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Abstract. Thetcgumentofbile-dwelling Fusciola gigantica isthe interfacing layer that helps the parasite
to maintain its homeostasis, and evade the hostile environment, including the host’s immune attacks. The
tegument is a syncytial layer about 10 mm thick, that is formed by the fusian of cytoplasmic processes of
tegument cells, whose soma lic underneath the two muscle layers. The surface of the tegument is highly
folded and invaginated into numerous ridges, pits and spines, which help to increase the surface area of the
tegument for the absorption and exchanging of moiccules, as well as for attachrment. The outer membrane
covering the tegument is a trilaminate sheet abowt 12 nm thick, and coated with a carbohydrate-rich
glycocalyx layer that also bears high negative charges. Somc host molecules may also be adserbed onte this
layer. Thesc unique characteristics enable the parasite 10 evade the antibody-dependent cell-mediated
cytotosicity (ADCC) reaction exerted by the host. The outer membrane and glycocalyx is continuously
replaced by the reserved membrane synthesized and stored in secretory granules of tegument cells, that are
transported via cell processes tcowards the tegument by microtubutes. The basal membrane of the tegument
is trilaminate and invaginated to form membrane infoldings with closely aligned mitochondria. The
tegument cytoskeleton is composed of a highly cross-linked network of 4-6 nm knobby microtrabecular
fibers, bundles of intermediate filaments, microtubules that splay out from the tegument cells’ processes.
Major proteins of the cytoskeleton are actin, paramyuvsin and tubulin. The flukes' antigens that can clicit
sirong immunuological cesponses in animal hosts are synthesized and released mainly from the tegument and
the cecumn. The majority of antigens derived from the surface membrane and the tegument are of MW 97,
66. 58, 54, 47 and 14 kDa, while those released from the cecum are cysteine proteases of MW 27, 26 kDa.
Manoclona! antibodies have been raised against some of these antigens, and have been employed in
immunodiagnosis of the infection. From the protectien conferred to animal models and the in vitro killing
assays of young parasites by specific antibedics, candidate vaccines could be selected from these antigens,
such as, an antioxidant cnzyme, glutathione-S-transferase, the digestive cnzyme cysteine proteuses, the
surface-fegument proteins, such as fatty acid binding protein (14kDa), membrane proteins (at 66 kDa), as
well as muscle pratein paramyosin, and hemoprotein, Ongoing research have been dirceted at deciphering
the genctic codes and the syatheses of some of these antigens by recombinant DNA technology.

INTRODUCTION

Fascioliasis, a disease that infects both domestic
and wild animats, is one of the major tropical
discases that afficl both the temperate and tropical
regions of the world . The causative parasites in the
temperale regions is Fasciola hepatica, while in
tropical region is £ gigantica. Fascioliasis causes
significant economic loss estimated at US § 2,000
million per annum from its cffect on domestic and
economic animals {(Boray, 1985). The disease can
also cross infect humans, and (here are reports of
increasing incidence world wide (Chitchung er al,
19%2; Maurice, 1994; Anon, 1995). The prevalent
rates are as high as 30-90% in Africa, 25-90% in
Indouesia (Edney and Muchlis, 1962; Socselya,
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1975; Fabiyi, 1987). In Thailand the prevalence
rates in caltle and buffaloes are 4-24%, with the
kighest incidents in the north and northeast and
lawest incidents in the South {Pho!park and
Srikitjakara, 1989, Sukhapesna ef al, 1990; 1994).
[tis clear that the disease is a major impediment to
econemic progress, which is exucerbated in the less
developed countries, particularty towards smali-
scale farmers, who cannot mobilize limited re-
sources to contrel, not to mention eradicate the
diseasc.

Fascioliasis could be partially controlled by pe-
riodic treatments of the animals in the endemic area
with a repertoire of drugs, among which triclaben-
dazole was reported to be highly effective (Sukha-
pesna ef al, 1992), eventhough incidence of resist-
ance to this drug have been repeatedly reported
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{Owerend and Bower, 1993). In view ofthe costand
the possible mutation of the parasites which could
compromisce the drug's action, a better afternative
would be the development of vaceines which could
either cempletely prevent the infection or arrest the
develepment of the parasite at certain stage of its
life eycle, or even partially reducing the fecundity
of infecting adult parasites.

PARASITES® LIFE CYCLE AND HOST
IMMUNOLOGICAL RESPONSES

The sound understanding  of the parasites’ life
cycles together with their biclogy and hosts’ immu-
nological responses arc the two most important
corner stones for devising any rational vacecine.
The hife cycle of . gigantica, which is putatively a
single parasite that causes fascioliasis i Thailand,
was studied in detail by Chompoochan eraf (1970).
The whole cycle needs about 158-175 days for
completion. The prepatent period of F. gigantica
eggs was 8-14 days, after which eggs are hatched
into miracidia, whose tongevity in water is about 24
hours. Miracidia penctrate intermediate snail hosts,
Radix rubiginosa, and develop into sporocysts and
rediae within 7-8 days. Cercariae develop from
germ cells inside rediae and leave the snail hosis in
35-49 days from the time of miracidial penetration.
Within 30-45 munutes, the cercariae settle onleaves
of nearby grass or water plants, on which they shed
the tails and transform into cysts. Mctacercariae
continue o develop inside the cysts and may lay
dormant up to 60 days. After being inpested by
animals or human, excysted juvenile flukes pen-
etrate the gut wall and travel towards the liver via
peritones] cavity. Upon reaching the desiination,
the flukes pencirate the capsule and burrow them-
selves into liver parenchyma, and eventually reside
in the biliary tree where they develop into adults
and begin to lay cggs. Eggs ure first found in feces
of the cattle and buffaloes between 16-18 weeks
and in sheep about 1 | weeks after the infection, and
reach the peaks about 24-28 and 17-20 weeks,
respectively (Thammusart er af, 1996). The ensu-
ing histopathological changes are marked by the
progressive biliary circhosis due to the fibrosis and
calcification of bile ducts. This liver failure leads
to diarrhea, losses of appetite, weight and vigor
(Sukhapesana ef al, 1994), and meat or mitk pro-
ductions. The heavily infected animals, pacticu-
larly the young oues, could succumb and die.
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There ure ample evidence which demonstrate
that animals hosts mount both humoral and cell-
mediated immune responses against parasites.
Antibody against F. gigantica infection in cattle
and buffalovs were first detected at 2-4 weeks after
the infection, and reached the peaks around 16 to 20
weeks before declining stowly (Thammasart ef al,
1996). Itis noticcable that the detection of antibody
preceded the finding of eggs in feces by [2 Lo 14
weeks. This information attests that the devising of
immunodiagnostic methods for detecting the early
infection is one of key strategy that could benefit
the monitoring and early treatment of the discase.
Apart from causing antibedy formation, the para-
sites canclicit cascades of antibody-dependent eeldl-
mediated cytotoxic (ADCC) reactions. Similar to
the cases of schistosomiasis (reviewed by Sher and
Coffman, 1992; Maizels er al, 1993; Capron and
Capron, 1993), ncwly excysted juvenile F. hepatica
could be coated and killed by antibodies and variety
of host immune effector celis that attach to the
tecgument, including eosinophils, neutrophils,
macrophages and mast cells, during their migration
through the host’s peritoneal cavity (Rajasekariah
and Howell, 1977; Kelly ¢f a/,1980; Doy and
Hughes, 1982; Huphes, 1987). The release of
hydrolytic enzymes and production of oxygen free
radicals and nitric oxides by these effector cells on,
or in the immediate vicinity of the tegument are the
primary action that kilt young parasites (James and
Gieven, [989; Smith, 198%; Golenserand Chevion,
1993; Licw and O’ Donnell, 1993; Wynn er af,
1994). By contrast, the adult parasites hardly ap-
pecar affected by the host immune reactions. This
may be due to their [airly sequestered residence in
the bile duct which has lower immunelogical ac-
tivities, though the bile itself contains emulsifying
agents and certain level of IgA antibody. Adult
parasites may also possess counteracting reactions
against oxygen free radicals and nitric oxides which
are catalvsed by a series of detoxifying or antioxi-
dunt enrzymes, such as, supcroxide dismutase,
glutathione-S-transferase and glutathione
peroxidase. In schistosomes, these enzymes are
more concentrated in adult tissue than juveniles
(Mer and Leverde, 1997). Adult parasites can also
svolve an evasion mechamsm by which their
tegnment can avoid the attachment of immunce ef-
fector cells, and thus damage from ADCC reaction.
In addition, they can release certain immunomo-
dulating facters that compromise the cell-mediated
immune response of the hasts. Studies showed that
T cell proliferation and IL-2 production in cattle,
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sheep and rats were suppressed during the course of
infection by F. hepatica {Oldham and Williams,
1985; Zimmerman et al, 1983; Cervi er al, 1996).
Thus any successtul vaccine candidate should be
directed primarily at preventing the infections by
juvenile parasites, which have not yet develop any
viable evasion mechanism.

TEGUMENTAL STRUCTURE AND EVASION
MECHANISM

The tegument is the interfacing layer between
parasites and hosts that helps the parasites to main-
tain their homeostasis which is essential for their
survival inthe hostile biliary environment. Judging
from its remarkable structural characteristics, which
will be elaborated later, the tegument is probably
playing key roles in the absorption and exchange of
nutntive and waste molecules, and the regulation of
osmolarity as well as ionic equilibrium between the
interior of parasites’ bodics and the surrounding
fluid. [n addition, evasion mechanisms, including
many of the parasites’ counteracting reactions
against hosts” immune attacks, are probably gener-
ated in large part by the tegument. Any compro-
mise on the integrity and normal functioning of the
tegument such as the treatment by certain drugs,
could facilitate and accelerate the killing action of
hosts’ immune effector cells. Thus one can per-
ceive a delicate balance between counteracting ac-
lions between hosts” immunological responses and
parasites” evasion mechanisms as a forever ongo-
ing exercise. The complete understanding of strue-
tural organization and the roles played by the
tegument is henee crucial in devising any rational
vaccine.

Observations of the adult parasite surface by
scanning electron microscope (SEM)

When adull F. gigantica were observed under
scanning electron microscope (Fig LA-D) the
tegument surface was characterized by the prusence
of numerous spines, except in the areas around the
orzl and ventral suckers, These spines were closely
spaced and varied in shape and size depending ipon
the body parls. Some, vspecially those on the
antero-ventral and lateral sides of the body, were
farge with serrated edges and directed backward.
Others on the postero-ventral and darsal sides tended
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to be smaller with no serrated edges. The areas
between spines appearcd corrugated with series of
grooves and folds which in turn were covered with
small ridges invaginated with pits. The surface of
the spines themselves was also highly ridged and
pitted. Thus the surface area of the parasites were
vastly increased by these structural characteristics.
Groups of sensory papillae were also seen in the
areas betwe:n spines, and each of them has dome
shape, some with cilia on top. Large groups of
papillae (up to 10-15 per group) tended to concen-
trate on the ventero-lateral aspect of the body.

Observations of the tegument by transmission
clectron microscope (TEM)

Under TEM (Fig 1E-H), the tegument could be
subdividedinto 4 layers, based on the concentration
of the organclles and the density of the cytoplasmic
matrix. The outermost layer was a thin strip repre-
senting cross sections of ridges and invaginated pit,
which together appeared like microvilli (Fig IT;
1G). These ridges were covered by trilaminate
outer membrane andiheirinterior contained a dense
network of cytoskeleton fibers. There were numer-
ous pale-stained discoid bodies {(about 30x200 nm)
embedded within the cytoskeletal network, and
some were fused with the overlying membrane (Fig

1G).

The second layer was a thin strip of cytoplasm
that contained a high concentration of discoid
bodies, Iysozomes and spherical or oveid bodies
(Fig 1G, H). Spherical or ovoid bodies {about
160x 190 nm) contained homogeneously dense ma-
trix surrounded by the trilaminate membrane. Some
of them were fused with the surface membranes at
the bottoms of the pits, and hence probably released
their content to form part of the glycocalyx coating
the exterior of the surface membrane. Lysozomes
were large dense spherical bodies (about 400 nm in
diameter) that were arranged in rows in the inner
part of the sccond layer.

The third layer was the widest zone of the
tegumenl cytoplasm thai contained & high concen-
tration of mitochondria and dense scaffold of the
cytoskeletal network. Tt contained cvenly distri-
buted discoid as well as spherical bodies, but with
much lower concentrations than in the first two
layers (Fig 1E).

The fourth tayer was the basal zone where there
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A-D) Scanning electran micrographs, showing the surface characteristics ol adull /. gigantica. In A the anterior
half of on an adult parasite showing oral (Os), ventral suckers (Vs), genital opening (Ge), and the surface studded
with spines.Ia B and C, the spines have serrated edges with folded covering of the edges and spines main bodies.
[n D, the surlaece between spines is highly tolded by ridges (ri) and pitted {pi).

E.F) Transmission electron micrographs showing the divisien of the tegument across its thickness into 4 layers (1-
4y according to the following characteristios: the cross sections of ridges and pits in layer 1; the high concentration
of tegumental granales and lysosemes {Ly) in luyer 2, the high concentration of mitochondria n fayer 3, and the

Fig

extensive basal membrane in foldings in layer .
G,H) The tirst and seoond layers showing viuss sectional profiles of ridges (ri} and pits {pi}. and the high
concentration of dense spherical granules (G 1), ellipsoid granules (G2), and mottled spherical granules (G3) in

layer 2 In set showing the trilaminate surface membrane (Op) conted with a thick layer of glycocalyx (Gy).
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were infoldings of the basal plasma membrane. The
basal plasma membrane sested on the thick basal
lamina which was coupied to the former by series of
hemidesmosomes.  Undermeath the basal lamina
was the reticolar lamina that connected the tegument
to the underlying muscle layers. There were nu-
merous processes of tegument cells traversing the
reticular tamina outwardly to join up with the
tegument {(Fig 1F). The tegument cells themselves
lie in rows undermeath the muscle layer, and there
appears to be one type of tegument cell that is
capable of producing all types of tegumental bod-
ies.

Spines appeared as triunpular crystalline lattice,
whase interior was tightly packed. Their bases
were firmly anchored to the basal lamina, while
their peripheral boundaries adjeining the tegument
cytoplasm exhibited no special condensation or
anchoring fibers.

Carlier detailed clectron microscopic observa-

tions by our group showed strong evidence that .

both the discoid and spherical bodics might contain
the content that were contributed to the formation
of the surface membrane (Sobhon et al, 1994). The
discoid bodies were actually vesicles of trilaminate
membrane that were invariably fused with the sur-
face membrane, and that most of them were concen-
trated in the layer 1 of the tegumental cytoplasm
immediately underneath the membrane. Likewise,
the spherical bodies might contribute both their
dense matrix and surrounding membrane to the
formation of the surfuce membrane and its
plycocalyx coating, by fusing themselves with the
latier at the bottoms of the invaginated pits. In
schistusomes, the dynamics of membrane synthesis
and renewal have been well documented. The so
called membraneous bodies, which were spherical
in shape, contained stack of presynthesized mem-
brane held inreserve. Laterthey were added iz faro
to the surface membrane by direct fusion of the
bodies with the overlaying surface membrane in
Selustosoma mansoni (Hockley and McLuren, 1973;
Mclaren, 1980} or throngh semi-permanen! mem-
branc channels joining between the membrancous
bodies and the surluce membrane in S. japonicun
and §. mekongi (Sobhen e/ al. 1984; Sobhon and
Upatliam, 1990).

The synthesis and packaging ol tegumental bod-
ies were carried out by the Golgi complex-RER
system of the tegumental cells, 1t is still debatable
whether the synthesis of all types of hodies is
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carried out in a single or several cell types. In
F. hepatica, Hanna (1980a,b,c) reported that there
were at least 3 cell types responsible for the produc-
tion of T, and T, bodies in adult, and T, in
metacercariae and newly excysted juvenile para-
sites. o contrast our preliminary observation
(Sobhon er al, 1994) demonstrated that in F.
gigantica there was only one cell type respounsible
for the syntheses of all kinds of tegumental bodies,
while those in metacercariae and newly excysted
juveniles have not yet been studied. Following
their syntheses in the tegument cells, tegumental
bodies were transported to the tegument by the
propelling action of microtubules focatized in the
cells’ process and the second and third layers of the
tegument cytoplasm. In schistosomes and
Opisthorchis viverrini, it has been clearly demon-
strated that this translocation was mediated by
microtubules, since the trealment with tubulin-
depolymerizing drugs disrupted this transport proe-
ess (Wilson and Barnes, 1974; Sobhen and
Upatham, 1990; Sobhon and Apinhasamit, 1996).
It can be concluded, thercfore, that the synthesis/
secretory activily of the tegumental cells is the
major source ol replenishment and turn over of the
surface membrane and tegument. This continuous
process helps to repair damaged surface membrane
as well as fending off the immune attacks by hosts.
[t remains to be proven whether under the in{luence
of the [atter insults, the process of membrane syn-
thesis and replenishment is accelerated.

SOURCES OF PARASITE ANTIGENS

Antigens of /. gigantica that causes antibody
formation in hosts are generated and released prin-
cipally from the tegument and the cecum as demon-
strated by immunoperoxidase detection method
(Sobhon er al, 1996).

Tegument

The immuno-staining of the tegument exhibited

Sour distinctive characleristics: the intense undulat-

ing oufer rim of the tegument, the fine brownish
granules being evenly distributed throughout the
width of the tegument, the brownish atienuated
processes between muscle cells, and the staining of
the tegument cells’ soma (Fig 2).
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A) A cross section of an adult F.gigantica stained with immunoperaxidane techaic, demonstrating the presence of
dense deposit Lhat indicate the tecations of antigens on the surface membrane and outer rim (arrow) of the tegument
{Tc), and the upical membrane of cecal epithelial cells (Ca).

B} A high power micrograph of the tegument showing dense deposit on surtugce membrane and the nirrow rim
(arrow) of tepument (Te).

C.D) The surface of a spine is densely stained with granules of dense deposit (in ), while the spine crystalline
matrix (Cr-in D) is unstained.
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At high magnification, it was revealed that the
intensely stained outer rim was composed of a
narrow zone of tightly packed brownish granules,
as well as the deeply stained outermost thin line
(Fig 2A,B}. Thisnarrow zone should cotrespond to
the deeply-stained outer margin of the tegument’s
cytoplasm, containing the first and second layers of
the tfegumental cytoplasm as revealed by TEM
observatians. [t was, therefore, interpreted that the
deeply-stained outer thin line was actually the sur-
face membrane and its coating of glycocalyx, while
the thicker outer brownish rim was the Jayers | and
2 of the tegument's cytoplasm which have high
concentrations of discoid and spherical granules.
In other words, the immuno-staining reflected the
antigenic content in the existing surface membrane
and i1s constituents that were stored and held in
reserved within the two types of granules.

The intense immuno-staining of the tegument
cells’ soma and their branches between rouscle
cells implicated that most antigens were produced
in the cells and transported via their processes
towards the tegument.  Eventhough direct evi-
dence such as gold labelling of the cells’ soma is
stitl lacking, it is believed that antigens were con-
centrated in the discoid and spherical bodies that
were produced in the culls’ soma. Within the
tegument, both types of granules were scatterred
threughout which corresponded to the patterns of
distribution of brownish granules in the tegument
exhibited in the immune-stained tegument.

It was reported that eventhough portions of the
surface membrane covering spines were intensely
stained, the spine crystalline matrix themselves
were not stamned (Fig 20,D).  This implies that
spines’malterial was not antigenic by nature, or
more likely that spines were not shed and turned
overiike lhe surface membrane, hence their content
were not released into the hosts’ circulation to
stimulate the antibody production.

The cecum

The immune-staining of the cecum  demon-
strated that antigens were concentrated mainly in
the luminal content as well as in the cecal epithelial
cells. The stamning of the cecal content, in most
case$, was very intense and could represent the
secreled products of epithelial cells in mixture with
the food content. On the other hand the immuno-
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staining of rhe apical zone of the epithehial cells’
cytoplasm superimposed with the region where
zymogen granules were mostly concentrated, and
rough endoplasmic reticulum were highly dilated.
Therefore, the antigens that were delected by the
immuno-staining could be the enzymatic content
already packed within zymogen granules as well as
those still in the cisternae of rough endoplasmic
reliculum, and those that were already exocystosed
into the lumen.

Antigens from the cecum might be the most
abundant among the excretory-secretory (ES) anti-
gens, considering the mass of highly branching
cecum in the adult parasites. F. gigantica lacks a
circulatory system but the conveyance of digested
nutrients to every part of the parasite’s body is
carried out directly by the extensive branching of
the cecum, that is pervasive throughout the para-
site’s body. The nuirient molecules are absorbed
by the layer of epithelial cells and passed directly to
the surrounding tissues. In otherspecies of helminth
parasites, particularly F. hepatica, the cecal con-
tents were also major antigens that were released
from the parasites. Some of those so called ES
antigens were proven to be the digestive enzyme
cysteine protease (Dalton and Heffernan, 1989;
Repe er al, 1989; Yamasaki, et al, 1989; 1992;
McGinty et al, 1993; Smith er al, 1993; Dowd et al,
1994; Wijffels et al, 1994a). Direct cvidence that
the cecal antigens are the content of zymogen gran-
ules could be provided by the immunogold label-
ling of the zymogen granules in the Lowicryl-
ernbedded sections which is still under investiga-
tion by our group.

ANTIGENS OF THE ADULT PARASITES

Analysis of profeins from homogenized whole
body of the adult parasites showed that there were
approximately 21 detectable bands, ranging in mo-~
lecular weights (MW) from 110 to 14 kDa (Fig
3A}). Eleven of these bands at MW 97, 86, 66, 64,
58,54,47,38,35, 19and 14 kDa were present in the
surface iegument {ST) fraction which was extracted
from the parasites’ bodies by Triton X-100. Most
of these are believed to be proteins associated with
the tegument cytoplasm and the surface membrane,
because both light and electron microscopic exami-
nations revealed that the basement membrane un-
derlining the tegumental layer was generatly still
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intact, and pieces of the tegument were cleanly
separated from the basement membrane. Besides,
there was little extraction of the underlying tissues,
such as, museles, gut, exeretory, reproductive ts-
sues, as well as stromal tissues of the parasites’
bodies. In cortrast the excrelion-secretion (ES)
fraction which represented the proteins released in
the in vitre culture were composed mainly of two
prominent bands at MW 27 and 26 kDa, and lightly
stained bands at 66, 64, 58 and 54 kDa. The latter
group was also observed in the ST fraction, while
the former group was not {Sobhon er al, 1996).
Hence it is believed that 27 and 26 kDa proteins
were most likely decived from the deeply-localized
tissue, such as cecum which also continuvusly re-
lecased tis content to the exterior. The twa proteins
have been purified and characterized by our group
for their amino scid composition and sequence,
and are believed to be cysteine proteases {Kiatpat-
homchai ef al, 1993). These enzymes were gener-
ally detected in ather Fasciola species, such as
F. hepatica { Dalton and Heffernan, 19489; Rege
et al, 1989; McGinty ef af, 1993; Smith er af, 1993,
Dowd et al, 1994; Wijltels er ol 1994a) and in
Schistosoma species ( Rege, ef al, 1992, Gotz and
Klinkert, 1993), They are probably used in the
digestion of hosts’ tissues, such as epithelia of the
bile ducts, and blood cells for the parasites to feed
on. The enzymes could also be acting inside the
parasites’ bodies to break down the ingested mate-
rial.

[n immunobloiting analysis, 14 from 21 bands
in the whole body fraction were antigenic, while
all 11 bands of tegumental-associated proteins in
ST fraction were antigenic.  Among the latter, the
major antigens, judging frem the staining intensity,
were 4 bands at MW 66, 58, 54 and 47 kDa. These
bands were also detected in the immunoblot pattern
of ES fraction, albeit they were very lightly stained,
in comparison to the major and more intensely
stained bands at MW 27 and 26 kDu (Sobhon ef al,
L9963 Henge, in £ gigantica we hive found that
major antigens in adult parasites were the group at
high MW at 66, 58, 54, 47 and the group at low MW
at 27 and 26 kDa. The former group were most
likely the tegument-associated antigens, while the
latter group were cecal-associated antigens. These
data on F. gigantiva were the first to be reported by
our group. In comparison, there have been consid-
crable work on /. hepaticu. Ttagaky er al (1995},
using cneyme-linked mmmunotransfer blot probed
by sera from experimentally and natorally infected
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caltle, have found that the mijor antigens of adult
Fasciola sp were al 64-52 kDa, 38-28 kDa, 17 kDa,
15kDa, 13kDaand 12 kDa. 160 kDa antigens were
detected only by sera from the eacly stage infection.
The lower motecular weights antigens reported by
these authors were within the same ranges of MW
as reported in our findings, especially at MW 64-52
kDDa (versus 66-54 kDa reported by us) and 38-28
kDa (versus 27-26 kDa reported by us). It is also
reported that antipens at 64-34 kDa might be possi-
ble candidates for serodiagnosis of fascioliasis in
cattle. The work by our group also reported that
antigens at MW 66, 58, 54 kDa were more species-
pecific than the cecal-associated antigens at 27-26
kDa (Viyanant ef al, 1997a,b).

I Schistosoma species, especially S. japonicum
and §. mckongi, analysis by immunoblotling
showed that there were 15-20 bands of antigens at
MW 205, 158, 128, 116, L10, 105, 97, 86, 76. 68,
64, 56, 54, 50, 45, 43, 38, 28 and 26 kDa (Sobhon
and Upatham, 1990; Sobhon eraf, 1992). §. mansoni
also showed common antigens with these species at
MW 97, 86, 68, 50 and 38 kDa (Tayloreraf, 1981).
These antipens were believed to be mainly the
surface and tegument-associated antigens because
similar pattern were obtained when the parisites
were isotopically Tabeled with 1 and antigenic
bands analysed by immunoprecipitation {(Sobhon
et al. 1987). Ttis most likely that isotopic label of
living parasites could only attach to the external
facet of the surface membrane, and that little would
gain excess to the internal tissues such as cecal
content.

PRODUCTION OF MONOCLONAL
ANTIBODIES (mAB)

Our group has attempted to produce monoclonal
antibodies (MAB) against £ gigantica antigens
(Tip 3B,C) and found that mA B obtained from mice
immunized with ES antigens recognized epitopes
present in 54, 27, and 26 kDa proteins (Viyanunt
et al, 19972). As mentioned carlier 27, 26 kDa
proteins are the major antigens from the cecum that
are deteeted in the exeretory/secretory fluid ofadult
parasites which is also reported to be the case in
I, hepatica (Fagbemi and Hillyer, 1992 Wijffels es
al, 19944). Since these antigens have been proven
to he a family of cysteine profeise enzyimes
(Kiatpathomehai er ef, 1993) that are widely dis-
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Fig 3-A) Proteins from lult Fgigantica separated on
12.5% 8DS PAGE, blotwed on to nitrocellulose
papers | whole budy (WB), excretory-secretory
(ES) antipens stained with Amide black dye (Am
B ), and immunblotied with cow infected serum
(C18).

B) Immunoblot of I:5 antigens against menocional
antibodies from various clones of hybrid cells
immunized by ES antigens (12D9, 4F5, 2010,
5D10), and controd culture mediam (P3U1). Posi-
live bands are at 26, 27 kDa(2D9, 41°5) and 54, 58
kDa (2D10, 5DI10). Lanes 1 and 2 are stapdard
molecular weigths (Std}, and ES stained with
Amide black.

C) Immunoblat of surface mnd tegument antigens
{ST) against monoclonal antibodies Irom various
clones ol hybrid cells imnumized by 81 antigens
(1C12, 2C3, THT). indicates major positive band
at 6 kDa.

tributed in trematode parasites including schis-
tosomes, it is doubiful that their lack of specificity
could be used for immunodiagnosis of fascicliasis.
A monoclonal antiboedy that recognized a more
specitic surluce tegumentalantigen at 66 kDa could
also be produced. This mAB has been used in
ELISA-based immunoassay for detecting circulat-
ing antigens in the blood of cattle with up to 87
sensitivity (Viyanant ef al, 1997b}. 1n addition to
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their immunodiagnostic protential, the parasite kill-
ing capabilities of these mAB against juvenile para-
sites are slill being tested both in virro and in vivo.

VACCINE DEVELOPMENT STRATEGY AND
CANDIDATE ANTIGENS

The rationale of vaccine design consists of 3
major strategies: first to identify parasites’ antigens
that are significantly different and do net cross
react with those of hosts. These antigens may be
molecules that are essential for maintaining the
structural and functional integrity of parasites; or
enzymes that are catalysing key reactions which are
needed by parasites for acquiring nutrients, or for
sepairing damage done by varjous insults. Sec-
ondly, the molecules of choice should be able to
elicit strong immunological responsesin hosts, such
that migrating juveniles could be immobilized or
killed when they pass into the hosts' tissues. And
thirdly, bulk synthesis of the antigens of choice
should be feasible through the applications of
recombinant DNA cloning technics.

Most vaccines may, however, not be as ideal as
desired, because fasciola parasites are large and
complex animals with substantial capacity to toler-
ate any insults and capability to repair themselves.
Even partial vaccines that ceuld impair the penctra-
tion and migration of newly excysted juveniles or
those that could reduce the fecundity of adult para-
sites would have benificial effect for both the in-
fected individual animals, and the proliferation of
parasites in the endemic area. Recent research
indicate that future prospect for the control of
fascioliasis by immunological intervention appears
brighter than previously thought. Candidate anti-
gens from F. hepatica and F. gigantica that have
shown vaccine potential during trials in cattle,
sheep and rats are as follows:

Fatty acid binding proteins (FABP)

FABP are probably a group of surface or mem-
brane-associuted proteins with molecular weights
ranging from 12-14 kDa. These proteins were first
isolated from F. hepatica by affinity chromatogra-
phy using rabbit antisera against 8. manyoni whole-
worm extract (Hillyer er af, 1977). Thus they are
proteins that share common ¢pitopes between two
trematode species. Furthermore, in schistosomes

395



SOUTHEAST Astan | Trop Mep Puslic HEALTH

they were found to be a major fraction with fastest
migration in 12.5% SDS-PAGE pel, and their jnten-
sity 1s lessen by chioroform extraction (Sobhor and
Upatham, 1990). These protcins were shown (o
confer cross protection for calves against F. hepatica
(Hillyer, 1985; Hillyer ef al, 1987), and for mice
and hamsters against infection by schistosomula of
S. mansoni (Hillyer, 1979; Hillyer er al, 1988a,h).
A cDNA library has been made for these proteins
from F. hepatica (Rodrniquez-Perez et al, 1992;
Chicz, 1994}, and an almost identicai group of
proteins have been characterized and expressed in
E. coli {Smooker et al, 1997). This protein fraction
confers significant protection (31%) against F.
gigantica infection m cattle ( lstuningsih ef al,
1997). It is, therefore, guite optimistic to say that
FABPs are one of the most promising vaccine
candidate that could confer protection against at
ieast iwo species of major parasitic trematodes.

66 kDa surface membrane protein

Qur group has discovered major antigens from
the surfuce of tegument of adult F. gigantica at 66,
58, 54 kDa (Sobhon ef af, 1996, Viyanant er af,
1997b). The 66 kDa antigens has been specifically
localized and found to be concentrated in the sur-
face membrane. And as already mentioned mARB
has been produced against this antigen {(Viyanant
et af, 1997b). 1t is possible that this antigen is the
major protein of the surface membrane and its
potential as vaccine candidate should be cxplored,
since hosts immunological attacks elicited by this
protein may result in the disruption of the mem-
brane and the tegument, which in turn conld injure
and kill the parasites.

Paramyosin

Another structural moleecule that exhibits poten-
tial as a vaccine candidate is paramyosin, a muscle
protein with molecuiar weight at 97 kDa.
Paramyosin is one of the major proteins that ubig-
uitously present in invertebrate muscle cells, in-
cluding that of trematodes (Laclette ef af, 1991;
Kalina and McManus, 1993). This pretcin s also
found 1o be one of the cytoskeletal protem of the
tegument in Schiviosoma species (Matsumoto et al,
1988; Sobhon and Upatham, 1990), Paramyosin
could be easily purified and obtained in large quan-
tity, and it is known to induce high level of protec-
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tion inmice infected with S mansoni ot §. japanicum
(Pearce eraf, 1988; Flanigan ef af, 198Y; Gressman
etal, 1990; Ramirez et al, 1996). 11 is possible that
the protective action of antiparamyosin is its dam-
aging effect on the cytoskeletal component of the
tegument as well as on the muscular layers that lie
underneath. Consequently, this might lead to the
impairment of the tegumental function and the
decrease motility, which may affect the survival
and migration of parasites, especially the juvenile
stages. Library of ¢cDNA for schistosome’s
paramyosin has been constructed and expressed
in £, coli (Yang ef ad, 1992). Whilc the protective
action of paramyosin has been proven in
schistosemiasis, it has not yet been proven positive
in fascioliasis, especially against F. gigantica.

Glutathione-S-transferase (GST)

An antioxidant enzyme, glutathione-S-trans-
ferase (GST) is another antigen that could be con-
sidered for vaccine candidate. GST actually con-
sists of a larpe family of dimeric isoenzymes, whose
manomeric units have molecular weight at 24-29
kDa. They are widely distributed in both animals
and plants, in mammalian as well as parasites’
tissues. GSTs comprise at least 4-3 main classes
(Mannervik, 1985; Meyer ez e, 199§). GSTs cata-
lyse reactions thal mop up vxygen free radicals and
peroxides, hence preventing them from damaging
parasites’ surface. (GSTs protective action has been
shown in tats and mice against infection by S.
nansontand S japonicum (Smith e al, 1986; Balloul
et al, 1987; reviewed in Brophy and Pritchard,
19943, and against F. kepatica in sheep (Sexton ef
al, 1990) and cattle (Meorrison ef al, 1996). Evi-
dently, cross protection by GSTs from the two
species of parasites 15 also possible which implies
that GSTs from different species may share com-
man cpitopes. Eventhough it has been shown re-
cently that in one breed of cattle GSTs vannot
confer protection against F. gigantica (Estuningsih
et al, 1997), the potential of thesec molecules as
vaccine candidates in other ruminants could not be
ruled out, and shoutd be exhaustively studied.

Cysteine proteases
Cysteine proteases at 26-27 kDa is the main
components of excretory'secretory fluid of both

species of [asciola (Dalton and Hletterman, 1989,
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Yamasaki, Aokl and Oya,1989; Smith ef al, 1993;
McGinty ef af, 1993; Wijffels et al, 1994a.b;
Kiatpathomchai er al, 1995; Sobhon er al, 1996).
These enzymes are localized in the lumen and cecal
epithelial cells (Sobhon et af, 1996; Creney er af,
1996; Viyananl et af, 1997a), and hence they
presumbly are the secretory product of epitheiial
cells. ¢cDNA library of fasciola cysteine proteases
have been isolated, and to date a total of 6 complete
sequences have been reported (Yamasaki and Aoki,
1993; Heussler and Dobbelaere, 1994; Wijffels
et al, 1994a). Cysleine proteases are intensely
immunogenic in cattle and sheep (Kiatpathomchai
et al, 1995; Wijffels et al, 1994b) and have been
used for immunodiagnosis with fairly high level of
specificity (Yamasaki er af, 1989; Fagbemi and
Goubadia, 1995, Silva et al, 1996). F. hepatica
cysieine proteases have been tested as possible
vaccine candidate in sheep and cattle, However,
rather than decreasing the worm numbers fecal egg
count were significantly decreased (Wyffels etal,
1994b; Dalton er al, 1996). Cysteine proteases
from F. gigantica have also been tested in cattle,
however, neither reduction of worm burden noregg
count was detected (Estuningsih ef al, 1997).

Hemoglobin-like antigen (Hemoprotein)

Recently a heme-containing protein has been
detected in ES materials from adult F. hepatica
(McGinty and Dalton, 1995). This is a high mo-
lecular weight protein at more than 200 kDa, with
ability to bind oxygen molecules. Hence its role in
concentrating and transporting oxygen to various
tissues of the parasites’ body is essential, especially
in the low oxygen bile environment (Tielens ef ai,
1984). The high vaccine potential of this protein
has been demonstrated, particularly in mixture with
cysteine proteases (Dalton ef a/, 1996). The com-
bined vaccine can greatly reduce the parasite fecun-
dity, perhaps due to the decrease amount of nutrient
materials and oxygen that must be delivered to the
ovary and Mehlis gland for the egg shelil formation
(Bjorkmann and Thorsell, 1963; Dalton erai, 1996),
Though this vaccine candidate cannot kill parasites
and reduce the worm burden, the reduction of their
fecundity help to alleviate the damaging effect on
the hosts” liver, and may indirectly reduce or even
eliminate parasites from the infected areas.
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ABSTRACT  The gross anatomical study of the nervous system of Haleon

wriine teveals that L catiprises o Fab

# buccal ganghion. a pleuropedal ganglion mass. and 2 visceral ganglion, connected 1opether by nerve conmissures ang conneetives.

T

ures rgzhi typics

ol neurosecretory cells, three Uypes of newrons, and thice types of newrog

of irerve cills m the cerebral gamgha on the hasls of their hspilogic

| Chnpacterstics and srsbn alfiny . twir Lypes

he fieurosecretory <ol nre furge il oeeur al

periphery of the ganglhin. They contam neerpsteretory granules in the cytoplasm that stained deep violet with paraldehyde-fuchsin. The

dlige rr

pindle-shiped mucler

KEY WORDS:

abalonme, cerebral gan
INTRODUCTION

The abatone is one of the most primitive
and structure. The cepral nervous system of abalone is of the
strepronenrous type, with ne concentration of neuronal mass, and
1 wonsists of severad ganghia comected by connectives and com-
missurex (Hullock 1965, Joosse 1979). Most ganulia are clongated
ind sheaths of ganehion cells wanlly extend to form

tiatropods in form

and flangene
Hat commiiauics and connectives hnking gongla together (Crofts
102,

The cemehral g
They are paired, lic ghove the psophagus or buccal mass, and are
conmected by o L commisswre (Dorsett 1986). The cerebral
cingha live connectivies oo the buccal. pleural. and pedal ganglia.
and ey send peeves oo mnerva
temackes (Crotts 1929, Bullock 19633, thus playing an importent
role in gmding the anunals around their habiial,

mgha are the mest anteror snelo in the head,

o the eyes, statocysts. and head

The cerebral panglic of several temperate slalone species have

e extenovely studied.. = I Halioris nibervidang Linnaeas,
Haleotis fomellosa Lasnwck, Haliotis cracherodii Leacli, Maliotiy
esifeapens Swiaison, Huliofs devcies o o, ol Meedotis dis-
ay Reeve (Crofis 1929, Maller et al. 1973, Hahn 19940, Yaiuta
1971} Severnl type
ot the Banglbn (Miller e al, 1073, Yahatg 1971, Halin
19943). Yahata (19717 andd Eltho (1994u) reporied that there were
{ : corehral ganeha of NV disens and M.

1¥] f newmng in the

{iveiy desirnated s types AL B, U oand D.
Pvpe Acand Type B cells were believed 1o be neureseererory celis.
This wiicle repons on the gross anatomy of e nerviins syakem
and the classitication, based on the histological characteristics of
neurons ind other cell types in the cercbral ganglia ol Halioris

winch wer

SRR,

the it numersis cell type aid ocour o various parts ol G contex. The newroeha as

v, Fhfins wainine, husinlo

< small cells and contain

cal stidy

cesiming Linmaeus. which i a yopical abalone species native o

Thailand.

MATERIALS AND METHODS

Angiomical Study

Wlanire ahelone, M. axiee, with o shell Jeagth of 45 oo were
obtaimed from the Coastal Aquaculture Development Center,
Klimg Wan, Prachuap Khved Khan Provines, Thailand. These ani-

pind-bipsed agquacultere systzmiome well

il were reared g

circulated and aerated seawater. They were given appropriate algal

food ad fibirem und kept ender nommnl Quylisht. Abalone wer

anesthesized with 3% MgCl afier which their shiclls swere re

moved. They were then placed on & layer of parafiin wax pouied
-

immersed ir teahol. The dissections

on an enimel pam and
were made under o stercomicroscope, which was also used 1o make
drawings with the aid n? & camera lueida.

flistological Study
The corvhiral panglia were dissected oul and fixed in Bouin's

flund in CLEd NaCl dor 12 b Tissues were deliydiaged thiough 2

grided sertes of ethanal, infraded with diogoane. ol embedded m

pariffin. Sections were cot at 3-6 o thishness aod staimed with
betatoxylin-eosin (H& 1 chee bnmatpey li-plhilercing (CH-Py
(Gomori [941), and paraldelyde-fuchsm (FF) (Gomori 1350).

MNeurons unid cells in the cerzhral ganglia were obverved and evaln
ated for ther cell size and shape, nuclear size gl shipe, g

staining alfinity under an Olympus Vanox light nucroscope
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RESULTS
Anatomical Study

The nervous system of A gl conseds ol g paic of cereliral

sanpha, o buccal panglion, o pledropedal ganglion mass, and

viscerl or abdom ) gapglion, These |‘_.III,""I.I are comected by
nerve commissures and comnechives (Fig. 1), The cerebral ganalin
are comected by dorsul and ventral cerebral commissures. Thus,
the ylia and comumisaures sutround the anterior chaphapus. The
iddle purt of the venual ceretial commissire swells into o small
buccal ganglion. Two mnjor nerves. i.e.. the optic and tentacle
nerves, oin the cerebial ganglia separately (Uig 1), Optic nerves
innervile the eves, whereas tentacle nerves innervaie the tentacles.
The cerebropleatal and cerebropedal connectives leave the ventro-
pasterior part of the cerebral gunglia and merge mito s plewropedal
vanglion mass. Arising fiom this mass are 1wo loops of nerve
cords: the visceral cord and the paired pedal nerve cords. The
viseeral cord twixts intou flgure B Grousd the viscerul mams, Al its

posterior end s a siegle visceral ganglion that gives of!l many
nerves poinge o digestive and eproductive argans, The peired
pedal nerve cords run parallél abong the amdline of the ol muscle
(Fig. 1). The two pedal cords are connected at severul intervals by
pedal vord conmissures. From cach pedal cord, many nerves arise

o inpervate the foot muscles (Big. 1

Histoloygical Study

Phe paired cerehral panglia are eloppated and flattened g
2A). The ganglin are composed of two parts: the onter corlex and
the mnar medulla (Fip 3A). Eachi ganglion is susounded by a

Cerabral commissure

Terlacie narva

Cersbral

Dptic nerve

Buzcal 90@0" Caratira-padn!

conneciive

Carebro- pleural
connective

Fsophagus T

Pleure-padal
intesting ganglion mass

Padal nerve cords

!
Abcammal [viscemi!
gangiima

I
Digastree gland
Ganad
Figure 1. A diagram of the nervons system of H. asigina. showing
virious nerve ganghia linked together by nerve cords and connectives,

Ly

4l

Figure 2. (A) Photomicrograph of longitodinal seclion shewing loca-
tion of cerehral ganglia (Cg) Iving an bath sides of juw (Ja) and jaw
muscie (Mu). Ep, epidermis; Te, tentacle. (BY A high magnification of
longitudinal section of cerebral ganglion (CG). Ca, capillary.

loose connective tissue nelrin callagen- [ike Tibers wnid capillarices
(Fig. 2B). In the coriex, there are nomerous [eurons, neurosecre-
tory cells. womd neuroglin. The outenmost cefl layer of the cortes g
in close contact with the basement miembrone ol he zunglion
cupsule. Most of the mediad part of the cortes is relatively thin and
contamme anly we o theee lavers of cells, with only o few nento-
secretory ceils, T contrast, the dorsal, venteil ad Tateral parts of
the eoped of coch ganghon are thick and contuin four to Gve cell

th i pedmssecretory cells

lnyers (Fip 3Asee Fip. 5AT Allho
are dispersed thiroaghout these vegions, e e e
cicentratins of these cells in the dossal mnd ventral purty, o

ecially high

poan {Fig. A}
eha can by classiied into wisht

Shivmes"" ol the gang

The cells in the cerehral :
tepes oin the sty of their histologaeal characteristics and Stiain
affinigy to dyes (M&E CH-P, mnd PF). Theie ure two types of
nesraseeretnry cells (NS, and M8 three types of memrons (NR .
NE mred NRy1 ond thres types al neureglia (NG, NG.. anl

N

Typu 1 Neuroseeretory Cell (NS, )

These cells are very baepe 1 siee 010 = 20 pan), with bn ovidl
shape. Maost cells ccom along the penphery of the conex, resting
see P, @i The nuchens 1k

on the basemest membrane (Fig. 30
romnd (8 gunn b i asmeter ) anid 5 Joeated toward one sile of the dell
It containg mosty puale-stined cochromuatin with only 4 thin rim of
SIS

heterachromstin Dinding 1o Mhe et surface of Vo oo

velope tHgs, 3C aml D apd 4B), The nucleodis. which is g

i in
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hape. is very distinct (Fig 4B and C). The cytoplasm is well
steserved and shows o clear boundary. It statned reddish pink with
H&E and pinkish purple with UH-P. There are numerous neuro-
secretory granule=s, which stained deep violet with P and filled the
gltire cytopliom.

Type 2 Neurosecretory Cell (NS;)

Theve cells are smaller than NS, and oceur in the same layer as
N5, and alwe o the mmer cell Jayer (Fig. 3D and 4A, see Fig. 6).
The cell body 15 raund or oval and of mediam size (10 x 12 pm).
The nucleus is round (10 pin in diameter), with most blocks of
heterochromatin attached i its periphery with some in the center.
Trgether, they resemble o clock-face pattern (Figs. 3C and D and
ACY The nucleobus is not as prominent as in NS, The cytoplasm
contains fewer nenrosecretory granules than those of NS, and they
stined deep vinlel with PT

L GaNGLIA OF ABALONE 734

Type | Newron (NR,}

These cells are the largest neurons aed buve a pyambilel shape
(15 % 30 ) (Figs 3D, 40, and SC). The nuclens 4 round (10 pm
in diameter) and contains almost entirely cuchromatin with eccen-
teieally located nucleolus (Fip. 31, The basu! portion of the cell 1t
fatiened and hes on the basement membrine Their slimmer ¢y
toplasmic processes extend inward to ihe imedulia of the ganglion
{Figs. 31, 4D, and 6}. The cytoplasm stained homuvgencously pink
with H&E and CH-P. There are no neurosecretory aranules im the
cyloplasm.

Type 2 Neuron {(NR,}

These cells are the most nemerous among newronal cells. They
are concentrated wostly in thie middle cell layer of the cortex {Figs.
312 and 6). They have a round 10 oval shape (-6 pm in diameter)

Figure 3. (A) A low-power micrograph sitowing longitudinal seetion of the upper hatf of a cerchral panglicn stained with H&E. Co. cortex; Ca,
capillary: Do, dorsal: Me. median; La, lateral. (B) A medivm-power micrograph showing tongitudinal section of (ke cerebral ganglion stained
with H&E. Motice thicker cell layers on the Fateral (Li) than mediad 1Me) sides. NG, Type 3 nenroglia. 1) A high-pimser magnilication showing
warions types of nerve cells in the cortex stained with H&E. NS, Type | neurosecretory cell; NS,, Type 2 neuresecretory cell; NG, Type 2
nenroglia. (D) A high-pewer magnification showing various types of necve cells in the cortex stuined with H&E. NR,, Type | nenron; NR,, Type

2 neuron; NR,. Type 3 nearon: Nt, gerve tract.
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Figuee 4. Medivm-power (A) and high-power (B—D) micrographs showing variuns types of nerve cells in the cortex stained with H&LE. NS, Type
I neuraseccetory cell; NS, Type 2 nearosecretory cell; NR,, Type 1 neurong NR,, Type 2 neuvon; NG, Type | nearoglia: NG, Type 2 neuroplia;

N(ll,. Type 3 neuroplia; Nt, nerve tracl,

und eontain round muelei (2-0 pan in diameler) with patehy het
cractinmatin, The cytoplasm is exuemely thin and does pot -
lain peurosecretory srmules (Figs, 3D and 4B and O

Type 3 Neoron {NR )

Phieser cells are o littde smaller than NR,. abost 4 pm m o diam-
cier They ocear in the innermpat cell laver of the cortex (Fips 312
urnl B} The nugleus & ellipticn! ¢4 wm i diametes) and darilabng
conpletely densa hetersehiomatin (Fig 309, Them S po newmo-

secretory gramdes i the eyropinsm.
Type | Nearoglia (NG )

Ihiese cells are seanersd thirmaghnug the cortieal region ol flie
ciplion (Fips 4B aud 6). They me sovall (26 po i dranidtier)
Al The nuelenr mein
1 litle crenated. with o thin rimy af Bewerochmomatin at-

and coptain g spindle-shaped nucleos (Fig

branie
tagdsisd b e dnme serfaee. whetens aut ol the 1emaimme el

muti is evchromaic (Fie, 48).

Type 2 Neuroglia (NG

The ezl body and nuclear size of these cells are simikar 16 those
ol NG, but they show completely deuse chromutim (Fies 300 ind
A1) NG e in a single 10w on (e haserment membrane [Fags 40

ol B,
Tape § Neoroglia (NG )

These ane sl eells with spindie-shaped oocle 12-8 pmi tha
eomn compléidly dense hetermehrnmatin, Thiy are scaltersd
wnong nerve bundles of the medully (Fgs, 3B 4AL 5D, aed 6

DISCUSSION

Tl anatoamy o thie segpyous systen of e tropleal abiebome:, #.
wsinfiv, s stmilin o ke of primitive prosobianchs aml oiber
species of abalone desertbed by Crotts (1929) and Frener il
Grahimm (19623, Crolis (1929) repocied tha in A el H.
Nevses, amd F, onin

ton sipply the epipodia, tentackes. eyves. amd sttocysts, Threugh

fereii, the cerebral ganglhis sent Lhe nesrves

as
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Figure 5. A law-power micrograph shewing longitudinal section of verebral panglion stained with CH-P. Do, dorsal: La, katera); Ve, ventral,
(B-1 Medium-power (B) and high-power (C and D) micrographs showing longitndinal sections of cerebral ganplion stained with CH-P. Cy,
cortex: Np. neuropil; NG, Type 3 neuroglia; NS, Type 1 neurosecretory cell; N5, Type 2 neurasecretory cell; NR,, Type [ nearon: NR,, Type

2 neuron; NG,, Type 3 ncuroglia.

these nerves, the animals receive chemosensery. imechanosensory.
gl visual inpan from their environment. Hence. the cercbral gan-
wlin are probubly the most important center [or nervous integration,
cornpirible to the brain in higher animals. The cerebral ganglia in
H, asiinge ore also copnecied with rhe huccal ganglion and plen
dlon sy, (U was, therefore, suggested that the cere

rivpeclil g
bral ganglin could serve as a center tor coordinating wd moduli
v viniois functens medioted by the rest of the pervous system
flaham-Parvwar and Fredmin 1976H)

Ihe ceretial ganplie of . asinie we surrounded by a loose
colmective tissne that s rich in collagen like fibers, threaded with
capiliary plexnses, This connective tissue sheath is guite differemt
from that ol Heliy wsperse Muller, which is cotiiposed of two
lavers, e vuted layver bene packed with globuli cells and the inner
Being dense and Tamellated (Fernandez 1966). The histological

1y presented hene of the corebral ganglin of /. asinina revealed
Uil they contatn eighin cell Types: two types of neurisecretory cells,
thice types of usurons, and three types ol neurcglia Yahata (1971)

and Hihn (19942) described four types of neurons i A dizens am!
H. disvus fonnar They are colled Type AL Type B Type Coound
Type D cells, Type A and Type B cells are neurisecretory cells.
On the basis of the similaritics in size and shape and their neciear
charigtiristics, distribution, and stning alfinity. the nelroseen:-
tory Lells Type 1 {NS)y aud Type 2 (NS0 i Uids stuady skl
coreapand 10 Type A and Type B cebls, respectively, as reportod
by Yahata (}971) and Hahn 11994a) In N diens, Type A cells
were furiier divided mto Tvpe A-1 cells, which contan neiro-
y pranules stdned with PF and CHP. and Type A= cells,
the secretory granules of which stamed with phloxine but no
CH-P. Type A-IL cells of H. divcus hamnai appear 1o be larper
2032 e than ibe NS, of Ho giiype (20 pm). However, the
cell Bodies of bath Type A eolls (Halin 1%00a) aml WS, staibe
with PF.

Neurosecretory cells ae found in farge quantities aod vadiety in

RECIT

mwlluscan gangha, which are the principal source of hirmiones

Ihe functions of neuresecrctory celle in U cerehial phrighin e
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Figure 6. A dingram illustrating structure and celluwlar composition of
the cortex aned medulla of cerebral ganglion. NS,, Type 1 nenrosecre-
tory cell; NS, Type 2 neurosecretory cell; NR,, Type | rneuron; NR,,
Type 2 neuron; NR,, Type 3 neuron; NG,;, Type | neuroglia; NG,,
Type 2 neuroglin; NG, Type 3 neuroglin; Ca, capillary.

thowsght s he related 1o reproduction (Yahata 1971 Yaha 1973,
Hahi 1994a, Habn 19940, Yahata (1971) found that Type A and
Type B cells in the cerebral ganglin of N discns showed scasonal
Phese cells began to ac-

changes i the stmng infensity of Pl
umiiliie PE pranules in Inne, when the gonuds started o mature.
and the PE stam intensity continued o increase until i reached 2
nuximum in September, which was the month of spawnmg
Hence, the rise and fall of the newrosecn=tors material coincided
with pomadal miataration (Y shata 1971 However. the ijection of
ciade homogermile of the cerebral punglic into ripe fomales, N
ciyeny, did not tnduce spawning, but there was o considerable gain
o the miean body weight Frinn the increase s warer uprake {Yahata
T4Ta).

Hahn (1994a) reported that the neurosecretory activilies in
Type A aml Type B cells in the cerehral gangha of £ discus
fierinaad, as rellecied by the staining miensity of cytoplasmic ma-
teriul, varied with the reproductive cyeles, The petrosecrctory e
tivity of Type A cells was comrelated with vitellogenesis in the

UPATHAM BT AL

ovares of females, but not with somal matusation ad spermnto-
genesty in miles, The nowrsmecretory uetivity in Type B calls in
hath sexes did not show any correlation with gametopemssis, vi-
tellogenesis, o spawning Further studhies are clearly aceded on the
oy of meumwectitiey oella of

and WS, cell v

REUTaenAdoCTIne |C‘,i\ s an ' “!!I
vevebrl ganglia (h abalong, ingluding NS,
LN,

neurons in the cerebral pangha of &
Camd Type D
eetinerd (Y bt

There ars thice types
by fwar iypes of neucons (Type

AARERLNE, wWheres

elis) were describald in N discin andd H. discus
1071, Hahn 19945). On tie basts of the size and shape of cells nnd
their nuclei, NR, are quite similar to Type C cells, whereas NR,
probably correspond 1o Type D cells. These cells did mot have any
newrosecretory granules in their cytoplosm. NR, cells lave not
been reported 1 N, discus or H. diseus fanaal (Yahata 1971, Hahin
19942}, These cells are the largest neurons in the cerehra

of £ axinn, They are pyramdal and muoltpedar in shape wiil
anules are ohserved i the

round nuclens. and no neurasecretony &
cyloplasm. Compared with the classification of neurons in the
5. it 1y possible that NR | may

neryeas systems of higher vertebra

bte concemed with mor activities because of their large stee ind
multipolarity, whereas NR, and NR | we most likely o be ussnui
ated neurons

Thice types of neaiuglin were observed in the cerebral ganglia

of . asining, T the best of our knowleldge, there has not y
my classification of neurogha in any species of ahalone. NG, e
probably the peneral glia cells af the cortex because of their uni

torm distribution in all cel! layers of the cortex. NG, because of
their umgue lining of the basement membrane. conld be a part o
il blood-nerve barrier that gates out the undesirible factors from
the blood supplied by the capillaries. NG, on the other hand, are
alin cells of the neuropil of the medullury region. It remains 1o be
pnved whether they are wvelved nthe synthesis of the myelin-
like structure surrounding the nerve {ibers in the neoropil.

ACKNOWLEDGMUNT

Thes stndy received finnncial support from the Thailupd Re-

sewch Funed

LITERATURE CITED

Bultock, T, HL 1965 Mothisca: Gastropodi, pp. (2851386, fe. T HL Bui-

lesck amil G, A Himdye Geds) ) Structuare and Frnction in 1he Nervoos
rernt ai Trverichruies. Fresman, San |
Crmlts, DR, 1020 Nalimis, Liveepned Mar, Blad  Chmeiftree MWenip
1,
P CEA TUNA. Bradbs (e celin: the noedvoumat(ogy o seleglsd gaso-
b 1= I M ii] T Sl A 00 Y Willows el b
vl 4 Avaademic | New Yk
Permandes, . Vs Borviae aysten of the saail Helo gspersa 1 Sty

lionie sheath and neuroghn. £ Coonp. Ne

tochonstry of 2oy

1962 Brivish Prosobungt Malluscs. Banthin

M

rrew Press, ik
CGionnort, G194 Chservations with differential stainy an human Islets of
Ao Jo Pathaof, 17395400,

vhing, pp.

Lzmyorfians

& ot G LS. Al de T v sbiin fon eligie tissng: Ao 2
Cli, Patinl 20008654

Fahn, K. Q. T96a. The ngimosocictorny stirnng m o the corebral sinpia ol

Tuganasi afalone (e Wl Heedlonss olfscny dranved, wned s rela

I

ynnship | prbucriang [ e Fpsplperipd 1205

Halin, K. O, 19940, Gueetogenic eycle of the lapaness abalone

eevnveabid, Herfiots decens e uring combinoniie with effeciive
i v bebertgaeetaEl (b A gpliece £ 3323739
JobmParwne, B, &5, Predimon, 1976 Cerébral of dpfvane

celladar crpanizgtion and gogm of nervies. Comp, Biocheir Plyvsed
A BT -551

mnllyses pp 11915

wul il frink il

it -
T TR 0 e

heaubony

F )W, Batrimpion (ed.) Hormomes and Exoduion, vl
Prrss, Men Yind
Miller, W, R. 5. Nishiokn & H A, Hern 19 Th 1% bavgdan | sl
o ol ghie whadere, fiilions sl S Ly
.I”
Yabean, T. [971 De wsirution sof pmpresecretary celly in the cescheal
oyl it lomie. Newviedin siiveinn Reeyve, il F Finly, }i
ok At
Yabate, T, 1973 Demwavdiasion of peussecrelory cells in tie cenehis
santellom 0l e ahaltne, Neovdorss dikes Roeeve infoetes] with o
Jain Feeh %0319 0




Jowrnad of Shelllch Rescurch, Yol 7, No 3, 735739, 1998,

SCANNING ELECTRON MICROSCOPE STUDY OF RADULAE IN HALIQTIS ASININA
LINNAEUS, 1758 AND HALIOTIS OVINA GMELIN, 1791 (GASTROPODA: HALIOTIDAE)

YAOWALUK P. CHITRAMVONG,' E. SUCHART UPATHAM,'
MALEEYA KRUATRACHUE,' PRASERT SOBHON,” AND
VICHAI LIMTHONG?

' Departments of Biology and " Anatomy
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Ramua VI Road

Bangkok 10400, Thailand

ABSTRACT The middie parts of the radula ribbon of 10 matre siils of Hefietis asining and faliatts oving weie ridicd ey
scanniig el=ciron microscopy. In eich transverse row, the nurbess of the ecntral and Tateral teeth of K. avinna and H. oviva s | an

10, respectively. The niimber of the marginal weeth of A. asining and H. ovira ranges from 108 10 2R and 214 10 230, respectively.
The conirat and {aterat weth of Hellots spp. are dnicuspid. The margioal teeth of Hadieis spp. ume molicuspid, s B aciing, the
anterior cusps are broud, short, and blunt ended in the central and Girst laeral teeth: long, narrow, and tapered in the second Lucial woth,
et 10 the thicd o fih fteral eeth: and with one lavge central and several Tateral dennigles on the nmrzinal teetly The natula
w of e central tooth

s phalagios o M. esiniia and H. ouine an
the size of the cemral wath, the shape of the first und second laseral weeth. and the shape of the faecal denticles of Use marginal wetls

samue, with the differeioes i the mudille par of the b

saxreally i

KEY WORDS:

INTRODUCTION

Three species ol abalone are found in Thailand: Haliotis -
inlng Linnsets, (758, Haliotis oving Gmelin, 1791, and Haliotis
verrta Linnacus, 1758 (Nateewasthana aad Hylleberge 19586, Natee
wathanz and Bussawarit 1988, Tantanasiciwong 1978), The aver-
ape shell Tenpth and width in centimeters is 8 and 4 1n H. asinina,
Sand 4 in Hooving, and 4 and 3 in H. varia. H. asinina and H.
wving are cocklail-sived abalone and age potentisl commercial spe-
vies The prices ds weldl as their market demand are high.

Ihere have been several reports on the radulae of abalone,
notably those on Hafiony tuberculata Linnacus. 1758 (Crofis
1929, Huallowrs rufescens Swainson, 1822 (Hickman 1954), Hal
otis rugove Lamarck, 1822 (Herbert 1990), and Haliotis wnddur
wrck, TEXD (Getger 1996 In F tuberculara, cach uans
verse row of radula by characierized by o large cemeal tooth,
whereas the lateral ones are in three distinet series (Crolts 1924).
Tiie marpinal 1geth are 100 aumernus 1o count: hence, the radula
formula s - (3 =23 - | -2 +3) - 2 ({Croft 1929). Hedbert (19910
desenbed the radula formula . rugosatobe = ¢ 5+ 1+ 5 4+ =
anining a rechidion looth, lateral 1621l with ane
ineemost Literal, aie seconil lateral and three outer Laterals, aid
numerous maigmal ieedh (Harbert 1990). To dite there has been no
o 1 Hence, the
objective ol this study is 10 pertorm o comparative study an the
radulae of 1wo potential contmercial species of That abalone —/1.
AR andd Moo Chmeling 1791

ning eleciron microscopy (SEM).

cridiy L

e redula ribhon

pushiished wink wididi of the Thai abalone

esirieee Linraeus, | HEINZ Nean

MATERIALS AND METHODS

H. asivinee imd H. ovina were obtained form Prow Bay, Rayong
Projence. anidl Frow 1l Caustal Aduailiiie Davelopment Center.
Prachudp Eluri Klhun Province. Ten mature siails of cach apecies
were collected. The average shell length and width of mature snals
in these samples were 656 and 316 mum for M. asinine and 50.4
and 431 mei for H. evina, respectively. Each specimen wis an-

755

SEM, racbilii. abplone, Hafions avinina, Helions evon, Thailand

esthesized with 3% MgCl and three o tour menthol crystals for
24 hours i a small, round plastic bow! (12 cmin dinmeter and
6.5 em in height), covered with a picce of glass. The entire buccal
mass ol the well-refaxed snail was extracted and snbmerged in
boiling 10% sodium hydroxide for 20025 min o dissolve the tissue
surrounding the radula before being washed three times in distilled
waler, The caiire radula was mouiied on g SEM stub with doible
stick tape. The SEM stub was placed in a dessicator for 7-10 day

and then coated with platinum and patladiom for 3 min two times.
Spechinens were examined with the secondary electron detecti
and 15-KV accelerating vollage (8-2500 Hitachi). For each speci
men. the central, luteral, and marginal leeth ol 13 tansverse rows
i the middle part of the radula ribhon were examined.

RESULTS

Radule of H. asinina

The ruchala of H. wxindie is @ very long pul ribbon-hike strue
wre. It normally extends frain the anterior col of thie buceal m

through ihout ene-third of the upper esophupus. Bach transverse
mtiddle. The

row of the redula Abbon las o cential ouh i the

ih lie, respectively, on both sides ot the

| omdd lateral weeth are unicuspid
J

lateral and marginal jee
cenimt tooth (Fig. 1A, The contr
wl et Al types of teeth lark ha

e i i

aapld fhe pran

denticles.

The nimbser of eeth in cach transverse row ol adult K. aximd
| dengih sid width of 666 dnd 1.6 mim
The average widths of the cuspid

Laverige sl
Lively) ranges from |9 1o 139
and the hise of the central talh qre approximately 1962 and 2885
wm spoad. shn
and Rlunt st the cuting el ntral tooth is

especiively. Tho unicuspid central (ooth bs lirge
The bhase ol the ¢
curved in the mididle. containing thick and g poimnied
ol thie laternd and i less
than twice as wide as the base of the anterior cuspid (Fig. 2A wid
H). The st lateral wooth o moderdtely Toog and slender (s ay

strongly

Ating & verical groove,

IIi;_,‘]L':. [

crage width 3 2006 gem) (Fig 24 wed CF The smerior cu



Mk CHITRAMYERG BT AL,

Figure 1. Scanning eleciron micrographs of the cadula of /i asinina {Ay and II avina (B) showing the teeth of 15 transverse rows. Bach
transverse vow is bilaterstly synumetrical, with a central tooth in the middle, The Iateral teeth e pext to and on hoth sides of a central tooth.
The inner marginal leeth are spadeshaped and Jie next to e left and right lateral teeth. The nuter marginal teeth are the outermuost teeth on
the transverse row of the radula. The sides of the suter marginal teeth ave comb-like. The raduka of H. evina has the same arrangement of types

af {fecth in a transverse row,

broad, blunt. and shirt. The width of the base of the first laterul
tesnh i abont the same as that of the amerior cuspid Tooatkdifhon
it has thickened vidges with long peinted ends it the latral angles,
like the base of the central tooth. The second lateral tooth is
equipped with u distmct shiaft. The cuspul i Jong and normw with
arelatively rounded cutting edge (Fig. 2A and Cp The tinrd o Hifth
luteral teeth wie similin in shape (Fig, 2B They are hroad and
spudeshaped, with sharply poimed cuiling edies, decreasing in
size Tront the third o fifth (Fig. 2B3 The marginal weth are Tong
and slender with nusderately moumnd cutting edpes. They e mul-

ticuspid with severnl small denticles on cucl side (Fig 2F) These
denticles are triangular with shiarply pointed ends The base of the
marginal tooth s very long aud sletder und has o stalk-hke ap
pearance (Fip. 2F).

Radula of H. ovina

The raduln of H wving s similor W that of H. asining. The
pumber of eeth in each trtnsverse row ol wdult 71 orene Glveray
shell lenath dnd whdth of 5604 gnd 431 mm, respecuviely ) ranpes
from 225 10 247, The nverge widths of the cuspid and 1he base of
the cenvrnl tooth sre spproximaety | 3 and 225 wm, respectively
The
more narrow. The middle part of the buse of the central oth has
a knob-lke appeatance (Fip 34 and B, The Jawsad weth of §7.
ovina are stnhe tootfuese of Hoining, Hinvever, the shipe of the
first lateral wooth of M. oviie i+ mote bivad and short ¢with an
et of 290% gy thon In B oan s 20 ol 38)
cutting cilpe ol R weral 1otk of M. v is more
pointed] than that of 6 asining (5 “Coand 3CY The shugpes ol
thie tham) te itk Lagsril teeih and the muarginal teeh of . .
2D-F and 3D-F). The

I the nuegingd toeth on

trad tooth s similar e shat of Hoerigeen but s geterally

PPN l'

secvind o

the sume as those o I asinne (s,

nugithes of the third o the Gfh faeml
each side of the cermad tooth are 3 and approxinmialy 09, respes
tively, The laweral denticles of tie muarginal teeth are relatvely

lov, o, and wriangulir. with sharply pointed ends (Fig. 3F)

Differences af rudilae of H. asinina ard 1, ovinn

Differences 10 the radular eeth of A, asaune and S pvomn ane:
1) the pamiber ot the auter nipinal weeth in cacl ransoerse row

ranges from 10K 1o 128 in H. asining and 214 10 236 in H ovina:
(23 thie size of the central tosth ix cedatively lnrpe in H. s il
is relatively simall i #. dvina; (3) the base of the central oot is
strongly curved in £ asinina (Frg, 24 and BY andd has o knob-like
ippearince in &, ovima (Fig. 30 and BY: 145 the shaps of the first
latevil tooth is ratkeer Jong and slender in A asining (L. 2C) and
is browd und blunt in . oving (R, 3A and Bi: i5) the cutting edge
of the second lineril 1ooth i tpered e HLaaraing (Figs, 28 and
and g5 strongly pointed in A ovina (Fig. 30); and (6) the shape of
the latemal denticles of the outer marpmal eeth = mangnia and
moderately long (1 M. asininn tFig. 207 and b tongule, but very
long and narrow i M. oving (Fig. 3F).

DISCUSSTON

Information on the raduler steuctuee along with shell morphol
Qe is suituble 1o distingmish . axining from B ovine, The radubiv
structure may provide functional information vefated 10 the teeding
Yabita and apgropeiane Tood types of Hoashiine anid M. o,

The stracture of the radiuls has recetved o ditention i e
taxannmy of vaross proups of martne sechaeopasteopods (Thicle
1929, Wenr Y9384, Frettor amid Graha 1962, Burch 19821, The

number of feeth, the mnber of cusprds on each type of bt il

the shapes of these structures were ohseived in this siudy . Raduli
denitiont puetlerns way poosade useful information, espectilly i
observatiohs vn the teeth are stndardized, We chose o study the
middle part of the rulutar ohbon becassa it is easy o hocate, the
tevth frilly farmed, and dey are o Badly worn, The antesion
radulie is uitsuntable because by eelll wie worn, Halions hisve o
rhipidoglossan type of rdula (Ceofts 1939, Prettor aml Gl
1HE. Burch 1982, Hickmen 1984, Hetbert P9HL Geiper 1956

Sirnilar 1o othier species of abalone, M. qcining wd # ovee have

s Dypbcnl dhipdelogbimsan ivpe of rsduloe. Hickoman (19840 aedving
I rnifeseean. copbedered the o
the ceniral tooth to be modithed niarginals. In agrecment with
pther duthoss (Crafts 1029, Tlaele 1929, Herher P#HI0,
Vel & ver T distinet feonn te mag

e large tecth on githier side ol

R LIRS
Geiger PO, we belicve the
ginals, commn to the Vetgasiropoda 1o the middle prert of the

rudisbir fibhon in A g ghd A, ovingg, el ransverse oy

comtaing a centrnl woth and five loteral leeth. As sfaled ahove, the



RADULA OF ABALONE

Figure 2. Higher magnifications of radular tecth of 71, asining. (A) Central (C), fivst Literal (11.), and second lateral (21.) tecth; (B central tooth
1O Co fiest lateral (UL and second lateral (200 tevth; (DY third Lateral (3L), fourth lateral (410, fifth lateral (513, and marginal 1M teeth; (F)
third Tateral (3L). Tourth tatecal (41.), and fifth fateral (SL) teeth; (F) marginal teeth (M),

mumber of maremal teeth in & asinineg taiges from 108 1o 128,
whereas that for A, o from 210w 230, Crofts 1929
i) Herbest {5900y i gl teeth in M.
teberebaia and AL

In msriewal. [ dpyet

imgdes

I|'||-'-|I:"‘I Vs

pnse. respectively

sl the vsrpiuslopies ol pucdulo wetl i

ilhids

o

corelatvedy simabar witl soune sunor differcnces m
rept species. The cenpral or tachidion tooth wis reported 1o be
paeteetie ¢Crolls V920 M. ppeferoen (Hickman
19sd i, Ho orpepose (Herbert 1990), and 7 antlaeralis 1Ge
M R i anad FOoand,
Detaned stnly of the foee of the central tooth reveuled that H.
cevtipg oied AL oeciie hoth codtaln o vertical groove similar o (il
i the contrul weth of ., aniloteraiis (Gelger 1990). The
con b contal wath s stongly curved in H.
s on knobe ke appearance i e avine,
1

sl o A

s alse have o wricospid central tooth

[JRIFLLTH)

snddie piet of the b

awadeien pdl

Ihere are cetinn salaties o the mogphology of el weth

sl various species ob Halions (Hickiman 1984, Flechert 1990,

Ginper 1996), Among the Hve luerals, the tnmermos: or first and
the second Imterals are different in shiage, whereas the tid w the
tofth Luterads are similar in shape. In 2, rogoss wnd A ikl

the first lateral is brosed and blunt (Herber 1990, Geiger 1996).
Getger (149003 peported tiae i b

L]

sl ety cedpe werh oo distgnyi
ridge. In AL cvinie indd Hooovina, the e Darerd
bl with o distinet ridoe on the
ateral ol H, g
second laterah with o Jdistinet shaft amid relatively moanded clinting
edpe. whereas thar of B oviea has o very pointed cunting edee. The
stitilior o shape in M e
seeny THickman 1984, H. o reosa (Hlerhert 19900, 8. weilecieralis
(Chstger 19061 A s arandd I [ e Al
sinlar 1o cach other bt decreasing 3o sjze

iy &
soatl sl gl il

Similar 10 the

wrting oy

second i L Herbert [T .

WM TROSRESSES ||

thirid we the Hith lnigrals are relatively

Flew dre <padeshnm
fevem thiird 1o T
In H.idlateradis, Geiger (1996) divided the mazznl teeth into

e,

el
i

puddle, und mutestiost margnals. We could nol distinpoish
these subdivizions in the ioegimal tecthan HLoaseirna and H. 0.
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Figure 3. Higher magnifications of eadular teeth of #, ovina. 1A) Central (€, first Laterad ¢ 1), and second lateral (21) teethie (H) central (4 and
first laterul (115 teetlis (C) fiest lateral (100 and second luteral (21 teetl; (D) thivd laterat (310, fourth lateral (4L), fifth lateral (50L). and
marginal (M} teeth; () thivd Sateral (310, fourth laterad (41,0, and fifth latecal {510 1eeth; (F 1 marginal teeth (M),

Florwe dr o the auegimnls of M. rdfesivns (Hckoum
1984y, A prepooar (Herbert 19900, and 1 wnifarerativ (Gels

Liansg, those ol &, oo and H. o one shender o shagpe waith

er, sl

pided cutrg pdpes and donticulated wilh several small et
tons on Hae sbiles.
Somne aliffercnoes In e rahola stoentes am) the, nunher o

teeth n condt trmsverss row may dicans the copacity of rglila for
eofloctmg and grisding wp Hasd, Matisoes and Cosk §995) e
pertead (hat abaline postlaivae (Hediogie aedar Linnieos, TT58)
prelieered o antes o prosteete disfoms, Pallu (1997 stated thar

viming harlovme zg their mduloe o gmee on meeralgae and ropse

ther trustoles aid cell walls, whictcas adolt abudone use the raduly

(ERLES

abulone use their madolpe with strong laweal wetl for risping.
i

wleress bhe pinimegues searg b eetbe with semmted cdges prob

wve off pieces of macroalgoe. Croft

ary.

sorve us coes 1o Jielp food franments rove along the bucoal o
t adilition, fleey act as combs, working with the jaws 1o prevent
wengs (Crofps 10240

the entmnge of Intge [rag
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Classification of Germ Cells, Reproductive Cycle
and Maturation of Gonads in Haliotis asinina Linnaeus
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AgsiracT  Germ cells in the gonads ol Haliotis asizing, o species of abalone fownd along the coast of
Thailand, were classified basing on light and electron microscopics. Germ cells in cogenetic units could
be classified into six stages according to their histological and ultrastructural characteristics: oogonium
and [ive stages of oocytes, ic, Oc, with light to intense basophilia and abundant polyribosomes. with
sowe in large aggregates; Oc, with intense basophilia, oil droplets, numerous well developed Golgs
complexes and rough endoplasmic reticulum, but fitle secretory pranules; Oc, with a few yolk granules
and 2 1ypes of cortical granules; Oc, with increasing nwmber ol yolk granules, numerous cortical granules
and thin jeliy coat; and Oc, is the mature ovum with 2 1ypes of yolk granules, numerous cortical granules
and Tally Tormed jelly cout. The cells in spermatogenctic units could be classificd according to the
patern of chrenuuin condensation o thirteen stages: spermatogonium, live siages ol primary
spermatocyles, secondary spermatocyte, four stages of spermatids and two stages of sperinatozoa.

The gonads of adalt H asining reaved in land-hased cultne system exhibit live phases of reproductive
cycle during the year: these sue prolileranive, presanuoe, neuure, spawiing and speet glases, Gonads in
proliferative and premuture phases conwin primarily gonial cells, carly oocytes , and spermatocyles,
while mature phase cantains mainly lite stage cells, ic, nocyies, | in ovary and spermatids and spermatozoa
in testis. The spawning phase occurs at least twice during cach year: [rom March to April and August 1o
October in lemales, and with similar intervals but slightly prolonged duration in males. Spent phase,
oceurring alter the preiod of spawning, is characievized by a complete discharge of gamete cells and the
hrealedows: of connecnve tssue stroma. L takes approximacely 5 1o 6 months for gonads to regenerate
their conpeetive tissue stroma and germ cell pepalatien, and Tinally beecome repleied with maiure

cells again,

L develigng Huasinma delinitive gorads appear o be eleardy sopaned from hepatopancreas at 2 months.
Histalonteally, ponidl cells appear at 2 moenths, carly spermano yies and spermatids at 4 months; carly
cucytes (O L) at 6 o T manths. While complerely mature spermatozea could arise in the gonacls a:
carly as 6o 7 monthis, mattoe cocytes (O ) occwe much Buer at W o L months, The male aninsals
Ml sexand maturity and st normal reprodurtive cyole as carly as 7 1o 8 months while

Vo v
Pee] 10 eeach

[emale animals reach sexual matunty s seant repraductive cycle around L o 12 motiths.

KEYWORDS: Haliotis asinina, ganctogenesis, porne eclls, repnodactive eycele, ponad development,

INTRODUCTION

There are three species of abalone along the Thai
consts, namely, H asining, {8 ovina, H varia.'? They

Fro 7w Amaosg the three species, [ asinina has
the fagest size and the most economic patential
because ol their maximum proportion of llesh” aiud
good 1asie. f asinina is primarily {ound ofl the

are also distrdbmied genemlly over the Indo-western epstein coast of the Gull of Thailand arouind
Pacitic area, capeanlly in the coastad seel zones ol Chonburi, Rayong and Trad provinees. ™" Since
Southeast Asin.” These absdone species are found  collection from anteeal habitar could not keep pace
aloig e That Coolt and Andaman Seaseoally iy with nsasiec demsand,an ellicient aguacultiure system

sl andd rocley reels, acthe depth ol

tHE eresices

forthe abatone s regneed, However, cortan 15pects

p—e - —



abknowledpe thaccondd aid the Targe scale prodii i on
ol larvae for aguaculiure are still facking. These wie
1) the probiable spawning periods and the Irequencies
shapawning of md-cultire hromdsiocks during 1he
yeur; 23 the age when the abalone reaches full sexual
maturity and could be vsed as broedstocks; amd 3)
the pusaibiliy of ustng artilleinl means 1o induce
spawning wien the gonacds are Tully developed in
order that mature gamete cells lrom both sexes could
be abtained simulianenusly

Among abatane specics lound in Thailand,
preliminary study o 11 varia around Bon island,
Phuket, revealed that spawning occurred at several
intervals throughout the year during January-
February, April-May, func-Tuly and November-
December” Gametogenic evele was also studhed
in another specics, H oving, ar Khanpkao lsland,
Chonburi province,' in which the spawning
occurred between June and November. So far there
s notyet been any studies of the gametogenic cyele
as well as the development of reproductive organs
in Hasining. Yherelore, the aims of the present study
are to investigate the reproduction of H asining tha
have been reared i land-based cultwre system with
cespect Lo 1) the gonadal histology and the gameto
genic pructsses, especially the classilication of
various stapes of germ cells in the testis and ovary
based on hight and clectron micrascopic obscrva-
tions; 21 possible eyelical pattern of gonadal
histology during dilferent months of the year; and
33 the development of the ganads and the age of Tall
sexual maturity in both sexes, The fiihings could
be applied in determining the appropriate tme for
induction of spawning, and lo incicase gamete
production feading to the improvement of

praculivee systenn of this abalone specics,

Mareriats AND MEeTHODS

Collection ol abalone specimens
Abalone lrown laud-bascd culture system are
rovided by the Coasinl Aquaculture Pevelopmen

Peochanbbivikbon peowinee. wngd Marine

FEer
Bivlogical Station, Chulatonpkorn University,
Angsila, Chiouburi provinee. They are kept in
ye sliede and well fToshed

cunerete ttules hivdsed i il

witlt mechaically civculated filiered sea waier as well
as i delivery system to o maintan the controlled
IRUAIY i Thie opt v Jeve) ol siliniey is sl
22 5-325 pp aneed the tompierature 16 aboge 2202650
Chey are ted with mocroalgae (usually Graclaria sy
el Lamdnentia spyr b, supplemenied with anificial

ol {or almlone.

Sejencedsia 23 (194G}

Far the study of the gonadal histology, wlies-
structure and the eycheal changes during the year,
adultabalone, aged acleast 24 months, were collected
maathly for a peniod ol one vear. The hxed gonads
were prepared lor Huht and eleciron microscopic
abservations by the paralfin, semithin, and
convenuonal TEM methods.

For development ol the gonads, sanples ol
juvente ahalone reared in the closed-calture system
as mentioned above were collecicd monthly from
the age ol 1 to 12 months, and the gonuds were
processed for light microscopic observatons.

Light Microscopy

Abalone were anesthetized in 5% magnesium
chloride (MgCi ) Jor ene hour, Tor paraflie sections
the ponads were cut and lixed i cither Dodin®s
solution, or 3% ghuaraldehiyde in 0.1M sodium
cacodylate builer pH 7.4, at 4°C, for overnight. The
tissue Mocks were then washed in 70% ethyl alcohol
for removal of the Bouwin's [ixative, and
glutaraldehyde fixative was removed by washing
with phosphate buffer three times. Then, the
specimens were dehydeated in gricled series of cthyl
alcohol (70-100%) for 30 minutes cach, cléared with
dicxance, infilirated and embedded in parallin wax.
Blocks of specimens were seetioned at 5-micron
thick, wnd hnally stained with heamatoxylin-cosin,
or PAS-heamatoxylin, and observed in an Olympus

Vanox light micrescope.

Transmission Eleciron Microscopy

For semithin sections and TEM studies, gonads
were cut into very small picees and lixed in aselution
ol 3 phuaraldehyde fne 0.1M sodium cacodyle
Bller prl 7o w47, lor overnight, The <pecimens
were post-lixed in 1% osmium tetroxide in 0.1M
sodinmn cacodylate buller, at 4°C, lor 2 hours. Then,
they were dehydrated in graded series of ethanol [50-
10D Tor 30 minutes ench, cleared in two chanpes
of propylenc oxide, infilttated in a mixwore ol
prreoylene oxide and Araldite 502 resin at the ratios
gl 30 Lor | hour, 201 Tor 2 Bours and 1:2 |y
overnight, then corhedded i puce Avaldite 302 resin
[ Deast 6 hours, and Bnally polymerized a 307
4570 antl 60 Tor 24, 8 and 48 hours, respectively
Blocks ol specimens were sectioned at L-micran
thickness by uliramicrotome and stained with
Matlydene bloe loe light micesscopic observiti

' .
aned trrst e sections s re Citf il with i

citcare urany! aeetate and viewed under a Hitehi

TEM P13 ar 73 kY
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Resutrs

1. Gonadal Histology

T he comical organ consisis of the hepatopancreas
surrannded by the testis or ovary (Fig 1C,D) At the
Base of the orpan, the hepatapancreas appears large
and necpics mest of the eross-scctional prohle (Fig
1) while i hecomes smaller towards the mpered
cidd of the orpnn where most ol the tissue belongs 1o
the gonads (Fig 1D} Both 1estis and ovary are
surrounded by a capsule which is composed ol the
auter single Tayer of epitheliad cells, wnd the inner
layer ol dense collagenous libers mixed with smocth
muscle cells (Fig 1K, 2D). The thickness of this capsule
varies according io the gonadal cyele during the year.

The connective Lissue from the capsule extends
perpendicularly inte the interior of the gonad o lorm
septa or trabeculae that are branched, and connected
at the innermoss ends with the thin loose capsule of
hepatapancreas. As a result, the gonads are
parli[ioriccl inte small compartments, each
conlaining various stages of maturing germ ceils (Fig
1E, 111 Within the conncetive tissuc ol cach
tathecuba, there wre small vessels noming teough
its whele course (Fig 1Y 1L.M), which may be
capillaries that are branched out from the larger
subcapsular vessels, Around the capillaries and
parvadlel o the lang axis of the trabeculae, there are
packs of smooth muscle cells and collagen libers that
are intermingled with small cells exhibiting dense
cllipsoid nuclei (Fig 1K, 1M). Some of the tatter may
be libroblasts, while others may be lollicular or
supporting cells that swrround oogenia and
developing eocytes. Some small ¢ells show similar
characterstivs as endocrine cells by containing
pranteles,

Fach wabecula acts as the axis on which growing
germ cells are attached (Fig 1E.E 1) M), Early stage
cells, such as speomatogonia, initial stages ol primary
spetntocyies and oopgonia, ave closely adhered 1o
the trabeculae. Middle stage germ cells, such as
Loy sponmatocytes and developing oocyles, arc
more detached and appear Hather away hom the
trabeeulie; while Lue stape cells, such as sperinatids,
spertatozon and mature oocvies, are completely
detached and move o the outermost region from
the dxis. Such any appeatance pives rise 1o adhscrete
glodp ul germ ells surrounding cach valwcula,
whiclt 15 Lermed spermatogenic or ongenic unit,

2. Classilicadan of Germe Cells
Gorm cells appraonag in the gonads could be
1

ol wiling 10 therr stroctatal features os

sbserved under the light and ransmission clectron
microscopes, as [ollows:

2.1 5permatogenic cells Based on the nuclear
characteristics and the cell sizes, the male germ cells
ol H asininag can be classitied into 12 stages.

Spermatogonium (5g). (Fig 1G) 5g is a
spherical ar oval-shaped celi with diamerer about
B-10 o, Les nucleus is reand or slightly fndented
with dinmeter about 6-7 pn. The nucleus contains
mostly cuchromatin with only small chromatin
blecks attached to the inner surface of nuclear
envelope, Yhe nucleolus is prominent awd siands
out from the rather transparent nucleoplasm. Sg are
bounded to trabeculae.

Primary spermatocytes (PrSc). (Fig 1G-H,
4A-C) PrSc consists of 5 stagies, ic, leplotene (LSe),
zygotence {Z5¢), pachytene (PSc), diplotene (D5¢),
and diakinctic or metaphasc (MSc) stages. The carly
cells (rom {.5¢ 1o PSc) are round and become
increasingly larser, then they (from DS¢ 1o MSe) are
gradually decreased in size. The distinctive
dilfercnces among various stages of PrSc are the
pattern of chromatin condensation and the relative
amount ol cuchromatin versus heterochromatin,

Leptotene spermatocyte (LSc). (Fig 1G, H,
4A) Thesc round-shaped cclls are targer than Sg with
dimmeter about 10-12 jun and also contain large
round nuelei, cach with diameter abow 8 pm. There
is a thin rim of helerochromatin along the nuclear
envelope and small blocks of heterechromatin
scatlerced evenly throughout the nucleus. The
nuctealus ts sl present but not as prominent as in
5g.

Zygolene spermatocyle (£5c). (Fig 1G, H,
FAY Z5¢ has approximately the ssane size as 1.5c. The
distinguishing leiures of Z5¢ is the heterochromatin
hlocks which are wwreasing in size and density, and
they are coupled at many points by synaplonemal
complexes. The nucleolus disappears completely.

Pachytene spermatocyte (PSe). PSe siill
shows round shape with stightly smaller size than
those of Lae Gabouwt B pm in size and 3 jim inonuclear
diameter) Under M (Fig TG e s characterized
by the heterochromatin which appears as long
threwds or thick Bbers thatare entwined mi “hongue
pattern”™, aid heecoming visible throughout the
nuchoaes, Under TEM (g 4A-C) these chronuin
thicads™ aie actually thivk blecks consisung ol
tightly packed 30 nm lundamental chiromatin libers,

Diplotene spermatocyte {(DSe). (Fip 1G L,
HA-C ) Thus coll resembles 1'5e) except thie ncleus
hecomes snaller (ibowt 4 o), and the chromatin

Bloeles become increusingly thicker and packed




closee wogether i the denser nucleoplasm than in
arlier stages.

Diakinetic and Metaphase spermatecytes
(MSce) (g L 4805 These shiges exhibit thicle
chromosomes that move to the equatorial region,
while the noclear membrane disintegrates and
completely disappears in Mae.,

Secondary spernutocyte (SSe). (g 48,07
S5¢is a small round cell about 7 pm in diameter
with the nuelens about 4 pm. They show thick
chromatin blocks that are crisscrossing one another,
thus appearing as checker-beard or XY figures. The
individual chromatin fibers in the block are loosened
up, and cach still mainwins the size of 30 nm.

Spermatids (SO (Fig 11-1, 4B,C) There are
4 atages of spermatids, e, spermatic 1050, spermatid
1T (5t,), spermatid 1L (St,) and spermauid IV (S,)
depending on the size, chromatin granulation and
condensation. All stages are round or oval, and
ranging in size rom 6 pm in 81w 3 pmin St

- Spermatid 1 (51,). (Fig 1G) St, can be
distinguished by their chromatin which appears as
firie granules under LM, that are uniformly spread
throughout the nuclens. Asaresult, the whoele nucleus
appears moderately dense without any intervening
transparent areas of nucleoplasm. Under TEM the
30 nm chromalin fibers hecomes loosely packed wd
uniformly disiributed throughout the nueleus.

Spermatid 11 (5t,), (Fig 1G.HD) The general
features of Stoare sumlar to these of Si; but the
nucleus, which remains round, decreases in size and
Jis located cccentrically within the cell, As avesuall,
the chromatin fibers become wore closely packed,
and the nucleus appears denser but still uniform

Spermuatid T (St (Fig 1GUH, 4B,0) The cell
[ecomes smaller and assumes more oval shape with
eccentrically-located and clongated nucleus. The
clhiuromatin begins to condense into dark blocks with
intervening hehe arca ol nacleoplasm, individual
chromann blier is enfuaroed 1040 nm.

Spermatid IV (5t ). (Fig 2 The cell
hecomes smallest but snill ippears oval. [ts chromatin
hecomes completely condensed, thus the nuclews
appears rather opague; however, the vutlines ol
ndividual choomanm hibers condd sull be abserved,
and vach is entarged o 60 nm.

Spermatozoa (Sz). (Fig TF-141) There are 2
dages ol spermatozoa: Sz, is the immatue spermia
rornon that beofs toshow lughly elonpaied nueleus
with complercly dense chromatne, thus the outlines
of chromatin granules are barely thiscernible. There
' e ol the

L cap-like strictiie appresing g a

cllipsoad nueleus, which s the maturing acrosome.

ScieneeAsia 25 (1099)

The il is shovt with a par of contrioles moving 10
the neck region, from which the axonemal
microtubules start 1o lorm.

In matire spermidozoa (Sz, 1 (Fig 11, 4D) the
nucleus is fully elongated and slightly tapered at the
anterior end, with the size about 1x3 pn, The
chitonntin 15 completely dense and the anterior
purtion ol the head is covered by acrosome with
central core element (Fig 4D). Five globular
uitechondria surround the centrioles 1 the neck
region. Zig-zag microtubules link mitochondria o
the plasima membranc covering the distal hall of the
nucleus. The tail is lengthened, and consists of 942
axonemal microtubule doubleis surrounded by
plasma membrane, Bot ioymature and mature sperin:
are complerely detached from the germinal
epithelium and come to lie in the space between
adjacent spermatogenic units (ig 11, 4B,D).

2.20o0genetic cells. There are 6 stages ol [cmale
germ cells of H asining, including oogonive and five
stapes o growing 0ocyles.

Qogonium (Og). (Fig 1K,1) Og is a round or
oval-shaped cell, whoese size is about 10-12 pim. Its
nucleus s rownd and about 7 pun in diamcter. 1t
containg small blocks of heterochromatin atlached
to the inner surface of nuclear envelope, with the
remaining majority appearing as cuchromatin, The
nucleolus is present but may not be as prominent as
in 5. The cytoplasm is stained light blue by
Leamatoxylin-cosin and methylene blue, which
iplies its basophilic property due 1o the presence
of maderate amount of rihoesonies. Og are attached
o the capsular side of rrabeculae and uwsually are
congintrated in groups {Fig LK,L). BEach Og is
surrounded by (lat, squamous-shaped follicular cells.

Stage 1 Qoeyte (Oc). (g LKL SA-C) Oc,is
a round or scatlop-shapeil cell that is closely adhered
to the trabecula. 1t is about 15-24 pun in size, with a
round nuclens abow 12 penan diameter. The nucleus
exhibits densely packed chromann in the form i
numerous lampbrush chromosomes. The nucleolus
i opresent but tends to be ohscured by the rather
dense Chieomatin and nucleoplasim. The eytoplasim
is stabned deepr blue with hewmatoxylin-cosin and
methylene blue, which indicates its intense
Basophitic property, rellecting the presence of
numerous potysomes, newly developed rough
endoplismic reticulum (RERY and Golg complixes
iCl Newly released

are packed into Liroe mues wound ooclear

LG s alaservesd in TEM (Fi
P g
cnvelope (Pl 5B). There is very few secretory

| Yo {

prapules, Due 1w its enlarged size cach Oc, s

surrounded by lew lollicualae cel

]
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Stage 11 Qocyte (Oc,). (Fg 1K1, 5D, 0A) Oc,
hecomes larger and wransforms into columnar shape,
with the cell size around 30x55 piu, and nuclear size
about 22 pum 1eis sl atached o the conneetive
tissue of trabecula by the narrow part, and cach Oc,
is surrounded [y several {ollicular cells. The nucleus
exhibits increasingly decendensed chrematin and
nucteatus. Thus the nucleolus and nuclear
nembravne are clearly disunct due w the more
transparent nucleoplasm and the presence of mostly
cuchromatin. The cytoplasm is stained light blue
similar to Op. and contains ¢luster ol clear lipid
droplets (Fig 5D). At TEM level it was observed to
contain numerous well-developed Ge, RER and still
abundant ribosomes. There are 2 types of secretory
granules: SG, and 5G, (~330 and 450 nmin in
diameter) with clectron lucent and electron dense
matrix, respectively (Fig oA B).

Stage 11 Queyte {Oc,). (Fig 1M, 6B} This cell
becomes increasingly larger and assames [lask or
pear shape, with the narrow sicle or base sull avached
to the conneclive tissue of trabecula. The cell size is
about 35-70 pm, with the nuclear size about 20 pim.
The nucleus contting mostly cuclirening as nrost
ol the lampbrush chromasomes become alinest
completely unraveled, and the nucleoplasm is quite
tansparent. The nucleolus is distinet and becomes
culwrged due w the wircoiling of nucleobar chromatin,
In addition 1o increasing number of clear lipid
droplets, the eytoplasm begins 1o show reddisl yalk
platelets (Fig.IM) which ave electron dense under
TEM. Fine blue granules representing SG, and SG,
are evenly distributed between lipid droplets and
yolk platelets. AL TEM these granules are seen
concentrated around Ge (Fig 6B). Follicular cells
surreund both the cell body and its base new
trabecula,

Stage IV Qocyte (Oc,). (Fig 2A,C, 64D This
cell is large and assumes a pear or polygonal shape,
butstill avached 1o rabecula by slender cytoplasinic
process The cell size is about 60-80 pm, with nuclem
cize about 35 pm. The nuclens contains mostly
cuchtenuin and compercly tansparent nueleoplasm
(e 2A, 0L 60 Henee the nucleotns is cloaly visible,
and e abas becomes enfarped due e the complete
uncoiling ol its chromatin. The cytoplasm is filled
with reddish and clectron dense yolk plaelers (cach
aboot 15002500 nm o in diamerter) niixed witl
numerous lipid droplets (each alrout 1500-3000 mm
in ety (Fig BCY. Tine blue-siined granules

wlia b reprresent SO, and SG are decreased in i

area of the cyteplasm, since mosi are probably

rransfocated to the area underneath the ptasma

membrane. A thin fayer of jelly coat begins to form
on the outer stulace of the cell membrane (Fig 2C).
This ceat is PAS positive and may be lormed by the
releascd content of SG,, which were seen exocytosed
at the voeyte’s plasma membrane {Fig 61)). The coat
is in tura surrounded by lollicular cells.

Stage V Qacyte (Oc;). (IFig 2B-D) This is the
[ully mature oncyte belore being seleased lrom the
adul female. Qc, is the largrear cells with polygonal
or round shape, with the cell size about 80-140 pm
and the nuclear size about 40 nm. The nucleus
cxhibits similar charactieristics as that ol Oc,, but
with completely enlarged and clear nucleolus. O«
could be divided into 2 subgroups based on the
characteristics ol yolk platelets observed under LM
(Fig 212). The lirst subgroup contains small and
similar size yolk platelets that are scattered evenly
throughout the cytoplasm. In the second subgroup,
the yolk platetels are variable in size, and most are
larpe hodies that could be formed by the coalescence
ol the smaller yolk platelets Stripe of fine blue
granules are alse located underneath the cell
membrane as in Oc, (Fig 2C.D). The thick PAS
positive jelly coatataing its psximuan thiclaess ane
is unilorm around the outer suvface of the ccll
membrane, but without the surrounding layer of
lollicutar cells, Under TEM jelly coatappears fibrous
in comparison t tic amorphous appearance in Oc,
(Fig 61). All Oc, are completely detached [rom the
connective tissue of trabeculac,

3. Reproductive Cycle

The reproductive cycle ol H asinina was assessed
by observing the changes in the gonad histology,
espectdly the characteristics ol cellulin associaton
during one year period, The stages of gonad
maturation during onc reproductive cycle ol the
abalone cultured in a closed land-based system could
be classified into 5 distinet phases as fullows.

Proliferative phase. {Fig 26-1) This 1s a period
in which gamete cells begin 1o regenerate to
commence it new reprocductive cycle. At the initiation
ol this phicie, the ponads contn mainly carly siage
cells, and all of them are closely atached o the
vubccnlae, The ovary (Fig 26,1 containg primarily
O, which usually form clusters acar the capsulor
sidle, and Oy and O, whiich are Tapidly inereased
in number hithe westis (Fig 26-0) there are mostly
Sgoaud PrSe, but neither St nor 52 are present. e
clusters ol these carly stage cells are lucated around
e sl

is quite targe insize and occupies maost ol the cross

el ehilaced pilwecul Fhe hegestopane e

sectional profile of the conical gy when compared
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Fig 4. A-C) t:cclmn micrographs show g variows stages of male germ ecils, induding leprotene (£5¢), zygoiene (Z5¢), pachye
St ddinlotene (DSCY secondars she : j pea——
r ‘ diplotene {_.L)Ex), r,unnd‘u}l spermatacyle (55¢), sperimands (50). D) Spermatozoa exlubiting dense nuclews (N} '|:‘n:mm-
Cac), plebular mitochendrw (MI), centiole (eel, and ks (T with asonemal complexes o -
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o the total gonad area. Tlas phase usually accuwrs
mmediately alior the spawning, and lasis for 2 months
around April te May and October to November.

Premature phise. (Fig 2]-M) This phase s the
period when gamctogenesis proceeds at full speed
witheniped incrense in numbers and sizes of varous
coils, while hepaopancreas is slowly redneed in s
i hve sizeg the gonads hecone enbivged involume
and trabeculae become thinner. At the begiuning,
the ovary (Fig 2J,K) contains Og, Oc¢,, Oc, and
predominantly Ocy, inost of which are still attached
o e trabeculag; and later Qc, and Oc,, cells vecur,
The westis (Fig 2L,M) contains mainly Sg. Préc,
increasing number of Stand a [ew of Sz, all of which
aggregate around the trabeculae. This phase lasts
aboui 1 months following the proliferative phase,
usuaily around May ta June and January wo February
in lemale, and it takes ptace around April to May
and December 10 January in male.

Mature phase. (ig 3A-E) This phase is a

period of rapid growth of gonads which are reflected
by striking differences in color beiween the two
sexes. The raies of cclls proliferation start 1o
diminish, and the gonads conntin prinaily lae siape
acim cells, while only a few ol the carly siage colls
are sUll present and restricted w arca immediately
around trabecwhue Hlepatopancreas is further
decreased in size, and irabeculie become slimmer,
b the ovary (Fig 3A,B) there are abundant Oc,, but
only few remaining and widely scattered Oc,. All of
Qc, appear luily matwre and e liberated into the
lwmen of eugenctic comparaaent. o the testis (Fig
3C-E) there are mostly late stage male germ cells, de,
Stand 5z, The mest noticeabie characteristics ol the
testls i thils prhase is the vast nuimber of Sz, which
e tnvows U in taen surround the carlier cell stapes
which are stll Closcly auached o the trabeculae (g
AN As avesuli the testis appears to have maximum
density of Tate stage cells Prior o spawiag, all of
Sr,are dispersed ime ponadal Twen and inter
wingled with other late stage cells (Fig 31). Thin
bands of Sgand Prée surrounding the trabeculae are
stll evident This phase Lt Tor 2 menths usually
fron June 1o Jaly andd Dehruary 1o March in both
L L

Spawning phasc. (17 36 ]) Thisis the period
wihen abalone are ready Tor breeding, during which
the completely matwre and vialsle eggs or sperm are
veleased from the ponnds The gonads are significantly
devicased i sice, and the gonadal wall becomes
wrinlide when compared wuh thie former phase (i,
311, Mostly ripen sperny or cpgs are dischuarged while
the carlier stnges ol pameie cells are still atached o

the dilated trabeculae, Altee spawning, the yellowish
granular substances (Fig 3G) remain in the lumen
of gonadal compartments in both sexes. Spawning
plhiase oceursal least twice during the one year period
ol ebservation, usually fromr August to October and
March to April in lemale, and around August 1o
Noevember and Fehrry o April in male. In
addition, partial spawning could be vbserved
throughout the year in some males,

Spent phase. (Fig 3K-N) Tlus is the period
after spawning when fully mature gamete cells are
completely discharged. The gonads exhibit the
breaking down of connective tissue stroma, and
gamelogentc activity momentarily cease. However,
there are still clusters of gonial cells remain attached
to parts of the gonads’ capsule. As a resudt the gonads
are greatly decreased in size and become creamy in
coler in both sexes. Thest quiescence gonads show
small cross-scctional prohiles in contrast to those of
the hepatopancreas, which becomes very large in
relative size (Fig 3M). This phase occurs alter
spawning around September to November and
February to Aprid in hath sexes.

+. Matwration ol Gonads

In developing Hasining, delinitive gonads appear
during 2 maonths. The voal sipn s the separation
ol hepatopancreane capsule into 2 separate layers
with clusters of gonial cells siart 1o appear in the
space between the twoe layers of capsules. Early
spermatocytes (115e, S8¢) and spermatids (5, )
could be detected a4 months, while the ovary could
be distinguished from the testis by the presence of
[ew Og in contrast to fairly numerous primary
spermatocyles. Spermalocyies, spermatids and
MELELE spermlozon are inercesmg in number duriog
0 1o 7 months, While testis are rapidly enlvging and
surrounding almost half el the circumflerence of the
conical argan, ovary is much less deveioped and
contains only cogenia and carly oocyles (Ocu). By
810 9 month the testis ecomes entarged (o alimosi
completely surreund the hepatopancreas, and it
abready coraains fully macare spermatozon; while the
ovary tends o be delayed in developiment and
contains anty carly aoeyres (O, )0 By 10 w0 H
month the testis appears tully developed, winile the
oviry starts to enluge substantially aod mature
ovocytes (O, ) bepin o appa
animals tend wo reach full sexual matariy and start

Ihus the male

normal reproductive eycle as carly as 7 1o S montls,
while lemade wrmads reach sexuwad maturity and start
reproducitve cycle sround 13w 12 months Clhable
I iy 7).
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{ deveiopment of gonads In Haliotis osifing.

Goamelagenic Unit

Age General Sluciuie .Cell Types Phases of Cycle
{rnonihs) . _
i s oTetd 1%} i only taw undiffaonticied
t Al auidal cells altgohnd 1o Copsulns
i W TSR B I
firai i
4 -rmiles talieukor o cov il 1l Incorphil Eg. PeSe, S5C. 81, pralifaiiive
ol HIF copsuin
famals: w urflier dewdlopmenl.  Poneg Og none
-FeXu Oty SRR LS I,
5 -mala: testis coveing hod of 1P capsale. campurte Sg. Prsc, $5c. 581, ,. 52, premature
-famale: ovary still sroall aind not wel none ©g. G, noneg
davelopead.
7 -male: testis coveing hall of KP capsule. complete Sg. P1Sc, 85c. 81,4 57,4 moture

fermale: ovary still prual,

comgiete

covaing ahoul o GuRuiat incompinte

4 -mate feshe conatng ol HP ool
HJamale. cwvary Cowva # copula.

11 -male: lastls cavaring
and much thicker
“temale’ ovary covening gty over hall
of HP copsute,

begin to clevelon finm
sprouting trobeciio:

Gg. Cg,. Oc, very aarly profiterative

5g. Pr3c. 85c. 5ty Sz, maiure

0g. C¢,. Cc,. 0g, aariy proiiferctive

mirheg
otarathve foramiiiysg

Sg. PeSc, 85c. 9, Bl
Ca. 0¢,. O, Og;,
Sg. Pr3c, SSc. 51, . 82, mature

g, Oc,, Qc,. Cc,. Oc,, Oc, matute

Discussion

Gonadal Structure and Classification of Cells in
Gametogenesis

The Tiest accounts of reproductive biology vnan
abalone specics, H tubcrculata, was published by
Stephenson' since 1924, and Crolt' in 1929, who
shawed that the basic eworl of the gonads is
composed of librous capsular and tabecular
supports, from which germ cells appear o generate.
Simikar histologieal studies in other species were laer
perlormed by many investigators." = More recently
a hine structural study of the ovansan cells in the vl
chalang, M rufe
eral Al of these studics conlrmed sumilar patern

cons, was abso undertaloen by Martn
of structural opanization ol the gonads; however,
there are some disageecments on the classilication
ol the stages of germ cells in the vogenetic and
spermatogenic processes. 10 Ugilizing a high
cezofntion TEM o study the relative abundance o
virrous orginelles, particabioly rihosomes and the

velopment ol vougle cndoplismic revculwm and
Martin et al = gupaested

el caomplexes in the cell

thi there were 5 stages ol lemale germ cells (n M
vifescens, which they termed ooporium, presyuthetic

OCVLe . SV thenie pog yic (‘eli'l)’ 105l Aenlhetic v i
atwd Tully developed postsynrhetic oocyie. We feel
that the clssilicarion Tused on arze alone, as adopred
by many davestigators, is uot o good eritecion for

dividing cells in asingic line of differentiation into

various stages, because in reality these cells urc
undergoing continuecus development. A hetter
eriterion would be w divide the cells according to
the changes in histological and ultrastructurad
features which relleer the beginning ol difieremt
synthetic activities in various developmental stages,
I our study ol H asining, light and cleciron
microscopic characteristics have beea used for
dividing the stages of lemade gerny eells: 1) the
appearance el nucleus and nucleolus especially with
regard o the uncaifing of chiromating, as reliceted by
the clavity of the two structures; 23 the clarity ol
na lear membrane which is the result of the density
difference between the condensed chromatin in the
nucleus and the surrounding cytoplasim; 3) the
basophilia or the bluishness imparted 1o che
cytoplasm ol the cells by lsophilic dyes which
rellece the abundance of nibesomes in the cytoplasm;
43 the presence ol lipud droplets; 5) the development
ol seercrory organetles particularly rough endoplasinic
ceticulion and Golpi complexes) 03 the oceurrence
al basophilic secretory granules inclnding contical
pranufes, and cosinophilic yolk granules, and Uieir
I the presence of jelly con

relntive ahandanee; anid |

dwirrounding tie epp cells By using these rathey
dvinpent morphological crnerma, we lave idenilie
Postiges of cgpocellsy starting from sogoni (U
which are the snudlest colls closely attached 1w ihe
connective tissue teahecula, Lhese cells could

maintain a constant pool ol carly siem cells,

—— —
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partcularly those that are clustered towards the
capsular side ol [rabeculae. During the speot petiod
when most mature oocyles are released hrom the
ovary and the conncetive fissies ol trabeculae are
Lreaking down, these celis e the enly renining
group ol genm cells. The restoration ol vonadal
aructure during profiferative phase is carried out
by the regenertion of conneetive fssies ol trabe-
culie and the prolileration ol this pool ol vogonia.

The first stage of voeytes (Oc,) including cells of
dilferent sizes ranging from 20-24 pm. The most
pronounced characteristics that they exhibit is the
increasing basophilia or bluishness of their
cytoplasm. And because of the similar degree of
density between the cytoplasm on one hand, and
the partially condensed chromatin and dense
nucleoplasnt on the other, the outline ol nuclear
membrane could not be easily discerned under LM.

The nucleolus, while present, is not outstanding. Ail

Oc, are swrrounded by a single Jayer of [lat follicular
cells. Under TEM we found that there is increasing
amount of ribosomes which rellects the intense
cytoplasmic basophilia. While ribosomes ave rapidly
synthesized during the carly stage of O, delinite

surge in the mumber and degree ol development of

Golgi complexes and RER are observed only in late
Qc,. These two subgroups of Ge; do not yet exhibil
any sceretory granules. Thus they may comespond
1o the presynthetic vocytes as desceribed by Martin
et al,”’ when cells are preparing themselves for the
ansct of synthetic activitics,

Oc, i the stage that lirst shows the presence of
lipid droplets in the less intense basophilic
cytaplasi. Due to the decondensation ol niost
chromutin, and the increased transiucence ol the
i, the nuclear boundary could be clearly
For similar reasons the

nucleopln
ohserved under LM,
nucieolus also becomes more distinct; and because
of its
cllbiosomal syothesis is believed o he on the
mercase™, Under TEM, a [ew delinite SG, and 5G,
erinles start wo appear in this simge, by clusiering

entargement the nucleolar activities lor

around Golgi complexes, Thos Oc, could vepreseni
the tdeit] e ol synthetic activines when ji ”‘-,
coat {5G ) and cortical granules (SG,) are first
sypiliiesised

O¢, is the stage which cosinophilic yoll granales
aatappear, and later is sacrcesimg i nwmber: heaee
rendering the eytoplium of e, more reddish in

pirast to o of Ocowliele the lasnphilic or blaish
st pranules are seen seatteicd evenly between yolk
cramites and Dpid deoples, We believed, iherelore,

it this is the stage where there s intense synthetie

activitics, since under TEM nunierous SG, and 5G,
as well as yolk granules appeac in Jarge numbers;
particularly SG, and SG, were seen concentrating
around Golei complexes. Oc, s still surcounded by
a single layer ol follicular cells, which by this time
consists of several cells because of the increase in
size ol the cell. b addition, Oc, is further detached
Lo the vonnectives of trabecukie and assumes a
pear or even teas-drop shape, The chiromatin
becomes completely euchromatic and the nucleolus
is enlarged [urther as its chromatin are almost
completely wncoiled; this implics the active
transcriptional as well as translational activities.
Qc, is the stage where a thin jelly coat is first
detectable, and it is sandwiched inbetween the egg
cell membrane and the surrounding layer of follicular
cells. Under LM the cytoplasm of Oc, becomes
increasingly eosinophilic and appears more reddish
duc to the staining of numerous yolk granules by
cosin. Whilc the jelly coat is intensely PAS positive,
the yolk granules are completcly PAS negative. The
contrasting [eature implies that there may be very
little or no carbohydrate moieties in the yolk
granules, while these are the major constituent of
the jelly coar, Under TEM the eytoplasm of Oc, is
lilled with SG |, G, and yollc granutes, which rellect
the near satucation of syntheiic activities. The
chramatin vl Ocy, like that ol Oc,, is completely in
cuchromatic state and the nucleolus is lully enlurged
duc to the complete uncotling ol ity chromatin, und
ander LM it even apipears cosinophitic. These indicate
stli high levels of both nuctear and nucleolar
transcriptional aclivities. Another remarlable leature
ol Qc, under LM s the appearance of a narrow bluish
stripe in the oyteplasm just underncath the ccll
membeme wlule the blaishness of the vemaining
mass of cytoplisn is much decreased in comparison
to Qc, and Og. This could be due w the high
concentration ol hasephilic $G, and SG, granules
whiclire banslocated o 2hisarc as observed under
TEM. Some ol the more electron G, granules are
alse seen exocytosed to the cells periphery, and thiis
i helicved to contvilnae material 1o (he formation
al the jelly coat. In contrast, SG.coniing nore
cleciron tucent material than SG,. They may be the
actual cortical granules that arc concentrated in the
marcow eytoplismic zone underpeath the piasma
membranc, and thus we keptin reserve lor contical
reaction wpon fertilization of the cpg by the sperm.
O s the stage where the jelly coar becomes
entformly thick and deprived of uinling Liyer
ol Totlicular cells, Under TEEM ghe jelly coat is
cranstarmed Dom howseencous in Qv w fibrons
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structure in Oc,. There is no division of this cell coa
no Jelly and vitelline fayers as yeporied m other
specics . Thus Oc, appears completely mature and
is Tully detached from the vabecudac. The absence
o ollieular cells mightallow the detchment of O
Lo s
release from the ovary. From this appearance it cauld

e specubined that the magar voles of [olheular cells

¢ between rrabeculac und ready them lor

are protective and helping to mameain the adhercnce
between cocyles and trabecula connective tissue,
while the former are undergoing matwration. In
addition, Tollicular cells could be involved in
nutritive lunction for ovcytes, and their roles in
synthesizing the jelly coat could not yet be ruled
oul. Under LM the eyvtoplasm ol Qc, is laden with
reddish volk pranules. Based on the size of these yolk
granules there could be 2 subgroups ol Oc,: one
containing small granules ol unilorm size while the
ather contains very large granules, hoth ol which
appear very electron opague under TEM. 1 is sull
not passible to confirm whether these are two separate
stages of Oc,, or that the latter merely represent the
linal stage in which small yolk granules are coaleseed
o lorm farger ones. inany cases these two sabgroups
ol Oc¢, should wpresent [udly mature cells. Tn
contparison to the work of Martin ¢f «l,*! Oc, could
represented the early postsynthetic colls and Q¢ Tae
postsynthetic cells; even thouply, judging lrom
ultzastructural features certain degree ol synthetic
aclivitles must sull be carried out in these cells,
Up 1o now most studies have not rigorously
calegorize varions sperimatogenic cells ol ftadiotis,
apart from supsesting broadly thar there are 4 stages,
ic, spermatogonia, speriiatocyles, ﬁ[)t‘l'ﬂ];l[i(l:-l an
spermatozon" ¥ Tnthe present study the male
germ cells in I asbirma could be elssilicd inte 13
spectlic stages according o the size, shape,
appearance ol chromatin and the piescnee o absence
of nuclvelus, Spormatogonium is the carliest cel)
whose nwcleus contnins almost afl cachronmtin
which resulis i the nucleus being very clewr and
nuclcalns is pronunent. Spennatogonia divided
mitafivally 1o give tise to primary spermitoeytes,
which pass through 5 <rages ae b e Tiess meroi
division of vertehrares' perm colla ™ These preoplhose

s exhibic dillerent Torms ol chromatin

condonsation, hey eowith small oo Tger locks

ehivamarin thao are evienly scattervd

ol hetes

throusiiout the nucleus in 15 and Z5¢ Hetero
il mattin Blocks sransboorm to threwd-lke e
Pl stre duereasdng in poloness attel lenisanbs, aowd

hedame mare covwined o PSe midd Dae. Tanadly in

diakineiic and Mbe stages chromatin appen s as ruars
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ol chromatids that are tramslocated to the equatorial
region. Secondary spermalocytes are guite numerous
in comparison to those in vertebrates and they liave
hieterochramatin that exhilit checker-board or XY-
fipure pattern,

Fowr stages of spermatds could be identified in
H asinina based on the nuclear size, shape and
chromatin condensation, Under LM the lirst two
stages exhibit Huely granulated chromatin that
appears homopgeneous and evenly stained
throughout the nuclei. Thus Sty and 5t, could be
distinguished by the difference in size (St about 6
i versus St about 4 pan), and by the denser nuclear
material in 51, The latter is due to the reduction of
miclear valume which resulis in the closer packing
of clironutin fibers, even though cach fibers still
munntain their width of 30 noe Inthe thisd swage
{5t,) the chromatin fibers begin to be tightly wound
together into large dense blocks, particulacly along
the nuclear envelope, leaving clear arcas between the
blocks. At this siage individual fiber increases in size
to 40 nm. Eventually, the decrease in volume ol
nucleus and its more ellipsoid shape resulws in the
il condensation of chiromatin mass in S¢,, and
individual chromatin tiber is enlarged w 60 nm.

The two stages ol spermatozoa are distinguished
hy their ellipsoid nuclei. Sz, also shows the initial
forrution ol acrosome as o clear cap-like structure
m one end of the nucleus, while exhibiting only
short il Under TEM, there is the formation of
axonenial complexes lrom centriotar pair that move
o the neck area just distal 1o the nucieus, Later, three
1o hive plobular mitochondria become localized
around the centrioles. In Sz, the nucleus is clongated
lveher and chromatin appears completely dunse
with the owdine of 60 nm fibers (or granules) barely
discernible. Sz, exhibits a completely lornzed tail sha
is long and point outwards [rom cach trabeenla,

Reproductive Cyele

weefr a nuwnhier ol siudics on the

i here have
vourse of riproductive eyele in various abalonc
speeies by many investigators The o siethods

re fregurently waed tor deternatbng o reproductiv
cvele of a papulhition wees 1) the mewsuring « I the
relnive size of goaads with espect 1o the size of
s rermed ponad olices (G
sl chanpes in the

cotread argan whie

afcalisy
caovalul index Tor

and 27 the .'-.-.:--,-,M].:_i ol

Gl ois ot aiwiy
[ the gonads bocause Gl oonly rel

ponagls

developmem
gonied area 1 conspant pavuneters {rg the size of
conteal organd ol the animal, and i doces nov tde

mo accoiil. !

vilinion i hepatopancreas size
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The more preciss indescthat can deline olreproductive
cycle better is the use ol lnstological examination of
wnad sections. which ean give considerable devails

Covltetar association and te tiime e rval berween
successive phases'?. Many investigators, including
pna, 7 Lee M Giorgi & DeMarting,” Aulg™

classilivd e reproduciive stapes in virons wmperne
cries of Hallotis into 5 1o 0 distinet phases which
are wore clearly delined in females. T the present
ctudy, these vasious phases were also observed in H
asinina. Histolegical examination ol manthly
samplings ol ihe brooding stocks cultwred in the
land-based culiure system reveal 5 distinctive
gonadal patterns during the year, ic, prolilerative,
premature, mature, spawning aned spent phasc.
Proliferative phase is characterized by 1he

regeneration of gamere cells for the new cycle. The
sonads contain mostly early stage germ cells i both
sexcs, such as Oy, Oc,, Qc, in the avary, and mainly
Sg. Prse withour St and Sz in the testis Giogi &
GeMartini® and Ault, on studying H rufescens,
found that the ovary comtained primarily small
vocytes usually fesser than S0 pun o dineter; while
Tonita," on studying Hdiscus eimai, veporied thiu
there were mainly oogonia, yolkless and oil drop
vocytes in this stage. Another remarkable {cature
duwring this phase is the reciprocal relasonship
between the sizes of the gonads o the hepato-
pancieas, which is similar 1 that found in other
Helrond "7 That is the hepatopanercas is velatively
Lwge when compared 1o the total area of conical
wean, Booelootian ¢ al't also reported that, in 1
sracherodii and Hrufescens, the size ol hepatopancreas
exhibits an nverse relationship (o genadal acuivity.
Duarving this phase, the |ll'|\:llH|3:llll'l'i':l.\' atlains
masimum size whiie the gonad activity is rebuively
quicscent. ihe precipitous drop in the size of
beputepancieas will occur during the subsequent
phase when there is a rapid growth of the gonads.
Pies tiplics that hepatopancreas may et as a
pucrient storgge that is necessary for guncte cells
dovelopmeni; it becomes relasively depleted when
s el et el e cells stad o <ogee. Anoeher
resnarkable istological Tearure abserved duing this
phse s thedilaratton ol the trabectlio vessels which
eoam Lupe ot of granulomarends Tlos oay
represent the trpid state of the vessels e e
supplying it i e the rpidby proliloranmng and

growing gamelc vl

Premtare ploe i the pertod ol rapid increase

' nhi i) wizes ol comere eells, The ovary

contaius predomivandy O Qe Oc,, Oc, and few

i< shilar wo those reported o the pre-
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niure stage of Hdiscus hannai, 7 while Sp, 5S¢ and
only lew of St and 57 arc evident in the westis during
this phase. Ault,* in siudying H rufescens, also
reported (hat there were numerous developing carly
germ cells in this stage. Henee the major events of
develepment in this phase involve the rapid growth ol
the ponads due o Tast prolileration ol carly genm cells.

Mature phase is characterized by a notable
enlargement of the gonads which exhibit striking
dillerences of color between both sexes: greenish in
female and yellowish in male. The ovary contains
mostly late stage germ cells, ie, Ocg with widely
scattered Oc,: and the testis 15 mosily fitled with 5t
and Sz. Belore spawning occurs, Oc, are detached
(o wabeculae and released inwo the gonadal Tunen,
During the capid development of the testis, cach
trabecula is surrounded successively by a lew rows
ol Sg. PrSc which are closcly bound to trabecular
connectives, and middle Sc, St-appear [urther away,
and Sz are completely detached from trabeeulac. n
comparison, during the differentiation of Oc 1o Og,
[rom Og, the cells move along the trabeculae from
capsular side towards the hepatopanereas side, until
Oc, hecome detached Trom rabeculace.

Spawning phase is the tme when gravid abalone
start Lo redease their ripened gametes. The period of
spenwning s The mostimpaortant criterion for sucecss
ol reproduction ol various abalone species reared in
close aguaculture sysiem,'F 19T From many
previous studies, spawning periods Tave been found
to vary considerably among various speoies of
abalone, wnd Trem year w year according to geopra-
phical lecations, and lecal environment, such as lood
supply, temperatare and the day tengih 2450
sone investicitors Y have classificd viriows Tlaliotid

s,

Spp. o 3 proups aceording o their spawning
scason those spawn during swimmer, those spawn
during seasons other than swimmer, and those that
exhibit year-round spiwning, arlier, Singlhagridwan
& Do reported the spawning period ol some wild
hroodsioeks ol T astuing w peils around Oclober,
while the pord-reared broodsiocks could spawning
thn ]
March thoongh Scprember tnconast, die spaswning,

senel the yeawith several minor peaks during

pestad ol Tasnina keptin land-based closed culture
systeny in the peesent sioedy ovenrs twice o veor:
mcund Avgnst o October and Mareh o April i
lemale, and around Awgnst 1o November and
Eebruary (o April inombale, While s is 1the geng
pattera of spawning lor most members ol the

peprtlsclon, some individaal ws show Teeegiar

pariodic spawning throwghout the year, copeenlly

i anades animals,
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Spent plutse is chacterized by the facking of

3
gamcte cell= pad the bieakdown ol connective tissue
in the sonads, which (5 stimilar u

lindivg in 1Hnfescens.' According o Shepherd &

i than previously

W spent pluise s expressed when there is a
comiplete discharge of gumete celis lollowing
spawring, Giese™" delined spent phase in marine
invertehrates as o postspawning guicscent stage
which is indistinguishable between male and female
In present study, it was observed that during the
spent phase the ponads of IT asinina are greatly
recluced in size and become creamy in color, and
the sexes of animals cannot be distinguished. In
contrast, hepatopancreas is relatively increased in
size which may be lilled up with food reserve.

From the data collected during one year period,
itcouli be concluded that the spawning ol H asinina
eared inthe closed culture system can occur at least
twice yearly providing that the erhuring condition
and {oed supply are aptimal. And that cach repro-
ductive cycle, consisting of 3 phases ol development,
needs at least 510 6 months o complete iself.,

Matwration of Gomds

in previous studies of the gonadal development
in Fasining, fecandity was observed in females with
the shell Tength of wi Teast 48 nuan for the wild
broodstocl, and 44 num ol the nchery-reared
broodstock, which was aboul nine months ofd. 3
On the other hand, the matae gonad of males
hecome abvious in animals with the shell Tength of
at least 30 mm, which is abouwt seven and a hall
mouths old."™ The data collected tn the present
stndy indicate the same trend. Furtherminre, detailed
histological study indicated that delinitve gonads
Become cleatly separmed brom the epaiopanereas
at 2 month, Testis and ovary could be distingunished
Iry the presence of ther indtial stages of genn cells as
party as 4 month. Testis wnds (o reach naturiy
the time at

getcker than ovary g 7w 8 manis

Stand Sz oare [oand w be abundant Qvary

which
Lenels o matiii
coilin matare oovytes (Og, and O

a0 e LD months when e stares o
o Thus mades
end o reactmsory and assipe repodictive cyede

miuch earlier than lemales.
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ABSIRACT  The tesies af Mully nnure bulllrogs, Rone cotesheione, were studicel by lighy microscope, The
perm cedls in the developing restis can e classilicd o 12 stges based on nueleas charcteristios,
Crimnary{type A} and sccondaryliype B) spermatogonia are the cacliest germ cells, with the losmer
showing large and completely cuchromatic nucier with prominent nucleoli and the later with small
blacks of heterachromatin distributed along the nuclear envelope. Spermatocytes consist of five stages;
namcly, ieptotene, zygotene, paclytene, diplotene and disddnesis metaphase spermatocytes, Suceceding
slages show increasing condensation of chromatin : from the coarse fibers, that are cvenly distnbuled
throughout the nucleus in leptotene stage to the highly condensed blocks of heterochromatin in pachytene
and diplotene stages. Nucleoli are not detected in any stages. Secondary spermatocyles have blocks of
compleiely condenscd heterochromatin attsching 1o the nuclear envelopes. There are three stages of
permnatids: the carly stage shows coarse chiromatin granules occurs evenly over the nuclens, the middle
stage has inereased chromatin condensation over the entize oval nucleus while the nuclear size decreascs.
Llie late stage exhibits completely condensed chromatin ia an clongated nucleus, and its cytoplism
becomes highly vacualized and starts o degenerate. Tn fally matere spermatozon, the nucleus becomes
fg iy edongated i chromatin conpletely condensed During development ol the testis, sex cords in
putative testis appear in two-month-old lrogs. Seminilerous twbultes containing primary spermatagonia
appeat in the delinitive testis of four-month-old frogs while spermatocytes are present in five-month-
ald frogs. Spermiogenesis and fuli preduction ol spermatozoa could be detected from the seventh month
onwaeds. The Mrogs become fully nunure abouat sixteen mouths when their testes undergo cyclical change.
Daring breeding penod (April-September), there are abundant spermatozoa, round spermunids m
semintlerous tubudes, winle during non-hreeding period (Ocober-Mareh), such cells are much lewer m

drnthber and most remaining cells are spenmatogonia wd primary spernmatoeytes.

KEYWORDS: Rana cateshbeiana, spermaiogencsis, male germ cells, esticular development.

[NTRODUCTION

Amphibianmale germ cells, especially in Xenepus
leevis, have been studied by many investigators,
ausing transmission clectron microscope 1o
invest

ol various spernmatogenctic stages, including

nue vnclear and oy teplismic charmaeristicg

permatoponis, spermatocytes as well as cells in
cperntiopenesis.”? FP-thymidine Tabelling and
sitaradiography have also beon used for deteeting
the duradon ol the X leavis made penm cells cultured
in scrunni Diee medin. Resalts showed that the tme
reguinec bor the premeinue S-pliase spernaiogonia
o develap o loe zyporene speematocyte tha later
fangedd to spermaead, o were T4 days and 28 days,
respectively” abelting with H-thyoiidine was also

performed in vivo to determine the duration of cells
i meiotic prophase and spermiogencesisin X, facvis,
And it has been shown that spermatocyte spent feur
days in leptotene, six days in zygotenc, one day in
diplotene, one day in meiotic phase; and 12 days
wats required Tor the completion ol spermiogenesis.?
In Rana pipicns, male perm cells could be divided
T NENE Sages, Lo, Spermalogonia; spermatocyics
which were divided into leprotene, zygolene,
pachytene, diplotene, dinkinesis; sceondary
spermatocytes; spermatids and spermauozon” In
addition, celis in spermiogenesis were classificd inlo
live stages hased on nuclear characieristics.” In
bullfrogs, Rana catesbeicoia, which is the species
tndigenous in North America, the stapes ol
spernitogenesis and spermicgencesis have nol yet
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been studivd in dewils - Thus, one of the primary

purposes ol this expertinent is o classily various
stapes of germ cells in this species ol frops.
Paretleeriiore, bhulllvogs had bweén sorted e
commercially cultared in Thanland Jor a mumber ol
cears. As Thaland is a tropical country with
distinenve wet and dry seasons the matwmtion and
evelicnl chanpe of the tesits wiy be quite differem
tram frogs rearcd in North America Therelore, the
other aims of this study are to invesligate maturation
of the testis during the frogs' development, their
breeding peviod, as well as the histological changes

in testis that accompany seasonal variations.
Marerials AND METHODS

1. Experimenial animals

R. catesbeiana were cultured in coment tanks at
Faeulty of Science, Mahidol University They were
maintained in an approximately 12 hour lightdark
cyele, at 25735°C, with the relative humidity ranging
[rom 43 1o 95%. The culture water was changed at
alternate days, The lrogs were fed daily with pelleted

[eed tn the alternoan.

2. Light microscopic study

Mature nule frogs aged more than 18 months
old were ancsthesized by placing in an ice batly for
5-10 minutes oy until they became immobile. Then
the spinal cords were puched and the frops were
decapitated. Testes were dissected and imimediately
lixed in cold 4% plutaraldehyde plus 2%
paralormaldehyde in 0.1 M phosphate bulfer, and
nost-lixed incold 1% Osiium tetroxide in 0.1 M
phosphate buller. Alier lixation specimens were
washed and dehydrated in cthanol and embodded
in Araldite 502, Semithin sections were cut ar9.3-1
pm and stained with methylene hlue Tor light
microscopic obscrvations.

Forparallin procedure, the dissected estes were

lixed in Bowins Muid and dehydrated through
imcreasing concentrations of cthyl alcohaol, and
cmbedded e paraliing Pive 1o sixanicron-thivl
sections were depauadfinized awnd stained with 1 harrisy

Huacmatoxvln and Bosing, and exiimined with an
Otympus lisht microscope BIE-2

3. Development of testes

froge aoed 12, 3 up w I8 months old

Youuz
were bied s rewved i coment nnle widh lood wid
paneral conditions as stted previously, A least ten

2 Irom eagl age

he testes were processed using pacallin procedur

group were used i this study

SciencrAsie 20 {2000)

as previeusly described in section 2.

4. Changes of testes during seasonal variation

Futly miateee lrops aged maore than 18 months
old were used inthis study, The testes were remaoved
from the [ropgs ac the end of each month tuoughon
the year, and the testicudar tssue was prepared using
prraiio techoigue for lpht micioscopic observation
as deseribed in section 2.

ResuLrs

L. Classification of spermatogenic cells

in semithin sections, the male perm cetls of
hulllvegs, R. catesbeiana, can be distinguished into
[ 2 stapes based on nuclear characieristios and sizes.
Spermatogenesis in the [rog takes place witlin
follicular structures called spermatocysts that rest
upon the basoment membrane of the seminiferous
tubules (Lig 1),

1.1 Primary spermatogontia {I1°Sg)

Primary spernuijogonta is the lirst stage
porm ceils in seminilerous tibules, and they
constitule a high proportion ol the cell popualation
in the tubules of inmature [rops. The cells are farpe
and round in shape, and have round or oval noclei
with line and mostly cuchronutic material. They atce
generally located close o the basement membranes
of seminilerous wabiiles. The size of the nucleus is
abourc 10-13 pm. Frequenty, cells with large bilobed
muclet could he found which may be spermategonial
cells that are undergoing nuclear division. Each
nucleus also possesses one or two nucleoli which
are very prominent. The eytoplasm is generally
lightly stadned (Fig 18).

1.2 Secondary spermatogania (2°5g)

Secondary spermategeniaare round, hut in
comparison to 1"Se they are smaller cells whose
nuclear diameter s about 9-12 pm. They can i
distinguished from primary spermatogonia by the
presenee ol small Mocks of heerochromaiin alo
the nuelear eovelopes, and those that are seatered
Ul over the nuelei which tend o have smallersize
e nueleeli are soll prominent. Fach proup of 2 5g
uswally consists of 2 or 4 cells surrounded by
lellicular eclls” processes whieh still lie close o the
Jsement membrane (Fig 1C).

L3 Leptotene spermaiocyics (LSc)
Fhese cells e round and Targer than 275,
anel have larpe round nuelei with diameter abeat -
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L3 with o thin riny eytophism, Thenr chramain
beging w condense inte toosely arcanped blocks
wihitch are dismmibuted evenly throughont die nuclews
I contrast 1o 25, there is no heterochromatin
blocks along the inner surface ol the nuclear
envelope. Small nucleoli are still present in this stage.
Ciroup ol leprotene spermatocytes lorm larae clusters
ol more than fowr cells each, that are surrounded hy
(oflicodar cells (P LD) Leptotene spermatocy e
are ustally located towards the lumen ol sermmiferous
wiules and seldom toueh the basement membrane

1.4 Zygotene spermatocytes (ZSc)

The discriminating leatures of zygotene
spermatocytes are the increased condensation ol
chromatin blocks and the change in size of the nueled,
which become smaller than that of leplotenc
spermatocyie. The heterochromatin blecks gradually
hecome larger and perceptibly denser than in
previeus stage (Fig 1D).

1.5 Pachytene spermatocytes (PSc)

The nuclei of these cells are st round and
about 10-12 pm an size, The chromtin becomes
condensed into long thick cords, that ave intertwined
into loops resembling “bouguet pattern™. These cells
are stilb agerepated in clusters, cach of which is sill
surrounded by provesses ol lollicalar cells (Fig 115,

1.6 Diplotene spermnatocytes (15¢)

The general appearance ol the cells in this
stage is similar o PSc; however, the heterochromatin
cords become denser and larger. Nuclear diameter
is about 10-11 yury, andd thus the nucleus appears
sovatller than i PSe, hey wee also lewers inomaumber
in comparison to Use (Fig L

1.7 Diakinetic (Dia) and Mctaphase spernnato-
cvtes (MSe)
The cells in these stapes show thick

tha arc arrpnped e tgronher i Dis

at

aned Jater move o the equaterial region in MSe, when

cliromoson
the nuelear howndavies disappens They are so lew
andd transient that they are vuely observed within
the seminiferons tebules (Fig 16:),

1.8 Sccondary sperinatocytes (2'5¢)
These cells arise alwer the st metotic

dhivision, and the noclear dianeerer becomes sinaller,

Dense blocks of heterochronatin distributed by cart-
wheel orclock-fced pattern within the nuclews arise
from the coarse chomping of chiromatin along the
nuelear envelope (g 117).

ScicneAsia 20 {2000)

1.9 Early spenmnatieds (E£St)

LSt arse alter the secund meione division,
and they are markedly decreased in size and nuntber
within the wbules. They still have round nuclei
which are also reduced in size 1o approximately 8-9
it in diameter. The condensation ol chromatin
oceurs evenly over the nucleus and the nucleus
becomes cecentrically located within the celb, A small
darlespot in the eytoplasm which may represent the
Golgi complex can oceasionally be seen at this stage
of spermaud (Fig 2A).

1.10 Middle or round spermatids (RSt)

The nuclei of these cells show higher degree
ol chromatin condensation than in previous stages,
and the condensation oceurs uniformly throughout
the nuclei which are reduced in diameter 10 about
6-7 wm. Each nucleus tends to be oval in shape.
A small darle bar adhered 1o the nueieus which may
represent the centrioles can be found. RSt is the most
numerous cells in the tubules, probably due to their
long duration (Iig 2B).

{01 Late spermatids (LSO
The nucleus of this late stage spermatid is
chavacieristically reduced in size and hegins (o
clongate. Chromatin heeomes completely condensed
throughout the nuclens, The cells usually move close
to the Tumen of seminiferous whules, while they are
stilled grouped ogether in cluswers (Fig 20).

112 Spermatozoa (52)

The mature spermatozea exhibit highly
clomgited heads and mils. The head contains an
Cllipsoid nucleus with complerely condensed
chromatin which is deeply stained . Heads of several
spermatozoa appear 1o be arranged mearvay that are
embedded in the apical eytoplasm of Sertoli cells,
whilc theirails pont toward the seminiferous lunen
(i 213).

Cells with varving size located in clusters
hetween the semintferous whules e the Literstitl
vells (1Y Those that Tie e ilie periphery of (he
Clusters usnally have spindle shape, and are closcly
associated with the hloed vessels (Fig 210

2. Development ol testes

Putative testis could be observed as o smiall oveld
argan on the veatral surlace of the kidoeys when
the frogs are around two months old, The weses i
enclosed by pevtoncal menthrane and s vas
delerens opens into 1he wreter.

Within the newly formed testis, the only principal

ey
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cell type is stromal cells with Targe round nuclei and
spindle-shaped cytoplasm, characteristics which
resemble undillerentiated mesenchymal eells,
[gring 2-4 mouths, this cell type predommates

csex conds located ot the center, while some
spelatogonia are present i those at the periphery

Fie 34-0% Avound the Toarth month, ! sex cords
are enlarged amd primary spermatogenia becenme
dominant cell type.

In the (fth month, the seminiferous tubules
become delinitive entitics and their walls start to
contain other cell stages, including mainly primary
spermatocytes.(Fig 3D). Spermatids could be
identiticd in seven-month-old frogs and alterwards.
Speratozon start Lo appearal the end of the seventh
moanth (Fig 4A). By Uie end of the sixteenth month,
the testis asswmes similar appearance and cellular
association as Lhat ol the fully mature male frogs (Fig
4B-D).

3. Changes of testes during seasonal variation

Table 1. shows the changes in the body and
testicukir weiphts ol adult male frogs callecied over
the period ol 12 mouths, During post-hreeding
season {September-November), the testis shows
deerease in weight, and the deepest drop is observed
atihe end ol Seprember orthe beginning of October,
During this period, the testis contains relatively lew
cell nests, and spermatogenctic activity is drastically
decreased. Subsequently, testicular weipghts start (o
inerease slightly in non-breeding period (December-
January} when sowe carly serm cells start 1o
replenish the tubales which may sull appear dilned
and ¢xhibit certain degree of degeneration of the
coithelium (Fig 58-13).

Spermatogenctic activinies is clearly rweactivated
i Debruary to March, which is designated as pre-

Table 1. Seasonal ghanges i the overoage body o

VEHE Wl
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brevding period. The testicular weights signilicantly
increase in comparison o earlier periods, and there
is a rapid increase in the number of cell nests . Most
al these cell nests transfornn (o spermatozoa during
April 1o September which is the breeding pericid. The
maximum testicuiar weight is observed i May, thers
it sttt 1o decrease gradually until it reaches the
minimn i september. During the breeding period,
ick seminiferous epithelium conmitins numerous
spermatocytes and round spermatids, while lumen
are filled with fully mature spermatozoa. The
maximal spermatogenctic activity is vbserved during
the mid-breeding period around June (Fig S5A).

Discussion

Germ cell classification

In R. catesheiana, the changes of nuclear
characieristics could be used to divide genn cell into
pre-mitotic stages which are composed of pri-
mary(typeA) and secondary(typeB) spermatogenia.
The former is distinguished by the presence of
completely euchromatic nuclei while the lacer by
the presence of small heterochromatin clumps along
ihe nuclear envelope and nuclear center . After these
cells enter meiosis 1, the suceessive daughter cells
consist of leptotence, zygotene, pachytene, diplotene
and metaphase stage primary
spermatocyles, respectively. Primary spermatocytes
are characterized by the increased clumping of

dinkinesis-

Licterochromatin blocks or cords, that begin as
lovsely packed bodies of ¢hrematin [ibers in
leptotene stage 1o the highly condensed hetero-
chromatic cords in pachyiene and diplotene stages,
wlhien they hecome mtertwined to form bauguet-
ftked pattern.

When meinsis Uis completed, the dangheer cells

o wieighits in R ooiashelona dunng varlous maenths of

8ody Weight {g)

Month n ok

Mean # 5D
Decembar-January 263.03 % 3605
Febiuary i 257 81 £47 0a
Warch 8 249.02 & 32.68
Apaiil 7 S09.85 + 29.46
htory 4 34101 = 110,07
sy 5 324189 £ 852
v 5 2ED0Z + 51.95
A 5 28T 19 11.48

pbamiber 4 27084 » 29
Ot 1 v 240 87 + 1RA5

Teshticular Weight {(g) % lesticular

Mean £ SD  Weight/Body Welight (G5I)
140 + 0.6 gis
DD £0,11 215
138 [‘I? ﬁ‘::-l
0.49 « .09
(.63 0.2 118
0.50 £ 0.13 115
056+ 0.07 .15
033+ 002
0.28 + 0.03 AY!
(032 + 0.04 13
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are wmuch reduced in size. Daptoid sceondary
spermatocytes show nucleus with heterochromatin
clumping atong the nuclear periphery ina “cart-
wheel” patiern. These cells pass through meiosis 11
division, and consequently, ranslorm into
spermatids which are divided tnto early, middle and
fate spermatids. In carly spermatid stage, the
chromatin granules or Libers become tightly packed
within the round nuclei. These nuclel begin 10
transform into more clongared shape and are
simultaneously reduced in size in middle and late
spermatids, respectively. I addition, the sinall dark
bar appcarmg in the cyloplasin could represent the
beginning of the tail formation. After the
condensation of chromatin and translarmation of
the nuclei are completed, the spermatouzoa are
derived.

In comparison o R. calesheiana shserved in the
present study, Kalt? and Callard ef af® have studied
testes ol male X, faevis and found 11 stages ol germ
ceils. They employed H,-thymidine labelling and
calcutated the durations of various cell stages,
including leplotene, zvgotene, pachyiene, diplotene
and metaphase speriaiocytes, whose duruions were
found o be 4,6, 12, 1 and b days, respectively;, and
spermiogenesis necded 12 days to complite the
process. In the wad, 1L arenanon, Houssay' could
divide male germ cells into cight stages: namely two
Spernitagonin singes, spermatoeyte 1, spenmatocyte
I, thre
Afterwards, Rastogi ef al.® studicd adult male Rena

permatid stages and spermatezoa.

esctdente maintained ar 18C, and Tound 11 stages
ol spermatogenic cells, asituation comparable 1o the
study of X. luevis by Kalt." However, it was noted
that leplotene stage and spermiogenesis regudred
longer penods than in R esadente, Tor o wrodele
species, Triturus vulgars, kept at 167G theve were
similar cell stages as identlied in anurans. However,
the duration ol primary spermatocyt
wiiile thar of pachytene stage wis sharter thun heth
in X, laevis amd R, 3

Rachoisotope-Tabelling studies 1o determine the

wis longer
wlentia.

dorwtions of male vevm colls in B catesheiana hive
nol vel been carricd out However, the velative
durations of vartous cell stapes could e inferved [rong
the Lght micioscopic ohservations. 10 is generadly
assuned e atany insiun cells with longer duraiion
should be present in move numcerous number, while
the scarce cells observed (h each sectivn should
rettectthe shore duraniion o quick passase throwgh
Uil silstee P ghie

prencrabiziion, ks sugpesicd

FHd) crinatugointe, paciyicne spermatacytes,

middle stage spermatids and dillerentiating

ScienceAsie 20 (2000)

spermatozoa had long durations; while sceondary
spermatocyles, diplotene and diakinesis-metaphase
I spermatocytes have comparatively short durations.

Development of testes :

Up to now, there have been many reports on the
development of the testis. However, there have no
yet heen a common agreement on the origin ol the
testicnlar tissues in amphibians. Neble'® suggested
that testes were derived from the kidney, while
spengel’! and Brauer' found that testes apparently
developed from a separate pair of gonadal ridges.
Testis primordium as shown in R. sylvatica, consists
of both medulla and cortex; and the inner medullary
region was thought to be derived rom the peritoneal
covering of the genital ridge.”” Sexual dillerentiation
ol ponads were thought to be controlled by two
classes of substances: corticin that is localized in the
cortex and stimulates the dillerentiation of female
system, and medullarin which is localized in the
medulla and stimulates the dillerentiation ol male
system. The predomination of the influence of one
over ihe other was supgested 1o result in sexual
dillerentiation of the gonads."

I 1 catesheiona, a lew large primordial germ cells
could be observed in one-month-eld [rogs; and these
cells were intermingled with mesenchymal cells in
the region of putative testis or ovary. When the rogs
were two months old, the sex cords appear in the
ponads; alterwards, the deliniuve tesiis, which is
ascertained by the presence ol spermatogonia, couldd
he discriminated in the tourth month, and
spermatocytes appeared in five-month-old frogs.
wminiferous tubules with thick epithelium
consisting ol all stages of perm cells appeared on the
seventh month, when there were abunduant
spermittids, especially middle or vound stage, and a
lew spermatozoa. Therealter, the number ol mature
sprmatozea increased gradually nnil they reached
thie maxinmwm around the sixteenth month.
Therefore, 0 appears that the sexual turning point
or “puberty™ tu R ocatesberona rearved in Thailand
climate is around seven months old, and the
complete sexual maturation isatuned about sixeeen

months

Scasonmal varation
Reproductive actuviiles of most amphibiaas are

grattly susceptible te dovirpmmental Hbcndtion
stool them exhibic markedly scasongl

Rasiopi o 40" studicd virous

us
pestivnlar o cle.
vironmmental influences which could aler the
characteristics of internal morphology of the westis
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in R oesculenta, and Tound that these inlluences
consist ol rainfall, temperate and photoperiod.
These factors cause eyclical external morphological
changes as well as internal changes olthe westis. Por
cxample, the toad, B wrenaram has maximum
develapment of the thumbpad and testicalar weight
i spring, when the germ cells and spernitozon were
also nnrkedly fnoreasedt Rang vidibaida, with
continuwus type spennatopenesis, show significantly
increased number of spermatids during breeding
season around April to June, white in winter, the
number of spermatoceyles was deereased and reach
minimun in the coldest menth.'®

In the central and upper parts of Thailand, where
the wet and dry scasons are quite distinet, R.
calesheiana show respanses 1o seasonal change in
both external appearance and reproductive capacity.
During the breeding season (April-Scptember). the
sccondary male characteristics such as thick greyish
thwmbpad are exhibited while the seminiferous
tubules' production ol spermatids and spermatozoa
also came in full steam. In the non-breeding period
{(December-fanuary), these wihules consist mainly
of carly spermatecytes with only Tew round
spermatids; and some tubules are dilaed and exhibin
desguanation ol the epithelivn, v the pre-breeding
period (Febrsry-May) there are numerons primary
spermatocytes and spermatogonia in preparation lor
subsequent development, while during the post-
breeding period (October-November} theve appear
spaces or vacuoles i the tabudes frow rupured cell
nests. Such eyclical ehange nay depend on the
availability of gonadowopins, as has becen
demonstrated in Rana temporaria that exogenous
acddministration of these hormones or the clevation
of covironmuental icmperaiure could stimulate
recriddcacenee ol sperouilocenctic activity in the
sensonally quieseent males.” The toad, Bufo bufo'®,
and greenlrog, R, esculenia™, were the other iwo well-
studied species which showed similin cyeles o
scasurl variation: Another evidence supporting the
response of the testis 1o seasonal chanpes is the

vomdasomatic index (G5 which correlates the

chatpes of body swerght and testicubn weighie Kao
et ol cwerd that Gt Ramee caeifisa exhibited

the rising pliase in hibernadon and pre-breeding,
scason (Janwary-Marel), while the maximunt Gyl
wieir observed in the byeeding period (Ajpril-June)
Qi the othet bl G shaply decreasid in the Lae
breedmg preiod Gonce-carly July) i renmained af
the low Tevel i post-hrecding period {August-
OQuiober) I R catesbeiana, the Changes ol GS1also

eachiibined similor pattern as these ol Brrgrdosa and

il is interesting to nroete that in this species the
reactivaled spermatopenesis aclually begins even
hefore the rainy scason whicli usually starts uround
middle of May. Furthermore decline  of
spermatogenesis commences belore the end ol rainy
season which is around 1he end of Oclober.
Thesctore, the present study demonstrated that R,
catesheiia does exhibiteyclical clianges ol the yestis
i response o scasonal variation.
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ULTRASTRUCTURFE OF SPERMATOZOA IN THE TESTIS OF
HALIOTIS ASININA LINNAEUS

Somjai Apisawetakan', Prasert Sobhon", Chaitip Wanichanon',Vichai
Linthong', Maleeya Kruatrachue’, E. Suchart Upatham®, Padermsak
Jarayabhand’, Tanate Pumthong® and Jintana Nugranad’

ABSTRACT

When studied by TEM and SEM, the head of a spermatozoa of Haliolis asinina Linnaeus appears as
a cone-shaped cell whose size is about 3 x 1-1.5 pm, with a long tail. The acrosome is an inverted
cup-shaped structure covering the indented anterior end of the head and containing a homoge-
neously dense matrix. There is an acrosomal core with a crystalline structure occupying the concave
subacrosomal space, with its base resting in the indention of the anterior tip of the nucleus. The
nucleus contains chromatin granules, about 60 nm in diameter, that are densely packed together,
and a few nuclear vacuoles. At the posterior end of the nucleus, there are 3-5 globular-shaped mito-
chondria that are adhered to the nucteus by dense plaques of outer membranes, and linked to the
posterior half of the sperm membrane by zig-zag filaments. A pair of centrioles are located in the
middle of the mitechondria, with the proximal horizonta} centriole tightly attached to the nucleus
by thickened double plates, and the distal vertical centriole gives rise to a long tail. An axoneme of
9+2 doubiets of microtubules makes up the entire core of the tail, whose membrane in the proximal
part is crenulated, while that in the remaining distal part is tightly fitted around the axoneme.

Key words: Spermatozoa, ultrastructure, Haliotss asinina.

INTRODUCTION

As in mammalian species, mollusk sperm are either cone-shaped or highly elon-
gated with some appearing spiral; they conform to the typical architecture of flagel-
lated animal sperm in possessing an acrosome (absent in some), a head, a mid piece
and a tail. In spite of the general similarity, however, there are unique features in the
sperm of various mollusk species. By and large, sperm of externally-fertilizing mol-
lusks are considered primitive, by virtue of having cone-shaped heads and long tails
that do not have a middle piece. Instead, their mitochondria are jocated at the base of
the nucleus (Franzen, 1955). In contrast, sperm of the internally-fertilizing mollusks,
especially among neogastropods of freshwater, marine and even terrestrial species,
possess long slender heads, and efongated middle pieces where helical or long straight
mitochondria are concentrically arranged around the axonemes (Walker & MacGregor,
1968; Walker, 1970; Franzen, 1970; Kitajima & Paraense, 1976; Huaquin & Bustos-
Obregon, 1981; Healy, 1983; Healy & Willian, 1984; Azevedo & Corral, 1985; Jaramillo
etal, 1986, Hodgson, 1986, Gallardo & Garrido, 1989; Sretarugsa et al., 1991; Al-Hajj &
Attiga, 1995; Pastisson & Lacorre, 1996). Abalone are proscbranch gastropods, which
are considered to be rather primitive and reproduce by external fertilization. Thus,
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land.
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their sperm belong to the first type. However, even within their own genus, sperma-
tozoa of abalone exhibit species-specific characteristics. In the present study, we re-
port the ultrastructire of spermatozoa in Halivtis asinina, a species commonly found
in the coastal waters of tropical regions, including Thailand.

MATERIALS AND METEHODS

Collection of Haliotis asinina specimens

Abalone from a land-based culture system were provided by the Coastal Aquaculture Development
Center, Prachaubkirikhun Provinee, and Marine Biological Station, Chulalongkorn University, Angsila,
Chonburi Province. They were kepl in concrete tanks housed in the shade, that were well flushed with
mecharucally circulated filtered sea water and aerated by air delivery system to maintain the controlled
environment. The optimum level of salinity was about 22.5-32.5 ppt, and the temperature was about 22-
26°C (Singhagraiwan & Doi, 1993). They were fed with a diet of macroalgae (usually Gracilaria spp. and
Laminaria spp.) and supplemented with artificial food for abatone.

Electron microseopic shudy

Small pieces of the testis were prelixed with 3% glutaraldehyde in 0.1 M sodium cacodylate buffer, pH
7.4, at 4°C overnight, then prepared for electron microscopic observations by conventional transmission
electron microscopic (TEM) and scanning electron microscopic (SEM) methods.

For TEM studies, the specimens were post-fixed in 1% osmium tetroxide in the same buffer at 4°C for 2
hours, then dehydrated in a graded series of ethanol, and embedded in Araldite 502 resin. Ultrathin sec-
Hons were cut and stained with lead citrate-uranyl acetate and viewed under a Hitachi TEM H-300 at 75

kV.

For SEM studies, the specimens were post-fixed, ethanol-debydrated, critical-point dried in liquid COy,
and caated with Platinum-Paladium in an ion-sputtecing apparatus. Finally, they were examined with a
Hitachi 5-2500 scanning electron microscope at 15 kV.

RESULTS

Scanning electron microscopy (SEM)

Under SEM, a testicular sperm has a cone-shaped head, whose size is about 3 pm in
length, 1.5 pm in width at the base of the nucleus and 1 pm at the acrosomal-nuclear
junction (Fig. 1A-D). Compared to earlier stages of gerrn cells, the surface of sperma-
tozoa appears smooth (Fig. 1B, C}). The anterior end is covered by a cup-shaped
acrosome, and the posterior end by five spherical mitochondria of similar size. Pro-
jecting trom the middle of mitochondria is a long, slender, and uniform tail (Fig. 1B,

C D)

Transmission electron microscopy (TEM)

Under TEM, the acrosome appears as an inverted cup, whose concavity separates it
from the anterior border of the nucleus, which is also indented. This subacrosomal
space contains a crystalline acrosomal core embedded in a more homogeneous mate-
rial (Fig. 2B, L, F). The acrosomal matrix itseif appenrs homogeneous with varying
degrec of electron opacity (Fig. 2F, T).

The nuclei of most spermatozoa contain completely condensed chromatin which
appears electron opaque except for clear areas of intranuclear vacuoles where there
seems to be little chromatin material. Vacuoles vary i size and are distributed ran-
domly throughout the nucleus. In a few spermatozoa, the nuclear chromatin still
appears granular with numerous round granules tightly packed together, with each



FIG. 1. Scanning electron micrographs of spermatozoa in the testis showing cone-shaped heads
(H) and rod-shaped tails (T) {A, B). Five globular mitochondria (Mi} at the base of the head sur-
rounds the proximal region of the tail {C, D), and a cup-liked acrosome (Ac) covers the anterior end
of the head {C, D).

“eranule” about 60 num in diameter (Fig. 3B, D). These granules are of similar size and
characteristics as those observed in earlier stage spermatids where chromatin is not
yet completely condensed.

The posterior border of the nucleus is flanked by large, spherical mitochondria. In
a longitudinal thin section of the nucleus, usually two to three mitochondria could be
observed (Fig. 2A, B, C). However, in fortuitous cross-sections at the Jevel of mito-
chondria, there appears to be five of these bodies arranged in a circle surrounding the
centriole (Fig. 2A, ). Each mitochondrion is tightly apposed to the nucleus at which



