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Sex Steroids and Pituitary Extract Increase Gonadotropin II Content in the
Pituitary of Aquacultured Japanese Eel Anguilla japonica

Abstract

The effects of sex steroids and pituitary extract on the development of gonads as well as

gonadotropin-II (GTH-II) pituitary content in the aquacultured Japanese eels (Anguilla

japonica) were investigated. Gonadosomatic index (GSI) was not significantly stimulated in

females after 3 injections over 6 weeks, nor in mal 臼 after 6 injections over a 12-week

period of steroids (estradiol-17 戶 , E2; testosterone, T; 5 α -dihydrotestosterone, OHT; for

each steroid with 2 dos 凹 , 0.75 and 3.75 mg/kg body weight). Salmon pituitary extract (10

mg/kg body weight) induced a progressive increase in GSI after 3-, 6-, 9- and 14-injections

over a 14-week period. E2 and pituitary extract significantly increased pituitary GTH-II

content in a dose-dependent manner. Androgens also increased pituitary GTH-II content

but the effects were much weaker than E2. Pituitary GTH-II content were significantly

increased in maturing eels (GSI > 20%) injected with salmon pituitary extract. It is

suggested that the salmon pituitary extract effects on GSI in the cultured yellow eels was a

direct effect on ovaries, and a multiple effect of sex steroid on various levels of

reproduction.
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Eels 'e fish economic

urce of eels

Anguilla spp. are f
﹒

v

importance. Although the artificial maturation of eels

has been obtained under experimental conditions by relied on her ot

exogenous gonadotropins or pituitary extract since

1936 (A. anguillal] 月 ; A. japonica 日 ,4)), the artificial
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release resu Its the blockage

eelsl6)

of gonadal

blockage

of

In

development

probably

pituitary

maturation

the Dopamine

and synthesis

GTH-1117-91. Therefore,

artificial

In

the releaseprevents

gonadotropin

of eels relies

II

exclusively on

induction. Sex steroids and gonadotropins are the

most likely hormones to apply for the manipulation

of artificial maturation in eels. The regulation of

pituitary GTH-II by sex steroids has been studied in

wild silver eels. Estradiol-7 β (E2) could stimulate

significant high levels of pituitary (GTH-II) in female

wild European silver eels(1O). Testosterone (T) could

not stimulate significant levels of pit 山 tary GTH ﹒ II in

eels1O butwild silver female couldEuropean

stimu late ovarian

silver eelsIB,ll).

development In

vitro GTH-II

wild Japanese

Androgen-specific stimulation of in

content pituitary cells

demonstrated in the wild European eels 12. Studies on

the regulation of pituitary GTH-II have mostly been

conducted in wild silver eels. Less information is

In was

available on cultured eels; however, they can be the

major source for studies on inducing maturationl41.

The aim of this study was to investigate the effects of

sex steroids or salmon pituitary extract on the GSI

and GTH-II content in cultured Japanese eels.

Materials and methods

Eels

Japanese eels were obta

ponds in Taiwan. Three-year-old female eels (n = 64,

body weight 458 - 914 g, body length 65 - 86 cm)

and male eels (n = 56, body weight 270 - 500 g,

body length 56 - 74 cm) were used. In addition,

eight-year-old femal 臼 (n = 14, body weight 1090 -
2080 g, body length 83 - 93 cm) received long-term

treatment with salmon pituitary extract for induced

maturation. Eels were transferred to the aquarium

facility of the University and kept in 2.5-ton fiberglass

tanks in a seawater system (seasonal ranges of water

temperatures were 23 - 27 � C).

ined from

Hormone Treatments

(1) Sex steroids

E2, T and 5 α.-dihydrotestosterone (DHT) were

obtained from Sigma Co. (USA). Female eels (n = 40)

were divided into 5 groups (n = 8): low dose of E2

(0.75 mg/kg body weight); high dose of E2 (3.75

mg/kg body weight); low dose of T (0.75 mg/kg body

weight); high dose of T (3.75 mg/kg body weight);

and control (coconut oil). The steroid was dissolved

in coconut oil, and the intraperitoneal Op) injections

were given 3 times at 2-week intervals. Male eels (n

= 56) were divided into 7 groups (n = 8): low dose

(0.75 mg/kg body weight) of E2, T and DHT; high

dose (3.75 mg/kg body weight) of E2, T and DHT;

and control (coconut oil). The steroids were dissolved

in coconut oil and injected ip at 2-week intervals for

6 times.

(2) Salmon pituitary extract

dried salmon were frompituitaries

company (Taipei, Taiwan).

experiments were conducted for the induction of

gonadal

Aceton

commercial Two

1 female the firstgrowth i

experiment, three-year-old females (n = 24) were

injected ip weekly with 10-mg

extract in saline/kg body weight, while the control

injected with saline.

experiment, eight-year ﹒ old females w�

weekly with 10-mg salmon pituitary extract/kg body

weight for 14 weeks (n = 8) or with saline alone (n =

6).

For

th

fish the secondwere For

�re

Radioimmunoassay of CTH-II

Fish were sacrificed one week after the last injection.

GSI was measured, pituitary was collected and stored

radioimmunoassay (RIA) of GTH-II.

GTH-II in pituitary was assayed by RIA previously

established for the �-subunit of carp GTH 斗
1113) and

of e<

at -80 �C until

validated �Ifor the measurement

Iodination of GTH-II was performed by the iodogen

(Pierce) method according to Salacinski et al.llS).
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Statistical analysis

Mean was given with standard error of mean (:t S.

E. M.) and were compared (P < 0.05) by analysis of

variance followed by multiple comparison test.

Resu Its

En舟 cts of exogenous hormone treatments on

gonadal development

GSI in the controls was 1.7 :t 0.2 % and 1.3 :t

0.2/0.9 :t 0.01 % in the 8-year ﹒ old, and 3-year-old

females, respectively (Table 1, Fig. 1). No significant

of GSI wIncrease as In

steroid-treated females as compared to the control

(Fig. 1). The range of GSI in the sex steroid-treated

females was 0.9 一 1.5 in low E2, 0.9 - 1.8 in high E2,

1.3 - 2.0 in low T and 1.3 一 1.6 in high T as

compared to the control (0.7-1.3) (Fig. 1). Also, no

significant difference but with increase of variation in

males under the effects of androgens was found in

the group of T or non-aromatizable DHT (0.08 一 1.58

in low T, 0.06 - 1.49 in high T; 0.06 - 1.12 in low

DHT and 0.12 一 1.82 in high DHT) but not E2

(0.10 - 0.26 in low E2 and 0.07 - 0.15 in high E2) 的

compared to the control (0.06 - 0.2) (Fig. 1). A

significant increase in GSI was detected in 3-year-old

female eels after 6 weeks treatment with salmon

pituitary extract in female and a further increase was

observed treatment (Fig. 1).

reached up to 20 % after 14 weeks injection in

8-year-old female eels (Table 1).

after weeks GSI9

111

E仟ects of exogenous hormone treatments on

pituitray GTH-lIlevels

Both E2 and T could stimulate the increase of

GTH-II females apitu Itary

dose 個dependent manner (Fig. 2). Pituitary

levels increased 1 09-fold and 5.5-fold in the high dose

of E2 and T as compared to the control, respectively

(Fig. 2). E2, T and DHT also had stimulatory effects on

the pituitary GT

dose-dependent manner (Fig. 3). Male pituitary GTH-II

levels increased lOn-fold, 17-fold and 12-fold in the

and

In Incontent

GTH-II

寸 -II levels aInIn

sex

DHT, respectively,

compared to the control (Fig. 3). E2 had a higher

significant effect than T in females, T and DHT in

males (Figs. 2 and 3). Pituitary GTH-II levels were

significantly increased il

females along the period of the weekly injection with

pituitary extract for 3, 6 and 9 injections as compared

to the control (Fig. 4). GTH 四 II levels in pituitary were

significantly higher in the group which

14-injections with pituitary extract than in the control

(Table 1).

high dose of E2, T as

1 extract-treated

received

Discussion

Our data indicate that sex steroids have no

significant effects on gonadal development in

female or male eels. However, sex steroids (E2 or T)

slightly increased GSI in females as compared to

the control. Also, androgens (T or DHT) but not E2

slightly increased GSI in males and with larger

variation as compared to the control, indicating that

Table 1. The. endocrine profiles in the control and induced maturation
groups. Salmon pituitary extract was injected weekly into 8-year-old female

eels for 14 weeks. The symbol "*,, represents a significant difference (P < 0.05)

between the control and hormone-treated groups.

Gonadosomatic index ('Yo)

Control (n = 6)

20.4 :!: 3.3*

Pitu itary GTH-II (nglpitu itary) 293.9 :t 44.9

Induced Maturation (n = 8)

1.7:t0.15

72259 士 23.4*
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Fig. 1. Gonadosomatic index in cultured female eels (A) control, low dose (0.75 mg/kg body weight) and

high dose (3.75 mg/kg body weight) of testosterone (T) or estradiol-17P (E2); male eels (B) control, low dose

(0.75 mg/kg body weight) and high dose (3.75 mg/kg body weight) of T, E2 or 5 α -dihydrotestosterone (DHT),

and (C) female eels weekly injected with salmon pituitary extract (10 mg/fish per week, for 3, 6, or 9 weeks).

Values with different characters differ from each other (P < 0.05)

LowT High T Low

DHT

a a
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Fig. 2. Pituitary gonadotropin (GTH) II levels in cultured female eels; control, low dose (0.75
-戶

(E2). Values with different characters differ from each other (P < 0.05).

extract.

was

salmonof9-injections

induction

and

Further

6-

In

stimulated

ade

」
閃
訓

兒
叫

叫
小
mt戶

、
以

wild1and

�irectly

development. The effects of injected pituitary extract

to induce the increase of pit 山 tary GTH-II content

were likely due to positive feedback by endogenous

toact

silver stagel161. Indeed, wild silver eels may be more

sensitive to stimulation by sex steroidsIS). Gonadal

develpment was observed in female eels treated with
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gonadal factors which were stimulated by pituitary

extract treatment as previously demonstrated in an

experiment with ovariectomized and intact European

silver eels!17). Induction of pituitary GTH-II content

was observed only in the sham operated female silver

(bSEEhc)

口
出

HObs-3

日

1950 r

1800 ←

1650 ←

1500�

300

250

200

150

AUAU

50

O
a

Control Low THigh T

eels but not in the ovariectomized eels treated with

carp pituitary extrad7. Other stimulatory factors in

addition to gonadotropins in the pituitary extract may

contribute tlalso and3

increase in pituitary GTH ﹒ II levels.

d

C

Low

DHT

High E2High

DHT

Low E2

Fig. 3. Pituitary gonadotropin (GTH) II levels in cultured male eels; control, low dose (0.75

mglkg body weight) and high dose (3.75 mglkg body weight) of testosterone (T), 5

α dihydrotestosterone (DHT) or estradiol-17� (E2). Values with different characters differ from

each other (P < 0.05)

Pituitary GT

increased in the E2-treated females and males in a

寸 -II content was

dose-dependent manner. There

female

was no apparent

eelsmaledifference between and

responding to stimulation by sex steroids. This is the

first study to demonstrate the regulation of pituitary

by SEGTH-II steroids In�x

Estrogen-specific stimulation estrogen-(strong

In

weak androgen-effects) of pituitary GTH-II levels was,

therefore, demonstrated in yellow Japanese eels. E2 is

the physiological gonadal steroid and it is active in

inducing pituitary GTH-II in both silver European

female eels 1 日 ,17 or yellow cultured Japanese eels (in

experiment). The responsive sensitivity of

pituitary GTH-II to E2 stimulation is similar between

eels at the silver and yellow stage. In contra 吠 , the

this

&ELULO
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response of pituitary GTH-II to the stimulation of

androgens is much higher in the wild silver eels8,1l

than in the cultured yellow eels (in the present

experiment).

3500

(

全

25=

已
＼
∞
C)=

工
」
「

urs-3ZL

3000

2500

2000

1500

500

1000

Contra 3 6 9
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Fig. 4. Pituitary gonadotropin (GTH) II levels in cultured female eels injected weekly with

salmon pituitary extract (10 mg/kg body weigh per week, for 3, 6, or 9 weeks). Values with
different characters differ from each other (P < 0,05).

Weekly injection of E2 at 2 時Ig body weight for 3

months could stimulate high levels of mGnRH

be ruled out.

In

tary

manner in the cultured yellow eels, Androgens only

weakly stimu

compared to E2. A different effects of sex steroids on

pituitary GT

suggested that the salmon pitu itary extract effects on

GSI in the cultured yellow eels was a direct effect on

In a

brain and pituitary in European eel, A. anguilla(181.

However, T and non 寸 romatazible androgen

(androstenedione) did not have any effects on the

levels of mGnRH(18). Therefo 悶 , E2 stimulation

pituitary GTH-II is suggested to act through GnRH

pathway in European silver eels18, In this study, we

did not follow the mGi

involvement of GnRH

of

lated as

lRH 斗 -II content were These

significance

pathway by the sex steroids treatment in eels cannot

of the direct
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ovaries, and,

various levels of reproduction.

Acknowledgements

We appreciate the support from the National Science

仁 ouncil (NS 仁 , Taiwan, ROC) and Centre National de la

Recherche S 仁 ientifique (CNRS, France) for making this

international program of scientific cooperation possible.

This work was also pa 付 ially supported by the Counci I of

Agriculture (Taiwan). Part of this manuscript has been

accepted for publication in Aquaculture

References

(1936) Sur la maturation compl 色 te des

male et I活 mission

Fontai 悶 ,M

organes g已 nitaux de I'anguille

spontanee de ses produits sexuels. C

Paris, 202: 1312-1315

R. Acad Sci

2 Fontaine, M., ι Bertrand, E. Lopez and O. Callamand

(1964) Sur la maturation des organes g 已 nitaux de

I'anguille femelle (Anguilla anguilla L.) et I' 已 mission

spontan 已 e des oeufs en aquarium. C

Acad. Sci. Paris, 259: 2907-2910.

r. hebd. S 已 anc

3 and K. Yamauchi (1974) SexualYamamoto,

maturation of Japanese eel and production of eel larvae

in the aquarium 且 Nature, Lond., 251: 220-221.

Tanaka, H., K. Okuzawa, N

(1997) Artifical induction of maturation and ferti lization

K

4 linuma and K Hirose

in the Japanese eel, Anguilla japonica Fish Physiol.

5

Biochem, 17: 163 明 169

Ijiri, S., T. Kayaba, N. Takeda, H

and K. Yamauchi (1988) Pretreatment reproductive

stage and oocyte development induced by salmon

pituitary homogenate in the Japanese eel

japonica. Fish Sci., 64(4): 531-537.

Fontaine, Y. A. and S. Dufour (1991) The eels: from life

Tachiki, S. Adachi

Anguilla

6

cycle to reproductive endocrinology. Bull Inst. Acad

7

Sin., Monograph, 16: 237 ω 248.

Dufour, 丘 , E. Lopez, F. Le Menn, Le N. Belle, S.

Baloche and Y. A. Fontaine (1988) Stimulation of

gonadotropin release and of ovarian developmer 祉 , by

the administration of a gonadoliberin agonist and of

on dopamine antagonis 尬 , in female silver eel pretreated

with estradiol. Gen 仁omp. Endocrinol, 70: 20-30.

Lin, H. R., M. L. Zhang, S. M. Zhang, G. Van Der Kraak

and F

gonadotropin and ovarian development by chronic

administration of testosterone in female Japanese silver

8.

E.

eels, Anguilla japonica. Aquaculture, 96: 87-95.

Larsen, L. 0., S. Dufour (1993) Growth, reproductive

and death in lampreys and eels. In: Rankin, J. c.,
Jensen, F. B. (Eds.), Fish Ecophysiology, Chapman &

Hall, New York, 73-104.

10. Dufour, S., N. Delerue-Le Belle and Y

(1983a) Effects

9

A. Fontaine,

。 f steroid hormones pltU Ita ry

immunoreactive gonadotropin in European freshwater

eel, Anguilla anguilla. Gen.

190 恥 197.

on

Comp

11. Lin, H., M. Zhang, S. Zhang, H. S 划 , M. Lu, Van Der G

Kraak and R. E. Peter, (1991 b) Induction of gonadal

development and maturation by chronic administratin

of testosterone and androstenedione in female Japanese

silver eel, Anguilla japonica. In: Sco 哎 , A. P., Sumpter, J

P., Kime, D. M., Rol 始 , M. F. (Eds.), Reproductive

Physiology of fish, 4th Int. Symp. Reprod. Physiol. Fish.

Absti"act, 89: 281.

12. Huar 嚕 , Y. S., M. Schmitz, N. Le Bel 峙 , C. F. Chang, B.

Qu 已 rat, and S. Dufour (1997) Androgens stimulate

gonadotropi n 一 II �-subunit in eel pituitary cells in vitro.

Mol. Cell. Endocrinol., 131: 157-166.

13. Burzawa-G e rard, E. B. Kerdelhue, (1978) Etude par

radioimmunologie des proprietes des immunos 已 rums

de I'hormone gonadotrope de la carpe (Cyprinus carpio)

Ann. BioI. Anim. Biochemet de ses sous-unlts.

Biophys., 18: 773-780.

14. Dufour, S., N. Delerue-Le Bel 怡 , and Y. A

(1983) Development of

Fontaine

heterologous

radioimmunoassay for eel (Ang

gonadotropin. Gen. Compo Endocrinol., 49: 404-413.

15. Salacinski, P. R. P., C. Mclean, J. E. C. Sykes, U

Clement-Jones and P. J. Lowry (1981) Iodination of

proteins and peptides using solid-phase oxidating agent,

1, 3, 4, 6-tetrachloro- .且
� .

(lodogen). Anal. Biochem., 117: 136-146.

16.Marchelidon, J., M. Schmitz, L. M. Houdebine, B. Vidal,

a

>r eel

U



and appl ication to

experimental fasting. Gen

360-369.

GTH-II in the Hormone-treated Japanese Eels

the study andsi Iveri ng

亡omp. Endocrinol., 102:

17. Dufour, 丘 , N. Le Belle, S. Baloche and A. Y. Fontaine

(1989) Positive feedback control by the gonads on

gonadotropin (GTH) and gonadoliberin (GnRH) levels

117

in experimentally matured female silver eels, Anguilla

anguilla. Fish Physiol. Bio 仁 hem., 7: 157-162.

18. Montero, M., N. Le Belle, j. A. King, R. P. Millar and S

Dufour (1995) Differential regulation of the two forms

hormoneof gonadotropi n-releasi ng

cGnRH II) by sex steroids in the European female silver

(Anguilla anguileel lilla).

N. Le Belle and S. Dufour (1996) Development of a

radioimmunoassay for European eel growth hormone

of

525-535.

(mGnRH and

61:




