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Abstract

This study elucidated the light and electron microscopic observations on mandibular organ in relation to the female
reproductive cycle of the edible freshwater crab Travancoriana schirnerae. Results indicated that the gland underwent
correlative changes in accordance with the phases of reproduction, with highest activity during the reproductive phase
and least during the pre and post-reproductive phases. During the reproductive phase, the gland cells and their nuclei
exhibited hypertrophy and the cytoplasm displayed numerous extraordinarily hypertrophied, unusually dense,
polymorphic mitochondria with increased number of transverse tubular cristae, prominence of Golgi with swollen
cisternae, vesicles and dense granules, swollen tubular cisternae and vesicles of rough and smooth endoplasmic
reticulum, rich free ribosomes and electron dense secretory granules, characteristic of high cellular activity in connection
with the synthesis of methyl farnesoate, the secretory product of the mandibular organ. The abundance of hemocytes, in
particular, granular hemocytes enclosing electron dense granules of varying sizes, shapes and density in the wide
hemolymph channels and sinuses during the reproductive phase suggested their role in the storage and transport of the

secretory product of the gland.
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base of the adductor muscle of the mandibles in
crustaceans. It was first described by Le Roux [1] in the
crab Carcinus maenas. Several studies suggested its role in
the regulation of moult and reproduction in crustaceans
[2-4]. Fine structural studies by Byard, et al. [5] and
Hinsch and Al Hajj [6] revealed that the MO cells
resembled steroid or lipid synthesizing cells. Byard, et al.
[5] suggested that the MO which played a gonadotropic
and ecdysiotropic role by controlling reproduction and
moult in crustaceans is analogous to the corpus allatum of
insects. Couch, et al. [7] reported the presence of
progesterone-like substance in the MO of Homarus.

The histology and ultrastructure of MO were described
in a number of crustaceans [1,2,4,8-12]. Buchholz and
Adelung [13] studied the ultrastructure of MO of crabs
Hemigrapsus nudus and C. maenas. Hinsch [14] observed
that the MOs were found active during vitellogenesis in C.
maenas and Libinia emarginata. Taketomi and Kawano
[15] described the fine structure of MO of the shrimp
Penaeus japonicus. A detailed structure of Fenneropenaeus
indicus MO was provided by Vijayan and Diwan [16].
Sheng Li and Wei Xin [17] noticed a parallelism between
the structural changes in MO and ovarian maturation in
Procambarus clarkii. The histology and ultrastructure of
MO in P. chinensis was investigated by Sheng Li, et al. [18].
Nagaraju, et al. [19] observed a positive correlation
between the MO and body weight, sex, moult stage and
reproduction in the rice field crab Oziothelphusa senex
senex. Light and electron microscopy of the MO of the
mangrove crab Sesarma quadratum during different
stages of development of the ovary were elucidated by
Syama [20]. Sarika, et al. [21] noticed that the activity of
MO was in accordance with the reproductive season in
Paratelphusa sp.

The MO synthesizes and releases a sesquiterpenoid,
methyl farnesoate (MF), analogous to the juvenile
hormone III of insects. Very little is known about the role
of MF in crustaceans until its analogy with JH III of insects
was established [10,22,23]. In vitro and in vivo
experiments in C. maenas, L. emarginata and P. clarkii
have demonstrated the relation between MF production
and ovarian maturation in decapods [22,24-26]. In vitro
incubation of shrimp previtellogenic oocytes with various
concentrations of MF significantly stimulated their
growth into vitellogenic oocytes [27].

The edible freshwater crab Travancoriana schirnerae,
commonly distributed in the wetlands of Wayanad,
Kerala, forms an important source of lean protein for the
local tribal communities. Though literature is plenty on
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the relation between vitellogenesis and MF titer, direct
experimental evidences on the role of MO in female
reproduction is rather scarce. At this juncture, the current
investigation on light and transmission electron
microscopy of the MO in relation to pre-reproductive,
reproductive and post-reproductive phases of female T.
schirnerae, which 1is totally lacking in freshwater
brachyurans, is undertaken. Outcome of this research may
help in a better understanding of the nature of secretions
of the gland and its cyclicity in production in relation to
the female reproductive cycle of freshwater crabs.

Materials and Methods

Adult female crabs (carapace width (CW) 4-5cm) were
collected from the paddy fields of Ondayangady, Wayanad
district of Kerala (11°49'20.3 N and 76°01'47.1 E), India
for one year (January to December, 2018). The animals
were accomplished to the laboratory conditions for 3-4
days. They were maintained in plastic tubs and the water
in the tubs was changed daily. The animals were fed ad
libitum with cooked beef liver, boiled egg, pulses and
decayed leaves. The temperature and photoperiod
conditions were adjusted to 25%2°C and 12L:12D
respectively. The animals were grouped into pre-
reproductive, reproductive and post-reproductive phases
based on morphological characteristics such as colour of
the ovary, oocyte diameter and gonadosomatic index
(GSI). The body weights and wet weights of ovaries were
recorded to calculate the GSI. For measurement of oocyte
diameter, around hundred oocytes/ovary were chosen
randomly and measured their diameters using a
calibrated ocular micrometer. The following equation was
used to calculate the GSI.

GSI = wet weight of the ovary / body weight x 100

For light and ultrastructural studies, the MO from
adult females in various phases of reproduction was
dissected out under a trinocular stereozoom dissection
microscope. The length and width of the organ was
recorded using a calibrated ocular micrometer. The
organs were immediately fixed in 3% glutaraldehyde
(containing 0.1 M phosphate buffer of pH 7.2) for 24
hours, washed twice in the same buffer, postfixed in 1%
osmium tetroxide for 1% hours and dehydrated in
ascending grades of ethanol. After clearing in propylene
oxide, the tissue was left in a mixture of propylene oxide
and araldite resin (1:1) overnight, and later transferred to
propylene oxide and araldite mixture 1:3 ratio followed
by pure araldite for 2-3 hours. Tissues were then
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embedded in flat embedding moulds and kept in an oven
at 60°C for 48 hours for polymerization [28].

Once the polymerization completed, semithin sections
of 0.5 p thickness were cut under a UC 7 Ultramicrotome
(Leica Microsystems, Germany), stained with 1%
toluidine blue and examined under a Leica DM 500
Research Microscope with Dewinter camera attachment
and Biowizard software for light microscopic
observations. Measurements of cells nuclei, nucleoli and
cytoplasmic  granulations  were  recorded. For
ultrastructural studies, 60 nm thick sections cut on the
ultramicrotome were collected on copper grids and
stained with uranyl acetate followed by lead citrate. The
stained sections mounted on copper grids were scanned
under a JEM 1400 Plus Transmission Electron Microscope
(JEOL, Japan) operating at 60KV. Selected regions were
captured using a Gatan SC 1000B CCD camera and the
electron micrographs were analyzed for fine structural
details. Dimensions of the organelles were calculated
using the scale bar.

Results

The female reproductive cycle in T. schirnerae was
largely divided into three phases: pre-reproductive,
reproductive and post-reproductive phases. The pre-
reproductive phase extended from July to September
wherein the ovaries appeared as creamy white, thin
bands with no signs of yolk deposition. The reproductive
season commenced with the onset of vitellogenesis (yolk
deposition in oocytes) in October. The ovary has a bulged
appearance packed with yellow-orange oocytes. The post-
reproductive season began at the end of March when
ovigerous females were apparent in the population and
ended in June. The ovary has a flabby appearance filled
with atretic oocytes and shrunken follicles during this
period.

Light Microscopic Observations

Light microscopic observations of semithin sections of
the MO revealed a cyclic change in structure in
accordance with the phases of reproduction. The activity
of MO was found minimum during the pre-reproductive
season, reached its peak during the reproductive phase
followed by a decline in the post-reproductive phase. A
clear parallelism was observed between the volume of MO
cell cytoplasm and nucleus and the reproductive phases.
Pre-reproductive phase: The gland appeared small
(length 687.21+135.54 pm and width 361.16+43.24 um),
composed of compactly packed small, oval uniform sized
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cells (11.78+5.10 pum) not arranged in cords. Their
centrally placed oval to spherical nuclei (5.51+1.08 um)
appeared mildly basophilic with 1 to 2 nucleoli seen
attached to the inner nuclear membrane. The cytoplasm
was mildly basophilic with a few granulations (0.75+0.28
um). The cells were seen surrounded by narrow
capillaries, enclosing a few hemocytes within them
(Figures 1A-B).

Figure 1: Light micrograph of mandibular organ of
Travancoriana schirnerae during pre-reproductive
phase (July).

(A) Mandibular organ composed of compactly packed
cells without cord-like arrangement. (B) Gland cells at
higher magnification showing spherical nuclei with
nucleoli and narrow capillaries enclosing a few
hemocytes.

BC: Blood capillary; H: Hemocytes; N: Nucleus; NU:
Nucleolus.

Reproductive phase: The gland has a hypertrophied
appearance (length 1033.03+127.60 pum and width
597.33+128.54 pm), composed of a heterogenous
population of cells. At the point of attachment to the
adductor muscle of the mandible, the organ was
composed of compactly packed rectangular cells (type I
cells-17.61+1.63 pm) arranged in cords. Their large
spherical nuclei (6.25+1.04 pum) were eccentric in
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position, mostly shifted towards the apical region of the
cells. Their transparent nucleoplasm contained 1-2
prominent nucleoli  (0.96%0.33 pm)  arranged
peripherally. The lightly stained cytoplasm carried
medium sized granulations (1.43+0.51 um). The cords of
cells were seen surrounded by large sinuses and
capillaries with copious number of granular and a few
agranular hemocytes. Towards the other half, the organ
was composed of loosely packed large oval cells (type II
cells-23.33+4.73 pm), not arranged in cords. Their large
spherical nuclei (7.86%+2.50 pm) occupied an eccentric
position with 1-2 distinct nucleoli (1.34+0.31 um),
attached to the inner nuclear membrane. Both the
nucleoplasm and cytoplasm were mildly basophilic with
the cytoplasm filled with numerous large granulations
(2.21+0.92 pm) (Figures 2A-B; 3).

Figure 2: Photomicrograph showing mandibular
organ during the reproductive phase (December).

(A) Mandibular organ with compactly packed type I
cells and loosely arranged type II cells enclosing
prominent nuclei with nucleoli and cytoplasmic
granulations. (B) Mandibular organ displaying copious
granular and a few agranular hemocytes in large blood
sinuses.

AH: Agranular hemocyte; BC: Blood capillary; G:
Cytoplasmic granule; GH: Granular hemocyte; N:
Nucleus; NU: Nucleolus; TI: Type I cell; TII: Type II cell

Figure 3: Loosely arranged type II cells filled with
large granules during the reproductive phase
(February).

G: Granules; H: Hemocytes; N: Nucleus; NU: Nucleolus;
TI: Type I cell; TII: Type II cell.

Post-reproductive phase: The gland cells (12.21+5.67
pum) and their nuclei (5.08+1.19 um) have a hypotrophied
appearance showing no signs of activity (gland size -
length 817.05+101.76 um and width 482.86+170.77 pm).
The cord like arrangement was there without regional
distinction between the cell types. Both the cytoplasm and
nucleoplasm exhibited moderate basophilia with a
reduction in the number and size of cytoplasmic
granulations (1.25#0.44 pm). Blood sinuses and
capillaries were indistinct with sparsely distributed
granular and agranular hemocytes (Figure 4).

Figure 4: Mandibular organ of post-reproductive
phase (April) showing comparatively smaller cells
with few granulations and indistinct blood capillaries
enclosing few hemocytes.

BC: Blood capillary; G: Granules; H: Hemocytes; N:
Nucleus; NU: Nucleolus;

Arrows indicates blood sinus.
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Ultrastructural Observations

Pre-reproductive phase: The gland cell cytoplasm was
characterized by numerous polymorphic mitochondria,
dilated vesicles of rough endoplasmic reticulum (RER)
and free ribosomes. Profiles of smooth endoplasmic
reticulum (SER) and Golgi were inconspicuous or rare.
The mitochondria were small in size (0.33+0.08 nm) and
of varied shapes: oval, round or rod shaped and often
possessed a matrix of intermediate density and
moderately small number of transversely arranged
tubular cristae. The karyoplasm contained a few patches
of heterochromatin and 1 or 2 nucleoli dispersed along
the nuclear envelope (Figures 5A-B). Two distinct types of
hemocytes were identified in the hemolymph channels
and sinuses: granulocytes and agranulocytes (Figures 6A-
B). No signs of secretory activity were perceptible in the
gland cells. Free ribosomes were seen dispersed
randomly in the cytoplasm.

Figure 5: Transmission electron micrograph of
mandibular organ cells during pre-reproductive phase
(July).

(A) Gland cells displaying nucleus with nucleoli, many
small oval to elongate mitochondria and dilated RER
vesicles. Note the blood sinuses between the gland
cells. (B) A portion of the gland cell enlarged
illustrating mitochondria with indistinct cristae.

DER: Dilated RER cisternae; M: Mitochondria; N:
Nucleus; NU: Nucleolus; R: Ribosomes;

Arrows indicates the blood sinuses.

Figure 6: Granular and agranular hemocytes in
mandibular organ during pre-reproductive phase.

(A) Granulocyte with electron Dense granules. (B)
Agranular hemocytes in a blood capillary adjoining the
gland cells.

AH: Agranulocyte; CH: Chromatin; D: Dense granule;
GH: Granulocyte; N: Nucleus
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Reproductive phase: Transmission electron microscopic
observations revealed that the organ cells showed
remarkable changes during the reproductive phase. The
MO cells were in their highest state of activity,
characterized by the presence of large spherical nuclei
and abundant cytoplasm with numerous giant, unusually
dense, polymorphic mitochondria, RER, SER, Golgi
complexes, free ribosomes and secretory granules. The
abundant cytoplasm was filled with extraordinarily
hypertrophied, dense, unusual shaped: elongate, ring, cup,
rod, dumbbell or C- shaped mitochondria (up to 2 pum).
Concentric rings of mitochondria arranged one inside the
other were perceptible in some gland cells. These
mitochondria were densely packed with transverse
tubular cristae (Figures 7A-C). Proliferation of cristae was
evident in some hypertrophied mitochondria (Figure 8A).
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Figure 7: Ultrastructure of mandibular organ during
reproductive phase.

(A) Gland cells displaying numerous unusual shaped
highly dense polymorphic mitochondria, large dilated
RER vesicles enclosing coarse granular materials
(December). (B) Portion of the gland cell portraying
extraordinarily dense, round, elongate, dumbbell, C-
shaped mitochondria and RER vesicles (December).
(C) Gland cell showing giant mitochondria arranged in
concentric rings, Golgi complex, clusters of SER
vesicles and RER (February). Note the free ribosomes
trapped in the cytoplasmic matrix within the
concentric ring. AH: Agranular hemocyte; BC: Blood
capillary; DER: Dilated RER cisternae; G: Golgi body;
M: Mitochondria; N: Nucleus; R: Ribosomes; RER:
Rough endoplasmic reticulum; SER: Vesicles of SER.

Figure 8: Electron micrograph of mandibular organ
during reproductive phase (February).

(A) Mitochondria with proliferation of cristae. (B)
Well developed Golgi complex with cisternae, vesicles
and scattered dense granules and swollen tubular RER
cisternae adjoining the ring shaped mitochondria.

DG: Dense granule; G: Golgi body; M: Mitochondria; R:
Ribosomes; RER: Rough endoplasmic reticulum.
Arrows indicates the proliferation of cristae.
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The RER appeared in two morphological forms: either
as swollen tubular cisternae or as dilated vesicles filled
with some moderately dense or lucent, fine or coarse
granular material. Tubular cisternae of RER were seen in
close association with the hypertrophied mitochondria.
Profiles of Golgi consisting of parallel stacks of cisternae,
small vesicles and dense granules lie in the immediate
vicinity of the mitochondria, dilated cisternae and vesicles
of RER and SER. The swollen cisternae of Golgi
encompassed moderate amounts of some electron dense
material and the dense granules of Golgi were found
strewn throughout the cytoplasm (Figure 8B). The
cytoplasm was richly supplied with free ribosomes.
Clusters of free ribosomes were seen trapped in the
cytoplasmic matrix between the concentric rings of
mitochondria. A notable change in the gland cells of the
reproductive phase was the presence of homogenously
dense spheroid secretory granules (0.34+0.15 um) which
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possibly may contain MF, the secretory product of MO
(Figure 9A).

Figure 9: Electron micrograph of mandibular organ
during reproductive phase (February).

(A) Gland cell illustrating homogeneously dense
spherical secretory granules (B) Granular hemocytes
filled with electron dense granules of varied size and
shape.

D: Dense granule; G: Golgi body; GH: Granulocytes; M:
Mitochondria; N: Nucleus; R: Ribosomes; SG: Secretory
granule.

Another prominent feature of MO of reproductive
phase was the abundance of granular hemocytes in the
wide hemolymph channels and sinuses surrounding the
gland cells. The granulocytes have large oval or
irregularly =~ shaped nuclei  with  patches  of
heterochromatin along the inner nuclear membrane and
also seen dispersed in the karyoplasm. Their cytoplasm
was comprised of variously shaped: round, spherical,
elongate, rod or pear shaped granules of intermediate
density enclosing dense cores and lucent peripherals.
Organelles like a few mitochondria, SER vesicles and
cisternae of RER were found scattered in the cytoplasm.
Agranulocytes were elongate cells with large, oval nuclei
enclosing dense patches of chromatin along the
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peripheral karyoplasm and scarce cytoplasm. The
cytoplasm contained organelles like mitochondria with
parallel cristae, vesicles of SER and free ribosomes, but
devoid of granules (Figure 9B).

Post-reproductive phase: The gland showed no signs of
activity. The profiles of Golgi, RER and SER were
indistinct. Free ribosomes were sparsely distributed in
the cytoplasm. Mitochondria were rather inconspicuous,
lost their giant appearance. Small (0.66+0.07 pm) and
dense mitochondria with sparse cristae and indistinct
limiting membranes were encountered in a few MO cells.
Chromatin arranged in the form of a thin rim along the
peripheral nucleoplasm. No secretory granules were
noticed in MO during this stage (Figures 10A-B).

Figure 10: Ultrastructure of mandibular organ during
post-reproductive phase (April).

(A) Gland cell showing polymorphic mitochondria
with indistinct cristae, sparsely distributed free
ribosomes and narrow tubular RER cisternae. (B)
Mitochondria with indistinct cristae and limiting
membrane showing signs of inactivity.

DER: Dilated RER cisternae; DI: Dense inclusions; M:
Mitochondria; N: Nucleus; NU: Nucleolus; R:
Ribosomes; RER: Rough endoplasmic reticulum.
Arrows indicates degenerating mitochondria.
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Discussion

The light and electron microscopic observations of the
MO of the freshwater crab T. schirnerae revealed that the
gland cells underwent correlative changes in accordance
with the female reproductive cycle as evidenced from
hypertrophy of the gland cells and nuclei, prominence of
mitochondria, Golgi, dilated cisternae and vesicles of RER
and SER, free ribosomes and secretory granules during
the reproductive phase. The activity of MO was found
parallel to the stages of reproduction with highest activity
during the reproductive phase and least during the pre
and post-reproductive phases which was in agreement
with the findings of Le Roux [1] in C. maenas, Hinsch [2] in
L. emarginata and Navya and Sudha Devi [29] in
Barytelphusa cunicularis.

In the current research, the gland cells and nuclei had
a hypertrophied appearance during the reproductive
phase and a hypotrophied appearance during the pre and
post-reproductive seasons. Similarly, Byard, et al. [5],
Couch, et al. [30] and Waddy, et al. [31] observed an
increase in MO size during ovarian maturation in
Homarus americanus. In P. clarkii and S. quadratum, a
progressive increment in size of the MO could be noticed
with progress in development of the ovary [20,32]. The
weight of the MO increased with the advancement of
reproductive stage in female O. senex senex [19]. In
Paratelphusa sp. and B. cunicularis, the MO appeared small
during the non-reproductive phase and attained
maximum size during the reproductive season [21,29].
The hypertrophied nature of the gland cells during the
reproductive phase can be attributed to the increased
volume of cytoplasm and nuclei which in turn indicates
increased activity of the cell. The swelling of nucleus is
linked to the increased transcription of mRNA for
translation of proteins (enzymes) necessary for the
synthesis of MF.

In T. schirnerae, the gland cells displayed numerous
giant mitochondria of varied size, shape and density and
with increased number of tubular cristae during the
reproductive phase, which are characteristics of high
cellular activity [33,34]. Similar to our study,
mitochondria exhibited unusual shapes in the MO of
mature female L. emarginata [2]. Sarika, et al. [21]
reported the presence of several dense mitochondria in
MO of Paratelphusa sp. during the reproductive season.
The occurrence of moult related mitochondrial
pleomorphism was described in the MO cells of P. clarkii
[35]. Besides the typical rod, oval or circular
mitochondria, Yudin, et al. [4] depicted rare incidences of
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large ring shaped mitochondria with concentric rings in
MO cells of C. sapidus. The presence of giant mitochondria
was also demonstrated in the prothoracic gland cells and
flight muscles of insects and human endometrial gland
cells [36-38]. The prevalence of tubular cristae was a
common feature of steroid synthesizing cells [39-41].
Tubular cristae were also reported from corpora allata
cells of the insect Locusta migratoria [42]. The abundance
of large unusual shaped mitochondria with profuse
tubular cristae in MO cells during the reproductive phase
indicates their increased state of activity in connection
with the production of the terpenoid hormone, MF. The
concentric rings of mitochondria suggest their role in
cleavage of the cholesterol side chain required for the
synthesis of MF as described for mammalian steroid
synthesizing cells [39]. The presence of tubular cristae in
the present study may possibly suggest that the MO cells
too have a similar function to carry out like the
mammalian steroid synthesizing cells such as the testis
[43-45].

In T. schirnerae, profiles of Golgi were more
conspicuous with swollen cisternae, vesicles and dense
granules in MO cells during the reproductive phase than
at other phases which indicate the involvement of Golgi
complexes in packaging the secretory product of the gland
cell, the MF. In T. schirnerae, ribosomes were plenty in the
gland cells during the reproductive phase, against the
reports made by Hinsch and Sarika, et al. [2,21] in the
gland cells of female L. emarginata and Paratelphusa sp.

The current study also evidenced the presence of
numerous dilated vesicles and swollen tubular cisternae
of RER during reproductive phase. Sarika, et al. [21]
described extensive networks of RER dispersed
throughout the cytoplasm in Paratelphusa sp. gland cells
during reproductive season. The predominance of RER,
presumably represent the production of enzymes
required for the synthesis of MF. The SER was present in
rather small amounts, in the form of vesicles, in MO cells
of T. schirnerae, against that expected from an organ
whose main function was the production of a lipid
(terpenoid hormone). On the other hand, SER was a
prominent feature in MO cells of reproductively active
females of L. emarginata [2], Homarus [5] and
Paratelphusa sp. and the steroid producing testicular cells
of Pleurodeles waltl [46], corpora allata of L. migratoria
and the corpus luteum of rats [47,48]. Christensen [43]
observed that the abundance of SER was directly
proportional to the amount of cholesterol synthesized in
the interstitial cells of guinea pig testis. The reason for the
less abundance of SER in the current research may
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possibly be attributed to the fact that crustaceans are
unable to synthesize cholesterol (the precursor of MF)
from acetate; they must get it through their diet. As such,
a well-developed SER is not essential for the cell.

Results of this research evinced the presence of
electron dense secretory granules in the MO cells during
the reproductive phase. Similar results were obtained by
Yudin, et al. [4] where they described lipid like inclusions
in MO cells of C. sapidus. Kraisuwansopit, et al. [27]
noticed lipid droplets in the mandibular cells of the
sandworm Perinereis sp. Johnson, et al. [49] detected lipid
droplets in the corpora allata cells of the cockroach
Diploptera punctata, where it was a characteristic feature
of cells synthesizing juvenile hormone.

This study also witnessed the presence of a great
number of hemocytes in MO cells during the reproductive
phase. Similar reports were made by Sarika, et al. [21] in
MO of reproductively active females of Paratelphusa sp.
Hemocytes were frequently encountered in MO of female
L. emarginata with vitellogenic ovaries [2]. Huiyang, et al.
[50] in Scylla serrata observed indistinct hemolymph
sinuses and channels with very few hemocytes during
early developmental stages and large blood sinuses with
profusely dispersed hemocytes in later developmental
stages. It is proposed that the occurrence of copious
hemocytes, in particular, granulocytes with electron
dense granules of varying sizes, shapes and density in MO
cells during the reproductive season reflect the functional
state of the gland cells and the role of these hemocytes in
the storage and transport of the secretory product of the
gland.

Conclusion

Fine structural analysis of MO cells in the freshwater
crab T. schirnerae revealed that the gland underwent
correlative changes in accord with the seasons of the
female reproductive cycle as evidenced from hypertrophy
of gland cells and their nuclei, prominence of
mitochondria, Golgi, RER, SER and free ribosomes,
secretory granules and hemocytes during the
reproductive phase. Future research involving gene
expression studies are required to address the exact
mode of action of the hormone released by the organ in
accelerating reproduction in female freshwater
brachyurans.
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