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When [ aH]ecdysone is injected in intermolt crayfishes, about 60 — 70% of the total radioactivity 
are excreted within one hour as the unchanged hormone, but nearly no [ 3H]ecdysterone is ex­
creted. The remaining [3H]ecdysone in the body is effectively converted to [3H ] ecdysterone. In 
addition polar and apolar metabolites of both molting hormones can be extracted in an organ 
specific pattern. On the basis of radioactivity per g fresh weight hypodermis and male gonads and 
to a lesser extent hindgut and midgut gland contain most of the injected radioactivity. It can be 
demonstrated from in vitro experiments using the charcoal adsorption test and equilibrium dialysis 
that the cytosol of target tissues is able to bind both hormones with the highest capacity for hypo­
dermis and male gonads. Both molting hormones do not appear to be bound to carrier proteins in 
the hemolymph.

Introduction

Steroid hormones are transported by the blood or 
hemolymph either in a free state or bound to a car­
rier protein, taken up by the target tissue and even­
tually metabolized and then bound to a steroid 
specific receptor protein. This hormone receptor 
complex migrates to the nucleus and there binds to 
the chromatin evoking a specific response of the 
target cell [1, 2 ]. Whereas this basic scheme has 
been generally accepted for vertebrate steroid hor­
mones, most of these points are controversial or 
unknown in invertebrates [3 — 5 ]. The aim of this 
paper is therefore to deal with some aspects of the 
action of a steroid hormone in an invertebrate. The 
crayfishes are well suited for such investigations 
since their molting physiology is relatively well 
known [6 — 8] and they have long intermolt stages 
with a low titer of molting hormones [7 ] thus en­
abling distribution-, transport- and especially binding 
studies with only a small dilution of exogenously 
administered radiolabeled molting hormones.

Material and Methods

Rearing of the animals, molting stage determina­
tion, origin and purification of the chemicals and 
the in vitro binding assays are as described in [9 ].
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For the in vivo experiments 2 //Ci of either [23,24- 
3H]ecdysone (spec. act. =  68 Ci/mmol) or [3H]ec- 
dysterone (prepared by in vitro transformation of 
[ 3H]ecdysone according to [1 0 ] ) ,  dissolved in 
100 ju\ van Harreveld’s solution [11 ] were injected 
into the ventral abdominal sinus. The crayfishes 
were kept individually in 100 ml water at room 
temperature (20 — 22 °C ) for one hour. A fter this 
time hemolymph samples (50 or 100 //l) were taken 
with calibrated siliconized glass capillaries and 
counted in Unisolve 1 (Zinsser, Frankfurt). Then 
as much hemolymph as possible was taken through 
the coxal membrane of a walking leg and mixed 
with methanol. The animals were sacrificed and the 
different organs dissected out. A ll tissues and the 
remaining carcass were thoroughly rinsed with ice- 
cold van Harreveld solution and aliquots of the 
rinsing solution were counted in the liquid scintil­
lation counter. The wet weights of the different 
organs and o f the carcass were determined and each 
tissue homogenized in 25 ml methanol with an 
Ultra-Turrax-Homogenizer. The homogenates were 
extracted over night at 4 °C , centrifuged at 5000 
rpm for 15 min, the supernatant was decanted and 
the extraction was repeated three times. The com­
bined supernatants were evaporated to dryness and 
dissolved in 100 —5 0 0 //I methanol. An aliquot of 
10 to 5 0 /d of the solution was used for determining 
the radioactivity in the different organs. Prior to 
counting the samples were incubated over night in 
0.5 ml 30% Ho02 then saccharose was added and 
the solution was counted in 5 ml of cocktail. The 
counting efficiency was determined by the external
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standard channel ratio. The remaining solution was 
used for studying the metabolism by thinlayer- 
diromatography on silica gel plates with fluorescence 
indicator (Merck, Darmstadt) using dichloro- 
methane-methanol =  8 :2  and internal standards 
o f ecdysone and ecdysterone. The chromatograms 
were scanned with a Berthold thinlayer-scanner 
(Berthold and Frieseke, Karlsruhe). 98% of the 
injected radiolabeled hormones were recovered 
(average of 15 experiments).

Sera of Orconectes hemolymph or from rabbit 
blood were incubated with radiolabeled molting 
hormones for 30 min at room temperature. Samples 
of 2 0 0 /d were sedimented on linear 10 — 35% g ly­
cerol gradients (in van Harreveld solution, SW 60Ti 
rotor, 60 000 rpm, 12 hours at 4 ° C ) .  The tubes 
were fractionated by a density gradient fractionator 
(ISCO  640) and fractions of 200 //I were collected 
and counted in 5 ml of scintillation cocktail. 600 [A  
serum of Orconectes limosus were chromatographed 
on a Sephadex G-25 column (7.3 x 2.0 cm in van 
Harreveld saline). The void and retained volumes 
were determined using bovine hemoglobin and 
DNP-alanine. The sera were eluted from the column 
using van Harreveld saline. Fractions of 50 drops 
were collected, the optical density at 280 nm was 
determined and all fractions were extracted three 
times with each 1 ml of water-saturated n-butanol. 
The butanol was evaporated to dryness, two times 
extracted with methanol and aliquots were assayed 
with a radioimmunoassay [ 12] .

Another 1 ml of serum was incubated with 36 000 
dpm [ 3H ] ecdysterone for 60 min and then frac­
tionated on a Sephadex G-25 column as before.

Results

Ecdysone and ecdysterone show different distribu­
tion patterns when injected in intermolt crayfishes. 
About two third of the injected ecdysone is ex­
creted within one hour (Fig. 1) whereas only a small 
amount of ecdysterone is excreted (or leaked out 
during the injection). Most of the injected ecdy­
sterone is found in the hemolymph and in the car­
cass which account for 81% of the total body weight. 
A ll other organs investigated so far contain between
1 and 6% of the total radioactivity. On the basis of 
radioactivity per g fresh weight (F ig. 2) ecdysterone 
seems to accumulate slightly more than ecdysone. 
On the contrary more [ 3H ] ecdysone is concentrated

Fig. 1. Distribution of radioactivity in intermolt crayfishes, 
Orconectes limosus of both sexes one hour after injection 
of either 2 ,«C i [3H ] ecdysone or [ 3H ] ecdysterone. Each bar 
represents the mean of 9 ( [^H] ecdysone) or 6 ( [ 3H ] ecdy­
sterone) animals. I  =  standard deviation. =  [ 3H ] ecdy­
sone injected, H  =  [ 3H ] ecdysterone injected. M g =  mid­
gut gland, Gi =  gills, He =  hemolymph, Hg =  hindgut, 
G 5  =  male gonads, G ^  =  female gonads, Mu =  muscle, 
Hy =  hypodermis, Ca =  carcass, Bu =  buffer rinse. H 20  =  
water in which the animals were kept after injection.

in the male gonads, whereas in the female gonads 
both radiolabeled hormones are found in the same 
amounts.

The two hormones are effectively metabolized 
(F ig. 3 a) yielding both polar (in gills, midgut 
gland, muscle and hemolymph) and apolar pro­
ducts. When ecdysone is injected, only in the midgut 
gland an apolar metabolite can be seen by thinlayer- 
chromatography (F ig . 3 b ) . A fter injection of ecdy­
sterone an apolar metabolite was detected in gills, 
hemolymph, muscle and hindgut.

The in vivo experiments described above suggest 
that there may be different tissue specific binding 
capacities for the molting hormones. This could 
be demonstrated by in vitro experiments using bind­
ing assays. When the binding capacities of the d if­
ferent organs of the crayfish are compared on the 
basis of the same protein content the highest values
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Fig. 2. The distribution of radioactivity per 
The same animals and symbols as in Fig. 1.

fresh weight.

are readied by the hypodermis and the male gonads 
(Table I ) .  The most effective binding of [ 3H ]ecdy­
sterone was found in the hypodermis whereas in the 
male gonads [ 3H ] ecdysone was bound to the highest 
extent. Very similar relations in the binding capa­
cities of the different organs could also be demon­
strated by equilibrium dialysis (unpublished re­
sults) .

The hemolymph of Orconectes does not seem to 
bind the molting hormones. This has been found 
using either the charcoal adsorption test, equili­
brium dialysis (F ig. 4 ), density gradient centrifuga­
tion (F ig. 5 ), chromatography on Sephadex-G 25 
(F ig. 6) or a filter assay (unpublished results), 
whereas with these methods binding of radiolabeled 
molting hormones in target tissues could be demon­
strated [9 ].  Chromatography o f serum and deter-

Table I. Binding of [ 3H ] ecdysone and [3H ] ecdysterone to 
homogenates (20000 X g  supernatant) of various tissues of 
the crayfish Orconectes limosus. Total binding in percent 
per 100 /ug protein. Mean +  Standard Deviation.

f3H ] ecdysone [3H ] ecdy­
sterone

Tissue n = M ± SD M ±  SD

Midgut gland 9 8 1 8 2
Hindgut 8 14 5 15 4
Male gonads 5 53 23 44 18
Hypodermis 10 46 7 58 8

a)

b)

Fig. 3. Radiochromatogram of methanol extracts of homo­
genates from Orconectes limosus (intermolt stage), a) hind- 
gut and b) midgut gland one hour after injection of 
[3H ] ecdysone. Unlabeled ecdysone (a E ) and ecdysterone 
(ß  E ) were added as internal standards. S =  start, F =  
front.

mining the RIA-activity in the single fractions shows 
less than 3%  o f the total RIA-activity in the macro- 
molecular fraction (F ig. 7 ).

Discussion

From our experiments it seems obvious that both 
ecdysone and ecdysterone circulate in a free state 
and are not specifically bound to hemolymph pro­
teins in intermolt Orconectes. Using the charcoal ad­
sorption test the extremely low values o f “ binding”  
for hemolymph samples are in the same range as 
the values for the binding of the molting hormones 
to rabbit serum or bovine serum albumin as a control 
or even to van Harreveld saline and there is no cor­
relation between “ binding”  and protein content. This 
was demonstrated using equilibrium dialysis, density 
gradient centrifugation or a filter assay. Transport 
o f the molting hormones in a free state was shown 
in the crab, Pachygrapsus, using density gradient 
centrifugation or column chromatography [1 3 ], 
whereas in insects both bound [14 — 18] and freely 
circulating molting hormones [19, 20] have been 
demonstrated. The mechanism of the uptake of the
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molting hormones in the tissues of the crayfish Orco- 
nectes has not been studied. But preliminary experi­
ments showed that maximum uptake is reached in

Fig. 4. Equilibrium dialysis of [ :iH ] ecdysone (ca. 3000 dpm) 
and various solutions in van Harreveld saline against van 
Harreveld saline at 20 °C . Both the samples and the radio- 
labeled hormone were in one dialysis chamber. At the given 
times the two chambers and the membrane were counted. 
The percentage of the total radioactivity in the one chamber 
is shown. O  — van Harreveld saline, □  =  ovalbumin, A  =  
homogenate (20000 X g  supernatant) of rabbit liver, 0  =  
serum of Orconectes limosus hemolymph, A  =  homogenate 
(20000 X g  supernatant) of hypodermis from Orconectes  
limosus.
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Fig. 6. Separation of serum from intermolt Orconectes lim o­
sus on Sephadex-G25. Serum preincubated with 30000 dpm 
[3H ] ecdysterone. Profiles show optical density at 280 nm 
( ---------- ) and dpm per fraction ( © ) .
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Fig. 7. Radioimmunoassay of intermolt Orconectes limosus
serum eluted from Sephadex-G25.---------- =  optical density
at 280 nm, PI — R IA  activity per fraction in per cent of 
the total RIA-activity.

bottom fraction number top

Fig. 5. Glycerol density gradient centrifugation of Orconectes  
limosus hemolymph sera samples incubated with [ 3H ] ecdy­
sterone without (O )  or with (O )  a 100 fold excess of 
ecdysterone for 30 min at room temperature. — ------ repre­
sents the optical density at 280 nm. Marker proteins: 1 =  
cytochrome C, 2 =  bovine serum albumin, 3 =  aldolase.

about half an hour, at the temperature we used in 
the experiments described above (unpublished re­
sults) .

From the distribution pattern of the two radio- 
labeled hormones it can be clearly seen that all 
organs contain both steroids, but not in the same 
ratio. The most obvious difference is the high ex­
cretion rate of ecdysone as compared to the low 
level of excreted ecdysterone. The effective excretion 
of ecdysone by intermolt Orconectes limosus may 
be the reason why the level of ecdysone in the hemo­
lymph of this animal is much lower than in O rco­
nectes virilis  [2 1 ], or in the insects Hyalophora 
cecropia [22 ] and Antheraea polyphemus [2 0 ], But 
also in insects an excretion of the injected [ 3H ] ecdy­
sone up to 80% has been demonstrated [2 3 ].

On the basis of radioactivity per g fresh weight 
there is an accumulation of the molting hormones 
in hypodermis, male gonads and the hindgut of 
Orconectes limosus. From our data it is not yet



P. Kuppert et al. • Distribution and Transport of Ecdysone in the Crayfish 441

possible to determine the accumulation of the molt­
ing hormones by different organs on a molar basis 
since the endogenous levels of these hormones are 
only known for the whole animal [7 ] and not for 
single organs, since the specific activity o f the 
[ 3H] ecdysterone is unknown and since there may be 
a contamination of the different organs with hemo- 
lymph even after a thorough rinsing.

Concerning the metabolism of the injected radio- 
labeled hormones in Orconectes limosus there are 
several features in common when compared with 
the metabolism of the molting hormones in other 
crustaceans [24 — 29, 13] : ecdysone is rapidly 
converted to ecdysterone and there are both apolar 
and polar derivatives of the molting hormones in an 
organ specific pattern. For example there is only 
one apolar metabolite in Orconectes limosus in only 
one organ (midgut gland) when ecdysone is in­
jected, similar to the findings of Gorell et al. [25 ] 
using in v itro  experiments. A fter an injection of 
[ 3H]ecdysterone apolar derivatives have been found 
in several organs. But since the metabolites have 
been separated solely by thinlayer chromatography 
and have not been further characterized and since 
no in v itro  experiments have been done in O rco ­
nectes limosus so far, the metabolizing capacities of 
the different organs remain unknown.

The investigation about the distribution o f in­
jected [ 3H]ecdysone and [ 3H]ecdysterone led to the
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