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Abstract. The current study investigated the impact of methoprene
during different phases of oogenesis in the freshwater crab
Travancoriana schirnerae Bott, 1969 (Decapoda: Gecarcinucidae), a
non-target organism abundant in the wetlands of Wayanad, Kerala,
India. Sublethal doses of methoprene impaired ovarian growth as
evidenced by reduction in gonadosomatic values, fall in mean
oocyte diameter and histopathological changes in all the phases of
oogenesis. A significant drop in the proportion of mature oocytes in
the experimental crabs were noticed, i.e. methoprene treatment
delayed the growth of avitellogenic oocytes to previtellogenic and
previtellogenic to early, middle or late vitellogenic stages. Reduction
in proliferation of oogonia in the germinal zone and ruptured
oolemma in chromatin nucleolus and perinuclear stage oocytes was
persistent. Histopathological changes in the primary vitellogenic
oocytes include karyoplasmic clumping, perinuclear space atresia,
shrinkage and vacuolation of ooplasm, reduction in size of yolk
globules and vacuolated globules and degeneration of follicle
epithelium. Methoprene negatively affected yolk platelet formation
as evidenced by the irregularly fused and distorted yolk platelets of
late vitellogenic oocytes. The observed cellular deformities possibly
suggest the direct effects of methoprene on the oocytes through
general metabolism and growth or through hormones controlling
ovarian growth.
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Introduction

Knowledge on the endocrine
control of the complex larval
developmental processes in insects has led
to the introduction of insect hormones and
their analogs as insecticides, known as
insect growth regulators (IGRs). One of the
most successfully used IGRs is methoprene,
a growth regulating terpenoid, which
manifests its toxicity on target insects by

ISSN 2358-2731/BJBS-2017-0023/4/7/17/165

acting as an analog of the insect juvenile
hormone (JH) secreted by the corpora allata
(Dale and Hulsman, 1990). Crustacean
mandibular organ (MOQO) secretes a
sesquiterpenoid hormone, methyl
farnesoate (MF), the unepoxidated form of
JH 1l (Laufer and Biggers, 2001) and
methoprene mimics both JH and MF (De
Fur et al., 1999). In association with the
moulting hormone, JH suppresses adult
differentiation to maintain  immature
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characteristics of the developing insect
(Wyatt and Davey, 1996) while MF
regulates crustacean larval metamorphosis
(Yamamoto et al., 1997) and stimulates
reproduction (Homola and Chang, 1997).
Methoprene enters wetlands either by direct
application on aquatic pests or indirectly
through land drainage or erosion from
adjacent methoprene treated agricultural
fields (Dhadialla et al., 1998).

Comprehensive studies have been
conducted by several researchers on the
impact of IGRs including methoprene on
various aspects of oogenesis in insects
(Gayathri and  Muraleedharan, 2001;
Fathpour et al., 2007). Studies show that
compounds with JH activity which interrupt
developmental processes in insects also
affect crustaceans (Mu and Le Blanc,
2004). Changes induced by methoprene on
larval survival (Celestial and McKenney,
1994), juvenile development (McKenney
and Matthews, 1990), moult frequency,
limb regeneration, growth rate (Olmstead
and Le Blanc, 2001; Stueckle et al., 2009),
adult mortality (Wirth et al., 2001), acute
toxicity (Mortimer and Chapman, 1995),
bioaccumulation, metabolic and
morphologic effects (Walker et al., 2005;
2010) have received much attention.

From the available literature, it is
clear that studies of methoprene impact on
reproductive aspects of crustaceans are
comparatively few; whatever reported is
limited to microcrustaceans (Chu et al.,
1997; Ghekiere et al., 2006). Very few
studies have been devoted to the influence
of methoprene on reproduction of
macrocrustaceans. Topical application and
ingestion  of  methoprene inhibited
oogenesis in the estuarine mud crab
Rhithropanopeus harrisii  (Payen and
Costlow, 1977). Hinsch (1981) observed
the effects of JH mimics on the ovary of the
immature spider crab Libinia emarginata.
In Carcinus maenas, methoprene injection
resulted in the enlargement of ovaries
(Paulus and Laufer, 1982; Paulus, 1984).
Reduced ovarian indices due to methoprene
exposure were recorded in the Gulf sand
fiddler crab Uca panacea (Tuberty, 2002).

The current study is an attempt to
analyze the impact of methoprene

application on different phases of oogenesis
in an edible freshwater crab Travancoriana
schirnerae, a non-target crustacean,
commonly found on the embankments of
rice fields, banana and areca plantations of
Wayanad district, Kerala, India. Since
freshwater crustaceans play a vital role in
the trophodynamics of wetland/rice field
ecosystems, it is important to assess the
impact of methoprene on oogenesis of these
ecologically fragile invertebrates

Materials and methods

Test chemical

Methoprene is a long chain
hydrocarbon ester, characterized as an
amber or pale yellow liquid with a faint
fruity odour. The commercial product
Diacon Il containing 33.6% (S)-
methoprene/L  as  active  ingredient
(Wellmark International, IL, USA) was
used as the source of methoprene in this
study.

Determination of LDs, for 48 h

The acute toxicity study was
carried out for a period of one year (March
2014-February 2015). Adult intermoult
crabs (carapace width 4.0-5.0 cm) (body
weight 20.47-45.83 g; 33.04+6.27 g) were
collected from the paddy fields of
Ondayangadi, about 5 km Northeast of
Mananthavady (11.82° N and 76.02° E,
altitude 767 m) in Wayanad District of
Kerala. Fifty crabs were distributed into
five groups of ten each. Group I, II, 1, IV
and V received injections of 50, 100, 150,
200 and 250 ppm (mg/L) (S)-methoprene,
respectively. The crabs were kept
separately in plastic tubs and observed for
48 h. The mortality in each group was
recorded. The LDsp (150 ppm for 48 h) was
determined using Probit analysis. One tenth
of the LDsp (15 ppm) was used as the test
dose in the present study.

Experimental design

Adult intermoult crabs were
collected for a period of one year (March
2015-February 2016). The animals were
acclimatized to laboratory conditions for
three days. They were fed with boiled egg
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and pulses during the acclimation and
experimental period. Every month, ten
untreated crabs were maintained as controls
and another ten as experimentals. To each
experimental crab, 100 pL of 15 ppm
(mg/L) (S)-methoprene was carefully
injected into the body cavity through the
arthrodial membrane of the third walking
leg on days 1, 8, 15 and 22. A week after
administration of the fourth dose, the
animals were sacrificed. Ovaries from
experimental and control animals were
carefully dissected out; their size, colour
and wet weights were recorded. The
gonadosomatic index (GSI) was calculated
using the formula: wet weight of gonad
(9)/wet weight of whole body (g) x 100.

To characterize the vitellogenic
stages, one half of the ovary was carefully
torn open and diameters of 100 randomly
choosen oocytes were recorded with a
calibrated oculometer. The other half of the

ovary was fixed in Bouin’s solution for
histological analysis. The tissues were
dehydrated in graded series of ethanol and
embedded in paraffin wax. Sections 5-6 um
thickness were stained with haematoxylin-
eosin and examined under a Leica DM 500
Research Microscope. Measurements were
recorded using an image analysis system of
Biowizard software. Photomicrographs
were taken with a DG 330/210 camera
attached to the microscope. Student’s t-test
was applied in analyzing the data.

Results

The current investigation recorded
the histopathological changes induced by
methoprene treatment during different
phases of oogenesis in T. schirnerae. The
changes were assessed year round, focusing
on GSI, morphological and histological
features of the ovary.

Table 1. Changes in the oocyte diameter of T. schirnerae due to methoprene treatment.

Oocyte diameter (um) Nucleus diameter (um)
Oocyte Control Treated Control Treated
00 11.97+2.18 8.57+1.59* 9.76+2.29 6.65+1.80
CN1 45.21+4.03 38.98+2.59* 34.36+8.36 24.3047.31
CN2 132.46+8.71 119.04+11.29" 46.05+9.70 39.7447.60
CN3 244.98+2.52 223.64+3.33* 51.81+10.09 43.9748.15
PN 384.44+11.89 364.35+16.67** 57.95+10.91 50.58+10.78
PV 513.00+2.26 479.35+2.72* 65.17+9.93 55.52+9.09
svi 634.14+14.77 579.61+42.65* 46.24+7.68 38.10+7.42
SVv2 848.23+71.64 787.92467.49* 37.47+3.86 30.9746.82
SV3 1103.72+16.72 1024.5+74.35* 33.44+2.73 25.42+3.20
TV 1352.43+81.13 1283.31+6.21* - -

The values are represented as Mean + S.D. *p < 0.01, **p < 0.05, * not significant.

Histological changes in the ovary
of crabs treated during the proliferation
phase (April-May)

The small, transparent and white
proliferation phase ovaries of treated crabs
appeared morphologically similar to that of
the control crabs but exhibited significantly
reduced GSI values (Figure 1A). The
damage caused by methoprene treatment
was evident from the reduced proliferation
of oogonial cells as against clusters of
oogonial cells seen in control crabs (Figures
1B, 2A and B). Pycnotic follicle nuclei,
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shrunken follicles and atretic oocytes were
seen disbursed randomly. The chromatin
nucleolus (CN) stage oocytes appeared
elongate or deformed with indistinct
borders, losing the typical round or oval
configuration (Table 1). The difference
observed in the mean oocyte diameter was
not significant statistically (p > 0.05) (Table
2). Karyorrhexis, wherein the nuclear
membrane and chromatin material found
merging with the faintly basophilic and
granular ooplasm leading to the dissolution
of nucleus, was rampant in CN oocytes
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Figure 1. (A) Gonadosomatic index of control and treated T. schirnerae, (B-F) Proportion of oocytes in
control and treated crabs during different phases of oogenesis.
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(Figure 2C). In some CN oocytes, ooplasm ooplasmic contents were noticed (Figure
appeared granular and shrunken; retraction 2D). These observations revealed that
of chromatin content was more pronounced methoprene treatment during proliferation
though intact nucleoli (1-5) were present. phase hampered normal ovarian growth
Moderate to extensive dissolution of leading to resorption of CN oocytes.

Table 2. Mean oocyte diameter of control and treated crabs during different phases of oogenesis.

Phases of oogenesis Control (um) Experimental (um)
Proliferation phase 79.63x14.29 72.56+9.26"
Previtellogenic phase 254.95+19.05 208.18+13.44*
Primary vitellogenic phase 412.69+15.08 380.83+£21.64*
Secondary vitellogenic phase 831.56+31.12 745.04+31.28*
Tertiary vitellogenic phase 1097.18+31.03 872.62+34.39**

The values are represented as Mean + S.D. *p < 0.05, **p < 0.01, *not significant.

Figure 2. Histology of control and treated ovary in proliferation phase. (A) Ovary of control crab
showing oogonial proliferation, (B) Reduced oogonial proliferation in treated females, (C-D) Deformed
chromatin nucleolus stage | oocyte exhibiting karyorrhexis and ooplasmic retraction in ovary of treated
crabs. AO: Atretic oocyte; CN: Chromatin nucleolus stage 1 oocyte; N: Nucleus; NU: Nucleolus; OO:
Oogonium; Arrow indicates karyorrhexis; Asterix indicates retraction of chromatin.
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Histopathology of ovary in
previtellogenic phase (June-September)

Macroscopically, no difference in
the ovary was noticed in treated crabs of
previtellogenic phase but their GSI was
lower than the control group (Figure 1A).
The ovaries of control crabs were opaque,
with a creamish tinge and enclosed
perinuclear (PN) and CN stage oocytes
(Figure  1C).  Vacuolated  globules
(3.5-20.5 pm) were observed in the
peripheral ooplasm of PN oocytes (Figure
3A). Experimental data showed that the
mean oocyte diameter was found
significantly different between control and
experimental crabs (Table 2). Though CN2
oocytes were abundant, a decline in the
number of CN3 and PN oocytes was
noticed when compared to controls (Figures
1C). The reduction in the proportion of
CN3 and PN oocytes indicate that further
development of CN2 oocytes was hindered
by methoprene treatment. The CN1 and

CN2 oocytes exhibited karyorrhexis while
CN3 oocytes displayed karyoplasmic
clumping, rupture of oolemma and
retraction of ooplasm (Figure 3C).

The size of PN oocytes reduced
considerably when compared to the controls
(Tablel). In some PN  oocytes,
displacement and disorganization of nuclei
was evident. The nuclear membrane
appeared hazy, enclosing degenerated
nucleoplasm with chromatin thickenings
and nucleoli (3.8-11.0 um). Instances of
oolemma merging with the follicle cells
were also noticed. The ooplasmic changes
due to methoprene injection include
peripheral cytoplasmic shrinkage,

perinuclear space atresia, Vvacuolations
(6.4-13.6 pm diameter) and rupture of
oolemma. Shrunken follicles, pycnotic
follicle nuclei, empty spaces and debris
were evident in the ovarian stroma of
treated crabs (Figure 3B).

Figure 3. Impact of sublethal treatment of methoprene during previtellogenic phase. (A) Control ovary
showing perinuclear stage oocyte, (B) Perinuclear stage oocyte exhibiting extensive vacuolations and
degeneration, (C) Chromatin nucleolu stage oocyte undergoing karyoplasmic clumping and ooplasmic
retraction, (D) Perinuclear space atresia and vacuolations in perinuclear oocytes. CN: Chromatin
nucleolus stage oocyte; D: Debris; K: Karyoplasmic clumping; OR: Ooplasmic retraction; PN:

Braz. J. Biol. Sci., 2017, v. 4, No. 7, p. 165-179.
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Perinuclear stage oocyte; PZ: Perinuclear zone; SF: Shrunken follicle; V: Vacuolation; VG: Vacuolated
globules; Arrow head indicates perinuclear space atresia.

Histopathology of ovary in oocytes were in primary vitellogenic (PV)
primary vitellogenic phase (October) stage which showed the appearance of

The ovaries of animals treated round, basophilic yolk globules (4.8-40
during the primary vitellogenic phase did pm) indicating  the initiation  of
not show any visible morphological change. vitellogenesis  (Figures 1D and 4A).
They exhibited light yellow colouration Follicular epithelium (5.5-9.2 pm) with
similar to that of controls but with many round to oval follicle cells (4.5-8.2
appreciably decreased GSI values (Figure pum) was also observed.

1A). In control crabs, majority of the

1" v

Figure 4. Histology of untreated and treated ovaries during primary vitellogenic phase. (A) Peripheral
deposition of vacuolated globules and yolk globules in primary vitellogenic oocytes with wide perinuclear
zone, (B) Primary vitellogenic oocyte exhibiting cytoplasmic retraction, karyoplasmic disintegration and
degeneration of yolk globules, (C) Shrinkage of peripheral ocoplasm and disintegrated yolk globules in
perinuclear and primary vitellogenic oocytes, (D) Dissoluted perinuclear and cortical regions of
perinuclear and primary vitellogenic oocytes. CN: Chromatin nucleolus stage; DG: Disintegrated yolk
globules; K: Karyoplasmic clumping; N: Nucleus; NU: Nucleolus; PN: Perinuclear stage oocyte; PV:
Primary vitellogenic oocyte; PZ: Perinuclear zone; V: Vacuolation; VG: Vacuolated globules; YG: Yolk
globule.

Significant difference in the mean of PV oocytes was noticed in the
oocyte diameter was detected between the experimental crabs, an indication that
control and treated crabs (p < 0.05) (Table methoprene treatment slowed down the
2). Considerable reduction in the proportion progress of PN oocytes to PV stage (Figure
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1D). Oocytes in all stages exhibited
cytoplasmic retraction and karyoplasmic
disintegration.

A significant reduction in the
diameter of PV oocytes was documented in
all the treated crabs (Table 1). One or two
prominent nucleoli (3.8-11.8 um) were
observed in nuclei undergoing
karyoplasmic clumping. The size of yolk
globules (1.6-14.0 pm) and vacuolated
globules  (6.5-11.2 um)  diminished
substantially (Figure 4B). In the perinuclear
and cortical regions of PN and PV oocytes,
the ooplasm was seen dissoluted due to
extensive vacuolations (3.8-14.0 pum).
Shrinkage of peripheral ooplasm and
disintegration of yolk globules were
apparent in PN and PV oocytes. The
follicular epithelium around the PV oocytes
appeared thin. Few shrunken follicles,
empty spaces and debris were seen strewn
among the PN and PV oocytes.

Histopathology of ovary in
secondary vitellogenic phase (November-
January)

The ovaries of treated crabs
appeared bright yellow, morphologically
similar to control ovaries but with reduced
GSI values (Figure 1A). The experimental
crabs exhibited a significant decrease in
mean oocyte diameter (p < 0.05) than their
controls (Table 2). The percentage of
secondary vitellogenic (SV) stage 2 oocytes
diminished drastically against a
considerable increase in the PV, SV1 and
SV3 oocytes (Figure 1E).

In control crabs, the peripheral
ooplasm of SV2 oocytes revealed large
highly basophilic yolk globules (28.0-60.0
pm) and vacuolated globules (18.0-40.0
pum) advancing into the strongly basophilic
perinuclear zone (Figures 5A-B). The SV3
oocytes attained maximum size and the
polygonal, eosinophilic yolk platelets
progressed further into the perinuclear
space making the nuclei  almost
indistinguishable. Methoprene treatment
induced a significant decrease in the size of
SV oocytes when compared to the controls
(Table 1). Their nuclei were indistinct,

enclosing one or two intact nucleoli. In the
perinuclear zone of SV2 oocytes, the yolk
platelets appeared diffused unlike the
control ovaries. The follicular epithelium
surrounding SV1 and SV2 oocytes had a
degenerated appearance in treated crabs.
The uneven distribution of yolk globules
and vacuolated globules interspersed with
vacuolated areas in the ooplasm indicate
disintegration of yolk deposition in SV3
oocytes (Figure 5C).

Histopathology of ovary in
tertiary vitellogenic phase (February-
March)

In control crabs, tertiary
vitellogenic (TV) oocytes attained a
maximum size with their nuclei becoming
totally imperceptible. Eosinophilic yolk
platelets occupied the peripheral ooplasm,
forming a homogeneous matrix towards the
centre  (Figures 5D-E).  Methoprene
injection during this phase caused a
significant reduction in GSI and mean
oocyte diameter when compared to control
crabs (Figure 1A, Table 2). Our
observations revealed a considerable
reduction in the proportion and diameter of
TV oocytes with a substantial increase in
the percentage of SV oocytes unlike the
controls (Table 1, Figure 1F). Numerous
empty spaces, distorted and irregularly
fused yolk platelets indicated that TV
oocytes were undergoing varying degrees
of atresia (Figure 5F).

Histopathology of ovary in
oosorption phase (April)

After spawning, the ovaries of
control crabs appeared shrunken, acquiring
a dirty white hue. The sagging ovarian
stroma accommodated randomly distributed
shrunken  follicles and  degenerating
oogonia (Figure 6A). Methoprene induced
histoanatomical  variations were less
pronounced in ovaries of this phase except
a significant reduction in GSI value (Figure
1A). The sagging ovarian stroma
accommodated  randomly  distributed
shrunken follicles, degenerating oogonia
and atretic vitellogenic oocytes (Figure 6B).

Braz. J. Biol. Sci., 2017, v. 4, No. 7, p. 165-179.



Figure 5. Histological features of ovary of control and treated crabs in secondary and tertiary vitellogenic
phases. (A-B) Secondary vitellogenic phase ovary of control crabs, (C) Degenerated yolk globules and
yolk platelets of SV2 and SV 3 oocytes, (D-E) Tertiary vitellogenic phase ovary of control crabs, (F)
Atretic tertiary vitellogenic oocytes with irregularly fused yolk platelets. AT: Degenerating tertiary
vitellogenic oocyte; DY: Degenerated yolk platelets; N: Nucleus; NU: Nucleolus; PN: Perinuclear stage
oocyte; PZ: Perinuclear zone; SV1: Secondary vitellogenic stage 1 oocyte; SV2: Secondary vitellogenic
stage 2 oocyte; SV3: Secondary vitellogenic stage 3 oocyte; TV: Tertiary vitellogenic oocyte; VG:
Vacuolated globule; YG: Yolk globule; YP: Yolk platelet; Bent arrow indicates degenerated yolk
globules; Double arrow indicates irregular fusion of yolk platelets.
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Figure 6. Histological features of ovaries of normal and methoprene treated crabs in oosorption phase.
(A) Loosely dispersed ovarian stroma with numerous shrunken follicles, atretic oocytes and debris in
control crabs, (B) Sagging ovarian stroma with shrunken follicles and atretic oocytes in treated crabs. AO:
Atretic oocyte; SF: shrunken follicle; Arrow indicates cell debris.

Discussion

The current investigation clearly
demonstrated that sublethal dose of
methoprene impaired ovarian growth as
evidenced by the reduction in GSI, diameter
of oocytes and histopathological changes
irrespective of the ovarian phases.

From the present study, it was
obvious that methoprene treatment reduced
the GSI values in all the phases of
oogenesis. Gonadosomatic index is often
used to assess gonad development and a
reduced GSI points to a reduction in gonad
mass or degeneration of gonads. Tuberty
(2002) noticed a reduced GSI in U.
panacea exposed to different doses of
methoprene. In the crabs Chasmagnathus
granulata, C. maenas and Geothelphusa
dehaani, exposure to heavy metals
demonstrated a dose dependent reduction in
GSI values (Medesani et al., 2004;
Elumalai et al., 2005; Yamaguchi et al.,
2008). In the mud crab Scylla serrata, the
GSI values exhibited a decreasing trend
when exposed to sublethal concentrations
of naphthalene irrespective of the
vitellogenic  phases  (Vijayavel and

Balasubramanian, 2008). On the contrary,
in the freshwater crayfish Procambarus
clarkii fed with duckweeds containing
cadmium  significantly increased the
ovarian index than the control groups fed
with unpolluted duckweeds (Devi et al.,
1996). No changes were noticed in GSI
value due to sublethal exposure of
endosulfan in the freshwater crab
Zilchiopsis collastinensis (Negro, 2015).
Methoprene treatment significantly
reduced oocyte growth as evidenced by a
fall in the mean oocyte diameter in all the
phases of oogenesis. Our findings were
supported by the observations of Payen and
Costlow (1977) and Rodriguez et al.
(1994). Cadmium inhibited oocyte growth
was reported in marine and freshwater
decapods (Rodriguez et al., 2000;
Padmanabhan and Mohan, 2013). In the
freshwater prawn Macrobrachium
rosenbergii, the diameter of previtellogenic
and vitellogenic oocytes decreased with
increase in tributyltin (TBT) concentration
(Revathi et al., 2013). Conversely, chronic
exposure to sublethal concentration of
parathion caused a significant increase in
the size of previtellogenic and vitellogenic
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oocytes in C. granulata (Rodriguez et al.,
1994). In juveniles of this species, no
difference in mean oocyte diameter was
recorded between control and experimental
crabs exposed to 0.1 mg/L of cadmium
(Kogan et al., 2000). The fall in oocyte
diameter may be attributed to the disruption
of intra and extra-oocyte yolk synthesis by
methoprene which in turn affects growth
and metabolism of the developing oocytes.

In T. schirnerae, sublethal doses of
methoprene retarded or slowed down the
process of oogenesis/vitellogenesis as
evidenced by a significant drop in the
proportion of mature oocytes in the
experimental crabs than their respective
controls. ~ Similar  observations  were
recorded by Revathi et al. (2013) in M.
rosenbergii, where TBT treated ovaries
showed previtellogenic oocytes while
control ovaries exhibited vitellogenic
oocytes. By contrast, Kumar and Pant
(1988) observed that the action of sublethal
concentrations of organochlorine and
organophosphate pesticides on oocytes of
the freshwater fish Puntius conchonius was
selective to specific oocyte stages.

The significant reduction in the
proportion of mature oocytes in
experimental crabs than their respective
controls in the present study indicates that
methoprene inhibits the release of growth
stimulating hormone (GSH) from the
neuroendocrine centres which in  turn
affects the levels of methyl farnesoate
responsible for normal functioning of the
ovary. Studies have shown that methoprene
used in mosquito control adversely affected
the reproductive performance of the
estuarine mysid Mysidopsis bahia at very
low concentrations through interference
with the endogenous endocrine system
(Pinder et al.,, 1999). In P. clarkii,
naphthalene inhibited GSH release from
neuroendocrine centres, resulting in atresia
of the ovaries (Sarojini et al., 1994) and
mercury inhibited the stimulatory effect of
GSH on ovarian growth (Reddy et al.,
1997). Fingerman et al. (1996) observed
that the reproductive impairments caused
by heavy metals were strongly related to
imbalances in hormonal synthesis and/or
secretions. Rodriguez et al. (2000; 2007)
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documented that heavy metals have shown
to interfere with hormones that stimulate or
inhibit gonadal growth.

The  present study clearly
demonstrated that methoprene treatment in
the proliferation phase had significantly
reduced the proliferation of oogonia from
the germinal zone. Similar observations
were reported by several researchers in
decapods exposed to different pesticides
(Dode et al., 2012; Watermann et al., 2013).
On the other hand, in the copepod Acartia
tonsa exposed to dichloro-diphenyl
dichloroethylene, intensification of
oogenesis  with  enhanced  oogonial
proliferation ~ was  documented by
Watermann et al. (2011).

The results of the present study
clearly indicated that methoprene treatment
significantly affected the cytoarchitecture
of previtellogenic oocytes. Similar results
were obtained in M. Kistensis treated with
tributyltin chloride (Kharat et al., 2011) and
cuprous oxide (Dode et al., 2012).
Vacuolization, karyorrhexis and slow
maturity was documented in C. granulata
(Kogan et al.,, 2000) and Paratelphusa
hydrodromous (Padmanabhan and Mohan,
2013) exposed to cadmium. The observed
structural deformities in the previtellogenic
oocytes of the current study may suggest
methoprene-membrane interaction and the
alteration of intercellular ionic composition.

In T. schirnerae methoprene
induced an array of changes in the oocytes
of primary vitellogenic phase ovary which
include reduction in proportion and
diameter of PV oocytes, shrinkage of
peripheral ooplasm, karyoplasmic
clumping, perinuclear space  atresia,
extensive vacuolations, reduced size of yolk
globules and  vacuolated  globules.
Similarly, reactional atresia and invasion of
follicular cells (Kogan et al., 2000),
degeneration of oocytes, membrane
destruction and shrinkage of ooplasm
(Shaikh et al., 2010), disorganization of
nuclear region, peripheral cytoplasmic
vacuolation and ruptured follicle epithelium
(Dode et al.,, 2012), reduction in yolk
globules, disruption of follicle cells and
vacuolation of vitellogenic  oocytes
(Revathi et al., 2013) were recorded in
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decapods exposed to different
concentrations of heavy metals and
pesticides. The disorganization and
degeneration of nucleus, perinuclear space
atresia and ooplasmic vacuolations may
have negative impact on intra-oocyte yolk
synthesis (autosynthesis) which ultimately
resulted in deformation of the oocytes.

In T. schirnerae, methoprene
treatment negatively affected yolk platelet
formation in late vitellogenic stages.
Furthermore, methoprene treatment induced
degeneration of the follicle epithelial layer
which may have an impact on extra-ovarian
yolk deposition of the vitellogenic oocytes.
The sensitivity of follicular epithelium to
methoprene is significant in the present
study that follicle cells play an important
role in incorporating yolk into the oocytes
(heterosynthetic  yolk  deposition)  as
observed in several crustaceans (Yano and
Chinzei, 1987; Yano, 1988). In the moth
Cecropia, Anderson (1971) observed poor
deposition of yolk in oocytes of pronase
treated females. Endosulfan exposure
resulted in the destruction of follicle cells of
the  freshwater crab  Barytelphusa
cunicularis (Jadhav and Shaikh, 2011).
Large spaces between oocytes and follicle
cells were observed in vitellogenic oocytes
of juvenile L. emarginata treated with JH
mimics (Hinsch, 1981). The degeneration
of the follicle epithelium in the current
study corroborates the earlier reports of
several investigators on various pollutants.

Conclusion

The observed cellular deformities
following methoprene exposure possibly
suggest the direct effects of methoprene on
the oocytes through general metabolism and
growth or through hormones controlling
ovarian growth.
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