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Effect of Eyestalk Ablation on Fine Structure of Mandibular
Organ in the Freshwater Crab Travancoriana schirnerae
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Abstract: This study analyzed the fine structure of the mandibular organ in intact and eyestalk ablated
freshwater crab Travancoriana schirnerae. Ultrastructural observations revealed that the organ cells of intact
crabs possessed cytoplasmic organelles like numerous rod, oval or circular mitochondria with electron dense
matrices and tubular cristae and ribosomes which provide evidence that they were concerned with steroid
biosynthesis. Fine structural changes in the organ cells after 30 days destalkation were the development of
giant forms of elongate, dumbbell, ring (with 1-3 concentric rings) or cup shaped mitochondria with proliferation
of cristae, presence of large number of dilated cisternae of rough endoplasmic reticulum with fibrillar contents,
numerous free and polyribosomes, aggregates of smooth endoplasmic reticulum vesicles, well developed Golgi
complexes and electron dense secretory vesicles which apparently were accumulations of methyl farnesoate.
Several of the cup shaped mitochondria were found stacked one inside the other. The large concentric rings
of mitochondria may possibly suggest their role in cleavage of the cholesterol side chains as reported for
mammals. The secretory vesicles may represent the production of methyl farnesoate in eyestalk ablated crabs.
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INTRODUCTION
The mandibular organs (MO) in crustaceans are a pair
of highly vascularized glands located at the base of the
mandibular tendons. It was first identified in the crab
Carcinus maenas by Le Roux [1] and later on illustrated
in a large number of crustaceans. Earlier studies have
shown that the MO has a role in regulating moulting [2-4]
and reproduction [1, 5]. Fine structural studies evinced
that the MO was comparable to the insect corpora
allata (CA) [3, 6]. The possible role of MO in reproductive
activity of crustaceans was reviewed by Laufer et al.[7]
and Waddy and Aiken [8].
The histology and ultrastructure of MO were
described in a number of crustaceans [2, 4, 8-11]. In
Homarus americanus, the MO was a foliaceous dark
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green multilobed structure attached to the posterior
part of the mandible [3]. Bucholz and Adelung [12]
studied the ultrastructure of MO cells of the crabs
Hemigrapsus nudus and C. maenas. Taketomi and
Kawano [13] studied the fine structure of the MO of the
shrimp Penaeus japonicus. The detailed structure of MO
of Fenneropenaeus indicus has been described by
Vijayan and Diwan [14]. Sheng Li et al. [15] investigated
the histology and ultrastructure of MO in P. chinensis.
Huiyang et al. [16] made histological observations on MO
development in the mud crab Scylla serrata. Sarika et al.
[17] described that the secretory activity of MO fluctuated
in response to reproductive season in Paratelphusa sp.
The MO was found to synthesize and secrete a
sesquiterpenoid hormone, the methyl farnesoate (MF).
The physiological function of MF remained unsolved in
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crustaceans until its structural similarity with juvenile
hormone III (JH III) of insects was ascertained [18, 19].
Studies by several authors suggested the role of MO in
growth and reproduction [2-5, 8, 20]. Yudin et al. [4]
reported moult acceleration when MO homogenates of
Callinectes sapidus were injected into the white shrimp P.
setiferus. Extract of MO from the crayfish Procambarus
clarkii also accelerated moulting in the shrimp Caridina
denticulata [21]. Studies have demonstrated a correlation
between MF production and ovarian development in C.
maenas, in the field crab Oziotelphusa senex senex and
the crayfish P. clarkii [18, 22-24]. Balasubramonian et al.
[25] described the stimulation of ovarian growth by MF in
the penaeid shrimp Sicyonia ingentis. Sheng Li and WeiXin [26] studied the structural changes in MO in relation
to ovarian cycle in P. clarkii. Tiu et al.[27] observed that
the synthesis and release of farnesoic acid (FA) and MF
by MO was maximum during secondary vitellogenesis.
Recently, Teal et al. [28] isolated MF from the hemolymph
of insects. Comprehensive molecular genetic studies
demonstrated that the MF plays an important role in
regulating Drosophila metamorphosis [29].
Several studies indicated that the synthesis and
secretion of MF by MO is negatively regulated by the
mandibular organ inhibiting hormone (MO-IH), a
neuropeptide secreted by the sinus gland (SG) of the
eyestalk [30-35]. Removal of the SG by eyestalk ablation
(ESA) caused hypertrophy and ultrastructural changes in
the MO of adult Pisidia longicornis and larvae of
Palaemonetes varians [36, 37]. Eyestalk ablation boosted
the hemolymph levels of MF in several crustaceans
[30, 38, 39]. The elevation in hemolymph titre of MF
following ESA in H. americanus revealed an increase in
MF synthesis by the MO [33, 40]. Destalkation has been
shown to increase the hemolymph levels of MF in the
crayfish Orconectes virilis [41]. Inhibition of MF
synthesis by in vitro incubation of MO with extracts of
the entire eyestalk or SG has been demonstrated in L.
emarginata [30] and Cancer pagurus [42]. Yuzhe et al.
[43] demonstrated the ultrastructural changes subsequent
to ESA in MO of the Chinese mitten crab Eriocheir
sinensis. Chaves [44] described the effects of SG
extract on MO size and MF synthesis in P. clarkii. In the
freshwater crab Oziotelphusa senex senex, Nagaraju et al.
[45] has reported that ESA caused momentous increase in
weight of the mandibular organs.
Travancoriana schirnerae is a commonly distributed
edible freshwater crab in the wetlands of Wayanad,
Kerala, India and forms a major source of protein for the

poor, malnourished local tribes. Considerable evidence
indicates that ESA removes MO-IH, which in turn
accelerates MO activity in a variety of crustaceans
[32, 44, 46]. The present fine structural study seek to
provide some ultrastructural evidence for eyestalk
ablation induced enhancement in the production of MF in
this species. The relationship between ESA and enhanced
production of MF is particularly exciting from an applied
perspective as ESA accelerates growth and reproduction
which can be exploited in aquaculture practices of this
species.
MATERIALS AND METHODS
For ultrastructural studies, the MOs excised from
adult intact and eyestalk ablated crabs 30 days
postoperation were
fixed
in 3% glutaraldehyde
overnight. The tissues were then washed twice in
phosphate buffer (pH 7.4), postfixed in osmium tetroxide
and dehydrated in graded series of ethanol. The tissues
were transferred to propylene oxide (2 changes 10 min
each) and to a mixture of propylene oxide and araldite
followed by pure araldite overnight in a rotator. The tissue
was finally embedded in araldite and kept in an oven at
60 C for polymerization (48 hrs).
After polymerization, semithin (0.5µm thick) and
ultrathin sections (80 nm thick) were cut with glass knives
under a Leica UC6 Ultramicrotome. Semithin sections
were stained with 1% toluidine blue and observed under
a light microscope. For electron microscopic observations,
ultrathin sections collected on copper grids were stained
with uranyl acetate followed by lead citrate and observed
under a Tecnai G2 Spirit Biotwin Transmission Electron
Microscope. Interested areas were captured using a
Megaview-III CCD camera.
RESULTS
Light and Electron Microscopy of Mandibular Organ:
The MOs were paired, coma shaped, pale yellow glands
located at the base of the mandibular tendons. Channels
of hemolymph divide the MO into cords. The hemolymph
channels were interconnected with sinuses and these
sinuses were seen surrounded by MO cells. Fine
structural studies demonstrated a cord-like pattern for
arrangement of MO cells. Each cord is composed of
many rectangular cells. Within the hemolymph channels
and sinuses were two distinct types of hemocytes:
granulocytes and agranulocytes. The granulocytes have
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oval, elongate or irregularly shaped nuclei with chromatin
condensed around the peripheral karyoplasm. Dispersed
in the cytoplasm of granulocytes were electron dense
granules of varying sizes and shapes, a few mitochondria,
smooth endoplasmic reticulum (SER) vesicles and
cisternae of rough endoplasmic reticulum (RER).
Light and Electron Microscopy of Mandibular Organ of
Control Crabs: Ultrastructural observations revealed that
in MO cells of control crabs, the cords were loosely
arranged. Hemolymph channels and sinuses were
observed between the cords of cells. Two types of
hemocytes can be distinguished-agranulocytes and
granulocytes. These hemocytes possessed large elongate
or irregular shaped nuclei. Granulocytes have electron
dense granules in cytoplasm while agranulocytes were
devoid of granules (Fig. 1A).
The cytoplasm of MO cells (11.76-16.0 µm in width) of
control crabs was characterized by the presence of large
number of polymorphic mitochondria and numerous
ribosomes. Their eccentrically placed spherical or oval
nuclei (3.44-6.90 µm in diameter) possessed one or two
nucleoli and the karyoplasm contained a few patches of
heterochromatin distributed near the nuclear envelope in
the nucleoplasm. Mitochondria (0.62-2.08 µm in width)
were small in size, mostly oval, round, rod, elongate or
ring shaped with matrices of varying density and
contained relatively small number of cristae (Fig. 2A).
Mitochondria of control crabs often possessed a less
dense matrix. Profiles of endoplasmic reticulum (ER) and
Golgi were rarely observed in control MO cells. The organ
cells of control crabs showed no evidence of secretory
vesicles. Vacuoles were obvious in MO cells of control
crabs.
Light and Electron Microscopy of Mandibular Organ of
Eyestalk Ablated Crabs: The gland got hypertrophied
with more number of cells arranged in cords than the
controls. The cords were close together and large number
of hemocytes were present between the cords of cells.
Based on density, two cell types can be distinguished:
light and dark cells.
Both
agranulocytes
and
granulocytes have large oval or elongate nuclei with
chromatin patches condensed along the peripheral
and central karyoplasms. Electron dense granules of
various sizes and shapes (0.1-0.6 µm in diameter) were
noticed in granulocytes whereas the cytoplasm of
agranulocytes was devoid of granules. Granulocytes
have pseudopodial projections and organelles like

Fig. 1: Light micrograph of mandibular organ of
Travancoriana schirnerae. (A)
Loosely
arranged cords of cells, hemolymph channels and
sinuses in control crabs. (B) Closely packed cords
of cells and large number of hemocytes in
destalked crabs.
HC: Hemolymph channel, HS: Hemolymph sinus, Arrow
indicates hemocytes.
ribosomes, RER cisternae, mitochondria and a few
vesicles of SER while agranulocytes possessed a few
organelles like ribosomes, mitochondria and SER vesicles
(Figs. 1B, 3A, 3B, 4).
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Fig. 2: Ultrastructure of mandibular organ of control and
experimental crabs. (A) Mandibular organ cells of
control crab showing polymorphic mitochondria
and spherical nucleus. (B) Hypertrophied MO
cell and nucleus of ESA crab with large number of
polymorphic mitochondria.
M:
Mitochondria, N: Nucleus, NU: Nucleolus, RER:
Rough endoplasmic reticulum, Arrows indicate
secretory vesicles.
Hypertrophy of cells (21.0-28.75 µm in width) and
their nuclei (6.70-10.62 µm) with prominent nucleoli was a
characteristic feature of MO of ablated crabs. The organ
cells exhibited remarkable changes in ultrastructure
following ESA which include increase in number, size
(1.8-2.8µm in width) and change in shape of mitochondria
with proliferation of cristae, rich free ribosomes and

Fig. 3: Hemocytes in the MO of ESA crab. (A)
Agranulocyte. (B) Granulocyte with irregular
shaped nucleus and electron dense granules.
AG: Agranulocyte, GH: Granulocyte, HS: Hemolymph
sinus, N: Nucleus, P: Pseudopodium, Arrows
indicate electron dense granules.
polysomes, presence of numerous dilated cisternae of
RER with fibrillar contents, well developed Golgi
apparatus with parallel stacks of cisternae and vesicles
and presence of numerous dense inclusions called
secretory vesicles. The eccentrically placed nuclei of the
MO cells were spherical or ovoid, relatively rich in
chromatin and possessed mostly one or rarely two
nucleoli. The karyoplasm contained dense patches of
heterochromatin clumped along the inner nuclear
membrane and also scattered in the nucleoplasm (Fig. 2B).
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Fig. 4: Fine structure of MO of ESA crab showing light
and dark cells.
DC: Dark cell, HS: Hemolymph sinus, LC: Light cell, M:
Mitochondria, Arrows indicate secretory vesicles.

Fig. 5: Mandibular organ cell of ESA crab showing
polymorphic mitochondria. (A) Organ cells with
extremely elongate, oval, ring and cup shaped
mitochondria. (B) Hypertrophied mitochondria
with proliferation of cristae.
C:
Cristae, G: Golgi vesicles, M: mitochondria, RER:
Rough endoplasmic reticulum, Arrows indicate
intramitochondrial inclusions.

The most notable feature in the MO cells of eyestalk
ablated crabs was the considerable diversity in size and
shape of the mitochondria. Besides the typical oval,
round, rod or elliptical mitochondria with tubular cristae
arranged perpendicularly, the MO cells of ESA crabs
contained extremely long (3.95 µm in length and 0.41 µm
in width), ring or cup shaped mitochondria (0.09-0.37 µm)
stacked one inside the other with their dense matrix
obscuring the profiles of cristae (Fig. 5A). Extraordinarily
hypertrophied, unusual shaped (dumbbell) mitochondria
with proliferation of cristae were also perceptible in MO
cells of ESA crab (Fig. 5B). Ring shaped
intramitochondrial inclusions (40-120 nm) were present
in these hypertrophied mitochodria. Mitochondria
showing C, U and O shaped profiles were sometimes
perceptible in MO cells of eyestalk ablated ones. Some of
the ring shaped mitochondria formed concentric rings
(Figs. 6A, 6B). Usually, the hollow of the cup or ring
shaped mitochondria enclosed cytoplasmic matrix and
organelles such as ribosomes in clusters, RER cisternae or
small round or oval mitochondria.
Small and large mitochondria with sparse or
degenerating cristae and less dense matrix showing signs
of degeneration were also evident in some MO cells
(Fig. 7A). Moreover, mitochondria with dense lipidic
inclusions and fibrils, appeared to derive from the
breakdown or disintegration of cristae were encountered
in a few experimental animals (Fig. 7B). In some
extraordinarily hypertrophied mitochondria, cristae have
disappeared with only a few remaining at the periphery
which indicated signs of degeneration.
It was interesting to note that the RER in MO cells of
ablated crabs turned into dilated cisternae or vesicles
(0.73-3.33 µm) with fibrillar contents which filled the entire
cytoplasm, intermingled with mitochondria and Golgi
elements (Fig. 8). These dilated cisternae or vesicles,
apparently formed by blebbing of the outer nuclear
membrane, have ribosomes studded on their limiting
membranes. Besides dilated cisternae and vesicles,
tubular profiles of RER often lie tangential to the
mitochondria (Fig. 6A).
The MO of T. schirnerae has very little SER. In gland
cells of ablated crabs, clusters of vesicles seemed to be
SER vesicles (40-300 nm) were found close to the cell’s
periphery. These vesicles were seemed to be carried in
groups from cell to cell as well as in to the hemolymph
channels (Figs. 9A, 9B). Profiles of Golgi were more
prominent in MO cells of ablated crabs than their controls.
Golgi lamellae and associated vesicles (20-60 nm in
diameter) often with dense contents were frequently
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Fig. 6: Mandibular organ of ESA crab illustrating
heterogeneity of mitochondria and rough
endoplasmic reticulum. (A) Ring shaped
mitochondria
depicting
intramitochondrial
inclusions. (B) Mitochondria showing C, U and
dumbbell shaped profiles.
M:
Mitochondria, R: Ribosomes, RER: Dilated
cisternae of rough endoplasmic reticulum, Arrow
head indicates cisternae of rough endoplasmic
reticulum, Arrow indicates intramitochondrial
inclusions.

Fig. 7: Mandibular organ of ESA crab in the
postsecretory phase. (A) Mitochondria with
sparse cristae and vacuolated areas. (B) Dense
lipidic inclusions and fibrils in mitochondria
undergoing degeneration.
F:
Fibril, G: Golgi cisternae, M: Mitochondria, N:
Nucleus, R: Ribosomes, V: Vacuole, Arrow
indicates dense lipidic inclusions.

observed in close vicinity to mitochondria and also
dispersed throughout the cytoplasm (Figs. 10A, 10B).
Ribosomes, either free or in clusters forming polysomes,
were seen scattered throughout the cytoplasm in MO
cells of ablated crabs (Fig. 11A). Ribosomes were also
seen bound to the outer surface of the limiting membranes
of tubular cisternae, dilated cisternae and vesicles of RER
(Figs. 8, 10B). The cytoplasmic matrix trapped in the
hollow of the ring or cup shaped mitochondria in MO
cells of ablated crabs contained ribosomes in clusters
(Fig. 11A).

The MO cells of destalked crabs contained many
small to large, round or oval, electron dense secretory
vesicles (90-290 nm diameter), possibly filled with the
secretion of the MO-the MF. A few secretory
vesicles were noticed in the hemolymph sinus also
(Figs. 2B, 4, 11B). Multivesicular bodies (1.5 µm in width)
were obvious in some MO cells of ESA crabs but not in
others (Fig. 12A). Adjacent plasma membranes were in
close emplacement or separated by hemolymph channels
filled with hemolymph and hemocytes. The plasma
membrane of MO cells adjoining the basal lamina,
hemolymph channels and sinuses exhibited a number
of invaginations characteristic of steroid secreting cells
(Fig. 12B).
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Fig. 8: Dilated RER cisternae with fibrillar contents and
mitochondria at higher magnification.
M:
itochondria, RER: Rough endoplasmic reticulum,
Arrow indicates fibrillar contents.

Fig. 10: Profiles of Golgi in MO cells of ablated crabs (A)
and (B) Golgi cisternae and vesicles in close
apposition to mitochondria and RER cisternae.
G:
Cisternae and vesicles of Golgi, M: Mitochondria,
R: Ribosomes, Arrow head indicates cisternae of
rough endoplasmic reticulum, Arrows indicate
Golgi vesicles.
DISCUSSION

Fig. 9: Smooth endoplasmic reticulum in gland cells of
ESA crab. (A) Aggregates of SER vesicles. (B)
Vesicles of SER near the lateral plasma membrane
and in the hemolymph sinus.
GH: Granular hemocyte, HC: Hemolymph channel, HS:
Hemolymph sinus, M: Mitochondria, N: Nucleus,
NU: Nucleolus, RER: Dilated cisternae of rough
endoplasmic reticulum, SER: Smooth endoplasmic
reticulum, Arrows indicate smooth endoplasmic
reticulum vesicles.

Our observations revealed hypertrophy of the MO
and ultrastructural changes in nuclei, mitochondria and
ER of MO cells in response to ESA. In the male spider
crab L. emarginata, Hinsch [9, 36] observed hypertrophy
of MO and several changes in the fine structure which
include loss of SER, appearance of numerous polysomes,
structural changes in mitochondria, nuclei and
endoplasmic reticulum in response to ESA revealing their
role in MF production. Similar results were also discerned
in H. americanus [3] and C. maenas [47]. Bazin [48]
reported hypertrophy of C. maenas MO following
destalkation. Eyestalk removal causes hypertrophy and
ultrastructural changes in the MO of larvae of the shrimp
P. varians [37].
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Fig. 11: Electronmicrograph of MO of destalked crab
displaying ribosomes and secretory vesicles. (A)
Ribosomes in clusters entrapped in the
cytoplasmic matrix of large ring shaped
mitochondria. (B) Note the secretory vesicles,
dilated cisternae of RER and blebbing of outer
nuclear membrane.
M:
Mitochondria, N: Nucleus, R: Ribosomes, RER:
Dilated cisternae of rough endoplasmic reticulum,
Arrow head indicates secretory vesicles, Bold
arrow indicates blebbing of outer nuclear
membrane.
The current investigation indicated a cord like
arrangement and the presence of two cell types having
light and dark cytoplasm in MO cells of T. schirnerae.
Two cells types can be identified based on density,
namely light and dark cells in the MO of male and
female spider crabs [9, 5]. Dorn [49] observed
differences in density of cells - light cells in mature males
and females and dark cells in late larvae of Oncopeltus
fasciatus.

Fig. 12: Mandibular organ cells of ESA crab
demonstrating multivesicular bodies and plasma
membrane involutions (A) Multivesicular body
(B) Plasma membrane of MO cell adjoining
hemolymph channel exhibiting involutions.
GH:
Granulocyte, HC: Hemolymph channel, IN:
Involution,
M:
Mitochondria,
mvb:
Multivesicular body, N: Nucleus, RER: Dilated
cisternae of RER, Arrow head indicates electron
dense granules of granulocyte.
The presence of numerous polymorphic mitochondria
with tubular cristae, extensive granular ER, prominent
Golgi complexes, free ribosomes and polysomes described
for MO cells in the present study in accordance to the
condition portrayed for vertebrate steroid secreting cells
[50, 51]. The cytoarchitecture of MO cells in H.
americanus [3] and L. emarginata [5, 9] closely resembled
steroid or lipid synthesizing cells. Yudin et al. [4]
observed two distinct types of SER, Golgi complexes and
mitochondria as prominent organelles involved in steroid
production and lipid like inclusions in MO cells of the
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blue crab C. sapidus. In P. japonicus, the cells of the MO
contained mitochondria, SER and Golgi complexes,
characteristic of steroid secreting cells [13].
The current investigation also revealed a
copiousness in mitochondria of unusual size and shape in
MO cells of experimental crabs. Bucholz and Adelung [12]
reported that mitochondria of unusual shape and size
were prominent organelles in the MO cells of H. nudus
and C. maenas. Similarly, Hinsch [5, 9] suggested the
presence of elongated, dumbbell, cup or ring shaped
mitochondria in MO cells of destalked male and female L.
emarginata. Ring shaped mitochondria were also
apparent in MO cells of C. maenas [48], opossum leydig
cells [50], interstitial cells of albino rat testis and liver and
[52, 53], adrenal cortex of normal hamster [54] and brown
fat cells [55]. Beaulaton [56] observed variations in
mitochondrial structure in the prothoracic gland of
silkworm larva in relation to moult stages. The concentric
rings of mitochondria (referred to as chondriospheres in
mammals) perceptible in MO cells of ablated crabs of the
present study were supposed to be responsible for
cleavage of the cholesterol side chain for the synthesis of
MF as reported in steroid secreting cells of mammals [52].
Concentric rings of mitochondria have also been noticed
in steroid secreting cells of rat testis, adrenal cortex of
hamster and North American eel [52, 54, 57]. The large
number and size and unusual structure of mitochondria in
MO cells of the present study may reflect their increased
functional activity in ablated crabs.
In MO cells of ablated T. schirnerae, the prominence
in mitochondria of unusual shape and size was
accompanied by numerous dilated cisternae and vesicles
of RER filled with fibrillar contents. These dilated
cisternae and vesicles were appeared to derive as
blebs from the outer nuclear membrane. In MO cells of
eyestalk ablated L. emarginata, Hinsch [9] noticed
large vesicles with ribosomes studded at intervals
along their membranes, presumably formed by
blebbing of the outer nuclear membrane. Tandler et al.
[58] reported vesicular profiles of RER containing fibrillar
material in serous acinar cells of neotropical fruit bat
Artibeus obscurus. In the middle layer cells of
proventriculus of D. auraria larva, the nuclear envelope
and RER were always found in the form of dilated
cisternae. In insect ovaries, small vesicles formed from
localized blebbing of outer nuclear membrane of oocytes
combine to form short cisternae of RER [59]. The MO cells
of eyestalk ablated male and female L. emarginata
exhibited dilation of the perinuclear space and blebbing of

the outer nuclear membrane at different times followed by
an increase in cisternae of RER and ribosomes, related to
the synthesis of membrane proteins rather than secretry
product [9, 5].
Smooth endoplasmic reticulum was sparse in MO
cells of ablated as well as control T. schirnerae which is
in agreement with the observations made by Aoto et al.
[2] in Palaemon paucidens. On the other hand, Hinsch [9]
and Bazin [48] observed ESA induced hypertrophy and a
higher density of SER in MO of C. maenas and L.
emarginata. Miyawaki and Taketomi [60] observed large
amounts of SER in experimental animals and no whorls of
SER in controls. Bucholz and Adelung [12] reported that
the noticeable increase in mitochondria of bizarre shape
was accompanied by discrete SER in MO of H. nudus and
C. maenas. Hinsch [5] suggested the presence of
extensive agranular reticulum in MO cells of L.
emarginata. Smooth endoplasmic reticulum is also
prominent in cells of insect corpora allata (CA), the locate
of JH secretion [61, 62]. Byard et al. [3] found tubular and
cisternal SER in Homarus MO, of which the tubular
reticulum represents the site of synthesis and transport of
MO product. Stacked arrangement of SER was linked with
steroid production in testicular tissue of Pleurodeles
waltl [63] and whorls were perceived in the CA of insects
[64] and the corpus luteum of rats [65]. There is a direct
relationship between the amount of SER and amount of
cholesterol synthesis in testicular interstitial cells of
guinea pigs [66]. The sparseness of SER in the current
investigation may possibly be attributed to the fact that
crustaceans are unable to synthesize steroid from acetate;
they must be provided with cholesterol and there is no
need for extensive SER.
In T. schirnerae, profiles of Golgi were well
pronounced in destalked crabs which suggest that the
MO were active in destalked crabs than their controls.
The significance of Golgi complexes in steroid production
in MO cells of ablated crabs of the present study was
indicated by the presence of parallel stacks of cisternae
and associated vesicles with dense contents throughout
the cytoplasm. Long and Jones [67] assumed that the
Golgi complexes are the sites for steroid conjugation. The
cytoplasmic matrix in MO cells of ESA crabs was rich in
free and attached ribosomes as well as polysomes. The
number of ribosomes in a cell depends on active protein
synthesis which provides necessary enzymes for the
same. Free ribosomes synthesize structural and enzymatic
proteins for use inside the cell and attached ribosomes
synthesize protein for export.
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The current investigation evidenced the presence of
dense secretory vesicles in MO cells of ablated animals.
These vesicles possibly were filled with the secretion of
MO - the MF. Yudin et al.[4] reported lipid like inclusions
in MO cells of C. sapidus. In the sandworm Perinereis sp,
various sizes of lipid droplets were evident in MO cells
[68]. On the other hand, no secretory product was found
in MO cells of P. paucidens [2] Pandalus and
Procambarus sp. Byard et al.[3] reported no secretory
granules in MO cells of H. americanus. The presence of
secretory vesicles in MO cells of ablated crabs suggests
that the MO is activated in the absence of the inhibitory
principle (MO-IH) of the eyestalk to produce MF. A
similar phenomenon has been reported for L. emarginata
[9] and H. americanus [3].
In MO cells of T. schirnerae, hemocytes were quite
common in the hemolymph channels and sinuses of
ablated crabs. Byard et al.[3] reported that hemocytes
were frequent between MO cells in H. americanus.
Hinsch [5] also noticed that the hemocytes were quite
common in MO of mature female L. emarginata
undergoing active vitellogenesis. On the contrary,
hemocytes were occasional in MO cells of male L.
emarginata [9]. In the present study it is possible that
these hemocytes play some role in the transport of the
secretory product of MO of ESA crabs.
The lysosome-like multivesicular bodies observed in
MO cells of ESA crabs of the current investigation were
comparable to the azo-carmine positive granules
contained in the organ cells of Procambarus [69].
In conclusion, the presence of numerous
polymorphic mitochondria with tubular cristae, extensive
granular ER, prominent Golgi complexes, free and
polyribosomes and electron dense secretory vesicles
described for MO cells of ablated crabs in the present
study indicate increased production of MF by MO of
these crabs. The SG of the eyestalk synthesizes and
secretes MO-IH, which negatively influence the function
of MO and removal of the SG by ESA activates the MO to
produce MF. Further research is needed to quantify the
level of MF in MO and hemolymph of ablated animals.
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