peak ecdysteroid
concentrations were maintained until
spawning. These results indicated that ec-
dysteroids accumulated in the ovaries dur-
ing yolk protein uptake.

As part of an investigation into hormonal
control of ovarian development in prawns,
the changes in titer and identities of ecdy-
steroids during vitellogenesis in M. rosen-
bergii, have been studied in the ovary and
hemolymph.

MATERIALS AND METHODS

Experimental animals. Adult M. rosenbergii were
maintained in large tanks of constantly circulated fresh
water at 23°C and fed daily on minced mussel. The
vitellogenic stage of the animals was determined on
the basis of the size of the ovary and the degree of lobe
development and pigmentation. Stage 0 ovaries oc-
curred in two forms, nonpigmented and pigmented,
which were analyzed separately. Hemolymph and
ovary samples were stored at —20°C prior to extrac-
tion.

Extraction and purification of ecdysteroids. Ovaries
and hemolymph from animals at the same stage of vi-
tellogenesis (3—6 animals depending on the stage) were
pooled. Crude lipid extracts were obtained and free
ecdysteroids, apolar conjugates of ecdysteroids, polar
conjugates of ecdysteroids, and ecdysteroid 26-oic ac-
ids were purified from the extracts as described pre-
viously (Young et al., 1991).

Hydrolysis of ecdysteroid conjugates. Half of each
ecdysteroid conjugate fraction was enzymically hydro-
lyzed and the resulting free ecdysteroids released from
the conjugates and any conjugates refractory to hydro-
Iysis were isolated from the incubation mixture on a
C,; Sep Pak cartridge (Waters Assoc.} (Young et al.,
1991},

Methylation of ecdysteroid 26-oic acids. Ecdyste-
roid 26-o0ic acids were methylated using diazomethane
in ether as described by (saac et a/, (1983).

Radivimmunoassay (RIA). All radioimmunoassays
used ecdysone as standard with bound and unbound
[23,24-3H] ecdysone (NEN Ltd.) being separated by
ammonium sulfate precipitation (Mendis et al., 1983).
Two complementary antisera were empioyed: (A}
H-22 (a gift from Professor L. I. Gilbert, Univ. of
North Carolina) which was produced on immunization
with ecdysone 22-succinylthyroglobulin amide and
shows greatest specificity toward the ecdysone nu-
cleus {Warren and Gilbert, 1986); and (B) DHS 1-13.5
(a gift from Professor J. D. O’Connor, Univ. of Cali-
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fornia) which was produced on immunization with 20-
hydroxyecdysone 2-succinylthyroglobulin amide and
shows greatest specificity for the ecdysteroid side
chain {Soumoff et ai., 1981).

Reversed-phase high-performance liquid chroma-
tography (HPLC). HPL.C was performed as described
by Young ez al. (1991}, ecdysteroids being monitored
at 254 nm. The following linear gradient (30 min) sol-
vent systems were employed, all at a flow rate of 1
mifmin: system 1, methanol;water (35:65 v/v) increas-
ing to methanol:water {6:4 v/v); system 2, methanol:
0.2 M citrate buffer, pH 6.5 (25:75 v/v) increasing to
methanol:0.2 M citrate buffer, pH 6.5 (75:25 v/v); sys-
tem 3, methanol:water (9:1 v/v) increasing to pure
methanol.

Gas chromatographylmass spectrometry (GC/MS).
Free ecdysteroids were derivatized to form their tri-
methylsilyl (TMS) ethers and analyzed by GC/MS with
selected ion-monitoring (SIM) as described previously
{Evershed et al., 1987; Young et al., 1991}.

RESULTS

Ecdysteroids in the Ovary of
M. rosenbergii

The amounts of free and conjugated ec-
dysteroid detected by RIA of the ovary ex-
tracts are summarized in Table 1. Free ec-
dysteroid levels were maximal in stage 0
nonpigmented ovary (81.9 ng/g) and fell
during early vitellogenesis to 6.9 ng/g in
stage L ovary, Levels then increased grad-
ually to 16.0 ng/g in stage IV tissue. Apolar
conjugates of ecdysteroids, estimated both
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as the intact compounds (2.2 ng/g) and as
the free ecdysteroids released after hydro-
lysis of the conjugates (0.9 ng/g) were de-
tected only in stage IV tissue. Polar conju-
gates of ecdysteroids were detected in the
more mature (stages II-III and stage IV)
tissue.

Portions (ca. 1 ng) of the free ecdysteroid
fractions were analyzed by HPLC-RIA
(solvent system 1, H-22 antiserum) and, in
the case of the extract from stages II-IH
ovary, a second portion was also chromato-
graphed and analyzed by RIA with the
DHS 1-13.5 antiserum. A representative
HPLC immunoreactivity profile for stage
II-III ovary is shown in Fig. 1. In all cases,
except the stage LV tissue extract, analysis
with the H-22 antiserum revealed peaks of
immunoreactivity corresponding to ecdy-
sone and 20-hydroxyecdysone (Table 1). In
the case of the stage IV ovary extract, one
peak of immunoreactivity corresponding to
20-hydroxyecdysone was observed. The
immunoreactivity profile for the stage 11-
I1I extract analyzed by the DHS 1-13.5 an-
tiserum closely agreed with that from the
analysis with the H-22 antiserum (Fig. 1),
indicating that no ecdysteroids with modi-
fications of the ecdysone nucleus occurred
in the ovarian extract.

Further portions (ca. 1 ng with 1 ng mak-

TABLE 1
EcbysTEROIDS DETECTED BY RIA IN THE OVARIES OF M. rosenbergii DURING VITELLOGENESIS

Apparent ecdysteroids in crude fractions
[ecdysone equivalents (ng/g wet wt tissue)}”

Summary of individual
ecdysteroids?
(ng/g wet wt tissue)

Stage of
vitellogenesis 1 2 3 4 s 6 7 20E E 20EOIC EOIC
0-NP 81.9 — — — — — — 4.5 18.7 -— —
0-pP 29.9 — —_ —_ -— —_ — 310 4.0 -_— —
1 6.9 — ~— —_ — — 59 0.4 —_ —
1I-11I 8.8 — — — 2.8 1.2 1.8 8.1 0.2 1.9 0.1
v 16.0 2.2 0.9 5.4 1.4 1.3 2.0 14.2 — 43 0.7

Nate. (—) Not detected; NP, nonpigmented; P, pigmented.

“ 1, free ecdysteroid; 2, apolar conjugates; 3, free ecdysteroid released from apolar conjugates; 4, apolar
conjugates refractory to hydrolysis; 5, polar conjugates and ecdysteroid-26 oic acids; 6, free ecdysteroid released
from polar conjugates; 7, polar conjugates refractory to hydrolysis and ecdysteroid 26-oic acids.

% 20E, 20-hydroxyecdysone; E, ecdysone; 20EOIC, 20-hydroxyecdysonoic acid; EOIC, ecdysonoic acid.
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FiG. 1. Immunoreactivity profiles for free ecdyste-
roids from stages II-1I1 ovary of M. rosenbergii, sep-
arated on HPL.C system 1, and assayed with the H-22
antiserum. Positions of elution of authentic ecdyste-
roids are shown as E (ecdysone} and 20E (20-
hydroxyecdysone).

isterone A added as internal standard) of
the free ecdysteroid fractions were ana-
lyzed by GC/MS(SIM). On analysis of the
extracts from stages 0, 1, and 1I-1]I sam-
ples, peaks were observed in the m/z 561
and m/z 567 mass chromatograms which co-
chromatographed with 20-hydroxyecdy-
sone and ecdysone, respectively. On anal-
ysis of the stage IV ovarian extract, a peak
in the m/z 561 mass chromatogram with a
retention time (RT) consistent with 20-
hydroxyecdysone was observed, but no ec-
dysone was detected. Representative GC/
MS data are shown in Fig. 2. The 20-
hydroxyecdysone and ecdysone were
quantified (A) directly from the RIA data

20E

miz 561 ' i
i

;

L o

100.0
| Man
!

u

2.2+
E

miz 5E.

~

IR

16.0  Time{min)

12.0 140

FI1G, 2. Mass chromatograms of m/z 561 and m/z 567
ions from the GC/MS(SIM) analysis of TMS ethers of
free ecdysteroids from stage 0 (nonpigmented) ovary
of M. rosenbergii. Retention times of authentic ecdy-
steroid TMS ethers are shown as E (ecdysone), 20E
(20-hydroxyecdysone), and MaA (makisterone A, in-
ternal standard).
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taking into account the cross-reactivity of
20-hydroxyecdysone with the H-22 antise-
rum, and (B} from the GC/MS data by ref-
erence to the internal standard. There was
agreement between the values for ovarian
free ecdysteroid concentration determined
by the two techniques.

Portions of the intact polar conjugates
from stages II-11I and stage IV ovary were
analyzed by HPL.C-RIA (solvent system 2,
H-22 antiserum}. A representative immuno-
reactivity profile is given in Fig. 3A. In both
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Fi16. 3. Immunoreactivity profiles for (A) intact po-
lar conjugates and ecdysteroid 26-oic acids, (B) ecdy-
steroid 26-oic acids and any polar conjugates refrac-
tory to hydrolysis, and (C) methylated ecdysteroid 26-
oic acids, from stages II-IIl ovary of M. rosenbergii.
All extracts were separated on HPLC system 2 and
assayed with the H-22 antiserum. Positions of elution
of authentic ecdysteroids are shown as 20E22P (20-
hydroxyecdysone 22-phosphate), E22P (ecdysone 22-
phosphate), 20EQIC (20-hydroxyecdysonoic acid},
EOQIC (ecdysonoic acid}, 20EQICMe (20-hydroxyec-
dysonoic acid methyl ester), and EQICMe (ecdys-
onoic acid methyl ester).
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cases, peaks of immunoreactivity corre-
sponding to 20-hydroxyecdysonoic acid
and ecdysonoic acid were observed. GC/
MS analysis of the free ecdysteroid re-
leased on hydrolysis of the polar conjugates
did not detect any ecdysteroid. The pres-
ence of the acids was further confirmed by
HPLC-RIA (solvent system 2, H-22 antise-
rum) of portions (2 X 1 ng) of the polar
conjugate refractory to hydrolysis and ec-
dysteroid 26-oic acids fraction, one portion
of which had been methylated. In the non-
methylated portion, peaks of immunoreac-
tivity corresponding to 20-hydroxyecdy-
sonojc acid and ecdysonoic acid were ob-
served (Fig. 3B) and this was confirmed by
detection of peaks of immunoreactivity cor-
responding to the methylated acids in the
methylated portion of the extract (Fig. 3C).
The ecdysteroid acids were quantified di-
rectly from the RIA data, taking into ac-
count their cross-reactivities with the H-22
antiserum (Warren and Gilbert, 1986).

HPLC-RIA analysis (solvent system 3,
H-22 antiserum) of the intact apolar conju-
gates from the stage IV ovary failed to de-
tect any immunoreactivity with a retention
time (RT)} consistent with that of ecdyste-
roid fatty acyl esters. It is probable that the
high ievel of lipid contaminants in this ex-
tract had interfered with the RIA of the
crude fraction, giving a mislcadingly high
figure for ecdysteroid content.
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The levels of 20-hydroxyecdysone, ecdy-
sone, and their corresponding 26-oic acids
detected in the ovaries of M. rosenbergii
during vitellogenesis are summarized in Ta-
ble 1.

Ecdysteroids in the Hemolymph of
M. rosenbergii

The amounts of free and conjugated ec-
dysteroid detected by RIA of the he-
molymph extracts are summarized in Table
2. Immunoreactivity was not observed in
any of the ecdysteroid-containing fractions
from stage 0 hemolymph. The low levels of
free ecdysteroids detected in stage 1 (1.3
ng/ml) and stages II-III (1.2 ng/ml) he-
molymph, increased rapidly to 11.0 ng/ml in
stage IV hemolymph. Ecdysteroid apolar
conjugates (2.0 ng/ml) and polar conjugates
(5.6 ng/ml) were only observed in stage IV
hemolymph.

Portions (ca. 1 ng) of the free ecdysteroid
fractions were analyzed by HPLC-RIA
(solvent system I, H-22 antiserum) and, in
the case of the stage IV hemolymph ex-
tract, a second portion was also chromato-
graphed and analyzed by RIA with the
DHS 1-13.5 antiserum. In all cases, peaks
of immunoreactivity cochromatographing
with both ecdysone and 20-hydroxyecdy-
sone were detected. Portions {(ca. 1 ng plus
1 ng makisterone A as internal standard)

TABLE 2
EcDbYSTEROIDS DETECTED BY RIA IN THE HEMOLYMPH OF M. rosenbergii DURING VITELLOGENESIS

Apparent ecdysteroids in crude fractions
[ecdysone equivalents (ng/mi}]?

Summary of individual
ecdysteroids (ng/ml)®

Stage of
vitellogenesis 1 2 3 4 5 6 7 20E E 20EQIC
0 — — —_ — — — — — —_
I 1.3 — — — — — — 0.6 0.9 —
[I-I11 1.2 — — — — — — 0.7 1.4 —
v 11.0 2.0 0.8 0.8 5.6 10.2 1.8 6.6 0.7 i.2

Note, (—) Not detected.

@ 1, free ecdysteroid; 2, apolar conjugates; 3, free ecdysteroid released from apolar conjugates; 4, apolar
conjugates refractory to hydrolysis; 5, polar conjugates and ecdysteroid 26-oic acids; 6, free ecdysteroid released
from polar conjugates; 7, polar conjugates refractory to hydrolysis and ecdysteroid 26-0ic acids.

& 20E, 20-hydroxyecdysone; E, ecdysone; 20EOIC, 20-hydroxyecdysonoic acid.
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were also analyzed by GC/MS(SIM).
Again, peaks were observed in the m/z 561
and m/z 567 mass chromatograms with RTs
consistent with those of authentic 20-
hydroxyecdysone and ecdysone, respec-
tively. Comparison of ecdysteroid levels by
HPLC-RIA and GC/MS(SIM) for he-
molymph samples were in agreement.

A portion (ca. 1 ng) of the intact polar
conjugate and ecdysteroid acid fraction
from stage IV hemolymph was analyzed by
HPLC-RIA (solvent system 2, H-22 antise-
rum). One peak of immunoreactivity was
observed that cochromatographed with 20-
hydroxyecdysonoic acid. GC/MS(SIM) of
the corresponding free ecdysteroid released
on hydrolysis of the polar conjugate frac-
tion failed to detect any ecdysteroid, indi-
cating that the polar ecdysteroid fraction
did not contain any ecdysteroid conjugates.
The presence of 20-hydroxyecdysonoic
acid in stage IV hemolymph was further
confirmed by HPLC-RIA analysis (solvent
system 2, H-22 antiserum) of two portions
(2 x 1 ng)} of the polar conjugate refractory
to hydrolysis and ecdysteroid acids frac-
tions, one of which had been methylated. In
the nonmethylated portion, one peak of im-
munoreactivity consistent with authentic
20-hydroxyecdysonoic acid was observed,
and in the methylated fraction one peak of
immunoreactivity corresponding to the
methyl ester of 20-hydroxyecdysonoic acid
was detected. The 20-hydroxyecdysonoic
acid in stage IV hemolymph was quantified
directly from the RIA data, taking into ac-
count ils cross-reactivity with the H-22 an-
tiserum (Warren and Gilbert, 1986).

A portion (ca. 1 ng) of the intact apolar
conjugates fraction was analyzed by
HPLC-RIA (solvent system 3, H-22 antise-
rom); however, no immunoreactivity was
observed which corresponded to ecdyste-
roid fatty acyl esters. As was the case in the
ovary, it appears that the high level of lipid
contaminants in this extract may have in-
terfered with the RIA to give a misleadingly
high valie for ecdysteroid content.
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The levels of 20-hydroxyecdysone, ecdy-
sone, and 20-hydroxyecdysonoic acid de-
tected in the hemolymph of M. rosenbergii
are summarized in Table 2.

DISCUSSION

Quite different trends in ecdysteroid con-
centration were observed in the ovary and
hemolymph of M. rosenbergii during vitel-
logenesis. The free ecdysteroid concentra-
tipns were generally much higher in ovaries
than in hemolymph (cf. Tables 1 and 2). In
the ovary, levels of 20-hydroxyecdysone
fell from 64.5 ng/g in stage 0 (nonpig-
mented) tissue to 14.2 ng/g in stage IV
ovary (Table 1). Similarly, levels of ecdy-
sone fell from 18.7 ng/g in the immature
ovary to 0 ng/g in stage IV ovary. The sit-
vation was reversed in the hemolymph,
where both 20-hydroxyecdysone and ecdy-
sone could not be detected in stage 0 tissue,
but rose to 6.6 ng/ml and 0.7 ng/ml, respec-
tively, in stage 1V tissue (Table 2), perhaps
suggesting that the ovarian ecdysteroid
present at stage 0 had either been synthe-
sized in the ovary, or had been generated
by hydrolysis of ovarian conjugates seques-
tered at a different stage of the cycle.

20-Hydroxyecdysonoic acid and ecdy-
sonoic acid were detected at relatively low
levels in stages II-II1 and stage IV ovary,
and the former was also observed in stage
IV hemolymph. It is possible that the ob-

TABLE 3
EcpYSTEROID CONTENT PER OVARY DURING
VITELLOGENESIS IN M. rosenbergii

Ecdysteroid {ng/ovary)®

Stage of
vitellogenesis 20E E 20E0IC EOIC
0-NP 6.0 1.7 — —
0-P 35 0.4 — —
I 1.9 0.1 _ —
II-111 8.7 0.2 2.0 0.1
v 28.3 — 8.6 1.4

Note. (—) Not detected.
4 20E, 20-hydroxyecdysone; E, ecdysone; 20EOIC,
20-hydroxyecdysoenoic acid; EOQIC, ecdysonoic acid.



ECDYSTERCIDS DURING VITELLOGENESIS

served decline in ovarian free ecdysteroids
may, at least in part, result from their con-
version into acids and subsequent release
into the hemolymph for excretion.

In view of the substantial increase in
ovary mass during vitellogenesis, ovarian
values were also expressed as ng ecdyste-
roid/ovary (Table 3}, When expressed in
this way, an overall increase in ovarian 20-
bydroxyecdysone content was observed
from 6.0 ng/ovary in stage 0 (nonpig-
mented) tissue to 28.3 ng/ovary in stage 1V
tissue, being minimal in stage I tissue (1.9
ng/ovary). Ecdysone levels, however, fell
from 1.7 ng/ovary in stage 0 (nonpigmented
tissue) to 0 ng/g in stage IV tissue.

These results exhibit differences from
those reported for the same species by
Wilder et al. (1991), who observed an in-
crease in ovarian free ecdysteroid content
from 1-2 ng/g to 22.9 ng/g during vitellogen-
esis. In the present study, an increase in
ovarian ecdysteroid content was only ob-
served when the daia were expressed as
nanograms per ovary. Our observations,
however, show similarities to those made in
other species, In O. gammarellus, he-
molymph ecdysteroid titers increase rap-
idly at the end of vitellogenesis (Blanchet et
al., 1979), as was observed in M. rosen-
bergii, The trends observed in the ovary of
M. rosenbergii resemble those reported for
A. lunularus, where a decrease in ovarian
ecdysteroid titer (expressed as pmol/mg)
was observed during vitellogenesis (Chaix
and DeReggi, 1982). However, in this spe-
cies, a large increase in ecdysteroid titer
was detected at the end of vitellogenesis,
whereas 20-hydroxyecdysone levels only
increased slightly. In C. maenas, ovarian
ecdysteroid levels, e¢xpressed as either pi-
comoles per gram or picomoles per ovary,
rose gradually during vitellogenesis
{Lachaise and Hoffmann, 1977; Lachaise ef
al., 1981). In M. rosenbergii, however, an
increase in ovarian ecdysteroid was ob-
served only if the data were expressed as
nanograms per ovary.
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The trends observed in M. rosenbergii
differ markedly from those recently re-
ported for P. monodon (Young et al., 1993).
in the ovary of P. monodon, an overall de-
cline in ovarian ecdysteroid content, when
expressed both as nanograms per gram of
tissue and nanograms per ovary, was ob-
served. This may indicate that the roles, if
any, of ecdysteroids in vitellogenesis in the
two species differ. It may be that, in M.
rosenbergii, where ovarian ecdysteroid lev-
els {expressed as nanograms per ovary) in-
crease during vitellogenesis, ecdysteroids
are involved in the stimulation of vitello-
genesis, whereas in P. monodon, in which
ovarian ecdysteroid falls, they are not in-
volved in vitellogenesis.

An analogous situation, where ecdyste-
roids stimulate vitellogenesis in some but
not all related species, exists in the insects.
Ecdysteroids do not stimulate vitellogene-
sis in 2 number of insect orders and it is
thought that the use of ecdysteroids in the
regulation of vitellogenesis has evolved
only recently (Lanot ef al., 1989). There is
some evidence that the hormonal mecha-
nisms which regulate vitellogenesis in P.
monodon and M. rosenbergii may differ, as
P. monodon, in contrast to Macrobrach-
ium, does not readily undergo vitellogene-
sis in captivity. Moreover, a second anal-
ogy between insects and crustaceans can be
drawn, as in both groups there is evidence
that ecdysteroids are involved in meiotic
reinitiation (Lanot and Cledon, 1989).

Obviously, a great deal more work will
be required to determine the roles of ecdy-
steroids in viteltogenesis in crustaceans, If
the analogy between insects and crusta-
ceans is to be pursued, then an investiga-
tion of juvenoids in crustaceans will be im-
portant. In mosquitoes, it is proposed that,
in response to egg development neurose-
cretory hormone (EDNH), the ovary pro-
duces ecdysteroids which stimulate vitello-
genin syathesis by the fat body. Juvenoids
render the ovary more competent to re-
spond to EDNH and the fat body more
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competent to respond to ecdysteroids (see
Bownes, 1989; Hagedorn, 1989). There is
evidence that the crustacean juvenoid
{methyl farnesoate) is involved in the regu-
lation of vitellogenesis (see Laufer and
Borst, 1988). Thus, in crustaceans, it will
be important to study the occurrence of
both methyl farnesoate and ecdysteroids,
and their changes in concentration, during
vitellogenesis.

ACKNOWLEDGMENTS

The authors thank Professors L. 1. Gilbert and J. D.
O'Connor for the gifts of antisera, Mr. M. C. Prescott
for performing the GC/MS analyses, and Mr. A,
Tweedale for skilled technical assistance. This work
was supported by the Agricultural and Food Research
Council (AFRC).

REFERENCES

Blanchet, M. F., Strambi, A., and Strambi, C. (1979).
Variations du taux des ecdysteroids au cours des
cycles de mue et de vitellogenese chez le crustace
amphipode. Orchestia gammarellus. Int. J. Inver-
tebr. Reprod. 1, 133-139.

Bownes, M. (1989). Vitellogenesis. [n **Ecdysone’ (J.
Kocolman, Ed.), pp. 414-420. Thieme-Verlag,
Stuttgart.

Briers, T., and DeLoof, A. (1980}). The moulting hor-
mone activity in Sarcophaga bullata in relation to
metamorphosis and reproduction. Int, J. Inver-
tebr. Reprod. 2, 363-372.

Briers, T., VanBeek, E., and Deloof, A. (1983). Ec-
dysteroid activity during metamorphosis in male
and female adults of four blowfly species. Comp.
Biochem. Physiol. A T4, 521-524.

Campan, M., Strambi, A., and Strambi, C. (1985).
Variations of ecdysteroid in the ovaries and hae-
molymph during the first gonadotropic cycle of
female Calliphora vomitoria (Diptera). Comp.
Biochem. Physiol. A 82, 225-231.

Chaix, J.-C., and DeReggi, M. (1982). Ecdysteroid
levels during ovarian development and embryo-
genesis in the spider crab Acanthonyx lunulatus.
Gen. Comp. Endocrinol. 47, 7-14.

Chang, E. 8., and O'Connor, J. D. (1988). Crustacea:
Molting. In **Endocrinology of Selected Inverte-
brate Types: Invertebrate Endocrinology™ (H.
Laufer and R. G. H. Downer, Eds.),Vol. 2, pp.
259-278. Liss, New York.

Charniaux-Cotton, H., and Payen, G. (1988). Crusta-
cean reproduction. fn ““Endocrinology of Se-
lected Invertebrate Types: Invertebrate Endocri-

YOUNG, WEBSTER, AND REES

nology’” {H. Laufer and R. G. H. Downer, Eds.),
Vol. 2, pp. 279-303. Liss, New York.

Evershed, R. P., Mercer, J. G., and Rees, H. H.
(1987). Capillary gas chromatography—mass spec-
trometry of ecdysteroids. J. Chromarogr. 396,
357-369.

Hagedorn, H. H. (1985). The role of ecdysteroids in
reproduction. In “*Comprehensive Insect Physiol-
ogy, Biochemistry, and Pharmacology™ (G. A.
Kerkut and L. I. Gilbert, Eds.), Vol. 8, pp. 205-
262. Pergamon Press, Oxford.

Hagedorn, H. H. (1989). The physiclogical role of hae-
molymph ecdysteroid in the adult insect. In **Ec-
dysone’” (J. Koolman, Ed.), pp. 279289, Thieme-
Verlag, Stuttgart.

fsaac, R. E., Milner, N. P., and Rees, H. H. (1983).
Identification of ecdysoneic acid and 20-
hydroxyecdysoneic acid isolated from developing
eggs of Schistocerca gregaria and pupae of
Spodoptera littoralis. Biochem. J. 213, 261-265.

Lachaise, F,, Hoffmann, . A, (1977). Ecdysone et de-
veloppment ovarien chez un Decapode, Carcinus
maenas. C.R. Acad. Sci. (Paris) 285, 701-704.

Lachaise, F., Goudeau, M., Hetru, C., Kappler, C.,
and Hoffmann, J. A, (1981). Ecdysteroids and
ovarian development in the shore crab, Carcinus
maenas. Hoppe-Seyler's Z. Physiol. Chem. 362,
521-529.

Lanot, R., and Cledon, P, (1989). Ecdysteroids and
meiotic reinitiation in Palgemon serratis (Crusta-
cea: Decapoda, Natantia) and in Locusta migra-
toria (Insecta: Orthoptera): A comparative study.
Invertebr. Reprod. Dev. 16, 169-175.

Lanot, R., Dorn, A., Gunster, B., Thiebold, J.,
Lagueux, M., and Hoffmann, J. A. (1989). Func-
tions of ecdystleroids in oocyte maturation and
embryonic development of insects. In *Ecdy-
sone” (J. Koolman, Ed.), pp. 262-270. Thieme-
Verlag, Swuttgart.

Laufer, H., and Borst, D. W. (1988). Juvenile hor-
mone in Crustacea. In ‘*Endocrinology of Se-
lected Invertebrate Types: Invertebrate Endocri-
nology'” (H. Laufer and R. G. H. Downer, Eds.),
Vol. 2, pp. 305-313, Liss, New York.

Laufer, H., Borst, D., Foley, T. A., and Landau, M.
(1988). Ecdysteroid titres in vitellogenic Libinia
emarginata. J. Insect Physiol. 34, 615-617,

Mendis, A, H. W., Rose, M. E., Rees, H. H., and
Goodwin, T. W. (1983). Ecdysteroids in adults of
the nematode, Dirofilaria immitis. Mol. Biochem.
Parasitol. 9, 209-226.

Robert, A., Strambi, C., Strambi, A., and Delbecque,
J.-P. (1991). Ecdysteroids during development of
the tsetse fly. Invertebr. Reprod. Dev. 19, 71-81.

Sayah, F., Blais, C., Breuzet, M., and Karlinsky, A.
(1991). Ecdysteroids during the gonadotrophic cy-



ECDYSTEROIDS DURING VITELLOGENESIS

cle of the Libidura riparia female (Dermaptera).
Invertebr. Reprod. Dev. 19, 185-192,

Sehnal, F. (1989). Hormonal role of ecdysteroids in
insect larvae and during metamorphosis. In ““E¢-
dysone™ (J. Koolman, Ed.), pp. 271-278. Thieme-
Verlag, Stuttgart.

Soumoff, C., Hom, B. H. S., and O'Connor, J. D.
(1981). Production of a new antiserum to arthro-
pod moulting hormone and comparison with two
other antisera. J. Steroid Biochem. 14, 4294335,

Walgraeve, H., VanBeck, E., Criel, G., YanBrussel,
K., and DeLeenheer, A. (1986). Comparison of
three separation systems for the radioimmunoas-
say of ecdysteroids in Arremia {Crustacea: Bran-
chiopoda). Insect Biochem. 16, 41-44.

Walgraeve, H., Criel, G. R., Sorgeloos, P., and
Del.eenheer, A. P. (1988). Determination of ec-
dysteroids during the moult cycle of adult Ar
temia. J. Insect Physiol. 34, 597-602.

Warren, J. T., and Gilbert, L., 1. (1986). Ecdysone me-

191

tabolism and distribution during the pupal-adult
development of Manduca sexta. Insect Biochem.
16, 65-82.

Wilder, M. N., Okumura, T., and Aida, K. (1991). Ac-
cumulation of ovarian ecdysteroids in synchroni-
zation with gonadal development in the giant
freshwater prawn, Macrobrachium rosenbergii,
Zool. Sci. 8, 919-927,

Yin, C.-M., Zou, B.-X., Yi, S.-X., and Stoffolano,
1. G., Jr. (1990). Ecdysteroid activity during oo-
genesis in the black blowfly, Phormia regina
(Melgen). J. Insect Physiol. 36, 375-382.

Young, N. J., Webster, 5. G., Jones, D. A., and
Rees, H. H. (1991). Profile of embryonic ecdyste-
roids in the decapod crustacean, Macrobrachium
rosenbergii. Invertebr. Reprod. Dev. 20, 27-38.

Young, N. J., Webster, S. G., and Rees, H. H. (1993).
Ecdysteroid profiles and vitellogenesis in Pe-
naeus monodon (Crustacea: Decapoda), Inver-
tebr. Reprod. Dev., submitted for publication.



