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Abstract

The levels of testosterone (T) and 11-ketotestosterone (11-KT) of #eg words

South American pacRBiaractus mesopotamicweere determined by - Teleost fish
radioimmunoassay during two stages of the reproductive cycle, i:elestosterone
resting and maturation, and the gonadosomatic index (GSI) was! -Ketotestosterone
calculated. The highest levels of T and 11-KT were reached during trf@dioimmunoassay
maturation stage (T = 2400 + 56 pg/ml; 11-KT = 2300 + 60 pg/ml) apdteproductive cycle

androgen levels occurred with the appearance of spermatozoa in the
maturation stage, when GSI was highest.

Higher vertebrate androgen is produced 11-ketotestosterone markedly stimulates
by the gonads and the adrenal cortex, witthe development of secondary sex character-
the testis being the place where most andrdstics in male teleosts (1). Seasonal changes
gen is synthesized and secreted. The testesiof serum gonadal steroid hormone levels
fish can synthesize the androgens testostdrave been documented in a number of fresh-
one (T), androstenedione and 11-ketoteswater teleost species (4-9), including female
osterone (11-KT) (1,2). pacu (10). These data have contributed to the

There has been much discussion abouwinderstanding of the endocrinological as-
the roles of testosterone and 11-ketotestopects of reproduction in fish.
terone in male teleosts. Itis generally thought The pacu,Piaractus mesopotamicus
that testosterone has an effect on some stedslmberg, 1887, is a South American migra-
of spermatogenesis such as spermatogonialry fish of great economic importance that
multiplication and spermatocyte formationinhabits the rivers of the Matogrosso Low-
(3). The metabolic product of testosteroneland complex in Central Brazil. In captivity,
released from the body in urine, can alsthe pacu shows a pattern of gonadal matura-
attract the opposite sex and affect sexudion similar to that seen in nature; however,
behavior (4). In addition, testosterone is aeproduction does not occur spontaneously
precursor of estrogen biosynthesis and may captivity (10).
be implicated in the process of sexual differ- The purpose of the present investigation
entiation (5). was to report the changes in plasma levels of

Braz ] Med Biol Res 30(12) 1997



1486

Braz J Med Biol Res 30(12) 1997

R. Gazola and M.I. Borella

the sex steroids testosterone and 11-ketotesne, and less than 2% with andrenosterone
tosterone in captive male pacu during twand all other steroids tested. The validity of
stages of the reproductive cycle, i.e., restinthe assay was confirmed by the demonstra-
(R) and maturation (M). tion that known quantities of T and 11-KT
Male pacuPiaractus mesopotamiciisl added to plasma before sample preparation
= 30), grown in captivity at the Center offor RIA were accurate. Precision was deter-
Research and Training in Aquaculturemined by analysis of intra-assay and inter-
(CEPTA), Pirassununga, SP, Brazil (subassay coefficients of variation, which were
tropical zone, 2202’ S, 47 30’ W), were less than 10% for the two assays. The sensi-
utilized for the determination of the testistivity of the assays was 5 pg/ml. Data are
steroids testosterone and 11-ketotestostereported as means + SEM and were analyzed
one during the resting and maturation stagdsy analysis of variance (ANOVA) and the
of the reproductive cycle. Blood samples (55tudent-Newman-Keuls multiple range test,
ml/fish) were taken from caudal vessels wittwith the level of significance set at P<0.01.
heparinized syringes and all fish were The profiles of T and 11-KT as deter-
weighed and sacrificed. The gonadosomatimined by RIA and the GSI of male pacu in
index (GSI) was calculated as (gonad weighthe R and M stages of the gonadal cycle are
body weight) x 100. Samples of gonads wershown in Table 1. The plasma values of 11-
excised from each fish, fixed in Bouin’sKT were higher than T values in the R stage,
solution and processed by routine histologiwhereas in the M stage the T values were
cal methods for gonadal stage determindiigher than 11-KT. However, no significant
tion. Blood samples were centrifuged andlifferences were observed between T and
plasma aliquots were stored at ®@0The 11-KT levels in the same stage. The T and
stored plasma was transported on dry ice tbl-KT values were significantly higher
the West Vancouver Laboratory (Vancouver(P<0.01) during the M stage (T = 2400 + 56
British Columbia), where the hormone conpg/ml; 11-KT = 2300 + 60 pg/ml) when GSI
centrations were determined by radioimmuwas also higher (0.6 + 0.1%).
noassay (RIA). Spermatogenesis and spermiation have
T and 11-KT levels were determined di-been considered to be under gonadotropin
rectly in unextracted, heat-treated plasmeontrol in teleosts (4,13). In male teleost fish
(11). Full details of steroid RIA have beenthe major androgens synthesized by the tes-
described elsewhere (12). At the 50% leveks appear to be testosterone and 11-ketotes-
T and 11-KT antibodies showed less thatosterone (4,6,8,14).
6% cross-reaction with 11-hydroxytestoster- T and 11-KT are present in plasma of
male pacu in approximately equal amounts

Table 1 - Plasma testosterone (T) and 11-ketotes- in the same stages of the gonadal CyCIe'

tosterone (11-KT) levels during the resting and
maturation stages of the gonadal cycle.

Data are reported as means + SEM for 15 fish in
each group. GSI = (gonad weight/body weight) x
100. *P<0.01 compared to resting (Student-
Newman-Keuls multiple range test).

Stage Resting Maturation
GSI (%) 0.03 + 0.02 0.6 + 0.1*
T (pg/ml) 98 + 17 2400 + 56*
11-KT (pg/ml) 250 + 30 2300 + 60*

Similar results were obtained for the salmo-
nid pink salmon (8), in which T and 11-KT
rise and fall either concomitantly or some-
times with T preceding 11-KT by a month or
so.

In male pacu, plasma T and 11-KT levels
were significantly higher during the matura-
tion stage than during the resting stage of the
testicular cycle, and a positive correlation
between the plasma steroid levels determined
and GSI was observed. These results are in
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accordance with those obtained for teleostimilar to that of T levels (16). Dicentrar-
fish. In Scorpius lineatusfor example, the chus labraxmales which spawn annually,
GSil values are maximal during the period oplasma levels of T and 11-KT are higher
complete spermatogenesis and 11-KT corduring spermiation since the final stages of
centration is higher in males before spawnmaturation are regulated by C21 steroids (6).
ing (15). According to Fostier (4), the levels
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