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Abstract

vitellin in M. rosenbergi.

Background: Tributyltin (TBT) is a ubiquitous persistent xenobiotic that can be found in freshwater, estuarine and
marine ecosystem. TBT is a strong endocrine disrupting compound (EDC) that can cause toxic threat to aquatic
organisms. Imposex, sexual deformities and endocrine dysfunctions are the causes of TBT to most of the aquatic
organisms. Effect of TBT on the vitellogenesis and sex hormonal changes in Macrobrachium rosenbergii has never
been reported. Hence, the present investigation was undertaken to find out the impact of TBT on histological
changes in the different reproductive tissues, sex hormonal alterations and level of biomarkers like vitellogenin and

Results: The present investigation documents the possible impact of tributyltin (TBT) on the vitellogenesis in
freshwater female prawn M. rosenbergii. TBT at 10 ng/l, 100 ng/l and 1000 ng/I concentrations were exposed
individually to prawns for a period of three months. At higher concentration of 1000 ng/Il, the ovarian development
was arrested and ovary remained at spent stage. At lower concentration of TBT (10 ng/l), the development
proceeded up to early vitellogenic stage. At intermediate concentration of 100 ng/I TBT, the ovary remained at pre
vitellogenic stage and thereafter no development was noticed. Histological results indicated the normal ovarian
development with vitellogenic oocytes, filled with yolk globules in control prawn. On the other hand, the TBT
treated groups showed reduction in yolk globules, fusion of developing oocytes and abundance of immature
oocytes. Immunofluorescence staining denoted the remarkable reduction in vitellin content in ovary of TBT treated
prawn. Hence, TBT had conspicuously inhibited the vitellogenesis by causing hormonal imbalance in M. rosenbergii.

Conclusion: TBT had notably inhibited the vitellogenesis due to hormonal imbalance. This endocrine dysfunction
ultimately impaired the oogenesis in the freshwater female prawn M. rosenbergii.
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Background

Freshwater ecosystem is under increasing threat due to rapid
expanding population and the subsequent modernization
process resulted in invisible exploitation of natural resources
leading to pollution. Rivers are very vulnerable towards pol-
lution, since the industrial, domestic and farm effluents are
directly released into them. During the past few decades,
rising trends of population explosion, development of
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modern technology, industrialization and dramatic increase
in the production and consumption of large variety of
new synthetic chemicals were reported. These kinds of
modernization are the reason behind the enormous re-
lease of pollutants into aquatic environment [1]. Accu-
mulation of industrial effluents and agricultural runoff
in water bodies has become a major concern [2]. TBT
is an ubiquitous persistent xenobiotic that can be found
in freshwater, estuarine and marine ecosystem [3].
Organotin compounds, particularly TBT, have been
reported to be strong endocrine disrupting compound
(EDC). TBT is highly toxic to many aquatic organisms
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and is still detected in aquatic environments though it
had banned in antifouling paints because of its usage as
biocides in a variety of consumer and industrial prod-
ucts. The level of TBT in the aquatic environment is still
cause of great concern [4]. Effects of TBT have been in-
vestigated in several aquatic organisms, including algae
[5] and crustaceans [6]. Champ [7] reported that TBT
inhibits growth, reproduction [8,9] and sexual differenti-
ation in fishes [10]. In our previous study, we docu-
mented the inhibition of organogenesis as well as
embryonic development in M. rosenbergii due to TBT
toxicity [11].

Histological analysis appears to be a very sensitive par-
ameter and is crucial in determining cellular changes that
may occur in target organs [12]. Besides, biochemical pa-
rameters are the best indicators of stress situations caused
by xenobiotics [1]. Vitellogenesis is a biomarker of repro-
ductive disruption by xenobiotics [13]. As evidence, a wide
range of agrochemicals, industrial and municipal contami-
nations can decrease gonadal development and steroid
levels [14]. Sex hormones derived from the gonads play
crucial roles in sexual differentiation, maturation and be-
havior in vertebrates [15]. It is well known that 17(-
estradiol once secreted into the circulation, stimulates the
hepatic production of vitellogenin, necessary for oocyte
maturation [16]. Some studies have additionally assessed
the impact of xenobiotics on endogenous steroid levels,
which may in turn be an indication of altered steroid syn-
thesis and metabolism [17].

Extensive literatures dealing with the adverse impact
of TBT in molluscs but in contrast only a few articles
have addressed the effects of TBT on crustaceans. With
reference to TBT toxicity, not much information is avail-
able on freshwater organisms especially on the commer-
cially important species M. rosenbergii [11]. Therefore,
the present study was conducted to examine the impact
of TBT on vitellogenesis and sex hormones in freshwater
female prawn, Macrobrachium rosenbergii.

Results

In the present study the impact of TBT on vitellogenesis
in the adult freshwater female prawn M. rosenbergii was
studied with the analysis of survival rate, growth as a
measure of body weight, GSI, HSI, histological, im-
munofluorescence, biochemical changes and quantifica-
tion of vitellogenin, vitellin content and female specific
hormones in different reproductive tissues of both con-
trol and TBT treated prawns.

Survival rate and bodyweight

The maximum survival rate of 98.0 + 1.05% was obtained
in the control group. However, in the TBT treated
groups, survival rate was decreased compared to con-
trol group. At 10 ng/L, 100 ng/Land 1000 ng/L, the
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survival rate was decreased to 95.0£1.03%, 90.0+2.01%
and 84.0+1.04% respectively after 90 days of exposure
(Figure 1).

The body weight of control prawns was recorded as
25.0 +1.75 g at the end of the experiment. TBT treat-
ment found to decrease the body weight of prawns com-
pared to control. Atl0Ong/L of TBT treatment, the body
weight of prawns was recorded as 23.0 + 1.21 g. Besides,
the body weights remarkably reduced to 17.0+0.72 g and
16.3 +0.43 g at 100 ng/l and 1000 ng/l TBT, respectively
at the end of experiment (Figure 1). Statistical analysis
indicated that the changes in survival rate and body
weight of TBT treated groups differed significantly to
that of control group (P < 0.05).

Assessment of reproductive activity

TBT had significantly reduced the GSI and HSI values in
treated prawns. In control, the GSI and HSI values were
recorded as 7.8 +0.39% and 2.1 +0.33% respectively.
Whereas, the GSI and HSI values were steadily declined
as the concentration of TBT increases. At higher concen-
tration of 1000 ng/l TBT treated group, the GSI and HSI
values were decreased drastically to 0.2+0.07% and 0.5
+0.05% respectively after 90 days exposure (Figure 2).

Oocyte growth

Oocyte growth has been affected by the treatment of TBT
as evidenced by the decrease of oocyte diameter. In control
prawn, the oocyte diameter measured to be 35.9+8.20 um
of primary oocytes, 76.5+12.90 um of previtellogenic oo-
cyte and 387.0 + 20.4 um of vitellogenic oocytes. In con-
trast, 10 ng/L of TBT exposure revealed 21.7+6.70 um of
primary oocyte, 70.5+13.8 um of previtellogenic oocyte
and 248.9+£16.90 pum of vitellogenic oocyte. At 100 ng/L
TBT treatment, the size of oocytes decreased to
20.3+7.90 pm, 68.1+13.90 pum and 216.0 +15.80 um of
primary, previtellogenic and vitellogenic stages respect-
ively. However at 1000 ng/L, TBT had retarded the oocyte
development completely. Overall, the oocyte diameter de-
creased with an increase of TBT concentration (Figure 2).
The changes in GSI, HSI values and oocyte diameter in
treated groups were statistically significant from that of
control groups (P < 0.05).

Morphological variation of reproductive tissues

Morphological alterations have occurred in both hepato-
pancreas and ovary of TBT exposed prawns. Control
prawns showed fully mature ovary representing late
vitellogenic stage. At 10 ng/L TBT, the ovarian develop-
ment proceeded up to early vitellogenic stage. In the
intermediate concentration of 100 ng/L TBT, ovarian de-
velopment was seen up to pre vitellogenic stage and
thereafter the development was arrested. However, at
higher concentration of 1000 ng/l TBT, the ovarian
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Figure 1 Impact of TBT on the survival rate and body weight of M. rosenbergii. * F test P < 0.05.
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development was completely ceased and remained at
spent stage. Moreover, hepatopancreas structure also
distorted in all TBT treated groups. Gross morphology
of both ovary and hepatopancreas also decreased ap-
parently in TBT treated prawns compared to control
(Figures 3A-D).

Cellular level changes in different reproductive tissues

Hepatopancreas of control prawn showed normal architec-
ture of hepatopancreatic tubule, lumen and basement mem-
brane thickness. However, on exposure to TBT (10 ng/l),
the hepatopancreas exhibited swelling of hepatopancreatic
tubule and abnormal lumen. Hepatopancreas of prawn
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Figure 2 Impact of TBT on the GSI, HSI and oocyte growth in M. rosenbergii. * F test P < 0.05.
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Figure 3 (A) Prawn (control) showing fully mature vitellogenic stage ovary (O) and hepatopancreas (H). B, C, D showing variation in the
gross morphology of ovary and hepatopancreas in TBT treated prawns. (B) Note the reduction in the ovarian development proceeded up to early
vitellogenic stage at 10 ng/l, (C) Becomes pre vitellogenic stage ovary at 100 ng/I and (C) No ovarian development at 1000 ng/I. Note the

decrease in size of ovary and hepatopancreas in TBT treated prawns compared to control (n = 3). Bar: 50 mm.
. J
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Figure 4 (A) Section through hepatopancreas (control) showing the normal architecture of hepatopancreatic tubule (ht), lumen (L).
(B) At 10 ng/I TBT exposure, hepatopancreas showing reduction in the size of the hepatopancreatic tubule (1 ht) and abnormal lumen (AL)
(C) hepatopancreas showing reduction in the size of the hepatopancreatic tubule (1 ht) and abnormal lumen (AL) at 100 ng/I TBT exposure,
(D) At 1000 ng/I TBT exposure, hepatopancreas showing the reduction in size of the hepatopancreatic tubule (1 ht), abnormal lumen (AL) and
the disassociated epithelial cells from the hepatopancreatic tubules. Note the variation in size and arrangement of hepatopancreatic tubules in
control and TBT treated groups (n = 3). Bar: 50 um.
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treated with 100 ng/l TBT showed decrease in basement
membrane thickness and disruption of hepatopancreatic
tubules. At 1000 ng/l TBT, hepatopancreatic tubule size
had reduced unusually and was seen with abnormal
lumen. Besides disassociation of epithelial cells from
the hepatopancreatic tubules was also observed
(Figures 4A-D).

On the other hand, control prawn showed normal de-
velopment of ovary with vitellogenic oocytes containing
distinct ooplasm filled with yolk globules. The oocytes
were enveloped by a row of characteristic follicle cells
with prominent nucleus and nucleolus. At 10 ng/L TBT,
the ovary showed previtellogenic oocytes and reduction
in the yolk globules as well as disruption of follicle cells.
At 100 ng/L TBT, ovary showed marked variation in the
cellular architecture of oocytes such as fusion of devel-
oping oocytes and disassociation of follicle cells. At
1000 ng/L TBT, the ovary showed immature oocytes and
reduction in size of yolk material (Figures 5A-D).

Identification of vitellin in ovary

The results of immunofluorescence study with specific
antivitellin (primary antibody) and FITC conjugation
(secondary antibody) clearly indicated the high amount
of vitellin content as a measure of increased immuno-
staining with anti vitellin and FITC in control. Besides
moderate to less immunostaining in the ovary of TBT
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(10 ng/L) treated prawn indicated less vitellin content.
Interestingly, at 100 ng/L of TBT, ovary showed fusion
and reduction of vitellin content as evident with immu-
nostaining. At higher concentration of TBT (1000 ng/l),
very low intensity of vitellin content was observed in the
ovary (Figures 6A-D).

Biochemical variations in different reproductive tissues
In the 90 days of TBT exposure, marked reduction in
protein content in all reproductive tissues were recorded
in TBT treatment from 10 ng/l to 1000 ng/l. Protein
content had significantly decreased to 19-fold in hepato-
pancreas, 22-fold in ovary and 1.5-fold in hemolymph at
1000 ng/L concentration of TBT compared to control.
Statistical analysis revealed that the variation of pro-
tein content in TBT exposed prawns differed signifi-
cantly(P < 0.05) than that of control group (Table 1).

Total lipid content in the TBT treated prawn also de-
creased in tested tissues. Lipid content in hepatopancreas
and ovary had remarkably decreased in 1000 ng/L TBT
treated group. A decrease of 1.5-fold in hepatopancreas
and 17.5-fold in ovary was registered after 90-days of ex-
posure to 1000 ng/l over control (Table 1). Variations in
the lipid content in TBT treated groups differd signifi-
cantly from that of control groups (P < 0.05).

The prawn exposed to TBT showed decrease in the
glycogen content compared to control. At the end of

Figure 5 (A) Section through ovary (control) showing vitellogenic oocytes (VO) with yolk globules (Yg) and encircled by a row of follicle
cells (FC). (B) At 10 ng/I TBT exposure, ovary show reduction in the yolk globules (1Yg) and disruption of the follicle cells (1 FC). (C) Ovary showing
the fusion of developing oocytes (1 DO) and disassociation of the follicle cells (1 FC) at 100 ng/I TBT exposure, (D) At 1000 ng/I TBT exposure, ovary
showing the degradation of connective tissues (CT), loss of follicle cells (1 FC) and abundance of immature oocytes (1 10). Note the reduction in
the number of developing oocytes in the treated ovary compared to control (n = 3). Bar: 50 um.
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note the very low expression of vitellin (1). Bar: 50 um.

Figure 6 Immunofluorescence expression of vitellin in ovary (n = 3). (A). Control prawn ovary showed maximum Immunostaining expression
of vitellin (Vt) (B). Moderate expression of vitellin (1) at 10 ng/I exposure (C). Less expression of vitellin (1) at 100 ng/I exposure (D). At 1000 ng/I,

experiment, glycogen content had notably decreased to
1.3-fold in hepatopancreas at higher concentration of
1000 ng/l TBT than control (Table 1). Statistical analysis
inferred that variation of glycogen content in TBT
treated groups differd significantly from that of control
group (P < 0.05).

Interestingly, the glucose content increased in hemolymph
of all TBT treated groups compared to control. Glucose
content increased to 0.9-fold in 1000 ng/L TBT treated
group (Table 1). Statistical analysis inferred that glucose

content significantly (P < 0.05) increased in TBT treated
groups compared to control group.

Quantification of vitellogenin and vitellin content

The results clearly indicated that vitellogenin and vitellin
content decreased significantly from the exposure of
TBT, compared to control. In control prawn, the vitello-
genin content in hepatopancreas and hemolymph was
recorded as 0.7+0.15 pg/g and 2.5+0.36 pg/mL respect-
ively. Interestingly, at higher concentration of TBT

Table 1 Impact of TBT on the biochemical constituents (n = 5) in different reproductive tissues of M. rosenbergii

Biochemical constituents in test tissues Control groups

TBT (ng/l) treated experimental groups

Control Control ethanol 10 100 1000
Protein content
Hepatopancreas 48.5+1.01 47.1£1.95 42.0£1.02 3404281 2604295
Ovary 98.6+1.17 97.3%1.15 65.7+4.21 3774215 444025
Hemolymph 170.5+4.50 169.3+£2.90 165.1+3.00 142.7£2.10 110.1+1.10"
Lipid content
Hepatopancreas 15.7+£1.27 15.14£2.01 13.3+£3.70 11.74051" 1084045
Ovary 56.5+0.21 56.1+£0.97 4594215 35.9+1.28" 324015
Glycogen content
Hepatopancreas 25.8+0.83 25.5+047 23.1+0.17 2184042 1914036
Glucose content
Hemolymph 25.8+0.37 253+0.58 28.1+0.38 2964025 30.1+£0.89

X + SD of five observations.
* F-test P < 0.05.
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(1000 ng/1), vitellogenin content reduced drastically in
both hepatopancreas (0.3+0.14 pg/g) and hemolymph
(0.50+0.32 pg/ml) after 90 days of exposure. On the
other hand, vitellin content in the treated prawns re-
markably decreased from 18.7+4.12 ug/g at 10 ng/l to
0.240.11 pg/g at 1000 ng/l TBT (Figure 7). The variation
of vitellogenin and vitellin content in TBT treated groups
differd significantly from that of control group (P < 0.05).

Quantification of sex hormones

17B-estradiol level in different reproductive tissues

In TBT treated prawns, 173-estradiol level decreased in
all reproductive tissues compared to control (Figure 8).
In control prawn, 17p-estradiol levels in ovary, hemolymph
and hepatopancreas was recorded as 60.5+2.50 pg/g,
58.0+2.10 pg/ml and 30.5+2.40 pg/g respectively. On
exposure to TBT (10 ng/l), 17p-estradiol level reduced
to 33.0£2.10 pg/g in ovary, 32.0+1.80 pg/ml in
hemolymph and 20.6+1.70 pg/g in hepatopancreas. At
100 ng/L TBT, 17pB-estradiol level in ovary, hemolymph
and hepatopancreas amounted to 22.0+1.60 pg/g,
23.0£1.30 pg/ml and 17.0+1.50 pg/g, respectively. However,
at higher concentration of TBT (1000 ng/l), 17p-estradiol
level decreased significantly in ovary (16.0+1.30 pg/g),
hemolymph (11.0+0.80 pg/ml) and hepatopancreas
(8.0+0.60 pg/g). The variation of 17B-estradiol level in
control and treated groups at higher concentration was
significant (P<0.05).

Testosterone level in ovary
The level of testosterone gradually increased in the ovary of
TBT treated groups (Figure 9). The testosterone level in the
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ovary of control prawns was recorded as 11.3+1.60 pg/g.
The testosterone level showed a marginal increase of
12.1+0.70 pg/g and 12.9+0.50 pg/g at 10 ng/L and
100 ng/L respectively. At higher concentration of TBT
(1000 ng/l), testosterone level increased to 13.2+0.30 pg/g
in the ovary. The testosterone levels significantly increased
in treated groups compared to control (P<0.05).

Discussion

Our results clearly demonstrated that TBT had consider-
ably reduced the survival rate as well as growth in terms
of body weight in all TBT treated prawns compared to
control. Similarly, Lignot et al. [18] reported that TBT
had significantly reduced the survival rate in Penaeus
japonicus. The weight of prawn decreased to 65.2-fold at
higher concentration in TBT treated group. The devel-
opmental rate slowdown in all TBT treated groups and
even lower concentrations had effect on growth in M.
rosenbergii. Likewise, Laughlin et al. [19] also described the
effect of TBT on growth in mud crab, Rhithropanopeus
harrisii. Lobster larvae (Homarus americanus) exhibited
decreased growth and increased mortality at 1 pg/L [20].
Similarly, in our previous study also reported that TBT
had substantially reduced the growth rate in M.
rosenbergii [11].

The present study clearly demonstrated that TBT had
impaired the ovarian development as evidenced by the
level of GSI, HSI indices and oocyte diameter in M.
rosenbergii. Likewise, Zhang et al. [21] suggested that
TBT can affect the GSI and HSI in female Sebastiscus
marmoratus. The results revealed the dose dependent
toxicity of TBT on the reproductive performance of M.

35 T

,_|_

IS}
+

Vitellogenin content (ug/mg)
P !

05 +

N
—_— T 120
[ Hepatopancreas

3 Hemolymph
—&— Ovary

+ 100

T 80

T 60

Vitellin content (ug/mg)

+ 40

T 20

Control Control - ethanol

* F test P < 0.05.

Concentrations of TBT (ng/l)

Figure 7 Effect of TBT on the vitellogenin and vitellin content in M. rosenbergii. * F test P < 0.05.

100 1000




Peranandam et al. Aquatic Biosystems 2013, 9:10
http://www.aquaticbiosystems.org/content/9/1/10

Page 8 of 13

70 +

60 ~

50 +

40 ~

30 +

17B-estradiol level (pg/g)

20 ~

Control Control-
ethanol
* F test P < 0.05.

Concentrations of TBT (ng/l)

Figure 8 Effect of TBT on the 17B-estradiol in different reproductive tissues of M. rosenbergii. * F test P < 0.05.
A

- 70
[ Ovary
[ Hepatopancreas
—o— Hemolymph r 60

r 50

r 40

r 30

17B-estradiol level (pg/ml)

r 20

r 10

100 1000

rosenbergii. The higher concentration of TBT (1000 ng/1)
had entirely arrested the ovarian development and led to
spent stage in M. rosenbergii. Similar observation has been
reported in freshwater prawn M. rosenbergii when ex-
posed to cadmium [22]. Rodriguez et al. [23] also docu-
mented the impairment of ovarian development after
exposure to cadmium in fiddler crab, Uca pugilator.

In crustaceans, the hepatopancreas are considered to
function as a storage organ of organic nutrients in the
form of protein, lipid and carbohydrate, which are

mobilized during the reproductive cycle, in order to
meet the specific requirements of maturing gonads [24].
After exposure to TBT, the hepatopancreas exhibited
rumpling of basement membrane, abnormal lumen, disor-
ganization of epithelial cells, disruption in the hepatopan-
creatic tubule and occurrence of more number of vacuoles.
These cellular and structural damages in hepatopancreas of
M. rosenbergii significantly affect the absorption, secre-
tion, digestive functions and the production of precursor
material for major yolk protein; vitellogenin synthesis.
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Likewise, Sreeram and Menon [25] reported that the func-
tion of hepatopancreas of Metapenaeus dobsoni affected by
the exposure of petroleum hydrocarbons (PHC). Klobucar
et al. [26] also found swelling and damage of cell
membranes in digestive gland of snail Planorbis corneus
exposed to polychlorinated biphenyls (PCB).

From the present study, it was obvious that, TBT had
substantially decreased and retarded the sexual matur-
ation in M. rosenbergii. It also affected the ovarian devel-
opment, as indicated by the reduction in oocyte
diameter, yolk globules, fusion of developing oocytes and
disruption of follicle cells. Sex steroid hormones are syn-
thesized by follicle cells in the ovaries of female fish [27].
These follicle cells are sensitive to environmental
stressors. It has been demonstrated that some natural
and xenobiotic chemicals induce apoptosis in follicle
cells [28]. The results of the current study clearly
revealed that the follicle cells had remarkably affected
and this may cause impairment in the steroid synthesis
in experimental prawns. In the ovary, 17B-estradiol is
catalyzed by the steroid synthesizing enzymes, in
particular the P450 aromatase. In teleosts, change in the
activity and expression of P450 aromatase have been
shown to drive changes in the ovarian production of
17p-estradiol during the reproductive cycle [29].

The above hypothesis was consistent to the present
study as the inhibition of gonadal maturation associated
with increased levels of testosterone and decreased levels
of 17p-estradiol in the ovary of prawns exposed to TBT,
which should be accompanied with inhibition of P450
aromatase activity. Thus the changes of sex hormone
levels would finally influence the ovarian development of
prawn. In recent years, there is an upsurge in the inter-
est of toxicity on the endocrine disruption in crustaceans
which ultimately affect the process of gametogenesis.
Accordingly, Zhang et al. [21] reported that environmen-
tally realistic concentrations of TBT had an adverse
effect on ovarian development in cuvier S. marmuratus.
Here, ovary showed several spherical structures formed
by the fragmentation of nucleus lying randomly in the
chromatin network, yolk vesicles at the periphery,
vacuolization in the nucleus, stromal hemorrhage and
damage of germinal epithelium. Histo-anatomical ab-
normalities in ovaries may be caused by xenobiotics
[30].

The alteration in basic biochemical metabolism ultim-
ately posing a detrimental effect on growth and repro-
ductive activity of M. rosenbergii exposed to TBT. Major
biochemical constituents such as protein and lipid con-
tent also decreased in all the treated groups. The deple-
tion of protein content suggests the increase in
proteolysis and possible utilization of the product of
their degradation for metabolic purpose. Products of
proteolysis may be mobilized into trichloroacidic acid
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cycle through amino acid metabolism to cope up with
the excess demand of energy during toxic stress. The fall
in protein level during pollutant exposure may be due to
increased catabolism and decreased anabolism of pro-
teins. Similarly, depletion of protein content in different
tissues of Macrobrachium kistnensis exposed to TBTCL
was reported by Kharat et al. [1]. The decrease in pro-
tein and lipid content was reported in freshwater prawn
M. kistnensis exposed to organotin pesticides [31]. The
total lipid content also decreased because of the
utilization of fatty acid deposits instead of glucose for
energy purpose under TBT toxicity. Accordingly, West
et al. [32] reported the decrease of total lipid content
in hepatopancreas with increased activity of lipase, the
enzyme is responsible for the breakdown of the lipid
into free fatty acids and glycerol. Since lipids form a rich
energy reserve whose caloric value is reported to be
twice that of an equivalent weight of carbohydrate or
proteins, the mobilization of lipid reserve testifies the
imposition of high energy demands. Therefore, the
amount of total lipid found to be lower in tissues of
prawns exposed to TBT.

In the present study, a noticeable reduction of glyco-
gen content in the hepatopancreas resulted the elevation
of glucose level in hemolymph exposed to TBT. The de-
crease in glycogen content may be due to enhanced
breakdown of glycogen to glucose through glycogenoly-
sis under toxic stress of TBT in M. rosenbergii. Deple-
tion in glycogen level might be due to its rapid
utilization to meet the energy demands under toxic
stress and to supply energy demand in the form of glu-
cose which undergoes breakdown to produce energy rich
ATP. Similarly, depletion of glycogen content in hepato-
pancreas of M. kistnensis exposed to TBTCL was
reported by Kharat et al. [1]. Holwerda and Herwig [33]
also reported that the dibutyltinchlorine exposed clam
Anodonta anatine, showed notable decrease in carbohy-
drate content. In crustaceans, elevation of hemolymph
glucose was also observed In vivo when they were
subjected to pollutants [34]. Chin-Chyuan Chang et al
[35] found that the depletion of glycogen stores should
be accompanied by an increase in glucose content after
exposure of M. rosenbergii to trichlorfon. The glucose
content increased with an increase of trichlorfon con-
centrations based on the dose-dependent manner.

Our results clearly demonstrated the impact of TBT
on the vitellogenesis by reducing the vitellogenin (Vg)
and vitellin (Vt) content in M. rosenbergii. Low concen-
tration of Vg and Vt is an indication of malfunction of re-
productive activity resulted in inhibition of reproductive
performance in M. rosenbergii. Similarly, Vijayavel et al.
[36] also found that the reduction in vitellogenin content
influenced by naphthalene stress. Vitellogenin content can
also act as a biomarker to study the abnormality in
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vitellogenesis. Low level of vitellogenin content is an indi-
cation of malfunction of reproductive endocrine system
and inhibited the ovarian development [37].

Overall, the results clearly demonstrated the increased
testosterone level and decreased 17(-estradiol levels in
the ovary of prawns exposed to TBT, which should be
associated with an inhibition with P450 aromatase activ-
ity. Thus the changes of sex hormone levels will influ-
ence the ovarian development of prawn. Zhang et al
[21] reported similar changes in ovarian development as
well as sex hormonal changes in S. marmoratus.

Conclusion

Thus, TBT had reduced the vitellogenin and vitellin con-
tent by retarding vitellogenesis. On the other hand, imbal-
ance of sex hormones such as decrease in 17f-estradiol
and increase in testosterone has led to endocrine imbal-
ance and ultimately that would have impaired the oogen-
esis in the freshwater female prawn M. rosenbergii.

Methods

Collection and maintenance of prawn

Freshwater female prawns, M. rosenbergii were collected
from the Aqua Nova hatchery in Kannathur near Chennai,
South India. The collected prawns were brought to
the laboratory in plastic cover with habitat water. They
were introduced into plastic tanks with sufficient aer-
ation. The water was changed daily and prawns were
fed ad libitum with commercial pelletized feed. They
were maintained in the laboratory for 2-3 weeks for
acclimatization.

Experimental design and TBT treatment

Five months old prawns (75 individuals with a weight of
16 + 2g/individual) were selected and further divided in
5 groups (15 individuals or prawns/group).The first
group served as control (without any treatment). As
ethanol is a solvent used to prepare the TBT solutions,
the second group served as positive control that received
2% ethanol treatment. Remaining three groups were ex-
posed to TBT (10,100,1000 ng/l). Every day, the water
was exchanged and the nominal concentrations of TBT
were maintained in experimental tanks. For each treat-
ment, triplicates were maintained and the experiment
was conducted for a period of 90 days with the water
temperature of 18 + 2°C. Experimentation with inverte-
brates like prawn does not require any ethical approval.

Assessment of reproductive activity

At the end of the experiment, the prawns were weighed,
gonads removed and the weight of the gonads were
recorded. The Gonado Somatic Index (GSI) and Hepato
Somatic Index (HSI) were calculated following the pro-
cedure outlined by Zhang et al. [21].
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Measurement of oocyte development

Oocyte diameter was measured using an ocular microm-
eter calibrated with a stage micrometer fitted in a light
microscope (Labex, India). For each prawn, the diame-
ters of at least 30 oocytes were measured and mean
oocyte diameter was calculated. The stage of oocyte de-
velopment was characterized based on the maximum
number of oocytes confined to a particular stage of de-
velopment. Photomicrographs of various stages of oocyte
development were taken using Leica 2500 microscope
(Germany).

Histology

Triplicate histological analyses were done by sacrificing
three animals from each group. For this, the reproduct-
ive tissues such as hepatopancreas and ovary were dis-
sected out carefully. The tissue samples were fixed in
Bouin’s fixative for 24h and washed with distilled water.
The samples were dehydrated with different graded alco-
hol series and processed by routine procedure. Sections
of 6-8 pm thickness were taken and stained with
haematoxyline and eosin. The stained sections were
mounted using DPX and photomicrographs of varying
magnifications were taken using Leica 2500 microscope.

Immunofluorescence

For immunofluorescence study, ovaries (control and TBT
exposed) were fixed in 4% paraformaldehyde in phosphate
buffer saline (PBS) (pH7.0) at 4°C overnight. After wash-
ing with PBS (pH 7.0) three times, the samples were
immersed in 30% saccharose-PBS buffer overnight at 4°C.
They were then embedded in wax and sectioned at 6-7um
thickness using microtome (Leica). Then the sections
were dehydrated in PBS for 30 min and incubated for 1h
with 5% dry milk in PBS at room temperature to prevent
non-specific binding of antibodies. The sections were then
incubated over night at 4°C with the specific primary anti-
body (rabbit antibody) for vitellogenin (1:2000 dilution).
The slides were washed with PBS, subsequently incubated
for 1h with fluorescein iso thiocyanate (FITC) conjugated
secondary antibody (anti-rabbit IgG, 1:100 dilution) in the
dark and washed five times with PBS (10min each). Then
the sections were stained by propidium iodide (PI) for
5min and washed four times (5min each). Finally, the sec-
tions were observed under Leica confocal fluorescence
microscope.

Biochemical analysis

Protein

After 90 days of treatment with TBT, prawns were dis-
sected and test tissue samples (hepatopancreas, ovary
and hemolymph) were taken and used for total protein
content estimation by Coomassie Brilliant Blue G-250
method as described by Bradford [38].
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Lipid

The total lipid content in hepatopancreas and ovary was
analyzed using the Vanillin —Phosphoric acid method
according to Folch et al. [39].

Glycogen
Glycogen content in the hepatopancreas was quantified
following the method of Dezwann and Zandee [40].

Glucose
Glucose content in hemolymph was estimated following
the procedure of Tietz [41].

Isolation of vitellogenin and vitellin

Vitellogenin and vitellin were isolated from the hepatopan-
creas, hemolymph and ovaries of prawn M. rosenbergii fol-
lowing the method of Tsukimura et al. [42]. In brief, the
reproductive tissues were homogenized in homogenization
buffer (containing 0.IM NaCl, 0.05M Tris, ImM ethylene
diamine tetra acetic acid and 0.1% Tween 20 with 10mg/
ml PMSF; pH 7.8) using an ice cold glass homogenizer.
The homogenate was centrifuged at 4000 x g for 5 min at
4°C. The resultant supernatant was again centrifuged at
20,000 x g for 20 min at 4°C. To the supernatant, saturated
ammonium sulphate was added to produce 25% SAS solu-
tion. After incubation for 1h at 4°C, the solution was
centrifuged at 20,000 x g for 10 min at 4°C. The super-
natant was collected and saturated ammonium sulphate
was added to produce 40%, 50% and 60% saturated ammo-
nium sulphate solution sequentially. The pellets of 60%
saturated ammonium sulphate solution was suspended in
appropriate volume of homogenization buffer and dia-
lyzed thrice at 4°C for 12h each against homogenization
buffer. Further, the isolated vitellogenin and vitellin were
purified by following the scheme of Zagalsky et al. [43].
Then the purified vitellogenin and vitellin were stored at
-20°C for further analysis.

Enzyme linked immunosorbent assay

Hundred milligrams of hepatopancreas, ovary and
hemolymph samples were taken individually from con-
trol and TBT treated groups. Tissues were individually
homogenized with phosphate buffer and centrifuged at
13,000 x g for 10min at 10°C, to remove cellular debris.
The supernatant was collected in separate vials and
stored at -20°C until assay. Microtitre plates were filled
with 100ul (six replicates) of different samples separ-
ately, diluted with coating buffer and incubated over
night at 4°C. After three washings with buffer, the wells
were blocked with 200ul of blocking buffer and incu-
bated at 37°C for 1h. Washing was followed by the
addition of 100pl of primary antibody (anti Vg at 1:
2000), for 3h at 37°C. The primary antibody was priorly
raised in rabbit using the purified Vg from M.
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rosenbergii. After three times washing, the wells were
coated with 100ul secondary-antibody enzyme conju-
gated (anti rabbit IgG-Alkaline phosphatase) at 1: 500
dilutions for 1h at 37°C. Incubation was terminated by
washing and wells were filled with 100ul of substrate so-
lution (Img pNPP - paranitrophenyl phosphate/ml of
substrate buffer). The reaction was stopped with the stop
buffer after the required colour development was
attained. Concentrations of Vg standard was ranged
from 0.1 - 100pg/ml. Absorbance at 405nm was mea-
sured in an automated ELISA plate reader (Titertek
Multiscan Plus, MK II, Denmark).

Hormonal assay

Radioimmunoassay

The steroid extract of ovary, hemolymph and hepatopan-
creas was estimated for the level of free immunoreactive
17pB-estradiol and testosterone using radioimmunoassay
(RIA) according to the protocol of Oreczyk et al. [44].
The steroid extracts (six replicates/each sample) were
reconstituted separately in 100 ul of gelatin phosphate
buffer solution (GPBS) (sodium phosphate buffer 0.1M,
pH 7.2, containing 0.15 M NaCl and 0.1% gelatin) in RIA
tubes. Appropriately diluted antiserum to 17p-estradiol
and testosterone (New England Nuclear Corp., Boston,
MA) and 0.1 ml of [°H]-steroids without antiserum (to de-
termine non-specific binding) were included in every
assay. At the end of incubation, bound and free steroids
were separated by adding 0.3 ml of dextran coated char-
coal (0.1% dextran T70 and 1% charcoal in PSB) and
each tube was centrifuged at 3000 x g for 20 min at
4°C. The supernatant was poured carefully without
disturbing the charcoal pellet into the vials containing 5
ml of scintillation fluid (0.5% PPO, 0.04% POPOP and
25% methanol I toluene). The vials were shaken at room
temperature to extract steroids into aqueous phase and
steroid levels were estimated using a liquid scintillation
counter (Beckman, USA).

Statistical analysis

Data obtained on the biochemical and hormonal analyses
of both control and treated prawns were subjected to stat-
istical analyses, such as one way analysis of variance
(ANOVA) and F-test using SPSS 7.5 to determine whether
the variations between the groups were significant.

Abbreviations

TBT: Tributyltin; EDC: Endocrine disrupting compound; GSI: Gonado somatic
index; HSI: Hepato somatic index; PHC: Petroleum hydrocarbons;

PCB: Polychlorinated biphenyls; FITC: Fluorescein Iso ThioCyanate;

PI: Propidium iodide; RIA: Radioimmunoassay; GPBS: Gelatin phosphate buffer
solution.

Competing interests
The authors declare that they have no competing interests.



Peranandam et al. Aquatic Biosystems 2013, 9:10
http://www.aquaticbiosystems.org/content/9/1/10

Authors’ contributions

Pl assisted in performing immunological assays done in the present study.
LAV helped to carryout the hormonal assay part of this work. NM and MK
supervised and helped in drafting MS with their critical interpretations. All
authors read and approved the final MS for publication.

Acknowledgements

Financial supports from UGC - Dr. D. S. Kothari Post Doctoral Fellowship to
Dr. P. Revathi is gratefully acknowledged. We thank Mr. G. S. Samarasam,
(Aqua Nova Hatchery) for hatchery facility provided for the experiments.

Author details

'Department of Environmental Biotechnology, Bharathidasan University,
Trichy 620 024, Tamil nadu, India. 2CAS in Marine Biology, Faculty of Marine
Sciences, Annamalai University, Parangipettai 608 502, Tamil nadu, India.
3Department of Zoology, University of Madras, Guindy Campus, Chennai 600
025, Tamil nadu, India.

Received: 18 April 2012 Accepted: 25 March 2013
Published: 1 May 2013

References

1. Kharat PS, Laxmi |, Ghoble B, Shejule KB, Ghoble IBC: Effect of TBTCL on
Glycogen Profile in Freshwater Prawn, Macrobrachium kistnensis. World
Appl Sci J 2009, 7(12):1534-1530,

2. FAO FAO/UNOP: Meeting on the effect of pollution on marine
ecosystem. FAO Fish Rep 1986, 352:20.

3. Fent K: Ecotoxicology of organotin compounds. Criti Rev Toxicol 1996,

26:1 117.

4. Santos MM, Ten Haller- Tjabbes CC, Santos AM, Vieira N: Imposex in Nucella
lapillus, a bio indicator for TBT contamination. Resurvey along the
Portuguese coast to monitor the effectiveness of EU regulation. J Sea Res
2002, 48:217-223.

5. Waldock MJ, Thain J: Shell thickening in Crassostrea gigas: Organotin
antifouling or sediment-induced. Mar Poll Bull 1983, 14:411-415.

6. Laughlin RB, Johannesen R, French W, Guard H, Brinckman FF: Structure
activity relationships for organotin compounds. £nviron Toxicol Chem
1985, 4:343-351.

7. Champ MA: A review of organotin regulatory strategies, pending actions,
related costs and benefits. Sci Total Envir 2000, 258:21-71.

8. Bryan GW, Gibbs PE, Hummerstone LG, Burt GR: The decline of the
gastropod Nucella lapillus around south-west England: evidence for the
effect of tributyltin from antifouling paints. J Marine Biol 1986,
66:611-640.

9. Nirmala K, Oshima Y, Lee R, Imada N, Honjo T, Kobayashi K:
Transgenerational toxicity of tributyltin and its combined effects with
polychlorinated biphenyls on reproductive process in Japanese medaka
(Oryzias lapitpes). Environ Toxicol Chem 1999, 18:717-721.

10. Shimasaki Y, Kitano T, Oshima Y, Inoue S, Imada N, Honjo T: Tributyltin
causes masculinization in fish. Environ Toxicol Chem 2003, 22:141-144.

11, Revathi P, Munuswamy N: Effect of TBT on the early embryonic
development in the freshwater prawn Macrobrachium rosenbergii
(De Man). Chemosphere 2010, 79:922-927.

12. Dutta GJ: Uridine diphosphate glucose and the synthesis of glucosides
by mollusks. Arc Biochem Biophy 1996, 116(1):399-405.

13. Kime DE: Endocrine distruption in fish. Dordrecht: Kluwer; 1999.

14.  Kime DE, Ebrahimi M, Nysten K, Roelants |, Moore HDM, Ollevier F: Use of
computer assisted sperm analysis (CASA) for monitoring the effects of
pollution on sperm quality of fish; application for determining effects of
heavy metals. Aquat Toxicol 1996, 36:223-237.

15. Nakayama K, Oshima Y, Yamaguchi T, Tsuruda Y, Kang 1J, Kobayashi M,
Imada N, Honjo T: Fertilization success and sexual behaviour in male
medaka, Oryzias latipes, exposed to tributyltin. Chemosphere 2004,
55:1331-1337.

16.  Hyllner SJ, Haux C: Vitelline envelope protein in teleost fish. In Proceedings
of the Fifth International Symposium on the Reproductive Physiology of fish,
vol. 95. Edited by Goetz FW, Thomas P. Austin: Fish Symposium; 1995:10-12.

17.  Revathi P: Studies on the endocrine disruptor and its impact on the
reproductive physiology of the freshwater prawn Macrobrachium rosenbergii
(De Man), Ph. D., Thesis. University of Madras. Chennai, Tamil nadu,

India; 2010.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

Page 12 of 13

Lignot JH, Pannier F, Trilles JP, Charmantier G: Effects of tributyltin oxide
on survival and osmoregulation of the shrimp Penaeus japonicus
(crustacean, decapoda). Aqua Toxicol 1998, 41:277-299.

Laughlin RB, Franch WJ, Guard HF: Acute and sub lethal toxicity of
tributyltin oxide (TBTO) and its putative environmental product,
tributyltin sulfide (TBTS) to zoeal mud crabs. Water Air Soil Pollu 1983,
20:69-79.

Laughlin RB, French WJ: Comparative study of the acute toxicity of a
homologous series of trialkyltins to larval shore crabs Hemigrapsus nudus
and lobster. Homarus amaricanus. Bull Environ Contam Toxicol 1980,
25:802-809.

Zhang IL, Zuo ZH, Chen YX, Zhao Y, Hu S, Wang CG: Effect of tributyltin on
the development of ovary in female cuvier Sebastiscus marmoratus.
Aquat Toxicol 2007, 83:174-179.

Revathi P, Arockia Vasanthi L, Munuswamy N: Effect of cadmium on the
ovarian development in the freshwater prawn Macrobrachium
rosenbergii (De Man). Ecotoxicol Environ Safety 2011, 74:623-629.

Rodriguez EM, Lopez Grego LS, Fingerman M: Inhibition of ovarian growth
by cadmium, in the fiddler crab Uca pugiliator (Decapoda, Ocypodidae).
Ecotoxicol Environ Safety 2000, 46:202-206.

Agarwal SK, Kumar S: Some biochemical changes related to the
reproductive cycle of the crab, Paratelphusa manoniana (Han).

Comp Physiol Ecol 1986, 11:195-199.

Sreeram MN, Menon NR: Histopathological changes in the
hepatopancreas of the penaeid shrimp Metapenaeus dobsoni exposed to
petroleum hydrocarbons. J Mar Biol Assoc India 2005, 47(2):160-168.
Klobucar GI, Lajtner VJ, Erbener J: Lipid peroxidation and histopathological
changes in the digestive gland of freshwater snail Planorbis corneus L.
(Gastropoda, Pulmonata) exposed to chronic and sub chronic
concentrations of PCP. Bull Environ Contam Toxicol 1997, 58:128-134.
Fostier A, Jalabert B, Billard R, Breton B, Zohar Y: The gonadal steroids. In
Fish Physiology, Vol. IX, Reproduction, Part A, Endocrine Tissues and Hormones.
Edited by Hoar WS, Randall DJ, Donaldson EM. New York: Academic Press;
1983:277-372.

Weber LP, Kiparisis Y, Hwang GS, Niimi AJ, Janz DM, Metcalfe CD: Increased
cellular apoptosis after chronic aquaeous exposure to nonylphenol and
quercetin in adult medaka (Oryzias latipes). Comp Biochem Physiol C 2002,
131:51-59.

Chang XT, Kobayashi T, Kajiura H, Nakamura M, Nakayama Y: Isolation and
characterization of the cDNA encoding the tilapia (Oreochromis
mossambicus) cytocrome P450 aromatase (P450arom): changes in
P450arom mRNA, protein and enzyme activity in ovarian follicles during
oogenesis. J Mol Endocri 1997, 18:57-66.

Sarojini A, Victor B: Toxicity of mercury on the ovaries of the caridean
prawn. Cur Sci 1985, 54:398-400.

Nagabhushanam R, Deshpande J, Sarojini R: Effect of some pesticides on
the biochemical constituents of freshwater prawn Macrobranchium
kistensis. Proc Nat Symb Ecotoxicol 1972:73-84.

West ES, Todd WR, Mason HS, Van JTB: Text book of biochemistry, fourth ed.
Macmillan: New York; 1967.

Holwerda DA, Herwig HJ: Accumulation and metabolic effects of di-n
-butyltin dichloride in the fresh water clam, Anodonta anatine. Bull
Environ Contam Toxicol 1986, 36:756-762.

Reddy PS, Devi M, Sarojini R, Nagabhushanam R, Fingerman M: Cadmium
chloride induced hyperglycemia in the red swamp crayfish, Procambarus
clarkii: possible role of crustacean hyperglycemic hormone. Comp
Biochem Physiol 1994, 107C:57-61.

Chin-Chyuan Chang B, Pai-Po Leeb C, Jung-Pin H, Shinn-Pyng Y, Chenga W:
Survival and biochemical, physiological, and histopathological responses
of the giant freshwater prawn, Macrobrachium rosenbergii, to short-term
trichlorfon exposure. Aquaculture 2006, 253:653-666.

Vijayavel K, Anbuselvam C, Balasubramanian MP, Deepak Samuel V,
Gopalakrishnan S: Assessment of biochemical components and enzyme
activities in the estuarine crab Scylla tranquebarica from naphthalene
contaminated habitants. £cotoxicol 2006, 15(5):469-476.

Kime DE: Endocrine disruption in fish. Boston: Kluwer; 1998:397.

Bradford MM: A rapid and sensitive method for the qualification of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem 1976, 72:248-254.

Folch J, Lee M, Bloane-Stanley M: A simple method for the isolation and
purification to total from animal tissues. J Biochem 1957, 266:497-509.



Peranandam et al. Aquatic Biosystems 2013, 9:10
http://www.aquaticbiosystems.org/content/9/1/10

40.

41,

42.

43.

44,

Dezwann D, Zandee I: The utilization of glycogen and accumulation of
some intermediate during anerobiosis in Mytilus edulis. Comp Biochem
Physiol 1972, 43B:47-52.

Tietz NW: Clinical guide to laboratory tests. Philadelpia, USA: SW. Saunders
Co,; 1976:238.

Tsukimura B, Bender JS, Linder CJ: Developmental aspects of gonadal
regulation in the ridgeback shrimp, Sicyonia ingentis. Comp Biochem
Physiol 2000, 127A:215-224.

Zagalsky PF, Cheesman DF, Ceccaldi HJ: Studies oncarotenoid-containing
lipoproteins isolated from the eggs and ovaries of certain marine
invertebrates. Comp Biochem Physiol 1967, 22:851-871.

Oreczyk GP, Caldwell BV, Behrman HR: Endocrinology. In Methods of
hormone Radioimmunoassay. Edited by Jaffe BM, Behrman HR. New York:
Academic press; 1974:256-258.

doi:10.1186/2046-9063-9-10

Cite this article as: Peranandam et al.: Impact of TBT on the
vitellogenesis and sex hormones in freshwater prawn Macrobrachium
rosenbergii (De Man, 1879). Aquatic Biosystems 2013 9:10.

Page 13 of 13

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

e Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Survival rate and bodyweight
	Assessment of reproductive activity
	Oocyte growth
	Morphological variation of reproductive tissues
	Cellular level changes in different reproductive tissues
	Identification of vitellin in ovary
	Biochemical variations in different reproductive tissues
	Quantification of vitellogenin and vitellin content
	Quantification of sex hormones
	17β-estradiol level in different reproductive tissues

	Testosterone level in ovary

	Discussion
	Conclusion
	Methods
	Collection and maintenance of prawn
	Experimental design and TBT treatment
	Assessment of reproductive activity
	Measurement of oocyte development
	Histology
	Immunofluorescence
	Biochemical analysis
	Protein
	Lipid
	Glycogen
	Glucose

	Isolation of vitellogenin and vitellin
	Enzyme linked immunosorbent assay
	Hormonal assay
	Radioimmunoassay

	Statistical analysis
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

