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Clonidine affects growth hormone and growth in juvenile grouper
Epinephelus malabaricus

Vichai Vatanakul, Niwes Ruangpanit, and Renu Yashiro

National Institute of Coastal Aquaculture. Kaosang Soi 1. Muang district, Songkhla, 90000. Thailand.

Abstract

Growth hormone concentrations in juvenile grouper Epinephelus malabaricus
were determined after intraperitoneal injections (yearlings : age 1+) and oral treatments
(fry, age 0+) with clonidine. Weights and lengths were also measured in grouper juveniles
fed diets suppl d with clonidine. Serum growth hormone concentration increased
significantly (28.52%) 6 hours after injection. Grouper (14.78-14.99 gm) fed clonidine
showed a significant increase (15.31%) in serum growth hormone after 28 days and levels
remained elevated through 56 days (11.6%) before dropping to control level at 112 days.
Grouper (14.78-14.99 gm.) fed clonidine showed no significant in growth compared to
control after 126 days of treatment. Grouper (age 0+) fed clonidine showed non
significant in growth compared to control after 126 days of treatment. Grouper (age 0+)
fed clonidine showed non significant in growth compared to control after 98 days of
treatment.

Introduction

Growth hormone (GH) or somatotropin is a protein hormone produced stored and
released from the anterior pituitary gland. The name "growth hormone" is derived from its
primary function in controlling somatic growth, but GH also plays an important role in the
metabolism of lipids and carbohydrates (Martin 1985). Studies in juvenile salmonids using
exogenous mammalian GH have shown that GH has a positive effective on growth
(Donaldson ef al., 1979). Although effective in promoting growth the problem of labour
intensive methods (injections) needed to administer this hormone limits its use in a
commercial setting. An alternative to the exogenous administration of GH could involve
manipulation of dietary compounds such as arginine or brain amines that stimulate GH
release (Higgs et al., 1978).

Clonidine is an adrenergic agonist used in man as an anti hypertensive drug and has
also been shown to be a potent stimulator of GH in both man and rat (Lal el al,, 1975;
Gil-Ad el al., 1979; Slover et al., 1984; Hunt et al., 1986; Soderpalm et al., 1987).
Clonidine mimics the catechol by interacting with receptors while inhibiting the
catecholamine that would normally cause a receptor response. Evidence to support the
role of catecholamines in GH release exsits for at least one teleost species (Chang et al.,
1985). In this study, goldfish ((,arassms auratus) injected intraperitoneally with L- Dopa,
an intermediate to the 1 norepinephrine and epinephrine, showed an increase
in serum GH.

Clonidine-stimulated release of GH can be suppressed by pretreatment in young
rats with an antibody to GH-releasing factor (GRF) (Cella e al., 1987). Alternatively,
treatment with clonidine and antibodies to somatotropin release inhibiting factor induces
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an additive response to plasma GH levels. This led to the conclusion that alpha
-2-adrenergic stimulation caused by clonidine and resulting in GH release, may act on the
endogenous release of GRF from the hypothalamus to stimulate the pituitary to release
GH (Martin 1985) (Fig 1.)

B |
Clonidlne—l ‘ alpha-2-adrenergic ’ Hypothalmous |
1 i

A

Growth hormone
Growth hormone| Pituitary gland
Releasing factor (GRF)

Figure 1 Clonidine - Stimulated release of Growth hormone

Table 1 Amino acid in growth hormone and prolactin (Grobman, A. ez al., 1983.
Comparative Endocrinology.)
Amino  Sheep Duck  Snapping Bull frong = Tilapia  Tilapia  Sheep

Acid GH GH  Turtle GH GH GH PRL PRL
Lys 11 12 12 11 8 9 9
His 3 5 4 6 5 5 8
Arg 13 10 13 17 1 7 11
Asp 16 21 20 30 19 16 22
Thr 12 10 9 12 12 9 9
Ser 13 12 14 12 21 22 15
Glu 24 25 24 18 29 17 22
Pro 6 10 7 6 7 11 1
Gly 10 10 9 7 7 8 11
Ala 15 11 11 6 8 10

1/2 Cys 4 4 4 4 4 4 6
Val 6 8 11 6 7 10
Met 4 4 4 4 1 5 7
Ile 7 6 7 8 9 9 11
Leu 27 26 26 18 27 24 23
Tyr 6 6 7 10 7 3 7
Phe 13 10 12 11 7 5 6
Trp 1 1 1 1 1 1 2

GH : growth hormone ~ PRL : prolactin
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The purpose of this investigation was to examine the effect clonidine has on serum
GH and growth in ile grouper (Epinephels lab

icus)

Materials and Methods
Experiment 1. Effects of clonidine injections.

Grouper yearlings (age 1+ 650-900 g, 37-40 cm weight, length) were separated
into three groups of 10 fish each. Individual groups were held in net cage (1x2x2 m).

The first group was sacrificed at time O to establish a baseline. The second group
were injected intraperitoneally with saline only and the third group were injected
intraperitoneally with 0.08 mg/g body wight of clonidine (CLON; Sigma) suspended in 0.5
ml of 0.6% saline were then sacrificed at 1, 6 and 24 h.

Blood, samples were collected from the severed caudal peduncle into non
heparinized tubes. The blood was then centrifuge at 1,500 g (20 min) serum removed and
stored in 1.5 m microcentrifuge tubes. Tubes were then frozen on ice and stored at -70 °C
until assayed.

Serum GH levels were measured from individual fish using radioimmunoassay
(RIA) described by Wagner and Mckeown (1986).

Experiment 2. Preliminary trial for feeding clonidine in diet.

Grouper (13.7-15.0 gm, 9.3-9.7 cm.) were divided into two groups of 20 fish each.
The groups were both held in 36x50x30 cm. aquarium rearing tanks, with aerated and
water temperature 27.1-29.5 °C, salinity 25.5-33.4 ppt, average pH 8.2.

Clonidine was fed to one group by mixing it with a formula feed. A clonidine
concentration of 0.08 mg/g of fish biomass/day was used and adhered to feed by mixing it
with vetgetable oil. The other group (control) received only vegetable oil in their diet in
the same quantity as was used for the first group. Grouper were fed to satiation three
times per day for 112 days ensuring all treated feed were presented to the fish. Individual
weights and lengths of 8-10 randomly selected fish were collected every two weeks after
starting at this time for serum GH determination. Blood was collected at the same time
each day (10.00 h) to minimize the effects of daily variations in GH levels (Bates et al.,
1989). Blood samples were processed as described above.

Experiment 3 Diet feeding in grouper fry

Diet feeding in grouper fry (age o+; 0.86-0.99 gm.) were separated into two
replicated groups (A, B) of 50 fish each using a randomized design to minimize tank
effects. Group A and B were fed formula feed diet that contained clonidine or vegetable
oil only using the same concentration and technique describe above

Experimental groups were placed into 36x50x36 cm aquarium rearing tanks at
average water pH 8.25, water temperature 27.0-29.1 °C and salinity 25.5-35.5 ppt. All
fry grouper were fed to satiation three times per day (0900, 1130 and 1530 h) Each
replicate group was sampled (N=50) every two weeks and individual weights and lengths
recorded. The duration of the experiment was 98 days.



Statistical Analysis

Statistical analysis was conducted using (Jantaluxkhana, 1980) Significance was
accepted in all tests at 95% confidence level (P=0.05)

Result

Experiment 1. Grouper yearling injected with clonidine showed a significant
response in serum GH 6 h after the initial injecting. Serum GH in these fish was
significantly elevated (10.05 ng/ml) exceeding the controls (7.82 ng/ml) by 28.52% (Fig
2)

Experiment 2.  Grouper fed clonidine supplemented diets showed no significant

differences in growth over the controls after 126 days of treatment (Fig 3). Serum GH
was not significantly difference elevated after 112 days of feeding (Fig 4)

12 Growth hormone (ng/ml)

Ocontrol Eclonidine

Time (hours)

Figure 2. The concentration of serum growth hormone found in grouper yearling (age 1+
N=8) injected intraperitonially with 0.08 mg/g clonidine at 1 hours, 6 hours, and 24
hours. The asterisk represents a significant difference between groups at P=0.05
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Figure 3. The average growth, FCR and Survival rate of grouper.
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Fig 4. The concentration of serum growth hormone found in grouper fed clonidine (N=8)

Experiment 3. grouper fed with clonidine supplemented diets showed no
significantly difference in growth, FCR and survival rate (Fig 5.)
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Fig. 5. The average growth, FCR. and Survival rate of grouper.

Discussion

Clonidine injected intraperitoneally into grouper yearlings will significantly increase
serum GH within 6 h. after injection. This response is consistent with results of clonidine
injection and infusion experiments in salmon (Bates and Mckeonen., 1990) in other
vertebrates (Lal ef al., 1975, Chang et al., 1985; Mc Williams and Meldrum, 1985; Cella et
al., 1987.). In mammalian studies, GH response in acute or short term in nature and peak
GH levels usually occurred within 60 minutes following treatment (Lal et al., 1975,
McWilliams and Meldrum, 1985; Cella et al., 1987) The GH response to clonidine in
grouper yearlings appeared to react initially is a similar manner. Following this initial
increase GH decreased to control levels at 24 h. Explanations for this decrease may be
numerous and could be possibly a result of inhibitory feedback or cyclical effects of
clonidine on the release of GH. The significant increase in GH 6 h. post injection may
have resulted from a stimulatory effect of clonidine on other GH influencing endocrine
systems. David, and Mckeown, B. A. (1990) noted that intraperitoneal injections of
clonidine (0.08 mg/g) in salmon also significantly increased plasma GH at 24 h. The
effects of "chronic” clonidine treatment appears not to be documented for vertebrates.



While in the grouper fingerlings continuous daily treatment (126 days) with clonidine
clearly elevated GH within the first 28 days.

An alternative explanation suggests that a minimum effective level of GH is
required to increase. grouper growth. The problem with maintaining such levels by
stimulating endogenous GH release may be that receptors are saturated early causing
excess GH to be metabolized rather than increasing growth. Additionally, a feedback
inhibitory system may shut down GH release before the minimum effective dose is reached
(Supakronradoj, 1988)

Grouper fry treated with clonidine showed no significant increase in both weight
and length. It can be concluded from the results presented here that clonidine does
influence serum GH concentration in juvenile grouper when administered either via the
level of clonidine that injection or oral treatment. In addition, it may also be possible to
enhance growth in the fry grouper by oral treatment
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Variation of sex steroids level in maturing grouper

Renu Yashiro, Vichai Vatanakul, Janejit Kongkumnerd and Niwes Ruangpanit

National Institute of Coastal Aquaculture. Kaosang Soi 1. Muang district, Songkhla. 90000. Thailand.

Abstract

Progesterone, estradiol-17p and testosterone in blood serum of grouper,
LEpinephelus malabaricus age of 37-48 months were measured using radioimmunoassay
(RIA). Monthly blood sampling from February 1991 to January 1992 were done. Results
showed variation of studied steroid levels during 1 year. Progesterone level was lowest in
March, 27.0 pg/ml and estradiol-17p was lowest in July, 21.8 pg/ml, and P level kept high
but declined during May to July and decreased promptly in spawning season since
November to March. On the other hand, estradiol- 17B has its highest level in January,
218.8 pg /ml same with testosterone, 291.6 pg/ml. Testosterone level showed lowest in
August, 148.8 pg/ml. Variation of estradiol-17B and testosterone levels revealed their
important roles in vitellogenesis and final maturation of oocyte opposite to progesterone
which decreased during spawning season and increased after spawning season.

Introduction

The Malabar Grouper, Epinephelus malabaricus is one of commercially
important fish . It has high demand for consumption both domestic and international
market. Aquaculture and sea farming of this fish need lot of seed supply. Experiment on
mass production or artificial propagation and nursing of grouper larvae have been
conducted in Puket and Songkhla Fisheries stations since 1975 (Jutawitayanukul et al.,
1975; Rattanachot ez al., 1975; Maneewong et al., 1986, Ruangpanit ez al., 1986, 1988).
Most of brackish water grouper are protogenic hermaphrodite, they will have their first
sexually mature as female and change to male later. This fact cause problems on breeding
or broodstock management for mass production of juvenile fish. Exogenous hormone as
methyltestosterone (MT) have been used for sex reversal to get matured male for breeding
earlier than natural sex change. In many cases several hormones were used for induce
maturation and spawning to have mass spawning of eggs, also many cases were not
successful due to unknown reasons.

The study on basic information of sex steroids levels in the hemolymph of
broodstock or maturing fish is one way to help fish breeders to judge the management of
their stock when to apply exogenous hormone for sex change and for induce spawning,
including the optimum dosages for those stock. Aside from these, it will be useful for
future research on reproductive biology of this grouper. The important sex steroids
composed of three major groups, the progestagens which are the precursors of other
steroids and have important roles on maturation of oocytes of many fishes and
progesterone is one of hormone in this group. The second group is the estrogens which
have many important roles in female fish especially for the development of oocyte cells or
vitellogenesis and estradiol-17B is one of this group. The third group is the androgens
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which known as male hormone they have important roles in all processes in the
development of male reproductive system includingbehavior and testosterone is one of
this group.

The main purpose of this study is to know the annual variation of the important sex
steroids, progesterone, estradiol-17p and testosterone in maturing grouper, Epinephelus
malabaricus, other data as oocyte number in the ovary and gonadosomatic index are also
collected as basic information for the future studies on grouper breeding and reproductive
biology

Materials and methods

Experimental animal and blood sampling :

Grouper, Epinephelus malabaricus total of 120 fish cultured in net cage, 5.0 x5.0
x 2.5 m at Koh Nu substation of National Institute of Coastal Aquaculture (NICA) were
used. They were fed only once a day with fresh sardine or meckeral at 2-3 % of their body
weight except national holiday or bad weather condition. During the study period the fish
aged from 37 to 48 month old with mean body weight and total lengthin ranged of
4.17+031 to 6.43+0.43 kg and 58.3+2.24 to 66.9+1.70 cm, respectively. Monthly blood
sampling was done during February 1991 (37™ month) to January 1992 (48™ month). 7-10
fish were anesthetized using 5-10 ppm of Quinadine weighed, measured length and oocyte
sampled through gonopore by canulation method, then 10-15 ml of blood from main
blood vessel in the gill arch were drawn out. 3-5 fish were sucrified for study of
gonadosomatic index (GSI) and gonad histology including fecundity or number of oocyte
in the ovary. The blood samples were left in 15-20°C 1-2 hr, centrifuged for 15 minutes at
3000 rpm , the transparent supernatant blood plasma were separated and kept in -20°C
for further hormone measurement by RIA method.

Measurement of steroids hormone:

Measurement of steroids was done at the Primate Research Laboratory, Faculty
of Science, Chulalongkorn University using Radioimmunoassay (R.LA.) following W.H.O.
method (Sufi ef al., 1986). The antiserum using for progesterone measurement is anti-
progesterone 11-HS BSA Serum from rabbit, prepared by Dr. J. Y. L. Yu of the Institute
of Zoology Academia Sinica, Taipei, Taiwan R.0.C. This antiserum has cross-reacts with
Progesterone 100%, 170-OH-Progesterone 3.0%, 11o-OH-Progesterone 62%, 118-OH-
Progesterone 16.8%, Sa-pregnan-3a-10-20-one 3.3 %, 200.-OH-4-pregnan-3-one 0.3%,
Corticosterone 0.6%, 17B-estradiol, 17a-OH-Pregnenolone, 5o-Pregnan
30-01-20-one, SB-Pregnan-3 o, 20B-diol, 5B-Pregnan-3a,, 17a-triol Hydrocortisone,
Androstenedione, Androstenediol and Testosterone 0.01%. The antiserum for
measurement of estradiol-17p is anti-17B-estradiol-6-CMO : BSA serum prepared from
the above laboratory has cross-reacts with estradiol-178 100%, Estrone 2.89%, Estriol
0.58%, Estradiol-17a 0.13%, Testosterone, 170-OH-progesterone, Pregnanolone,
Corticosterone, Hydrocortisone and Cholesterol 0.01%, Androstenedione and
So-diOH-testosterone 0.016 % and Progesterone 0.004%. The antiserum for masurement
of testosterone is anti-testosterone from W.H.Q. has cross-reacts with Testosterone 100%,
Cortisol 0.001 %, 5a-dihydrotestosterone 14.0 %, 4-Androstenedione 0.8%, Sa-
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Androstenediol 6.0 % and 5B-Androstenediol 2.1%. The mean of hormone level in
picogram per millilitre (pg/ml) from every month were compared statistically and plotted
for their variation.

Other data collection:

3-5 fish were brought back for operation at NICA laboratory, gonad weight were
recorded and GSI were calculated by following the formula:

- _Gonad weight
GSI Body weight x 100

The gonad samples were preserved in Bovin's solution for further histological
processing, 0.5-1.0 g from each sample were preserved in 10% buffered formalin solution
for further study on size and number of eggs in the ovary. Formula for calculation of
number of oocyte in the ovary was using as followed :

_ _Oocyte number from sample .
Oocyte mumber ‘Weight of sample x ovary weight

Every samples which have complete data on hormone level and GSI were
calculated for steroid level per one unit of GSI, i.e. P/GSI, E,/GSI and T/GSI to see the
relationship and its role on gonad development.

Statistical analysis:

Data from every month were calculated for means and means were compared using
one-way analysis of variance (P<0.05), if they are different, Duncan's new multiple range
test is used to compare the level of differences using SAS programe. The data are
presented as mean + standard error of mean (SEM).

Results
Variation of steroids levels:

Variation of Progesterone Progesterone level (P) was lowest in March,
27.01+11.21 pg/ml then rapidly increased to the highest in April, 262.38+15.27 pg/ml and
still significantly high in May. P was gradually decreased until July with sometime
increased in August and October before decreased again in November through out the
spawning season till January. However, P levels during June 1991 to January 1992 were
not statistically different (P<0.05) (Table 1).

Variation of estradiol-178  Estradiol-17f level (E,) was rather low during
February and March, little higher during April to June and lowest in July, 21.76+5.44
pg/ml E, was gradually increased from August to the highest in January, 218.96+95.12
pg/ml significantly differences (P<0.05) from other month except December (Table 1).

Variation of Testosterone Testosterone level (T) was measured first in May
1991 had rather high level then gradually decreased to the lowest in August, 48.78+29.19
pg/ml, then gradually higher in September and rapidly increased in October, swing down in
November and December then rapidly increased to the highest in January 1992,
291.60+42.4 pg/ml (Table 1).
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Table 1. Mean GSI (%) and mean of sterold levels (pg/ml) of ngestemne (P), estradiol -17 (E,)

Testosterone (T) of Grouper, E.
same column have no significant

letters in the

during

(Same

differences, P<0.05; n = number of sample, x = mean)

Sampling  Age GSI P E, T
month (m)

X n X n X n X n
February'9l 37 283" 4 50.37% 8 40.80° 5 - -
March 38 0.43* 2 27.01¢ 9 22.10° 4 - -
April 39 128% 2 26238 10 4950° 10 - -
May 40 - - 202.58° 10 6828 10  289.60° 9
June 41 o088 3 139.18 10 7140 8 279.00° 8
Tuly 42 L.17* 3 10321 9 21.76" 10 215.97* 10
August 43 064 3 11978 8 27.20° 9 14878 9
September 4 L1g® 3 10000¢ 7 2992° 10 15192° 10
October 45 3.26" 3 121.30° 7 41.48" 10 244.80° 10
November 46 4.76% 3 98.40%¢ 3 58.48° 10 223.20" 6
December 47 4.61% 2 93.76% 7 14110 8 207.05" 8
January'92 48 5.20* 3 81.56% 9 21896 10 _ 291.60 8

F value 0.08875 2.E-16 0.00382 0.03

Gonadosomatic Index, oocyte number :

Gonadosomatic Index GSI of studied grouper was highest in January, 5.2+ 2.71%
which significantly differences (P<0.05) from other months. The lowest GSI was observed
in March 0.43+0.025% which not from August. In spawning period (October to February)
GSI ranged from 2.83 to 5.2% (Table 2).

Qocyte number Average oocyte number counted in December were highest,
3.18+0.61 x 10° pieces and lowest, 0.130 x 10° pieces in August. During March to June
oocyte samples were not matured enough to be counted except in April (Table 2).

Table 2. Means of length , weight , GSI and oocyte number of grouper, E. malabaricus 37-48 month old
measured during Febmaxy 1991 to January 1992 (Same superscript letters in the same column

have no si P<0.05)
Sampling month  Age (month) Total length (cm) Body Weight (kg) ~ GSI (%)  Oocyte No. (x 10%)
February,91 37 62.5+3.50 42+031 2.83+0.93% 228+0.85
March 38 63.8+225 434017 04340.03° -
April 39 5844225 424020 128 +026"™ 0.45
May 40 59.2+1.62 484032 . -
June 4 63.3+0.94 484037 0.88:+0.30% -
July 42 63.0+0.60 504022 1.17+0.24% 1714065
August 43 65.0+1.19 5.5+0.36 0.64° 0.13
September 44 64.1+1.32 644043 118 +0.44% 0994038
October 45 63.9+2.06 5.0+045 326 +1.30% 2014061
November 46 65.3+0.92 53+020 476 +0.86" 3.13+0.82
December 47 66.9+1.71 57+0.53 461+033% 318+0.70
January, 92 48 65.241.53 47+024 520+271° 214+2.14
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Conclusion and di

Comparison of GSI, P, E, and T levels were made (Fig. 1) for the discussion on their roles
during the period of study.

Steroid level (pg/mi)
(%) 1D

37 38 39 4D 41 42 43 44 45 46 47 48
Age (month)
CIGS| ~+P ~E2 T

Fig 1.Variation of GSI and Steroid level: Progesterone(P), Estradiol-17p &
Testosterone (T) of E. malabaricus during Feb.1991 to Jan,1992

Variation of progesterone and GSI

The variation of P and GSI were almost opposite from each other, however, they
have the lowest levels in the same month (March). P and GSI have negative correlation (r=
-0.527). In this study, many fishes which showed high P level always under early phase of
vitellogenesis with primary oocyte and some with artrisia cocyte or post spawning fish. In
some other fish P level was also high in fish with matured oocytes and showed some sign
of sex change in the ovary tissue. Therefore, P from this study may have role after
spawning in preparation of the new batch of oocyte and/ or in the process of reabsorbtion
of unspawned oocyte cells. There is a report which coincided with the results of this study
in Oreochromis mossambicus that P level will be higher when estradiol-17p was low and
GSI still high (Cornish and Smit, 1991). Progesterone will be metabolized to 17ct, 208-
diOH-progesterone and has main role for induction of maturation in oocyte, the level of
this hormone will be dramatically high near the time of oocyte maturation (Kanatani and
Nagahama, 1980; Nagahama, 1987), Nagahama (1987) was reported in salmonids that
progesterone has roles in early development of oocyte and 17, 20B-diOH-progesterone
has role in oocyte final maturation. It was indicated that special theca cell (ST) in
post-ovulatory follicles of White-spotted Char, Salvelinus leucomaenis was the site where
produced progesterone after ovulation (Kagawa, e al., 1981). Moreover, the 17a,208-di
OH-progesterone also can induce maturation in Atlantic croaker, Miropogonias undulatus
and Red sea bream, Pagrus major (Trant, ef al., 1986; Kagawa, ef al.,1981). Level of this
hormone will be rapidly increased in 2-4 days before ovulation (Yamauchi, et al.., 1984).
In vivi-parous fish, Sebastes taczonowskii, progesterone reached to the highest level in
delivery month and rapidly decreased in the following month (Nagahama ez al., 1991)
which is not different from the oviparous fish. However, result of histology of gonad
tissues from same group of fish in this study showed some fish were under sex reversal
condition and some were functional male from 34 month old (Yashiro et al., 1993).
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Variation of estradiol-17f and GSI

E, of grouper from this study was increased one month before the elevation of GSI
in September then they were increased together to the highest level in the same month in
January (Fig. 1). This because of E, has main roles on vitellogenesis and development of
oocyte cells like in many other fishes. Ng and Idler (1983) reported that E, had rather
high level during yolk deposition in cocyte cells and gradually deceased before final
maturation. Several research had concluded that E, level will be high during vitellogenic
growth period in oocyte cycle (Fostier et al, 1983; Ng and Idler, 983; Kagawa et al.,
1985; Nagahama, 1987). Variation of E, in this study was agreed with the variation of this
hormone in European sea bass, Dicentrarchus labrax (Hassin et al., 1985), many sarranids
fish as Pagrus spp. (Ouchi ef al., 1988; Pankhurst and Carrangher, 1992; Carrangher and
Pankhurst, 1993), and salmonids fish (Van Der Kark et al., 1985; Scott et al., 1986;
Nagahama, 1987; Mayer ef al., 1990). These variation were also similar to many
viviparous fishes as the sailfin molly, Poecilia Iitipi; the Seb kii and
Sebastes schlegeli too (Kime and Groves, 1986; Nagahama, 1991). From the data of GSI
and E, levels in the grouper we can conclude that it has natural spawning season during
October to February. E, level is rather low when compared to P and T levels it might be
due to the specificity of antaserum used.

Variation of testosterone and GSI

Testosterone level was not so much varied during 9 months of measurement from
May 1991 to January 1992. However, it was observed that variation of T was in the same
pattern as E, which high during spawning season and when GSI was also high. This may
be dueto T is the precursor of estrogenic hormones. The results of this study is similar to
the results reported for other grouper i.e. in blue spotted grouper, Epinephelus fario E,
and T have tendency to increase until the end of vitellogenesis but these levels will be
lower during sex is being changed and highest in spawning season, furthermore it was also
reported that T level will be high during spermatogenesis and spermiation (Kuo et al.,
1988). In small grouper, Epinephelus microdon, Debas et al. (1989) reported that T level
was higher than 500 pg/ml in maturing female with early vitellogenic oocytes and it was
decreased to 500 pg/ml in female with matured oocyte, this level is still higher than in
sexually immature and sex reversing females. The level of T in European sea bass,
Dicentrarchus labrax was reported high as 2500 pg/ml in post vitellogenesis fish when
oocyte diameter reached to 0.5 - 0.6 mm (Hassin ef al., 1991). Moreover, in androgenic
fish which changed their sex from male to female, Sparidentex hasta T levels in male and
female were not different but E, level in female and 11-ketotestosterone in male fish were
high in spawning season (Kime et al., 1991).

Acknowledgement

Our sincere gratitude to Prof. Dr. MR. Putthipongse Varavudhi, Associate Prof.
Dr. Prakong Tangpraprutgul, Ms. Yupaporn Chaisrihar and the staff of Primate Research
Laboratory, Department of Biology, Faculty of Science, Chulalongkorn University for
their kindness in allowing us to use facilities, advised and assisted during the analysis of
steroid levels by RIA method.



References

Carragher, J. F. and Pankhurst N. W. 1993. Plasma levels of sex steroids during sexual
matuaration of snapper, Pagurs auratus (Sparidae), caught from the wild,
Aquaculture, 109 : 357-388 .

Cornish, D. A. and Smit, G. L. 1991. Seasonal reproductive steroid hormone
profiles in Oreochromis mossambicus p.165. In: Proc. 4" International
Symposium on Reproductive Physiology of Fish. Univ. of East Anglia, Norwich,
UK.7-12 July 1991.

Debas, L., Fostier, A,, Fuchs, J., Weppe, M., Nedelec, G., Benett, A, AQUACOP,
Cauty, C. and Jalabert, B. 1989. The sexuality of cultured hermaphroditic fish
species: Analysis of morphological and endocrinological features in a
protogynous hermaphrodite, Epinephelus microdon, as a basis for further research
to control reproduction in the grouper. Advances in Tropical Aquaculture,
Tahiti, 1989. AQUA COP IFREMER, ‘Actes de Colloque 9. pp. 543-557.

Fostier, A,, Jalabert, B., Billard , R., Breton, B, and Zohar,Y. 1983. The gonadal
steroids. pp. 227-327. In: W.S. Hoar, Randall, D. J. and Donaldson, EM. (ed.)
Fish Physiology, Volume 9, Academic press. New york.

Hassin, S., Yaron, Z. and Zohar, Y. 1991. Follicular steroidogenesis, steroid Profiles
and oogenesis in the European sea bass, Dicentrarchus labrax. p.100. In : Proc.
4" International Symposium on Reproductive Physiology of Fish. Univ. of East
Anglia, Norwich, U. K. 7-12 July 1991.

Julavittayanukul, P., Puthinawaratt, C., Suteemechaikul, N, 1987. Study on grouper
hatchery and nursery. I : Proceeding of meeting on 'Reconsidering or results of
research on grouper propagation' at National Institute of Coastal Aquaculture,
Songkhla. 23-25 February 1987. p.74-81.

Kagawa, H., Takano, K.; and Nagahama, Y. 1981. Correlation of Plasma Estradiol-17p
and progesterone Levels with Ultrastructure and Histochemistry of Ovarian
Follicles in the White-Spotted Char, Salvelinus leucomaenis. Cell Tissue Res.
218:315-329.

Kime, D. E., and Groves, D. J. 1986. Steroidogenesis by gonad of a viviparous teleost,
the sailfin molly (Poecilia litjipinna), in vitro and in vive. Gen. Comp. Endocrinol. 63
125-133.

Kime, D. E.,, Lone, K. P. and Marzouk, A. A. 1991. Seasonal changesin serum steroid
hormones in a protandrous teleost , the sobaity (Sparidentex hasta Valenciennes)
Journal of Fish Biology 39, 745 - 753.

Kuo, C. M, Ting, Y .Y. and Yeh, S. L. 1988. Induced sex reversal and spawning of
blue-spotted grouper, Epinephelus fario. Aq Iture, 74:113-126.

Maneewong, S., Akayanont, P., Pongmaneerat, J. and lizawa, M. 1986. Larval rearing
and development of grouper, Epinephelus malabaricus (Bloch and Schneider).
Report of Thailand and Japan Joint Coastal Aquaculture Research Project No.2
by Japan International Cooperation Agency, pp. 33-52.

Mayer, 1., Lundqvest, H., Berglund, 1., Schmitz, M., Schulz, R. and Borg, B. 1990.
Seasonal endocrine changes in Baltic salmon, Salmo salar, immature parr and
mature male parr. 1. Plasma levels of five androgens, 17a-hydroxy-20B-dihydro
progesterone and 17B-estradiol. Canadian Journal of Zoology 68, 1360-1365.

14



Nagahama, Y., Takemura, A., Takano, K., Adachi, S. and Kuskari, M. 1991. Serum

steroid hormone levels in relation to the reproductive cycle of Sebastes
kii and S. schlegeli, Environmental Biology of Fishes. 30: 31-38.

Nakamura, M., Hourigan, T. F.,Yamauchi, K., Nagahama, Y. and Grau, E. G. 1989.
Histological and ultrastructural evidence for the role of gonadal steroid
hormones in sex change in the protogynous wrasse. Thalassoma duperrey fishes.

Ng, T. B. and Idler, D. R. 1983. Yolk Formation and differentiation in teleost. P.373-404
In; Hoar, W. S., Randall, D. J. and Donaldson, E. M. (ed.) Fish Physiology, Vol. 9,
Part A, Academic press. New york.

Ouchi, K., Adachi, S. and Nagahama, Y. 1988a. Changes in plasma levels of steroid
hormones during sexual maturation of female red seabream Pagrus major. Nippon
Suisan Gakkaishi. 54, 585-591.

Ouchi, K., Adachi, S. and Nagahama, Y. 1988 b. Changes in plasma levels of steroid
hormones during sexual maturation of male red seabream , Pagrus major.
Nippon Suisan Gakkaishi. 54: 593-597.

Pankhurst, N. W. and Caragher, J. F. 1992. Oocyte maturation and changes in plasma
steroids levels in snapper Pagrus (=Chrysophrys) auratus (Sparidae) following
treatment with human chorionic gonadotropin. Aquaculture, 101; 337-347.

Rattanachot, A. and Pakdee, K., Tantavanit, C., Tarmasawart, T.,and Pimoljinda, T. 1985.
Experiment on propagation and nursing of brown spotted grouper (Epinephelus
tauvina). In : Proceeding of Fisheries Research Seminar, Department of Fisheries,
September 1985. pp. 131-139.

Ruangpanit, N., Maneewong, S., Tattanon, T., Kraisingdecha, P, Arkayanont, P, and
Rojanapitayagul, S. 1986. Preliminary study on rearing fry of grouper, Epinephelus
malbaricus. In Report of Thailand and JapanJoint Castal Aquaculture Research
Project, No. 2, National Institute of Coastal Aquaculture, Songkhla, pp.35 - 38.

Ruangpanit, N, Bunliptanon, P., Pechmanee, T., Arkayanont, P., and Vanakovat, J. 1988.
Propagation of grouper, Epinephelus malbaricus at National Institute of Coastal
Aqua culture, Songkhla, Tech. paper No.5/1988, National Institute of Coastal
Aquaculture, Songkhla, Thailand. 16 pp.

Scott, A .P., Bye, V. J.and Baynes, S. M. 1980.b. Seasonal variations in sex steroids of
female rainbow trout (Salmo hairdneri Richardson). Journal of Fish Biology.17:
587-592.

Sufi, S. B., Donaldson, A. and Jefcoste, S. L. 1986. Method manual of W.H.O.
special programme of research development and research training in human
reproduction. 10%Ed. pp. 57-95. W.H.O. Coollabaration Center for Research and
Reference Service in Immunoassay of Hormones in Human Reproduction.

Van Der Kaak, G., Dye, H. M., Donalson, E. M. and Hunter, G. H. 1985, Plasma
gonadtro phin, 17B-Estradiol, and 170.,208-dihydroxy-4-pregnen-3-one levels
during lutenizing hormone-releasing hormone analogue and gonodotropin-induced
ovulation in coho salmon (Oncorhynchus kisutch), Can.J. Zool., 63: 824-833.

‘Yamauchi, K., Kagawa, H., Ban, M, Kasahara, N,, and Nakahama, Y. 1984. Changes in
Plasma Estradiol -17p arid 17a-20B-Dihydroxy-4-pregnen -3-one Levels During
Final Oocyte Matuaration of the Masu Salmon, Oncorhynchus mason, Bull. Jpn.
Soc. Sci. Fish. 50 (12), 2137.

Yashiro, R., Kongkumnerd, J., Vattanakul, V. and Ruangpanit, N. 1993. Histological
change in gonad of grouper, Epinephelus malabaricus 1-5 year old. Technical
paper No. 14/1993, National Institute of Coastal Aquaculture, Songkhla, Thailand.
15 pp.

15



holi

Histological changes in gonad of grouper, Epinephelus labaricus
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Abstract

Histological study on changes in gonad tissue of grouper, Epinephelus
malabaricus age of 10-48 months. Results showed developed ovary was first observed at
15 month old. First spawning occurred at 22 month old with average weight of 3.7 kg,
oocytes in yolky stages were observed in fish when it was 19 month old. Complete testis
with all stages of spermatogenesis was first observed at 34" month with average weight of
6.0 kg. Grouper age of 10-33 months were all female and had ovary with immature
oocytes in perinucleolus stage 95.8 %, only 4.2 % have ovary which had yolky oocytes.
Grouper age of 34-50 months, 89.5 % were functional female, 3.5 % undergo intersexual
stage and 7 % were male . Results indicated majority of sex changing probably occurred in
fish over 5 years old. The fish were still growing and increasing their weight at the end of
study when they were 48 month old.

Introduction

Malabar grouper, Epinepheli labaricus (Bloch & Schneider) is a ber of
Serranids fish and is protogynic hermaphrodite which matured to be female first and
change sex to male later. This was common for the serranids i.e. the deep sea grouper or
brown spotted grouper, Epinephelus tauvina (Tan & Tan, 1974), blue spotted grouper,
Epinephelus fario (Kuo ef al., 1988). Some grouper are the androgynic hermaphrodite
which reversed their sex from male in the first cycle of maturation to female in the later
cycle such as the small size grouper, Epinephelus microdon (Debas et al., 1989) etc.
Reproduction pattern in broodstock of both sex do not attain their sexual maturation at
the same cycle always make problems in mass seed production, especially for the
broodstock management. Planing for mass production of fish seed supply to the fish
culture industry is necessary to have enough basic information on reproductive biology of
the species.

Grouper seed are being artificially produced in southern part of Thailand since
1982, most results showed that the good female broodstock should be over 3 years of age
and male broodstock should have weight more than or around 7-8 kg (Pakdee et al.,
1985; Rattanachot ef al., 1985 and Ruangpanit ez al., 1985). There is no detailed on
biological report supporting those experiences observation on actual age and sized of
broodstock till the time they were sexually matured, first spawning and sex reversal etc..
Histological study on the gonad tissue of juvenile and maturing fish is one way to obtain
the answers to those lacking information. Therefore, the purpose of this study is to follow
the change in gonad tissue of Malabar grouper during 10 to 48 month old in order to

observe the actual age of sexual maturation, first spawning and sex reversal.

16



