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The present study demonstrates the influence of serotonin (5-HT) and dopamine (DA) on
gonadosomatic index (GSI), oocyte diameter (OD) and hepatosomatic index (HSI); histology of
the ovary; total lipid, triglycerides, free fatty acids and lipase activity in the hepatopancreas and
ovaries of Macrobrachium rosenbergii. Injection of 5-HT and DA significantly increased and
decreased the gonadosomatic index, oocyte diameter and hepatosomatic index respectively.
Similarly, 5-HT and DA injections increased and decreased total lipid and triglycerides respectively
in the hepatopancreas and ovary. However, 5-HT injection decreased free fatty acid and lipase
activity while DA injection increased free fatty acids and lipase activity in the hepatopancreas
and ovary. Histological observations of the ovary, showed that while 5-HT increases ovarian
maturation with regard to arrangement and enlargement of oocytes in oogonia of the ovary, DA
was found to cause decreased effect on the same. Present results clearly showed the
involvement of 5-HT and DA in the regulation of ovarian maturation in M.rosenbergii.
Keywords:
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the actions of which are antagonistic to each other
(Adiyodi and Adiyodi, 1970; Huberman, 2000;
Chang et al., 2001; Zapata et al., 2003). In
majority of the malacostracan crustaceans,
eyestalk is the principal endocrine organ which
secretes different neuropeptides responsible for
regulating ovarian maturation.

INTRODUCTION
Reproduction in crustaceans is controlled by
gonad inhibiting hormone (GIH) secreted from the
X-organ –sinus gland complex of the eyestalk and
a gonad stimulating hormone (GSH) secreted by
the brain/ thoracic ganglion of maturing female,
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Komali et al., 2005). The classical neuroregulators
in crustaceans are biogenic amines, which
include acetylcholine, gamma amino butyric acid,
dopamine (DA), 5-hydroxy tryptamine (5-HT;
serotonin), norepinephrine and octopamine
(Fingerman and Nagabhushanam, 1992). In
crustaceans, biogenic amines function mainly as
neurotransmitters and neuromodulators in the
nervous system, with some molecules serving
as circulating neurohormones (Luschen et al.,
1993; Sneddon et al., 2000). In general steroids
are biologically active in crustaceans and have
been found in the ovary of Penaeus monodon at
different stages of vitellogenesis (Fairs et al.,
1990). The ovarian development and oocyte
maturation in crustaceans may be regulated by
steroid hormones similar to that in teleost fish
and amphibia. For instance, 17 alpha-hydroxyprogesterone induced vitellogenin secretion in
Penaeus japonicus (Yano, 1987; Alfaro, 1996). A
completely new approach to induce gonadal
maturation and spawning defined by Fingerman
(1997b.) attributes a major role for neurotransmitters in regulating gonadal maturation.
Sarojini et al. (1995) established that
5-hydroxytryptamine induces ovarian maturation
in vivo and in vitro, in Procambarus clarkii, by
stimulating the release of a gonad-stimulating
hormone from the brain and thoracic ganglia.

Eyestalk ablation induces ovarian maturation
and spawning in penaeid shrimps (Panouse,
1943; Browdy, 1992). It has been reported that
eyestalk ablation eliminates reproductive
hormones including gonad-inhibiting hormone
(GIH) and mandibular organ inhibiting hormone
(MOIH), produced and secreted from the X-organ
sinus gland complex (Huberman, 2000;
Okumura, 2004). Although this method provides
a reliable means to obtain oocyte maturation and
spawning, it causes deterioration in egg quantity
and quality over time, as well as limited use of
the female brood stock (Vaca and Alfaro, 2000).
Eyestalk ablation suspends the controls on a
large number of body functions, so that females
divert all their energies into frequent bouts of egg
production, leading to a loss in egg quality and
eventual death. However, many alternative
approaches have been proposed to replace
eyestalk ablation, one of which is the endocrine
manipulation. Attempts have been made to apply
many reproductive related factors identified in
crustaceans, including peptide hormones, and
steroids, in order to obviate eyestalk ablation. It
has been reported earlier that oocyte development
can be stimulated in the sand shrimp, Crangon
crangon, by human chorionic gonadotropin (HCG)
(Bomirski and Klek-Kawinska, 1976). Similar
results have been obtained using terpenoid
hormones including methyl farnesoate (MF) or
juvenile hormone-III (JH-III), which stimulate
ovarian maturation and increase oocyte diameter
in Penaeus vannamei (Tsukimura and
Kamemoto, 1991).

The hormonal control of decapod reproduction
was extensively studied in P.clarkii, and the
lobster, Homarus americanus, in which a number
of hormones from neuroendocrine and endocrine
organs play a key role in controlling the gonad
development and secondary sexual characteristics
(Van Herp and Soyez, 1997; Chen et al., 2003).
At least two antagonistic neurohormones regulate
the gonadal maturation: gonad inhibiting hormone
(GIH), released from the sinus gland in the

It has been reported that neuroregulators,
including neurotransmitters and neuromodulators,
mediate and control, through different
mechanisms, the release and physiological
actions of neurohormones (Kuo et al., 1995;
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in freshwater prawns are scanty. Though oocyte
diameter was measured in some studies, the
effects of 5-HT and DA on gonadosomatic index,
hepatosomatic index, concentration of total lipid,
triglycerides and free fatty acids in the ovaries
and hepatopancreas have not been assessed in
parallel.

eyestalk optic lobes of both sexes, inhibits gonadal
maturation, while gonad stimulating hormone
(GSH), believed to be secreted by the
supraoesophageal and thoracic ganglia,
stimulates gonadal maturation. Several
neurotransmitters have been shown to affect the
release of these reproductive hormones. For
instance, while dopamine (DA) stimulates the
secretion of GIH from the eyestalk (Fingerman,
1997), 5HT stimulates the release of other
hormones, including crustacean hyperglycemic
hormone (CHH) (Keller and Beyer, 1968), red
pigment dispersing hormone (RPDH) (Rao and
Fingerman, 1970), molt inhibiting hormone (MIH)
(Chang, 1985; Mattson and Spaziani, 1985) and
black pigment dispersing hormone (BPDH)
(Bauchau and Mangeot,1966). Serotonin has
been shown to induce reproduction in the crayfish,
P.clarkii ; the lobster, H.americanus (Kulkarni et
al., 1992; Fingerman, 1997), the giant freshwater
prawn M. rosenbergii (Meeratana et al., 2006),
P.monodon (Wongprasert et al., 2006),
Litopenaeus vannamei and L. stylirostris Alfaro
et al., 2004 as well as P. semisulcatus (Aktas,
2005). Serotonin on the other hand is reported to
inhibit GIH or stimulate GSH in decapod
crustaceans (Sarojini et al., 1995; Fingerman,
1997; Tinikul et al., 2008). Recently, it has been
reported that GnRH plays an important role in the
development of ovary in P.monodon
(Ngernsoungnern et al., 2008), and serotonin
induces ovarian maturation by increasing
vitellogenin accumulation in Fenneropenaeus
indicus (Santoshi et al., 2009).

MATERIALS AND METHODS
Macrobrachium rosenbergii (13±1g biomass),
the giant freshwater prawn, collected from
Sathyanarayana Commercial Aquafarm, Leburu
village, Nellore District, Andhra Pradesh were
transferred to the laboratory in clean plastic
containers half filled with filtered aerated pond
water. Prawns were maintained in the laboratory
holding tanks for a week in continuously aerated
and filtered bore well water at 28 ± 10C with a 12
h: 12 h light-dark cycle. During this period, prawns
were fed ad libitum with commercial pelleted feed
(CP Aquaculture India Ltd., Chennai, India) once
a day after changing at least 25% of the ambient
medium. A constant biomass: water volume ratio
(1g/L) was maintained throughout. Experiments
were carried out only with healthy intermoult (C4)
female prawns one week after acclimatization.
Feeding was stopped 24 h before the start of
experiments and no food was provided during
experimentation.
The biogenic amines, 5-hydroxytryptamine (5HT) and dopamine (DA) were obtained as
hydrochlorides from Sigma Chemical Co.
(St. Louis, MO). All test solutions were prepared
afresh in degassed crustacean saline (Van
Harreveld, 1936) before the start of each
experiment to avoid oxidation. The biogenic
amines were tested in concentrations ranging
between 10-10 and 10-4 mol/prawn in a volume of
10µl.

Although these studies provide evidence that
administration of DA and 5-HT influence ovarian
maturation in several marine decapod
crustaceans, it is quite clear that similar studies
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gonadosomatic index was calculated using the
following formula

Healthy prawns selected for the experiments
were divided into eight groups, with each group
consisting of six individuals. The first group
received no treatment. The second group served
as concurrent control, with each prawn being
injected with 10µl crustacean saline through the
base of the coxa of the second pair of walking
legs on 0, 7 and 14d respectively. Prawns in
groups 3 and 4 independently received injections
of 5-HT and DA @10-5 mol/prawn in a final volume
of 10µl at the same time intervals similar to the
concurrent controls. Prawns were sacrificed on
7, 14 and 28 d for determination of
gonadosomatic index, hepatosomatic index,
oocyte diameter, lipids, triglycerides, free fatty
acids, lipase activity and histology of the ovary.
Both eyestalks were ablated from all experimental
prawns in groups 5-8. The eyestalks were
extirpated by cutting them off at the base with
post operative cautery of the wound. Group 5
prawns simply served as eyestalkless normals
and group 6 prawns received 10µl crustacean
saline served as eyestalkless controls. Prawns
in groups 7 and 8 were injected independently
with 10-5 mol of 5-HT and DA respectively, in a
10µl volume for measurement of total lipids,
triglycerides, free fatty acids, lipase, oocyte
diameter, gonadosomatioc index, hepatosomatic
index and histology.

Gonadosomatic index (GSI) 
Wet weight of the gonads
X 100
Wet weight of the whole animal

HEPATOSOMATIC INDEX
(HSI)
Prawns were taken out of the water, blotted dry
with a filter paper and total weights recorded to
the nearest milligram using an electronic balance.
The shell was removed and the hepatopancreas
of each prawn carefully isolated, blotted dry with
a filter paper and weight was recorded to the
nearest milligram. The hepatosomatic index of
each prawn was calculated by using the following
formula,
Hepatosomatic index (HSI) 
Wet weight of the hepatopancreas
X 100
Wet weight of the whole animal

OOCYTE DIAMETER
After 24 h fixation in aqueous Bouin’s fluid, the
ovaries were dehydrated through an alcohol
series, cleared in xylene and embedded in
paraffin. Subsequently 5 µm sections were cut,
stained with hematoxylin-eosin and permanent
slides prepared. The diameter of the oocytes from
each ovary were measured using an ocular
micrometer on a compound microscope in the
following manner.

GONADOSOMATIC INDEX (GSI)
Prawns were taken out of the water tank, blotted
dry with a filter paper and total weights recorded
to the nearest milligram using an electronic
balance. The shell was removed and the gonads
carefully isolated and blotted with a filter paper to
remove moisture. Total weight of the reproductive
tissue was recorded to the nearest milligram. The

Ocular micrometer, a glass disc with 100
equality spaced divisions, was put inside the eye
piece and was calibrated by superimposing the
graduations of ocular micrometer over
graduations of the stage micrometer, having a
known scale of 1mm. By determining the number
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were 12, 17 and 20 in GSI; 13.0, 13.0 and 13.0 in
HSI and 11.0, 13.0 and 15.0 in OD respectively
on 7, 14 and 28d. However, injection of 5-HT and
DA did not cause any significant changes in GSI,
HSI and OD in eyestalkless prawns compared to
those in saline injected control prawns.

of ocular micrometer divisions coinciding with the
number of divisions on stage micrometer, the
calibration factor for one ocular division was
calculated for the objective and ocular lens by
using the following formula
One ocular division (in µm) 
No. of divisions on stage micrometer
No. of divisions on ocular micrometer

Injection of 5-HT significantly (<0.001)
increased TL and TGS and decreased FFA and
LA in the ovary and hepatopancreas of intact
prawns (Tables 2 and 3). The percent increases
were 27.0, 41.0 and 50.0 in the TL; 36.0, 53.0
and 61.0 in TGS of hepatopancreas; 42.0, 70.0
and 91.0 in TL and 54.0, 92.0 and 96.0 in TGS of
ovary compared to the respective saline injected
controls on 7, 14 and 28d PITP. The percent
decreases were 27.0, 35.0 and 47.0 in FFA and
8.0, 12.0 and 27.0 in LA of the hepatopancreas;
29.0, 47.0 and 59.0 in FFA and 13.0, 21.0 and
26.0 in LA of the ovary compared to the respective
saline injected controls on 7, 14 and 28 PITP.
Conversely injection of DA significantly decreased
(<0.001) TL and TGS and increased FFA and LA
in the ovary and hepatopancreas of intact prawns
(Tables 2 and 3). The percent decreases were
20.0, 21.0 and 23.0 in the TL and 27.0, 26.0 and
28.0 in the TGS of the hepatopancreas; 17.0, 18.0
and 20.0 in the TL and 24.0, 25.0 and 26.0 in the
TGS of the ovary compared to the respective
saline injected controls on 7, 14 and 28d post
injection. The percent increases were 17.0, 17.0
and 18.0 in FFA and 12.0, 13.0 and 14.0 in LA of
the hepatopancreas; 10.0, 10.0 and 11.0 in FFA
and 14.0, 14.0 and 15.0 in LA of the ovary
compared to the respective saline injected
controls on 7, 14 and 28d post injection. However,
injection of 5-HT and DA did not cause any
significant changes in TL, TGS, FFA and LA in
both the hepatopancreas and ovary in

X 100

Total lipid was estimated by the method of
Folch et al. (1957); Triglycerides by hydrolyzing
them to glycerol and by measuring the amount of
glycerol liberated (Natelson, 1971); Free fatty
acids by the method of Natelson (1971) and
Lipase activity by the method of Colowick and
Kaplan(1955).

RESULTS
This study presents results on the effect of 5-HT
and DA (10-5 mole in a final volume of 10µl per
prawn) on the gonadosomatic index (GSI), oocyte
diameter (OD), hepatosomatic index (HSI), total
lipids (TL), triglycerides (TGS), free fatty acids
(FFA) and lipase activity (LA) in the
hepatopancreas and ovaries of intact and
bilaterally eyestalk ablated giant freshwater prawn
M. rosenbergii.
Injection of 5-HT significantly increased GSI, HSI
and OD in intact prawns on 7, 14 and 28d post
injection time periods (PITP) compared to the
respective saline injected controls (Table 1). The
percent increases were 98, 311 and 543 in GSI;
77, 315 and 690 in HSI and 55, 422 and 651 in
OD respectively on 7, 14 and 28d. On the other
hand injection of DA significantly (<0.001)
decreased GSI, HSI and OD in intact prawns on
7, 14 and 28d PITP compared to the respective
saline injected controls. The percent decreases
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Table 1: Effect of injection of 5-hydroxytryptamine and dopamine on gonadosomatic index,
hepatosomatic index and oocyte diameter in intact and eyestalk ablated M. rosenbergii.
Values are mean ± SD of six individual observations
Gonadosomatic Index (GSI)
Treatments

Control

Hepatosomatic-index (HSI)

Days

Oocyte Diameter (OD) (µm)

Days

Days

7

14

28

7

14

28

7

14

28

Intact

0.64±0.062

0.82±0.095

0.94±0.083

3.75±0.094

3.82±0.151

3.98±0.176

49.83±4.22

60.33±5.8

91.83±7.673

Ablated

1.19±0.04

3.34±0.12

5.57±0.36

4.35±0.14

5.24±0.06

5.73±0.11

75.98±5.21

309.9±110.87

682.33±22.51

Intact

1.27s±0.074

3.44s±0.094

6.05s±0.156

4.47s±0.247

5.43s±0.325

5.96s±0.427

77.33s±4.875

315.16s±12.36 690.1s±20.300

Ablated

1.3ns±0.06

3.51ns±0.22

6.15ns±0.14

4.52ns±0.27

5.51ns±0.09

6.12ns±0.12

79.43ns±6.74

319.7ns±7.15 693.29ns±17.96

Intact

0.56s±0.003

0.68s±0.078

0.75s±0.095

3.26s±0.142

3.32s±0.262

3.44s±0.345

44.33s±5.693

52.16s±4.69

Ablated

1.03ns±0.07

3.29ns±0.18

5.48ns±0.29

4.23ns±0.25

5.02ns±0.22

5.64ns±0.24

73.29ns±6.51 304.31ns±10.25 677.4ns±18.60

(Saline
injected)
5-HT Injected

DA-Injected

78.33s±6.19

Table 2: Effect of injection of 5-hydroxytryptamine and dopamine on total lipid, triglycerides,
free fatty acids and lipase activity in the hepatopancreas of intact and eyestalk ablated
M. rosenbergii. Values are mean ± SD of six individual observations
Triglycerides

Total Lipid
Treatments

Days
7

Control

5-HTInjected

DAInjected

14

Free Fatty Acids

Days
28

7

14

Lipase Activity

Days
28

7

14

Days
28

7

14

28

Intact

26.36
±2.384

27.46
±3.264

28.39
±2.873

4.23
±0.358

4.51
±0.389

5.01
±0.465

8.53
8.38
±0.715 ±0.765

8.22
±0.819

9.03
±0.758

8.91
±0.842

8.85
±0.776

Ablated

36.96
±4.589

45.81
±5.619

53.91
±5.341

6.22
±0.441

8.43
±0.666

9.72
±0.816

6.12
4.52
±0.398 ±0.489

3.45
±0.288

7.98
±0.798

6.92
±0.430

6.63
±0.569

Intact

37.40s
±3.752

46.82s
±4.369

54.38s
±5.156

6.51s
±0.479

8.67s
±0.762

9.84s
±0.857

6.02s
4.46s
±0.546 ±0.394

3.37s
±0.236

7.84s
±0.534

7.05s
±0.629

6.54s
±0.532

Ablated

38.24ns
±4.136

47.48ns
±5.462

55.95ns
±5.874

6.45ns
±0.563

8.73ns
±0.675

9.91ns
±0.749

5.95ns
4.32ns
±0.472 ±0.392

3.21ns
±0.212

7.69ns
±0.593

7.21ns
±0.418

6.33ns
±0.476

Intact

21.75s
±1.587

22.08s
±2.025

22.76s
±1.837

3.41s
3.21s
±0.238 ±0. 326

3.73s
±0.352

9.38s
9.24s
±0.345 ±0.217

9.14s
±0.452

10.35s
±0.592

10.23s
±0.671

10.17s
±0.859

Ablated

36.92ns
±3.793

43.93ns
±5.352

51.65ns
±4.754

6.03ns
±0.725

8.16ns
±0.589

9.34ns
±0.831

6.37ns
4.71ns
±0.448 ±0.593

3.69ns
±0.189

8.13ns
±0.658

7.1ns
±0.446

6.82ns
±0.513

Note: Means with the superscript (s) shows significantly different (P<0.001); (ns) shows no significant from each other.

eyestalkless prawns compared to those in saline
injected control prawns.

and late previtellogenic (OC2) oocytes on 7d PITP
(fig-d); however on 28d PITP the ovary showed
significantly more number of fully matured
oocytes (MOC) and the entire globule was found
to be filled with yolk (fig-f). On the other hand the
ovary of the DA injected prawns showed large
number of oogenic oocytes (Og) and less number
of early previtellogenic oocytes (OC1) but no late
previtellogenic oocytes (OC2) on 7d PITP (fig-g);

Histological observations of the ovary of the
intact prawns injected with 5-HT and DA revealed
contrasting results with regard to the pattern of
oocyte development compared to those in control
prawns. The ovary of the 5-HT injected prawns
showed less number of oogenic oocytes (Og)
and more number of early previtellogenic (OC1)
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Table 3: Effect of Injection Of 5-hydroxytryptamine and Dopamine on Total Lipid,
Triglycerides, Free Fatty Acids and Lipase Activity in the Hepatopancreas of Intact And
Eyestalk Ablated M. rosenbergii (Values are Mean ± SD Of Six Individual Observations)
Triglycerides

Total Lipid
Treatments

Days
7

Control

5-HTInjected

DAInjected

14

Free Fatty Acids

Days
28

7

14

Lipase Activity

Days
28

7

14

Days
28

7

14

28

Intact

31.29
±2.191

32.40
±2.592

33.96
±1.974

5.36
±0.285

5.50
±0.473

5.69
±0.525

7.55
7.42
±0.654 ±0.574

7.33
±0.458

8.32
±0.462

8.20
±0.591

8.04
±0.873

Ablated

39.45
±4.158

45.37
±5.744

50.64
±5.251

7.11
±0.689

8.24
±0.740

8.98
±0.771

5.58
4.92
±0.457 ±0.264

3.95
±0.350

7.73
±0.624

7.32
±0.479

5.81
±0.341

Intact

39.73s
±2.743

45.81s
±3.852

50.95s
±4.648

7.29s
±0.346

8.42s
±0.646

9.16s
±0.846

5.49s
4.81s
±0.469 ±0.387

3.88s
±0.265

7.67s
±0.167

7.24s
±0.327

5.84s
±0.431

Ablated

40.15ns
±3.326

46.34ns
±4.638

51.52ns
±5.41

7.42ns
±0.467

8.55ns
±0.146

9.25ns±
0.582

5.35ns
4.67ns
±0.378 ±0.291

3.73ns
±0.186

7.51ns
±0.584

7.14ns
±0.429

5.79ns
±0.373

Intact

25.05s
±1.580

25.69s
±1.894

26.07s
±1.977

3.93s
±0.183

4.02s
±0.391

4.11s
±0.432

8.82s
8.73s
±0.686 ±0.659

8.64s
±0.819

9.34s
±0.583

9.25s
±0.749

9.16s
±0.683

Ablated

38.44ns
±3.132

43.85ns
±4.201

48.51ns
±4.643

6.63ns
±0.426

7.86ns
±0.395

8.88ns
±0.574

5.72ns
5.12ns
±0.278 ±0.351

4.14ns
±0.292

7.8ns
±0.455

7.51ns
±0.386

6.08ns
±0.435

Figures a, b, c: Histological observations of the ovary of female M. rosenbergii (Figure-a)
only oogenic oocytes (Og) and early previtellogenic oocytes (OC1) (7d saline post injection);
(Figure-b) Early and late previtellogenic oocytes (OC1 & OC2) (14d saline post injection);
(Figure-c) more early and late previtellogenic oocytes and early vitellogenic oocytes
(28d saline post injection)
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Figures d, e, f: Histological observations of the ovary of female M. rosenbergii (Figure-d) Less
oogenic oocytes (Og) and more early and late previtellogenic oocytes (OC1& OC2) (7d 5-HT
post injection); (Figure-e) Early and late previtellogenic oocytes (OC1 & OC2), early and
vitellogenic oocytes (OC3 & OC4) (14d 5-HT post injection); (Figure-f) few late vitellogenic
oocytes (OC4) and fully mature oocytes (MoC) (28d 5-HT post injection)

are primarily involved in the regulation of glucose
metabolism and reproduction in decapod
crustaceans (Luschen et al., 1993; Lee et al.,
2000, 2001). It has been reported that biogenic
amines indirectly influence metabolism and
reproduction in decapod crustaceans by
modulating the release of neurohormones
including CHH and GIH from the eyestalks
(Luschen et al., 1993).

however, on 28 PITP the ovary did not show fully
mature vitellogenic oocytes but showed only early
and late previtellogenic oocytes (Figure-i).

DISCUSSION
Neuropeptides synthesized and stored in the XOSG complex play an important role in regulating
physiological processes in crustaceans (Kuo and
Yang, 1999). Among them CHH, first reported as
a diabetogenic factor in the eyestalks of decapod
crustaceans by Abramowitz et al. (1944) and, GIH

Results presented in this study indicate that
5-HT and DA are involved in the regulation of
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Figures g, h, i: Histological observations of the ovary of female M. rosenbergii (Figure-g) only
oogenic oocytes (Og) and few early previtellogenic oocytes (OC1) (7d DA post injection);
(Figure-h) Less early and late previtellogenic oocytes (OC1 & OC2) (14d DA post injection);
(Figure-i) More early previtellogenic and few late previtellogenic oocytes and also few early
vitellogenic oocytes (28d DA post injection)

ovarian development and lipid metabolism in the
giant freshwater prawn, M.rosenberegii. Injection
of 5-HT caused a significant increase in GSI, HSI
and OD 28d post injection (Table 1), clearly
indicating that 5-HT is involved in the stimulation
of gonadal maturation in M.rosenbergii which
corroborates with earlier studies in other decapod
crustaceans (Richardson et al., 1991; Kulkarni
et al., 1992; Sarojini et al., 1995; Alfaro et al., 2004;
Tinikul et al., 2008). Meeratana et al. (2006) also
reported a significant increase in the ovarian index
in M.rosenbergii following injection of 5-HT. In vitro

studies suggest that serotonin stimulated the
release of GSH from the brain and thoracic
ganglion in crustaceans (Kulkarni et al.,1992).
5-HT, known to occur in the neuroendocrine cells
of crustaceans including crabs (Fingerman et al.,
1994) and freshwater prawns (Komali et al.,
2005), is reported to regulate the release of
several neuropeptide hormones including GIH
from the XO-SG complex (Mattson and Spaziani,
1985). These studies and observations support
the present results and suggest that 5-HT induced
ovarian/gonadal maturation is, perhaps, mediated
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by triggering the release of GSH (Vaca and Alfaro,

HT and DA receptors in the thoracic ganglion of

2000; Kumlu, 2005; Meeratana et al., 2006).

shrimps (Ongvarrasopone et al., 2006; Sosa et

Probably serotonin concentrations in the brain and

al., 2004; Tiu et al. 2005).

thoracic ganglion might have reached maximum

Results of this study also clearly show that
there was an increase in oocyte diameter upon
injection of 5-HT and a decrease upon injection
of DA during 28d post injection (Table 1). In
general, in crustaceans, the size of the ovary
increases because of accumulation of
lipoproteins and yolk granules. For example,
(Raikhel and Dhadialla, 1992; Sappington and
Raikhel, 1998) observed an increase in oocyte
diameter in M.rossenbergii due to accumulation
of lipoproteins. O, Donovan et al. (1984), Chaves
and Magalhaes (1993), Okumura and Aida (2000)
and Okumura (2004) reported an increase in
oocyte size as a result of accumulation of yolk
granules synthesized elsewhere and transported
to oocytes through intracellular spaces between
follicle cells. It is interesting to note that 5-HT
concentration in testes and neuronal cells
increase at the time of spawning and decrease
thereafter in freshwater invertebrates (Matsutani,
1990). It has recently been demonstrated that 5HT raised haemolymph vitellogenin 15-26 times
from the normal level within 16d in eyestalk
ablated brood stock of M.rosenbergii (Chen et al.
2003). Conversely a decrease in oocyte diameter
could be due to a decrease in the secretion and
release of GSH following injection of dopamine.
This observation is well supported by the
experimental evidence provided by Chen et al.
(2003) in M. rosenbergii that the site of action of
DA is at the thoracic ganglia and that DA exerts

levels at late ovarian stages in M. rosenbergii,
a view supported by Wongpraset et al. (2006) in
P.monodon and Komali et al. (2005) in M.
malcolmsonii.
On the other hand injection of DA caused
significant decrease in GSI, HSI, and OD during
28d post injection clearly indicating that DA is
involved in the inhibition of ovarian maturation and,
thus oocyte diameter (Table 1). These results are
in agreement with earlier reports in crustaceans
injected with dopamine. For instance Sarojini et
al. (1996, 1997) reported a decrease in ovarian
maturation in P. clarkii injected with dopamine and
attributed it to inhibition of GSH release from the
thoracic ganglion. Chen et al. (2003) also reported
a decrease in ovarian maturation in intact
M.rosenbergii following injection of dopamine. It
has been reported that injection of spiperone, a
dopamine blocker, significantly increased GSI and
OD in female P.clarkii (Sarojini et al., 1997;
Rodriguez et al., 2002). Recently, Alfaro et al.
(2004) reported that injection of combined 5-HT
and dopamine antagonist, spiperone, stimulated
ovarian maturation and spawning in L.stylirostris
and L. vannamei. Results of these studies,
including the present one, suggest that dopamine
might inhibit the release of GSH from the thoracic
ganglion thus enhancing the production of GIH
from the XO-SG causing a decrease in ovarian

its influence through inhibition of release of GSH

maturation and oocyte diameter as proposed by

and not by enhancement of GIH secretion. The

Kulkarni et al. (1992) in P.clarkii. This view is

opposing effects of 5-HT and DA on vitellogenesis

further supported by the report of presence of 5-
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have been demonstrated in other crustacean

and Rodriguez, 1991), M .rosenbergii (Lee et al.,

species including the Indian spiny lobster,

1997), P. vannamei (Palacios et al., 2000),

Panulirus

Litopenaeus vannamei (Wouters et al., 2001),

homarus

Subramoniam

and

Kirubagaran (2010).

Aristeus antennatus (Rosa and Nunes, 2003) and
M. idella idella (Dinakaran and Soundarapandian,

Results of this study further show that there

2009).

was a significant increase in the ovarian and
hepatopancreatic TL and TGS and a decrease in

However following injection of DA the TL and

FFAs and LA in 5-HT treated prawns during 28d

TGS in the ovary and hepatopancres decreased

post injection (Tables 2 and 3). Allen et al. (2001)

and FFAs and LA increased in M.rosenbergii

observed an increase in total lipid with

(Tables 2 and 3) indicating an inhibitory effect on

advancement of gonadal maturation in

the synthesis and mobilization of lipid components

R.exoculata. Serotonin has been reported to be

from the hepatopancreas to the ovary which

involved in ovarian maturation in P. hydrodromus

results in non - incorporation of lipid molecules

and P. clarkii by stimulating the release of GSH

into the oocytes leading to a slow down in the

(Sarojini et al., 1995; Raghunathan et al., 1999).
During enlargement of ovarian follicles lipid is one

process of ovarian maturation. Similar results

of the essential substances taken up by female

have been reported in several decapod

prawns and stored in the oocytes to nourish

crustaceans (Sarojini et al., 1997; Palacios et al.,

subsequent embryonic development. In general

2000; Alfaro et al., 2004). The results of the

lipids are synthesized and stored in the

present study together with other earlier reports

hepatopancreas before being transported to the

suggest that 5-HT and DA act in opposing ways

ovary to be incorporated into the oocytes at

with regard to synthesis and mobilization of lipid

different stages of the ovarian cycle (Ravid et al.,

reserves from the hepatopancreas to the ovary

1999). The lipids thus transported and

and , consequently on ovarian maturation

incorporated into the oocytes might enhance

(Subramoniam and Kirubagaran, 2010). On the

reproductive success in female shrimps by

contrary injection of 5-HT and DA did not cause

stimulating ovarian maturation and oocyte

any significant changes in ovarian and

differentiation (Sarojini et al., 1997; Glencross and

hepatopancreatic lipid reserves of eyestalk

Smith, 2001; Meunpol et al., 2010). Apparently,

ablated prawns compared to the saline injected

similar mechanisms might have occurred in

controls, probably because of the removal of the

M.rosenbergii (present study) causing an

eyestalks, and thus a host of neuropeptide

increase in TL and TGS and a decrease in FFAs

hormones through which the biogenic amines

and LA (Tables 2 and 3). Interestingly several other

including 5-HT and DA are supposed to exert their

authors also have documented mobilization of

influence on the metabolic and anabolic

lipid reserves from the hepatopancreas to the

processes of the host species (Subramoniam

gonads for the buildup of gamets in other

and Kirubagaran, 2010)

crustaceans viz. Penaeus kerathurus (Mourente

This article can be downloaded from http://www.ijlbpr.com/currentissue.php
255

Int. J. LifeSc. Bt & Pharm. Res. 2013

Reddy D C et al., 2013

in the induction of ovarian maturation in the prawn
M.rosenbergii and suggest that serotonin could
be used commercially to induce spawning in
crustaceans. Experiments are in progress in this
direction.

Studies on the histology of the ovary of intact
M.rosenbergii injected with 5-HT and DA showed
contrasting patterns of ovarian development.
While the ovary of 5-HT injected prawns exhibited
very few oogenic oocytes (Og), more early
previtellogenic (OC1) and late previtellogenic
(OC2) oocytes on 7d post injection (Figure d) and
large number of fully matured oocytes (MOC) on
28d post injection (Figure f), that of DA injected
prawns exhibited large number of oogenic
oocytes (Og) and less number of early
previtellogenic oocytes (OC1) on 7d post injection
(fig-g) and only showed more early previtellogenic
and late previtellogenic oocytes but not fully
matured oocytes on 28d post injection (fig- i). It is
further observed, in serotonin injected prawns,
that the histological architecture of the ovary
showed accumulation of yolk globules which is a
characteristic feature of vitellogenesis. On the
other hand, in DA injected prawns, the histological
observations of the ovary revealed that more
number of follicular cells are in the germinal stage
and lack yolk globules on 28d post injection
indicating the ovary was still in immature stage.
As has already been discussed dopamine seems
to exert a negative influence on vitellogenesis and
serotonin, a positive influence (Subramoniam and
Kirubagaran, 2010). It is further reported that the
extracts of brain and thoracic ganglia stimulate
ovarian votellogenin synthesis and the
development of secondary oocytes in the
crayfish, Pacififastacus leniusculus (Eloffson et
al., 1982; Elofson, 1983), the crab, U. pugilator
(Chang, 1985) and the shrimp, P. compressa
(Takayanagi et al. 1986) where as the extract of
the muscle did not (Kravitz, 1988).

CONCLUSION
It is concluded that serotonin induced ovarian
maturation in M. rosenbergii. It is also concluded
that serotonin could be commercially used to
induce spawning in decapod crustaceans.
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