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IDENTIFICATION AND CLASSIFICATION OF NEUROSECRETORY CELLS, NEURONS, AND
NEUROGLIA IN CEREBRAL AND PLEURO-PEDAL GANGLIA OF Haliotis asinina LINNEAUS.

A. Thongkukijatkul, P. Sobhon, S. Apisawetakan, C. Wanichanon, V. Linthong, M. Kruatrachue , E.S. Upatham
and T. Poomitong.*

Faculty of Science, Mahidol University, Bangkok 10400 and Coasta]l Aguaculture Development Center,
Prachuebkirkan 77000.*

Varous types of cells in cerebral and pleuro-pedal ganglia of Halioas asioina Linneaus were
identified and classified by light microscopy using special stainings. There are 3 groups of cells | neurosecretory
cells (NS}, neurons (NR) and neuroglia (NG). NS cells consists of 3 types, ie, NS, with round or ovdl cell soma
and nucleus (about 20 pm and 10 pm, respectively). The nucleus contain mostly euchromatin and prominent
nucleclus, with only a thin im of heterochromatin along nuclear envelope. NS, is about 12 pm in size. Iis
heterochromatin increases and turns into blecks that are distributed in a  clock-face pattern. NS, is the smallest
NS with cell and nuclear diameters about 10 jun and 6 pm. Its incTeasing heterochromatin assumes a lace-like
appearance. The cytoplasm of all NS are intenscly stained with special stainings : hemnstoxylin-eosin,
chrome hematoxylin-phloxine, paraldehyde-fuschin. While NS and NS, are numerous in the cortex of the two
ganglia, NS, could be observed cnly in pleuro-pedal ganglion. Neurons consists of 3 types of cells which are
distributed mainly in the cortex layer of the ganglia. NR, is the giant neuron about 40 pm in size. They are
more aumerous and larger in plewro-pedal ganglia. NR,. NR,, NR, are round to oval-shaped cell with much
smaller sizes, tanging from 6 o to 3 pm. Their nuclei contain increasing amount of beterochromatin and
appear completely dense in NR;. NR, could only be observed in pleuro-pedal ganglia. Neuroglia consists of 3
types of cells : NG,, NG, and NG, which are spindleshaped cells with nuclei about 3-6 pm. Their
heterochromatin ranges from fairly dense in NG, 1o dense in NG,. NG, and NG, could provide pans of
blood-brain barrier and gereral support for NS and NR in the cortex : while NG, which is the smallest and
completely dense cells, are confined to the neuropil of medulla region of the ganglia.

This study was supported by the Thailand Research Fund (Contract no. BRG/04/2540)
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THE GAMETOGENIC PROCESSES IN A THAI ABALONE, Haliotis asining LINNAEUS.

S, Apisawetakan, P. Sobhon, A. Thongkukiatkul, C, Wanichanon, V. Linthong, M. Kmatrachue, E.S. Upatham
and J. Nugranad*

Faculty of Science, Mahidol University, Bangkok 10400. Thailand, and Coeastal Aquaculmare Development
Center, Prachuabkirtkan 77000.*

The gonad histology and gametogenic processes of a species of Thai abalones, Haliotis asinina, were
studied by light microscopy using special stainings. The outer gonndal wall is similar in both sexes, and '
consists of fibro-rnuscular tissue forming a capsule-like structure. This capsule forms connective tissue frabeculae
that partition the gonads into companments, where gonial and early germn cells are atached to cach mabeula
to form cogenetic or spermatogenic unit. Within the connectives of trabeculae are vessels that contain
haemolymph  Cells in ocogenetic process could be classified into six stages according to  their histological
characteristics: ocgonium, and five stoges of oocytes, ie, with light basophilia (T), with intense basophilia «nd oil
droplets (), with primary yolk granules {(IIT), with secondzry yolk granules and thin jelly coar (IV), and marure
ovum with 2 types of yolk granules and fully formed jelly coat (V). The cells in spermatogenetic process could
be classified into thineen stages : spermatogonium, five stages of primary spemmatocytes. secondary
spermatocyte, four stages of spermatids and two stages of spermatozoa.

The gonads exhibit five phases of histological patterns, depending on the scasons of the year These phases
are proliferative, premature, mamre, spawning and spent phases. Gonads in proliferative and premature phases
comain primarily gonial cells, spermstocyres or  early stage oocytes (L I 0T}, while mature and spawning
phases conlain primarily late stages germ cells, ie, spermatids and spermatozoa in the restis, and stages IV and
V vocytes in the ovary. The spent period is characierized by a complete discharge of mature cells and the break
down of connective tissue stroma, with reraining gonial cells still artached to connective tissue on the capsular
part of the gonadal compartment. The spawning and spent period occur around August 1o September, while it
takes from October to June for the gonads to regeneraie their connective Hssue stroma and germ cells population,
and finally become repleted with mature cells again.

This study was supported by the Thailand Research Fund (Contract no. BRG/AH/2540)
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REPRODUCTIVE CYCLE AND DEVELODPMENT GF GONADS IN HALIOTIS ASININA
LINNAEUS

Semiju Apisawetakan' Malee Ch:mpoo', Cha:up Wanichanon', Vichas l,mlhongl, Padermsak Jarayabhand ',
Malecya Kruatrachue?, Suchart Upatham’ and Prasert Sobhon'.

Departments of Anatomy' and Biolopy?. Faculty of Science, Malmdoel University and Department of Manne
Science’, Faculty of Science, Chulalongkom Unyversity, Bungkok, Thailand

The gonads of {1, astming reared in land-based culture system exhibit five phases of histologacal
pattern dunng the year these are prohiferative, promature, mature, spawning and spent phases  Genad- in
proliferative and premature phases contain prnimanly gomal cells, oocytes (1, 11, [ and spermatocytes, whiie
mature phase contains manly late stage cells, 1o, stage IV and V oocytes o ovary and spermatids and
spermatozoa 1n testis. The spawning phase ocours ot least twice dunng cach year from March to Apnl and
August to October in fermales, and with sumlar intervals but shightly prolenged durations in males Spent
phasc 1s characterized by a complete discharpe of panete cells and the breakdown of connective tssue
sToma, wind! oceurs after the penod of spawming It adkes approaunately 5 1o o menths of the veo o
ponads to regenerate therr connective Lissue stroma and germ cell population, and finally became repleted
with mature cells again.

In developing H. asiming definiive ponads appear dunng 3 months  Histologically, goma cells
appear at 5 months. Spermatocytes and carly vocytes (Ocy ) occur at 5-7 months, wihile spermatids,
spermatozoa and mature oocytes (Ocy o} occur at 10 to |1 months The animals reach full sexual mannty
and start normal reproductive cycle after L1 10 12 months

This investigation was supported by the Thailand Research Fund (coptract BRGH080004)
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10.1.4 Thongkukiatkul, A., Upatham, E.S., Kruatrachue, M., Sobhon, P.
and Chitramvong, Y.P. Histological studies of neurons in cerebral ganglia of Haliotis
asinina Linnaeus. Presented at Mollusc’s 97 Symposium on the Molluscs of the
Indo-West Pécific and Australian Region, 1-4 February 1997, Rottnest Island, Westemn
Australia. pp.43.

10.1.5 Apisawetakan, S., Sobhon, P., Upatham, E.S., Kruatrachue, M.
and Chitramvong, Y.P. Qogenesis in Haliotis asinina Linnaeus. Presented at
Mollusc's 97 Symposium on the Molluscs of the Indo-West Pacific and Australian

Region, 1-4 February 1997, Rottnest Island, Western Australia. pp.45.
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HISTOLOGICAL STUDIES OF NEURONS IN THE CEREBRAL GANGLIA OF
Haliotis asinina Linnaeus

A. Thongkukiatkul, Department of Biology, E.S. Upatham
Department of Biology, M. Kruatrachue, Department of
Bioclogy, P. Sobhon, Department of and Anatomy, and Y.P.
Chitramvong, Department of Biology, Faculty of Science,
Mahidol University, Bangkck 10400, Thailand

The cerebral ganglion of the abalone Haliotis asinina 1s
composed of four types of nerve cells: (a} large cells
with dense nuclei (8 pum in diameter); {(b) medium cells with
light nuclei (6 pum in diameter}; (c¢) small cells with Jight
nuclei (5 um in diameter); (d) very small pyriform cells
with dense nuclei (4-7 pm in diameter). Type A cells are
located at the periphery of the cerebral ganglia. They are
characterized by acentric nucleus with dense
heterochromatin and acentric nucleolus; and granular
cytoplasm. Type B cells are found next to Type A cells.
They are characterized by nuclei with peripheral
heterochromatin. There are some small granules 1in the
cytoplasm. Type C cells are round and moestly found in

clusters of 8-10. They are characterized by large
heterochromatic nuclei and little peripheral

Type D cells are scattered near the heuropile.
cometary shape with elliptical nuclei and with tail-like

axons. Most of the axons extend inwards to the medulla of
the ganglion.

cytoplasm.
They show a

Type A and B cells are neurosecretory cells.

This investigation 1is supported by a

grant from the
Thailand Research Fund.
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OOGENESIS IN Haliotis asinina Linnaeus

S. Apisewatakan, Department of Anatomy, P. Sobhon,
Department of Anatomy, E.S. Upatham, Department of Biclogy,
M. Kruatrachue, Department of Biology, and Y.P.
Chitramvong, Department o<f Bilology, Faculty of Scilence,

Mahidol University, Bangkok 10400, Thailand

Different stages of oogenesis were observed by 1ight
microscope. The cogonia were polygonal in shape with round
nucleili containing 1-2 nucleoli. Growing oocytes were
categorized 1into 5 stages according to thelr internal
characteristics. Stage I oocytes were polygonal 1in shape.
The contained round nucleus with very distinct nucleolus.
Stage II oocytes were characterized by the deposition of
cil droplets in the c¢ytoplasm. Stage III oocytes were
characterized by the accumulation of yolk granules in the

cytoplasm. Stage IV oocytes were slightly roundish in
shape. There was a synthesis of jelly substance which
formed the wvitelline membrane. At this stage, the cocytes

had undergone a very rapid growth to become mature oocytes.
Stage V or mature oocytes were completely round in shape.
The cytoplasm was filled with vyolk granules and was
surrounded by a vitelline mewmbrane. During the growth

phase, the ova were attached to the trabeculae by delicate
stalks.

This investigation is supported by a grant from the
Thailand Research Fund.
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139. CLASSIFICATION AND DISTRIBUTION OF VARIOUS NEURONAL CELLS IN
CEREBRAL GANGLIA OF HALIOTIS ASININA LINNAEUS

Amporn Thongkukiatkul*, P. Sobhon, E. S . Suchart, M. Kruatrachue, Chaitip
Wanichanon and S. Sahavacharin

Department of Biology, Faculty of Science, Mahidol University, Bangkok 10400, Thailand

There are four types of cells in the cerebral ganglia of adult Haliotis asinina. Type A cell is oval-
shaped, about 20-25 pm in size, and with an eccentric nucleus (diameter about 8 pm). Under light
microscopy, the cytoplasm is stained reddish-purple with chrome hematoxylin pholxine and green
with paradehyde fuschin. Under the transmission electron microscope the cytoplasm exhibits
abundant RER, mitochondria, Golgi complexes, and granules about 60-160 mm in diameter. The
nucleus contains mostly euchromatin, and a prominent nucleolus. Type B cell has a round shape
about 10-15 pum in size, and an eccentric nucleus (6 ym in diameter). Its cytoplasm is similar to Type
A cell, with fewer granules, and its nucleus exhibits more heterochromatin and less a prominent
nucleus. Type C is a small spherical shaped cell about 5-7 pm in size, with nucleus about 4-5 pm in
diameter. The cytoplasm is scanty and unstained with only free ribosomes, and limited amount of
RER. The nucleus has an increasing amount of heterochromatin. Type D is a small stellate-shaped
cell about 6 um in size. The cytoplasm is unstained with most branches extending into the neuropil.
The nucleus is elongate and exhibits mostly heterochromatin without a nucleolus. Type A and B
should be neurosecretory cells and type C and D are neurons. All four types of cells are localized
along both the medial and lateral border. However, type A cells are concentrated on the medial
border of the dorsal half and lateral border of the ventral half of the ganglion. Type B cells
concentrate within the same areas but tend to lie deeper towards the neuropils. Type C and D are
found evenly scattered along the margin of the ganglion, with some lying deep in the neuropil.

This investigation was supported by the Thailand Research Fund.

KEYWORDS: Hualiotis asinina, cerebral ganglia
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10.1.7 Sobhon, P., Apisawetakan, S., Chanpoo, M., Wanichanon, C.,
Linthong, V., Thongkukiatkul, A., Jarayabhand, P., Kruatrachue, M. and Upatham, E.S.
Gametogenesis, reproductive cycle and development of gonads in Haliotis asinina
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GAMETOGENESIS, REPRODUCTIVE CYCLE AND DEVELOPMENT
OF GONADS IN FEaliotis asinina Linnaeus

Prasert Sobhon,' Somjai Apisawetakan', Malee Chanpoo', Champ Wanichanon', Vichai lehong Amporn
Thongl-culualkul’ Padermsak Jarayabhand®, Maleeya Kruatrachue® and Suchart Upatham’®.

Departments of Anatomy' and Biology?, Faculty of Science, Mahidol University, Department omelogf, Faculiy
of Science, Burapha University, and Department of Marine Scicncc‘, Faculty of Science, Chulalongkom
University, Bangkok, Thailand.

The gonad histology, ultrastructure and gametogenic processes of Haliotis asinina, a
species of abalone found along the coast of Thailand, were studied by light and electron
microscopies. The outer gonadal wall consists of fibro-muscular tissue forming a capsule
with connective tissue septa or trabeculae that partition the gonad into compartments, where
gonial and germ cells are attached to and surround each trabecula forming cogenctic or
spermatogenic unit. Within the connectives of trabeculae are vessels containing haemolymph
surrounded by muscle cells, fibroblasts, and granulated endocrine-like cells. Germ cells in
oogenetic units could be classified into six stages according to their histological and
ultrastructural characteristics: oogonium and five stages of oocyltes, i.e., O¢, with light to
intense basophilia and abundant polyribosomes, with some in large aggregates; Ocy with
intense basophilia, oil droplets, numerous well developed Golgi complexes and rough
endoplasmic reticulum, but little secretory granules; Oc; with a few primary yolk granules
and 2 types of cortical granules; Oc; with increasing number of secondary yolk granules,
numerous cortical granules and thin jelly coat; and Oc; is the mature ovum with 2 types of
yolk granules, numerous cortical granules and fully formed jelly coat. The cells in
spermatogenetic process could be classified according to the pattem of chromatin
condensation into thirteen stages: spermatogonium, five stages of primary spermatocytes,
secondary spermatocyte, four stages of spermatids and two stages of spermatozoa.

The gonads of H. asinina reared in land-based culture system exhibit five phases of
reproductive cycle during the year: these are proliferative, premature, mature, spawning and
spent phases. Gonads in proliferative and premature phases contain primarily gonial cells,
early oocytes, ; and spermatocytes, while mature phase contains mainly late stage cells, i.e.,
oocytes,.s in ovary and spermatids and spermatozoa in testis. The spawning phase occurs at
ieast twice during each year: from March to April and August to October in females, and
with similar intervals but slightly prolonged duration in males. Spent phase, occurring after
the period of spawning, is characterized by a complete discharge of gamete cells and the
breakdown of connective tissue stroma. It takes approximately 5 to 6 months of the year for
gonads to regenerate their connective tissue stroma and germ cell population, and finally
become repleted with mature cells again.

In developing H. asinina definitive gonads appear to be clearly separated from
hepatopancreas at the 4™ month. Histologically, gonial cells appear at 5 months, when sexual
differentiation could be distinguished. Early spermatocytes and oocytes (Oc) occur in the
developing gonads at 6-7 months. While spermatids, spermatozoa could also arise in the
gonads as early as 6-7 months, mature oocytes (Ocs.s) occur much later at 10 to 11 months.
The male animals tend to reach full sexual maturity and start normal reproductive cycle as
early as 8 to 9 months, while female animals reach sexual maturity and start reproduce cycle
around 11 to 12 moaths.

This investigation was supported by The Thailand Research Fund (Contract BRG408G004
and Senior Research Scholar Fellowship to Prasert Sobhon).

KEYWORDS: Haliotis asinina, gametogenesis, reproductive cycle, gonad development.
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ULTRASTRUCTURE OF MALE GERM CELLS IN THE TESTIS OF
Haliotis asinina Linnaeus

Vichai Linthong', Prasert Sobhon,', Somjai Apisawetakan', Malee Chanpoo’, Chaitip Wanichanon', Ampom
Thongkukiatkul®, Padermsak Jarayabhand®, Maleeya Kruatrachue® and Suchan Upatham’.

Departments of Anatomy' and Biology®, Faculty of Science, Mahidol University, Department of Biology’. Faculty
of Science, Burapha University, and Department of Marine Science®, Faculty of Science. Chulalongkomn
University, Bangkok, Thailand.

When studied by transmission electron microscopy, male germ cells in the testis of
H. asinina could be divided into 13 stages, based on the patterns and degrees of chromatin
condensation. Spermatogonium is a spherical or oval-shaped cell with diameter about 7-8
pm. Its nucleus contains mostly euchromatin with only a thin nm of heterochromatin along
the inner facet of the nuclear envelope. Primary spermatocytes are divided into 5 stages, i.e.,
leptotene (L.Sc), zygotene (ZSc), pachytene (PSc), diplotene (DSc), and metaphase (MSc).
The early cells are round and become increasingly larger, ranging in size from 12-15 um
from LSc to PSc; then their sizes gradually decrease from 10-7 pm from DSc to MSc. LSc
contains small blocks of heterochromatin that are scattered throughout the nucleus. The
heterochromatin blocks are lengthened and increasingly thickened and become attached by
synaptonemal complexes in ZSc; the heterochromatin blocks achieve their maximum sizes in
PSc. DSc decreases in size, therefore, chromatin blocks are cluraping closer together, while
in MS¢ long and large blocks of heterochromatin are aligned along the equatorial region.
Regardless of their sizes in different stages, each of individual chromatin fibers that are
packed into heterochromatin blocks is about 30 nm thick. By contrast to their nuclei, the
cytoplasm of these cells contain only mitochondria and polyribosomes with few rough
endoplasmic reticulum. These organelles show little changes during primary spermatocyte
stages. Secondary snermatocyte (SSc) is a round cell about 6 pm in diameter. They are
aligned in rows separating spermatids from primary spermatocytes. Their nuclei contain
crisscrossing chromatin cords whose individual 30 nm fibers are loosened up. Spermatids are
the stages that become free from the germinal epithelium, and they could be divided into 4
smées: Sty is a large round cell (about 6 um), and its nucleus contains evenly dispersed 30 nm
chromatin fibers. In St; the nucleus decreases in size and becomes oval, thus the chromatin
fibers are aligned more closely together, with some blocks of loosely packed chromatin fiber
become apparent. In St; the nucleus becomes elongated with individual chromatin fibers
enlarged to 40 nm and packed tightly together. In Sty (about 3 pm) the nucleus is
increasingly elongated with acrosome covering the anterior pole. Individual chromatin
fibers, which in cross-section, appearing as closely aligned granules, are enlarged to 60 nm.
The cytoplasm of spermatids exhibit increasing amount of microtubules, which in later stages
become instrumental in modulating the change in shape of spermatids from round to oval and
finally to highly elongated form. They ‘may be involved also in the realignment of
mitochondria to be located at the posterior end of the nucleus. Centrioles are also formed
and become the seed of tail formation. Spermatozoa (about 3x1-1.5 pm) have completely
condensed chromatin, but the outlines of 60 nm individual fibers could still be discerned.
They are covered anteriorly by cup-shaped acrosomes, and each has 3-5 globular
wnitochondria surrounding a pair of centriole at the neck region. The tail consists of axoneme
of 9+2 doublet microtubules surrounded by the plasma membrane.

This investigation was supported by The Thailand Research Fund (Contract BRG4080004
and Senior Research Scholar Fellowship to Prasert Sobhon).

KEYWORDS : Haliotis asinina, ultrastructure, male germ cells.
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HISTOLOGICAL STUDIES OF PLEURO-PEDAL GANGLION, VISCERAL
GANGLION AND PEDAL CORD GANGLIA OF HALIOTIS ASININA
LINNALEUS (GASTROPODA : HALIOTIDAEL)

A. Thongkukiatkul', E.S.Upatham,” P. Sobhon®, C. Wanichanon'. M.
Kruatrachue? and T. Pumthong’

'Department of Biology, Faculty of Science, Burapha University., Chonburi
20131, Thailand ‘
‘Departments of Biology and ‘Anatomy, Faculty of Science, Mahidol
University, Bangkok 10400, Thailand

‘Coastal  Aquaculture Development Center, Prachuap Khiri Khan 77000,
Thailand

The pleuro-pedal, wvisceral and pedal cord gangha of Haliotis asinina
were studied by light microscopy using hematoxyhn-cosin, Gomon’s, and
paradehyde-fuchsin stains. These ganglia contain ten types of cells : three
types of neurosecretory cells (NS, 3), four types of neurons (NR,4) and three
types of neurogha (NG,.;). NS,; contain round nucler with three different
patterns of heterochromatizetion and neurosecretory granules in the cytoplasm.
NR;4 do not have neurosecretory granules. NR; are giant neurons with oval or
pyramidal shape. NR,_, are small neurons with oval bodies and nuclei. and
they are the majority of neuronal cells in the cortex of the ganglia. NG, ; are
spindle-shaped cells contaimuing similar shaped nuclei. NG, and NGj; are the
main neuroglia of the cortex and medulla of the ganglia, respectively, while NG,
are a part of the blood-nerve barmer that borders the connective tissue capsule
of the ganglia.

This investigation was supported by the Thailand Rescarch Fund (contracts
BRG 4080004 and PG2/015/2539).
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R e Y

S U G s T o RS

ULTRASTRUCTURL OF GAMETE CELLS IN THE OVARY OF HALIOTIS
ASININA LINNAEUS

P. Sobhon', S. /\p?sawetakanﬂ V. Lmthong', C. Wanmichanon' M.
Kruatrachue?, E.S. Upatham?, M. Chanpoo' and P Jarayabhand’

'Departments of Anatomy and *Biology, Faculty of Science, Mahidol University
Bangkok 10400, Thatland
‘Department of Marine Science, Faculty of Science, Chulalongkorn University,
Bangkok 10300, Thailland

Gamete cells in the ovary of fHalionis asinina are divided into six stages :
oogonia (Og) and five stages of oocvtes (Oc,.s). When examined by TEM,
oogonium 1s a small round cell about 8-10 pum in diameter, closcly adhered to
the capsular side of a trabecula. The nucleus exhibits thin nm of chromatin with
1 or 2 prominent nucleol. The cytoplasm is strongly basophilic and contams
abundant polysomes but no rough endoplasmic reticulum (RER) and Goig
complex (GC). [Early Oc¢; 1s a round cell with 12-25 pm in diameter.  The
nuclcus  exhibits  densely packed chromatin and numerous lampbrush
chromosomes consisting of 100-200 nm fibers. The cytoplasm 1s mtensely
basophilic and contains numerous polysomes, newly developed RER, GC and
few dense granules about 560 nm in diameter. Late Oc, exhibits enlarged
nucleoh and lampbrush chromosomes unraveled into thinner fibers (40-60 nm
and 7-12 nm). The cytoplasm has numerous mitochondna, increasingly
developed RER and GC but still no sccretory granules (SG). The unique
feature ol late Oc, is the abundance of nbosomes, some of which are packed
tightly in nbosome microtrabecular mass (RMM) around the nuclear envelope.
Oc, 1s stll a round cell about 25-35 um  1n diameter. The nucleus exhibits
mcreasingly decondensed chromatin and nucleoli.  The nuclear envelope
possesses numerous nucleopores. The cytoplasm contains numerous and well-
developed GC, RER, abundant ribosomes but decreasing RMM. There are two
types of secretory granules : SG, and SG; (330 and 450 nm) with electron-
lucent and dense matnx: and a significant number of hpid droplets. Oc;y s a
flask-shaped cell that starts to detach from a trabecula, with 35x70 {Im In size.
Lampbrush chromosomes are almost completely unraveled. SG, and SG: are
mereasing m number and cluster around GC.  Large and electron-dense yolk
granules (YG) start to appear. Ocy is a pear -shaped cell with size about 50x80
tm, and 1s almost completely detached from a trabecula. The nucleus contains
completely  decondensed cuchromatin and highlv enlarged nucleoh The
cvioplasm s filled wath hipd droplets (1500-3000 nm in diameter) and yolk
granules (1500-2500 ) Vitelline-jelly coat (VIC) starts to develop, and
IL]':‘:IId].h.C derved from SG, and SQ; wlich are translocated (o arca underneath
Be plasma membrane Ocqas simlar to O, except s VIC achieves maximum
width and appearmg fibrouws i companson to the amorphous appearance in Ve,

| b I e . )
h mestization was supporned v the Thliand Research Fund (contract
HR(!—]U.\‘UHU.];
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REPRODUCTIVE CYCLE AND DEVELOPMENT OF GONADS IN THE
THAT ABALONE, HALIOTIS ASININA LINNAEUS

M Kruatrachue', S. Apisawetakan?, E.S.Upatham', P.Sobhon’, S. Singhakacw',
S. Sawatpeera®, V. Ingsrisawang® and T. Singhagraiwan®

'Depanments of Biology and 2/\natomy> Faculty of Science, Malidol
University, Bangkek 10400, Thailand

Institute of Marine Science, Burapha University, Chonburi 20131, Thailand
*Eastern Manne Fisheries Development Center, Rayong 21160, Thailand

Reproductive cycle and development of the gonads in the Thai abalone,
Haliotis asinina were studied by light microscopy. Mature abalone were
collected monthly from a natural habitat along Samed Island, Rayong Province,
and from a land-based culture system, Coastal Aquaculture Development
Center, Prachuap Khirt Khan Province, in order to study the productive cvcle.
The gonads of abalone both from natural habttat and land-based culture exhibit
five phases of histologicai pattern during the year. These are proliferative,
premature, mature, spawning and spent phases. Spawning of gamete cells
occurs at least twice duririg the year. In natural habitat, spawning occurs {TQin
April to May and August to September in female and from Apnl to May_and
ﬁl_gusl to October in male.  In land-based culture system, spawning occurs
- from March to April and August to October.in female and from February to
April and August to November in male.

Development of the reproductive system of H. asinina was histologically
studied by collecting monthly juvenile abalone from the land-based system
culture at the age of 1-13 months old. Gonads appear in five-month-old abalone
and become fully mature in mne-month-old abalone.

This mvestigation was supported by the Thailand Research Fund (countract PG
2/015/2539)
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UiTRVASTRUCTURAL STUDY OF THE CiREBRAL GANGLION OF
THAI ABALONE, HALIOTIS ASININA LLINNAEUS

M. Kruatrachue', A. Thongkukiatkul* P. Sobhon®, E.S. Upatham,', C.
Wanichanon® and V. Linthong’

'Departments of Biology and ‘Anatomy, Faculty of Science, Mahidol
University, Bangkok 10400, Thailand

’Department of Biologry, Faculty of Science, Burapha University, Chonburi
20131, Thailand

The cerebral gangha of Halions asimma was studied by transmission
electron microscopy. There are ten types of cells in the cerebral ganglia : three
types of neurosecretary cells (NS,3), four types of neurons (NR,4) and three
types of neurogha (NG,3). NS, centains two types of secretory granules.
Type 1 granules, which are few in number appear as large spherical membrane-
bound bodies (~ 800 nm in diameter), containing moderately osmiophilic
material. Type 2 granules are much more numerous and appear as small and
round (~ 120 nm 1n diameter), contaming electron-dense material. NS,
possesses large and membrane-bound granules (~ 500-800 nm is diameter).
NS; contains abundant electron-dense osmiophilic glcbules i aggregates. NS,
and NS, contain numerous organelles charactenzing them as active secretory

“cells. NR; is the giant neuron that contains numerous mitochondria, stacks of
rough endopiasinic reticulum and a few small secretory granules, while NR,.,
are small neurons that do not contain many organelles and neurosecretory
granules. - NG, _; are cells with spindle -shaped bodies and nuclei which contain
mostly patches of heterochromatin, with little cytoplasmic organelles.

This investigation was supported by the Thailand Research Fund (contracts
BRG 4080004 and PG/2/015/2539).
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THI: FINE  STRUCTURLES Or CLELLS IN Till: PLI:URO-PELRAL
GANGILION OF HALIOTIS ASININA TLINNAEUS

E.S. Upatham', A. Thongkukiatkul’., Y P Chitramvong ', P Sobhon’, V.
Linthong', M. Kruatrachue', C. Wanichanon® and J Nugranad®

'Departments of  Biology and  ‘Anatomy, Faculty of Scicnce, Mahidol
University, Bangkok 10400, Thatland

’Department of Biology, Faculty of Scicnce, Burapha University, Chonburi
20131, Thailand .

4Coastal Aquaculture Development Center, Prachuap Khin Khan 77000,
Thailand

The fine structures of cells in the pleuro-pedal ganglion of Haiiotis
astnina were studied by transmission clectron microscopy. There arc ten types
of cells in the pleuro-pedal ganghon : three types ol ncurosecrctory cells
(NSy.3), four types of neurons (NR;,) and three types of neurogha (NG, .1).
NS; contains small round secretory granules (~ 125 nm in diameter) with
moderate to dense matrix. NS, contains small spherical secretory granules (~
165 nm in diameter) with dense matnix, while NS contains large electron-dense
osmiophilic globules in large aggregates. These ncurosecretory ceils contain
abundant rough endoplasmic reticulum, Golgi complexes, mitochondria and
polyribosomes. NR; is the giant neuron that contains numerous mitochondria,
stacks of rough endoplasmic reticulum and a few small secretory granulcs.
NR,4 are smaller oval shaped ceclls whose cytoplasm is relatively thin with
sparing  amount of rough cndoplasmic reticulum, mitochondria and
polyribosomes. NG,.: arc spmdle-shaped cells with large amount of
heterochromatin in the nucler and small amount of organelles except for
ribosomes in the cytoplasm.

This investigation was support 1 V
ported by the Thailand Research Fund (contracts
BRG 4080004 and PG/2/015/2539). (
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CROSS REACTIONS TO HUMAN GH, INSULIN, IFSH AND LH IN

NEUROSECRETORY CELLS OFF THE CEREBRAL, PLEURO-PEDAL AND
VISCERAL GANGLIA OIF HALIOTIS ASININA LINNAEUS

P Sobhon', A. Thongkukiatkul® P. Laimek', V. Anupunpisith?, E.S Upatham?,
M. Kruatrachue® and C. Wanichanon'

'Departments of  Anatomy  and  “Biology. Faculty of Science, Mahidol
University, Bangkok 10400, Thatland
‘Department  of  Anatomy, lFaculty  of Medicine,  Srinakrannthrawirote
University, Bangkok 10110, Thaitand

The cerebral, pleuro-pedal and visceral gangha of Haliotis asmina  were
staincd with anti-human growth hormonc (GH), anti-human msulin hormone,
anti-human lutemizing hormone (LH) and anti-human  follicle stimulating
hormone (FSH). The results showed that there arc three types of neurosceretory
cells (NS|.2) present in these gangha.  NS; and NSs of the cerebral gangha were
strongly stained with anti-human Gii, while NS, was lightly stamed. The
immuno-reactivity toward Gl 1 1s not found in the nerve cells of plcuro-pedal and
visceral gangha. The ncurosecretory cells of cercbral ganglia showed weak
reaction 1o anti-human insulin while those of pleuro-pedal and visceral gangha
did not show any rcaction. The ncurosecctory cells in the cerebral panglia were
not stained with anti-human I, whereas those in the pleuro-pedal and visceral
ganghia showed a weak raction. The NS, of the pleuro-pedal ganghon were
stamed with anti-human IFSH whereas those in the cerebral gangha were lightly
stained. The NS, in the pleuropedal and visceral gangha gave a weak reaction
to anti-human LI,

This mvestigation was supported by the Thailand Research Fund (Contracts
BRG 4080004 and PG2/015/2539)
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ULTRASTRUCTURE OFF SPERMATOZOA IN THLE TESTIS OF HALIOTIS
ASININA TINALEUS

: - S - . -~ 2
S. Apisawetakan . P Sobhon', C. Wanichanon', V. l,nnhong‘, [.S.Upatham, -,
M. Kruatrachue® and P. Jarayabhand®

'Departments  of Anatomy  and zBiology, Faculty of Science, Mahdol
University, Bangkok 10400, Thailand

]Depamnenl of Manne Science, Faculty of Science, Chulalongkom Umiversity,
Bangkok 10330, Thailand

When studicd by TEM and SEM., the head of spermatozoa of /Haliols
asinina appears as a cone-shaped cell with a fong tail, whose size 1s about 3xI-
[.5 um. The acrosome is an inverted cup-hke structure covering the antzrior
end of the hecad and contains homogencously densc matrix.  There 1s an
acrosomal core with crystalline structure Nlfing 1 the concavity of the
acrosomal cap with its basc resting on the anternior tip of the nucleus.  The
nucleus contains chromatin granules (60 nm i diameter) which are denscly
packed together, and a few nuclear vacuoles. Attached to the postrior end of
the nuclear are 3-5 globular-shaped nmitochondria that are adhered to the nucleus
by dense plaques of outer membranes, and linked to the posterior sperm
membrane by zig-zag microtubule-like structures. The tail starts fromn a pair of
centriole located in the middie of mitochondria, with the vertical centriole
ughtly attached to the nucleus by thickened double plates.  Axoncme of 942
deublets of nuicrotubules make up the entire core of the tail, whose meimbrane i
the proximal part is crenulated while that in the remaining distal part is tightly-
fitted with the axomeme.
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The dimension and packing of chromatin fibers i malc genn cells of
[Haliotis  asinina  were  studied by TI-M. [n spermatogoma  (Sg) and
spenmatocytes (Sc) all fundamental chromatin fibers are about 30 nm m
thickness, but exhibiting different patterns of packaging. In Sy chromatin fibers
are condensed into small blocks that arc scattered throughout the nucleus, and a
thin nm of heterochromatin along the nuclear envelope. In Sc chromatin fibers
are packed mto incrcasingly thick and condensed cords from leptotenc to
diplotene stages. Bascd on the pattern of chromatin condensation and nuclear
shape and size, spermatds could be divided into four stages(St,y). In Sty the
nucleus 1s round and contains cvenly dispersed chromatin with individual fiber
still measured about 30 nm in thickness.  Condensation starts to appear i the
form of intertwining fibers around thin axes that arc anchored to the nuclear
envelope and scattered in the nucleus mterior.  Acrosomal granules start to
form and accumulate on one site of the nucleus. In St; the nucleus is still round
or shghtly oval, with thicker cords of more condensed chromatin fibers around
the axes. Acrosomal granules coalesce into one large vesicle. In Sts the nucleus
i1s round or oval, with individual chromatin fibers enlarge to about 40 nm and are
packed into large blocks with intervening light arcas of nucleoplasm. In Sty the
nucleus is increasingly elongated with acrosomal cap covering the anterior pole.
Individual chromatin granules enlarge to 60 min and are closcly packed together,
This pattern of packing is maintained into spermatozoa.
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ABSTRACT

The gonad histology and gametcgenic processes of a species of akalenes found alomg the ccast
of Thailand Haliotis asinina, were studied by light microscopy using special stainings. The outer
gomadal wall is similar in both sexes, and consists of fibro-muscular rissue forming a capsule-like
struciure. This capsule forms conmectrve tissue trabeculac that partition the gomad imto compariments,
where gonial and early germ cells are artached 1o each trabecula 1o form cogenetic or spermarcgenic unit.
Within the conmectives of trabeculae are vessels that contain haemolymphk. Cells tn cogenetic process
could be classified imto six stages according 10 their histcicgical characieristics: oogonium, and five stages
of oocytes, ie, with light basophilia (1), with intense basophilia and oil droplers (1I), with primary yolk
granules (1II), with secondary yolk granules and thin jelly ccar (IV), and mature ovum with 2 types
of yolk granules and fully formed jelly coar (V). The cells in spermatogenziic process could be classified
tntc thirteen stages: spermaiogonium, five stages of primary spermaiocytes, secondary spermatccyie, four
stages of spermatids and rwo stages of spermatozea.

INTRODUCTION

Abalones are important economic animals in many countries. such as Japan, America,
Mexdco and Australia where commercial abalone farms are well established. In Thailand, there
are three species of abalones along the coast, which are Haliotis asinina, Haliotis ovina and
Haliotis varia'?. Among the three species. Haliotis asinina has the largest size and the most
economic potential because of their maximum proporton of flesh In 1991, the Coastal
Development Centre in Rayong Province had been successful in increasing the fecundiry of
this species and the production of larvae by artificial fertilization, however the induction of
aruficial spawning had not been successfuF. The histology of the genital organ and gametogenic
processes have been studied in other temperate species, such as Haliotis discus hannai Ino, in
Rebun Island, Hokkaido, Japan*®, Haliotis diversiccler diversicolor Reeve. By contrast, similar
information on Haliotis asinina, which is a tropical abalone, is still lacking. The basic knowledge
concerning the cellular details in the gonads, particularly with regard to the optimal time that
the gonads exhibat full maturation and readiness to be artifically spawned, will contribute to
the improvement of the spawning efficiency that could be applied in the aquaculture system
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ScGence. Mahidol University, Rama § Rd.. Bangkok 10400, Thailand
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Both testis and ovary are surrounded by thin capsules made of dense collagenous fibers
mixed with muscle cells. The connective tissue from capsule extends into the interior of the
gonads to form flat sheets of trabeculae that are connected at their innermost ends to the thin
loose capsule of hepatopancreas (Fig.1B,C). As a result the gonads are divided into small
compartments. Within the connectives of trabeculae, there are small vessels running through
their whole course (Fig.2A). These may be capillaries that are branching out from the larger
subcapsular vessles. Around the capillaries, there are loosely packed collagen fibers mixed with
numerous small cells exhibiting dense ellipsoid nuclei. Seme of them may be fibroblasts while
others may be follicular or supporting cells that surround the early stage germ cells (Fig.4A,B,D).

Each trabecula forms the axis on which germ cells are attached. Early stage cells, such
as spermatogonia and oogoenia, are seen closely bound to the connectives of trabeculae. Middle
stage germ cells, such as spermatocytes and oocytes, are more detached and appear further
from trabeculae; while mature cells, such as spermatozoa and stage V cocytes, are completely
detached and appear in the lumen of the compartments. Such appearance give rises to a
discrete gametogenic unit, representing perhaps a single clone of germ cells that may arise from
a single group of gonial cells. These clones are termed spermatogenic or oogenetic urut (Fig 2B,C).

Classification of germ cells

Spermatogenic cells: Male germ cells, as observed by light microscopy, in both paraffin
and plastic-embedded semithin sections could be classified into 13 stages (Fig.3A-D; Texthig. 1).

Spermatogonium (Sg): Sg is a sphencal or oval-shaped cell with diameter around 10-
12 mm. Its nucleus is round or slightly indented with diameter about 6-7 mm. The nucleus
contains mostly euchromatin with only a thin rim of heterochromatin attached to the inner

surface of nuclear envelope. The nucleolus is prominent and stands out from the rather
transparent nucleoplasm.

Primary spermatocytes (PrSc): PrSc consists of 5 stages, i¢, leptotene (L5¢), zygotene
(£Sc), pachytene (PSc), diplotene (DSc) and metaphase (MSc) stages. The early cells are round
and become increasingly larger ranging from 12-15 mm. Then they are gradually decreased in
size from DSc to MSc, which are about 7-10 mm, with nuclear size about 4-6 mm. Another
distinctive difference among various stages of PrSc is the pattern of chromatin condensation
and the relative amount of euchromatin versus heterochromatin. In LSc heterochromatin
appears as small blocks that are evenly scattered throughout the nucleus. The nucleolus is still
present but not as prominent as in Sg. In ZSc blocks of heterochromatin increase in size and
density, and the nucleolus disappears. In PSc heterochromatin appears as long threads that are
entwined into “bouquet pattern”. In DSc these strands become increasingly thicker and the
nucleoplasm appears denser than in earlier stages. In MSc pairs of chromatids become aligned
along the equatorial region, and the nuclear membrane completely disappears.

Secondary spermatocyte (SSc): SSc is a small round cell about 6 mm in diameter,
with a nucleus about 4 mm. However, they are rarely observed , and when present they

exhibit thick cords of heterochromatin that are crossing one another, appearing as X and Y
figures.

Spermatids (St): There are 4 stages of spermatids, depending on the size, chromatin
granulation and condensation. All stages are round and ranging in size from 6 mm in Sty to
3 mm in St, St is larger than St,, however their chromatin appear similar in density and

consist of fine granules that are uniformly distributed throughout the nucleus. As a result the
whole nuclei appear moderately dense without any tntervening transparent area of nucleoplasm.
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In St, the cell becomes smaller and the chromatin s condensed into dark blocks with intervening
light areas of nucleoplasm. in St the cell becomes smallest but stll appears round. [ts
chromatin becomes completely dense, thus the nucleus appears opaque.

Spermatozoa (Sz): There are 2 stages of Sz© Sz, is an immature spermatozoon that
begins to show elongated nucleus whose chromatin is completely dense like in St,. There is
a clear cap-like structure apposing on one side of the nucleus, which could be maturing acrosome.
The tail is short and still forming. In mature spermatozoa (5z,) the nucleus is fully elongated,
with the size about 1.5 x 3 mm, and the chromatin 15 completely dense. The heads of Sz,
are embedded in the cytoplasm of supporting cells while their long tails are pointing outwards
and mingled with those from another spermatogenic unit.

Oogenetic cells: There are 6 stages of female germ cclls, including one stage of oogonium
and 5 stages of oocytes (Fig4, 5; TextFig 1).

Oogonium (Og): Og is a round or oval-shaped cell (Fig.4A,B C), whose size is
about 10-12 mm. Its nucleus is round and about 7 mm in diameter, [t contains small blacks
of heterochromatin attached to the inner surface of nuclear envelope, with the remaining
majority appearing as euchromatin. The nucleolus is present but may not be as prominent as
in Sg. The cytoplasm 1s stained light blue by H&E and methylene blue, which implies its
basophilic property. Og are attached to the capsular side of trabeculae, and usually are concen-
trated in groups {Fig.4A B ). Each Og is surrounded by flat, squamous-shaped follicular cells.

Stage 1 oocyte (Oc,): Oc,is a round or scallop-shaped cell that is closely adhered
to the trabecula. It is about 24 mm in size, with a round nucleus about 12 mm in diameter.
The nucleolus is present but tends to be obscured by the rather dense chromatin and
nucleoplasm. Similarly, the boundary of the nuclear envelope is not clearly discernible. The
cytoplasm is stained deep blue with H&E in paraffin and methylene blue in semithin sections,

which indicates its intense basophilic property (Fig.4A,B,D; 5A,B,C; 6B). Each Oc, is surrounded
by tew follicular cells,

Stage 2 oocyte (Oc,): Oc,becomes larger and transforms into columnar or flask-
shape, with the cell size around 30 x 55 mm, and nurlear size about 22 mm. It is sttll attached
to the connective of trabecula by the narrow part, and each Oc, is surrounded by several
follicular cells. The nucleolus and nuclear membrane boundary are clearly distinct due to the
more transparent nucleoplasm and the presence of mostly euchromatin. In some cells the
chromatin appear as long intertwined and zig-zag strands (Fig.4C, D). The cytoplasm 1s stained
light blue similar to Og, and contains clusters of clear lipid droplets (Fig.4B,D).

Stage 3 oocyte (Oc,): This cell becomes increasingly larger and assumes a pear
shape, with the narrow side or base still attached to the connective of trabecula. The cell size
is about 35-70 mm, with the nuclear size about 20 mm. The nucleus contains mostly
euchromatin, and the nucleoplasm is quite transparent. The nucleolus is distinct and becomes
enlarged due to the uncoiling of nucleolar chromatin. In addition to clear lipid droplets, the
cytoplasm also contains reddish yolk platelets (in H&E stained sections). Fine blue granules
are evenly distributed between lipid droplets and yolk platelets (Fig.5A; 6A). Follicular cells
surround both the cell body and its base near trabecula.

Stage 4 oocyte (Oc,): This cell is large and assumes a polygonal shape. Some
are still attached to trabeculae by slender cytoplasmic processes. The cell size is about 60-80
mm, with nuclear size about 35 mm. The nucleus contains mostly euchromatin and transparent
nucleoplasm. Hence the nucleclus is clearly visible, and it also becomes enlarged and more
transparent in comparison to carlier stages. The cytoplasm is filled with reddish yolk platelets
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Fig.1 A) The dorsal view of a shell-freed male abalone, showing testis {te), adductor muscle (ad), pedal muscle (pe),
and tentacle (tt).

B) Cross section of the testis, showing hepatopancreas (HF) surrounded by testicular tissue whuch 1s, in
turn, surrounded by thin connective tissue capsule (cp).

C) Cross section of the ovary, showing hepatopancreas {HF) surrounded by ovanan tissue and fibrous capsule
{cp}-
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Fig.ﬁ AB)A SPermatogenic unit consis;ts of a central trabecula (tr) arising from capsule {cp-in A), surrounded by
various stages of germ cells. A capillary (ca) is present inside each trabecula, and successive maturing
stages of germ cells lie at different distance from the connective of trabecula (Sc-spermatocyte, St-spermatid,
Sz-spermatozoa).

C) An oogenetic umt also consists of an axis of trabecula (tr) surrounded by early stages of oocytes (I-111).
Late stages oocytes (IV, V) are released into the central area of the compartment partitioned off by
adjacent trabeculae.
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Fig.3 A-D) Semithin sections demonstrating various stages of male germ cells. Lying closest to each trabecula (tr)

are sperrnatogonia (Sg), different stages of primary spermatocytes (LSc-leptotene; ZSc-zygotene; PSc-pachytene;
DSc-diplotene; MSc-metaphase), and further away are secondary spermatocytes (5S¢}, various stages of
spermatids  (St,,), and on the outermost periphery of a spermatogenic unit are spermatozoa (5z,-;)
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Fig.4 A-D) Semuthin sections demonstrating various stages of oocytes surrounding each trabecula (tr), which
contains a capillary (ca) in the center. Closely attached to the connective of trabecula are cogenia (Og), stage
LT oocytes (Oc,-Ocy)  In A and D there are clusters of oogonia lying close in the areas where trabeculae
anse from the capsule
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Fig.5
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A-D) Parathin sections showing stages | and 1l oocytes (Ox,, Ox,y) which are abundant in A, and these cells
exhibut intensely basophiic cytoplasm  In B there are two stage [V oocytes (Oc,) showing abundant yolk
platelets in the cytoplasm, and very thin jelly coat (<) In C there are numerous stage V oocytes (O} which
show intensely eosinoptulic cytoplasm and thuck jelly coat  In D there are two subrypes of stage V cells the

upper cell (1) shows small and evenly distnbuted eosinophulic yolk granules. and the lower cell (2) shows large
platelets of yolk
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Fig.6
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Paratfin sections showing stage 11 cocytes (Ocy) in A, stage IV (Oc,) in B, and stage V (Ocg) in C. Notice the
first appearance of jelly coat in stage IV, and increasing number of yolk platelets in stage IV and V. The
increasing amount of euchromatin, which 1s pale stained, and the enlargement and vesiculation of nucleolus
are also noticeable from I1I to V. Blue stripe underneath the oocyte's plasma membrane is present in stages
IV and V.
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and a few lipid droplets. Fine blue-stained granules are decreased in central area of the cytoplasm,
but the remainings are translocated to concentrate as a stripe underneath the plasma membrane
(Fig.5B; 6B). A thin layer of jelly coat begins to form on the outer surface of the cell membrane.
This coat is PAS positive, and it is in turn surrounded by follicular cells.

Stage 5 oocyte (Ocy): This is the fully mature oocyte before being released from
the adult female. Oc, is the largest cells with polygonal shape (Fig.5C,D; 6C). The cell size is
about 80-140 rmm, with nuclear size about 40 mm. The nucleus exihibits similar characteristics
as that of Oc,, but with completely enlarged nucleotus (Fig.6C). Oc, could be divided into 2
subgroups based on the characteristics of yolk platelets. The first subgroup contains small and
stmilar size yolk platelets that are scattered evenly throughout the cytoplasm. In the second
subgroup, the yolk platelets are variable in size, and most are large bodies that could be formed
by the coalescence of the smaller yolk platelets (Fig.5D}. Stripe of fine blue granules are also
located underneath the cell membrane as in Oc,. There is a thick PAS positive jelly coat on the
outer surface of the cell membrane without the surrounding layer of follicular cells. All Oc,
are completely detached from the connectives of trabeculae.

DISCUSSION

There have been serveral studies on the gonadal histology and germ cell classification of
temperate species of abalones because of the benefit that could be gained from applying the
knowledge of reproductive biology, especially the reproductive cycle and spawning of mature
gamete cells, to increase the yeild in aquaculture systems. Croft” was the first person who
performed detailed morphologic studies on an abalone species, H. tuberculata, and showed the
basic histology of the gonads being composed of fibrous capsular and trabecular arrangement,
from which germ cells are generated. Similar histological studies in other species were later
performed by many investigators*®®#'. A fine structural study of the ovarian cells in the red
abalone, H. rufescence, was also undertaken by Martin et al.’®. All these studies confirmed
similar pattern of structural organization of the gonads. However, there are some disagreements
on the classification of germ cells in the oogenetic and spermatogenic processes. Tomita"
classified female germ cells into 7 stages (cogonium and 6 stages of oocytes), based on elaborate
consideration of sizes and histological features; while classifying male germ cells into 4 stages
(spermatogonium, spermatocytes, spermatid and spermatozoa). On the other extreme
Takashima et al.® had suggested that there are up to 9 stages of female germ cells and 5 stages
of male germ cells (2 stages of spermatogonia in addition to others) in H. diversicolor diversicolor.
On the other hand, Young & DeMartini'! suggested that there are only 4 stages of female germ
cells and 4 stages of male germ cells, with ill-defined cell stages in spermiogenesis during which
spermatids are transformed to spermatozoa. Utilizing the high resolution TEM to study the
relative abundance of various organelles particularly ribosomes, and the developement of rough
endoplasmic reticulum and Golgi complexes in the cells, Martin et a/.'® suggested that there are
5 stages of female germ cells in H. rufescens, which they termed oogonium, presynthetic oocyte,
synthetic cocyte, early postsynthetic oocyte and fully developed postsynthetic cocyte. We
feel that the classification based on size alone, as adopted by many investigators, is not a good
criterion for dividing cells in a single line of differentiation into various stages, because in
reality these cells are undergoing continuous development. A better criterion would be to
divide the cells according to the changings in histological features which exhibit definite
landmarks for distinctive developmental stages. In our study of H. asinina, we have used the
following characteristics for dividing the stages of female germ cells: (1) the appearance of
chromatin and nucleolus; (2) the clarity of nuclear membrane which is the result of the density
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difference between the condensed chromatin in the nucleus and the surrounding cytoplasm;
(3) the basophilia or the bluishness imparted to the cytoplasm of the cells by basophilic dyes;
{4} the presence of hipid droplets; (5) the occurrence of eosinophilic yolk granules and their
relative abundance; and (6) the presence of jelly coat surrounding the egg cells. By using these
rather stringent morphological criteria, we have identified 5 stages of egg cells, starting from
cogonia which are the smallest cells closely attached to the trabecula connectives (TextFig.1).
These cells could maintain a constant pool of early stem cells, particularly those that are
clustered towards the capsular side of trabeculae. Dunng the spent period when most mature
oocytes are released from the ovary and the connective tissues of trabeculae are breaking down,
these cells are the only remaining group of germ cells. The restoration of gonadal structure
during proliferative phase is carred cut by the regeneration of connective tissues of trabeculae
and the proliferation of this pool of cogoma.

The first stage of oocytes include cells of different sizes ranging from 20-24 mm. The
most pronounced characteristics that they exhibit is the increasing basophilia or bluishness of
their cytoplasm. And because of similar degree of density between the cytoplasm on one hand,
and the partially condensed chromatin and dense nucleoplasm on the other, the outline of
nuclear membrane could not be easily discerned. The nucleolus, while present, 1s not outstanding
(TextFig.1). All Oc, are surrounded by a single layer of flat follicular cells. We believe that
the cytoplasmic basophilia reflects the increasing amount of nobosomes which will equip the
cells to start synthesizing yolk proteins, much like the basophilic erythroblasts preparing

themselves for synthesizing hemoglobin dunng the process of erythroid cell differentiation 1n
vertebrates's.

Oc, is the stage that first show the presence of lipid droplets in the less intense basophilic
cytoplasm. Due to the decondensation of most chromatin, and the increased translucence of
the nucleoplasm, the nuclear membrane could be clearly observed. For similar reasons the
nucleclus also becomes more distinct, and because of 1ts enlargement the nucleolar activities
for ribosomal synthesis is believed to be on the increase. Contrary to the notion put foward
by Martin er al. (15), we believe that Oc, and Oc, are actively synthetic cells, readying themselves
for making yolk protein. The quiescent or presynthetic stage, if at all present, could occupy
only a very short interval during the transition of cogonium to small Oc, cells.

Oc, is the stage where yolk granules, the product of synthetic activities during Oc and
Oc, stages, make their first appearance. The yolk granules or platelets are easinophilic, hence
rendering the cytoplasm of Oc, more reddish in contrast to that of Oc,. We believe that this
is the stage where yotk proteins start to accumulate as a result of the intense synthetic
activity. Oc, is still surrounded by a single layer of follicular cells, which by this time consists
of serveral cells because of the increase in size of Oc,. In addition, Oc, is further detached from
the connectives of trabeculae and assumes a pear or even tear-drop shape. The chromatin
becomes completely euchromatin and the nucleolus is enlarged further, which implies the
active transcriptional activities.

Oc, is the stage where a thin jelly coat becomes detectable, and it is sandwiched inbetween
the egg’s cell membrane and the surrounding layer of follicular cells. The cytoplasm of Oc,
becomes increasingly eosinophilic and appears more reddish due to the binding of numerous
yolk granules to eosin. While the jelly coat is intensely PAS positive, the yolk granules are
completely PAS negative. This contrasting feature itmplies that there may be very little or no
carbohydrate moieties in the yolk granules, while these are the major constituent of the jelly
coat. The chromatin of Oc,, like that of Oc,, is completely in euchromatic state and the
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nucleolus is fully enlarged and even appears eosinophilic. These indicate very high levels of
both nuclear and nucleolar transcriptional activities.

Another remarkable feature of Oc, is the appearance of a narrow bluish stripe of cytoplasm
just underneath the cell membrane, while the bluishness of the main body of cytoplasm is
much decreased in compansen to Oc, and Oc,. This could be due either to the break down
of most ribosomes and the reaggregation of the residual mass into bluish clumps underneath
the membrane, much like the remaining basophilic reticulum of degraded ribosomes in the
cytoplasm of reticulocytes during erythroid cell differentiation'é.  Alternatively, the narrow
bluish stripe could te the zone that contains a high concentration of basophilic granules, like
the cortical granules which appear in late stage of egg cells as reported in many species.
Observation at electron microscopic level will help to clarity this controversy.

Ok, is the stage where the jelly coat becomes uniformly thick and deprived of surrounding
layer of follicular cells. The cell appears completely mature and is fully detached from the
trabeculae. The absence of follicular cells might allow the detachment of Oc, into space
between trabeculae and ready to be released from the ovary. From this appearance it could be
speculated that the major roles of follicular cells are protective and helping to maintain the
adherence between oocytes and trabecula connective tissue, while the latter i1s undergoing
maturation. In addition, follicular cells could be involved in nutritive function for oocytes, and

its role in synthesizing the jelly coat could be envisaged by electron microscopic and labelling
studies.

The cytoplasm of Oc, is laden with reddish yolk granules. Based on the size of the yolk
granules there could be 2 subgroups of Oc,: one containing small granules of uniform size
while another contains very large granules. It is still not possible to confirm whether these are
two separate stages of Oc,, or that the latter merely represent the final stage in which small
yolk granules are ccalesced to form large granules. In any cases these two subgroups of Oc,
should represent tully mature cells.

Up to now most studies have not rigorously catagorize various spermatogenic ceils of
Haliotis, apart from suggesting broadly that there are 4 stages, fe., spermatogonium,
spermatocytes, spermatids and spermatozoa. In our study, we could classify the male germ
cells in H. asinina into 13 specific stages according to size, the appearance of chromatin and
the presence or absence of nucleolus. Spermatogonium is the earliest cell whose nucleus
contains almost all euchromatin which results in the nucleus being very clear and nucleolus is
prominent. Gonial cells divided mitotically to give rise to primary spermatocytes, which pass
through 5 stages as in the first meiotic division of vertebrates’ germ cells (TextFig.1). These
prophase cells exhibit different forms of chromatin condensation, starting from small to larger
blocks of heterochromatin that are evenly scattered throughout nucleus in LSc and ZSc.
Heterochromatin blocks transform to thread-like pattern that are increasing in thickness and
become more entwined in PSc and DSc. Finally in MSc stage chromatin appears as pairs of
chromatids that are arranged on the equatorial region. Secondary spermatocytes are rare since

they probably transit quickly to the next stage similar to the cases of vertebrates’ male germ
cells.

Four stages of spermatids could be identified in H. asinina. The first two stages exhibit
finely granulated chromatin that appears homogeneous and evenly stained throughout the
nucleus. St, and St, is thus distinguished mainly by the difference in size (St, about 6 mm
versus St,about 4 mm). In the third stage (St.) the granulated chromatin begins to clump
together, particularly along the nuclear envelopé, leaving clear areas between blocks of dense
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chromatin. The decrease in volume of the nucleus results in the total clumping and condensing
of chromatin mass in St,. The two stages of spermatozoa are distinguished by their ellipsoid
nuclei. 5z, also shows the initial formation of acrosome as a clear cap-like structure on one
end of the nucleus, while exhibiting only short tail. In Sz, the nucleus is elongated further and
chromatin appears completely dense. They also exhibit long tails that point outwards from
each trabecula. The application of TEM will resolve the state of chromatin condensation

better, and help to confirm the above classification scheme. This work is currently in progress
in our laboratory.
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CLASSIFICATION OF NEUROSECRETORY CELLS, NEURONS, AND NEUROGLIA IN THE
CEREBRAL GANGLIA OF HALIOTIS ASININA LINNALEUS BY LIGHT MICROSCOPY -
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ABSTRACT The gross anatomical study of the nervous system of Huliotis asinina reveals that it comprises alpair ol cercbral ganglia.
a buccal ganglion, o pleuropedal gonglion mass, and a visceral ganglion, connccied lDFClhcr by ncr_\.rc'commmsn{m and. conneclives,
There are eight types of nerve cells in the cerebral ganglia on the basis of iheir histological characteristics and stain affinity: two types
of neurosecretory cells, three types of ncurons, and three types of neuroglia. The neuroscerelory f:clls are large and occur alc?ng the
periphery of the ganglia. They contain ncurosecretory granules in the cytoplasm that stained deep vnotc’t with paraldehydc-fuchsin, Tl'.m
neurons arc the most numerous cell type and occur in varous pants of the corex. The ncuroglia are small eclls and conlain

spindle-shaped nuclei.
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The abalone is one of the most pnmitive gastropods in form
and structure. The central nervous syslem of abalene is of the
streptoneurgus type, with no concentration of ncuronal mass, and
it consists of several ganglia connected by connectives and com-
missures (Bullock 1963, Joosse 1979). Most ganglia are_elongalcd
and flatlened, and sheaths of ganglion cells usually extend 10 form
Nat commissures and connectives linking ganglia together (Crofts
1929).

The cerebral ganglia are the most anterior ganglia in the head.
They are paired, lie above the csophagus or buccal mass, and arc
connected by a long commissure (Dorsctt 1986). The cercbral
ganglia have connectives to the buccal, pleural, and pedal ganglia,
and they send nerves o innervate the eyes, stalocysts, and head
tentacles (Crofts 1929, Bullock 1965), thus playing an imponant
role in guiding the animals around their habitat.

The cerebral ganglia of several temperate abalone specics have
been extensively studied., e.g., Haliotis tubercidata Linnacus,
Haliotis lamellosa Lamarck, Haliotis cracherodii Leach, Haliotis
rufescens Swainson, Haliotis discus hannai lno, and Nordotis dis-
cus Reeve (Crofts 1929, Miller et al. 1973, Hahn 1994a, Yahata
1971). Several types of ncurons and neurosecrctory ¢cells have been
described in the ganglia (Miller ct al. 1973, Yahata 1971, Hahn
1994a). Yahata (£971) and Hahn (1994a) rcported that there were
four types of neurons in the cerebral ganglia of N. discus and H.
discus hannai, which were desigrated as types A, B, C, and D.
Type A and Type B cells were believed 1o be ncurosecictory cells.
This article reports on the gross anatomy of the nervous system
and the classification, based on the histological characteristics of
neurons and other cell types in the cercbral ganglia of Haliolis

abalone, cercbral ganglia, Halioris atinina, histological swudy

asinina Linnaeus, which is a tropical abalone spccies nalive to
Thailand.

MATERIALS AND METHQODS

Anatemical Study

Mature abalone, M. asinina, with a shell length of 4-5 cm were
obtained from the Coastal Aquaculture Development Center,
Klong Wan, Prachuap Khiri Khan Province, Thailand. These ani-
mals were reared inja land-based aquaculture system in well-
circulated and aeraled seawater. They were given appropriate algal
food ad libitum and kept under normal daylight. Abalone were
ancsthesized with 5% MgCl, after which their shells were re-
moved. They were then placed on a layer of paraffin wax poured
on an cnamel pan and immersed in 70% alcohol. The dissections
were made under a slereomicroscope, which was also used 10 make
drawings with the aid of a camera lucida.

Histological Study

The cerebral ganglia were dissected out and fixed in Bouin’s
fluid in 0.14 NaCl for 12 h. Tissues were dehydrated through a
graded series of ethanol, infiltrated with dioxane, and embedded in
paraflin. Sections were cut at 5-6 pm thickness and stained with
hematoxylin-cosin (H&E), chrorme-hematoxylin-phloxine (CH-P)
(Gomori 1941), and paraldehyde-fuchsin (PF) (Gomon 1950).
Neurons and cells in the eerebral ganglia were observed and evalu-
aled for their cell size and shape, nuclcar sjze and shape, and
staining affinity under an Olympus Vanox light microscope.
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RESULTS

Anatomical Study

The nervous system of H. asinina consists of a paic of cercbral
ganglia, a buccal ganglion, a pleuropedal ganglion mass, and a
visceral or abdominal ganglion. These ganglia are connected by
nerve commissures and conncctives (Fig. 1). The cercbral ganglia
are connected by dorsal and ventral cerebral commissures, Thus,
the ganglia and commissures surround Lthe anterior esophagus. The
middle part of the ventral cerebral cornmissure swells into a small
buccal ganglion. Two major nerves, ie., the oplic and tentacle
nerves,’join the cerebral ganglia separately (Fig. 1). Optic nerves
innervate the eyes, whercas lentacle nerves innervale the tentacies.
The cerebropleural and cerebropedal connectives beave the venlro-
postenior pant of the cerebral ganglia and merge into a pleuropedal
ganglion mass. Arising from this mass are two loops of nerve
cords: the visceral cord and the paired pedal nerve cords. The
visceral cord twists into a Ngure § around the visceral mass. At its
posterior end is a single visceral ganglion that gives off many
nerves going (o digesiive and reproductive organs. The paired
pedal nerve cords run parallel along the midline of the loot muscle
(Fig. 1). The two pedal cords are connected at scveral inlervals by
pedal cord commissures. From each pedal cord, many nerves arisc
to inncrvate the feot muscles (Fig. 1),

Histological Study

The paired cerebral ganglia are elongated and Natiened (Fig.
2A). The ganglia are composcd of two parts: the outer cortex and
the inner medulla (Fig, 3A). Each ganglion is surrounded by a
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Figure 1. A diagram of the nervous system of K. asinina, showing
various nerve ganglia linked topether by neeve cords and connectives.

Figure 2. (A) Photomicrograph of longiludinal section showing loca-
tion of cerebral ganglia {Cg) lying on both sides of jaw {Ja) and jaw
muscle (Mu). Ep, cpidermis; Te, tentacle. (B) A high magnification of
longitudinal section of cerebral ganglion (CG). Ca, capillary.

loose conncelive tissue rich in collagen-like fibers and capillaries
(Fig. 2B). In the concex, there are numerous neurons, ncuroscere-
tory cclls, and ncurogiia. The outermost eell layer of the conex is
in close conlact with the basement membrane of the ganglion
capsule. Most of the medial pan of the cortex is relatively thin and
contains only two (o three layers of cells, with only a few neuro-
sccretory cells. In contrast, the dorsal, ventral, and laleral parts of
the conex of each ganglion are thick and contain four to five cell
layers (Fig. 3A, sce Fig. 5A). Although more neurosecretory cells
are dispersed throughout these regions, there are especially high
concentrations of these cells in the dorsal and ventral pans, or
“homs™ of the ganglion (Fig. 3A)

The cells in the cercbral ganglia can be classified into eight
types on the basis of their histological characteristics and stain
alfinity to dyes (H&E, CH-P, and PF). There arc two types of
neurosecrctory cells (NS, and NS,), three types of ncurons (NR,,

NR,, and NR,), and three types of neuroglia (NG,, NG,, and
NG,). .

Type 1 Neuroscerctory Cell (NS;)

These cells are very large in size (10 x 20 pm), with an oval
shage. Most cells occur along the periphery of the cortex, resting
on the basement membrane (Fig. 3D, see Fig. 6). The nucleus is
round {8 wm in diameter) and is located toward one side of the cell.
It contains mostly pale-stained euchromatin with only a thin rim of
heterochromatin binding to the internal surface of the nuclear en-
velope (Figs. 3C and D and 4B). The nucleolus, which is round in



