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Abstract: Follicle stimulating hormone (FSH) and luteinizing hormone (LH) are synthesized in 
the pituitary gland and play important roles in reproduction in teleosts. In this study, the pituitary 
structure, the immune signals of FSH /3 subunit (FSH /3) and LH /3 subunit (LH /3), and the 
localizatio~ of these hormones in the pituitary were investigated using four species of grouper. The 
pituitary in each species consists of the neurohypophysis (NH) and adenohypophysis (AH). The 
AH is further divided into the rostral pars distalis (RPD), the proximal pars distalis (PPD), and the 
pars intermedia (PI). FSH /3 and LH /3 immune signals were detected in the PPD and PI areas in 
the areolate, red spotted, and honeycomb groupers. However, in the longtooth grouper, although 
FSH /3 signals were detected in the PPD and PI areas, LH /3 signals were only detected in the 
PPD area. These results indicate that FSH /3 and LH /3 expression in the pituitary differs among 
grouper species with the same pituitary structure, suggesting that the roles of both hormones may 
be different between species. 
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Groupers, which are protogynous hermaphro
dite fish, are widely distributed in Japan, China, 
Korea, and other Asian countries, and recog
nized as one of the most important economic 
marine species owing to their high-quality meat 
and commercial value (Liao and Leafio 2008). 
The global grouper aquaculture output was 
as high as 95000 t in 2011, and this increases 
every year in Japan (Teruya and Sakakura 
2015). Recently, considerable efforts have been 
made to develop technologies involving seed 
production, maturation control, and sex change 
for implementation in the honeycomb grouper 
Epinephelus merra (Soyano et al. 2003; Alam 
et al. 2006; Bhandari et al. 2006), sevenband 
grouper E. septemfasciatus (Ni Lar Shein et al. 
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2004), blacktip grouper E. fasciatus (Kawabe 
and Kohno 2009), longtooth grouper E. bruneus 
(Chuda et al. 2015), and red spotted grouper 
E. akaara (Okumura et al. 2002; Nambu 2014), 
as these species are particularly important in 
coastal fisheries in Japan. However, many tech
nical problems are associated with stable seed 
production in grouper aquaculture. For success
ful technological development, it is essential 
to understand the relationship between the 
pituitary gonadotropins (GtHs), which are the 
follicle-stimulating hormone (FSH) and lutein
izing hormone (LH), and gonadal development. 
FSH and LH play important roles in endocrine 
control of fish reproduction, centering on the 
hypothalamic-pituitary-gonadal axis (Swanson 
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et al. 2003; Yaron et al. 2003). FSH and LH 
transmit information from the brain to the 
gonad, and are therefore strong candidates for 
controlling gonadal development (Devlin and 
N agahama 2002). 

Until now, the expression and synthesis of 
GtHs in the grouper's pituitary have been 
examined using immunohistochemistry (IHC) 
and molecular biology. In recent times, there 
has been a rapid increase in GtHs gene expres
sion studies. For example, the FSH /3 and LH /3 
transcript levels have been detected in the 
orange-spotted grouper E. coioides (Zhang et 
al. 2007), honeycomb grouper (Kobayashi et 
al. 2010), longtooth grouper (Hur et al. 2012), 
Malabar grouper E. malabaricus (Murata et al. 
2012), dusky grouper E. marginatus (Garcia et 
al. 2013), and red spotted grouper (Kim et al. 
2016). However, little is known about the pro
tein expression of both the hormones, and the 
number of identified species of groupers is also 
limited. The following research is one of the few 
examples. The localizations of FSH and LH pro
teins were confirmed in the pituitary gland of 
the honeycomb grouper during the sex reversal 
phase (Kobayashi et al. 2010) and the Malabar 
grouper during sex differentiation (Murata et 
al. 2012). In some cases, hormone production 
may not be correctly detected or even cannot 
be detected by gene expression when the 
amount of hormone synthesized is low, such 
as in the Malabar grouper (Murata et al. 2012) 
and red spotted grouper (Kim et al. 2016). 
Therefore, it is extremely important to know 
the protein expression level and the localization 

of production cells in the pituitary gland, which 
is basic information in grouper reproduction. 

Consequently, in this study, we selected four 
representative adult groupers, the areolate 
grouper E. areolatus, red spotted grouper, long
tooth grouper, and honeycomb grouper, which 
are widely distributed in Japan, with the aim 
of identifying any species-specific differences 
in FSH and LH expression, and the product 
site of these hormones in the pituitary. Firstly, 
the pituitary structures in four species were 
observed histologically. In addition, the appear
ance and localization of FSH and LH product 
cells in the pituitary were examined by IHC, 
using antibodies against FSH /3 and LH /3 sub
units. We aimed to obtain essential information 
on both hormones in the pituitary gland, which 
is necessary for establishing a foundation for 
grouper culture. 

Materials and methods 

Fish collection and sampling site 
Specimens of the areolate grouper and red 

spotted grouper were collected from August 31 
to September 3 in 2016 by fishing in the coastal 
waters of Nagasaki, Japan (Table 1). Longtooth 
grouper were obtained on May 8 and 9 in 2018 
from Shirahama Station, Aquaculture Research 
Institute, Kindai University, Japan. Honeycomb 
grouper were collected from May 29 to June 
1 in June 2016 by fishing from Sesoko island, 
Okinawa, Japan. The areolate grouper, red spot
ted grouper, longtooth grouper, and honeycomb 
grouper were used in this experiment for 6, 6, 8, 

Table 1. The sampling date, sampling number, growth parameters, and ovary stages of female fish in four species of 
groupers 

Species Sampling date N TL (cm) BW(g) 

Areolate grouper Aug.31-Sep.3 6 38.17 ± 2.22 775.83 ± 156.58 
Epinephelus areolatus 

Red spotted grouper Aug.31-Sep.3 6 37.08 ± 2.23 773.33 ± 149.61 
E. akaara 

Longtooth grouper May 8, 9 8 33.11 ± 1.15 531.25 ± 37.10 
E. bruneus 

Honeycomb grouper May 29-]un.1 8 16.0 ± 0.17 52.68 ± 2.49 
E. merra 

All data are shown as means ± SEM. N, sampling number of the female groupers. 
Pn, perinucleolar stage; Yv, yolk vesicle stage; Ty, tertiary yolk stage. 

GW(g) GSI (%) Ovary stage 

6.77 ± 2.65 0.76 ± 0.17 Pn (6) 

4.29 ± 1.10 0.53 ± 0.05 Pn (4), Yv (2) 

1.01 ± 0.14 0.19 ± 0.02 Pn (7), Yv (1) 

1.05 ± 0.34 1.99 ± 0.66 Yv (4), Ty (4) 
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and 8 females, respectively. Fish were immedi
ately anesthetized with 0.02% 2-phenoxyethanol 
(Wako Pure Chemical Industries, Ltd., Osaka, 
Japan). Then, the body weight (BW) and total 
length (TL) were measured. The gonads and 
pituitary glands were dissected for histological 
observation, and gonad weight (GW) was mea
sured and the gonadosomatic index (GSI) was 
calculated using the following formula: 

GSI (%) = (GW / BW) x 100 
All experimental procedures involving ani

mals were conducted in compliance with a 
protocol that was reviewed by the Animal Care 
and User Committee of the Institute for East 
China Sea Research, Nagasaki University, Japan 
(Permit Number #15-06). 

Histological procedures for gonads and pituitary 
glands 

The gonads and pituitary glands were fixed 
in Bouin's solution for 24 h and kept in 70% 
ethanol at 4°C until histological analysis. The 
gonads and pituitary glands were dehydrated in 
an ethanol series (90%, 95%, 100%, dehydrated 
ethanol) and a butanol series (ethanol: butanol 
- 4:1, 3:2, 2:3, 1:4, and 100% butanol), and 
embedded in paraffin. These embedded tissues 
were sectioned (thickness, 5-8 µm). Gonad 
sections were dehyd_rated using gradient etha
nol solutions, and stained with hematoxylin and 
eosin (H-E staining). Pituitary gland sections 
were prepared for IHC. 

Classification of gonadal development 
Maturity classification of each female ovary 

was based on the most advanced type of oocyte 
found in the ovary (Ni Lar Shein et al. 2004). 
Ovary stages were specifically classified as 
follow: primary growth phase of the oocyte with 
a basophilic cytoplasm (perinucleolar stage, 
Pn); secondary growth phase of the oocyte 
with a yolk vesicle in the cytoplasm (yolk ves
icle stage, Yv); vitellogenic oocyte with a yolk 
globule initially taken up at the edge of the 
cytoplasm (primary yolk stage, Py); vitello
genic oocyte with a yolk globule and oil droplet 
in all areas of the cytoplasm (secondary yolk 
stage, Sy); full vitellogenic oocyte with a nearly 

complete yolk globule and oil droplet accumu
lation (tertiary yolk stage, Ty); and oocyte with 
the germinal vesicle (nucleus) initially migrated 
to the animal pole (migratory nucleus stage, 
Mn). 

Immunohistochemistry (IHC) of pituitary glands 
IHC analysis was carried out using the 

avidin-biotin peroxidase method. After soaking 
in methanol containing 0.3% H20 2 for 1 h, the 
sections were rinsed with PBS and blocked 
with 10% goat serum for 15 min. Sections 
were incubated overnight at 4°C either with 
primary antisera anti-mummichog FSH/3 
or LH/3, donated by Dr. Shimizu (Shimizu 
and Yamashita 2002), at a dilution of 1: 1000 
or 1: 5000, respectively, and then rinsed with 
PBS for 15 min. Sections were incubated 
with biotinylated goat anti-rabbit IgG solution 
using a Histofine SAB-PO (R) kit (Nichirei 
Biosciences Inc., Japan). After rinsing with 
PBS for 15 min, sections were incubated with 
streptavidin-conjugated horseradish peroxi
dase solutions for 30 min. After rinsing again 
with PBS for 10 min, the peroxidase reaction 
signals were visualized using a Histofine DAB 
Peroxidase Substrate kit (Nichirei Biosciences 
Inc., Japan). These sections were lightly 
counterstained with hematoxylin, mounted, 
examined with a microscope, and digitally pho
tographed (Olympus FX380, Japan). 

In this IHC experiment, no individual differ
ences in pituitary FSH and LH immunoreaction 
and expression were observed in each species. 
Therefore, in the following results, the results 
of one representative individual in each species 
are shown. 

Results 

Growth and maturation parameters 
As shown in Table 1, the areolate grouper 

and red spotted grouper used in this study were 
females that exceeded the minimum mature 
size of 20 cm (areolate grouper, Abdul Kadir 
et al. 2016; Lin et al. 2019; red spotted grouper, 
Kayano and Oda 1994). It is known that mini
mum mature size of the longtooth grouper is 
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wide ranging from 30 to 50 cm. Although eight 
individuals of around 30 cm were used in this 
experiment, these fish were not mature female. 
On the other hand, TL in the honeycomb grou
per was over 15 cm, which is the minimum size 
of maturation (Izumida et al. 2015). The areo
late grouper and red spotted grouper had low 
GSis, and only immature oocytes (Pn and Yv) in 
the gonads, although the fish were considered 
to be mature in size. This was the case here 
because these specimens were collected after 

Table 2. Total length (TL), body weight (BW) , gonad 
weight (GW), GSI, and ovary stage of representative 
individuals that presented the result of IHC in this paper 

Species 
TL BW GW GSI Ovary 

(cm) (g) (g) (%) stage 

Areolate grouper 39.4 730.0 5.57 0.76 Pn 
Epinephelus areolatus 

Red spotted grouper 43.4 1150.0 7.38 0.64 Yv 
E. akaara 

Longtooth grouper 30.8 584.0 1.29 0.22 Yv 
E. bruneus 

Honeycomb grouper 16.0 51.9 2.82 5.43 Ty 
E. merra 

HE Anti-FSHP Anti-LHP 

Fig. 1. Pituitary structures and immunoreactive FSH fJ and 
LH fJ signals in cells of the areolate grouper Epinephelus 
areolatus, counterstained with hematoxylin in IHC. NH, 
neurohypophysis; RPD, rostral pars distalis; PPD, proximal 
pars distalis; PI, pars intermedia. Arrows indicate positive 
FSH f] and LH fJ signals. Scale bar = 500 µm. 

HE Anti-LHP 

Fig. 2 . Pituitary structures and immunoreactive FSH fJ 
and LH fJ signals in cells of the red spotted grouper E. 
akaara, counterstained with hematoxylin in IHC. NH, neu
rohypophysis; RPD, rostral pars distalis; PPD, proximal 
pars distalis; PI, pars intermedia. Arrows indicate positive 
FSH fJ and LH fJ signals. Scale bar = 500 µm. 

the spawning season. On the other hand, half 
of the captured honeycomb grouper had vitello
genic oocytes, indicating the sexually maturing 
fish. However, the longtooth grouper, which 
were collected during spawning season, were 
immature as indicated by the body size. 

The information on the individuals selected 
for the results of IHC is shown in Table 2. The 
ovary development of the areolate grouper 
was at perinucleolar stage. In the red spotted 
grouper and longtooth grouper, the ovary devel
opment was at yolk vesicle stage. The ovary 
development of the honeycomb grouper was at 
tertiary yolk stage. 

The structures of pituitary glands 

The pituitaries of the areolate grouper, red 
spotted grouper, longtooth grouper, and honey
comb grouper are shown in Fig. 1, 2, 3, and 4, 
respectively. The pituitary glands in four spe
cies of groupers consisted of two major parts, 
the neurohypophysis (NH) and adenohypoph
ysis (AH) . In all individuals of the honeycomb 
grouper which were observed, NH tended to 

HE 

Fig. 3. Pituitary structures and immunoreactive FSH fJ 
and LH fJ signals in cells of the longtooth grouper E. 
bruneus, counterstained with hematoxylin in IHC. NH, 
neurohypophysis; RPD, rostral pars distalis; PPD, proximal 
pars distalis; PI, pars intermedia. Arrows indicate positive 
FSH fJ and LH fJ signals. Scale bar = 500 µm. 

HE Anti-FSHP Anti-LHP 

C 

Fig. 4 . Pituitary structures and immunoreactive FSH fJ 
and LH fJ signals in cells of the honeycomb grouper E. 
merra, counterstained with hematoxylin in IHC. NH, neu
rohypophysis; RPD, rostral pars distalis; PPD, proximal 
pars distalis; PI, pars intermedia. Arrows indicate positive 
FSH fJ and LH fJ signals. Scale bar = 200 µm . 
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have greater invagination to AH than other spe
cies (Fig. 4 A). The AH was further divided into 
three minor lobes on the basis of differently 
stained colors and boundaries. From the anterior 
part to the posterior part, they were separated 
into the rostral pars distalis (RPD), the proxi
mal pars distalis (PPD), and the pars intermedia 
(PI) (Fig. 1 A, 2 A, 3 A, and 4 A). The structure 
of AH was almost the same in all species. 

Identification and localization of FSH /3 and 
LH /3 immunoreactive signals 

The sagittal pituitary sections had an immu
noreaction with anti-FSH /3 and LH /3, and 
were displayed to visualize the appearance and 
distribution of FSH /3 and LH /3 immune sig
nals. In the areolate grouper, the major FSH/3 
and few LH /3 signals were both detected in 
the PPD and PI areas (Fig. 1 B and 1 C). In 
the red spotted grouper, the major FSH /3 
signals were detected in the PPD and PI areas 
(Fig. 2 B). However, the major LH /3 signals 
were detected in the PI area, along with a few 
signals detected in the PPD area (Fig. 2 C). In 
the longtooth grouper, the major FSH/3 sig
nals were detected in the PPD area, with a few 
FSH/3 signals detected in the PI area (Fig. 3 B). 
Only LH /3 signals were detected in the PPD 
area (Fig. 3 C). In the honeycomb grouper, 
the major FSH /3 signals and only few LH /3 
signals were both detected in the PPD and PI 
areas (Fig. 4 B and 4 C). The FSH /3 and LH /3 
signal intensities only appeared similar in the 
longtooth grouper. However, the FSH /3 signals 
appeared much stronger than those of the LH/3 
in the other three species. 

Discussion 

In the identification of FSH /3 and LH /3 
cells by IHC, the decisive factor is ability of 
the primary antibody to bind to the antigen 
well, as there is a species-specific reaction 
between the antibody and antigen. In previous 
studies, the anti-mummichog FSH /3 or LH /3 
antibody, which was developed to detect cells 
expressing these proteins in the pituitary of 

the mummichog Fundulus heteroclitus was also 
used for detecting FSH or LH producing cells 
in the pituitary of the red seabream Pagrus 
major (Shimizu et al. 2003), small mouth bass 
Micropterus dolomieu (Shimizu et al. 2003), 
and cichlid Cichlasoma dimerus (Pandolfi et 
al. 2006), and has been shown to be effective 
across many species. Hence, these antibodies 
were used in our experiment, as they had also 
been used to detect FSH and LH cells in the 
pituitary of the honeycomb (Kobayashi et al. 
2010) and Malabar (Murata et al. 2012) grou
pers. Positive reactions were observed in the 
pituitary cells of the areolate grouper, red spot
ted grouper, and longtooth grouper. Therefore, 
the antibody against mummichog FSH /3 or 
LH /3 was effective for detection of FSH and LH 
product cells in grouper pituitary glands. 

In this study, FSH /3 immune signals were 
detected in the PPD and PI areas of four adult 
grouper species. In a previous study, FSH /3 
cells were distributed in the PPD and PI areas 
in the honeycomb grouper (Kobayashi et al. 
2010), in a manner similar to the distribution 
observed in this study. However, they were 
only detected in the PPD area of the Malabar 
grouper (Murata et al. 2012). In other marine 
fish such as the gilthead seabream Sparus 
aurata (Garcia Ayala et al. 2003), the immune 
signals of FSH /3 were detected in the PPD and 
PI areas, but they were only detected in the 
PPD area of the bluefin tuna Thunnus thynnus 
(Kagawa et al. 1998a). These results show two 
common FSH /3 distribution patterns found in 
most marine fish, i.e. FSH /3 located either only 
in the PPD area or in the PPD and PI areas. The 
latter distribution pattern is typical of FSH cells 
in the four grouper species studied here. 

LH /3 immune signals were detected in the 
PPD and PI areas of the areolate grouper, red 
spotted grouper, and honeycomb grouper. 
However, they were detected only in the PPD 
area of the longtooth grouper. In previous stud
ies on marine fish, LH /3 immune signals were 
identified in the PPD and PI areas of the blue
fin tuna (Kagawa et al. 1998a), Mediterranean 
yellowtail Serio/a dumerilii (Garcia Hernandez 
et al. 2002), and gilthead seabream (Garcia 
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Ayala et al. 2003). The distribution of LH /3 
cells in the pituitary of the honeycomb grouper 
(Kobayashi et al. 2010) and Malabar grouper 
(Murata et al. 2012) was also observed in the 
PPD and PI areas. In contrast, LH /3 cells were 
distributed only in the PPD area, similar to our 
observations in the longtooth grouper, and 
as previously reported in the rainbow trout 
Oncorhynchus mykiss (Nozaki et al. 1990) and 
Salminus brasiliensis (Jesus et al. 2014). These 
results show that there are two types of LH /3 
distribution patterns, i.e. LH /3 located either 
only in the PPD area or in the PPD and PI 
areas, although LH /3 is found in the PPD and 
PI areas in most marine fish. 

FSH /3 signals appeared much stronger 
than LH/3 signals in both the immature and 
mature stages of the areolate grouper, red 
spotted grouper, and honeycomb grouper. It is 
insufficient to judge from only the intensity of 
immune signals, but FSH may play an import
ant role than LH in grouper species. However, 
although the areolate grouper and red spotted 
grouper were of matured sizes, they were not 
at the vitellogenic or mature stage. On the 
other hand, the honeycomb grouper was in 
the process of vitellogenesis before spawning. 
Therefore, from our results, it is difficult to 
evaluate the roles of FSH and LH in relation to 
grouper reproductive stages, although it seems 
that FSH plays an important role in the repro
ductive process. In previous studies, LH gene 
expression and immune signals in the pituitary 
of the adult female honeycomb grouper were 
higher than those of FSH (Kobayashi et al. 
2010). Interestingly, FSH administration to the 
honeycomb grouper induced female-to-male 
sex change, suggesting that LH and FSH are 
involved in female and male maturation, respec
tively (Kobayashi et al. 2010). A similar result 
has also been reported in the red seabream, 
that FSH may have important roles in game
togenesis in males, but not females (Kagawa 
et al. 1998b; Gen et al. 2000). However, in the 
salmonid fish (Prat et al. 1996; Tyler et al. 1997; 
Planas et al. 2000), the Japanese conger Conger 
myriaster (Kajimura et al. 2001), the Japanese 
eel Anguilla japonica (Suetake et al. 2002), and 

the European sea bass Dicentrarchus labrax 
(Moles et al. 2011), FSH is more active in medi
ating early vitellogenesis and spermatogenesis 
whereas LH has key roles in final maturation 
and ovulation or spermiation. Thus, since the 
actions of both hormones are diverse and com
plex, it is difficult to discuss their roles only by 
the strength and weakness of IHC-estimated 
immune signals in the pituitary. 

There was no clear difference in the immune 
signals between both hormones in the longtooth 
grouper. In addition, this specimen used in this 
study was immature fish prior to puberty. Thus, 
it is difficult to discuss the role of both hor
mones in oocyte development. However, they 
are considered to be involved in the preparation 
for puberty and oocyte maturation expected to 
occur in the near future. It is known that FSH /3 
and LH /3 immune signals were detected until 
primary oocyte development in the Malabar 
grouper during the immature phase (Murata 
et al. 2012). It seems that the roles of both hor
mones before puberty are different from their 
roles at gonadal maturation and spawning. In 
this study, we focused on the localization of 
both hormones in the pituitary gland, however, 
in order to know the role of these hormones at 
each developmental stage, it is also necessary to 
examine the changes in quantitative expression 
of both hormones and the relationship between 
these expressions and each maturity. 
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ハタ類の脳下垂体構造と生殖腺刺激ホルモン産生細胞の

免疫組織化学的検出

徐 文剛・天谷貴史・盛田祐加・中田 久・征矢野 清

オオモンハタ，キジハタ，クエ，カンモンハタを用いて脳下垂体の構造を組織学的に観察するとと

もに， 2種の生殖腺刺激ホルモン FSH及びLHのBサブユニットに対する抗体を用いてその産生細胞

を免疫組織化学的に観察した。いずれのハタ類においても下垂体の構造は神経下垂体 (NH) と腺下

垂体 (AH)から成っていた。 AHはさらに前葉端部 (RPD), 前葉主部 (PPD), 中葉 (PI) に分類さ

れた。 FSH/3の免疫シグナルは 4種ともに PPD及び PI領域で検出された。しかし， LH/3のそれは

クエでは PPD領域のみで確認されたが，他の種では PPD及び PI領域で確認された。 FSH/3シグナ

ルの強度はクエを除き LH/3より強かったが，クエでは両者に差は認められなかった。以上の結果か

ら，ハタ類の下垂体構造は共通しているが， FSH及びLHの産生部位には種による違いがあることが

分かった。
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