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Summary-Peripheral serum levels of free and conjugated steroids were correlated with seven terminal 
stages of oocyte maturation in female landlocked Atlantic salmon. Pregnenolone levels were maximal at 
stage 1, and there was a surge in testosterone after initiation of germinal vesicle migration. Testosterone 
remained high, above 25ng/ml until ovulation, and its glucuronide was always lower than the 
corresponding free form. 17a,20/J-Dihydroxy-4-pregnen-3-one increased progressively from 0.71 to 
68 ng/ml from oocyte stage 1 to 6, with the glucuronide predominating in stages 1 to 4 and the free steroid 
in stages 5 to 7. Thus, very low levels of free 17a,20/I-dihydroxy-4-pregnen-3-one were present when 
migration of the germinal vesicle was initiated but considerable free steroid was present at and after 
germinal vesicle breakdown. Negligible amounts of progesterone, 17a-hydroxypregnenolone, S-pregnene- 
3/3,17a,2Ob-trio1 were found in the serum during final maturation. In male salmon with expressible milt, 
17a,20p-dihydroxy-4-pregnen-3-one was present with a gradual increase of both free and conjugated form 
at the advent of spawning, suggesting that this steroid may also play a role in reproduction in male fish. 
The action of steroids in vitro on oocytes at various stages was consistent with conclusions based on blood 
levels. 

INTRODUCTION 

Various steroids can accelerate oocyte maturation 
in teleosts [ 11, the most potent being 17a,20fi-dihy- 
droxy-4-pregnen-3-one (17x,20/?-P). This steroid was 
first identified in the plasma of mature adult sockeye 
salmon[2] and Atlantic salmon[3]; it accelerates 
oocyte maturation in vivo in trout, carp and coho 
salmon [4-6] and in vitro in goldfish, rainbow trout, 
northern pike [l] and yellow perch [A. Further evi- 
dence that this steroid participates in oocyte matu- 
ration is the increase in its blood levels immediately 
before and/or around ovulation in rainbow trout 
[8-121, Atlantic salmon [12] and goldfish [13, 141. 
Other steroids have also been implicated to a lesser 
degree in oocyte maturation and these include 
corticoids [3, 15, 161, testosterone [17, 181 and pro- 
gesterone derivatives [19]; for a recent review, see 
Goetz[20]. 

A principal purpose of the present study was 
to correlate serum levels of 17a,20/3-P and other 
steroids with the precise state of oocyte development 
prior to ovulation. Does the rise in serum level of 
these steroids, particularly 171x,20/?-P coincide with 
germinal vesicle migration, or if not, with what stage 
do they coincide? A second objective was to see if the 
serum levels of 17c(,2O/I -P-glucuronide (171x,208-P-G) 
suggested a role for this steroid in regulating biolog- 
ical activity. A preliminary report of 17a,20/?-P and 
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17a,20/I-P-G in landlocked salmon has been given in 
abstract form [21]. An in vitro study was included to 
compare the effect of some serum steroids on salmon 
oocytes at precise terminal stages of development. 

EXPERIMENTAL 

Experiment 1 was conducted on two and a half year 
old mature female landlocked Atlantic salmon Sulmo 
salar Ouananiche from a laboratory stock, with an 
average weight of 105 g. Serial blood samples, col- 
lected from caudal vessels, were centrifuged and the 
sera stored at -80°C until analysed. Samples were 
taken every 2 days from November 5-13, 1981 and 
every 4 days from November 13-27, 1981. 

Experiment 2 

One and a half year old mature landlocked Atlan- 
tic salmon, with an average weight of 40 g were 
randomly chosen in the period from December 23, 
1981 to January 8, 1982. This was the period when 
these late spawners were close to spawning. Serum 
samples were prepared following caudal puncture. 
Immediately after sampling, the ovary from each fish 
was removed and weighed. Following treatment 
with oocyte clearing fixative, a mixture of acetic 
acid-glycerol-teleost balanced salt solution (TBSS) 
[17] in volume ratios of 4: 6: 90, the oocytes were 
observed within 10-15 min for stages of maturation 
as described by Ng and Idler[22]. The oocytes were 
rated as follows: stage 1, germinal vesicle (GV) at 
centre; stage 2, GV slightly off centre; stage 3, GV 
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midway to periphery; stage 4, GV peripheral; stage 5, 
GV breakdown (GVBD); stage 6, oocyte clearing and 
increase in size, oil droplets peripherally attached and 

coalesced; stage 7, oocyte translucent and free in 
body cavity or easily extruded when gentle pressure 
applied to abdomen. 

The average stage rating for a group of oocytes was 
computed from the equation: 

Cni Si 
S=- 

Cni 

where ni is the number of oocytes with the stage Si. 

Blood samples were taken from males of the same 
stock on the same days as the females were sampled. 

These fish were mature with expressible milt. 

Experiment 3 

Two-year old mature landlocked Atlantic salmon 
were used in October, 1983. After removing the 
ovary, oocytes were mechanically isolated in ice-cold 
TBSS. The stage development of the oocytes before 
incubation was detemined on approx i of the total as 

described above. The remaining oocytes were placed 
in 30 ml beakers containing 5 ml of TBSS for every 
20 oocytes. Controls had TBSS only, while the 
experimental had steroids at a concentration of 
50ng/ml TBSS. The steroids studied were preg- 
nenolone (prep), testosterone, 17/I-hydroxy-5a- 
androstan-3-one (5aDHT) and 17cr,2Op-P. They were 
incubated at 9°C with constant agitation and moist 
oxygen. After incubation for 42 h, the oocytes were 
fixed in oocyte fixing solution to check the location 
of the germinal vesicles. The resulting average stage 
for each incubate was then calculated. 

Radioimmunoassays 

The preparation and characterization of an anti- 

serum to 17a,20/?-P and of [3H]17c1,20/?-P were de- 
scribed in an earlier publication [23]; this antiserum 
did not cross react with corticosteroids, androgens, 
or other progestogens expected in fish blood serum 

and there was less than 10% reaction with possible 
metabolites of 17c(,2OB-P. However, subsequent tests 
have shown 30% cross reactivity with 5-pregnene- 
3p,17a,20/I-triol (17a,20/?-preg). 

Antisera for the measurement of testosterone, 
progesterone, 17cr -hydroxy-4-pregnen-3-one (17~~ - 
OH-P), pregnenolone, and 17u,3/?-dihydroxy-5- 
pregnen-20-one (17~ -OH preg) were purchased from 
Radioassay Systems Laboratories, Inc., Carson, CA. 
Tritiated steroids for use as label and recovery tracer 
were purchased from New England Nuclear, Boston, 
MA except [3H]17a-OH preg which was supplied by 
Radioassay Systems. Reduction of [‘H]l7c(-OH preg 
with 20b-hydroxysteroid dehydrogenase (Sigma, St 
Louis, MO) and purification of the product by 
paper chromatography (PC) gave the tritiated 20/?- 
dihydro derivative which could not be separated from 
authentic 17a,20B-preg. Since there was 30% cross- 

reactivity between 17a,20b-preg and the antibody 
against 17c(,2Op-P, the latter with displacement of 
[‘HI 17c(,2Ob -preg was used to measure 17a,208 -preg 
isolated from serum samples. Except for the measure- 
ment of 17a,20/l-P in some samples (see below) 
all radioimmunoassays were performed on steroid 

fractions isolated by chromatography. Recovery of 
steroids through extraction and purification was 
determined by the addition of tracer amounts of the 
appropriate tritiated steroids to the serum samples. 

Assayfor 17x-OH-P, 17~,20P-Pand 17cr,20fl-P-G in 
salmon sera 

In Experiment 1, 17a-OH-P and 17~,2Op-P were 
isolated by PC and measured by radioimmunoassay 
[23]. In Experiment 2, solvent extracts of sera were 

assayed by direct RIA, i.e. no chromatography, for 
17c(,2Ofl-P before and after fi -glucuronidase hydro- 
lysis. To determine levels of 17a,20/?-P-G, the total 
17a,20/?-P in the serum was measured by the above 
assay after the samples were incubated with bovine 
liver b-glucuronidase (EC 3.2. I .31, Sigma) at 1000 
Fishman U/ml 0.1 M sodium acetate buffer pH 4.5 at 

37°C for 24 h to convert the glucuronide to free 
steroid. The level of glucuronide was calculated as 
the difference between amounts of 17a,20~-P with 
and without treatment with the enzyme. In order to 

compare results obtained by direct RIA and after PC 
of 17c(,20-P, aliquots of 100 ~1 from a pool of serum 
taken at random from salmon in stages l-7 were 
extracted with ethylacetate: ether, I : I and assayed 
for 17a,208-P, in triplicate, with and without PC. 
Similarly, 17%,20/?-P-G was quantified with and 
without PC. 

The antibody to 17a,20p-P was known to cross- 
react with 17a,20b-preg but any contribution the 
latter compound might make to the 17a,2Op -P values 
should be eliminated by PC since the pregnenolone 
derivative is more polar than and separable from 

17c(,2Ofl-P. 

Assay for testosterone, pregnenolone, 17u-OH preg, 
17cl,20/I-preg and progesterone 

Sera from salmon at each terminal stage of oocyte 
maturation were analyzed for these five steroids after 
their isolation by PC; the glucuronic acid conjugates 
of all except progesterone were also measured. 
Extracts of sera, with and without hydrolysis, were 
applied to multiple-strip paper chromatograms. The 
position of the separated steroid fractions on the 
strips were determined by radioscan of radioactive 
reference strips as proposed by Friilich et al.[24]. 
Duplicate reference strips were used since separation 
of all five compounds required serial chromatography 
with two solvent systems. Development of the chro- 
matogram with heptane-80% methanol (v/v) for 4 h 
separated progesterone, pregnenolone and testos- 
terone. The appropriate areas of the sample strips, as 
indicated by radioscan of the outer reference strips, 
were cut from the sample strips and eluted with 
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ethanol. The pregnenolones remained at or near 
the origin. New arms were stapled to the original 
paper head, which included the second pair of 
reference strips. The reconstructed paper chromato- 
gram was then developed with cyclohexane-toluene- 
methanol-water (100: 70: 100: 25). Again according 
to the radioscan, the separated 17a-OH-Preg and 
17a,20/?-Preg areas of the sample strips were cut and 
eluted with ethanol. The ethanolic steroid extracts 
were evaporated to dryness and redissolved in assay 
buffer. An aliquot was removed for determination of 
recovery through the procedure and the remainder 
set up for radioimmunoassay with the appropriate 
antibody [23]. 

RESULTS 

Radioimmunoassay for 17a,2O/I-P 

Results on 17a,2O/I-P obtained by direct RIA 
and after paper chromatography were compared. The 
mean by direct assay was 15.8 ng/ml and was 
15.3 ng/ml after paper chromatography. A second 
random pool of plasma gave mean values of 13.7 and 
13.3 ng/ml for triplicate analyses of 17a,20/I-P after 
/I-glucuronidase hydrolysis, with and without paper 
chromatography. 

No 17a,20/?-preg was detected in sera from fish in 
stages l-5 and values of only 4.5 ng f 1.2 (n = 7) and 
5.8 ng f 1.2 (n = 17) were found in stages 6 and 7 

respectively using the 17a,2O/I-P antibody after paper 
chromatography. The level of detection of 17a,208 -P 
in the RIA was 15 pg/tube. Thus, there was no 
significant contribution of 17a,20fi-preg to the direct 
RIA for 17a,20fl-P in these experiments. 

Experiment I 

176: -OH-P and 17a,208 -P were measured in female 
landlocked Atlantic salmon during the spawning 
season. Of eight individual fish examined only four 
showed an increase in 17a,20/?-P (up to 117 ng/ml), 
one of which ovulated (Fig. 1) on the day 16 of 
sampling. Very low levels of 17a-P (up to 4.8 ng/ml) 
were detected even in the ovulating fish. 

Experiment 2 

The female landlocked Atlantic salmon used in this 
study also were found to be not necessarily in the 
same state of maturation although they were reared 
under identical conditions. When levels of free and 
conjugated 17a,2O/I-P were examined according to 
the dates that fish were sampled, no correlation could 
be shown (Fig. 2). However, when the serum levels 
of steroids were plotted according to the stages of 
oocyte maturation (Fig. 3), we observed a rise of free 
17a,20/?-P from 0.7 ng/ml to 6.8 ng/ml when the 
germinal vesicles started to migrate towards the 
oocyte periphery. It attained a level of 46 ng/ml 
during GVBD and continued to increase to 68 ng/ml 
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Fig. 1. Levels of (A) 17~1,2Ofi-P and (B) 17u-P in serial serum samples from 8 individual 2f year old 
landlocked Atlantic salmon. 
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Fig. 2. Serum levels of free 17a,208-P and 17a,20p-P-G in daily samples from lf year old female 
landlocked Atlantic salmon near spawning. Vertical lines represent the standard error of the means; 

number of animals in brackets above bars. 

when the oocytes cleared and increased in size. There 
was a slight drop of free steroid during ovulation. 

The absolute amount of the glucuronide increased 
along with the increase of free steroid before the onset 
of GVBD was higher than the free steroid from stage 
1 to 3. After GVBD the glucuronide increased greatly 
in quantity but the concentration was only half that 
of the free steroid in the last three terminal stages. 

Table 1 shows the serum levels of testosterone, 
pregnenolone, progesterone, 17~ -OH preg and 
17a,20/3-preg at different stages of oocyte matu- 
ration. Less than 1 ng/ml of progesterone and 
17cr-OH-Preg were detected in all stages. The highest 
level of pregnenolone occurred in the initial stage 
(11 ng/ml) while testosterone started to peak at stage 

2 and remained high for the rest of the development. 
17cr,20p-Preg was undetectable in the initial 5 stages 

and present only in the last two stages when the 
oocyte started to clear and be ready for ovulation. 

When the gonadosomatic index (GSI) of each fish 
was evaluated according to the terminal stage of 
oocyte maturation, a gradual increase of the index 
was observed in fish with oocytes developing from 
stages 1 to 7 (Fig. 4). In stage 7, the fish attained a 
maximum GSI of 19.7% although it was not statisti- 

cally different from the preceding two stages. 
During the sampling period, male salmon (n = 46) 

had expressible sperm and had similar serum levels of 
free 17c(,2Ofi-P (14.9 & 0.9 ng/ml) and its glucuronide 
[15.8 + 0.5 ng/ml (Fig. 3)]. Interestingly, when the 
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Fig. 3. Change in serum levels of free 17a,20/?-P and 17a,20/?-P-G in lf year old female landlocked 
Atlantic salmon in relation to the terminal stages of oocytes maturation. Vertical lines represent the 

standard error of the means; number of animals in brackets above bars. 
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Table I. Steroids concentrations in serum samples of Salmo salar Ouananiche with oocytes at different terminal stages of maturation 

Terminal stages 1 2 3 4 5 6 7 

(a) Free steroids 
Testosterone 8.4 + 2.2 (6)* 30 + 8 (6) 27+4(15) 25k4(15) 30 f 2 (25) 35 + 8 (20) 36 f 8 (22) 
Progesterone <1.0(6) < I .O (6) <1.0(11) <1.0(15) < 1 .O (25) < 1 .o (20) < 1 .o (22) 
Pregnenolone 11 +3(6) 1.4 f 0.2 (5) <l.O(ll) 3.1 f 0.8 (5) 3.1 i 0.5 (5) 1.4?0.2(9) 1.1 +0.3(10) 
17c(-OH Preg <1.0(6) <1.0(6) <1.0(11) <1.0(15) < 1 .O (25) < I .o (20) < 1 .o (20) 
17a,20j-Preg < I .O (6) <1.0(6) <l.O(ll) <1.0(15) < I .O (25) 4.5+ 1.2(7) 5.81 1.2(17) 

(b) Steroid glucuronide (G) 
Test-G 6.7 k 1.1 (6) 11+3(6) 8.5+2.2(11) 7.3+1.2(15) 9.1+1.1(25) 17i3(20) 14*3(22) 
Preg-G <1.0(6) <1.0(5) < 1.0 (11) 4.2 f I .4 (5) 2.9 f 0.9 (6) < 1 .o (20) < 1 .o (22) 
I ‘In-Preg-G < 1 .O (6) <1.0(6) <l.O(ll) <1.0(15) < 1 .O (25) < 1 .o (20) < 1 .o (22) 
17a,20B-Preg-G < 1 .O (6) <1.0(6) <l.O(ll) < 1.0(15) < I .O (25) < 1 .o (20) < 1 .o (22) 

‘Steroid concentrations in ng/ml; numbers of fish sampled in brackets. 

steroids levels in fish from every 2 or 3 consecutive highest when the oocytes initially had peripheral 
days in the sampling period were grouped and calcu- germinal vesicles. While the effect of testosterone at 
lated, a gradual increase was seen of both the free stage 2 and 3 was not determined, the steroid could 
steroid and glucuronide from 8.2 and 1.2 ng/ml re- induce, to a lesser degree than 17a,2Oj?-P, GVBD in 
spectively on December 24-25 (Fig. 5). Then they oocytes with initially peripheral germinal vesicles. No 
plateaued in the range of 17 ng/ml from December 30 effect of testosterone was observed in oocytes at stage 
to January 8, 1982. 5 and 6. 

Experiment 3 
DISCUSSION 

Figure 6 shows the rate of germinal vesicle mi- 
gration in terms of net change of terminal stages 
in oocytes after in vitro incubation. It appears that 
both pregnenolone and 5aDHT were able to induce 
GVM when the oocytes were at stage 2, with 5aDHT 
being more potent than pregnenolone. Their effec- 
tiveness decreased with the increase in stage of the 
oocytes. 17a,20j?-P was able to induce GVM in 
oocytes at stage 2, but the rate of development was 

In salmonids, maximal levels of 17cr,2O/I-P are 
found in the plasma during the late pre-ovulatory 
stage of maturation. In the present study, when 
following the serum levels of 17a-OH-P and 
17cr,20/?-P in the 2-year old salmon (Fig. l), 
17a,20/?-P appeared to be related to the later stages 
of final maturation. A definitive identification of 
17a,20/?-P by double isotope derivative assay on a 
pool of plasma from mature rainbow trout revealed 
this level was among the highest yet reported in 
female salmonids [8]. The surge of 17a,20b-P around 
the ovulatory period has also been investigated in 
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Fig. 4. The gonadosomatic indices in If year old female 
landlocked Atlantic salmon in relation to terminal stages of 
oocyte maturation. Vertical lines represent the standard 
error of the means; number of animals in brackets above the 
means. The GSI was calculated by: gonad weight x 100~ 

(total body weight - gonad weight). 
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sampled on every two or three consecutive days. Vertical 
lines represent the standard error of the mean; number of 
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Fig. 6. In vitro effects of four steroids on the net change of terminal stages in oocytes from 2-year old 
landlocked Atlantic salmon. Numbers above bars represent total number of oocytes in incubation. Net 
change was calculated as the difference between the resulting change in stages in oocytes 42 h after 

incubation with or without respective steroids. 

rainbow trout sampled monthly [25], weekly [l 11, 4 
day intervals [ 181 and every two days [9]. Its level was 
low until a few days prior to spawning and the peak 
extended over l-2 weeks after spawning. Because of 
asynchronous development of final maturation 
among the same batch of fish and in order to pinpoint 
the exact change of steroid levels in relation to the 
development towards maturation and ovulation, 
some of the above authors followed the change in 
serum levels in individual fish and assigned the levels 
from the day of ovulation. A similar asynchronous 
situation occurred in the landlocked Atlantic salmon 
used in the present study (Figs 1 and 2). In the 
population of fish that were hatched in the same 
period and brought up in the same environment in 
our laboratory, we observed a wide variation of 
serum levels of 17c(,2Op-P on a given date. Con- 
sequently a plot of the mean value on each date did 
not reveal a clear progression of serum 17x,20/?-P 
levels through the final maturation (Fig. 2). Serial 
sampling on individual fish was not feasible because 
of the small size of the salmon. In spite of variation 
among individuals, the serum levels of 17x-OH-P 
were consistently lower than that of 17a,20/I-P in the 
same fish (Fig. 1). 

In the present study, serum concentrations of 
17u,2OB-P and its glucuronide and the GSI have been 
assessed at precise reproductive stages near ovulation 
(Figs 3 and 4). By associating the sequence of events 
occurring in the maturation and ovulation of oocytes 
with serum steroid levels, we were able to detect a 
steady rise of free 17c(,20/?-P in the serum before the 
surge at stage 5 where GVBD occurred. 

Thus the surge occurs at the oocyte stage which 
appears to be most sensitive to steroid. Oocytes used 
for the in vitro bioassay of steroids and gonado- 

tropins are usually selected when the germinal vesicle 
is in a peripheral position, i.e. immediately before 
GVBD [1,26]. However, oocytes at stage 4 do not 
appear to have been selected for all assays in which 
positive results are reported [27]. The elevation of 
17c1,2O,!I-P coincident with GVBD does not eliminate 
the possibility that the steady increase in this steroid 
during the earlier phases may play a role in migration 
of the GV (Fig. 3). However, it is interesting that the 
glucuronide predominated during stages l-4. If the 
conjugate is biologically less active or inactive then 
this may be a mechanism for controlling the concen- 
tration of “free” 17c(,2Op-P until the steroid is re- 
quired for stage 5. We have no direct evidence for the 
relative potency of a steroid and its glucuronide in 
salmon but 50 ng/ml of either testosterone or its 
glucuronide stimulated GV migration and GVBD up 
to stage 4 in winter flounder (unpublished). The 
glucuronides of some biologically active steroids 
should be synthesized and tested. 

The conjugated steroids measured in this study are 
desginated as glucuronides since hydrolysis was 
effected by a highly purified bovine liver /I-glucuro- 
nidase; no attempt was made to isolate and confirm 
the structure of these compounds. The efficacy of the 
/I-glucuronidase was checked in each experiment by 
including a sample of authentic testosterone gluc- 
uronide and the subsequent analysis of the solvent 
extractables for testosterone. Also there were no 
structural studies done on the conjugated form of 
17c(,20/?-P present in the landlocked salmon. How- 
ever, plasma from a Pacific salmon, Oncorhynchus 
sp., was found to contain a conjugated form of 
17a,20/?-P, again hydrolyzable by liver /I-glucuro- 
nidase but not so in the presence of the inhibitor, 
glucosaccharo- 1 ,Clactone. Further experiments on 
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the Pacific salmon plasma indicated that the glucur- 
onic acid moiety was attached to the 20/I-hydroxyl 
group: oxidation of the plasma with 20/I-hydroxy 
steroid dehydrogenase did not produce a compound 
immunoreactive with the antibody to 17x-OH-P 
whereas [3H]17a,20fl-P added to the plasma was 
oxidized to [3 H] 17a -OH-P (unpublished data). 

In considering the possible biological significance 
of 17a,20/3-P levels at stages 1 to 4, it would have 
been useful to measure 17a,2O/I-P in ovarian effluent 
and peripheral blood of the same fish. Since there is 
considerable evidence that 17a,2Ofl-P is produced in 
the ovary [28] and is stimulated by gonadotropin 
[9,29,30], the peripheral levels may represent only a 
fraction of the amount present in the ovary. However 
the landlocked Atlantic salmon was too small to 
sample ovarian blood. In anadromous Atlantic 
salmon, the gonad effluent contained substantially 
more androgenic steroid than did peripheral plasma 
[31]. This suggests that a larger amount of 17a,20fl-P 
may be available to the oocytes in the early stages in 
spite of the relatively low peripheral levels. 

Some other steroids are elevated when the germinal 
vesicle is migrating and these must also be considered 
as potential agents involved in the stages before 
GVBD. Pregnenolone and testosterone are the obvi- 
ous candidates since their serum levels are elevated 
earlier than 17a,20/3-P (Table la). As serum preg- 
nenolone was elevated at stage 1 and testosterone 
rose between stages 1 and 2 and remained high 
throughout the development towards maturation and 
ovulation, these steroids might be involved in the 
migration of the germinal vesicle before the surge of 
17a,20/?-P between stages 4 and 5. It has been 
reported in rainbow trout [lo, 181 that serum testos- 
terone increases before the rise of 17a,20/?-P prior to 
ovulation. Some direct evidence for the involvement 
of other steroids was obtained by the study of the 
effect in vitro of pregnenolone, testosterone, 5a-DHT 
and 17a,2Op-P on the oocytes (Fig. 6). At stages 2-5, 
both pregnenolone and 5a-DHT migrated the GV 
and were more effective than 17a,20/I-P at the same 
dose. In addition, testosterone and 5a-DHT had 
some activity as did pregnenolone to a much less 
extent in inducing GVBD. 17a,2Op-P was still 
effective when oocytes were mature (stage 6) whereas 
pregnenolone, testosterone and Sa-DHT exerted no 
action by that time. We know of no other study 
where migration of the germinal vesicle has been 
quantified. However, the possible participation of 
pregnenolone and testosterone in GVBD has been 
reported elsewhere. Pregnenolone was able to induce 
the breakdown in vitro at a dose greater than 
500 ng/ml [1,32] and testosterone induced GVBD in 
vitro in oocytes of amago salmon, but only at a level 
of 1 pgg/ml[17,30]. In the present study, we found 
that induction by testosterone can be observed 
(though only 30% efficient) with a concentration of 
50 ng/ml in the incubation medium. This is more in 
line with van Ree et aZ.[27] who showed a similar 

effect in zebra fish oocytes in vitro with approx 
90ng/ml testosterone. At stage 4, Sa-DHT and tes- 
tosterone were equally effective and neither was 
active on stage 6 oocytes (Fig. 6). In summary, given 
the concentrations of serum steroid determined in 
this study, it seems not unreasonable to suggest that 
testosterone and its metabolite and pregnenolone 
stimulate GV migration and 17a,2Ofl-P brings about 
GVBD. 

It is interesting to note that the naturally occurring 
serum levels of 17a,2O/I-P and testosterone remained 
high when the oocytes were further advanced than 
stage 4 (Table la), while in the in vitro study 
17a,20/?-P, testosterone and 5a-DHT were effective 
in stages 4 or 5 (Fig. 6). The presence of both steroids 
may indicate synergism in the stimulation of final 
oocyte maturation, i.e. GVBD. Goetz has pointed 
out that synergism or facilitation by corticosteroids 
may play an important role in stimulation of final 
oocyte maturation by progestogens and he cites 
examples [20]. Whether the progestogen and an- 
drogen are playing a similar role in later stages of 
final maturation remains to be explored. 

Only a few results on blood levels of 17a,20/?-P 
have been reported for Atlantic salmon. In wild 
Atlantic salmon levels of 17a,2Ofi-P ranged from ca 
45 to 340 ng/ml in fish treated with pituitary extract 
and in naturally ovulating fish [12]. In the present 
work on landlocked Atlantic salmon, we observed 
serum levels of 112 ng/ml in some individuals at 
stage 6. In a study on three Pacific coho salmon, 
Oncorhynchus sp., 17a,2Ofl-P (225-370 ng/ml) ap- 
peared after induction with pituitary extract [12]. It is 
obvious from Fig. 3 that serum levels of 17a,208-P 
changed rapidly depending on the precise state of 
oocyte development. 

To our knowledge one other study has attempted 
to relate plasma levels of unconjugated 17a,20/?-P to 
a stage of oocyte development on a limited number 
of samples [33]. Amago salmon showed modest levels 
(ca. 4 ng/ml) of 17a,20j -P in plasma taken from fish 
when the germinal vesicle was fully migrated to the 
periphery and higher levels were found in fish of the 
same date with mature or ovulated oocytes (ca 50 and 
70 ng/ml). The plasma levels are similar to those 
found in stages 4-7 in landlocked Atlantic salmon. 

The present investigation shows that in the male 
salmon, there was a significant increase of free 
17a,2OB-P in the serum from the beginning until the 
end of the 2 week sampling period; this strongly 
indicates a role in the spermiating fish. It has been 
shown that the change in free 17a,20/?-P may not be 
associated with any change in the production of 
expressible milt [12]. However, from the correlation 
between the amount of plasma 17a,2O/I-P and potas- 
sium concentration in seminal fluid in rainbow trout, 
Scott and Baynes suggested that the major function 
of this steroid in males is the control of the concen- 
tration of potassium ion in the seminal fluid [lo], and 
hence, the inhibition of spermatozoan motility [34]. 
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Also again based on the timing of the increase of 
17a,20B-P, it has been suggested that this steroid is 
involved in the hydration and thus fluidity of 

sperm [35]. 
The peripheral plasma steroid concentration repre- 

sents a net balance between the rate of production 
and the metabolic clearance rate. Although testos- 
terone glucuronide is formed in the liver of the 
landlocked salmon [36] it is also known to be product 
of the male gonad since its concentration was higher 
in the testicular than in the peripheral plasma, sug- 

gesting glucuronides may play a role in regulating 
reproductive activity [3 11. 

In the brown trout the ratio of testosterone to 
testosterone glucuronide increased in the males from 
August to November but in the female the ratio 
remained constant [37]. In the present study on the 
female landlocked salmon, testosterone levels were 
measured only during the period of final maturation 
and, except for stage 1, the ratio of free to glucuron- 
ide bound was constant at 1:0.3 through stages 2-7. 
However, the ratio of 17~,2Ob-P to its glucuronide in 
the female landlocked salmon increased slowly from 

1: 8.5 at stage 1 to 1: 1.2 at stage 4, then dramatically 
to 1:0.5 for stages 5-7 (Fig. 3). In the mature male 
fish the ratio of free to conjugated 17cr,2Op-P was 
more or less constant at 1: 1 through the 2 week 
sampling period (Fig. 5). The role of the glucuronides 
in reproduction of teleosts is not known. The rapid 
surge of free steroid before final maturation and 
spawning could suggest a mechanism which can 
promote biotransformation rather than proliferation 
of appropriate steroid secreting cells in the oocytes. 
The interconversion of free steroid to glucuronide 
through the control of glucuronyl transferase may be 
one of the mechanisms involved. 
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