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The effect of 17a-methyltestosterone on the sex of the common carp, Cyprinus carpio (L.)

H.N. Sathyanarayana Rao', G.P. Satyanarayana Rao, T.J. Varghese and H.P. C. Shetty
University of Agricultural Sciences, College of Fisheries, Mangalore 575002 (India), 11 February 1983

Summary. Dip treatment of fertilized eggs of Cyprinus carpio (L.) in 17a-methyltestosterone, followed by dietary adminis-
tration of the same to the hatchlings over 50 days resulted in 54% males, 13% females and 33% sterile fish, while in the
control group both sexes were in nearly equal numbers. The androgen-treated fish also showed better growth.

The common carp, Cyprinus carpio, is an important species
used in composite fish culture in India. However, its ‘wild
spawning’ in culture ;)onds has been found to affect the
pond’s yield adversely”. Studies conducted at the College of
Fisheries, Mangalore, have revealed that by administering
17a-methyltestosterone (200 ppm) over 131 days, starting
from the 2nd day after hatching, it is possible to produce a
brood consisting of only male and sterile fish®. Since the
duration of treatment in that experiment was too long for
field application, an attempt was made to reduce the
treatment period to 50 days.

The fish was induced, induced-bred the developing eggs in
the gastrula stage were given a dip-treatment in an aqueous
solution of 17a-methyltestosterone (17a¢-MT) at a concen-
tration of 200 ppm for 1 h. The resultant hatchlings were
maintained on a feed containing the same hormone at 200
ppm over 50 days, starting from the 2nd day after hatching.
They were also given small quantities of plankton during
the first week only.

The fry were reared in plastic pools during the treatment
period of 50 days and were later transferred to cement
cisterns (50 m?) for further rearing over another 72 days on
a hormonce-free diet.

On termination of the experiment, the length and weight of
all the fish were recorded and their gonads dissected out
and sexed, following the methodology described else-
where®.

The androgen-treated group had 54% males, 33% sterile
fish and 13% females, while the control group had 51%
males and 49% females. The growth rate and survival of the
treated fish were found to be consistently better than those
of the controls. The fish classified as ‘sterile’ had only

filiform gonads, which on histological examination did not
show any germ cells. However, a few enlarged cells, resem-
bling the germ cells, were encountered in a few filiform
gonads.

The results of this investigation clearly demonstrate the
possibility of reducing the period of hormonal treatment. In
the earlier work on common carp, treatment with 17¢-MT
(200 ppm) over a period of 131 days was found to be
effective in producing a population completely devoid of
females’. Even though this could not be achieved in the
present work, it has clearly indicated the possibility of
reducing the period of hormonal treatment considerably. It
appears highly probable that a completely female-free
population could be obtained with only 50 days of hormo-
nal treatment or even less by increasing the dosage. Anoth-
er possible reason for the occurrence of females in the
present study could be that the hatchlings initially fed more
on the plankton given than on the hormone-containing
diet. Therefore, reducing plankton food to only the first
couple of days might yield better results.

1 Acknowledgment. The award of Junior Research Fellowship by
I.C.A.R,, India, to the first author is gratefully acknowledged.

2 Varghese, T.}., Satyanarayana Rao, G.P., and Shetty, H.P.C.,
Mysore J. agric. Sci., 10 (1976) 681.

3 Sathyanarayana Rao, H.N., and Satyanarayana Rao, G.P,
Aquaculture 35 (1983) 83.

0014-4754/84/030289-01%1.50 + 0.20/0
) Birkhduser Verlag Bascl, 1984

Alloxan-induced hyperglycemia increases progestin and androgen accumulation by isolated rabbit follicles in

vitro'

E.V.Youngl ai

Department of Obstetrics and Gynecology, Faculty of Health Sciences, McMaster University, 1200 Main St. West, Hamilton
(Ontario, Canada L8N 3Z75), 23 April 1983

Summary. Follicles isolated from Alloxan-treated rabbits and incubated in vitro, accumulated more progesterone and
testosterone than those from saline-treated rabbits. LH augmented the accumulation of these 2 steroids. By contrast, the
estradio] response to LH stimulation by follicles from Alloxan-induced hyperglycemic rabbits was diminished when
compared to follicles from saline-treated rabbits. Ovaries from hyperglycemic rabbits also appeared to have more cystic
follicles.
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Diabetes mellitus has long been recognized to be closely
related to disturbances in reproductive function (reviewed
by Rodriquez-Rigau?). In rabbits it was observed that
complications of pregnancy usuall;/ resulted in abortions,
stillbirths and premature deliveries’. Decreased ovulations,
and loss in weight of ovaries and uteri of rats*® have been
attributed to decreased response to gonadotropins’. The
defect in reproductive function in female rats has been
shown to be an abolition of the preovulatory luteinizing
hormone (LH) peak and consequent failure to ovulate®.
Since the rabbit is a reflex ovulator and pregnancy can still
occur in diabetic rabbits® it was of interest to determine
whether Alloxan-induced hyperglycemia could have any
effects on ovarian endocrine functions.

Effects of Alloxan-induced hyperglycemia on gonadotropin stimulation
of steroid accumulation by isolated rabbit follicles (mean + SEM)

Normal Hyperglycemic
(pmoles/mg protein) (pmoles/mg protein)
Control LH Control LH
Progesterone  89=+15 327+ 34* 186+ 25 494+£88
(n=29) (n=28) (n==6) n=7)
Testosterone 17.7+£54  97.6+11.1 304+ 101 743+6.2
n=4) (n=28) (n=06) =7
Estradiol 134+1.7 185+ 27* 138+ 0.1 11.9+38
(n=218) (n=06) n=2) (n=28)

*p < 0.005; **p <0.01 between LH-treated follicles from normal and
hyperglycemic rabbits. Results represent steroid accumulation in the
medium during the 2nd incubation period. Numbers in parenthesis refer
to number of incubations performed on pooled follicles.

Photomicrograph of ovary from control (a) and hyperglycemic
rabbit (b). Hematoxylin-eosin ‘stain. Note the location of the
oocytes in the follicles and signs of atresia in the granulosa of (b).
x 145,
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Materials and methods. Female New Zealand white rabbits
were injected with a dose of 60 mg/kg Alloxan in normal
saline after overnight fasting. Blood glucose as determined
with dextrostix and quantitated with Ames Eyetone (Ames
Co., Elkhart, Illinois 46514, USA), averaged 6.71 mmol/1.
Within 2 days of injection blood glucose rose to more than
22.2 mmol/] and remained at these levels until the time of
sacrifice 7-10 days later. One animal died before it could
be used. All hyperglycemic animals suffered from polydip-
sia. Control animals received saline.

Unless otherwise stated the methods of isolating follicles,
incubation and analyses for protein and steroids were
identical to those previously described®. In the first series of
experiments, 5 of 6 animals became hyperglycemic. After a
piece of ovary was fixed for histology, follicles were isolat-
ed from each animal and incubated in Krebs-Ringer bicar-
bonate buffer containing 200 mg% glucose and 0.1% bovine
serum albumin (BSA) for 2 h at 37°C. The media were
then replaced with new medium with or without 1 pg/ml of
LH (NIH-oLH-S17). Incubation was carried out for a
further 3 h. Duplicate incubations were done for each
animal and the results averaged. Media were removed and
stored until analyzed for steroids by radioimmunoassay.
Follicles were washed with buffer containing no BSA and
homogenized in the same buffer before protein determina-
tion.

In the 2nd study 7 rabbits were injected with Alloxan, 4 of
which became hyperglycemic within 2 days and remained
so until they were killed 7 days later. Follicles were isolated
and pooled. 4 follicles were used per incubation which was
carried out in minimum essential medium containing 5%
normal rabbit serum and L-glutamine® for 1.5 h at which
time medium was replaced with and without LH. Incuba-
tion was carried out for a further 2.5 h. Analysis for steroid
and protein were carried out as before. In addition, a piece
of ovary was frozen for later analysis of steroids.

Results. Although the weights of hyperglycemic rabbits
were depressed ovarian weights did not differ. The ovaries
of the hyperglycemic rabbits, however, contained follicles
which showed definite signs of atresia (fig.b) when com-
pared to saline-treated rabbits (fig.a). A distinctive feature
of some but not all of these ovaries was the location of the
oocyte which appeared to be embedded in the granulosa
layer without acquiring a cumulus cophorus.

Estradiol was not detectable in extracts of ovaries from
both normal and hyperglycemic rabbits. There was no
significant difference in ovarian content of progesterone
(16.7£4.8 pmoles/mg protein, saline and 10.9+£3.1
pmoles/mg protein, Alloxan) but the concentration of
testosterone was higher in the normal ovaries (11.4+3.0
pmoles/mg protein) compared to those of hyperglycemic
rabbits (4.4 0.9 pmoles/mg protein).

Follicles from hyperglycemic rabbits accumulated more
progesterone (7.9 pmoles/mg protein) and testosterone
(13.9 pmoles/mg protein) in the medium than those from
normal rabbits (4.4 and 9.8 pmoles/mg protein respective-
ly, mean of 2 experiments).

LH stimulated the accumulation of all 3 steroids in the
medium in experiment 2 (table). LH stimulation of proges-
terone production was significantly enhanced in follicles
from hyperglycemic rabbits. However, the LH-induced
increase above control levels was 265% in normal follicles
and 165% in hyperglycemic rabbits, reflecting the higher
endogenous ability of the latter follicles to produce proges-
terone. Although there were differences in the composition
of the incubation media the direction of changes in steroid
accumulation was similar in both experiments. In ex-
periment 1 LH caused a 40-fold increase in progesterone
accumulation by normal follicles but a 26-fold increase by
hyperglycemic follicles.
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Discussion. The results of this study suggest that hypergly-
cemia may alter the pattern of steroid accumulation by
isolated follicles in vitro. The most significant change was
the increased endogenous production of progesterone by
follicles from hyperglycemic rabbits. In view of the ap-
parent increase in atretic follicles present in these rabbits
(fig.) it could be postulated that the shift to progesterone
production may be a result of this change in morphology.
Similar findings have been reported in the hamster'® and
rabbit!"2, The induction of atresia by hyperglycemia is
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difficult to assess. It is possible that the deprivation of
insulin may decrease gonadotropin support as seen in the
rat® leading to degenerative changes in the ovarian follicle.
Such a mechanism can also account for decreased ovula-
tions and loss in weight of reproductive organs previously
described*®. Whether Alloxan has a direct toxic effect on
the ovary could not be determined but it is expected that
the time interval between drug administration and sacrifice
would minimize acute drug effects.
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Lack of long term effect of p-chlorophenylalanine on brain 5-hydroxytryptamine and electrocortical activity in

conscious fetal sheep’

B.M. Johnston®, D.W. Walker® and A.R. Green

The Nuffield Instituie for Medical Research, University of Oxford, Oxford, OX39DS (England), and MRC Unit and
University Department of Clinical Pharmacology, Radeliffe Infirmary, Oxford, OX2 6HE (England), 13 December 1982

Summary. Daily infusion of p-chlorophenylalanine (p-CPA) into unanesthetized fetal sheep for 3-6 days did not reduce
brain 5-hydroxytryptamine (5-HT) concentrations or produce long-term changes in the pattern of electrocortical activity.

In fetal sheep the electrocorticogram (ECOG) differen-
tiates into episodes of high and low voltage activity be-
tween approximately 115 and 125 days gestation; after this
breathing movements only occur during the low voltage
phase and occupy about 50% of the time*. 5-HT has been
implicated in the genesis and control of high voltage (quiet)
sleep in the adult®, and infusion of the 5-HT precursor
5-hydroxytryptophan has been shown to prolong high vol-
tage ECOG activity and increase breathing movements in
fetal sheep®. To test the hypothesis that the appearance and
maintenance of high voltage ECOG activity in the fetal
lamb is due to the functional maturation of central 5-HT
pathways we infused p-CPA, a substituted amino acid
which depletes 5-HT stores by inhibition of the enzyme
tryptophan hydroxylase, into unanesthetized fetal lamb in
utero.

Materials and methods. Catheters were implanted into a
carotid artery, jugular vein, trachea and amniotic sac of
6 fetal lambs (116-122 days gestation; term is 147 days) ata
sterile operation under maternal halothane/O, anesthesia’,
Pairs of stainless steel multistrand wire electrodes were
implanted over the parietal dura to measure the ECOG,
across | eye to record electro-ocular (EOG) activity, and
into the nuchal, diaphragm and intercostal muscles to
record the electromyograms (EMG’s). ECOG and EOG
activities, blood pressure, heart rate and breathing move-
ments (from intratracheal pressure, diaphragm and inter-
costal EMG’s) were recorded on a polygraph continuously

for 9- 15 days from the first day after surgery. Beginning on
the 4th-6th post-operative days 600-700 mg p-CPA (as the
methyl ester) dissolved 35-40 ml of warm 0.9% (w/v) NaCl
was infused into the carotid artery at approximately 6 ml/h.
One fetus received one infusion, but since this had no
prolonged effect on ECOG or breathing the others were
treated once daily for 3-6 days. 24 h after the final infusion
(at 129-133 days gestation) the ewe was killed and the fetus
removed from the uterus and weighed. Samples of brain
tissue from 5 of the 6 fetuses were taken from the cortex
(parietal) hippocampus, caudate nucleus, cerebellum,
hypothalamus, pons, medulla and cervical spinal cord,
placed in chilled tubes and immediately frozen. The sam-
ples were assayed for 5-HT and the metabolite 5-hydroxy-
indoleacetic acid (5-HIAA) within 7 days®. One fetus died
in utero overnight and samples from that brain were not
collected.

In addition to the brains of treated fetuses, samples were
collected from a further 28 fetuses of gestational ages
between 95 and 138 days and assayed for the indoleamines.
This range of ages precedes and follows that during which
th4€ ECOG differentiates into high and low voltage activi-
ty".

Results are presented as mean + SEM. The unpaired t-test
was used to assess the effects of p-CPA treatment on brain
concentrations of 5-HT and 5-HIAA.

Results. The concentration of 5-HT and 5-HIAA in the
brains of control fetuses at 95 and 116 days, 122-127 days



