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Abstract: Due to the growing requirement of high protein food from aquatic sources and to find a substitute 
for fisheries, prawn culture is the major restricted access in crustacean aquaculture industry. It is imperative 
to understand the physiological mechanisms involved in seed production of the candidate species. This re-
view was carried out on studies of endocrine regulation of reproduction in giant fresh prawn Macro brachium 
rosenbergii. This type of work seems to be a practical substitute to eyestalk ablation to induce spawning. 
Since it is a commercially important crustacean, crustacean aquaculture industry and these hormonal ma-
nipulation like neurotransmitter and vertebrate type sex hormone indicted the possibility of introducing a new 
strategies for ovarian maturation in aquaculture.
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Introduction

Since past few years the culture of crustacean 
is import because it has a high demand 
due to the nutritional food sources in world-
wide, but the major problem in the industry of 
crustacean aquaculture remains limited avail-
ability of good quality seed which is neces-
sary for the culturing the crustaceans. For the 
seed availability the initiation of ovarian matu-
ration and spawning in shrimp lobsters, and 
certain crab was carried out using the unilat-
eral eye stalk ablation technique (Huberman, 
2000; Tsukimura, 2001; Weilder et al., 2002; 
Diwan, 2005). But this technique is not very 
useful due to many problems like deteriora-
tion in spawn and spawner and larval qual-
ity and quantity over time and high mortality 
rate in brood stock. This also results in inferior 
quality of offspring produced (Benzie, 1998; 
Tsukimura and kememolo, 1991).

Alternative techniques to eye stalk ablation 
method, like temperature and or photoperiod 
manipulation, hormone and neurotransmitter 
injections have been investigated in different 
shrimp species (Sarojini et al., 1995; Vaca 
and Alfaro, 2000; Yano and Hoshino, 2006; 
Treerattrakool et al., 2008). It is necessary 
to discuss up to date research on role of hor-
mone in gonadal maturation of crustaceans. 

Regulation of hormone is one of the most 
common physiological processes in animals 
but some important process like molting are 
unique to the specific group of invertebrates. 
Many review papers have been published 
on the endocrinology of crustaceans. Earlier 
Quekenbush (1986), presented four types of 
compound which play an important role in the 
regulation of crustacean physiological pro-
cess, these compounds are peptides, ster-
oids, terpenoids and biogenic amines (Fig 1).
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In females, the paired ovaries are located 
dorsally to the stomach and hepatopancreas. 
They give rise a pair of oviducts which extend 
towards, and open into, the gonophores on the 
basal segment of the third pereopods. 

Male reproductive system
The reproductive system of male crustacean 
consists of paired testes, vasdeferens, semi-
nal vesicle and a genital aperture. Morpho-
logically testes are white elongated structure      
(Fig 3).The testes are very much similar to 
structure of ovary and its appearance looks 
like an H –like the gonophores opening located 
on the basis of the 5th pair of periopods. The 
role of hormone in spermatogenesis process 
is yet not clearly defined. (Ganji and Chan-
dra Nagaraju, 2011). In higher crustacean 
the androgenic gland is responsible for the 
male characteristics.

The internal reproductive structures of                        
M. rosenbergii are located in the cephalotho-
raxes. In males, they consist primarily of pairs 
of testis which are fused and lie mid-dorsally in 
the cephalothoraxes, giving rise to the vas def-
erens. The paired vasdeferens are simple tubes 
that end in terminal ampulla, which contain the 

A further more recent review paper was 
mainly focused on growth and reproduction in 
crustacean endocrinology (Fingerman, 1997; 
Subramoniam, 2000). Physiologically these 
compounds are peptides, steroids, terpenoids 
and biogenic amines.

Reproductive system in crustacean
Reproduction is the process by which species 
are perpetuated; it is one of the primary activi-
ties to maintain the contest of any organism 
in the biosphere in natural ecosystem. Repro-
duction is regulated by several extrinsic and 
intrinsic factors and physiology of reproduc-
tion in invertebrates leading to the production 
of gametes is not yet clearly defined. In most 
of the crustaceans the male and female sexes 
are easy to identify due to the some special 
morphological characteristics like appendages 
on the abdomen and second chelate legs. 
The second chelate leg of male are larger and 
stronger than female, the male transfers the 
spermatophore through the penis to female 
sexual opening. Sperm in spermatophores fer-
tilizes the eggs as they are laid. The fertilized 
eggs are attached to the female abdominal ple-
opods by long sticky threads secreted by the 
female (Fig. 2).

Endocrine Regulation in Crustacean

Fig. 1 Chemical structure of compounds play 
an important role in the regulation of crusta-
cean physiology process A) Ecdysteroids-20 
hydroxyecdysone, B) Terpenoids- Methyl 
fernosoate C)biogenic amines- Serotonin. 

EGGS

Fig. 2 Berried female M. rosenbergii lays their 
egg in abdomen through sticky thread.



57

Reproductive endocrinal regulation in decapod crustaceans

Female reproductive system

In the reproductive system of female crusta-
cean a paired ovaries, oviduct, gonophore and 
a outer sperm reception area is present, the 
ovaries are clearly identified at the matura-
tion stages which lie in the cephalothorax on 
the top of stomach and hepatopancears, ovi-
duct consist of a ovary laterally just beside 
the position of heart, it opens in the abdo-
men through a gonophore. At the maturity 
stage cephalothoracic region is filled with the 
ovary. In the immature stage the ovarian color 
is transparent and when the process of vitel-
logenesis is started the color of ovary changes 
from the pale yellow orange but at the stages 
of spawning the color of ovary become dark 
brown. Due to proliferation the oocyte diameter 
increases due to the yolk deposition (Ganji and 
Nagaraju, 2011) (Fig 4.)

In crustaceans, extensive quantities of yolk 
accumulation are the basic requirement of 
embryonic and larval development within the 
developing oocytes during maturation. This 
type of changes are by the deposition of yolk 
material in the oocytes, which causes oocytes 
diameter to increase to rapidly and in each 
new maturation stages the color of oocytes 
changes due to the presence of specific com-
ponents which is called carotenoid. In this case 

spermatophores and open at the gonophores on 
the coxae of fifth pereopods. During mating, the 
ampullae extrude the spermatophors, contain-
ing the sperm mass. Besides these structures, 
an androgenic gland is attached to the vas def-
erens. This Androgenic gland is the character-
istic feature of males in crustaceans. Mostly it is 
linked with the sub terminal ejaculatory region 
of the sperm duct. This gland is located at last 
walking leg of Male prawn between the mus-
cles of the coxapodite. The structure of Andro-
genic gland varies from one species to another 
species (Kleinholtz and Keller, 1979; Martin 
et al., 1990; Siddiqui et al., 1997). In the M. 
rosenbergii the androgenic gland is attached 
with the vas deferens (Awari and Dube, 1999). 
This gland secretes proteineceous substances 
(Taketomi, 1986; Awari and Dube, 1999). In the 
case of Macrobrachium rosenbergii surgical 
removal of the androgenic gland from juvenile 
M.rosenbergii at early developmental stage 
resulted in complete sex reversal, leading to 
the development of functional females capa-
ble of mating and producing progeny (Sagi et 
al., 1997a). Affect of androgenic gland on the 
expression of a vitellogenic-specific protein in 
the female and intersex Cherax quadricarinatus 
(Sagi et al., 1999), acquiescent the main role of 
the androgenic gland in change in sexual flex-
ibility of the species.

Fig. 3 Testis of male M. rosenbergii.

Fig. 4 Mature ovary of M. rosenbergii.

MATURE 
EGG
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thoracic ganglia (Otsu,1963) stimulates the  
ovarian development though the chemical 
nature, mode and site of action of GIH are well 
known (Huberman, 2000), but exact work of 
GSH has been not yet clearly defined. Study 
shows that the stimulatory effects of brain and 
thoracic ganglia arises on ovarian maturation 
(Fingerman, 1997). Thus, it appears that, the 
coordination between these two hormones is 
crucial in the regulation of ovarian maturation. 
It has been reported that the synthesis and 
release of GIH and GSH from XO/SG complex 
and brain and thoracic ganglia, respectively are 
believed to be modulated by biogenic amines 
(Richardson et al., 1991  and Fingerman, 
1997). Ecdysteroids like ecdysone, 20-hydrox-
yecdysone (20-oh-ecdysone) and 3-dehydro-
ecdysone have been isolated from the Y-organ 
and ovary of prawns. It is a non-neural epi-
thelial endocrine gland located in the maxil-
lary segment of cephalothoracic region (Bliss, 
1951; Chang, 1992; Isamal and New, 2001). 
Y–organ is the source of the molting hormone 
and they play central role in molting but their 
functional significance in spermatogenesis in 
male and vitellogenesis in female decapods 
crustacean is not yet clearly defined (Cormier 
et al., 1992). Mandibular organ of crustacean 
is a non neural endocrine gland situated in the 
cephalothoracic region just above the first pair 
of pleopods (Laufer et al., 1987). Mandibular 
organ (MO) secretes terpenoids like methyl 
farnesoate (MF) and Farnesoic acid (FA) which 
are mainly corcenerned with molting and play a 
critical role in reproduction (act as gonadotro-
pins) as suggested by (Laufer and Sagi, 1991; 
Laufer et al., 1993), reported that MF could 
be used as morphogens. This suggests the 
role of Methyl fernosoate in reproductive and 
morphogenesis of crustaceans though hexa-
hydroxyfernesyl acetone. Farnesyl-acetone 
have identified secretions of the androgenic 
gland (AG). Recent studies characterized 
two proteinaceous hormones like Androgenic 
gland hormone I (AHI) and Androgenic gland 
hormone II (AHII) which play important role in 
musculanization of prawns. These observation 

hemolymph vitellogenin concentration is a good  
indicator of the beginning of vitellogenesis dur-
ing early maturation, rapidly increasing until 
maturation. Vitellogenesis in crustacean is a 
complex physiological phenomenon (Adiyodi 
and Adiyodi, 1970; Nagabhushanam et al., 
1985; Subramoniam, 1999b). It is the pro-
cess of formation of yolk protein,the main yolk 
protein are Vitellin (vn) and Vitellogenin(vg) 
which are linked with the lipid and carbohy-
drate. Mostly crustacean egg is full of yolk 
(Adiyodi and Adiyodi,1970; Nagabhushanam 
et al;1985). Giant fresh water prawn is a peren-
nial breeders, and attains maturity at the length  
14 c.m (Rajyalakshmi, 1961; Rao, 1991).  
Macrobrachium rosenbergii attains four  
maturity stages (Rao and Tripathi, 1993).

Hormonal role in the case of reproduction 
in crustaceans

Crustaceans employ two important extetero-
ceptive stimuli like temperature and photo-
period for precise tuning of their reproductive 
(production of gametes) as well as moulting 
(growth by shedding of old exoskeleton) activi-
ties to the most suitable environmental condi-
tions. The shedding of exoskeleton is termed 
as ecdysis and the name of other phase is 
molt cycle. Shrimp undergoes several ecdyses 
before they attain juvenile size. With increase 
in size frequency of ecdysis is reduced, so 
control of growth is depend on the control of 
moulting. For long time, our knowledge regard-
ing neuro-endocrine control of reproduction 
in the prawn is concerned with the regulation 
of ovarian maturation in females. In the case 
of decapods, yet it is well known that repro-
duction is primarily controlled by two antago-
nistic peptide hormones which emerge from 
different origin: i) gonad-inhibiting hormone 
(GIH) is secreted from the X-organ-sinus 
gland    (XO/SG) complex, located in the eye-
stalks (Quackenbush,1989) which inhibits 
ovarian development and ii) gonad-stimulating 
hormone (GSH) secreted from the brain and 
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Luschen et al., 1993) and other organisms. 
Neurotransmitter such as serotonin (5-HT) and 
dopamine (DA) are known to various effects 
on decapods crustaceans, including ovarian 
maturation, which is observed by histological 
and histochemical method as well as ELISA. In 
prior studies neurotransmitter 5- HT is involved 
in the crustacean reproduction because its of 
stimulatory effects on gonadal development 
and maturation of male gonadal maturation in 
U. pugilator (Sarojini et al., 1995a) and female 
gonadal maturation in P.clarkii, Litopenaeus 
vannamei, and Penaeus monodon (Vaca and 
Alfaro, 2000; Wongprasert et al., 2006). Fur-
ther, 5- HT induces ovarian maturation both in 
vitro and in vivo and the stimulatory effect of 
5-HT on ovarian maturation is most probably 
mediated by triggering GSH which are released 
from the brain and thoracic ganglia (Vaca and 
Alfaro, 2000). The physiological role of 5-HT 
in the neuroregulation of shrimp remains to be 
clarified. The synthesis and release of these 
neurohormones in crustaceans are believed to 
be regulated by biogenic amines (Richardson 
et al., 1991), both 5-hydroxytryptamine (5-HT, 
serotonin) and DA. Dopamine is also present 
in the central nervous systems of crusta-
ceans (Fingerman et al., 1994) and works as a  
neurotransmitters/neuromodulators (Luschen 
et al., 1993)., It work as a neurotransmitter and 
is responsible for the stimulation of both pig-
ment concentrating hormone (PCH) (Finger-
man and Fingerman, 1977) and distal retinal 
pigment dark-adapting hormone (DRPDaH) 
(Kulkarni and Fingerman, 1986). In the fid-
dler crab, Uca pugilator it has also been dem-
onstrated that dopamine also promotes the 
crustacean hyperglycemic hormone from the 
X organ–sinus gland complex of Orconectes 
limosus and the shore crab, Carcinus maenas 
(Luschen et al.,1993). The tiger shrimp Penaeus 
monodon Kuo et al., 1995 and the freshwater 
giant prawn M. rosenbergii (Kuo and Yang, 
1999). Dopamine works as an antagonist of 
5-HT which stimulates the testicular maturation 
in the fiddler crab, U. pugilator (Sarojini et al., 
1995a) and the red swamp crayfish, P. clarkia 

suggest that modulation of reproduction in 
prawns are controled by a multi-hormonal sys-
tem. In this factors of different chemical nature 
and origin play direct or indirect role in gonadal 
development, sexual differentiation and  
mating behavior. 

Role of neurotransmitter (biogenic amines) 
on gonadal maturation of crustacean

Biogenic amines are mostly involved in the 
physiological activity in decapods (Fingerman, 
1997). It plays dual work, first as neuroregu-
lators and second as a neurohormones. They 
put their effects on target tissues (Fingerman 
and Nagabhushanam, 1992; Luschen et al., 
1993; and Sneddon et al., 2000. Sainath et al., 
2011). Neurohormones play most important 
role in the reproduction of the crustacean, 
and neurotransmitter involves in the forma-
tion and release of number of neurohormones 
(Richardson et al., 1991). There are two basic 
antagonistic neurohormones which regulate 
the gonadal maturation; gonad inhibiting hor-
mone (GIH), released from the X-organ sinus 
gland in the eyestalk optic lobes of crustaceans 
inhibits the gonadal maturation and the gonad 
stimulating hormone (GSH), released from the 
brain and thoracic ganglia, which are involved 
in stimulating the gonadal maturation. Vitello-
genesis-stimulating hormone (VSH) also called 
gonad-stimulating hormone, (GSH) is released 
from the brain and thoracic ganglia (Eastman-
Reks and Fingerman, 1984) and methyl-
farnesoate from the mandibular organ (Laufer 
et al., 1993). The synthesis and release of 
neurohormones in crustacean are believed to 
be regulated by biogenic amines (Richerdson 
et al., 1991). A neurotransmitter 5-Hydroxy-
tryptamine (5-HT) also called serotonin present 
in the central nervous system of crustaceans 
(Butler and Fingerman, 1983; Laxmyr, 1984; 
Fingerman et al., 1994). It functions as a neu-
rotransmitter which stimulates the release of 
the ovary (OV)-stimulating hormone in the fid-
dler crab Uca pugilator, red swamp crayfish 
Procambarus clarkia (Richardson et al., 1991; 
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significant increase by the injection of Dopamine  
(2± 0.03) in comparison to control and seroto-
nin injected prawn. On the other hand, GSI 
values differed significantly by the injection of 
these neurotransmitter (P<0.05), (Fig.5).

After the histological observations of the 
ovary, in the case of control the ova diam-
eter was 31.1±0.23µm to 57.1±0.13 µm 
and no significant changes were observed 
neither in gonado somatic index nor in the 
oocytes diameter in control in 21 days 
experimental period. Administration of DA 
did not result in any significant changes in 
gonado somatic index and in the oocytes 
diameter (30.8.±0.23µm to 46.8 ±0.11 µm) in 
the comparison of control during the experi-
mental duration. On the other hand, injec-
tion of serotonin significantly increases the 
gonad somatic index and oocytes diameter 
(45.7±0.15µm to 247.4 ±0.15µm. Fig. 6, 7&8).

The histological observations of the ovary from 
DA injected prawn indicated that the ovaries 
were at immature stages, whereas the ovary of 
experimental prawn treated with serotonin was in 
vitellogenic stages which could be evidenced by 
the appearance of yolk globules in the oocytes of 
the fresh water prawn M. rosenbergii. Therefore, 
it has been suggested that these two biogenic 
amines play opposite roles in controlling ovarian 
development and oocyte maturation in prawn.

(Sarojini et al., 1995b) and ovarian maturation 
in P. clarkii. Many neurotransmitters have been 
shown to affect the release of these reproduc-
tive hormones like dopamine (DA) stimulates 
GIH in eyestalk (Fingerman, 1997) and inhib-
its GSH in thoracic ganglia. While serotonin 
(5-HT) stimulate GSH release (Fingerman, 
1997). 5-HT also involves in the stimulation of 
other hormones, including crustacean hyper-
glycemic hormone (CHH) (Keller and Beyer, 
1968) red pigment dispersing hormone (RPDH) 
(Rao and Fingerman, 1970) molt inhibiting 
hormone (MIH) (Chang, 1985;Mattson and 
Spazaini, 1985) and black pigment dispersing 
hormone (BPDH). In addition, it was reported 
that female crayfish, Procambarus clarkii, 
given 5-HT exhibited a significant increase in 
ovarian index and oocyte size (Sarojini et al., 
1995). Similar results are reported from several 
crustacean species, with a substantial increase 
of vitellogenin content in the hemolymph dur-
ing vitellogenesis (Lee, 1991). Vitellogenesis 
acts as a biomarker in female reproductive 
activities, which indicate that the vitellin accu-
mulation gradually increased in oocytes during 
ovarian development (Quackenbush, 1989). 
In our study the effect of neurotransmitters on 
the ovarian development and vitellogenesis 
in the adult fresh water prawn M. rosenbergii 
was studied with the analysis of GSI and quan-
tification of vitellogenin in hemolymph of both 
control and treated prawns. The 5-HT treated 
prawn showed observable histological changes 
resulting in shortening the period of the ovar-
ian development as well as increase Gonado 
somatic index and oocyte diameter whereas 
dopamine had the opposite effect. 

Gonado Somatic Index (GSI)

GSI is the main sign of ovarian development. 
The GSI was gradually increased during 
experimental period by the injection of seroto-
nin. The GSI value in control is 2.9± to 0.04 
and GSI value increased to 3.88 ± 0.88 by the 
injection of serotonin. Whereas, GSI show no  

Fig. 5 GSI of control and experimental  
M .rosenbergii treated with dopamine (DA) 
and serotonin (5- HT).
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progesterone (P) have been implicated with 
encouragement of ovarian maturation in differ-
ent crustacean species. Vertebrate-type sex 
hormones have been reported to be found in the 
hepatopancreas, ovary, and the hemolymph of 
crustaceans, their levels changes in correlation 
with the oocyte maturation cycle. It clarifies a 
positive correlation between vitellogenin (VTG) 
circulating levels and hemolymph levels of pro-
gesterone and 17-β estradiol (E2) have been 
reported for crabs (Shih, 1997; Warrier et al., 
2001; Zapata et al., 2003) and shrimps (E.coccia 
et al., 2010). Mostly the stimulatory effects of 
some vertebrate-type sex hormone such as 
17β-estradiol and progesterone on ovarian 
growth on decapods have already been seen. 
In the crayfish M. rosenbergii, 17β-estradiol 
behaved as a metabolic activator at the cellu-
lar level causing an increase in mitochondrial 
ATP-ase, cytosolic malate dehydrogenase, and 
glucose-6-phosphate dehydrogenase in the 
hepatopancreas (Ghosh and Ray, 1993a). In 
the case of Procambarus clarkii, 17β-estradiol 
(E2) and 17-hydroxyprogesterone produced 
a significant increase in the gonadosomatic 
index, while in latter significant increase in 
oocyte diameter (Rodriguez et al., 2002b). In 

The effect of vertebrate type sex hormone 
on the reproduction of crustaceans

Several hormonal factors such as methyl 
farnesoate, a structural homologue of insect 
juvenile hormone, ecdysteroids as well as ver-
tebrate steroids like 17β-estradiol (E2) and 

Fig. 6 Ovary of experimental control females 
M. rosenbergii (Neurotransmitter) showing oo-
gonia and oocytes at previtellogenic oocytes 
(PVO), FC: follicular cells; H&E × 200.

EN

FC

PVO

Fig. 7 Ovary of experimental dopamine treat-
ed females M. rosenbergii (Neurotransmitter) 
Showing; NVO: no vitellogenic oocytes, GZ: 
germinal zones; H&E × 200.

GZ

NVO

Fig. 8 Enlarged view of Ovary of experimental 
Serotonin (5-HT) treated females M. rosenber-
gii (Neurotransmitter) showing VO: Vitellogen-
ic oocytes, YG: yolk globules; H&E ×400.

YG

EX

VO
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kidney, hepatopancreas, hemolymph, ovary and 
testis of the crustaceans (Yano, 1985; Subramo-
niam, 1999). This type of work also helps to under-
stand the mechanism of hormonal role in gonadal  
maturation of the commercially important 

the case of crustaceans there is evidence that 
vitellogenin is synthesized in several tissues 
including the hepatopancreas and the ovary 
itself (Shafir et al., 1992; Khayat et al., 1994; 
Lee and Chang, 1999).In these organisms, 
secondary vitellogenesis is accompanied by 
the accumulation of yolk, composed of lipids, 
carbohydrates, and proteins (Adiyodi and Sub-
ramoniam, 1983) circulating in the hemolymph 
as VTG, a high-density lipoprotein (HDL) (Lee 
and Puppione, 1988,Abdu et al., 2000.In our 
study the effect of the sex steroids 17-βestradiol 
and progesterone on giant freshwater prawn 
reproduction, is used as VTG marker. Female 
Macrobrachium rosenbergii which are injected 
with Progesterone and estradiol for ovarian 
development in comparison of control shows 
the appearance of many primary granule stage 
(PGS) oocytes contained in extensive accu-
mulation of yolk granules dispersed throughout 
the cytoplasm.(Fig.9,10 and 11.)

The oocytes are in mature stage after the treat-
ment of vertebrate type sex hormone in the 
comparison of control Vitellogenesis in crusta-
cean is a complex physiological phenomenon, 
(Nagabhusnam et al., 1985; Subramoniam, 
1999b), Majority of decapods crustacean have 
yolky eggs. Hence vitellogenesis is the process 
of yolk synthesis and deposition is a crucial 
event in the female gametogenesis. Vitellin and 
lipovitelline is a major protein that is formed in 
the ovary during the process (Adiyodi and Adi-
yodi, 1970; Nagabhusnam et al., 1985). 

The aim of this study is to present the physi-
ological effects of DA on ovarian development 
of the decapods M. rosenbergii, and to explore 
its mechanism of action. Further attempt will be 
made to record the effect of the vertebrate type 
sex hormones (Progesterone and 17-βestradiol) 
on the ovarian maturation and egg quality of 
the crustacean. Several crustaceans have the 
ability to synthesize the vertebrate type sex 
hormone such as progesteron; 17-βestradiol 
and testosterone have been reported 
from various non–reproductive as well as  
reproductive organs such as mandibular organs, 

Fig. 9 Ovary of experimental control females          
M .rosenbergii vertebrate type sex hormone) 
showing pre Vitellogenic oocytes (PVO) H&E × 
200.

EY

EY

Fig. 10 Ovary of M. rosenbergii treated with 
progesterone showing the appearance of many 
primary granule stage (pyg) oocytes contained 
extensive accumulation of yolk granules dis-
persed throughout the cytoplasm. H&E × 200.

EN
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