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Abstract Sex steroid levels were dctermined in various commercial fish meals and complcte dicts. The results 
obtained demonstrate that estrone (E,), 17P-estradiol (El) and androgens (A) (testosterone and 11- 
ketotestosterone), are present in diets in high quantities (up to 935f 350ng/100g for E,, 
615f 190ng/100g for El and 1 100&120ng/100g for A) and with considerable variation both between 
diffcrent dicts, and between differcnt batches of the same diet. These high levels of sex steroids are 
thought to influence the sex steroid plasmatic Icvels and plasma vitellogenin content in fish. 

Plasma sex steroid assays in the Siberian sturgeon Acipenser barri show that plasmatic 17 0-estradiol 
lcvels are ncvcr significantly different betwccn males and femalcs at various stages of oogenesis and 
spermatogencsis, exccpt in 6 year old fcmalcs in stage IV, which corresponds to the maximum 
incorporation of vitellogenin. In males the plasma 17P-cstradiol levels are exceptionally high and 
induce vitellogenin synthesis, as dcmonstrated by various chemical and immunological techniques. 

Keywords : Sex steroids, fish diets, fish meals, vitellogenin, sturgeon. 

Influence des stfroïdes sexuels contenus dans des farines de poissons er des aliments complets pour truite 
sur Irs nireaux plasmaiiqurs d'cpstrogénes ut de ritrllogfnine chez resturgeon sibérien Acipenser baeri 
PIeré en pisciculiure. 

Les taux de stéroïdes sexuels ont été déterminés dans diverses farines de poisson et aliments complets 
utilisés en pisciculture. Les résultats obtenus montrent que ces farines et aliments contiennent de 
l'œstrone (E,), du 17 0-œstradiol (El) et des androgènes (A) (testostérone et 11-céto-testostérone) en 
quantités importantes (jusqu'à 935+350ng/100g pour El, 615+190 pour E, et 1 1005 120 pour A )  
et variablcs, d'une farine ou d'un aliment P i'autre, et pour une même farine ou pour un même 
aliment, d'un lot à i'autre. Ces quantités importantes de stéroïdes sexuels apportées par i'alimcntation 
pourraient avoir une influence sur Ics taux circulants de stéroïdes ct de vitellogénine chez les poissons. 

En effet, des dosages de stéroïdes sexuels plasmatiques réalisés sur des esturgeons sibériens Acipenser 
baeri A divers stades du développement des gonades montrent que les taux de 17 P-œstradiol ne sont 
jamais significativement différents entre miles et femelles sauf chez les animaux de 6 ans, lorsque les 
fcmellcs sont au stade IV de l'ovogenèse c'cst-A-dire lorsque l'incorporation de vitellogénine est 
maximale. Chez les mrîles ces taux exceptionnellement élevés de 17 p-œstradiol provoquent la synthèse 
hépatique de vitellogénine, détcctée dans leur plasma par diverses techniques chimiques et immunolo- 
giques. 

hlotsîlés : Stéroïdes sexuels, aliments pour poisson, farines de poissons, vitellogénine, esturgeon. 
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Sex steroids are principally synthetized by the gon- 
ads. In fish they are known to influence gonadal 
dcvelopment (reviews by Hoar, 1969; Fostier et al., 
1983), morphological sexual characteristics (Yama- 
moto, 1969), somatic tissue anabolism and growth 
(Sower et al., 1983). They also induce spermiation 
and ovulation at the end of gametogenesis (Fostier 
et a!., 1983). 

In fish farming, accelerated growth and precocious 
sexual maturity (according to natural parameters) 
have often been reported (Saunders et al., 1982 for 
trout or Salmon, Sokolov et al., 1986 and Williot et 
al., 1988~.  b for Siberian sturgeon). This optimisation 
of physiological parameters can generally be related 
to exceptional temperature conditions, genetic selec- 
tion or genetic manipulation and/or better feeding. 
To our knowledge, the only existing study on this 
topic is that of Sower and Iwamoto (1985) who identi- 
fied testosterone in commercial fish diets and discus- 
sed the different ways in which this steroid could 
influence various physiological functions. 

Preliminary data obtained on Siberian sturgeon 
have shown high levels of 17 P-estradiol correlated 
with high Icvels of a female plasma protein (vitello- 
genin) in males as well as in females fed on a commer- 
cial trout diet (Pelissero and Le hlenn, 19883; Pelis- 
sero et al., 1988 c). 

These results suggest a possible influence of diet 
on increased plasma sex steroid levels and conse- 
quently on vitellogenin content. 

We thus tested different fish meals and completc 
diets to determine the levels of scx steroids. Fish diets 
are generally derived from mature tclcost fish (whole 
fish or viscera) which often have high plasma levels 
of sex steroids. 

illATERIAL AND AlETI IODS 

Fish 

Siberian sturgeons, Acipenser baeri, were imported 
to France from the U.S.S.R. in 1974 and 1982 and 
reared at the INRA fish-farm CEhlAGREF hat- 
chery of Donzacq (Landes) at a constant temperature 
of 17". These particular conditions cause rapid 
growth and precocious sexual maturity. First repro- 
duction occurred in 5-year-old males and 7-year-old 
females, twice as early as in the U.S.S.R. (Williot and 
Brun, 1982; Williot and Rouault, 1982; Akimova et 
al., 1978). Fish were sexed by biopsy of the gonad 
followed by histology and light microscopy. The dif- 
ferent stages of oogenesis were identified with a Je01 
100s electron microscope at the Electron hlicroscopy 
Department of the University of Bordeaux-1. Repro- 

duction has already been successfully carried out in 
France (Williot and Rouault, 1982; Williot and Brun, 
1982) but every age-class was not availablc for experi- 
mentation. Thus for this study we used 15 males and 
15 females of 4, 5, 6 and 10-year-old fish. , 

Diets 

Six different fish meals (meal hl, to hl,) from 
different origins (one Danish, one Islandic, two Chil- 
ean and two Norvegian), and three complete diets 
(diet A, B, C) were tested in this study. The fish meals 
were provided by Dr. S. Kaushik (Fish nutrition 
laboratory, INRA, Saint-Pée-sur-Nivelle, France), 
and fish diets from three different commercial pro- 
duccrs were obtained from private trout farms. The 
diets and meals were stored for only one week in the 
laboratory before assay in order to test their normal 
conditions of use. The four different batches of dict 
B were obtained from two different fish farms and 
from four different deliveries of the same diet for 
spawncrs. Al1 samples were treated in the laboratory 
within one week after their arriva]. 

The samples (1 g) were sonicated for 1 min in 5ml 
of phosphate buffer saline used in radio immuno 
assay (RIA) (0.01 hl phosphate buffer, 9% NaCI, 
pH7.25) and then incubated for 2 hours with 2000 
desintegration per minute of jH steroids (2, 4, 6, 7- 
jH estradiol, 2, 4, 6, 7-=H estrone and 1, 2, 6, 7-jH 
testosterone) as interna1 standards to evaluate the 
extraction and chromatography ratio of collection 
(the value of extraction efficiency was generally 
between 55 and 65%). Extraction in cyclohexane-ethyl 
acetate solvent (1-1) was then performed twice at 
20'C by a 5-minute-centrifugation (3 000 g) by adding 
extraction solvent to meal in suspension in RIA phos- 
phate buffer saline. The aqueous phase containing 
meal and non-extracted steroids rcmained in the tube 
and the organic phase containing extracted steroids 
and aromatic products was collected. Extracts were 
then evaporated and diluted in the chromatography 
solvent (dichloromcthane-methanol, 95-5). The ste- 
roids assayed were separated on an LH 20 Sephadex 
column (8-0.5 cm) and the different fractions obtained 
were then evaporated and diluted in RIA phosphate 
buffer saline to perform the immunologie reaction. 
Assays were performed as described previously by 
Fostier and Breton (1975) with anti-estrone and anti- 
17P-estradiol from the Steranti Company Ltd. (St- 
Albans, England) and anti-androgens (anti-testoste- 
rone and anti-11 ketotestosterone) from Dr. Fosticr 
(I.N.R.A., Rennes, France). jH labelled steroids were 
purchased from Amersham (Buckinghamshire, En- 
gland) and unlabelled steroids from Steraloids Ltd 
(Croydon, England). 

Plasma analysis 

Blood samples were drawn from the caudal vein 
with heparinized seringes. Plasma was separated from 
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blood by a 5 min. centrifugation at lOOOOg perfom- 
ed immediatly after the collection and then stored at 
4'C until analysis. Plasma sex steroid contents were 
measurcd in the same way but without sonication or 
centrifugation before extraction. 

Purified vitellogenin was obtained by double chro- 
matography (Sepharose 6 B and DEAE Trysacryl hl) 
as describcd earlier (Pélissero et al., 1987; Pélissero, 
1988 a). Chromatographic techniques were performed 
on plasma obtained from immature animals (1 kg) 
prctreatcd by 12 injections of 0.25 mglkg 17 p-estra- 
di01 diluted in phosphate buffer saline (pH 7, 
0.02 mhl, 1 g/l gelatine) supplemented by 1/10 benzyl 
alcohol at two days intervals. 

Yolk fraction was obtained by crushing fragments 
of ovary in phosphate buffer saline 0.1 hI (pH7.4, 
9% NaCI). The extract was then centrifuged twice for 
20min. at 100000g, 4% and the middle phase col- 
lccted and stored at -20aC. 

The immunoprecipitation technique was performed 
according to Ouchterlony (1953), in 1% agarose gels 
in a veronal buffer (0.05 hl, 1.5% HCI 1 N, pH 8.2) 
supplemcnted by 0.05% of sodium azide. The anti- 
serum used was obtained against purified vitellogenin 
and its high specificity was tested on vitcllogenic oocy- 
tes by an immunocytochemical method described pre- 
viously (Pclissero et al., 1988 d). 

The alkali-labile phosphorus technique (Craik and 
Harvey, 1984) was used to evaluate plasma vitello- 
genin. 

Polyacrylamide gel electrophoresis (PAGE) was 
performed in 4-16% acrylamide gradient gel with 3% 
stacking gel, in tris-glycine buffcr (0.05-0.3 hl, pH 8.3) 
under 200V, for 6 hours. Volumes of samplcs ucrc 
previously tested for each material and fixed to 1 pl 
of male plasma, 2 pl of female plasma, 0.25 pl of 17 0- 
estradiol treated immature fish plasma and 3pI of a 
5mglml of purificd vitellogenin solution diluted in 
phosphate buffer saline. Two types of staining were 
performed: Coomassie Brilliant Blue R 250 for pro- 
tein according to the "Pharmacia" process (1980) 
and Sudan Black for lipoproteins (Prat et al., 1969). 
Immunoblots on nitroccllulose sheets wcrc performed 
with anti-purificd vitcllogenin immunscrum at a con- 
centration of 111 500 and under 0.8 mA by cm2 for 2 
hours. 

Table 1. - Sex steroid amounts (El: estradiol, El: estrone, A: 
androgens) in different complete diets (denoted A. B, C) and in 
six different fish rneals (denotcd Xi). Within parentheses is the 
confidence interval calculated from standard error multiplied by t 
value for 5% error. 

Steroids 
Diet E2 E 1 A 

(ng1100 g) hg1100 g) (ng1100 g) 

A 375 ( f 80) 430 ( 2 75) 280 ( 2 65) 
B ZJo(k60) 2 7 0 ( 2 5 4 )  llOO(st120) 
c a i s ( 2 1 9 0 )  935(2350)  1 0 ~ 0 ( r 4 7 0 )  
xil 40 ( 59.5)  490 ( 2 9 5 )  520 ( 2 4 0 )  
SI 2 1510 ( 2  310) 560 ( 2 1 ~ 0 )  240 ( 590)  
.II, 105 ( 2 2 5 )  910 ( 2 1 6 5 )  1340 (f 180) 
XIL 1490(1330)  9 3 0 ( 1 1 8 0 )  875 ( 2 240) 
X i  lOO(i20) 3 5 0 ( 5 6 0 )  790 ( 2 220) 
hi6 1490(2320)  5 2 0 ( 2 9 5 )  1 3 3 0 ( 2 4 1 5 )  

according to the diet (table 1) and from batch to 
batch of the same diet (table 2). Values for 17P- 
estradiol varied between 40 ng/100 g (meal hl ,) to 
1 510 ng/100g (meal hl,). Androgen levels also 
showed a high variability (240 ng/100 g in hl,; 
1340ng/100g in hl,). Estrone levels were less variable 
but just as high (270ng/100g in diet B; 930ngI100g 
in hl,). For meal hl, and diet A, the general amount 
of sexual steroids was rather low, but in the other 
meals and diets tested, one or two sex steroids were 
prescnt in large quantities. The results for different 
batchcs of the samc dict present significant variations 
(from 471-23ng E2/100g to 650f 170ng E2/100gand 
from 650f 120ng A/100g to 14301300ng A/100g) 
for diet B where the moderating value is the confi- 
dence interval obtained according to Student's t test 
(i. e. standard error multiplied by t (5%) value) which 
could mean that the dict formulae arc not constant 
in cach batch (table2). 

Table 2. - Sex steroid measurements in four diflerent batches 
from the sarne complete diet denoted B. (El: estradiol; E,: estrone; 
A: androgens). Values uithin parentheses are the confidence inter- 
vals for each concentration. calculated from the standard error 
multiplied by t value for 5:/, error. 

Steroids 

Sex steroids in plasma 

Sex steroids in dicts 

The results obtained on the diffcrcnt fish meals and 
on the thrce complete dicts showed relatively high 
amounts of sex steroids and considerable variations 

The 17 P-cstradiol plasma levels found in male and 
female Siberian sturgcons (table 3) were not signifi- 
cantly different in 4, 5 and 10-jerir-old fish. In 6 ycar- 
old fish (i. e. whcn the femalcs arc in the fourth stage 
of oogencsis) the 17 P-estradiol levels are significantly 
different from those of males according to a Student 
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Table 3. - Sex steroid levels (E,: estradiol; E,: estmne, A: andm- females reach the most active viteiiogenin incorPo- 
gens i.e. testosterone and 11 keto-testosterone) in plasma of Sibe- ration stage (tnble4), 
rian sturgeon Acipenser bami bred in fish fam.  Within parentheses 
is confidence interval (se x t ,  ). 

Table 4. - Plasma levels of vitellogenin measured by the alkali- 
Steroids labile phosphoms technique by rdermc. to purilied vitellogenin 

Animals E2 Er A range, in Siberian sturgeon Acipenser bneri bred in fish faim. 
(ngid) (ng/ml) (ndml) Within parentheses is the standard error multiplied by t, value. 

P (4-year-old fisb) 16.6 (f 1.34) 10.8 (57.2) 5.8 (f0.5) Age 6 0 
d 14.4 ( 5 0.95) 3.3 ( f 1.5) 104.4 ( f 47) 2.1 ( f  0.q 

12.9 ( I  4.3) 9.5 (11.0) 4.6 (k1.0) 4- year-old fish (mg/ml) end 2.1 (10.4) (5-year-old fish) d 11.5 ( I  2.8) 4.0(+0.6) 115(+4û) of spimatogenesis non vitellogenic 
9 (6 year-old 18.1 ( f  9.3) 17.6(f11.8) 33 (114.2) 
d 5.6(+20) 3.5(f2.2) 82(I6.5) 5-year-old lïsh (mg/ml) 2.2 ( f0.6) :in',"? 
? 19.3 ( I  2.7) 10.3 ( f  1.9 109 (f25) spmiation 
6 

of vitellogmesis 
26.7 (f4.7) 4.1 (I1.1) 178 (f  6.5) 

dyear-old iiih (mg/&) 2.1 ( f  0.3) 6.8 (51.2) 
spenniation vitellogenesis 

test (females: 18.1 f 9.3 ngjml; males: 5.6 f 2  ngjml). 
In 5-year-old fish, in the early vitelloge~c stage, 17 0- 
estradiol levels were the same for both sexes (females: 
12.9 k4.3 ngjml, males: 11.5 2 2.8 ngjml). In 10-year- 
old fish the mean level of 170-estradiol was 
26.7f 4.7ngjml in males and 19.3*2.6ng/ml in 
females. In this case several males had higher plasma 
17 P-estradiol concentrations than any females. 

Vitellogenin in plasma 

For male plasma, yolk and vitellogenin, the imrnn- 
noprecipitation technique gave a continuous arc 
between the three pits. Yolk gave an additional single 
over-al1 arc, extending from the purified vitellogenin 
to the male plasma pits (fg. 1). 

Polyacrylamide gel electrophoresis stained by 
Coomassie Blue showed that males have a plasma 
protein exhibiting the same migration as vitellogenin. 
This protein, which has a high heterogeneity of elec- 
tric charge in native gel, was also stained hy the Sudan 
Black technique and presented a specific labelling 
in immunoblotting with an immunoserum obtained 
against purified vitellogenin (fg. 2). 

figure 1. - Immunoprecipitation test perfoimed with anti-purilied 
vitellogenin immunoserum (at a wncentration of 112). $ is male 
Plasma (concentration 1/21; Y is yolk (concentration 112); Vg is 
purified vitellogenin at a concentration of 2,5mg/ml in phosphate 3t 
buffer saline. -% +$ 

Figue Z - Polyacrylamide gel electrophoresis: (*) stained with 

~h~ alcali-lahile phosphorus technique indicated C00masSie Brifiant Blue R25O; (**) stained with Sudan Black; 
(***) revealcd by immunoblotting with an immunosemm obtained that there was no significant diffecence between the ,gainSI vitellogenin a of 500), is 

plasma alkali-labile phosphorylated protein levels of , with 17wtradiol  injedons (1/4,,l); is male 
males and early vitellogenic females. Differences appe- plasma (1 pi); P is fernale plasma (2p1); v g  is purilied viteiiogenin 
ared in 6-year-old fish according to Student test when at a concentration of 5mdml in phosphate buffer saline (3pI). 
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DISCUSSION 

Sex steroids in diets 

The sex stcroid levels found in the differcnt fish 
mcals and in the complete diets testcd were rclativcly 
high although presenting considerable variations. 
These lcvcls are in the rangc of the testosterone levels 
found in fish diets by So~vcr and Iwamoto (1985) 
(0.40ngIg testosterone for the lcss concentrated and 
7.0ng/g testosterone for the more concentrated diet). 
Considering that the complete diet contained between 
30 and 60'x of fish mcal (according to the spccifica- 
lion providcd by the feed manufacturcrs), the levels 
that wc obtaincd for fish meals and complcte diets 
arc in accordance with these earlier results. IIowever 
it must be noted that thc cxtraction technique is bascd 
on the evaluation of an extraction efficiency ratio 
which assumes that the steroids of the sample rcacts 
exactly likc the added radioactive stcroid. I f  this is 
not the case the evaluated extraction efficiency ratio 
obtaincd by this technique is highcr than in reality, 
and results in an under-estimation of the true sex 
steroid concentration. 

In addition to 30 to 60% of fish meal (the particular 
formula of cach brand) the completc dicts usually 
contain othcr ingredients like meat mcal, soya-bcan 
oil, soya-bean extracts, wheat germ, wheat extracts, 
alfa meal, yeast, minera1 compounds and vitamins 
with any supplcmentation of scx steroids. Then it is 
rcrisonablc to assume that the main potcntial source 
of scx stcroid must bc fish meals sincc thcy arc the 
main component by weight in the complcte diets. 

Our results indicatc that scx stcroid levels in the 
same complete diet can vary from batch to batch. 
These variations could not bc controlled since the fish 
spccics uscd for fish mcals arc not the samc for a11 
batchcs of thc samc meal. The composition of fish 
mcal dcpcnds generally on the availability of spccies 
at the time of capture by fish rneal producers. Gene- 
rally one main specics is uscd, for cxample anchovies 
for Chilian meals, poor-cod for Norivegian meals, 
and cod for Icelandic meals. Scx steroid levels in 
complete dicts dcpcnd on: (i) the sexual stagc of thc 
fish uscd to makc thc fish meals; (ii) the spccics uscd 
to make the meal; (iii) the type of mcal uscd according 
to availability or cost to makc thc complete diet. 
Gcncrally, the choicc of fish mcal for a commercial 
dict is based on the proximale composition (protcin, 
fat, amino-acid contents) and no attention is b' w e n  to 
the stcroid contents (Kaushik, pers. comm.). Our 
results on the stcroid levels of meals suggcst that the 
quality of fish mcals can vary considcrably frorn this 
point of view. The method of prcparing the diet could 
also influence the scx stcroid Icvcls. Sevcral different 
mcthods are uscd for the preparation of fish mcals 
before and after cooking bet~veen 70 to 160'C in a 
moist atmosphere: for instance vacuum drying, flame 
drying under 70'C and, in particular conditions, 
formic and perchloric acid treatments or extrusion at 
120-130'C undcr 3 x 10' Pa pressurc for a few 

seconds. This last trcatmcnt has the highest tcmpcrat- 
ure level for preparation of complete diets. Since sex 
steroids arc usually considered stablc up to 2505C 
(fusion temperature), none of thcsc treatments would 
be expected to elirninate them completely from the 
final product, although chemical transformation of 
the molecules (e.g. by oxydation) must bc considered. 
The three complete diets tested (A, B and C) were 
made spccially for fresh Ivater spawncrs and although 
commercial sccrecy prevents vcrification of this fact, 
it would sccm that al1 frcsh watcr spawner complete 
diets are obtained by simple vacuum drying without 
any high temperature treatment (t<701C). This 
tvould explain the large variations in sexual steroid 
levels found in differcnt fish meals or dicts, for exam- 
ple particularly high amounts of androgens in dict B 
and C (table 1). This variability rcsults directly from 
the differcnt source of fish uscd to make meals and 
diets. 

Scx stcroids in plasma 

In sturgeon plasma the 17 P-estradiol levels in males 
arc relatively high sincc they arc ncvcr significantly 
different from those of females in stage II1 of ooge- 
nesis (carly vitellogenin incorporation in oocytes). If 
thcsc 17 P-cstradiol levels inducc vitellogenin hcpatic 
sccrction and oocyte incorporation in femalcs, they 
must also provokc vitellogenin secretion in males 
(Pelissero, 1988 a). 

Vitcllogenin in plasma 

The results obtained by the alkali-labile phosphorus 
technique show that male sturgeon plasma contains 
a level of phosphorylated alkali-labile protein which 
is ncver significantly differcnt frorn that of carly vitel- 
logenic fernales according to Student test. This result 
is in accordancc with the plasma estradiol measure- 
ments but is at variance with thosc prcviously obtai- 
ned by othcr authors. Usually, the phosphorylated 
alkali-labile proteins in fish plasma are considered to 
be vitellogenin and, as such, spccific to femalcs (Wal- 
lace and Jared, 1968; Craik, 1978; Naglcr et al., 1987). 

Polyacrylamidc gel electrophorcsis (I'AGE) of male 
plasma rcvcalcd a protein with thc same migration as 
vitellogcnin. In native gel this protcin presents a high 
clcctric charge heterogcncity since the bands obtained 
are fairly broad. It also contains lipid fractions such 
as vitellogenin and cross-reacts with the immuno- 
serum obtaincd against purificd vitellogenin. The 
immunoprccipitation technique used here shoivs that 
malcs have a plasma protcin which presents a com- 
mon rintigenic conformation with yolk and purified 
vitcllogenin. These rcsults indicate the yolk nature of 
the lipidic, phosphorylated and alkali-labile protein 
found in male sturgeon plasma and identifies this 
protcin as vitellogenin. 

To  our knowledgc, very few studies have bcen 
pcrformcd on sturgeon stcroid. The first one dcalt 
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with corticosteroids and testosterone assays perfor- 
med on two males Acipenser oxjrltjnchus (Sangalang 
et al., 1971), the second was performed on Acipenser 
transrnonranus used for artificial reproduction by 
Lutes and coworkers (Lutes et al., 1987): In this study 
only progesterone, corticosteroids and 17u, 20 P-dihy- 
droxy-4-pregnen-3-one were measured. Thus, there 
are as yet no data on natural sex steroid cycles in wild 
sturgeons in general, and no data at al1 concerning 
Acipenser baeri. ï h e  lack of published data on sex 
steroid and vitellogenin assays in sturgeons leads us 
to compare our results with those of teleost fish 
(Fostier et al., 1983) or the quite similar ones of non 
teleost oviparous fish (Craik, 1978; Garnier et al., 
1988). 

In this context the estradiol levels in males respon- 
sible for the presence of vitellogenin could be consi- 
dered abnormally high. We suggest that it could be 
related to diet contamination, especially if one con- 
siders the duration and the periodicity of estradiol 
administration. In a previous paper, we observed that 
a change from diet A to diet B induced a drop in the 
17 P-estradiol and vitellogenin Ievels in the plasma of 
male sturgeon (Pelissero et al., 1988 c).  

If diet could be a factor in the case of sturgeon, it 
could obviously also be so in other artificially-reared 
fish. The literature has until now tcnded to consider 
vitellogenin as an exclusively female plasma protein 
and as such uscd to identify sex. 

(i) Several studies have relaied the phosphorus al- 
kali-labile content in plasma to vitellogenin content 
and used it as a spccific parameter for identifying 
females (Wallance and Jared, 1968; Craik, 1978; Craik 
and Harvey, 1983; Nagler et al.,' 1987). 

(ii) The immunoprccipitation tests have previously 
been successfully used with artificially-reared fish to 
distinguish females from males (Le Bail and nreton, 
1981). This has been confined to fish during advanced 
vitellogenesis, and could be explained by its low sensi- 
tivity which does not allow identification of low con- 
centrations of vitellogenin possibly present in male 
plasma. 

For several years, more sensitive methods such as 
RIA or enzyme-linkcd immunosorbent assay (ELISA) 
techniques which allow the detcction of rising levels 
of vitellogenin at the onset of vitellogenesis, have 
provided the best approach. ELISA tests did not 
identify vitellogenin in wild male soles (Nunez Rodri- 
guez et al., 1988; Nunez Rodriguez et al., 1989). RIA 
techniques performed on farmed fish species such as 
rainbow trout (Copeland et al., 1986) or coho salmon 
and various salmonid spccies (Benfey et al., 1987) 
allow identification of low Ievels of vitellogenin in . 

immature males and females of the homologous spe- 
cies, in accordance with our findings on the sturgeon. 
The difference between sturgeon and other teleost fish 
is the presence of high levels of vitellogenin in male 
and immature sturgeon plasma detectable by methods 
of low sensitivity. There are two possible explanations 
for this phenomenon: higher sensitivity of estrogen 

receptors by liver in sturgeon, which could initiale 
vitellogenin secretion with lower estrogen plasmatic 
levels, or a slower metabolism of ingested steroids. 
Thesc two hypotheses could be supported by the fact 
that wild sturgeon are not piscivorous under natural 
conditions (Ruban and Sokolov, 1986; Sokolov et al., 
1986). Instead, they eat insects and worms which are 
known to have ecdisteroids different from fish ste- 
roids. Therefore trout diets containing fish meals seem 
unsuitable for sturgeon. 

Further experimentation will be necessary to test 
these hypot heses. 

Despite of the small amounts of sex steroids 
ingested daily we suggest that they could have, a 
physiological impact on reared sturgeon. According 
to the literature, the main effects of a long term 
administration of sex steroids on young fish are: an 
accelerated growth linked to the anabolic effect of 
steroid (Fagerlund and hlcBride, 1975; Donaldson 
et al., 1978), sexual precocity (Sower et al., 1983), 
modification of the smoltification process (Sower and 
Iwamoto, 1985), appearance of intersex animals 
(Yamazaki, 1972; Tayamen and Shcldon, 1978, Sower 
et al., 1983; Billard, 1983) and probably, a failure to 
produce a sterile population since sex steroids orally 
administrated are known to have an effect on gonadal 
differentiation (Goetz et al., 1979; Solar et al., 1981; 
hlcGeachin et al., 1987). Some pathological effect of 
orally-administered estradiol have also been demon- 
strated by Herman and Kincaid (1988) in young rain- 
bow trout. Principal symptoms of this pathology are 
kidney degeneration and hyperplasie structure in the 
liver. hloreover Kaushik et al. (1988) found that in 
sturgeon some liver damage occurred with high levels 
of digestible carbohydrates. In sturgeon it is interest- 
ing to note that hl,, which was the meal presenting 
the highest levels of. sexual steroids, was shown to 
promote excellent growth of yearling sturgeons (Kau- 
shik, pers. comm.). 

In fernale spawners in several species it has been 
demonstrated that a drop of plasma 17P-estradiol 
level occurs prior to maturation and ovulation (Fos- 
tier et al., 1983) which would correspond to a negative 
feed back of estradiol on GTH secretion prior to 
ovulation. Therefore, if in the sturgeon an extcrnal 
source of 17 11-estradiol is constantly maintained, this 
could have an inhibitory effect on maturation and 
ovulation. 

It seems that sexual steroids introduced by artificial 
feeding in fish farms might pose a problem, especially 
considering the sexual steroid metabolism rate in fish 
farm species. This metabolism may Vary considerably 
with the temperature from one species to another and 
for the same species from one gametogenesis stage to 
another (Querrat et al., 1985; and Baroiller et al., 
1987). hloreover, these variations may be further 
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increased becausc the sex steroid Icvels in fish meals 
and in complete diets Vary considerably between 
meals and diets and also, between batches of the same 
diet. 

In sturgeon, this dietary steroid intake appears t o  
be responsible for high plasma estradiol levels in 
males and conscquently for the presence of vitello- 
genin in their plasma. IIowever, since no  data is as 
jet  available on  sex steroid levels in wild Siberian 

sturgeon populations, we cannot be sure whether o r  
not these findings are normal. Indeed several studies 
show a possible action on growth, health and repro- 
duction Such effects on sturgeon mus1 bc investipted 

Even trough sex steroid levels in commercial diets 
are  generally lower than those currently use in experi- 
ments to  determine their effects o n  fish, their presence 
must be carefully assessed prior t o  experiments o r  
particular treatments in fish farms. 
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