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Radioimmunoassays are used to follow plasma 11-oxotestosterone and glycoprotein
gonadotropin levels related to sperm production in male rainbow trout at the onset of spermi-
ation. The 11-oxotestosterone concentrations are higher in the plasma of males giving a
measurable volume of sperm. When these levels increase as spermiation progresses, the
gonadotropin level tends to decrease slightly. Furthermore, the quantities of collected sperm
are positively correlated with the 11-oxotestosterone levels, but not with GTH secretion.

The highest glycoprotein gonadotropin
levels in the reproductive cycle of male
salmonids have been found in the plasma
during the spawning season (Crim et al.,
1973; Crim et al., 1975; Breton et al., 1975;
Whitehead er al., 1978, Billard et al., 1978).
Stimulation of the immature testis (Up-
adhyay, 1977) and a study of precocious
young (Crim and Evans, 1978) have con-
firmed the role of this hypophysial hormone
in the spermatogenetic process. Some of its
action possibly involves steroid secretion.
Salmon gonadotropin stimulates the pro-
duction of androgens (mainly 11-oxotestos-
terone) in the juvenile rainbow trout (Ng and
Idler, 1980). During the spawning season,
high levels of this steroid are present in the
plasma of Pacific salmon (Schmidt and Idler,
1962), Atlantic salmon (Idler er al., 1971;
Idler et al., 1981; Stuart-Kregoref al., 1981),
and rainbow trout (Campbell er al., 1980:
Scott et al., 1980) males.

The present study analyzes changes in
plasma gonadotropin (t-GTH) and 11-
oxotestosterone (11-oxoT) concomitant
with the production of sperm.

MATERIAL AND METHODS

Animals. Rainbow trout males raised in a fish farm
were brought to the laboratory at the end of Sep-
tember. They were tagged (Floy-tags) and were kept in

recycled water under natural photoperiod and temper-
ature (Sept., 17°; Dec., 10°) and fed 1% pelleted food
every day except for 2 days prior to sampling. After
2-weeks acclimatization, 20 fish were used for ex-
perimentation from October 11 to December 6. They
gained weight during the experimental period; only 2
died and these were eliminated from the study.

Blood and sperm sampling. Once a week between 10
and 11 AM each fish, anesthetized in a 2-
phenoxy-ethanol solution (Merck, 0.3 ml/liter), was
weighed, checked for spermiation by hand stripping,
and bled. Blood (1 ml) was taken from a caudal vessel
using a syringe rinsed with sodium heparinate (700
IU/ml). The samples were kept on crushed ice until
centrifugation at 3000g for 15 min, then were frozen
and stored at —20° until the assay.

Sperm analysis. When high enough (>0.3 ml), the
volume of sperm was estimated and its characteristics
were determined. The spermatocrit was measured in
0.1-ml capillaries after centrifugation at 12,000 rpm
for 20 min. Intensity (0—5, according to Sanchez-
Rodriguez and Billard, 1977) and duration of motility
were measured after dilution (1/100) in an artificial in-
semination diluent (Billard, 1977). Sperm fertilizing
ability was checked with insemination batches of 200
eggs under the same conditions of dilution and diluent.

Plasma gonadotropin determination. The technique
was the same as that for carp gonadotropin (¢c-GTH)
(Breton et al., 1971), using an antibody produced
against pure t-GTH (Breton ef al., 1976) and '*I-
labeled pure female salmon GTH. The intraassay coef-
ficient of variation was estimated at 10% (Zohar,
1981).

11-Oxorestosterone radicimmunoassay. 178-
Hydroxyandrost-4-ene-3,11-dione-3-(O-carboxy-
methyl) oxime conjugated to bovine serum albumin
was prepared according to the technique described by
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Simpson and Wright (1977). The antiserum was pre-
pared in rabbits by four subcutaneous injections (one
every 5 weeks) in multiple flank areas with 1 mg of
immunogen in 1 ml physiological saline and emulsified
with an equal volume of Freund’s complete adjuvant.

All solvents were distilled before use. Gelatine (1
g/liter) was added to the phosphate buffer (0.01 M
NaH,PO,—Na,HPO,, 0.15 M NaCl, pH 7.25) before
the assay.

The antiserum, diluted 1/20 in the phosphate buffer
mixed with glycerol (15%), was kept frozen at —20°,
Just before running the assay rabbit gamma globulins,
prepared by precipitation with (NH,),SO,, were dis-
solved in phosphate buffer (0.5 mg/ml) (Leyendecker
et al., 1972) and the antiserum was diluted (1/12,000) in
that solution. The label [1,2-*H]-11-0xotestosterone
was prepared from [1,2-*H]cortisone (Amersham, SA
43.6 Ci/mM) according to Simpson and Wright (1977).
Reference 11-oxotestosterone was purchased from
Sigma and was checked for purity by thin-layer chro-
matography (benzene:toluene (40:60) and cyclo-
hexane:ethylacetate (60:40)).

Standard dilutions (10—1000 pg/0.1 ml) were pre-
pared in phosphate buffer from a stock ethanolic solu-
tion (0.1 mg/ml). The nonevaporated ethanol had a
final concentration of less than 1 part per 10,000.

Plasma aliguots (0.1 ml) were extracted twice with 2
mi of ethylacetate:cyclohexane (50:50) after the addi-
tion of a recovery label (1600 dpm). After freezing the
plasma at —20°, we collected the organic phase in 5-ml
glass tubes, and then used a gentle stream of air to
evaporate it. The tube sides were rinsed twice with 0.1
ml of ethanol. After further evaporation the dry resi-
dues were solubilized in 0.9 ml of phosphate buffer.

The assay was performed in 3-ml polypropylene
tubes (LKB). To 0.1-ml aliquots of samples (in tripli-
cate) or standard dilutions, we added 0.1 ml of diluted
antiserum, then 0.1 ml of assay label (20,000 dpm/0.1
ml). The tubes were stirred gently then kept for 3
hr at 4°,

At the end of incubation, the bound steroid was pre-
cipitated overnight at 4° by adding 2 ml of polyethylene
glycol (Merck, mp 5000—7000 in phosphate buffer
without gelatine, 20% w/w) (Schiller et al., 1976).
Nonspecific precipitation was estimated using incu-
bates without specific antibody, but with the same
amount of rabbit gamma globulin.

The precipitate was centrifuged at 3500g for 30 min
at 12° and the supernatant was eliminated by turning
the tubes over. The pellets were rinsed once with 2 ml
of polyethylene-glycol solution, then the tubes were
centrifuged and inverted once more.

The bound steroid was extracted directly into a 3-ml
scintillator (4 g/liter PPO and 0.1 g/liter POPQOP in tol-
uene) after adding 0.1 ml of ethanol to each tube and
shaking thoroughly (Saumande and Andre, 1975).
Counting efficiency was high (E, 50% on Intertech-
nique SL 4000).
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Under these working conditions 40% of the label
11-oxoT was bound when incubated without cold
steroid.

To calculate the unknown doses, a regression line
was computed between the logit of the experimental
counts and the logarithm of the standard doses. As the
bound count at zero point was used to calculate the
logits, six replicates were performed. The final doses
were corrected for recovery. Antibody specificity di-
lutions of tested steroid (up to 10,000 pg 0.1 mi™!
tube™!) were compared to the standard curve.

Assay specificity. A pool of male rainbow-trout
serum, collected during spermiation, was used to
compare a previous double isotope derivative assay
(DIDA), (Campbell et al., 1980) with the present
radioimmunoassay (RIA). Inhibition curves of [*H]-
11-oxotestosterone binding were obtained by increas-
ing the extracted volumes of rainbow trout or brown
trout plasma pool. Logit—logarithm transformation
was used to compare the slopes of these curves with
the standard-curve slope.

Assay accuracy. Increasing amounts of reference
11-oxotestosterone were added before extraction to
aliquots of a male brown-trout plasma pool. The added
quantities and measured values were compared.

Statistics. The correlations between measured pa-
rameters were analyzed using the Spearman rank cor-
relation (Snedecor and Cochran, 1971). The groups
were compared by the nonparametric Mann — Whitney
U test (Schwarz, 1963). We analyzed the coefficients
of the regression lines and used covariance analysis to
compare their slopes.

RESULTS

Assessment of 11-Oxotestosterone
Radioimmunoassay for Trout Plasma

Antibody specificity. The diminution in
the proportion of bound label produced by
1000 pg/tube of a tested steroid, relative to
that produced by the same quantity of 11-
oxoT, was 9% for testosterone, 6% for
118-hydroxytestosterone, and 10% for ad-
renosterone. No effect was detected with
androsterone, 1183-hydroxyandrosterone,
androstenedione, 118-hydroxyandrostenedi-
one, dihydroepiandrosterone, progesterone,
lla-hydroxyprogesterone, 11-oxoproges-
terone, 17a-hydroxyprogesterone, 17a-hy-
droxy-208-dihydroprogesterone, cortisone,
208-dihydrocortisone, cortisol, oestradiol-
178,16-oxooestradiol-178, or oestrone.

Assay specificity. The value obtained
with DIDA for a plasma pool (98 ng/ml;
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Campbell et al., 1980) was compared to
the RIA measurement in the present study,
i.e., 92—103 ng/ml (confidence limits for P
= 0.01; » = 33). Inhibition curves of
rainbow-trout plasma (regression coeffi-
cient b = 1.176) or of brown-trout plasma (b
= 1.189) have slopes not significantly dif-
ferent (P < 0.05 and P < 0.01, respectively)
from the slope of a standard curve (b =
1.173). The regression line between the ex-
pected doses and the measured doses is not
significantly different from ¥ = X (Fig. 1).

Assay accuracy. In the ‘‘overloading™
test, the regression line between the six
doses added (50300 pg/tube) and the mea-
sured excess was not significantly different
from Y = X (Y = 1.04X — 0.76). In the three
experimental sample assays, a reference
plasma was used to estimate the coefficient
of variation: CV = 9% (n = 9, confidence
limits for P = 0.05; 6—17%).

Spermiation Characteristics

The males were divided into two groups
for analysis, Group 1 (Table 1) (» = 10) in-
cluded males which gave measurable vol-

H
i

Pg/tube  measured
-

g

5|0 1&0 110 z&o 2&0 sg

pg/tube  expected

FiG. 1. Assay specificity for 11-oxotestosterone
{dilution test). The regression line between the mea-
sured doses and the expected doses in a serial dilution
of two pool plasma: @, rainbow-trout plasma, ¥ =
1.02X — 0.47; and ¥, brown-trout plasma, ¥ = 1.01X
+ 0.13.
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umes of sperm (0.3—5 ml) and group 2 (n =
8) included those which gave no or a low
(<0.3 ml) volume of sperm.

Though some animals showed signs of
spermiation as early as October 18, mea-
surable amounts of sperm were collected
only between November 15 and December
6 from half of the experimental population.

Spermatocrit was high on November 15
and lower later (the first sperm collection is
usually very thick). Spermatocrit variability
was very high, especially when the volume
of sperm collected was low. This was prob-
ably due to the higher risk of dilution with
urine and to the difficulty of sampling the
thick sperm.

Motility intensity did not vary much but
showed a tendency to increase toward the
end of the sampling period. The differences
were more striking with the duration of
motility, which increased three- or fourfold
between November 22 and December 6.

Fertility performance was rather low
(60—80%) due to poor egg quality, but it
was similar to that obtained with sperm
taken from males of the same origin which
were not sampled.

Endocrine Characteristics

In Fig. 2 the 11-0xo0T level of group 1
(producing sperm) increased continuously
to the beginning of spermiation (November
15) and then remained high. The GTH level,
however, tended to decrease. In group 2,
the 11-0xoT level increased later and re-
mained lower than in group 1. The changes
in the GTH level were comparable to those
of group 1, except on November 8 when it
appeared to be higher.

Individual maximal plasma GTH and
11-0x0T concentrations were recorded and
individual hormone-level curves were inte-
grated. There was a highly significant rank
correlation between these two parameters
for both the hormones (GTH, p = 0.77; 11-
oxoT, p = 0.93). The rank coefficient of
correlation between each of these parame-
ters and the performances of spermiation
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TABLE 1
SOME CHARACTERISTICS OF SPERM COLLECTED IN GRoUP 1

Collection date

Spermiation characteristics November 15 November 22 December 12
Number of males

producing sperm: 6 7 9
Volume of sperm 1.2 1.1 2.3

collected (ml): (0-3.5) 0-2.8) (0-5)
Spermatocrit 37 26 23

(%): (12-78) (9-50) (9—40)
Motility intensity

(scale 0—5): 2.5 2.3 3
Duration of motility 1.2 1.2 3.9

(min): 0.6—1.5) 0.9-1.5) (3.5-4.3)

¢ The means were caiculated from the numbers of males giving sperm, and the extreme values are given in

parentheses.

(total volume of sperm collected during the
experimental period), however, was only
significant for 11-oxoT: p (maximal 11-
oxoT concentrations, spermiation) = 0.55,
P < 0.05; p (integration of the curve of con-
centrations, spermiation) = 0.54, P < 0.05.

DISCUSSION

High 11-oxotestosterone levels in the
plasma of maturing males have been re-
ported previously in salmonids, e.g., sock-
eye salmon (Schmidt and Idler, 1962),
precocious young (Dodd et al., 1978;
Stuart-Kregor et al., 1981) and aduit (Idler
et al., 1971; Stuart-Kregor et al., 1981) At-
lantic salmon, rainbow trout (Campbell e¢
al., 1980; Scott et al., 1980), and brook
trout (Sangalang and Freeman, 1974). To
our knowledge, however, no patterns of
plasma 11-oxotestosterone changes in indi-
vidual maturing males have been described
in relation to GTH levels or spermiation
performance. Sanchez-Rodriguez et al.
(1978), using an antibody cross-reacting
with testosterone in the same order as with
11-oxotestosterone, probably obtained an
approximation of this profile; a higher
testosterone:11-oxotestosterone ratio seems
to be established during spermiation in rain-
bow trout (Scott et al., 1980; Campbell et

al., 1980) than in salmon (Idler et al., 1971)
or brook trout (Sangalang and Freeman,
1974). The synchronous increase of sperm
release and 11-oxotestosterone levels in
plasma and the significant correlation be-
tween spermiation performance and the 11-
oxotestosterone secreted, reinforces the
hypothesis of an active role of this steroid
in stimulating at least the latter part of sper-
matogenesis, that is to say, during the mi-
gration of nonmotile spermatozoa from the
seminiferous lobules to the vas deferens
(Billard et al., 1978). Experimental studies
have shown the efficiency of 11-oxotestos-
terone in restoring spermiation in hypophy-
sectomized goldfish (Yamazaki and Donald-
son, 1969).

Previous studies on trout in our labora-
tory have demonstrated a similar pattern of
plasma GTH during spermiation with a high
level at the initiation of sperm release
(Breton et al., 1975) and a slow decrease
during the first part of spermiation (San-
chez-Rodriguez et al., 1978; Billard et al.,
1978).

Thus, initiation and amplification of
spermiation may be related to different
levels of GTH and correlated with different
steroid balances. A small testosterone peak
in brook trout (Sangalang and Freeman,
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F1G. 2. Pattern of plasma gonadotropin (t-GTH) and 11-oxotestosterone (11-0xoT) in male rainbow
trout before and at the onset of spermiation. The means values are calculated from the total number of
fish in each group: O, n = 10 in group 1 (males giving sperm); @, n = 8 in group 2 (males giving no
sperm or less than 0.3 ml). Levels of significance: *P < 0.05; **P < 0.01.

1974) and a larger one in rainbow trout
(Scottet al., 1980) occurs prior to the rise of
11-oxotestosterone. This peak may be re-
lated to the highest plasma GTH levels. Just
before the onset of spermiation, a slight de-
crease in GTH is detected after bilateral
castration of male rainbow trout (Billard et
al., 1977, Billard, 1978), and testosterone
has no effect on this rise. Further, pituitary
implants of testosterone in immature male
Atlantic salmon (Dodd et al., 1978) or rain-
bow trout (Crim et al., 1981) increase the
pituitary GTH content. Later, in the full
spermiation period when 11-oxotestoster-
one levels are high, bilateral castration in-

duces a strong increase in GTH secretion,
which is reduced by testosterone injection
or, more strongly, by 11-oxotestosterone
implanted in the pituitary gland (Billard,
1978). It is interesting to note that testoster-
one and 11-oxotestosterone are recognized
as two different signals by the immature fish
pituitary (Crim et al., 1981).

The amplification of spermiation appears
to be characterized by an increase of 11-
oxotestosterone related to lower GTH
levels under negative steroid control. Pure
salmon GTH can stimulate 11-oxotestoster-
one secretion in juvenile rainbow trout (Ng
and Idler, 1980). Thus, according to the hy-
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pothesis of Kime (1978), the effect of a low
GTH level could be amplified by a gonadal —
adrenal—-hepatic positive feedback loop.
On the other hand, the reduction of free
active androgen levels by glucuronidation,
as suggested by Kime (1979), could be me-
diated by pituitary factors. Bonnin (1977)
stimulated such conjugation by in vitro cul-
ture of the interstitial tissue of the male
Gobius niger testis with pituitaries. Further-
more, in male trout reared at three different
temperatures (10, 15, and 18°) during sper-
miation, the lowest volume of sperm was
collected at the highest temperature even
though plasma GTH levels were increased
(Billard and Breton, 1977); in correlation,
in vitro glucuronidation increased with tem-
perature (Kime, 1979).

Without doubt, the regulation of the en-
docrine environment during spermiation is
more complex than suggested. Nonsteroi-
dal testicular factors could act to modulate
pituitary activity (Breton and Billard, 1980)
and gonadal receptivity may also fluctuate.
Work is now in progress to further study
changes in plasma GTH and 11-0xoT and in
sperm production during the final part of
the spermiation period.
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