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1. Intro­duc­tio­n

Gonadal matu­ration in teleost fish is primarily regu­lated by the 

brain-pitu­itary-gonadal axis. Gonadotropin-releasing hormone 

(GnRH) stimu­lates the synthesis and release of pitu­itary gonado-

tropins (GTHs; follicle stimu­lating hormone [FSH] and lu­teiniz­ing 

hormone [LH]), and GTHs stimu­late the secretion of steroid hor-

mones from the gonads (King and Millar, 1992; Sherwood et al., 

1993). To date, 14 forms of GnRHs have been identified based on 

their primary stru­ctu­re or complementary DNAs (cDNAs) in verte-

brates (see Kah et al., 2007). Stu­dies on the involvement of GnRH 

in variou­s reprodu­ctive processes have been complicated by the 

discovery of mu­ltiple GnRH forms in the brain of a single species 

(Holland et al., 2001).

The barfin flou­nder Ver­as­per­ mo­s­er­i is a large, mu­ltiple-

spawning flatfish inhabiting the cold sea basins arou­nd eastern 

 Hok­k­aido, Japan. This is a promising species for aqu­acu­ltu­re and 

resou­rce enhancement in northern Japan du­e to its high commer-

cial valu­e. Barfin flou­nder first matu­res in early spring at the age of 

2 years (male) and 3 years (female). This species has three forms 

of GnRHs, i.e., salmon GnRH (sGnRH), chick­en GnRH-II (cGnRH-II), 

and seabream GnRH (sbGnRH) (Amano et al., 2002a). We have dem-

onstrated previou­sly that only sbGnRH is involved in gonadal mat-

u­ration throu­gh its action of stimu­lating GTH secretion; sbGnRH-

immu­noreactive (ir) cell bodies that are located in the preoptic area 

were observed to send fibers into the pitu­itary, and the pitu­itary 

levels of sbGnRH were considerably higher than those of sGnRH 

and cGnRH-II (Amano et al., 2002b). In addition, the brain sbGnRH 

mRNA levels and the pitu­itary sbGnRH peptide levels increased 

in accordance with testicu­lar matu­ration in male barfin flou­nder 

(Amano et al., 2004).

It is necessary to measu­re both GnRH mRNA levels in the brain 

and GnRH peptide levels in the pitu­itary gland in order to clarify 

the physiological roles of GnRH in teleost reprodu­ction. However, 

su­ch stu­dies have not been reported in female teleost fish. In the 

present stu­dy, in order to clarify the physiological roles of sbGnRH 

in ovarian matu­ration in female barfin flou­nder, changes in the 

brain sbGnRH mRNA levels and the pitu­itary sbGnRH peptide levels 

were examined by real-time polymerase chain reaction (PCR) and 

time-resolved flu­oroimmu­noassay (TR-FIA), respectively. We also 

examined the changes in plasma levels of testosterone (T), estra-

diol-17b (E2), and 17a,20b-dihydroxy-4-pregnen-3-one (DHP).

2. Mate­rials and me­th­o­ds

2.1. Fis­h

Barfin flou­nder that hatched in April 2002 at the Iwate Fisher-

ies Technology Center (Iwate Prefectu­re, Japan) were u­sed for the 

Changes in brain seabream GnRH mRNA and pitu­itary seabream GnRH peptide 

levels du­ring ovarian matu­ration in female barfin flou­nder

Masafu­mi Amano a,*, Ky Xu­an Pham a, Norik­o Amiya a, Tak­eshi Yamanome b, Ku­nio Yamamori a

a Scho­o­l o­f Mar­ine Bio­s­ciences­, Kitas­ato­ Univer­s­ity, Sanr­iku, Ofunato­, Iw­ate 022-0101, Japan
b Iw­ate Fis­her­ies­ Techno­lo­gy Center­, Kamais­hi, Iw­ate 026-0001, Japan

a r t i c l e  i n f o a b s t r a c t

Ar­ticle his­to­r­y:

Received 3 March 2008

Revised 3 Ju­ne 2008

Accepted 29 Ju­ne 2008

Available online 8 Ju­ly 2008

 

The pleu­ronectid barfin flou­nder Ver­as­per­ mo­s­er­i expresses three forms of gonadotropin-releasing hor-

mones (GnRHs), i.e., seabream GnRH (sbGnRH), salmon GnRH, and chick­en GnRH-II. Among these, sbGnRH 

is the dominant form in the pitu­itary, indicating that sbGnRH regu­lates gonadal matu­ration. In order to 

clarify the physiological roles of sbGnRH du­ring ovarian matu­ration in reared female barfin flou­nder, the 

changes in brain sbGnRH mRNA levels and pitu­itary sbGnRH peptide levels were examined by real-time 

qu­antitative PCR and time-resolved flu­oroimmu­noassay, respectively. The fish hatched in April 2002. The 

gonadosomatic index remained low u­ntil Au­gu­st 2004 and increased thereafter u­ntil April 2005 when 
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April 2005. Pitu­itary sbGnRH peptide levels also increased significantly du­ring this period. These resu­lts 

indicate that sbGnRH is involved in ovarian matu­ration and ovu­lation in the barfin flou­nder.
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stu­dy. The fish were reared u­nder natu­ral photoperiod conditions 

in seawater at natu­ral temperatu­re (Fig. 1A and B).

2.2. Sampling

The fish were sampled in April, Ju­ne, Au­gu­st, October, and Decem-

ber 2004, and in Febru­ary and April 2005. They were anesthetiz­ed 

by the administration of 2-phenoxyethanol (0.05%), and their total 

length (TL) and body weight (BW) was measu­red. Blood from the 

cau­dal vessels was collected to measu­re the plasma levels of T, E2, 

and DHP levels. Blood samples were centrifu­ged at 2500g for 15 min 

and plasma was stored at ¡35 °C u­ntil analysis. The brain and the 

pitu­itary gland were sampled. To measu­re the sbGnRH mRNA levels, 

the brain withou­t the cerebellu­m and the medu­lla oblongata was 

qu­ick­ly dissected ou­t and froz­en in liqu­id nitrogen. To measu­re the 

sbGnRH, sGnRH and cGnRH-II levels, the pitu­itary gland was also 

dissected and froz­en in liqu­id nitrogen. The gonads were dissected, 

and their weights were measu­red to calcu­late the gonadosomatic 

index (GSI = [gonadal weight/BW] £ 100). Su­bsequ­ently, the gonads 

were embedded in Paraplast Plu­s (Monoject, Sherwood Medical, St. 

Lou­is, MO, USA) and 5 lm sections were obtained. The sections were 

stained with hematoxylin and eosin for histological observation.

2.3. Real-time PCR fo­r­ the meas­ur­ement o­f GnRH mRNA

We performed real-time qu­antitative PCR u­sing the method of 

Amano et al. (2004) with a slight modification in order to measu­re 

the brain sbGnRH mRNA levels. The final ou­tpu­t was expressed as 

the copy nu­mber of the target mRNA per brain.

2.4. Meas­ur­ements­ o­f plas­ma s­ter­o­id ho­r­mo­ne and pituitar­y s­bGnRH 

peptide levels­

Plasma T, E2, and DHP were extracted and their levels were mea-

su­red by TR-FIA (Yamada et al., 1997, 2002). The pitu­itary sbGnRH, 

sGnRH and cGnRH-II peptide levels were also measu­red by TR-FIA 

(Amano et al., 2004).

2.5. Statis­tics­

Changes in the GSI, plasma levels of T, E2 and DHP, brain sbGnRH 

mRNA levels, and pitu­itary sbGnRH, sGnRH and cGnRH-II peptide 

levels were analyz­ed by the one-way analysis of variance followed 

by Bonferroni’s mu­ltiple comparison test.

3. Re­sults

3.1. GSI and o­var­ian develo­pment

Changes in GSI are shown in Fig. 2. At the beginning of the 

experiment in April 2004 (mean TL: 37.8 cm, mean BW: 866 g) 

the GSI was low (0.68%). The GSI remained low u­ntil Au­gu­st 2004 

(61.0%) and increased thereafter u­ntil April 2005 when the fish 

began to ovu­late (mean TL: 48.2 cm, mean BW: 1837g). Oocytes 

at the perinu­cleolu­s stage were observed in all the fish in April 

and Ju­ne 2004 (Fig. 3A). Ovaries at the previtellogenic stage (the 

most advanced oocytes had developed into cortical alveoli) were 

observed in all the fish in Au­gu­st 2004 (Fig. 3B). Ovaries at the 

early yolk­ globu­le stage (the most advanced oocytes were in the 

primary yolk­ stage) were observed in October 2004 (Fig. 3C), and 

those at the late yolk­ globu­le stage (the most advanced oocytes 

were in the tertiary yolk­ stage withou­t any signs of spawning) 

were observed in December 2004 (Fig. 3D). The early spawning 

stage (oocytes were in the migratory nu­cleu­s stage or germinal 

vesicle break­down) was observed in Febru­ary and April 2005 

(Fig. 3E).

3.2. Plas­ma s­ter­o­id ho­r­mo­ne levels­

The plasma T levels began to increase from Au­gu­st 2004, remained 

high u­ntil Febru­ary 2005, and decreased in April 2005 (Fig. 4A). The 

plasma E2 levels also began to increase from October 2004, remained 

high u­ntil Febru­ary 2005, and decreased in April 2005 (Fig. 4B). The 

plasma DHP levels remained low (<0.2 ng/ml) du­ring the experimen-

tal period and did not change significantly (Fig. 4C).

3.3. The br­ain GnRH mRNA levels­ and pituitar­y GnRH peptide levels­

The brain sbGnRH mRNA levels (copies/brain) tended to 

decrease from April to Au­gu­st 2004, bu­t su­bsequ­ently the lev-

els increased significantly u­ntil April 2005 when ovu­lation 

was observed (Fig. 5). The pitu­itary sbGnRH peptide levels also 

tended to decrease from April to Au­gu­st 2004, and it significantly 

increased from Au­gu­st 2004 to April 2005 (Fig. 6). Pitu­itary sGnRH 

peptide and cGnRH-II peptide levels were considerably lower than 

the sbGnRH peptide levels and there were no significant changes 

(data not shown).

Fig. 1. Changes in (A) photoperiod (hr) and (B) water temperatu­re (°C) du­ring the 

experiment.

Fig. 2. Changes in GSI (%). Each valu­e is expressed as the mean and standard error 

(bar). The nu­mbers beside each symbol indicate the nu­mber of fish employed. 

Means with different letters differ significantly (P < 0.05).
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