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DIFFERENTIATION AND DEVELOPMENT OF VERTEBRATE
OLFACTORY SYSTEM DURING PHYLOGENY

Kazuyuki Taniguchi 1) and Kazumi Taniguchi 2)

1) Laboratory of Veterinary Anatomy, Faculty of Agriculture, Iwate University, Morioka 020-8550,
2) Laboratory of Veterinary Anatomy, School of Veterinary Medicine, Kitasato University, Towada 034-

8628, Japan

Introduction
The vertebrate olfactory system generally consists of main olfactory and vomeronasal systems.

The main olfactory system persists in all vertebrates during phylogeny from fish to mammals. On the
other hand, the vomeronasal system first appears in amphibians in phylogeny, develops well in reptiles,
but disappears in birds and again occurs in mammals. As the olfactory system differentiates in relation
to the development of the nasal cavity, we first describe about the morphology and compartments of the
nasal cavity in vertebrates and later describe the structure of the olfactory receptor organs, olfactory
epithelium (OE) and vomeronasal organ (VNO), their projection pattern to the main (MOB) and accessory
olfactory bulb (AOB), cytoarchitecture of the MOB and AOB and finally discuss about the phylogenetic
significance of the vertebrate olfactory system.

Development of the nasal cavity
In fish, there is the nasal pit, but not the nasal cavity. The nasal pit communicates with the outer

environments via anterior and posterior nares and has no relationship with the oral cavity. Several
olfactory lamellae project from the floor of the nasal pit and are covered with patches of the OE and
respiratory epithelium alternatively. The number of olfactory lamellae varies according to species.

In urodeles, the nasal cavity is a single chamber with the lateral diverticulum and communicates
with the oral cavity via choana. The main chamber is lined with patches of the OE and respiratory
epithelium alternatively as in fish, and the lateral diverticulum is covered with the vomeronasal sensory
epithelium (VSE). That is, the two olfactory systems are first distinguishable morphologically in urodeles.

In anurans, the nasal cavity is subdivided into three chambers, main, middle and lower chambers.
In general, the main chamber is largely covered with the suite of OE with the respiratory epithelium on
both sides, the middle chamber is covered with the respiratory epithelium, and the lower chamber with
the VSE. The three chambers communicate with each other and open into the oral cavity through
choana. Exceptionally, the middle chamber is covered with patches of the OE and respiratory epithelium
alternatively as in fish in such anurans as Xenopus laevis.

In reptiles, birds and mammals, the nasal cavity and oral cavity is separated by the development
of the secondary palate and the nasal cavity leads to the trachea through choana independently with the
oral cavity. In these animals, the nasal cavity is subdivided into olfactory region and respiratory region.
There is no elemental difference in the distribution of the OE in the nasal cavity among these animals,
although the development of the VNO varies among these animals. In reptiles, the development of the
VNO varies among species. It is a tubular structure with blind end and opens anteriorly into the oral
cavity in snakes and lizards. In the VNO, its medial wall is lined with the VNE, and the lateral wall with
the ciliated respiratory epithelium which persists from snakes and lizards to mammals possessing the
VNO. In turtles, the nasal cavity is divided into upper and lower chambers, and the lower chamber is
said to correspond to the VSE. In crocodiles, the VNO is absent. In birds, the VNO is also absent.

In mammals, although the VNO is a tubular structure with blind end as reptiles, the opening of
the VNO varies among species. In rodents and rabbits, the VNO opens into the nasal cavity via an
anterior pore. In carnivores and ungulates, the VNO communicates anteriorly with the incisive duct
connecting the nasal and oral cavity. In Old World monkeys and whales, the VNO is absent. These
differences may be attributable to the results of their adaptation to their environments during phylogeny.
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Histological and cytological features of the olfactory receptors
The OE in fish consists of several types of cells as follows: ciliated olfactory cells, microvillous

olfactory cells, microvillous supporting cells, non-sensory ciliated cells, basal cells, and crypt cells
which seem to be special type of olfactory cells. Ciliated and microvillous olfactory cells are typical
bipolar neurons with fine structure characteristic of neurons. In amphibians to mammals, the OE generally
consists of ciliated olfactory cells, microvillous supporting cells and basal cells, and microvillous
olfactory cells are absent. The ciliated olfactory cells are bipolar neurons as in the OE in fish. The VSE
first appears in amphibians and consists of microvillous sensory cells, supporting cells and basal cells.
The supporting cells are microvillous in urodeles and ciliated in anurans. In snakes and lizards and
mammals, the VSE consists of microvillous sensory cells, microvillous supporting cells and basal
cells. The microvillous sensory cells are bipolar neurons and their cytological features are similar to
those of the microvillous olfactory cells in fish OE. In addition, the sensory epithelium of the middle
chamber in anurans consists of ciliated sensory cells, microvillous sensnory cells, ciliated supporting
cells, microvillous supporting cell and basal cells. This cellular composition is similar to that in the fish
OE, and ciliated and microvillous sensory cells are bipolar neurons with fine structure characteristic of
neurons.

Projection patterns of the main olfactory and vomeronasal systems
In fish, birds and any other animals lacking the VNO, the OE projects to the olfactory bulb. In

animals possessing the VNO, the olfactory bulb is divided into MOB and AOB, and the OE projects to
the MOB, and the VNO to the AOB. In addition, the main olfactory system is divided into two independent
subsystems in anurans such as Xenopus laevis, where the OE projects to the dorsal region of the MOB,
and the sensory epithelium in the middle cavity to the ventral region of the MOB. The VNO projects to
the AOB in anurans as in the other animals possessing the VNO.

Cytoarchitecture of the MOB and AOB
Output neurons of the MOB are mitral cells and tufted cells. They project their dendrites to the

glomeruli and make synapses with the olfactory fibers in the glomeruli. Somata of the tufted cells are
distributed at various levels in the plexiform layer of the MOB, but those of the mitral cells are restricted
to the bottom of this layer. The mitral cells project their main dendrites to a single glomerulus, but the
tufted cells project their main dendrites to one to several glomeruli. The function of these output neurons
are controlled by several interneurons such as periglomerular cells, short axon cells and granular cells.

In the AOB, the output neurons are mitral/tufted cells. There is no distinction between mitral
and tufted cells. Their somata are distributed randomly in the plexiform layer of the AOB. They project
their main dendrites to plural number of glomeruli. Interneurons such as periglomerular cells, short
axon cells, granular cells are also observed in the AOB, but their numbers are rather small in comparison
with those in the MOB. The olfactory bulb in fish corresponds to the AOB from its cytoarchitecture and
synapse formation.

Phylogenetic significance of the vertebrate olfactory system
By the lectin histochemistry, the glomeruli in fish olfactory bulb show the various binding patterns

to several lectins independently. In urodeles, however, the glomeruli in both MOB and AOB show the
uniform binding patterns to several lectins. In anurans, the glomeruli again show the various binding
patterns to several lectins independently. From phylogenetic point of view, the urodeles are suggested
to possess the regressive features according to lectin binding patterns in glomeruli. The various binding
patterns in the glomeruli persist to those in reptiles to mammals. These findings suggest that the glomeruli
differentiate functionally and specialize to discriminate from general to specific odours during phylogeny.
Changes in branching patterns of the main dendrite of the mitral, tufted and mitral/tufted cells also
suggest the functional specialization of these output neurons since the branching of main dendrite
converges from plural to single in mitral/tufted cells through tufted cells to mitral cel
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MORPHOLOGICAL CHARACTERISTICS OF MOUSE DEER
AND IMPLICATIONS FOR THE EVOLUTION

OF RUMINANTS

Katsuhiro Fukuta1, Motoki Sasaki2, Junpei Kimura3 and Hideki Endo4

1 Laboratory of Animal Morphology and Function, Graduate School of Bioagricultural Sciences, Nagoya
University,

2 Department of Veterinary Anatomy, Obihiro University of Agriculture and Veterinary Medicine,

3 Department of Veterinary Anatomy, College of Bioresource Sciences, Nihon University,
4 Primate Research Center, Kyoto University, Japan

Taxonomic state of mouse deer
The Tragulidae belong to the suborder Ruminantia, and are classified into the lesser mouse deer,

T. javanicus, and the greater mouse deer, T. napu. The lesser mouse deer is probably the smallest
among the modern ungulates. The animal was diverged early from the phylogenetic tree of the
artiodactyls, and has survived without remarkable changes. Therefore, the lesser mouse deer is considered
to be the prototype of artiodactyls. Both species inhabit Southeast Asia. However, few reports were
presented on the difference between both species, except for their body size and appearances.  Moreover,
some native people, who lived in the mouse deer’s habitat, said the existence of middle-sized animal.
In the early report on the mouse deer, lesser and greater species seem to be mixed up. We have engaged
to investigate the morphology of the mouse deer and revealed unique and interesting characteristics. In
this paper we would like to present the morphological features and to discuss on the taxonomic and
evolutional state of the mouse deer.

Branching pattern of aortic arch
Arterial pattern of branching from the aortic arch varies among animal species. In the equine

and bovine the common brachiocephalic trunk is the only branch diverged from the aortic arch and
supplies the anterior part of the body including head, neck and anterior limbs. Left and right common
carotid arteries arise as a bicarotid trunk, then diverged into both sides. In the porcine, the brachiocephalic
trunk and left subclavian artery occur from the aortic arch, and the bicarotid trunk arises from the
brachiocephalic artery as same as in equine and bovine, then it diverges into the left and right common
carotid arteries. Despite belonging to the ruminants, the lesser mouse deer has two branches from the
aortic arch, i.e., brachiocephalic trunk and left subclavian artery. Left and right common carotid arteries
arise separately from the brachoicephalic trunk without bicarotid trunk as well as non-artiodactyls. The
lesser mouse deer has different branching pattern of aortic arch far from other ruminants.

Arterial supply to the brain
Generally common carotid artery is divided into two major arteries, i.e., external and internal

carotid arteries. The former distributes the branches outside of the skull and the latter supply within the
brain case. However, the ruminants and some artiodactyls have no internal carotid artery or involutional
one. In these animals, arterial supply to the brain is performed by a peculiar vascular network, called
carotid rete mirabile ( or rete mirabile epidurale). The carotid rete mirabile consists of several branches
from the maxillary artery, which is a tributary of external common carotid artery. This unique arterial
system is lacked in the lesser mouse deer. In spite of ruminants, the lesser mouse deer has developed
internal carotid artery to supply the brain. The greater mouse deer also has the internal carotid artery
and no carotid rete mirabile. The arterial supply in the Tragulidae is similar with those in canine,
equine, human and so on. Absence of the rete mirabile is found only in the Tragulidae among ruminants
so far. The evolution and taxonomy of ruminants and artiodactyls should be reconsidered from the
viewpoint of arterial system.
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Unique morphology of erythrocyte
The erythrocytes of mammals are generally denucleated and disk shaped. The erythrocytes of

the mouse deer are known to be the smallest in size and spherical in shape. Under the scanning electron
microscopy (SEM), the erythrocyte of the lesser mouse deer varies in shape. Although disk shaped
erythrocytes are dominant, many oval, rod and rarely triangular shaped erythrocytes are also recognized.
In addition, the erythrocyte has a small pits on the cell surface. One or more than two pits per erythrocyte
are found. Incidence of the erythrocyte having the pit varies individually from 2.3 – 47.0 %. The
number of cells with a pit would be higher if the opposite sides of the erythrocytes are observed.
Nevertheless, it is still thought that not every erythrocyte has a pit.

By the transmission electron microscopy (TEM), a vacuole is observed within the erythrocytes.
The vacuole is communicated with extracellular space via a small perforation, and it corresponds with
a pit observed by the SEM. The vacuole occupies large space within the small sized erythrocytes,
compared with the surface view of the pit.

In the bone marrow, immature reticulocyte has a pit by the SEM and a vacuole by the TEM. The
incidence of the erythrocyte having a pit is less in the bone marrow than in the peripheral blood.
Although all examined animals have the unique pits, they are clinically healthy and no sign of blood
parasite was recognized

Other morphological characteristics
The lesser mouse deer has the gestation period of about 132 days and deliver only one young per

birth. After the parturition postpartum estrous occurs. Therefore, the female in wild is always pregnant.
The implantation of embryo is restricted to the right uterine horn. However, the placenta of ruminant is
known to be polycotyledonary macroscopically and epitheliochorial histologically. The placenta of the
lesser mouse deer is diffuse without caruncles and epitheliochorial. The findings suggest the placenta
of the Traulidae is a transitional type between of diffuse epitheliochorial and polycotyledonary
syneptheliochorial categories.

Conclusion
The lesser mouse deer belongs to ruminants and composes taxonomically an independent family,
Tragulidae. Extremely small sized erythrocyte having a pit is unique characteristics of the mouse deer.
The structure of placenta suggests the transitional state of the development. However, absence of the
carotid rete induces reconsideration of the taxonomy of the ruminants. Among ruminant we can list up
more than 160 species. To clear the evolution of ruminants and their relationship, we should further
examine other species such as musk deer and small tropical antelopes.
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COLLAGEN FIBRIL DIAMETER IN THE EQUINE

SUPERFICIAL DIGITAL FLEXOR TENDON

Kazushige Takehana, Takafumi Watanabe, Yoshinao Hosaka
and Hiromi Hueda

Department of Veterinary Anatomy, Rakuno Gakuen University, Bunkyodai-Midorimachi, Ebetsu 069-
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Introduction
Tendonitis is a common injury in equine and human athletes. The main types of tendonitis are

caused in superficial digital flexor tendon (SDFT) in horses and Achilles tendon in humans. Cross-
sectional areas of both tendons differ depending on the tendon region. The most frequently injured
region in the equine SDFT is the metacarpal region. Many ultra-morphological and biochemical studies
of this region have been carried out. However, there have been no morphological or biochemical studies
on regional differences. We analyzed three regions of the equine SDFT: the myotendinous junction
(MTJ), middle metacarpal (mM) and osteotendinous junction (OTJ).

Materials and Methods
Tissue samples were obtained from normal SDFTs of five young Thoroughbred horses (age, 2-

5 years; mean ± s.d. age, 3.4 ± 1.1 years). Two pieces of 2 cm-long SDFT samples were excised from
three different regions: myotendinous junction (MTJ), middle metacarpal (mM) and osteotendinous
junction (OTJ). A sample was obtained from the central zone of each region. The samples were
hemisected: one was quickly frozen in liquid nitrogen and stored at -80∞C for collagen type analysis
and the other was prepared for morphological observation. Morphological observation: For measurements
of collagen fibril parameters, 1,000 fibrils were randomly selected in four sections of each region. Then
mass average diameter (MAD) was calculated according to the method of Flint et al. (1984). MAD
provides more functional and tensile strength information than does determination of mean collagen
fibril diameter. Collagen type analysis: Frozen samples were subjected to homogenization. To remove
non-collagenous components, homogenized samples were suspended in 1 M NaCl / 10 mM 2-
mercaptoethanol / phosphate-buffered saline (PBS) containing 5 mM EDTA, 0.1 mM
phenylmethylsulfonyl fluoride, 1 mM N-ethylmaleimide for 1 day at 4 °C. The samples were then
suspended in 0.5 M acetic acid with pepsin (Worthington Biochemical Corporation, Lakewood, NJ,
U.S.A.) 10% of wet weight of tissue for 24 hr at 4 °C. Following centrifugation, sodium chloride at a
final concentration of 1.7 M was added to the supernatant. Purified collagens were characterized by
SDS-polyacrylamide gel electronphoresis on stacking gel and separating gel with 3.5% and 5% of
acrylamide, respectively. Type I and V collagens are heteropolymer [α1]2α2. Type III collagen is
homopolymer [α1]3 and has disulfide bonds in the helical region. To permit enough · chains of type I,
III and V collagen, this electrophoresis is subjected to under delay reducing condition according to
Sykes’s method (1977). So bands of these three types collagen were detected in one lane of
electrophoresis. After electrophoresis, the gels were visualized with Coomassie Brilliant Blue and
analyzed with relevant software (NIH image, version 1.61).0Statistical analysisÿStatistical analysis
was carried out using the ANOVA test. Mean values (MAD or ADDs) of each region were tested with
Scheffe’s test. Significance was set at P<0.05.

Results
It was found that the distributions in collagen fibril diameters in the three regions were different,

suggesting each region possess different ability and function. Major component of fibrous collagen are
composed of type I, III and V collagens. Type III and V collagens regulate collagen fibril diameter
negatively. Although there was no significant difference between amounts of type III collagen in these
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regions, type V collagen was highly detected in the MTJ region. A large number of small diameter
collagen fibrils were distributed in the MTJ region. this distribution was probably reflected type V
collagen regulated collagen fibril diameter. The ratios of collagen types I, III and V in the mM and OTJ
regions were similar, but distribution patterns of collagen fibril diameters were differed in the other
regions.

Discussion
This morphological and biochemical study revealed two findings: 1) the distribution of collagen

fibril diameters in the equine SDFT were varied from MTJ to OTJ region 2) the ratio of type V collagen
to type I collagen molecule was most frequent in the MTJ region. These studies indicated that different
regions possess each different function in the equine SDFT.

The major proteoglycan in tendon is decorin (containing a single DS / CS, attached to the N-
terminal part of the protein), which anchors to D-bands with several collagen fibrils by non-covalent
binding. Active inhibiting fibril segment associated with decorin affect fibril growth. Decorin deficient
mice showed uncontrolled lateral fusion of collagen fibrils. Down-regulation of decorin has also been
shown to correlate with the development of collagen fibrils with large diameter. While decorin GAGs
attached from core protein connect to another decorin core protein laying on adjacent fibril surface and
act like bridges. Decorin GAGs transfer forces between adjacent fibrils and also guarantee the integrity
of collagen fibrils by the construction. Indeed, mice targeted deficient decorin provided an explanation
for the reduced tensile strength of the skin. These studies lead to conclude that important role of decorin
in fusion and strength of collagen fibrils through this bondage would be undeniable.

Scott et al. revealed that DS was main decorin GAGs in mature tendon and present study was
clarified that decorin in the equine tendon was attached not CS but DS from result of digesting treatment
with chondroitinase. Present study is probably first report observed changing pattern of decorin DS
filaments among tendon. Though decorin changes length of DS filaments and then controls interfibrillar
space under some pathologic and developmental conditions have been reported.

The molecular size of decorin was smaller in the mM than other regions. This fact indicated that
a lot of comparatively short length of decorin DS existed in the mM and accorded with morphological
observation. The lengths of DS filament were longer than the surface-to-surface distance between
collagen fibrils in all regions. The DS filament did not run along the shortest distance between collagen
fibrils. Three-dimensional micrograph of tendon showed that collagen fibrils were tightly packed with
decorin GAGs and made bundles. So, the distribution of filament length is reflected not to the surface-
to-surface distance but to center-to-center distance. In the present study, the length of surface-to-surface
distances among all regions showed no significantly differences. On the other hand, center-to-center
distance is significantly longer in the OTJ than mM. This is because large collagen fibrils relatively rich
in the OTJ. Thereby it was revealed that a lot of long DS filaments distributed in the OTJ region.

No significant differences were observed in the distances of surface-to-surface and center-to-
center did not show significantly differences between MTJ and mM. However the length of DS filaments
was significantly longer and the molecular size of decorin was increased in the MTJ than the mM. Most
of DS filaments frequently ran obliquely from one fibril to another in the MTJ. This obliquely arrangement
led us to conclude that DS filaments were measured long in the MTJ. Raspanti et al. reported that
collagen fibrils in tendon appeared made of bundles of tightly packed collagen fibrils interwoven with
filaments. But long and oblique DS filaments distributed predominantly in the MTJ. These facts proposed
idea that collagen fibrils in the MTJ were packed loosely by each DS filaments.

The construction of MTJ was reported the terminal ends of skeletal muscle fibers had finger-
like processes and collagen fibrils with small diameter of the tendon served as anchorages for those
processes. Collagen fibrils with small diameters firmly contact and fuse directly to lamina fibro-reticular
out side of basement membrane of muscle fiber. When skeletal muscle fiber contract (active contraction
with movement proteins), the terminal of muscle fiber had finger-like processes would deform. Muscle
fiber is soft tissue and has elasticity, but a collagen fibril continuing muscle fibers has disability to
contract. Collagen fibrils in the MTJ are necessary to passively receive the contraction power from
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skeletal muscle. So adjacent small collagen fibrils would slide each other and adapt deformation of
construction in the MTJ, which suggested that loosely packing collagen fibrils with long DS filaments
permit adjacent collagen fibrils sliding. Redaelli et al. suggested that decorin changed the formation of
GAGs from wavy arrangement to linear structure related to strength of strain. The sliding mechanism
of collagen fibrils in MTJ would be due to changing formation of long DS filaments. Parry et al.
reported that fibrils with large diameters have ability to bear high tensile strength and fibrils with small
diameters contribute to elasticity. These facts led us to conclude that collagen fibril sliding mechanism
by long DS filaments and collagen fibrils with small diameter contributed elastic structure and
compensated disconformity from muscle contraction. Obliquely running observation of DS filaments
in longitudinal section may indicate that collagen fibrils are sliding.

Experiment of tension test suggested SDFT in metacarpal region had characteristically of
longitudinal load-bearing. This may be because construction of tightly packing collagen fibrils. Corneal
stroma appeared made of small and parallel collagen fibrils, frequently their DS filaments interconnecting
fibrils ran obliquely from one fibril to another. Cornea has elasticity and has been opposed multi angle
tension by surrounded with ciliary muscle. Oliquely running DS filament on collagen fibrils may indicate
that this arrangement is necessary to bear non-longitudinal tension. Generally tendonitis occurs in the
case increase in small collagen fibrils by micro-damage related to injury or ageing. However occurrence
of tendonitis in the MTJ distributed a lot of small collagen fibrils has not been reported. If rate of
tendonitis was influenced by only distribution of collagen fibril diameters, tendonitis would tend to
occur in the MTJ. The relationship between small collagen fibrils and long DS filaments that were
implied present study suggested that the tendon of the MTJ region have high elastic structure, adapt
both tension and stress brought from muscle fiber and avoid serious injuries.
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CHARACTERIZATION OF GUARD HAIR FROM DIFFERENT
BODY REGIONS OF THE VISAYAN LEOPARD CAT

(Prionailurus bengalensis rabori) AND THE PALAWAN LEOPARD
CAT (Prionailurus bengalensis heaneyi) BY SCANNING

ELECTRON MICROSCOPY
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Introduction and Objectives
The leopard cat is one of the wildlife species in the Philippines found only in Busuanga, Cebu,

Negros, Palawan, and Panay. There are two known subspecies of leopard cats in the Philippines, namely,
the Visayan leopard cat and the Palawan leopard cat. Their populations are rapidly declining because
they are heavily hunted. This study was conducted to describe the surface morphology of the cuticles
and the transverse section of guard hair from various body regions of Visayan leopard cat and Palawan
leopard cat by means of scanning electron microscopy.

Materials and Methods
Hair samples were collected from the head (middle of the forehead), forelimb (lateral surface of

the scapular region), back (dorsal part of the lumbar region), abdomen (ventral surface of the abdomen
near the umbilicus), and hindlimb (lateral surface of the thigh). The hair samples were obtained from a
preserved specimen of an adult male Visayan leopard cat at the Negros Forest and Ecological Foundation
Inc. in Bacolod City, Negros Occidental, and an adult female Visayan leopard cat at the Natural Museum
of History, University of the Philippines Los BaÒos, Laguna. Hair samples were collected from an
adult male Palawan leopard cat at the Laguna Wildlife Pards and Rescue Center, Calamba City, Laguna,
and an adult female leopard cat at the Palawan Wildlife and Rescue and Conservation Center, Puerto
Princesa City, Palawan. The hair samples were routinely processed for scanning electron microscopy at
the Microscopic Services Laboratory of the National Institute of Molecular Biology and Biotechnology,
University of the Philippines Los BaÒos.

Results
In the Visayan leopard cat the cuticular patterns were mostly imbricate (acuminate, crenate,

flattened and ovate) except for the serrate coronale from the back and hindlimb of female Visayan
leopard cat. Scale orientation was mostly transverse except for oblique orientation seen from the back
and hindlimb of female Visayan leopard cat. The dorsal margins of the scales of the Visayan leopard cat
were mostly serrated except for the smooth cuticular margin observed from the forelimb and hindlimb
of male Visayan leopard cats. Cuticular shape in both sexed were highly variable. Petal shaped cuticles
were observed from the forelimb and back of male Visayan leopard cat. The shape of the transverse
section of the hair in the male Visayan leopard cat was circular with medium-sized medulla except for
the oval medulla from the back. In female Visayan leopard cat, all hair samples showed a circular-
shaped medulla except from the back where it was oval-shaped. In the male and female Palawan leopard
cat, all hair samples showed imbricate (acuminate, flattened and ovate) cuticular patterns. All hairs
showed transversely oriented scales except in the head and back of female Palawan leopard cat where
obliquely oriented scales were also noted. The shape of dorsal margins of the scales ranged from pointed
to scalloped, and all were smooth, except for the slightly crenated from the abdomen of male Palawan
leopard cat. The cuticular shapes ranged from triangular to rectangular except for the petal-shaped
cuticles from the abdomen of the female Palawan leopard cat. The shape of the transverse section of the
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hair in male Palawan leopard cat were oval with large medulla. In the female Palawan leopard cat, the
shape was oval with large, medulla from the abdomen and hindlimb, oblong from the head and back,
and circular with large medulla from the forelimb. Other parameters such as hairshaft diameter, cortico-
medullary ratio, and number of scales per 30mm2 were also mentioned for both subspecies of the
leopard cat.

Discussion
The results of the study showed similarities as well as differences on the cuticular characteristics

and shape of the transverse section of the guard hair between sexes in a subspecies and between
subspecies. The serrate coronal cuticular pattern and the oblique orientation of the scale of the hair
from the back and hindlimb of the female Visayan leopard cat could be used to differentiate it from
male Visayan leopard cat and even from male and female Palawan leopard cat. The appearance of the
dorsal margin, cuticular shape and distances between cuticular margin showed no clear differences
between sexes and subspecies as to be of great values to differentiate the two subspecies of leopard cat.
An interesting finding was the relatively larger medulla in the Palawan leopard cat. Likewise, the hair
of Palawan leopard cat was thicker than that of the Visayan leopard cat. The cuticular patterns observed
in the present study were, likewise, compared to those of lesser flat-headed bats (T. phacypus), Philippine
tarsier (T. syricta), cattle and Philippine water buffalo (Maala et al., 1987), flying lemur (C. volans),
cloud rat (P. cumingi) and Philippine monkey (M. fascicularis), calamian deer (A. calamianensis),
mouse deer ((T. nigricans) and Philippine spotted deer (C. alfredi), Philippine Vivverids, and Philippine
domestic pig (Sus philipensis) and wild pig (Sus barbalus).
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Introduction and objectives
The plasma cells were the cells of the immune system that secrete large amount of antibodies. In

the present study the frequency of the populations of immunoglobulins (Igs)-containing plasma cells
(IgA, IgG, and IgM); the effect of sex steroid hormones, and selenium and vitamin E on these immune
cells in the lymphoid organs and mucosa-associated lymphatic tissues (MALT) of broilers and deshi
chickens were analyzed.

Materials and Methods
The lymphoid organs (thymus, bursa, spleen, cecal tonsil, and Harderian gland) and different

segments of gastrointestinal tract of Kasilla broilers and deshi (native) chickens of Bangladesh were
used in this study. Only broilers were used to study the effect of vitamin E and selenium on the immune
cells. After gross and histological studies the sections of tissues were stained with indirect
immunoperoxidase method (2). The student’s t-test and paired sample t-test were followed for statistical
analysis.

Results
In the spleen the IgG and IgM-positive cells, and both in the in the cecal tonsils and ileum IgA

positive cells were more throughout the period of study. These cells were increased in their number in
those chickens which fed with vitamin E diet and lowered in the selenium fed chickens. In the Harderian
of native chickens IgA cells were more, in contrast, in the broilers IgM cells were more. These cells
were move from the acini into the duct system by holocrine mode of secretion in the deshi chickens,
whereas, in the broilers this happened by the breakdown of the apical lobular tissues. These cells were
again found more in the estrogen injected chickens rather than progesterone.

Discussion
Our study showed that the Igs-containing plasma cells were increased in their frequencies in the

vitamin E and estrogen treated chickens and lowered in the selenium and progesterone treated chickens.
Similar report also observed in the mouse also. The ocular route is the main route in vaccination and
medication of chickens. In this regard the Harderian gland plays an important role. In the present study,
for the first time, it was confirmed by light microscopy that Ig-containing plasma cells were released
from the lobular lumen to the duct system by breakdown or disintegration of the acini in the broiler, and
by dissolution or holocrine mode of secretion in the native chicken, although this process is merocrine
in the rabbit (3) and merocrine to apocrine in various avian species (1). It is strongly indicated by the
present study that the B cells of the bursa immigrate into the Harderian glandular interstitial cells via
the blood circulation. These B cells further differentiate into plasma cells in the interstium and move to
the apical parts of the lobules with Ig contents, from whence they are released into the lumen and duct
system. Although reports on this particular organ are not available, however, it was observed that
presence of IgG-producing cells and lymphocytes in the local area of fallopian tubes of human results
from mucosal epithelial breakdown (4).



«“√ “√ —µ«·æ∑¬å ªï∑’Ë Òˆ ©∫—∫æ‘‡»… ÚıÙ˘ 87

References
1. Burns R.B. 1975.  Can. J. Zool. 53, 1258-1269.
2. Khan, M.Z.I., Hashimoto, Y., Iwami, Y., Iwanaga, T. 1997. Vet. Immunol. Immunopathol. 56, 329-

338.
3. Kuhnel, W. 1971. Z. Zellforsch. Mikrosk. Anat. 119, 384-404.
4. Kutteh, W.H., Blackwell, R.E., Gore. H., Kutteh, C. C., Carr, B. R., Mestecky, J.1990.  Fertil.

Steril. 54, 51-54.

Acknowledgement
This project was supported financially by the BAURES (Bangladesh Agricultural University

Research System) and in part by MOSICT (Ministry of Science Information and Communication
Technology, Government of the Peoples Republic of Bangladesh).



«“√ “√ —µ«·æ∑¬å ªï∑’Ë Òˆ ©∫—∫æ‘‡»… ÚıÙ˘88

SEASONAL CHANGES IN SPERMATOGENESIS

Masamichi Kurohmaru 1), Naoki Tsunekawa1), Yoshiakira Kanai 1),
and Yoshihiro Hayashi 2)

1) Department of Veterinary Anatomy,
2) Department of Global Agricultural Sciences, Graduate School of Agricultural and Life Sciences, The

University of Tokyo, Japan

Most of wild animals distributed in a temperate zone show a seasonal reproductive cycle. The
breeding behavior of these animals has a strong relation with the daylight. Temperate-zone hibernating
bats and snakes are seasonal breeders. While, in experimental animals, only hamsters are seasonal
breeders. The present lecture deals with the seasonal (photoperiodic) changes in spermatogenesis of
the golden hamster, Japanese lesser horseshoe bat, Rhinolophus cornutus, and Habu, Trimeresurus
flavoviridis (snake) from a morphological viewpoint.

In the golden hamster, in a short photoperiod (less than 12 hours of light per day), spermatogenesis
gradually became inactive and ceased at 13 weeks. After hamsters were retained in a short photoperiod,
spermatogenesis gradually became active and reinitiated completely at 23 weeks.
In the Japanese lesser horseshoe bat, spermatogenesis occurred from middle or late summer to middle
autumn. In March, the seminiferous epithelium consisted of Sertoli cells and spermatogonia. In June,
mitotic figures of spermatogonia and spermatocytes were occasionally recognized in some tubules. No
spermatids were detected. In August and October, active spermatogenesis was obviously found. In
December, spermatogenesis completely disappeared in tubules.

In the Habu, spermatogenesis occurred from early summer to late autumn in the Amami Islands.
In a gonadally inactive testis, elongate spermatids could not be found within the seminiferous tubules,
although some round spermatids were occasionally detected. In an active testis, elongate spermatids
were frequently observed. During this season spermatozoa were clearly visible within the lumen of
seminiferous tubules. The Sertoli cells of inactive testes contained many lipid droplets in the cytoplasm,
whereas those of active testes contained a smaller number of lipid droplets. The mating season of the
Habu is from February to April. Therefore, spermatogenesis in the Habu is postnuptial.
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The birds have high quality visual vision as well as color vision. In this presentation,  we introduce
the number and regional distribution of retinal ganglion cells (RGCs), photoreceptor cells and different
colored oil droplets in the retina of some avian species such as jungle crow (Corvus macrorhynchos),
mallard duck (Anas platyrhynchos var. domesticus), tree sparrow (Passer montanus), brown-eared bulbul
(Hypsipetes amaurotis) and grey starling (Sturnus cineraceus). In crow retina, the mean total number
of ganglion cells was estimated at approximately 3.6 × 106 (average 6,078 cells/mm2), whereas, in
sparrow, bulbul and in duck retina it was 1.6 × 106 (average 18,539 cells/mm2), 2.5 × 106 (in average
16,523 cells/mm2), and 1.7 × 106 (average 6085 cells/mm2). In the retina of crow and bulbul two areas
with high ganglion cell density were identified, the area centralis (AC) and the dorso-temporal part of
retina. In retina of sparrow and duck, only AC was the high density area.

The types of oil droplets were variable in every species, for example, red, orange, green and
translucent oil droplets in crow; red, yellow, green and clear oil droplets in sparrow and starling; red,
orange, green and clear oil droplets in bulbul; red, orange, greenish-yellow, yellow and clear oil droplets
in duck were identified. The average density of oil droplets was 30,310 /mm2; 25,680 /mm2; 29,062 /
mm2; 49,841 /mm2; and 13,960 /mm2; in crow, sparrow, bulbul, starling and duck retina, respectively.
Among the different colors, the green oil droplets showed a significantly higher density in retina of all
species (except the central part of crow retina). The densities and sizes of the different colored oil
droplets were inversely correlated across the retina. Thus, the characteristic specializations regarding
the distribution of retinal neurons (ganglion cells and photoreceptor cells) and oil droplets suggest that
the quality of vision is not equal in all areas of the retina, and especially the area of peak density
corresponds to the site of acute vision. Moreover, the different types of colored oil droplet have specific
advantages for visual perception and that the relative proportions of these droplets in the retina match
the natural environment and feeding behavior of these species.
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Introduction
Ribosomal RNA is the predominant product of transcription, comprising 80-90% of the total

mass of cellular RNA in both eukaryotes and prokaryotes. To meet this requirement, the copy number
of the rRNA gene increased with the expansion of the genome size in evolution. These rRNA genes
(rDNA) were clustered on a single or multiple chromosomes in mammals. In the case of human and
mouse, a few hundred copies of the gene reside on five chromosomes. In the present study, we mapped
the rRNA loci of seven species of primates by FISH, and examined the DNA sequence homology of
rDNA-bearing chromosomes among primates.

Materials and Methods
Metaphase spreads were prepared from fibroblasts of each primate species. Doble-color

fluorescence in situ hybridization (FISH) was carried out using human rDNA (pHr21) as a probe.
Homology of rDNA-bearing chromosomes was examined using human chromosome painting probes
(Cambio). Slides were observed by Olympus fluorescence microscopy and images were recorded with
CCD camera (Hamamatsu Photonics).

Results
Seven species of primates (rhesus monkey, pigtailed monkey, Japanese monkey, crab-eating

macaque, Celebes crested macaque, Patas monkey and African green monkey) showed a single rDNA
locus in the secondary constriction regions of the medium-sized submetacentric chromosomes. All
these chromosomes were exclusively cross-hybridized with human chromosome #22 painting probes.

Discussion
Our results, together with those of previous reports, suggest that the ancestral rDNA locus in the

primate might be located on a chromosome which has DNA sequence homology to human chromosome
#22. Indeed, in other species of primates, such as gorilla, chimpanzee, and orangutan, at least one of the
rDNA loci has been mapped to a chromosome, which has distinct synteny to human chromosome #22.
Further comparative cytogenetic studies of RNA loci in mammals will provide us with clues about the
mechanisms of rDNA amplification via translocation of the rDNA cluster.
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Apoptosis plays a significant role in almost all physiological functions in vertebrate and
invertebrate species. It is a form of cell death essential for eliminating cells that are damaged, senescent,
potentially harmful, or no longer useful [1]. The major features of apoptosis are internucleosomal DNA
fragmentation, cell shrinkage, plasma membrane blebbing, and the formation of apoptotic bodies.
Stimulation by death ligands or deprivation of key survival-promoting growth factors is the main
contributor to apoptosis, while stress inducers including drugs, toxicants, oxidative stress and radiation
are also known to cause apoptosis. Studies have revealed that apoptosis plays a crucial role also in
maintaining the reproductive apparatus. During follicular growth and development, more than 99% of
follicles disappear, primarily due to apoptosis of granulosa cells [2-5]. Both biochemical and
morphological characteristics of apoptosis were observed in granulosa cells of atretic follicles [6-8].
Apoptotic stimuli and intracellular signal transduction pathways involved in the apoptosis of granulosa
cells remain to be determined, and investigators have been studying potential triggers of the apoptosis,
and how intracellular apoptotic signals are transmitted in the granulosa cells. To date, many apoptosis-
related factors have been implicated in follicular atresia, including death ligands and receptors,
intracellular pro- and anti-apoptotic molecules, cytokines, and growth factors.

Apoptosis in Mammalian Cells

Death ligands and receptors
Death receptors, which bind to cell membranes and are located on the cell surface, constitute a

subfamily within the tumor necrosis factor receptor superfamily (TNFRsf) that has a cytoplasmic death
domain (DD) necessary for the activation of apoptosis. These receptors are trimerized and then bind to
death ligands, which act as a trigger of the apoptosis. Cell death ligand-receptor systems known in
mammals include tumor necrosis factor (TNF)-alpha and TNF-alpha receptors (TNFRs), Fas ligand
(FasL) and Fas/CD95/APO-1, and TNF-alpha-related apoptosis-inducing ligand (TRAIL) and TRAIL
receptors [9, 10]. In most cases, the cell death receptor-mediated apoptotic signaling pathway is as
follows. (1) Cell death ligands, which bind with cell membranes and are locate at the cell surface, bind
to the extracellular domain of trimerized cell death receptors, each of which contains an intracellular
DD. (2) The DD of the death receptor binds with the DD of the adaptor protein (Fas-associated death
domain: FADD) through a homophilic interaction. (3) An initiator caspase (procaspase-8; also called
FLICE) binds to FADD through a homophilic interaction of death effector domain (DED) (the resulting
complex is called the death-inducing signaling complex: DISC). (4) Dimerization of procaspase-8
induces auto-proteolytic cleavage and activation. (5) The activated caspase-8 subsequently activates
downstream caspases either directly “type I” or via mitochondrial perturbation “type II”, which results
in apoptosis [11-15]. However, death ligand-receptor interaction does not necessarily result in cell
death, indicating the importance of intracellular inhibitors of the apoptotic signaling pathway. Cellular
FLICE-like inhibitory protein (cFLIP), a homologue of procaspase-8, is one of the intracellular proteins
that interfere with the apoptotic effects of death ligands [16-22]. FLIP was first identified as viral FLIP
(vFLIP) in several viruses. vFLIP contains two DEDs which interact with FADD to avoid the host’s
apoptotic response [23]. cFLIP has two splicing variants, a short form (cFLIPS) and a long form (cFLIPL).
cFLIPS is very similar in structure to vFLIP, containing two DEDs, while cFLIPL contains an additional
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pseudo-enzymatic domain, which is similar to the enzymatic domain of procaspase-8 but lacks enzymatic
activity [20]. Recent reports have indicated both cFLIPS and cFLIPL to be important regulators of
apoptosis, which block death ligand-inducible apoptosis, mainly FasL-Fas signaling, by competing
with procaspase-8 and inhibiting the activation of caspase-8 [24, 25].

The Bcl-2 family
As described above, the signal after DISC’s formation differs between cell types. Two

classifications, type I and type II, has been established for death ligand-mediated apoptotic signaling
[15]. In type I cells, a large amount of caspase-8 is activated at the DISC, closely followed by the rapid
cleavage of caspase-3. In contrast, the activation of caspase-3 in type II cells occurs mainly downstream
of the mitochondrion. The main factors involved in mitochondrial dysfunction are the B cell/lymphoma-
2 (Bcl-2) family proteins, including inhibitors (Bcl-2, Bcl-XL etc.) and promoters (Bid, Bax, Bak, Bad,
Bim etc.) of apoptosis. The activated mitochondria release cytochrome c, and the binding of cytochrome
c with apoptosis-activating factor 1 (Apaf-1) causes the processing of procaspase-9 to the mature enzyme
and activates downstream caspases, like caspase-3 [26].

Fig. 1 Regulation of Fas-mediated apoptosis by cFLIP. When the Fas FasL binds to the extracellular
region of Fas, the adaptor protein, FADD, binds to the intracellular region of Fas via the
homophilic interaction of the DDs. Then, procaspase-8 binds to FADD through the homophilic
interaction of DEDs. Dimerized procaspase-8 is cleaved and active caspase-8 induces the
activation of downstream caspases, which results in apoptosis. cFLIP blocks Fas-signaling by
binding to FADD or procaspase-8, which inhibits the activation of caspase-8.
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Growth factors and signal transduction by protein kinases
In addition to death ligand-receptor signaling, an absence of growth factors or cytokines induces

apoptosis. The cellular proliferation that is induced by growth factors or cytokines can occur only in the
presence of distinct survival-promoting signals. Cells that receive signals to proliferate in the absence
of survival-promoting signals do not proliferate, but instead die by apoptosis. A key cell survival pathway
linked to growth factor receptors is the phosphatidylinositol 3’-kinase (PI3-K)/Akt phosphorylation
cascade [27]. A number of studies have confirmed that PI3-K becomes activated when recruited to the
cytoplasmic surface of the plasma membrane following the activation of growth factor receptors by
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ligands, or via direct interaction with the Ras proto-oncogene [28]. Activation of PI3-K results in the
activation of a broad spectrum of downstream kinases, including Akt (also known as PKB). Under
homeostatic conditions, growth factor-activated Akt serves to phosphorylate, and thereby regulate,
proteins that function in maintaining the basic needs of the cell, such as the transport and oxidation of
glucose for producing energy [29, 30]. Recently, the FOXO (forkhead box, class O) subfamily of
forkhead transcription factors (FOXO1/FKHR, FOXO3a/FKHRL1, and FOXO4/AFX) has been
identified as a direct target of PI3-K. FOXO transcription factors are directly phosphorylated by Akt,
resulting in binding to 14-3-3 proteins, nuclear export, and inhibition of transcription. However, in the
absence of Akt-mediated phosphorylation, FOXO transcription factors can translocate to the nucleus
and increase the gene expression of proapoptotic regulatory factors such as FasL and Bim [31-33]. It is
also reported that phosphorylated Akt upregulates the expression of cFLIP, which results in the inhibition
of apoptosis [34, 35].

Follicular Development and Atresia in Mammalian Ovary

Follicular development during fetal and adult life
During embryogenesis, primordial germ cells migrate from the yolk sac to the genital ridge and

proliferate. Then the somatic cells, called follicular epithelial cells (granulosa cells), enclose the germ
cells to form the primordial follicles. After mitosis, the first meiotic division begins in germ cells
(primary oocytes). The primary oocyte becomes arrested in the diplotene stage of meiosis, until the
surrounding follicle leaves the primordial stage (primordial follicles), and starts to grow to reach
ovulation. Approximately 5 million primordial follicles are present in both ovaries 10 days after birth
in sows (1.2, 4, and 1 million primordial follicles in cows, women, and mice, respectively) [36-40].
During the period a sow is fertile, at most 1,600 oocytes (less than 0.14% of all primary oocytes) will
ovulate, all the others will disappear. After puberty, a number of primordial follicles start growing
during each estrus cycle in adult females. The initiation of follicular growth involves endocrinological
factors, mainly follicle stimulating hormone (FSH), and local modulating factors from granulosa cells,
theca cells, stromal-interstitial cells, and the oocytes. Primary follicles (follicles with a mono-layer of
follicular epitherial/granulosa cells) develop into secondary follicles (follicles with stratified granulosa
cells but without an antrum), and subsequently, tertiary follicles (follicles with a follicular antrum).
Due to a large increase in the proliferation of granulosa cells and an increase in the size of the antrum,
tertiary follicles show an exponential rate of growth [41]. In the oocyte, meiosis restarts and the first
polar body divides. Finally, selected follicles burst, and the oocytes ovulate.

Regulation of follicular development and atresia
With the increase in serum FSH concentrations at the start of the estrous cycle, follicles produce

more estrogen and inhibin, via granulosa cells. As a feedback mechanism, the inhibin causes the secretion
of FSH decline, and therefore the remaining small follicles undergo atresia. Experiments with FSH
receptor (FSHR) knockout mice and hypophysectomized rodents showed that FSH is essential for the
formation of the antrum in secondary follicles and postantral follicular development in tertiary follicles
[42]. Active immunization against inhibin increased the number of ovulations in sows [43, 44], and
injection of inhibin into the ovarian bursa of immature rats increased the number of medium-sized
antral follicles [45], indicating that inhibin acts to prevent follicular development. Although atresia can
occur at any time during follicular development, the majority of follicles become atretic during the
early antral stage of development [40]. The transition from preantral to antral follicles occurs after
exposure of the granulosa cells to gonadotropin. Then, the differentiation of granulosa cells is initiated,
which renders them susceptible to apoptosis. Granulosa cells from antral, but not preantral, follicles
contain endogenous DNase I [46, 47]. However, the presence of this endonuclease is not sufficient to
cause apoptosis; a signal to activate DNase I and induce cell death is required. Although the exact
signals, receptors, and intracellular signaling pathways leading to apoptosis within granulosa cells are
unclear, many molecules are likely to be involved, including follicle survival factors (such as FSH,
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insulin-like growth factor-I: IGF-I, interleukin-1beta: IL-1B, epidermal growth factor: EGF, Bcl-2,
Bcl-XL etc.) and atretogenic factors (inhibin, Bax, FasL, TNF-alpha, caspase etc.) [48]. Follicular growth
and development, and atresia seem to depend upon a sophisticated balance between these survival and
atretogenic molecules.

Regulation of Follicular Atresia by Apoptosis of Granulosa Cells

Cell death ligands/receptors and follicular atresia
The FasL-Fas system is the most characterized apoptotic signaling machinery in granulosa cells.

In many species including humans, mice, rats, cows, and sows, both FasL and Fas are expressed in
granulosa cells, and apoptosis is inducible by FasL-Fas signaling in vitro [49-58]. In human females
granulosa cells of antral follicles express Fas during the early stages of atresia, and the levels of Fas
expression increase as atresia progresses [51]. In addition, treatment of female mice with Fas-activating
antibody promotes the apoptosis of granulosa cells and follicular atresia [50, 53], indicating the pro-
apoptotic function of FasL-Fas signaling in vivo.

TNF-alpha is known to induce both cell death and cell proliferation. TNF-alpha exerts its effects
by binding either to TNF receptor (TNFR)-1, containing a DD, and stimulating apoptotic signaling or
to TNFR2, which lacks a DD and acts as a survival/anti-apoptotic and/or proliferating factor [59, 60].
In primary cultured granulosa cells, TNF-alpha can induce both proliferation and death [61, 62]. However,
from the in vivo expression experiments in porcine ovaries, TNF-alpha seemed to act as a cell survival
factor since levels of TNFR2 and TNF receptor associated factor-2 (TRAF2: activator of apoptosis
initiated by TNF-alpha signaling) decreased during follicular atresia [63]. Although few studies have
been conducted on the possible role of TRAIL in contrast to FasL and TNF-alpha, TRAIL and its
receptor (TRAIL-decoy receptor 1: DcR1) were indicated to induce apoptosis of granulosa cells from
their levels of expression and activity in porcine ovaries [64, 65]. Recently, we found that cFLIPS and
cFLIPL are expressed in porcine granulosa cells and determined their mRNA sequences initially in pig
species [66]. The homology of porcine cFLIP vs. human and murine cFLIP was very high (more than
75% at both the mRNA and amino acid level), and it was proposed that cFLIP has cell survival-promoting
effects also in pig species. As described above, cFLIP is known to inhibit Fas-mediated apoptosis and
the FasL-Fas system is well characterized as a pro-apoptotic signal in granulosa cells. In porcine granulosa
cells, the expression of FasL and Fas increased during atresia, though both proteins are also expressed
in healthy pre-antral and antral follicles [67]. It was suggested that the factor(s) which blocks FasL-
Fas-mediated apoptotic signaling is essential for maintaining granulosa cells and keeping follicles healthy.

To determine the role of cFLIP in ovarian granulosa cells, we first examined the expression of
cFLIP in vivo using porcine ovaries by RT-PCR and Western blotting. cFLIPL mRNA and protein were
highly expressed in granulosa cells of healthy follicles and decreased during atresia. cFLIPS mRNA
levels in granulosa cells were low and showed no change among the stages of follicular development,
and its protein level was extremely low. By in situ hybridization, it was found that cFLIPL is abundant
in granulosa cells of healthy follicles in comparison with those of atretic follicles. Immunohistochemical
analyses demonstrated that the cFLIP protein is highly expressed in the granulosa cells of healthy
follicles but weakly expressed in those of atretic follicles [68]. We presumed that cFLIP, especially
cFLIPL, plays an anti-apoptotic role in the granulosa cells of healthy follicles of pig ovaries. Since the
anti-apoptotic activity of porcine cFLIP (pcFLIP) had not been determined, we next examined the
effect of pcFLIP on survival using granulosa-derived cell lines. A human ovarian granulosa tumor cell
line, KGN [69], and porcine granulosa-derived cell line, JC-410 [70], were used. KGN cells transfected
with pcFLIPS or pcFLIPL vectors survived the induction of Fas-mediated apoptosis, while almost all of
the cells transfected with empty vector died, indicating the anti-apoptotic activity of pcFLIP in granulosa
cells. When both cFLIPS and cFLIPL, or only cFLIPL, were suppressed by small interfering RNA
(siRNA), the viability of JC-410 cells declined significantly [71]. We conclude that porcine cFLIP
functions as an anti-apoptotic factor in granulosa-derived cells. These findings strongly suggest that
cFLIP acts as a survival-promoting factor in granulosa cells and determines whether porcine ovarian
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follicles survive or undergo atresia (Fig. 3). Considering the results which indicated an apoptotic effect
of cFLIPS in rat primary cultured granulosa cells [62], cFLIP should be the key-regulating factor of
ovarian granulosa cell death in mammals.

Bcl-2 family members in granulosa cell death
Bcl-2 family proteins also appear to regulate the apoptosis of granulosa cells. The role of Bcl-2

in ovarian apoptosis is supported by several experimental findings. Numbers of follicles decreased in
Bcl-2-deficient mice [72], and excessive expression of Bcl-2 leads to decreased follicular apoptosis
and atresia [73, 74]. Bax-deficient mice have abnormal follicles with an excessive number of granulosa
cells [75], and Bax expression is strong in the atretic follicles as compared to the healthy follicles of
human ovaries [76]. In murine and porcine granulosa cells, caspase-9 and Apaf-1 were indicated to
cause follicular atresia [77, 78]. These findings strongly suggest that mitochondria play a critical role in
the execution of apoptosis in granulosa cells, which are categorized as type II apoptotic cells.

Growth factors and signal transduction in granulosa cell apoptosis
IGF-I plays a critical role in the development of ovarian follicles in many species. With the rat

follicle culture model, treatment with IGF-I prevents the spontaneous onset of apoptosis [79]. IGF-I
knockout mice are infertile, as follicular development is arrested at the small antral stage and mature
tertiary, Graafian follicles are not produced [80, 81]. In primary cultured porcine granulosa cells, IGF-
I promotes proliferation and suppresses apoptosis [82-84]. It has been demonstrated that treatment of
granulosa cells with IGF-I stimulates the activities of PI3-K and Akt, with IGF-I driving phosphorylation
[85-87], indicating that IGF-I plays anti-apoptotic role in granulosa cells by maintaining PI3-K-Akt
signaling. The expression of FOXO1, a pro-apoptotic transcription factor, is regulated by Akt in granulosa
cells of rats and mice, and decreased during follicular growth [88]. In addition, transcription of the
FOXO1 gene as well as phosphorylation of the FOXO1 protein in granulosa cells is regulated by IGF-
I and FSH [88-90]. FOXO3a is also necessary for ovarian follicular development, as FOXO3a null
mice are infertile due to impaired early stages of follicular growth [91, 92]. The functions of forkhead
transcription factors should be critical and further experiments are necessary to determine the precise
molecular mechanisms behind follicular growth and development. EGF, basic fibroblast growth factor
(bFGF), and IL-1B are also characterized as cytokines that inhibit the apoptosis of granulosa cells in
addition to IGF-I. EGF decreased the apoptosis of porcine granulosa cells [84]. In cultured rat ovarian
granulosa cells and follicles, EGF and bFGF suppress apoptosis [93, 94]. IL-1B inhibits apoptosis in
cultured rat preovulatory follicles [95].

Conclusion
Through the efforts of many researchers, a number of the factors regulating the apoptosis of

ovarian granulosa cells have been identified. However, the dominant factor(s) that determines follicular
development or atresia in vivo remains unclear. Solving this problem is essential for elucidating how
the reproductive system develops in vertebrates. In addition, it may improve the low rate of gestation
for in vitro fertilization in domestic animals and in humans. If the mechanisms by which follicles are
selected can be understood clearly, methods for selecting healthy oocytes or techniques to improve
damaged oocytes may be established.
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Introduction
Further to our previous studies to detect calcium in reaction product of phosphatase4) and to

notice the tubular substructure of cell organelles5) including endoplasmic reticulum0(ER)6), this report
is an application of phosphatase cytochemistry to that of myo-Inositol 1.4.5-trisphosphatase (IP3ase).
The preliminary reports have been reported at the 10th international congress of electronmicroscopy3,8).

Inositol trisphosphate (IP3) is a member of inositides1) and plays an important role as secondary
messenger to release calcium from the cisterna of endoplasmic reticulum to cytosol2,7).0Cytochemically
and immunohistochemically3,8), IP3 has been localized in cerebellum, acinar cells of pancreas and
others. The molecular mechanism of transportation from ER to the trans-side of Golgi complex is also
discovered. The aim to localize Inositol trisphosphatase (IP3ase) is to indicate existence of IP3.

Materials and Methods
Pancreas and cerebellum of adult ICR mice and their newborn mice were fixed with mixture of

paraformaldehyde 2% and glutaraldehyde 0.5% in 0.1M sodium cacodylate at pH 7.4. Specimens were
incubated in water bath at 38-40! with following media. Tris-HCl buffer at pH8.0 or pH5.0, 130mM,
myo-Inositol1.4.5-trisphosphate 3-5mM, MgCl2 5mM, lead citrate at pH 8.0 or lead nitrate at pH 5.0
2.5mM, 2,4,-dinitrophenol (DNP) 0.1mM, and dimetylsulfoxide (DMSO) 5% v/v, Substrate free and
bromotetramisole; 1mM containing media were used as controls.

Results
1) Localization of IR3ase on the surface of ER.

The cytochemical reaction was mainly on the outer surface of the ER . At higher magnification,
reaction products (PbP) were studded randomly on the outer surface of ER.

2) Localization of IP3ase in the nucleus.
The precipitate of reaction product of IP3ase was on the nucleolus and chromatin.

3) Localization of IR3ase reaction in the caveola of endothelial cell of small blood vessels.
Clear reaction products of IP3ase were in the caveola.

4) Localization of IP3ase in Golgi sacs.
The cytochemical reaction products were found in the innerside of Golgi vesicles.

5) Localization of IP3ase in synaptic vesicles.
In the Purkinje cells and nearby structure in cerebellum, large number of synaptic vesicles
were positive to IP3ase reaction. Reaction products were insides of vesicles.

6) Other cell organella such as mitochondria, zymogen granules, and multivesicular bodies
were devoid of IP3ase reaction. It was interesting to notice that tubular reticulum in the
matrix of zymogen granules had no reaction products.
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Discussion
Many of molecular biological reports imply s-ER and vacuole are rather important than r-ER to

release Ca2+ with IP3.. However, r-ER is predominant in pancreatic acinar cells. It requires further
experiments to compare s-ER and r-ER, as the site of IP3ase activity.
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Laboratory of Animal Reproduction, Tohoku University, Sendai 981-8555, Japan

The genetic and molecular mechanisms that control the development of capillary blood vessels
during follicular development which is related to the morphological dynamics of intrafollicular cumulus-
oocyte complexes (1) are beginning to be elucidated. Ovarian follicles contain and produce angiogenic
factors that may act alone or in concert to regulate the process of thecal angiogenesis. These factors are
ultimately controlled by endocrine, paracrine and autocrine regulation. A recent study indicated that
vascular endothelial growth factor(VEGF) plays an important role in the process of thecal angiogenesis
during follicular development. Moreover, we are developing a novel technology for the induction of
follicular development using the technique of in vivo gene administration. In my talk, the recent topics
of our research will be introduced. Perifollicular angiogenesis is closely associated with ovarian follicular
development and atresia (2.3). To investigate whether additional induction of perifollicular angiogenesis
would support subsequent follicular development, we directly injected VEGF gene fragments into the
ovaries of miniature gilts at 7 days before eCG treatment. Injection of VEGF gene fragments increased
the level of mRNA expression of VEGF 120 and 164 isoforms in the granulosa cells and VEGF protein
contents in the follicular fluid. The Flt-1 mRNA expression show a tendency toward increasing in the
thecal tissue of antral follicles in the ovaries injected with VEGF gene fragments. The number of
preovulatory follicles and the capillary density in the theca interna increased significantly in the ovaries
injected with VEGF gene fragments compared with those treated with eCG alone, indicating that the
regulation of perifollicular angiogenesis during follicular development is a very important factor in the
development of ovulatory follicles (4,5). GDF-9 is a growth factor secreted by oocytes in growing
ovarian follicles. We cloned porcine GDF-9 complementary DNA(cDNA), and then injected its gene
fragments into the ovary in gilts. The injection of porcine GDF-9 gene fragments resulted in an increase
in the number of primary, secondary and tertiary follicles, concomitant with a decrease in the number
of primordial follicles, indicating that exogenous GDF-9 can promote early folliculogenesis in the
porcine ovary (6). Our findings may offer an innovative technique for enhanced induction of follicular
development in the ovary through gene and hormonal treatment, which may lead to prevention of
infertility caused by ovarian dysfunction.

(1) Yokoo,M., Sato,E.: Int.Rev.Cytol., 235:251-291, 2004
(2) Jiang,J.Y., Shimizu,T., Tsang,B.K., Sato,E.: Cell Tissue Res., 316:349-357, 2004,
(3) Shimizu,T., Jiang,J.Y., Sato,E.: Biol.Reprod., 67:1846-1852, 2002
(4) Shimizu,T., Jiang,J.Y., Iijima,K., Miyabayashi,K., Ogawa,Y., Sato,E.: Biol.Reprod., 69:1388-1393,

2003
(5) Miyake,Y., Matsumoto,H., Yokoo,M., Miyazawa,K., Kimura,N., Tunjung,W.A.S., Shimizu,T.,

Sato,E.: Biol.Repord., 74:501-510, 2006
(6) Shimizu,T., Miyabayashi,Y., Yokoo,M., Hoshino,Y., Sato,E.: Reproduction, 128:537-543, 2004
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MECHANISMS OF EMBRYO IMPLANTATION IN MICE

Eiichi Hondo
Department of Veterinary Anatomy, Yamaguchi University, Yamaguchi 753-8515, Japan

Embryo implantation is the first checkpoint for successful pregnancy. Over 90 % of spontaneous
and habitual abortion occurs during implantation period in most mammalian species investigated.
Therefore, it is very important for human welfare, conservation of wildlife, and/or advance in reproductive
performance of industrial animals to understand the mechanism of embryo implantation. Here,
morphological and molecular aspects of embryo implantation in mice would be reviewed.

After fertilization, mouse blastocysts get into the uterine horn at the third day of pregnancy (the
plug=the first day of pregnancy; Day 1). Embryos position at the right place until Day 4. This process
is called embryo spacing. Positioning of the embryo in the uterus is stringently determined in some
animal species. In cow, implantation occurs exclusively at the caruncle, in which there is no uterine
gland and development of the blood vessel is conspicuous. The position of the mouse embryo inside
the uterus is defined by three axes: (1) an axis parallel to gravity, (2) an axis whose vector is parallel to
the uterine horn, and (3) an axis whose vector is perpendicular to the other two axes. The embryos
attach to the luminal epithelium of the uterus exclusive to the anti-mesometrial side opposite to the
broad ligament. The placenta is formed at the mesometrial side. Positioning of the mouse embryo
related to above (2) is closely related to distribution of the uterine gland. Mechanisms which control (1)
and (3) remain unclear.

Transient nidatory estrogen around noon at Day 4 increases leukemia inhibitory factor (LIF)
transcript in parallel with its protein. The uterine luminal epithelium (LE) responses to LIF, and blastocysts
adhere to LE. LIF is essential for embryo implantation since it could be substituted for nidatory estrogen.
Blastocysts on LIF deficient mother attach to the uterine surface (apposition), however, close adhesion
by forming the pinopod on LE does not occur. Similar figure of quiescence at the feto-maternal interface
is observed in conventional delayed implantation mice without transient nidatory estrogen and subsequent
LIF. After adhesion of the blastocyst to LE, apoptosis of LE cells and secondary decidualization occur.
In addition to these two important events at early pregnancy in mice, the phenomenon, that the uterine
lumen at the implantation site closes and attaches each other, should be important. Some adhesion
proteins immigrate from the basal and lateral part of the LE cell to the apical surface of it from Day 3
to 5. These proteins must contribute to close the uterine lumen. The most critical point among these
sequential processes of implantation supposed to be the breakthrough of quiescence at feto-maternal
interface, that is, initiation of apoptosis of the LE cells at the site of embryo adhesion, and/or normal
signal transduction leading to secondary decidualization. LIF must strongly involve in this process via
STAT3 pathway in the LE cells. We have analyzed gene expression profile to reveal the mechanism of
initiation of embryo implantation using LIF deficient mice and conventional delayed implantation
mice. New knowledge in this would be introduced in the presentation.
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EXPRESSION AND PUTATIVE ROLE OF TRANSFERRIN
BINDING PROTEIN IN AVIAN CENTRAL NERVOUS SYSTEM

Sa Sun Cho
Department of Anatomy, Seoul National University College of Medicine

Seoul 110-799, Korea, chossn@snu.ac.kr

We have identified that transferrin binding protein (TfBP), a member of heat shock protein 90
family, is a novel avian ER-associated membrane protein that is specifically localized in glial cells in
the chicken CNS, In this talk, I will first present a brief overview of chemical property of TfBP, and
then its cellular localization in the adult and embryonic chick CNS. Lastly, I will show some evidence
suggesting that this protein may play a role in iron sequestration as well as a protective role in CNS
injuries including iron-born free radical damage in glial cells.

Chemical property: TfBP is originally identified from the chicken oviduct membrane as an
intracellular, homodimeric glycoprotein (subunit MW 104 kDa). This glycoprotein binds transferrin
and shares a number of physical properties with humane transferrin receptor. It was subsequently shown
that TfBP is structurally related to chicken heat shock protein 108, avian homology of GRP 94 family
of stress-induced proteins. Although these proteins are implicated in the chaperon functions, their specific
roles in the CNS have not been established.

Cellular localization: TfBP is localized specifically in the oligodendrocytes (OL).
Immunoreactive products were confined to the cytoplasm, particularly associated with RER of OL but
not in myelin. Compared to membrane components, which constitute oligodendrocyte markers in many
cases, this cytoplasmic molecule is remarkably stable for chemical fixation during tissue preparation.
This property of TfBP makes it ideal as an oligodendrocyte marker as proven in the avian retina in
which we demonstrated a large number of OL. In addition, TfBP is expressed in Bergmann glial cells in
the cerebellum suggesting this molecule take a part in function these cell types.

Developmental expression: TfBP is unique in that it expresses initially in the primitive
neuroepithelium, and subsequently in the developing oligodendrocytes, and that finally it is expressed
in mature oligodendrocytes, which suggests novel functions for TfBP in the establishment of cellular
identity and elaboration of oligodendrocytes in the avian CNS

Putative role: TfBP has a high transferrin binding activity in vitro, and colocalization with iron
and iron-biding protein occurs in OL and Bergmann glia, which are known as major iron storing cells
in the CNS. Furthermore, TfBP is upregulated by iron overload in OL culture, and a transient upregulation
also occurs when kainate treated in the CNS, suggesting a role of iron sequestration as well as function
as a stress regulating protein to cope with possible oxidative stress arising from iron accumulation in
glia. In summary, our studies indicate novel functions for TfBP in the establishment of cellular identity
and roles in iron metabolism in the avian CNS.
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O-1 ANALYSIS OF INTERACTION IN DECORIN AND
COLLAGEN ASSEMBLY

Yoshinao HOSAKA1), Shunsuke Iwsaki1), Hiromi UEDA1) Yasuo Kokai2)

and Kazushige Takehana1)

1) Department of Veterinary Anatomy, School of Veterinary Medicine, Rakuno Gakuen University,
Ebetsu 069-8501 Japan

2) Department of Biomedical Engineering, Sapporo Medical University School of Medicine, Sapporo,
060-8543 Japan

(E-mail: hosap@rakuno.ac.jp)

Decorin is the prototype of the family of small leucine proteoglycans (SLRPs), as same as
biglycan and fibromodulin. In our previous study, we revealed that decorin is a factor, which strongly
influence on collagen assembly and its density, by using transient decorin knockdown cells (tDK).
However gene knockdown effect in tDK was not complete and down-regulation (gene knockdown)
period was short. In this study, 1) we create the decorin-knock down fibroblast cells (DK), which stably
express siRNA for decorin gene (siDecorin), and 2) we clarified biological activities of decorin in
fibrogenesis and assembly process by use of DK which culture in re-constructed collagen gel. We
succeed to create cells which express siDecorin stably and established DK cell line. In the assembly of
collagen, fibril networks of re-constructed collagen cultured with DK were much looser than those
with control or with decorin not- knockdown cells (DnK). In both control (fibroblast) and DnK groups,
their collagen fibrils arranged in parallel and straightforward, however its regular orientation was
disappeared in DK groups. In control and DnK groups, collagen fibril diameters were less than 40 nm
and fibrils of the diameter of 20-25 nm made up the largest number. In the contrast, in DK group the
number of collagen fibrils of smaller diameter increased and the average diameter of the collagen
fibrils was significantly smaller than those in the diameter of control and DnK. Cell growth rate of DK
group was significantly lower than those of control and DnK group, although growth rate of DK recovered
dramatically by addition of decorin. Real-time PCR analysis in decorin-related factors revealed that
expression level of biglycan, collagen type I and III mRNA in DK was up-regulated, on the other hand
expression level of fibromodulin and TGF-b1 mRNA was down-regulated. These results indicate that
decorin is a principal regulator of collagen morphology and cell proliferation.
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O-2 IMMUNOHISTOCHEMICAL AND LECTIN
HISTOCHEMICAL STUDIES ON

BRACHIAL GLANDS OF THE SLOW LORIS

Kazumi Taniguchi1), Piboon Yutsiri2), Ayumi Noijiri1), Pongsiwa Sotthibandhu1), Jun Saito1),
Yoshie Watahiki1), Masashi Tsujio1),

Kazuki Yoshioka1) and Ken-ichiro Mutoh1)

1) Laboratory of Veterinary Anatomy, School of Veterinary Medicine, Kitasato University, Towada,
Japan.

2) Department of Veterinary Parasitology, Faculty of Veterinary Medicine, Mahanakorn University,
Bangkok, Thailand.

Slow lorises possess venom glands in the subcutaneous regions medial to the elbow joints.
When attacked, they lick the secretory products of the glands to mix with saliva, which is delivered
when biting predators. Their behaviors have been well known; however, their histological characteristics
remain unestablished. The present study aims to elucidate the histological features of the venom glands.
Three male slow lorises, four years old, 350 g in body weight, dead from pneumonia, were found at a
national park in Thailand. Shortly after death, the samples were fixed with 10% neutral formalin and
processed for histology (HE, PAS and Alcian blue), immunohistochemistry (for smooth muscle actins
(SMA) and CD15, a marker for apocrine glands), and lectin histochemistry (using 23 types of lectins).
The results showed that the glands were a blend of two different types. One of them was composed of
single tall columnar cells. The other type was composed of light and dark cells, shorter in height than
the cells of the other type of gland. The glands were connected to the epidermal surface with their own
ducts; some of the ducts showed close connection to sebaceous glands, suggesting at least some of the
glands have the apocrine origin. Both types of glands were densely surrounded by cells immunopositive
to SMA, myoepithelial and smooth muscle cells, indicating the ability for abrupt secretion. The two
types of glands showed different localizations for immunopositive deposits for CD15 as well as different
reactivity to the lectins. While similar to sweat glands, the venom glands do not exactly show the
apocrine or eccrine characteristics; they might have their origin in sweat glands, then evolved into a
specialized venomous glands.
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Fig. 1 The schematic drawings of the ventral (left) and dorsal side (right) of the syrinx in Jungle crow.
vTB: muscle tracheo- bronchialis ventralis. vS: muscle syringeus ventralis. vlS: muscle syringeus
ventrilateralis. dTB: muscle tracheo-bronchialis dorsalis longus. dS: muscle syringeus dorsalis.
dlS: muscle syringeus dorsarilateralis. ST: muscle sternotrachealis. LT: muscle tracheolateralis.

O-3 HISTOLOGICAL STUDY OF THE SYRINGEAL
MUSCLES IN THEJAPANESE JUNGLE CROW

Naoki Tsukahara1, 2, Qian Yang1, Shosuke Nakayanagi1, Masato Aoyama1, Shoei Sugita1

1 Faculty of Agriculture, Utsunomiya University, 350, Mine-machi, Utsunomiya shi, Tochigi 321–
8505, Japan.

2 United Graduate School of Agricultural Science, Tokyo University of Agriculture and Technology,
Tokyo 183-8509, Japan.

Keywords: Jungle crow, Muscle fiber type, Syringeal muscle, Vocal organ

Introduction and Objectives
Bird’s vocalizations are produced by the syrinx  located between the trachea and the two primary

bronchi. The birds which utter complex vocalizations have many pairs of syringeal muscles in the
syrinx. In this study, two experiments were performed to analyze muscle system of syrinx in Jungle
crow (Corvus macrorhynchos). In experimental 1 (Ex. 1), the syringeal muscles in Jungle crow were
identified. In experimental 2 (Ex. 2), the ratios of the muscle fiber types of the syringeal muscles in
Jungle crow were investigated.

Materials and Methods
All Jungle crows were sacrificed under over dose anesthesia with pentobarbital and their syrinxes

were taken.
Ex. 1: The syrinxes of four Jungle crows (two adult males and two adult females, 620-780g)

were used. All syringeal muscles were identified according to the border of the fascias and the course of
the muscle fibers in the sections of syrinxes, stained by Azan stain.

Ex. 2: The muscle fiber types of each syringeal muscle of four Jungle crows (two adult males
and two adult females, 640-820g) were identified by ATPase and NADH-TR stain.

Results
Ex. 1: Seven pairs of syringeal muscles (Fig. 1 vTB, vS, vlS, ST, dTB, dS, dlS) and one pair of

tracheal muscle (fig. 1 LT) were identified in Jungle crow.
Ex. 2: Three types of muscle fiber were found in syringeal muscles of Jungle crows. Result were

shown in Fig. 2.
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Fig. 2 The ratio of the muscle fiber types of each syringeal muscle in Jungle crow. I, IIa, IIb: muscle
fiber type. The abbreviations are same in Fig. 1.

Discussion
Canaries have five pairs of syringeal muscles even they sing complexly (1). The Jungle crows

have more pairs of syringeal muscles than those of canaries. The differences of the ratios of the muscle
fiber types in each syringeal muscle suggest that each muscle can play different roles for vocalizations.
Complex vocalizations in Jungle crows can be caused by many types of syringeal muscle which have
different roles.

References
1. DeVoogd TJ et al. 1991 J. Comp. Neurol. 307: 65-76
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O-4 CHANGES IN THE EXPRESSION LEVELS OF ANTI-
APOPTOSIS PROTEIN IN MOUSE CORPUS LUTEA

DURING ESTRUS CYCLE AND PREGNANCY

Kannika Wonpanit, Akihisa Maeda, Junyou Li and Noboru Manabe
Research Unit for Animal Life Sciences, Animal Resource Science Center, The University of Tokyo,
Japan
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Introduction
In mammalian ovaries, follicular development and atresia, and luteal body degeneration are

closely regulated by cell death and survival/proliferation factors, including hormones (gonadotropins)
and intra-ovarian regulators (gonadal steroids, cytokines, and intracellular proteins). Several hundred
thousand primordial follicles are present in the mammalian ovary, however, only a limited number
develop to the preovulatory stage and ovulate. The others, more than 99.9% of follicles will be eliminated
via a degenerative process known as “atresia”. After the ovulation, corpus lutea (CLs) are generated.
The endocrinological regulatory mechanisms involved in follicular development and atresia, and corpus
luteum (CL) formation and degeneration have been0characterized to a large extent, but the precise
temporal and molecular mechanisms involved in the regulation of these events have remained largely
unknown. Recently, we found a novel anti-apoptotic protein (cellar FLICE-like protein: cFLIP; which
has spricing variants: short form and long form, cFLIPs and cFLIP l, respectively) (1, 2), which regulates
apoptosis in granulose cells of follicles and luteal cells of CLs. The CL is main functional organ for the
establishment and maintenance of pregnancy. When females lost pregnancy, CL allows the development
of a follicle and the reproductive cycles begins again. The aim of this study is to reveal the changes in
the expression levels of the anti-apoptotic protein and its mRNA during estrus cycle and pregnancy in
CLs of mice.

Materials and Methods
The CLs were assigned on estrus cycle (proestrus, estrus, metestrus and diestrus) and pregnancy

(0.5, 6.5, 7.5, 10.5, 12.5, 16.5 and 18.5 days of pregnancy). The changes in expression levels of cFLIPs
and cFLIPl mRNAs in CLs were determined by RT-PCR.

Results and Discussion
The RT-PCR analysis of CLs showed lower levels of cFLIPs and cFLIPl mRNAs on proestrus

stage and higher of them on mid pregnancy.
We firstly show the changes in cFLIP expression during estrus cycle and pregnancy in mouse

CLs. The present data indicate that cFLIP relates apoptosis in CLs and acts as a major survival factor on
gestation period.

References
1. GOTO Y, MATSUDA-MINEHATA F, INOUE N, MATSUI T, MAEDA A and MANABE N. 2004.

Porcine (Sus srofa) cellular FLICE-like inhibitory Protein (cFLIP): molecular cloning and
comparison with the human and murine cFLIP. J Reprod Dev 50: 549-555.

2. MATSUDA-MINEHATA F, GOTO Y, INOUE N and MANABE N. 2005. Change in expression of
anti-apoptotic protein, cFLIP, in granulose cells during follicular atresia in procine ovaries. Mol
Reprod Dev. 72: 145-151.
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O-5 CHICKEN GERMLINE CELLS: AN OVERVIEW

Naoki Tsunekawa, Yoshiakira Kanai  and Masamichi Kurohmaru
Department of Veterinary Anatomy, Graduate School of Agricultural and Life Sciences, The University
of Tokyo, Yayoi 1-1-1, Bunkyo-ku, Tokyo 113-8657, Japan

In an effort to obtain a reliable molecular probe to trace the origin of germ cell lineages in birds,
we have isolated a chicken vasa homolog (Cvh) gene. In a previous report, we demonstrated the germline-
specific expression of CVH protein in germ cells ranging from PGCs in uterine stage embryos to
spermatids and oocytes in adult gonads. Recent immunohistochemical studies on sections of the early
cleavage stage embryos revealed that at the first and second cleavages, a CVH positive structure was
found at the basement of the first cleavage furrow and then similar localization of CVH protein was
observed until the fourth asymmetric cleavage. In stage IV to V embryos, consisting of about 300 to
600 cells, respectively, granular spherical structures containing CVH protein were detected in the ventral
cytoplasm of 6 to 8 particular cells, which resided in the center of the blastodisc. Furthermore, in the
oocytes, CVH protein was predominantly localized in granulo-fibrillar structures surrounding the
mitochondrial cloud and spectrin protein-enriched structure, indicating that the CVH-containing
cytoplasmic structure is the precursory germ plasm in the chicken. These results strongly suggest that
the chicken germline cells are determined by maternally inherited factors in the germplasm.

To date, germline stem (GS) cells have been established in the mouse. The purpose of current
study was to establish GS cells in the chicken. In our presentation, we will present current data, including
previous studies.
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O-6 IMMUNOHISTOCHEMICAL STUDY OF STEROID
HORMONE RECEPTORS  IN THE MUSK SHREW

(Suncus murinus) OVARY

Naoko Inoue, Akira Uchida, Toshihiro Mizorogi, Sen-ichi Oda, Katsuhiro Fukuta
Graduate School of Bioagricultural Sciences, Nagoya University, Japan

Introduction
The musk shrews (Suncus murinus), known as continuous breeders and copulatory ovulators,

have unique characters in their reproductive manner. It has been reported that follicular antrum did not
develop without copulation, and that pregnancy was fully maintained even if ovariectomized at the
early stage. Particularly in premature follicles without follicular antrum, granulosa layers differentiate
inner (IGL) and outer (EGL) zones. However, their physiological functions have not been known yet.
The present study was examined to elucidate the changes in expression of steroid hormone receptors in
the shrew ovary during ovulation.

Materials and Methods
The female shrews of KAT line, descendants of wild animals in Katmandu, Nepal (1991), were

used in this study. The ovaries (pre- and post-copulation) were collected, and subjected to immunohisto-
chemistry for estrogen receptor-alpha ?(ER-alpha), progesterone receptor (PR), P450SCC, 3beta-HSD
and P450arom. The detection of apoptotic cell was also performed with immunohistochemistry for
ssDNA.

Results
In the shrew ovary, ER-alpha was expressed in both IGL and EGL of premature and secondary

follicles, but not detected in mature follicles with follicular antrum. P450arom, the marker of estrogen
production, was expressed in IGL and EGL of pre- and post-copulation, and preovulation. In the shrew,
ssDNA positive cells were located in EGL, but not in IGL. PR was expressed in EGL of post-copulation,
and both IGL and EGL of preovulation. Moreover, trace/weak stainings of P450SCC and 3beta-HSD
were found in granulosa cells. However, administration of a potent antagonist of progesterone (RU486)
caused to decrease the number of corpus luteum.

Discussion
These results suggest that premature follicles have similar functions of graafian follicles in

other mammalian ovaries, and IGL act as cumulus cells. The production of progesterone, which is
needed to ovulation, did not depend on granulosa cells. The granulosa cells in the shrew seemed to
have different functions from other mammals during ovulation.
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O-7 EXPRESSION AND FUCTION OF ACTVITIN A
IN T HELPER CELLS
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Activins, which are homo- or hetero-dimers of inhibin beta subunits and members of the
transforming growth factor-beta (TGF-beta) superfamily, are local regulators of cell growth and
differentiation. We investigated the regulatory expression of activin A in CD4+ helper T cells.

In helper T cells, increased expression of activin A was found only in Th2 cells, but not in Th1
cells, indicating that activin A production is associated with Th2 type immune responses. In parallel
with the separation of helper T cells into Th1 or Th2 cells, several groups have proposed that the
exposure of macrophages to a specific set of cytokines also biases them toward either an M-1 (activated
macrophages) or an M-2 (alternatively activated macrophages) phenotypes. Activated macrophages
metabolize L-arginine by two alternative pathways involving the enzymes iNOS or arginase.

We determined if activin A has an effect on the alternative activation of macrophages similar to
other Th2 cytokines such as interleukin (IL)-4 and IL-13. Activin A induced macrophages to express
arginase-1 (M-2 phenotype), while it inhibited inducible NO synthase expression (M-1 phenotype)
induced by IFN-gamma. Taken together, these observations suggest that Activin A is a novel Th2
cytokine that promotes differentiation of macrophages toward the M-2 phenotype.
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O-8 GANGLION CELL DENSITY AND OIL DROPLET
DISTRIBUTION IN THE RETINA OF THE

BROWN-EARED BULBUL (Hypsipetes amaurotis).
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Introduction and objectives
Information on the regional specialization of ganglion cells in the retina is important for

understanding visual abilities since the various regions of the retina differ in their transmission of
visual signals to the higher visual center [1]. Similarly, various colored oil droplets play a significant
role in avian color vision as they are interposed between the incident light and the visual pigment of the
cone outer segments. Here, we investigate the population, sizes and densities of retinal ganglion cells
in the ganglion cell layer, and the densities and sizes of oil droplets in different regions of the bulbul
retina (Hypsipetes amaurotis).

Materials and Methods
Eyes were removed from the orbital cavities immediately after sacrificing birds with the

appropriate dose of anesthetic (pentobarbital, 30 mg/kg). The retinas were used either for whole-mount
preparations and stained with 0.1% cresyl violet to examine ganglion cells, or examined as fresh
preparations for color microphotography of oil droplets.

Results
Mean total number of ganglion cells was 2.5×106 (table1), two areas of the retina with high cell

density were identified: the central area

Table 1 Total area screened and total number of ganglion cells in four retinal specimens.
No. of retina Areas (mm2) cells/mm2 (mean) Total cells

1 154 18,943 2,917,240
2 163 16,109 2,625,804
3 154 14,794 2,278,320
4 150 16,244 2,436,620

Average 155 16,523 2,564,496
(CA) with 24,032 cells/mm2, and the dorso-temporal area (DTA) with 23,113 cells/mm2 (fig.1). Four
types of colored oil droplet were identified: red, orange, green and clear (fig. 2f).They had an average
density of 29,062 /mm2. Green oil droplets were the most frequent type (13,083 /mm2). The central
retina contained a significantly higher density of all types of oil droplet (60,552 /mm2). The densities
and sizes of the different oil droplets were inversely related across

Discussion and conclusion
Our ganglion cell density map identified two areas, the CA and the DTR that had peak densities,

signifying that these areas should have fine visual acuity, suggests that this species is typical of that of
other aerial species with similar habitat and food gathering requirements. The specialization of oil
droplets in the bulbul retina indicates that more details of light (colors) at both longer and shorter
wavelengths are detected and transmitted from the central retina than from the peripheral retina.
Moreover, green oil droplets predominate in the bulbul retina suggests that the visual pathway of these



«“√ “√ —µ«·æ∑¬å ªï∑’Ë Òˆ ©∫—∫æ‘‡»… ÚıÙ˘112

Fig. 1 A density map where each solid line
demarcates the boundary of a region in
which ganglion cell density exceeds that
indicated on the line (shown in thousands
of cells/mm2). Bar 3mm.

Fig. 2 Representative examples of colored oil
droplets in five regions of the retina, a:
central. b: temporal. c: nasal. d: ventral. e:
dorsal. f: a higher magnification image of
oil droplets. Bar: 50µm.

birds enables them to filter absorption of green light from leaves; this would serve to enhance color
discrimination and make red or yellow fruits more conspicuous. Therefore, by studying the distributional
densities of ganglion cells and oil droplets in the retina, one may be able to predict to some extent the
eating habits and ecological aspects of bird species.

References
Bravo H and Pettigrew JD. 1981. J Comp. Neurol. 199: 419-41.
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Figure 1 Representative activity records from wild type (A), tottering (B, C) mice during free running
in constant darkness.

Table 1 Summary of activities in constant darkness
 Wild type Tottering     p value

Revolution per day 2878±728 299±40 <0.005
Tau (h) 23.84±0.03 23.59±0.03 <0.001
Alpha (h) 12.09±0.24 13.38±0.59 =0.07
Activity in alpha (%) 86.4±1.8 80.0±1.4 <0.05

O-9 ALTERED CIRCADIAN RHYTHMICITY IN THE
P/Q-TYPE CALCIUM CHANNEL MUTANT MICE

Sang-Soep Nahma, Louise C. Abbottb and David J. Earnestc

a College of Veterinary Medicine, Konkuk University, Seoul, Korea
b College of Veterinary Medicine, Texas A&M University, College Station, TX, USA
c College of Medicine, Texas A&M University Health Science Center, College Station, Texas, USA
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I. Introduction & Objectives
The suprachiasmatic nuclei (SCN) of the hypo-thalamus function as a master pacemaker that

regulates circadian rhythms in mammals (1). Within the SCN, voltage-dependent calcium channels
(VDCC) are highly expressed, thus expected to play important roles in SCN functions (2). We investigated
the effect of P/Q-type VDCC dysfunction on formal circadian properties in tottering mice that show
decreased P/Q-type calcium channel function.

II. Materials & Methods
Wild type (C57BL/6J) and tottering mice (tg/tg) were maintained in cages equipped with running

wheels to record circadian wheel running activity in constant darkness (3).

III. Results
- Some tottering mice (2/15) gradually lost circadian wheel running rhythmicity after one month

in constant darkness (Fig 1).
- The free-running period (tau) of the activity rhythm in tottering mice was significantly shorter

than wild type mice (Table 1).
- Tottering mice exhibited slight increase in the duration of the active period ?(alpha) relative to

wild type mice (Table 1).
- Tottering mice exhibited increased residual activity during the rest period (Table 1).
- Tottering mice showed decreased light-induced phase shift responses (Fig 2).
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Figure 3 Light-induced phase shift response of wild type (A) and tottering mice (B). Animals were
maintained in constant darkness at least for 8 weeks then given a 15-mins light pulse at
circadian time (CT)14 (upper panel) or CT22 (lower panel). Asterisks indicate the day when
the animals were exposed to the light pulse.

IV. Conclusion
Tottering mice showed altered circadian properties, which suggest a potential implication of P/

Q-type calcium channels in circadian rhythm regulation in mammals.

V. References
- Gillette MU, Cur Opin Neurobiol. 1997, 7: 797-804.
- Nahm et al., J Neurosci. 2005, 25: 9404-9408
- Allen et al., Neurosci Lett. 2005, 378: 150-155.
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O-10 EXPRESSION OF PATTERN OF TWO KINDS
OF PROPASIN MRNA IN RAT CENTRAL

NERVOUS  SYSTEM.

Shouichiro Saito 1) and Jie Chen 2)
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1Yanagido, Gifu 501-1193,
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Prosaposin is the precursor protein of four small glycoproteins called saposin A, B, C and D that
activate specific sphingolipid hydrolases in lysosome. However, intact form of prosaposin, which is
not processed into the saposins, is found in the cerebrospinal fluid, and the neurons are also revealed to
keep prosaposin mainly as the intact form. At present, the intact form of prosaposin is known to act as
a neurotrophic factor that plays important roles in the differentiation, maintenance, and regeneration of
neurons and glia. Recently, the rat prosaposin gene was demonstrated to generate two mRNAs with and
without a 9-base insertion (Pro+9 and Pro+0 mRNA). In this study, we examined the expression patterns
of these two mRNAs in the choroid plexus, the olfactory bulb and the regenerative facial nerve nucleus
of the rat by in situ hybridization.

The brains were dissected from adult Wistar rats of both sexes. For the examination of the
regenerative facial nerve nucleus, right facial nerve was transected at stylomastoid foramen, and the
pon was dissected on 1 to 52 days after the operation. The specimens were immediately frozen on dry
ice, sliced on a cryostat into 20 µm sections, and processed for in situ hybridization. Hybridization was
performed by applying [35S] dATP-labeled oligonucleotide probes on tissues at 41 C for 24hr. Then the
sections were coated with Kodak NTB-2 (Kodak, USA), exposured for 3 weeks at 4 C, developed with
Kodak D-19, and observed by dark-field microscope. All procedures were performed in accordance
with the Guide for Care and Use of Animal Experimentation at Ehime University and Gifu University.

In the choroid plexus, the hybridization signal of Pro+9 mRNA was weak, but that of Pro+0
mRNA was intense. In the olfactory bulb, both mRNAs were expressed intensely in the mitral cells of
the main olfactory bulb, and moderately in the mitral/tufted cells of the accessory olfactory bulb. In the
regenerative facial nerve nucleus, the expression of Pro+9 mRNA was almost constant level, but that of
Pro+0 mRNA changed dramatically, during the regenerative period. The increased expression of Pro+0
mRNA was observed from 3 to 21 days after the operation, in the facial motoneurons and the glial cells.
The observation in the choroid plexus suggests that the secretion form of prosaposin predominantly derives from Pro+0 mRNA.
Therefore, the increase of Pro+0 mRNA in the regenerative facial nerve nucleus may result from the acceleration of prosaposin
secretion that promote the survival of the neuron via autocrine or paracrine manner. However, in normal neurons examined,
expression levels of two mRNAs are seemed to be same, indicating the possibility of another functional significance in alternative
splicing of prosaposin.
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Figure 1 Transmission electron micrographs of barbules cross sections. The white sphericals are
melanin granules. (A: male, B: female,0scale bars = 5 µm)

Table 1 Comparison of microstructure in the barbules of both sexes of Jungle crows
Measuring items Male Female

No. barb 263.15±15.7# 49.03±14.5
Length of hooklet (µm) 24.10±3.0*0 40.12±3.9
Inter-barbules dist.(µm) 29.06±2.8* 33.16±1.9
Length of segment (µm) 26.50±2.3 28.12±1.8
Den. of melanin(p/µm2;R) 8.16±2.5* 3.85±2.0
Den. of melanin(p/µm2;L) 4.86±2.3* 2.42±1.2

The average ±SD       #P<0.05 0       *P<0.01

MICROSTRUCTURE OF THE FEATHER IN JAPANESE
JUNGLE CROWS (Corvus macrorhynchos) WITH

DISTINGUISHING SEXUAL DIMORPHISM

E.O. Lee1,2, M. Aoyama1 and S.Sugita1

1 Dept of Animal Science, Utsunomiya University, 2United Graduate School of Agricultural Science,
Tokyo, University of Agriculture and Technology, Tokyo, Japan.

Key Words: barbules, feathers, jungle crows, microstructure, structural color

Introduction
The plumage color of Jungle crow is not completely black but it looks like purple and green, and

in adult males seem to be more notable than that of females. This sexual dichromatism in the iridescence
plumage color might be produced by the sexual difference in the microstructure of the feather. In this
study, we investigated the sexual dimorphism in the microstructure of the feather of Jungle crows.

Materials and Methods
Twenty three adult Jungle crows (580~820g) of both sexes were used. We had two objectives in

this study of iridescent plumage coloration in Jungle crows. First, we counted the secondaries barbs of
the iridescent plumage on gross inspective eye. Second, barbs were observed with electron microscopy.

Results
We used scanning electron microscopy to characterize the barbules shape. The length of hooklet

and inter-barbules distance were difference in both sexes (Table1). In the density of melanin granules,
it was difference in both sexes by transmission electron microscopy (Figure1 and Table1). Moreover,
melanin granules seemed to make the single layer line in the inner surface of the cortex only in males.
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Discussion
Iridescent color is generally produced in feather barbules [1].The larger numbers of barbs in

males may have some relation with the stronger extant of the structural color in males. The arrangement
and the density of melanin granules can influence the structural color in feather barbules. In the present
study, density of melanin granules in male crow was higher with single layer line in barbules than that
of female. The sex difference in structural color in Jungle crows’ feather barbules may be caused by
structural differences, showing in present study, of barbules between males and females.

Reference
1. Prum.R.O.2006 Anatomy physics and evolution of avian structure colors. In Bird Coloration. Vol1.

Mechanisms and Measurements (ed. Hill GE, McGraw KJ), Harvard University Press.295-353
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Fig. 2 Demonstration of Ca-channel (·2-subunit)Fig. 1 Demonstration of calbindin D-28K

A NOTE ON CALCIUM TRANSPORT IN THE CECA OF OWLS
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Introduction
Avian ceca are blind ending sacs that extend from the proximal end of the colon. They range in

size from large and paired to small and single, or may be completely absent. Regarding that ceca of
birds are of different histological types (intestinal, glandular, lymphoid, vestigial, absent), functional
variety is suggested, including digestion of small food particles, absorption of nutrients, production of
antibodies, microbial action, or utilization and absorption of water (Clench and Mathias, 1995). The
present study was designed to give first information about calcium transport in cecal enterocytes,
considering also general aspects of calcium metabolism in owls that only badly digest the bones of
their prey.

Material and Methods
Ceca of three owl species (Tyto alba, Strix aluco, Asio otus) were freshly obtained from 37 adult

animals of both sexes that had to be euthanized for veterinary medical resasons in the Clinic. The
samples were fixed in Bouin‘s solution, routinely embedded in paraffin wax, and calbindin D-28K
(monoclonal, cross-reactive with all vertebrate groups, Swant), Ca-channel (·2-subunit, monoclonal,
cross-reactive with all vertebrate groups, Swant) and succinate dehydrogenase (SDHA, Biologo) were
demonstrated immunohistochemically, using very sensitive dextran-polymer visualization (DAB-PO,
EnVision system, Dako). Histological preparations were stained with hematoxylin-eosin or toluidine
blue.

Results
The ceca showed the typical layer structure of the intestinal tract, with distinct intestinal villi.

The enterocytes of the L. epithelialis of the T. mucosa were high columnar and very thin when
longitudinally sectioned, additionally, several goblet cells were found. The L. submucosa appeared
inconspicuous, whereas the T. muscularis was comparatively thick.

Including the controls applied, strongly positive reactions could be obtained in the enterocytes
of the intestinal villi for both substances indicating calcium transport, i.e. calbindin D-28K and Ca-
channel (α2-subunit). The staining concentrated at the apical cell membrane, but was also regularly
observed at the basal cell membrane (Figs. 1, 2). Enterocytes of the crypts, however, reacted generally
weaker.
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SDHA reactions were always very strong in all enterocytes of the epithelial layer. Often the
reaction staining was visible in apical cell parts and only sometimes basally.

For the three substances tested, no differences in reaction intensity could be observed with
regard to the the three parts (basis, corpus, apex) of the ceca.

Discussion and Conclusion
Our results clearly demonstrated for the first time that the enterocytes of the owl ceca are regularly

involved in calcium transport. Strong reactions obtained for the mitochondrial oxidative enzyme SDH
in the ceca enterocytes corroborate the view that calcium transport is associated with high energy
demands. The findings, moreover, are of interest regarding ceca variations related to different food
habits of birds (Naik and Dominic, 1962). The large ceca of carnivorous owls have to perform, primarily,
Ca- transport, whereas in prey birds this task is done more effectively by the upper small intestine
(Hilton et al., 1999).
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Hilton, G.M. et al. (1999) Ecological constraints on the digestive physiology in carnivorous and

piscivorous birds. J. Exp. Zool. 283: 365-376.
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Introduction
PLD influences many important intracellular events via the production of these downstream

products (1). This study examined the expression and cellular localization of PLD in mouse testis at
various postnatal time points using Western blot analysis and immunohistochemistry.

Materials and Methods
Western blot and immuno-histochemical analysis were done on the mouse testes sampled at 1,

2, 4, and 8 weeks after birth(n = 3–5 samples/ea) using the affinity-purified anti-PLD antibody.
Immunoreactivity was visualized with the ECL kit and avidin– biotin peroxidase (Vector, USA),
respectively (2).

Results
Western blot analysis showed that both PLD1 and PLD2 were detected in the testis at postnatal

week 1, and the expression of both increased gradually until at postnatal week 8. Immunohistochemistry
showed weak PLD immunostaining in some undifferentiated cells in the seminiferous tubules and
some interstitial cells in the testis of both 1- and 2-week-old mice. In the testis at 4-8 weeks after birth,
intense PLD immunostaining was seen in the primary spermatocytes, with characteristic

nuclear localization and in the residual bodies in the spermatids of the seminiferous tubules.

Discussion
This is the first confirmation of the developmental expression of PLD1 and PLD2 in the testis at

various time points after birth. The cellular localization of PLD implies that PLD is involved in the
development of germ cells and endocrine Leydig cells.

References
1. Board MR. 1994. Trends Pharmacol. Sci. 15: 57–62.
2. Kim HC et al. 2006. Cell Biol. Int. 31: 148-155.
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Figure 1 (A) Adrenal gland of Malayan pangolin
shows distinct cortex and medulla (B) The
curve column of cells in zona glomerulosa
(C) Long clusters of cells in zona
fasciculata (D) Anastomosing cell cords
in zona reticularis (E) Group of
spongiocytes in zona reticularis

MICROSCOPIC STRUCTURE OF ADRENAL GLAND OF THE
MALAYAN PANGOLIN

U. Pongchairerk, K. Saengprapaitip, M. Liumsiricharoen
Department of Anatomy, Faculty of Veterinary Medicine, Kasetsart University, Bangkok10900, Thailand

Key words: Malayan pangolin, adrenal gland, adrenal cortex, chromaffin cells

Introduction and Objectives
Adrenal gland is an endocrine organ consisting of a steroid secreting cortex and catecholamine

secreting chromaffin tissue. The functions of adrenal gland influence fluid and mineral balance,
metabolism, sex hormones production, and stress response (1). Histological study of this multifunctional
gland leads to the understanding of animal physiology, which is consequently important for studying
an environmental adaptation, especially in an endanger species such as Malayan pangolin (2). The
present study emphasizes the microscopic structure in each zone of cortex and in medulla of Malayan
pangolin adrenal gland. This information is certainly useful for advanced study in the future.

Materials and Methods
The adrenal gland was collected from euthanized Malayan pangolin and fixed in Carnoy’s fixative.

The tissue was embedded in paraffin, cut at 5 åm thick, and stained with hematoxylin and eosin (H&E).
The microscopic structure of adrenal gland was observed under light microscope and the photographs
were taken.

Results
The micrograph of Malayan pangolin

adrenal gland shows thin capsule covers the
entire gland which composed of outer adrenal
cortex and interior medulla (Figure1A).  Three
distinguish zones of cells are presented in adrenal
cortex. Each zone composes different types of
cell cord separated by connective tissue extended
from the capsule and the sinusoidal capillaries.
An outermost zona glomerulosa is immediately
beneath the capsule. This is a thin zone of
acidophilic high columnar cells arranged in
curved column. No lipid droplets are shown in
the cytoplasm (Figure1B). The widest middle
zone, zona fasciculata, exhibits long parallel
clusters of polyhedral cells which contain some
lipid droplets in the acidophilic cytoplasm
(Figure1C). The inner zona reticularis is
composed of anastomosing cords of small
acidophilic cells. Some lipid droplets are also
found but not as much as in zona fasciculata
(Figure1D). There are few groups of fasciculata
cells (data not shown) and highly vacuolated cells
(spongiocytes) scattered in the reticularis
(Figure1E). The adrenal medulla consists of
chromaffin cells which show two different
staining, chromophobic and intense basophilic.
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Figure 2 (A) Different staining of chromaffin cells
in adrenal medulla (B) Sympathetic
ganglion located between border of
medulla and zona reticularis

The basophilic cells are smaller with dense nuclei
and fewer in number than the chromophobic cells
(Figure2A). The sympathetic ganglion is also
found in the medulla (Figure2B). The boundary
between adrenal medulla and zona reticularis is
irregular as cells from two areas are penetrated
to each other.

Discussion
In zona glomerulosa of adrenal cortex, the

curved cords of high columnar cells are similar
to those in horse, carnivore and pig (3). Cells
located in zona fasciculata contain low lipid droplets. Meanwhile, the spongiocytes, which are numerously
appeared outer two third of zona fasciculata in most species, are presented as cell groups restricted in
zona reticularis in Malayan pangolin. Less lipid storage caused by low cholesterol natural diet of Malayan
pangolin is the hypothesis for this occurrence. Origin of spongiocytes was not defined since the types
of hormone production were not proved in this study. In adrenal medulla, different staining of chromaffin
cells reveals their activity. The basophilic staining indicates that these cells are in an active stage.
Nevertheless, the distinction and distribution of epinephrine and norepinephrine cells in the medulla
will be further studied by observation of different chromaffin reaction strength (4) or using
immunohistochemical technique.
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Figure 1 H&E staining of gill from quinaldine
60 ppm group (40x).This picture
demonstrated mild congestion
(arrow head) and epithelium cell
edema (black arrow) and goblet cell
(white arrow).

Figure 2 H&E staining of liver from quinaldine
80 ppm group (20x). Liver tissue
demonstrated mild congestion and
focal necrosis with cellular infiltration.

ACUTE TOXICITY AND HISTOPATHOLOGICAL
FINDING BETWEEN QUINALDINE AND CLOVE OIL IN

Amphilophus citrinellus

S. Sukklad, J. Soontornsit, D. Kingsukon, P. Toniti, B. Chantong, W. Sirimanapong
Faculty of Veterinary Science, Mahidol University, Salaya, Nakornpathom, Thailand
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Introduction
Quinaldine and clove oil are anesthetic agents of barbiturate group. Quinaldine is an aromatic

compound that irritates the mucous membranes especially gills and may cause corneal damage in fish.
(1) Clove oil is distilled from nature and considered to be antiviral, antimicrobial and antifungal agent.
(2) However, both of them have not been studied in cichlid yet. That is questionable that the adverse
effects and sensitivity of these fish may differ from other species. The aim of this study was to determine
the acute toxicity of quinaldine and clove oil by evaluated the histopathology of gill, liver and kidney.

Materials and Methods
Fish were divided into two treatment groups.  Both quinaldine treat-group and clove oil treat-

group were anesthesia in various doses (10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140 and
150 ppm) until reach surgical stage.  Gill, liver and kidney samples were collected 24 hours after
anesthesia. Histopathological studies, vascular lesion and cellular lesion, were grading or percentage;
these data were evaluated and compared between two anesthetic agents. Statistical analysis. The percent
of kidney and gill lesion were calculated by independent T-test and with 95% confidence (p<0.05) and
the lesion grade was used descriptive analysis.

Results
Mild congestion of gill and liver were observed in both anesthetic agents, however, it did not

represent dose-dependent fashion. Cellular lesions of gill were found in all doses and did not different
in both treated and control groups. Small foci of liver necrosis and inflammatory cells infiltration were
not related with dose of quinaldine but these lesion were found in high dose of clove oil (80, 90, 100,
120,130 and 140 ppm). In kidney, cloudy swelling, hydropic change and hyaline degeneration were not
differing between these two agents. Compared with control group, mostly lesion of clove oil and
quinaldine were significantly different (Fig.1,2,3)
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Figure 3 H&E staining of kidney from clove oil1 40
ppm group (40x) Liver section showed
hydropic degeneration (A) and hyaline
degeneration  (B) of renal tubular cells.

Discussion/Conclusion
From the results above, all dose of

quinaldine and clove oil had mild effect to
gill.  Lamellar congestion, telangiectasis and
cellular edema are likely to affect the oxygen
uptake by the gill lamellae due to an increase
in the diffusion distance. (3) Nevertheless,
continuous or prolong anesthesia may
increase structural changes in gill. Although
both treated-groups had mild effects to kidney
but could be recovery if the cause was
elimination. (4) Liver was not affected by
quinaldine and clove oil.
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Introduction and objectives
In many species, the removal of one testis elicits a compensatory hypertrophy of the remaining

testis, which has been characterized chiefly as an increase in testicular weight [1]. In rats, the magnitude
of this response depends on the particular age at which hemicastration is performed. hypertrophy of the
testis, as evaluated by the increase in wet testis of the gonad, takes place in animals subjected to unilateral
orchidectomy between 5 and 15 days after birth [2, 3]. Until recently, little has been known about the
compensatory response of Leydig cells. Therefore, the objective of the present study were to determine
whether hemicastration alters the size and number of the Leydig cell in the remaining testis of the
Sprague Dawley rat, and if so, to ascertain the effect of age of hemicastration on this response.

Materials and Methods
Male Sprague Dawley rats were purchased from Bio-Safety Institute (Chonbuk National

University, Jeonju, Korea) at 20, 40, and 85 days of age. The rats were unilaterally castrated at 25, 45,
and 90 days of age under 8% chloral hydrate anesthesia. The controls were not operated upon. Thirty
days after hemicastration, testes of rarts were fixed by whole body perfusion using a fixative containing
2.5% glutaraldehyde in cacodylate buffer, processed and embedded in epon-araldite. Using 1 ›3 sections
stained with methylene blue-azure II, qualitative and quantitative(stereological) morphological studies
were performed. Testosterone levels in the incubation medium of luteinizing hormone-stimulated (100
ng/ml) testosterone secretion per testis in vitro, and in serum were determined by radioimmunoassay.

Results
Body weight and fresh testis weight were affected by age but were not significantly affected by

hemicastration Serum testosterone and LH-stimulated testicular testosterone production in hemicastrated
and control rats were essentially the same at 75 days of age. Volume density of Leydig cells was
significantly greater in rats hemicastrated at 45 days of age than in controls. The total number of Leydig
cells per testis was not significantly affected by age or hemicastration; and Leydig cell size was not
effected by age or hemicastration in 25- or 125-day-old rats. An increase in estimated Leydig cell size
occured in rats hemicastrated at 45 days of age compared to controls.

Discussion
In the rats of the present study, testicular hypertrophy ceased to be apparent. On the basis of the

present histological observation, it is evident that hemicastration Stimulates the production of interstitial
tissue, Leydig cells, and vascular components. The increase in testicular weight of the remaining testis
after hemicastration was essentially the same as that reported in previously published studies, in which
testicular hypertrophy failed to occur in rats 45 days of age or older [4]. Enlargement of Leydig cells
was shown to be unrelated to this increase, possibly because of the small volume of Leydig cells
occupying the testis. The total number of Leydig cells per testis was found to be basically the same as
that determined by Bergh [2]. In conclusion, at 45 days of age, hemicastration cause enlargement of
Leydig cells of the still-intact testis and stimulates androgen production.
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Introduction and objectives
The testis is the male reproductive organ containing numerous compartments and cell types. It

consists mainly of the seminiferous tubules, where the process of spermatogenesis occurs, and the
space between the tubules, the interstitium. The interstitium consists Leydig cell, steroid-producing
cells, mesenchymal cells, myoid cells.

Adult Leydig cells are believed to be derived mainly from mesenchymal precursor cells as a
result of division of immature Leydig cells, and to a lesser extent by mitotic proliferation of fully
formed Leydig cells. Leydig stem cells have been designated as pure mesenchymal cells. A precursor
product relationship between mesenchymal and Leydig cells has been reported in the bovine testis.

However, observed seminiferous tubules under microscope, detailed quantitative information
on Leydig cells, Mesenchymal cells, Myoid cells is available in Korea native cattle(Hanwoo), We
designed the present study to investigated in detail the change in the testis of Hanwoo from 14 week to
maturity.

The purpose of the present study was to evaluate the developmental changes of the Leydig cells
and their precursors during postnatal development in the Hanwoo.

Materials and Methods
Morphometry of the testicular interstitium from pre-puberty to adult periods in Korean native

cattle or hanwoo were evaluated in progression from 14th, 20th, 25th, 30th, 35th, 40th until the 104th
week (n= 7 cattle per group) of ages. Testis of cattle was fixed by perfusion using a fixative containing
2.5 % glutaraldehyde in cacodylate buffer, processed and embedded in Epon-araldite.

Using 1 µm section stained with methylene blue-azure a!, qualitative and quantitative
(stereological) morphological studies were performed. The ultrastructural changes of the Leydig cells
were demonstrated by ultrathin section using transmission election microscopy.

The statistical used a Duncan test; correlation analysis; p< 0.05. by SAS 8.02 program.

Results
The results were summarized as follows.
1. The volume density of the seminiferous tubules increased with age from 54.2 % at week 14

to 76.9 % at week 104. In contrast, interstitium volume density decreased from 45.8 % at week 14 to
23.1% at week 104. Volume density of Leydig cells decreased almost linearly from week 14 (20.7 %)
to week 104 (5.3 %). The mesenchymal cell occupied a volume density of 5.3 % at week 14, increased
progressively up to 25 week of age (8.8 %) and decreased during 104 week of age (4.1 %)

2. Absolute volume of Leydig cells and mesenchymal cells per testis increased significantly
from week 1 to week 104.

3. The number of Leydig and mesenchymal cells per testis have almost linearly increased from
1 week to 40 weeks but eventually decreased during 104 weeks of age.

4. The average volume of mesenchymal cells has normally increased from 14 weeks to 104
weeks while the average volume of Leydig cells slowly increased until week 40 but suddenly increased
significantly during the 104 week.
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5. The average diameter of seminiferous tubules gradually increased with age from 14 week
(76.56 µm) to 104 week (298.9 ›3), the length of the seminiferous tubules was 2.463 km at 14week,
increased significantly in subsequent age groups and reach 4.472 Km by week 30 week and decreased
down to 3.221 Km at 104 week.

6. The stages of germ cell development in seminiferous tubules were classified as 1)
spermatogonia (1-104 weeks), 2) spermatogonia and spermatocyte (20-104 weeks), 3) spermatogonia,
spermatocyte and spermatid (30-104weeks) 4) spermatogonia, spermatocyte, spermatid and spermatozoa
(40-104 weeks).

7. The Leydig cells were classified as 1) fetal Leydig cells and undifferentiated mesenchymal
cells (14-25 weeks), immature adult Leydig cell (14-35weeks), undifferentiated mesenchymal cells
and fully differentiated Leydig cells (adult Leydig cell, 40-104 weeks).

Discussion/ Conclusion
These results clarified the pattern of morphometric study of the testicular interstitium from pre-

puberty to adult in Hanwoo. Neonatal-prepuberty (before 25 weeks), puberty (30-35 weeks) and adult
(after 40 weeks) stages and fully differentiated Leydig cells (adult Leydig cell) also showed after week
40.

Fetal Leydig cell degeneration and cell death after birth and mesenchymal cell differentiation
adult Leydig cells were noted. Mature Leydig cell differentiation precedes the onset of spermatogenesis.
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CHARACTERIZATION OF GLYCOCONJUGATES
IN THE MANDIBULAR SALIVARY GLAND OF

MALAYAN PANGOLIN  (Manis javanica)

R. Munyala, M. Liumsiricharoen, P. Pongket, T. Prapong, A. Suprasert.
Department of Veterinary Anatomy, Faculty of Veterinary Medicine, Kasetsart Univrsity, Bangkok
10900, Thailand.

Key words : Malayan  pangolin , mandibular salivary gland, glycoconjugates histochemistry

Introduction and objectives
The Malayan pangolin (Manis javanica) or scaly anteater is a unique and interesting mammal.It

is classified  as protected wild animals that become to be extinct soon because of somehow threatened.
They may be important to the environment because they can control insects and termites population.
Many studies have reported on the importance of glycoconjugates secreted by the mandibular salivary
gland in mammals. However, at present histochemical data on the mandibular salivary gland of Malayan
pangolin is not available. Therefore, this study was  performed using conventional and lectin
histochemical methods, in combination with enzyme digestion procedure.

Materials and methods
The Malayan pangolin was obtained from the  Songkhla province in Thailand. Samples of the

mandibular salivary glands were fixed in buffered formalin then tissue samples were dehydrated ,
cleared and embedded in paraffin wax. Sections were cut at thickness of 3-4 mm. They were then
subjected to stain with  Haematoxylin  and Eosin (H&E), Acian blue pH 2.5 (AB pH 2.5), Periodic acid
- Schiff  (PAS), AB pH 2.5-PAS and lectin including Glycine max (SBA),Wheat germ agglutinin (WGA),
Dolichos biflorus agglutinin(DBA), Ricinus communis agglutinin –I (RCA-I), Concanavalin A (Con
A), Ulex europeus agglutinin –I (UEA-I) and Peanut agglutinin (PNA).

Results and Discussion
The results of histological and histochemical staining methods are summarized in table I.

Table I Histochemical reactions of glycoconjugates in mandibular gland of the Malayan pangolin
(Manis javanica).

  Staining method intensity in mucous cell
AB pH 2.5 4
Neu-AB pH 2.5 0-1
PAS 4
AB pH 2.5- PAS 3-4
Neu-AB pH 2.5-PAS 1-2
SBA 3-4
WGA 3-4
DBA 3-4
RCA-I 2
Con A 1
UEA-I 0
PNA 0

Number indicate staining intensity on a subjective scale : 0=unstained; 1=weak ;2=moderate; 3=strong; 4=very strong  Neu =
Neuraminidase enzyme
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The mandibular salivary gland of Malayan pangolin (Manis javanica) showed tubuloacinar
gland. Its secretory endpieces contained exclusively mucous cells. The secretory granules of mucous
cells stained strongly positive with AB pH 2.5, and PAS. In combind staining, the mucous acinar cells
were colored violet with AB pH 2.5 – PAS, demonstrating the presence of acidic and neutral
glycoconjugates. Neuraminidase digestion changed the violet coloration with the AB pH 2.5 - PAS
procedure to light red and abolished most staining of mucous cells with AB pH 2.5. The secretory
granules of mucous cells were also exhibited positive reaction with  SBA, WGA, DBA and RCA-I.
However, they stained weakly to negatively with PNA , Con A and UEA-I. This lectin staining results
indicated the presence of glycoconjugates with N- acetylgalactosamine, N-acetylglucosamine and
Galactosyl (β1→4) N- acetylglucosamine residues. In intercalated duct , the apical surface bordering
the lumen was heavyly to moderately stained with SBA, WGA, DBA, UEA-I  and Con A and weakly to
negatively stained with AB pH 2.5, PAS, AB pH 2.5 – PAS and RCA-I.
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Abstract
Porcine taste buds were examined to determine whether their morphological and histochemical

characters were mutual among the papillae in circumvallate (CV), foliate (FL), fungiform (FG),
epiglottises (EP) and soft palates (SP). The taste buds were examined by means of scanning electron
microscopy (SEM), immunohisto- chemistry for type III 1,4,5 inositol-triphosphate receptor (IP3R3), a
type II cell marker, and lectin histochemistry for determine the sugar residues using 23 types of lectins.
We also combined immunohistochemical and lectin histoche- mical labelings. The SEM results showed
that all types of papillae had taste buds and their morphologically were similar to each other. IP3R3 was
localized in light bipolar taste bud cells with a round to oval nucleus in all five types of papillae. In
contrast, the distributions of sugar residues were different among papillae. For example, Ulex europeaus-
1 (UEA-1) labeled only limited number of taste bud cells with a thin oval nucleus in CV and FL, while
it intensely labeled the majority of the cells in FG and SP, and weakly labeled the cells in EP. Dolichos
biflorus agglutinin (DBA) intensely labeled most of the cells in FL, FG and SP, but weakly reacted to
the cells in CV and EP. The results of double labeling showed that Lycopersicon esculentum lectin
(LEL) or Solanum tuberosum lectin (STL)-positive cells co-expressed IP3R3 in CV, FL and EP, but not
in FG and SP. These results suggest that taste buds in all papillae are involved in taste transduction
although they have different glycochains among papillae. Type II cells, which regarded as a taste receptor
cell, expressed N-acetylglucosamine, sugar specifically binds to LEL and STL, in the pig CV, FL and
EP, indicate that this sugar may be a component in taste perception.
Key words: taste bud cell, pig, scanning electron microcopy, lectin, inositol-triphosphate receptor
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COMPARISON OF AXOLOTL ‘S TASTE BUDS ON THE
CUTANEOUS AND LINGUAL SURFACES
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Abstract
Taste buds (TBs) are localized in the oral cavity and on the tongue in most terrestrial vertebrates,

while, in some aquatic animals, some TBs are located extra-orally, such as on the barbells. Axolotls, the
neotenic salamanders, Ambystoma mexicanum, are one of the aquatic amphibians, possessing TBs on
both the lingual and dorsal cutaneous surfaces. The present study compares the cytological and
histological characteristics of cutaneous and lingual TBs in axolotls. Paraffin sections were processed
for general histology (HE, PAS and Alcian blue), immunohistochemistry (serotonin, type III 1,4,5
inositol triphosphate receptor, protein gene product 9.5, and tryptophan hydroxylase), lectin
histochemistry (23 types of lectins), and scanning electron microscopy (SEM). The histological
observations demonstrated that the number and size of TBs, as well as the number of cells per TB, were
much bigger on the skin than on the tongue. Immunohistochemical observation showed all four types
of antibodies examined had similar localizations on the cutaneous and lingual TBs. In contrast, lectin
histochemistry revealed that eight types of lectins out of 23 showed different localizations between the
cutaneous and lingual TBs. The SEM results demonstrated that (1) several TBs gathered to form clusters
on the skin, while individual isolated ones scattered throughout the tongue; (2) Cutaneous TBs were
not uniformly distributed, while lingual TBs were; and (3) the apical surface of the TBs was exposed to
the cutaneous surface, while embedded in papillae on the tongue. Our results suggest that cutaneous
and lingual TBs differ in their histological and cytological characters in axolotls. The cutaneous TBs
might sense taste substance in water while they move and search for food while lingual ones might
perceive different molecules when they ingest.
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IMMUNOHISTOCHEMICAL LOCALIZATION OF THE
STEROIDOGENIC ENZYME AND STEROID RECEPTORS IN

THE TESTIS AND PERINEAL GLAND OF THE COMMON
PALM CIVET (Paradoxurus hermaphroditus)
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Introduction
The common palm civet (Paradoxurus hermaphroditus) belonging to order Carnivora, suborder

Feliformia, family Viverridae and Subfamily Paradoxurinae inhabits South and Southeast Asia including
India, Thailand, Laos, Cambodia, Myanmar, Vietnam, Philippines, Peninsular Malaysia and several
islands of Indonesia such as Sumatra, Java and Borneo. The presence of the perineal gland, a specialized
skin gland is a characteristic of Viverridae. The perineal gland is recognized in both sexes, and between
penis and scrotum in male. In previous study, the immunohistochemical localization of the testicular
steroidogenic enzymes of Carnivora was examined in Japanese black bear, American black bear and
Japanese raccoon dog;[1, 2=]. However, any other studies on the localization of the steroidogenic
enzymes have not been reported about viverrid testis. In the present study, we examined the localization
of the steroidogenic enzyme and steroid receptors in the testis and perineal gland of the common palm
civet to understand the testicular regulatory systems by steroid hormones.

Materials and Methods
The testes and perineal glands obtained from the male common palm civets captured in Sumatra

Island, Indonesia were used in this study. The Tissue samples were immediately fixed in Bouin’s fluid,
and then paraffin sections were cut serially at 4mm of thickness. Deparaffinazed sections were used for
hematoxylin and eosin (HE) and immunohistochemical staining. To detect the localization of
steroidogenic enzyme (P450scc) and steroid receptors (AR, ERα, ERβ), the sections were
immunohistochemically stained using the avidin-biotin peroxidase complex (ABC) method.

Results
In histological study, we regarded the testes with spermatogenesis as adult and without

spermatogenesis as immature. In all specimens, the immunoreactivities for P450scc were detected only
in the cytoplasm of the Leydig cells. The positive immunostaining for AR was localized in the Sertoli
cells, Leydig cells, and myoid cells, but no germ cells (Fig.1). In adult, ERα was detected only in the
Leydig cells, while the immunoreactivitis for ERβ were noted in the germ cells, but no ERs
immunoreactivitis in immature. The perineal
glands were composed of apocrine and
sebaceous glands. In adult, the apocrine glands
had a larger lumen than those in immature. The
AR immunoreactivities of apocrine and
sebaceous glands were detected in the nuclei
of the epithelia, and the immunoreactivities
were stronger in adult (Fig.2).
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Discussion
In this study of the common palm civet testes, P450scc were detected in the Leydig cells. It is

well-known that P450scc are required in the pathway to synthesize the testosterone from cholesterol.
The immunoreactivities for AR were detected in the Sertoli cells, Leydig cells, and myoid cells. In the
common palm civet, it is suggested that testosterone are synthesized in the Leydig cells, and regulates
the functions of the Sertoli cells, Leydig cells, and myoid cells via AR. Testosterone secreted from the
testes might promote the secretion from apocrine and sebaceous glands also. The ERa of the palm civet
testes was localized only in the Leydig cells, and the immunoreactivities for ERb were detected only in
the germ cells. It is assumed that estradiol converted from testosterone has effects on the functions of
the Leydig cells and the maturation of the sperms by way of ERa and ERb  ??respectively?
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Introduction and objectives
Brow-antlered deer or Eld’s deer (Cervus eldi thamin) is patchily distributed throughout Southeast

Asia such as Laos, Cambodia, Vietnam, India and Thailand. Throughout several decades, the number
of Eld’s deer in the world is rapidly decreased because of hunting. At present, it is placed on the list of
endangered species and classified as a reserved animal in Wild Animals Reservation and Protection Act
(1992) and also be protected from international trade of CITES in appendix 1.   A large amount of
information on the heart of animals [2, 3] has been reported, however, morphological investigations
carried out on the heart of the reserved animal have been limited. This report provides the fundamental
anatomical data of the heart of brow-antlered deer which presumably be useful for clinical and other
experimental works in this field.

Materials and methods
An adult female brow-antlered deer from Dusit zoo, died with non-cardiovascular cause, was

autopsied at the pathology unit, Department of Pathology, Faculty of Veterinary Science, Chulalongkorn
University. Heart was removed, preserved in 10% formalin, and then carefully dissected. The size,
shape and the internal structures were identified and described at a macroscopic level.

Results and discussion
The heart of the brow-antlered deer was cone-shaped with slender and pointed apex like that in

the small ruminant [4]. Its longest cranio-caudal and basio-apex axis were 8 cm and 11 cm, respectively
(Fig. 1A, B). Both auricles were seen in auricular surface. The notches in the border of both auricles
were more distinct than in the pig and dog [4]. Left coronary artery emanated from the ascending aorta
and then terminated by giving circumflex and paraconal interventricular branches. The circumflex
branch coursed within the coronary groove and terminated as subsinuosal interventricular branch in its
corresponding groove on the right side which is called left type of coronary artery supply as found in
dog and ruminant [1].

The paraconal interventricular branch descended in the paraconal interventricular groove without
reaching the apex, then connected with subsinuosal interventricular branch (figs. 1A, B). Right coronary
artery emanated from ascending aorta similar to the left coronary artery but smaller and ran in the
coronary groove then finally terminated without giving branch. Aortic arch gave off only 1 branch,
brachiocephalic trunk similar to that found in horse and ruminant (Fig. 1A). While it gave 2 branches,
brachiocephalicus and left subclavian artery in dog, pig and guinea pig [2, 3, 4]. Ligamentum arteriosum,
connected the descending aorta to the bifurcation of pulmonary trunk as similar to that of dog and horse
[4]. One septal and one parietal papillary muscles were identified in the left ventricle, while three septal
and one parietal papillary muscles were observed in the right ventricle. Only one strong trabecula
septomarginalis of 0.15 cm in width was identified in the right ventricle, while three small branching
trabecula septomarginales were found in the right ventricle (Fig. 1C, D) that would reflect to its impulse
conductive activity. In conclusion, this present report indicates that the anatomical structures of the
brow-antlered deer heart have some special characteristics which are both similar to and different from
the other mammals in many aspects that would be beneficial for further investigation.
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Figure 1 Auricular surface (A), Atrial surface (B), Inferior of  left ventricle (C) and right ventricle
(D): AA=ascending aorta, AVV= atrioventricular valve, BT= brachiocephalic trunk,
DA=descending aorta, LA=left auricle, LC=left coronary artery, LV=left ventricle, PB=
paraconal interventricular branch, pPM= parietal papillary muscle, PT=Pulmonary trunk,
RA= right auricle, RV=right ventricle, SB=subsinuosal inter-ventricular branch, sPM= septal
papillary muscle, TS=trabecula septomarginalis. Scale bar shown in centrimetres.
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Fig. 1 Light micrographs of 50-µm-thick vibratome sections from kidneys of postnatal 1- (A), 4- (B),
7-(C), 14 - (D), and 21-day old (E) rat pups illustrating immunostaining for H2AX. A-E. H2AX-
positive cells gradually disappear from the CNT and CCD, whereas remain in the IMCD. Scale
bar: 25 µm.

Fig. 2 Light micro -graphs of 2-µm-
thick consecutive sections from
kidneys of 7-day-old pups rat
illustrating immune -staining
H2AX (A) and AQP2 (B). A:
H2AX was expressed in the
CCD (stars). B:  Apical AQP2-
positive immune -reactivity that
identified them principal cells of
collecting duct (CD)(stars).
Scale bar 250 µm.

DEVELOPMENTAL EXPRESSION OF H2AX IN RAT KIDNEY

Y. D. Park 1 S. J. Kim 2, H. Y. Son3, S.Y. Ryu3, S.H. Cho3, J.-Y. Jung3
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Introduction
As the urinary concentrating mechanism is built up, cells in renal medulla are exposed to an

elevated and variable interstitial osmolality. Remarkably, hyperosmotic salt causes double-strand DNA
breaks (DSB) like ionizing radiation.  In addition, high concentration of urea induces single-strand
DNA breaks and oxidative lesions.  We have recently demonstrated that cells respond to DSB and
repair the hypertonicity-induced DNA damages by activating the ATM-MRN signaling pathways and
induction of gH2AX, phosphorylated form of histone H2AX at Serine 139 residue.  gH2AX plays a
critical role in triggering DNA repair process via recruitment of proteins associated with DNA repair at
the sites of DSBs.  In this study, we investigated the temporal and spatial expression of H2AX in
developing rat kidney.

Materials and Methods
In this study, we investigated the temporal and spatial expression of H2AX in developing rat

kidney. Kidney from 18-, and 20-day-old fetus and 1-, 4-, 7-, 14-, 21-day-pups, and adult animals
processed for immunohistochemistry and immunoblot analysis

Results
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Fig. 3 Light micrographs of 50-µm-thick vibratome sections from 1-day-old pups(A-C) and 4-day-
old pups(D-F) rat kidney illustrating H2AX. A-C: H2AX immunostaining was observed in the
CNT, CCD(allows), OMCD(asterisks) and IMCD(strars) of the 1-day-old pups.  D-F: In 4-day-
old pups, H2AX immunoreactivity was increased the IMCD(strars)  than the CNT and
CCD(allows). Scale bar: 125 µm.

Discussion
We conclused that H2AX protein was expressed only in a few cells of the CNT, CCD, OMCD

and nucleus of the IMCD, and suggests that DNA-damage induced in the developing kidney is repaired
via H2AX as in renal medulla of adult kidney.
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Introduction
Exposure to endocrine disruptors(estrogenic or anti-androgenic chemicals)can alter the

development of reproductive organs. However, it is still unclear whether endocrine disruptors, such as
DDT [2,2-bis(p-chlorophenyl)-1,1,1 -trichloroethane] and PCB (poly- chlorinated biphenyls), affect
F2 male reproductive organs as well as F1 genera-tion or not. The present study was conducted to
clarify the effects of DDT on F1 and F2 males.

Materials and Methods
Pregnant Sprague-Dawley rats (F0: n=14) were orally injected with p,p’-DDE [1,1-dichloro-

2,2-bis(p- chlorophenyl) ethylene], a major metabolite of DDT, from 10 to 20 embryonic days (E10-
E20). Thereafter, male offsprings (F1: n=13) were bred with wild-type females to generate the F2
generation (n=20).On 103 postnatalday, all animals (F1 and F2) were sacrificed. Then, the changes of
anogenital distance,daily sperm production, reproductive organ weightd, and morphological structured
were assessed to clarify the exposure-related effects on F1 and transgeneration effects on F2.

Results and Discussion
Mortality, anogenital distance, and daily sperm production decreased in treated F1-males. In

addition to these effects, relative reproductive organ weight was reduced in F2-males. These findings
suggest that exposure to DDE can affect male reproductive organs and function, and might have
transgeneration effects.
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Key words: anatomy, heart, dolphin

Introduction and objectives
The bottlenose dolphin is the most common and well-known dolphin, recent molecular studies

showing it is in fact two species, common bottlenose dolphin (Tursiops truncatus), and Indo-Pacific
bottlenose dolphin (T. aduncus)1. Because of its intelligence, they can be trained to perform the dolphin
show and also trained to be used in military purposes. Several anatomical studies of the dolphins have
been reported. For example, the Ganges River dolphin was showed to have a tracheal bronchus as in
pigs and ruminants2. Some aspects of the La Plata dolphin’s heart has been reported recently3. Therefore,
this would be the first study on an aged bottlenose dolphin heart found in Thailand.

Materials and methods
Carcass of a female bottlenose dolphin was delivered to the Dept. of Veterinary Pathology,

Chulalongkorn University for an autopsy. Cause of death was identified as aging. The heart and its
major vessels were carefully  dissected out and preserved in 10% formalin. Regular dissecting tools
were used for the gross anatomical study. Data and photos were recorded.

Results
The heart had four chambers, wide and flatten dorsoventrally. Its apex was shared by both

ventricle. Amout of subepicardial fat was found in both coronary and interventricular grooves. Paraconal
interventricular branch came from the left coronary artery and reached the apex while subsinuosal
interventricular branch came from the right coronary artery and also reached the apex. Vessels in the
intermediate groove were cleary seen. Five pulmonary veins running into the left atrium were found.
Ascending aorta gave off two branches; the brachiocephalic trunk and the left subclavian artery with
similar size. Ligamentum arteriosum connected between the aortic arch and bifurcation of the pulmonary
trunk was observed. Dorsal intercostal arteries emerged from the dorsal surface of the thoracic aorta as
a short common trunk before branching into two branches. In the right atrium, there was no distinct
intervenous tubercle and oval fossa. Only a large single trabecula septomarginalis was found in the
right ventricle but not in the left ventricle. Papillary muscles were larged and high in the right ventricle
but not in the left ventricle. There were two left atrioventricular valves and three right atrioventricular
valves.

Discussion
As a marine mammal, several structures of the bottlenose dolphin’s heart were similar to other

mammals. The aortic arch gave rise 2 branches as in dogs and pigs4. Normally, the brachiocephalic
trunk will be larger than the left subclavian. However, those 2 branches were similar in size in dolphin.
Because the subsinuosal interventricular artery came from the right coronary artery, this coronary supply
pattern can be identified as the bilateral coronary type, the same as in horses, pigs. Moreover, the
dolphin’s heart also shared the same characters as the pygmy killer whale’s heart in shape, intervenous
tubercle and the bilateral coronary type5. This probabaly because both of them are also marine mammals.
Number of the atrioventricular valves in bothe left and right chambers could be compared to the bicuspid
and tricuspid valves of human. Character of one common trunk of the dorsal intercostal arteries was
unique. This study showed that the heart of the bottlenose dolphin shared several structures to different
type of animals but still performed some unique characters.
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Fig. 3 Major vessels. L=Ligamentum arteriosum, S=Left subclavian a., B=Brachiocephalic trunk

Fig. 1 Auricular surface. AA = Aortic arch, PT =
Pulmonary trunk, RV = Right ventricle, LV
= Left ventricle, Paraconal interventricular
branch in the groove with amount of
subepicardial fat (arrow)

Fig. 2 Atrial surface. Arrow shows the
subsinuosal interventricular branch from
the right coronary artery
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Figure 1  The effect of eckol compound on radiation-
induced DNA damage in splenocytes by
alkaline comet assay. (A) 0Gy irradiation, (B)
2Gy irradiation, (C) 2Gy irradiation + eckol
(10mg/kg b. w., i.p) treatment, (D) the columns
presented the tail DNA % and inhibition
activity % in each group, showing the score
according to Komet 5.5 program.

RADIOPROTECTIVE ACTIVITY OF ECKOL IN
GAMMA RAYS-IRRADIATED MICE
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Introduction and objectivee
Ionizing radiation is known to induce oxidative stress through generation of ROS resulting in

cell death and tissue damage. Eckol is a phlorotannin component isolated from Ecklonia.cava and
reported to have inhibitory effect of reactive oxygen species (ROS) in vitro [1, 2]. Therefore we
investigated the protective effect and the molecular mechanism of eckol against gamma ray radiation
induced damage in irradiated mice.

Materials and Methods
To investigate the effect of eckol on survival rates, mice were observed during 30days after 9Gy

lethally irradiation. Next, we evaluated whether eckol can protect and regenerate in the radio-sensitive
cells from radiation induced damages. To elucidate the effect of eckol on hematopoiesis, colony forming
assay was performed in spleen of mice at 10day after 7Gy irradiation. After 2Gy irradiation, the DNA
damage using comet assay and proliferation ability using 3H-thymidine incorporation assay were
evaluated in lymphocytes. To further define the specific cell populations in stimulated splenocytes by
eckol, we analyzed the correlated measurements of forward-angle light scatter plotted against right-
angle light scatter using flow cytometry assay. The number of apoptotic fragments in small intestinal
crypt cells was counted by H&E staining. To study the mechanistic role of eckol compound on inhibiting
apoptosis, western blot assay for p53, Bcl-2, and Bax was performed. The results are reported as mean
± S.E. or S.E.M. The results were analyzed using Student’s t-test and p<0.05 were considered significant.

Results
The eckol significantly improved the survival rate to 85.7 (6/7) from 28.6 (4/14) % and extended

survival duration from 19.0 days to 27.3 days compared with irradiation control group. The counts of
endogenous colony forming unit (CFU) indicated the regeneration of hematopoietic cells increased
nearly twice in eckol plus irradiation group [3]. In immune cells, eckol decreased the percent of tail
DNA, a parameter of DNA damage, to 14.8 from 42.5% (Fig. 1).

Eckol also accelerated the proliferation of splenocytes damaged by irradiation (Fig. 2). In addition,
eckol enhanced recovery of lymphocyte,
monocytes and granulocytes, compared
with irradiated control group.

The number of apoptotic fragments
was significantly decreased in intestinal
crypt cells of eckol plus irradiation group,
compared with that of irradiation controls.
Furthermore, in mechanism study for
prevention of apoptosis induced by
irradiation, eckol could inhibit the up-
regulation of pro-apoptotic protein, p53
and Bax, and the down-regulation of
antiapoptotic protein, Bcl-2 (Fig. 3).
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Figure 3 Western blot analysis of eckol on the expression of p53, Bcl-2, and Bax in small intestines of
irradiated mouse. β-actin expression was used to demonstrate that equal amounts of protein
extracts were loaded.
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Figure 2 Eckol compound enhances proliferation ability suppressed by irradiation in splenocytes.
Splenocytes were obtained at 3 (A) and 9 (B) days after 2Gy irradiation. Proliferation is
expressed as thymidine corporation (CPM ± SE, n=2, *p < 0.05)

Discussion
These results indicate that the eckol can increase survival through accelerating regeneration of

the hematopoietic stem cells, strengthenening radioresistence of radiosensitive cells via modulating
apoptotic mechanism, promoting repair of radiation-induced damage or enhancing proliferation of the
immune cells. Thus eckol may be a good candidate for radioprotective agent.
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EFFECTS OF HYPOPNEA ON BLOOD MAGNESIUM AND
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Introduction and objectives
As we know, respiratory change alters blood pH, PaCO2, HCO3, and many ions level including

phosphorus, potassium and calcium. Although some researches had investigated total magnesium during
hypoventilation, magnesium has been given little attention compared with potassium and calcium.
Magnesium exists in biological fluids in the ionized and non ionized form, of which only former has
physiological activity.

In the present study, we attempted to determine the values of blood ionized Mg2+ (iMg2+) and
total Mg during the hypopnea in anesthetized rats.

Materials and Methods
We attempted to determine the values of blood ionized Ca2+ (iCa2+), Mg2+ (iMg2+), and the

ratio of iCa2+/iMg2+ during respiratory or metabolic alkalosis in anesthetized rats, using ion-selective
electrodes (Nova Stat Profile) and atomic absorption spectrophotometer. (Analab 9200)

Results
After hypoventilation (1/2 times of tidal volume and respiratory rate during 20 min), the whole

blood pH, lactate, PO2, O2ct, O2sat, A, a/A, and iCa2+/iMg2+ were significantly decreased (P<0.01,
n=14). The blood glucose, PCO2, TCO2, HCO3- (P<0.05), and iMg2+ were significantly increased
(P<0.01), although the blood Osm, Hct, Hb, Na+, K+, and iCa2+ were not changed.  Plasma iMg2+
and whole blood Mg were significantly increased (P<0.01).

Conclusion
These data suggest that hypopnea could increase ionized and total magnesium.
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Introduction and objectives
Previously studies shown that cyclosporin A (CsA) produces high bone remodeling with resorption

exceeding formation and loss of bone volume in the rat. This may have important clinical implications
where immunosuppressants are widely used in organ transplantation. Immunosuppressants are influenced
bone mineralizing and hypomagnesemia which also has immune modifying properties. We studied the
effects of immunosuppressants (cyclosporine, tacrimus) treatment on intracellular magnesium and lactate
dehydrogenase (LDH) activity in cultured human osteoblasts (HOB).

Materials and Methods
We determined the magnesium concentration in cultured HOB by microfluorescence techniques

and atomic absorption spectrophotometry. The level of activation of the extracellular signal-regulated
kinases 1/2 (ERK 1/2) and p38 mitogen-activated protein (MAP) kinase was measured by Western
blot.

Results
Cyclosporine A (10 åM) and FK506 (0.1 åM) did not affect cell death and LDH activities over 24

hour treatment in HOB. But they decreased intracellular magnesium concentration and level of activation
of the ERK 1/2 and p38 MAP kinase.

Discussion
In the present study, the role of ERK1/2 activation on the magnesium regulation was examined

in HOB, and we showed that immunosuppressants decreased intracellular magnesium in the HOB by
inhibiting the MAPK pathway.
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Introduction
Retinoic acid (RA) has been associated with the growth inhibition and apoptosis in cancer cells.

The insulin like growth factor-1(IGF-1) has been known to growth factors controlling the growth of
cancer cells. Also, tyrosine-phosphorylated IRS-1 and IGF-1R involved in signaling cascades, which
several interconnecting pathways controlling cell proliferation and apoptosis. In previous study, it was
reported that RA - induced IGF-1 secretion was mediated via a PKC-‰ activity. However, the underlying
mechanisms that play an important regulatory role in various metabolisms are not understood. Thus,
this study was conducted to know whether RA - induced IGF-1 secretion mediates the IRS-1 and IGF-
1R regulated by ubiquitin-proteasome pathway, via a PKC-δ in MCF-7 cells.

Materials and Methods
Radioimmunoassay (IGF-1 concentration), western blotting (IRS-1, PKC-δ, IGF-1R levels) and

RT-PCR (IGF-1 mRNA levels) were used.

Results
RA  (<10-6M) showed an increased effect on IGF-1 secretion and mRNA in a dose dependent

manner. Specially, IGF-1 secretion and mRNA expression significantly were increased by 10-8M RA at
72 hours compared to those of the control groups. Furthermore, the treatment of 10-8M RA in MCF-7
cells increased PKC-δ and decreased IRS-1 and IGF-1R levels.

On the other hand, IGF-1 secretion, IGF-1R and IRS-1 activity by treatment of RA were prevented
by rottlerin (protein kinase C-δ inhibitor). Continuously, the inhibitory effect of IRS-1 protein level by
RA was blocked by MG (proteasome inhibitor).

Discussion / Conclusion
These results indicated that RA - induced IGF-1 secretion mediates the IRS-1 and IGF-1R

regulated by ubiquitin-proteasome pathway, via a PKC-δ in MCF-7 cells.
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Introduction
In diary industry, bovine foot disease has been one of the major economic losses. The disease

causes structural changes and functional impairment of connective tissue in the bovine foot. Previous
studies showed that oral treatment of collagen peptide could increase number of fibroblasts and diameter
of collagen fibrils in skin of pigs (Matsuda et al., 2006).  In this regards, such similar result is expected
in diary cattle so being able to prevent the animal from this ailment. Herein, this experiment is to
examine the effects of oral treatment of collagen peptide on structure and connective tissue integrity in
bovine hoof.

Materials and Methods
Four healthy 2-year-old cows (Holstein) were divided into 2 groups [control group and treatment

(CP) group; 2 animals in each groups]. Animals in the control group received only everyday feed and
the CP group were fed with marine collagen peptide (MW=1,500, Iharasuisan corporation, Japan) at
0.2g/kg body weight/day for 2 months. At the end of the experiment, skin samples were obtained from
dorsal, lateral and palmar regions of the hoof of their left hind legs. Number of fibroblasts and collagen
fibrils per a unit area and diameter of collagen fibrils and collagen fibril index (CFI) in skins sections
were examined by transmission electron microscopy. Each skin samples were run in SDS-PAGE and
compared existence ratio of collagen type I, III, and V.

Results
In the control group, number of fibroblasts (/mm2), in dorsal, lateral, palmar region was

342.5±24.2, 507.5±48.7, 480.0±50.8, respectively . Number of collagen fibrils (/mm2) was 85.0±4.2,
85.6±4.5, 82.5±3.2. Diameter of collagen fibrils (nm) was 83.0±0.3, 80.9±0.2, 97.0±0.2. CFI (%)
59.3±1.5, 66.2±1.6, 72.6±0.9. Ratio of collagen type I was 67.6±5.1, 72.6±4.5, 73.1±5.2. In the CP
group, number of fibroblasts was 507.5±42.3, 612.5±48.9, 735±31.7. Number of collagen fibrils was
87.5±4.3, 98.7±5.1, 89.9±4.7. Diameter of collagen fibrils was 91.5±0.3, 87.1±0.3, 93.7±0.3. CFI was
67.6±1.5, 67.4±1.9, 64.6±1.0. Ratio of collagen type I was 74.5±5.0, 82.1±5.0, 73.9±7.6.

Discussion
Number of fibroblasts and collagen fibrils increased in all regions. However,0 different results

were given between palmar and the other regions in diameter of collagen fibrils, CFI and ratio of
collagen type I. The results would indicate that fibroblasts in different regions of the hoof would have
different properties and therefore react differently to the same stimulation. Orally fed collagen peptide
could stimulate fibroblasts and reinforce connective tissue through the production of stronger collagen
fibrils. Collagen type I constitutes larger and stronger collagen fibrils therefore connective tissue with
a higher ratio of collagen type I would be much more strength tissue.



«“√ “√ —µ«·æ∑¬å ªï∑’Ë Òˆ ©∫—∫æ‘‡»… ÚıÙ˘148

MORPHOLOGICAL AND BIOCHEMICAL STUDY OF EQUINE
FORELIMB TENDON

H. Takahasi, Y. Hosaka, H. Ueda and K. Takehana
Department of Veterinary Anatomy, Rakuno Gakuen University, Bunkyodai-midorimachi, Ebetsu 069-
8501, Japan

Introduction
Tendinitis, especially in forelimb, is a common debilitating musculoskeletal condition in horse.

Superficial digital flexor tendon (SDFT) has been known to be more vulnerable to injury than deep
digital flexor tendon (DDFT) and common digital extensor tendon (CDET), however reports on the
comparison between these three tendons are quite a few. In this study, we collected the tendinocytes,
fibroblast in tendon, which are responsible for matrix production, from these 3 tendons and analyzed
them morphologically and biochemically.

Materials and methods
SDFT, DDFT and CDET were excised from mid-metacarpal region of 3 horses, aged 1-3 years.

Ten-µm thick sections with HE staining were obtained from the explanted tendons for the investigation
of their morphological features by a light microscope.  Cellular population per area of 0.01mm2 of the
tendons was counted. Tendinocytes were collected from each tendon for in vitro culture. The cells
having 2 and 3 culturing passages were used for the investigation of their proliferating form by a phase-
contrast microscope.  In addition, WST8 assay method was used for the detection of cell proliferation
of theese cells.

Results
A significant difference (P<0.01) was seen in the number of cells in SDFT (SDFT: 15.0±3.93,

DDFT: 9.30±1.89 and CDET: 4.30±1.59). The morphology of the nucleus of tendinocytes either in
histological sections and cell culture was also different. In CDET, a lot of tendinocytes had thin spindle
type nucleus. In contrast, tenocytes had the cigar-like nucleue in SDFT and DDET. The cell proliferation
in SDFT and DDFT was significantly higher than that in CDET at any time (P<0.01), and in SDFT was
significantly higher than DDFT at 96 hours (P<0.01).

Discussion
The difference in the number and morphology of nuclei of tendinocytes would reflect their

cellular and tissue metabolic turnover. Investigating some enzymic activities such as, matrix
metalloproteinase-2 or -9, of these tendinocytes could be able to support this hypothesis.
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Introduction
Endotoxemia has been detected frequently in equine colic (King and Gerring, 1988).  The toxin

being released from mesenteric arteries could cause tissue ischemia, arteriospasm and arterionecrosis.
In severe cases, these clinical afflictions might progress to a prodromal colic symptom (Oikawa and
Shiga, 2002). Vascular lesions in mesentery have also been observed in endotoxemia-related colic,
however few morphological studies have carried out. Therefore, this study was examined to observe
morphologic lesions of mesenteric blood vessels in Thoroughbreds naturally occurred endotoxemia.

Materials and Methods
The samples were embedded in Epon after a post-fixation with 2.5% glutaraldehyde. The semithin

sections were stained with 1% toluidine blue and observed by light microscopy. The ultrathin sections
were double-stained with uranyl acetate and lead citrate and observed by transmission electron
microscopy (TEM).

Result
Vascular lesions detected in these cases were strictly confined in their mesenteries. The lesions

were consisted of mesenteric arteriolar necrosis, vascular rupture and endothelial dysfunction or
disappearance. The arterial wall seemed to be fusion necrosis-like, and its mean denaturation area of
was 28.9±16.4%. The mesenteric arteriolar necrosis resembled Shwartzman phenomenon, a vasculitis
resulting in tissue necrosis and/or hemorrhage, by two-times encounter with endotoxin.

Discussion
Major clinical symptoms and histopatho- logical evidences were localized in the mesentery and

abdominal organ, and these explanations would be most reliable with Schwartzman reaction. To consider
the mechanism of Shwartzman phenomenon, it allow us to efficiently cope with the treatment, diagnosis
and prevention of colic prior to the occurrence of endotoxemia. The obtained results were believed to
provide more understanding in the effects of endotoxin on vascular structures distributed in the mesentery.
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Background
We treated canine corneal wounds with atelocollagen using a new method named the Tsuzuki,

Nagayasu and Yamasaki method (TSUNY method) and evaluated the effectiveness of this method.

Methods
One eye each from four adult beagle dogs was used. Three eyes were treated and one eye served

as a normal control cornea. A 0.4 mm-deep transplant bed was created in the central cornea using an 8-
mm Barron radial vacuum trephine. Platelet rich plasma was dropped into the transplant bed.
Atelocollagen gel was added to fill the bed, and then the atelocollagen gel was covered with a soft
contact lens. The eyes were examined clinically daily. Corneal samples were collected on postoperative
days 7, 14 and 35, and analyzed the wound repair process morphologically and biochemically.

Results
Immediately after surgery, the iris and papillary margin were not visible however, on postoperative

day 4, both the papillary margin and detail of the iris was observed. Corneal epithelial cells began to
differentiate on postoperative day 14, and attained normal corneal thickness on postoperative day 35.
The collagen fibril index and arrangement of stromal collagen fibrils in the cornea normalized in time-
dependent manner. We speculate that keratocytes promoted the production of collagen healing of the
corneal wound area. Type III collagen, which generally appears in the early stage of wound healing,
was not detected on any postoperative day.

Conclusions
These results indicate that the effectiveness of treating corneal wounds with atelo- collagen and

little or no inflammation occurred using this method.
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Introduction
The Japanese mouse, Mus musculus molossinus, has long been considered an independent

subspecies of Mus musculus, based on the sequence comparison of the mitochondrial genome (1). In
the laboratory strains of Mus musculus musculus, the rDNA locus was mapped on three to five pairs of
autosomes 12, 15, 16, 18 and 19 (2). Mapping of rDNA loci of M. m. molossinus by the R-banding
FISH method was reported (3). To elucidate the evolutional origin of M. m. molossinus, we reexamined
rDNA loci by double-color FISH using rDNA and mouse chromosome painting probes.

Materials and methods
Lymphocytes were isolated from the spleen of a male M. m. molossinus. Cells were cultured in

RPMI 1640 medium for 48 hours and then colcemid was added for 60 min before harvesting. The cells
were treated with 0.075 M KCl, fixed with acetic-acid methanol (1:3), and air-dried chromosome slides
were prepared. The human rDNA clone labeled with digoxigenin-11-dUTP and the mouse painting
probes were denatured and mixed with hybridization buffer. The probe mixture was placed on the
chromosome slides and hybridization was carried out o/n. The slides were washed with 4◊SSC and
probe signals were detected by anti-dig-rhodamine and avidin-FITC, chromosomes were counterstained
with DAPI and the fluorescence signal was captured with a CCD (charge coupled device) camera.

Results
Eleven rDNA loci were detected on chromosomes 1, 5, 10, 11, 12, 13, 15, 16, 17, 18 and 19. A

novel rDNA locus was found on chromosome 10. Five loci on chromosomes 12, 15, 16, 18 and 19 were
common to both subspecies and the other loci on chromosomes 1, 5, 10, 11, 13 and 17 were found only
in M. m. molossinus.

Discussion
Our data indicated that six rDNA loci distinctive to M. m. molossinus might have evolved by

chromosomal translocation of a rDNA cluster after geographical isolation of this subspecies from M.
m. musculus and M. m. castaneus. As the karyotypes of these subspecies are cytogenetically homologous,
even after the evolution of   M. m. molossinus as an independent subspecies, translocation of the rDNA
cluster may have occurred more frequently in the genome of M. m. molossinus than in that of M. m.
musculus. Comparative cytogenetic studies in mammals will provide us further insight to the evolution
of the mammalian rDNA locus in the genome.
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TOXIC EFFECTS OF DI-ISO-BUTYL PHTHALATE (DIBP) ON
TESTES  IN MICE AND RATS  in vivo
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N. Tsunekawa, Y. Kanai, M. Kuromaru
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Background
Phthalate esters, such as di-n-butyl phthalate (DBP) are known to interfere with male reproductive

development in rodents. Di-iso-butyl phthalate (DiBP) has similar structural and application properties
to those of DBP, and is used as a substitute for DBP. However, it is still unclear whether DiBP affects
the male reproductive organ in experimental animals. The present study was conducted to examine the
effects of DiBP on testes in mice and rats in vivo.

Materials and Methods
Male C57BL/6N mice and Sprague-Dawley rats at 3-week-old were given DiBP at the dose of

0 (corn oil), 100, 300, 500, 800, and 1,000 mg/kg/day, for 1 day or consecutive 7 days (1 shot/day) by
oral gavage (4 ml/kg). The testes were fixed in 4% paraformal- dehyde, dehydrated in ethanol, embedded
in paraffin, and then cut at 4 micro meter. The toxic effects were examined by TUNEL analysis. To
elucidate the dose-response relationship for the effect of DiBP on steroidogenesis in prepuberal rat
testes, testicular testosterone concentration was measured by ACETM Competitive Enzyme Immunoassay
(EIA). Total mRNA was isolated from the rat testes by using RNeasy Mini Kit, and was then reverse
transcribed to cDNA to elucidate gene expression.

Results and Discussion
The significant decrease in testis weight and increased number of altered sperma-togenic cells

were observed in rats at more than 500 mg /kg/day for 1 day and 7 days administered groups. However,
neither significant decrease in testis weight nor evident histological alterations could be found in mice
at any doses. After TUNEL analysis, the number of TUNEL-positive (apoptotic) spermatogenic cells
per one seminiferouse tubule was calculated as percentage. The significant increase of TUNEL positive
cells occurred only in rat testes at more than 500 mg/kg. Testicular testosterone concentration was
unchanged at any doses, and the expression patterns of steroidogenic enzymes (P450scc, P450c17, and
3beta-HSD) were unaffected in each DiBP exposure group. This evidence suggests that the histological
alterations in rats in in vivo experiment is not caused by decline of testicular testosterone production.
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1M.S. Alam, 2 S. Ohasako, 1E.K. Choi, 1X.B. Zhu, 1B.B. Andriana, 1T.W. Tay, 1N. Tsunekawa,
1Y. Kanai, 1M. Kurohmaru

1 Department of Veterinary Anatomy, Graduate School of Agricultural and Life Sciences,
2 Division of Environmental Health Sciences, Graduate School and Faculty of Medicine, The University

of Tokyo, Tokyo, Japan.

Background
The aim of this study was to evaluate the effects of di (n-butyl) phthalate (DBP) on prepubertal

testes and clarify the differentially expressed genes.

Materials and Methods
Prepubertal SD (3-week-old) rats were given a range of DBP at the dose of 250, 500 and 1,000

mg/kg body weight in corn oil by oral gavage for consecutive 7 days. Control animals were given only
corn oil. Perfusion fixation was done by using 10% neutral buffer formalin for light microscopy and/or
5% glutaraldehyde for transmission electron microscopy for each dose. Then, testes were excised,
fixed, embedded, and sectioned. Total RNA was reverse transcribed in SuperScript II and Oligo (dT)
according to the standard protocol, and PCR was used to determine differential gene expression.
Intratesticular testosterone concentration was measured by using EIA kit.

Results and Discussion
A significant decrease in testis weight was observed at 500 mg and 1,000 mg doses of DBP.

TUNEL analysis showed that the number of apoptotic spermatogenic cells significantly increased at
500 mg/kg. Ultrastructurally, the Sertoli and Leydig cells showed characteristic lipid droplets in their
cytoplasm. The expression patterns of steroidogenic enzymes (P450scc, P450c17, and 3‚-HSD) were
unaffected in the 500 mg DBP treated group. EIA data indicated that intratesticular testosterone levels
showed no significant change between DBP treated and control groups. Surprisingly, gluconeogenesis
related gene phospho- enolpyruvate dehydrogenase kinase (PEPCK) expression significantly increased
in mRNA level, and lipid homeostasis and thermoregulation related gene uncoupling protein2 (UCP-2)
significantly decreased in the DBP treated group. These findings may provide insights into molecular
mechanisms underlying environmental endocrine disruptor mediated male infertility.
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Fig. 1 The expression of VCAM-1 and MAdCAM-1 in the endothelial cells of the spleen and bone
marrow after BMT.

EXPRESSION OF VCAM-1 AND MADCAM-1 IN THE SPLEEN
AND BONE AFTER BONE MARROW TRANSPLANTATION

T. Tada, D. T. Widayati, K. Hirunagi, and K. Fukuta
Department of Functional Morphology, Nagoya University, Nagoya, Japan

Objective
It is known that various cell adhesion molecules regulate not only hematopoiesis but also the

homing of HSPCs (hematopoietic stem/progenitor cells) at the boundary between hematopoietic
compartment and blood stream. In the HSPCs homing, the adhesion molecules of the vascular endothelial
cells and their ligands on the HSPCs play important roles in the hematopoietic tissues [1]. We studied
the expression of VCAM-1 (vascular endothelial cell adhesion molecule-1) and MAdCAM-1 (mucosal
addressin cell adhesion molecule-1) to reveal their roles in the hematopoietic reconstruction after bone
marrow transplantation (BMT). Moreover, we examined the influence of α4β7-integrin (MAdCAM-1
ligand) blockade to the homing in the bone marrow and spleen.

Materials and Methods
Bone marrow cells (BMCs) derived from BALB/c mice were transplanted into lethally irradiated

BALB/c mice. Spleens and bone marrows were collected from 1 to 24 h after BMT. Expression of
VCAM-1 and MAdCAM-1 at the endothelial cells in the spleen and bone marrow were examined by
colloidal gold immuno-electron microscopic method, and analyzed semiquantitatively. To examine the
role of α4β7-integrin on the donor cells, GFP-BMCs collected from GFP transgenic mice (background
C57BL/6 mice) were prepared as donor cell suspension. The suspension was treated with anti-LPAM-
1 antibody for 2 h to block the cell surface antigen α4β7-integrin. The treated donor cells were transplanted
into lethally irradiated C57BL/6 mice. After 12 h following transplantation, GFP positive homing cells
were counted in the spleen and bone marrow. Statistic analyses were assessed using one-way analysis
of variance (ANOVA) followed by Tukey-Kramer post hoc test.

Results
Immediately after BMT, expression of VCAM-1 and MAdCAM-1 remarkably decreased, but

they recovered significantly between 12h and 24h after BMT. VCAM-1 recovered more acutely than
MAdCAM-1 on 12h onward (Fig. 1).

At 12 h following transplantation of non-treated GFP-BMCs, the number of homing cells in the
spleen was more than twice that that in the bone marrow. In LPAM-1 treated GFP-BMCs transplanted
group, the number of homing cells in the spleen and bone marrow significantly decreased by LPAM-1
dose dependently (Fig. 2).
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Fig. 2 The number of homing cells following GFP-BMCs transplantation. GFP-positive homing cells
decrease depending on LPAM-1 dosage. LPAM2 and LPAM4 indicate the 107 cells treated with
LPAM-1 2 åg and 4 åg, respectively. A, B or a, b, c exhibit significant difference between different
letters. (P<0.05)

Conclusion
In the recent studies, it have been reported that very late antigen-1 (VLA-1; α4β1-integrin) and

its receptor VCAM-1 plays a major role of HSPCs homing in the bone marrow [2]. However, the
present study indicates the importance of MAdCAM-1 and its ligand α4β7-integrin in the hematopoietic
cell homing following transplantation.
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CHANGES IN SUBPOPULATIONS OF LYMPHOCYTES
LOCALIZED IN THE ILEUM AND ILEAL LYMPH NODES OF

PIGLETS DURING POSTNATAL PERIOD

K. Wasowicz1, A. Winnicka2, P. Podlasz1, J. Kaleczyc1, M. Lakomy1

1 Division of Animal Anatomy, Department of Functional Morphology, Faculty of Veterinary Medicine,
University of Warmia and Mazury, Olsztyn, Poland

2 Department of Clinical Science, Faculty of Veterinary Medicine, Warsaw Agricultural University,
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The aim of the study was to examine with morphological (immunohistochemistry) and
quantitative (flow cytometry) methods changes in subpopulations of CD2+, CD5+ and CD21+
lymphocytes in the wall of ileum and in ileo-caecal lymph nodes of newborn, 2-week-  and 4-week-old
gilts. Pigs were deeply anaesthetized. Animals used for immunohistochemistry were perfused with
paraformaldehyde. Animals used for flow cytometry were exsanguinated. From all animals the terminal
part of the ileum and ileo-caecal lymph nodes were excised. Tissues used for immunohistochemistry
were cut with cryostat, and processed for indirect immuno-fluorescence with antibodies against CD2,
CD5 and CD21 antigens. Tissues used for flow cytometry (lymph nodes, ileum) were finely chopped
and shaken with PBS to liberate the lymphocytes. The lymphocyte suspensions were incubated with
antibodies against the studied lymphocyte antigens. The cells were analyzed using FACScalibur and
CellQuest (BD). Immunohistochemical staining revealed that CD2+ and CD5+ lymphocytes were
distributed in a similar manner. They were disseminated throughout the lymph nodes and ileal wall
except for the middle of the germination centers. CD21+ lymphocytes were located as a sharp area in
the germination centers, both in lymph nodes and ileal wall. No clear-cut differences in the lymphocyte
distribution were found between the groups. Flow cytometry revealed that the number of CD2+
lymphocytes in lymph nodes was highest in 2-week-old animals, while in the ileum the number of the
cells was steadily rising from newborn to 4-week old gilts. The number of CD5+ cells in lymph nodes
was again highest in 2-week-old animals, but in ileum their number was decreasing with age. The
number of CD21+ lymphocytes in lymph nodes was rising with age, while in the ileum their number
was highest in 2-week-old animals. The differences were found to be statistically significant. The further
studies are aimed at examination of relationships between the nervous system and the immune system
with morphological methods, as well as with quantitative methods (flow cytometry, ELISA) as regards
the CD2, CD21, CD4, CD5, CD8 and TCR gamma/delta lymphocyte subpopulation and nerve fibers
containing neuropeptides, such as VIP, GAL, SP, SOM, as well as markers of adrenergic (DBH) and
cholinergic (VAChT) nerve fibers.
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POTENCY OF TESTICULAR SOMATIC ENVIRONMENT
 TO SUPPORT SPERMATOGENESIS IN XX/SRY

TRANSGENIC MICE

A. Hoshino1, M. Ishii2, T. Tachiwana2, N. Tsunekawa2, R. Hiramatsu2, S. Matoba1,
M. K.-Azuma3, H. Kawakami3, M. Kurohmaru2 and Y. Kanai2

1 Department of Veterinary Anatomy, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-
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2 Department of Anatomy, Kyorin University School of Medicine, 6-20-2 Shinkawa, Mitaka-shi, Tokyo
181-8611, Japan.

3 Department of Anatomy, Teikyo University School of Medicine, 2-11-1 Kaga, Itabashi-ku, Tokyo
173-8605, Japan

The sex-determining region of Chr Y (Sry) gene is sufficient to induce testis formation and the
subsequent male development of internal and external genitalia in chromosomally female mice and
humans. In XX sex-reversed males, such as XX/Sry-transgenic (XX/Sry) mice, however, testicular
germ cells always disappear soon after birth because of germ cell-autonomous defects. Therefore, it
remains unclear whether or not Sry alone is sufficient to induce a fully functional testicular soma
capable of supporting complete spermatogenesis in the XX body. Here, we demonstrate that the testicular
somatic environment of XX/Sry males is defective in supporting the later phases of spermatogenesis.
Spermatogonial transplantation analyses using XX/Sry male mice revealed that donor XY spermatogonia
are capable of proliferating, of entering meiosis and of differentiating to the round-spermatid stage.
XYdonor-derived round spermatids, however, were frequently detached from the XX/Sry seminiferous
epithelia and underwent cell death, resulting in severe deficiency of elongated spermatid stages. By
contrast, immature XY seminiferous tubule segments transplanted under XX/Sry testis capsules clearly
displayed proper differentiation into elongated spermatids in the transplanted XYdonor tubules.
Microarray analysis of seminiferous tubules isolated from XX/Sry testes confirmed the missing
expression of several Y-linked genes and the alterations in the expression profile of genes associated
with spermiogenesis. Therefore, our findings indicate dysfunction of the somatic tubule components,
probably Sertoli cells, of XX/Sry testes, highlighting the idea that Sry alone is insufficient to induce a
fully functional Sertoli cell in XX mice.
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Fig. 1 Western blot analysis of SOD1 during mouse embryogenesis. The detected signal of SOD1 was
normalized with b-actin. The expression of SOD1 appears throughout all the embryonic stages.

IMMUNOHISTOCHEMICAL LOCALIZATION OF
CYTOPLASMIC CU/ZN SUPEROXIDE DISMUTASE IN

DEVELOPING MOUSE EMBRYOS

J-M Yon, I-J Baek, S-R Lee, M-R Kim, BJ Lee, YW Yun, and S-Y Nam
College of Veterinary Medicine, Chungbuk National University, Cheongju 361-763, Korea

Key words : Superoxide dismutase, Reactive oxygen species, Mouse embryo, Immunohistochemistry

Introduction and objectives
In mammals, reactive oxygen species (ROS) are continuously generated during aerobic tissue

metabolism. Excessive generation of ROS in the cells can cause detrimental changes such as lipid
peroxidation, DNA breakage, protein degradation and enzyme inactivation [1]. Also, ROS are produced
by embryo metabolism [2]. The superoxide dismutases (SODs) are ubiquitous family of enzymes that
function to efficiently catalyze the dismutation of superoxide anions. Cu/ZnSOD (SOD1) is found
almost exclusively in intracellular cytoplasmic spaces [3]. Female mice lacking SOD1 are characterized
by an increase in embryo lethality [4]. But little is known about its distribution in developing embryos.
The purpose of this study is to investigate whether SOD1 is expressed during embryogenesis as the
first stage for understanding the function of SOD1 in embryogenesis.

Materials and Methods
A. Materials
Preparation of embryos
- Animal : male and female ICR mice at the age of 10 weeks
- Confirmation of pregnancy observation of vaginal plug in female vaginal orifice at embryonic

day (ED) 0.5.Recovery of embryos : ED 8.5 – 18.5
Protein isolated from whole embryos of each stage
B. Methods
- Western blotting
- Immunohistochemistry

Results
During mouse embryogenesis, SOD1 was detected at all embryonic stages examined and

increased in late stage. According to Immunohistochemistry, SOD1 was observed in   nervous, enteric,
and sensory tissues during embryogenesis and may be effective for the prevention of oxidative damage
in embryonic active sites metabolically.
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Fig. 2 Immunohistochemistry with a SOD1 antibody on sagittal sections of mouse embryos [A-C].
[A] ED14.5 [B] ED 16.5, [C] ED 18.5.

Discussion
After the ubiquitous expression noted in early and mid-embryos of Drosophila, the SOD1

expression was localized in digestive, excretory, and peripheral nervous tissues, as well as endocrine
glands [5]. In this study, the expression of SOD1 was observed in the CNS, sensory and endocrine
organs, gut, liver, limb, heart, muscle and vessels during embryogenesis. These results suggest that
SOD1 may be closely related to organogenesis of embryos as an important antioxidant enzyme.
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Fig. 1 The morphological features of cultured mouse embryos.
A: control. B: embryo exposed to ethanol (1ul/ml) showing abnormal head shape and opened
hind brain.C-E: embryos exposed to ethanol (1ul/ml) and dark ginseng extracts (1, 10 and 100
ug/ml), respectively.

PROTECTIVE EFFECTS OF DARK GINSENG AGAINST
ETHANOL-INDUCED EMBRYOTOXICITY IN MICE

S-R Lee, M-R Kim, J-M Yon, I-J Baek, Y Jin, BJ Lee, YW Yun, and S-Y Nam
College of Veterinary Medicine, Chungbuk National University, Cheongju 361-763, Korea
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Introduction and objectives
Ginseng has been widely used around the world for many years as a food, oriental herbal drug

(1). In Asia, ginseng steamed at 95-100°C for 2-3h is called red ginseng. Dark ginseng is treated with
steaming process at 9 times (2). Ethanol has been reported to induce fetal developmental abnormalities
by disrupting cellular differentiation and growth (3). The purpose of this study is to explore the protective
effects of dark ginseng against embryotoxicity induced by ethanol in mouse embryos using whole
embryo culture system.

Material and Methods
Dark ginseng extract was obtained from Sam Kwang bio Co. Ltd. (Keumsan, Korea). Pregnant

ICR mice were killed by cervical dislocation at gestational day 8.5 and only embryos with crown-rump
length of 1.5 ± 0.3 mm were used for this experiment. The whole embryo culture system was based on
a previously described model in the presence of ethanol (1ug/ml) and/or dark ginseng(1,10 and 100ug/
ml) with ethanol(1ul/ml) (4). At the end of 48-hr culture period, embryos were evaluated according to
the morphologic scoring system (5).The significant differences were analyzed by one way ANOVA/
Turkey-test.

Results
Compare to normal control group, total morphological score and many developmental parameters

were significantly decreased in the ethanol treated group. However, in dark ginseng treatment groups,
total morphological scores and other developmental parameters were significantly increased compare
to ethanol group. Data on the effects of ethanol and dark ginseng on embryonic development are given
in Table 1.

Discussion
Red ginseng has been known that important constituents are changed and new ones are formed

during the heat-treatment of ginseng. It has also more bioactivities than white ginseng (6, 7). Accordingly,
it is expected that dark ginseng has various pharmacological effects such as red ginseng. In this study,
dark ginseng extract improved the morphological scores in the mouse embryos exposed to ethanol.
Therefore, dark ginseng has protective effects against ethanol-induced embryotoxicity.
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Table 1 Morphological scores of the mouse embryos exposed to ethanol(E) and dark ginseng(DG1-
100) in vitro at embryonic day 8.5 for 48 hrs.

No. embro n=30 n=29 n=27 n=29 n=28
CON EtOH E±DG1 E±DG10 E±DG100

Yolk Sac diameter(mm) 4.23±0.66 4.11±0.50 4.01±0.48 4.21±0.42 3.95±0.38
Yolk Sac Circulatory 4.81±0.36 4.48±0.59 4.85±0.36b 4.43±0.50 4.50±0.45

Flexion 4.87±0.25 4.26±1.25a 4.91±0.24b 4.75±0.39b 4.96±0.13b

Crown-rump length (mm) 3.96±0.42 3.62±0.46a 3.56±0.36 3.62±0.25 3.55±0.33
Head length (mm) 2.02±0.23 1.87±0.37 1.97±0.25 1.83±0.24 1.91±0.22

Heart 4.37±0.35 3.66±0.45a 4.06±0.35b 3.85±0.56 4.04±0.19b

Hind Brain 4.97±0.18 4.22±0.85a 4.72±0.45b 4.83±0.36b 4.82±0.39b

Mid Brain 4.93±0.22 4.10±0.81a 4.74±0.42b 4.74±0.37b 4.82±0.39b

Fore Brain 5.43±0.54 4.48±1.08a 5.30±0.72b 5.13±0.60b 5.54±0.58
Branchial Bars 3.27±0.41 2.53±0.48a 3.00±0.20b 3.07±0.44b 2.95±0.39b

Maxillary Process 2.72±0.39 1.95±0.43a 2.24±0.56 2.44±0.48b 2.55±0.48b

Mandibular Precess 2.67±0.42 1.90±0.45a 2.28±0.54 2.22±0.49 2.45±0.53b

Olfactory  System 2.12±0.50 1.48±0.66a 1.61±0.68 1.98±0.44b 1.82±0.63
Caudal neural tube 4.80±0.41 4.24±0.80a 4.78±0.51b 4.56±0.73 4.82±0.55b

No. of Somites 32.90±1.84 29.38±2.16a 31.15±2.36 31.41±2.38b 30.79±2.47
Somites 4.57±0.50 3.83±0.47a 4.26±0.71 4.41±0.49b 4.25±0.52

Total 76.74±4.04 66.59±6.61a 73.28±4.06b 72.88±4.14b 73.68±3.97b

Significant difference between dark ginseng treatment groups (1-100ug/ml) versus normal control (a) or ethanol (b) group
(p<0.05)
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Introduction and objectives
Numerous works have shown that prenatal exposure to ethanol induces great variety of anomalies

in growth and embryonic development (1). Capsaicin is the well-known antioxidant founded in red
peppers (2). We examined the effects of the capsaicin against ethanol-induced teratogenicity on embryonic
development using a post-implantation whole embryo culture.

Materials and Methods
- Animal: ICR mouse embryos
- Groups: 0.1% DMSO (CON), Ethanol 1 µl / ml  (EtOH), Capsaicin 10-7 µg/ ml  (CAP10-7),

Capsaicin 10-8 µg/ ml  (CAP10-8), Ethanol 1 µl / ml  + Capsaicin 10-7 µg/ ml  (EtOH+CAP10-7), Ethanol

1 µl / ml  + Capsaicin 10-8 µg/ ml  (EtOH+CAP10-8)
- Whole embryo culture: 48 hrs (Embryonic day 8.5~10.5)
- Morphological scoring

According to G. Van Maele-Fabry ’s method (3)

Results
In this study, mouse embryos exposed to capsaicin at concentrations of 1×10-7 µg/ ml  and

1×10-8 µg/ ml  were no morphological changes. In contrast, embryos exposed to ethanol (1 µl / ml )
had a significantly morphological anomalies compared to the control group. However, when capsaicin
was administrated to embryos treated with 1 µl / ml  of ethanol, the total morphological score was
improved significantly.

Fig. 1 Total morphological scores in ethanol or capsaicin-treated mouse embryos. The values represent
means ± SD. Significant difference between capsaicin treatment groups versus control (a) or
ethanol (b) treated group as evaluated by ANOVA p<0.05.



«“√ “√ —µ«·æ∑¬å ªï∑’Ë Òˆ ©∫—∫æ‘‡»… ÚıÙ˘ 163

Discussion
Ethanol administration resulted in the significant morphological anomalies in comparison with

control group (p<0.05). However, capsaicin treatment following ethanol administration recovered the
embryonic toxicities induced by ethanol at a significant level (p<0.05). These results indicate that
capsaicin has a protective effect against ethanol-induced teratogenicity in the mouse embryos.
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Fig. 2 Effect of capsaicin or ethanol in mouse embryos.
(A) Control, (B) EtOH: cranial neural tube opening (arrows), (C) CAP10-7 , (D) CAP10-8, (E)
EtOH+CAP10-7, (F) EtOH+CAP10-8.
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COMPLETE MEIOSIS IN MOUSE OOCYTES IS
CONTROLLED BY AKT

Y. Hoshino, A. Sugawara, E. Sato
Laboratory of Animal Reproduction, Graduate School of Agricultural Science, Tohoku University,
Sendai 981-8555, Japan

Key words: mouse oocyte, microtublule, protein kinase B/Akt, polar body emission

Introduction
PI3K/Akt (protein kinase B) participate in FSH-induced mouse meiotic maturation (Hoshino et

al., 2004). Akt becomes phosphorylated at two residues, Thr308 and Ser473, and both are required for
full activation of Akt. Our previous results showed that the distribution of S473-phosphorylated Akt
(pAkt) was similar to that of microtubules, while T308-pAkt was present in pericentriolar materials
(PCM) in metaphase oocytes (Hoshino et al., 2004). The difference in the localization of the two active
forms could be related to their individual roles in meiosis. In this study, we examined the function of
each phosphorylated Akt during meiotic maturation in mouse oocytes.

Materials and Methods
Cumulus-oocyte complexes (COCs) were collected from antral follicles and cultured in

Waymouth’s MB752/1 medium containing 4mM Hypoxanthine and 100 IU/l FSH. Oocytes at metaphase
I (MI) and metaphase II (MII) were collected at 10 and 18 h after the start of culture. To inhibit Akt, SH-
6 was added to the culture medium. To examine the functions of the phosphorylated Akt, peptides or
antibodies against each form were microinjected into the cytoplasm of MI or MII oocytes. In vitro
fertilization was performed for 4 h in HTF medium. Immunolocalization in oocytes was performed as
previously described (Hoshino et al., 2004). Phosphorylated Akt and microtubules were detected using
pAkt (T308 or S473) and ?-tubulin antibody. Oocytes were then viewed using a Bio-Rad MRC-1024
confocal scanning laser microscope mounted on an Axioplan Zeiss microscope.

Results
MI oocytes, at 10 h after the start of culture, were exposed to medium containing 20 or 40 µM

SH-6 and cultured for 8 h. At 18 h after the start of culture, morphological first polar body emission did
not differ with or without SH-6. The difference in the localization of phosphorylated Akt suggests that
the role of each active form could be different. To address this issue, we injected an antibody for each
pAkt into MI oocytes. Either T308- or S473-pAkt antibody caused a shorter spindle to form in MII
oocytes. Post-fertilization, T308-pAkt was located in the center of the midbody at anaphase with less
intensity than in MII oocytes. In contrast, S473-pAkt had similar distribution to microtubules at anaphase,
whereas it was extruded with second polar body (PB2) from the ooplasm. At the pronuclear stage,
S473-pAkt was not detected. These results suggest that Akt activity may be associated with fertilization.
To address this issue, MII oocytes treated with SH-6 from MI were fertilized. Neither the control nor
SH-6 treatment affected penetration by sperm, whereas PB2 emission was inhibited in a dose-dependent
manner (control, 87.3 ± 4.0%; 20 µM, 18.7 ± 1.3%; 40 µM, 0 ± 0%). Immunohistochemical analysis of
the eggs showed disorganized microtubules and chromosomal misalignment followed by a failure of
PB2 emission. To address whether the function of T308- and S473-pAkt is different in MII oocytes for
fertilization, we performed in vitro fertilization using oocytes treated with peptide at MII. Although
oocytes showed PB2 emission after the injection of a peptide for T308, the chromosomal alignment
and microtubular organization were aberrant. In contrast, the injection of a peptide for S473 caused a
failure of PB2 emission.

Conclusion
These results suggest that individual T308- and S473-phosphorylated Akt activities are involved

in fertilization to complete meiosis, with different roles, i.e. S473-phosphorylated0Akt is involved in
PB2 emission while T308 regulates the organization of microtubules.
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EXPRESSION OF PLACENTA GROWTH FACTOR (PLGF)
LEVELS  IN STREPTOZOTOCIN-INDUCED

DIABETIC RAT PLACENTA

Chung-KilWon, Jin-HeeSung1, Myeong-Ok Kim1, Jae-Hyun Cho,
Oh-Sung Park, Phil-Ok Koh*

Dept. of Anatomy, College of Veterinary Medicine,Institute of Agriculture and Life Science,
GyeongsangNational University, Jinju660-701, Korea
1 Dept. of Life Science and Applied Life Science (Brain Korea 21),GyeongsangNational University,
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IntroductionThe placenta is a critical organ for both fetal development and the maintenance of
pregnancy. Growth of the placenta is regulated by several growthfactors, including placental growth
factor (PlGF), vascular endothelial growth factor (VEGF), and fibroblast growth factor (1, 2).These
growth factors are responsible for fetal development as well as placenta growth. PlGFis a polypeptide
growth factor that shares a 53% amino acid sequence homology with the platelet-derived growth factor
domain of VEGF. Unlike VEGF, abundant expression of PlGFis restricted to the placenta. PlGFwas
formerly known as a potent angiogenicgrowth factor capable of inducing the proliferation, migration,
and activation of endothelial cells. PlGFplays an important endocrinologicaland nutritional role, and
contributes to the regulation of placental function.

Gestational diabetes is one of the most common complications of pregnancy, and is associated
with both abnormal placental growth and fetal developmen(3, 4). Severely diabetic pregnancy can
induce abortion and prematurity. Recently, apoptotic cell death was increased in the placenta of pregnant
women with gestational diabetes. PlGFacts as an anti-apoptotic factor for trophoblastin vitro. Therefore,
we proposethat diabetic pregnancy induces change in PlGFexpression and this dysregulationmay affect
placental development. However, liittledata is available on the expression of PlGFin the placenta tissue
in diabetic pregnancy. Therefore, the present study was performed to provide this information.

Materials and Methods
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Result
RT-PCR and Western blot analysis of PlGFin placenta tissue of STZ-diabetic group and control

group at the day 20 of pregnancy. The product signals at 412 bprepresent mRNA of PlGF. Expression
levels of PlGFwere decreased inSTZ-diabetic group, compared to that of control group.
Densitometricanalysis is represented as an arbitrary unit (A.U.), normalized by β-actinor α-tubulin.
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Data (n=15) are represented as mean ±S.E.M; *P<0.05.
Expression of PlGFin placenta tissues of control group (A, C) and streptozotocin(STZ)-induced

diabetic group (B) at the day 20 of pregnancy. Positive cells were observed in trophoblastcells (close
arrows) and stromacells (open arrows) of villiwithin the labyrinth zone.No positive cells were detected
in a negative control (C). V indicates the vessel within villi.Scale bar : 50 µm.

Discussion
This study showed that maternal body weight and fetal weight significantly decreased inthe

diabetic group, compared to controls. RT-PCR and Western blot analyses showed that expression of
PlGFwas significantly decreased in placenta by streptozotocintreatment. Also,
immunohistochemicalstudy showed that the positive signal of PlGFin trophoblastcells was decreased
in the diabetic group compared to controls.These findings demonstrate the decline of PlGFin the placenta
in diabetic pregnancy. PlGFcontributes to successful placentationby regulating trophoblastapoptosis
and function. As such, aberrant production of PlGFduring pregnancy could contribute to compromised
placental function. In conclusion, this finding demonstrates that streptozotocin-induced diabetic
pregnancy causes a decrease of PlGFexpression in the placenta.
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Body weight, blood glucose, fetus weight, and placenta weight  of STZ-diabetic group and control
group at the day 20 of pregnancy. Body weight was decreased in STZ-diabetic group. While, blood
glucose was significantly increased in STZ-diabetic group. Data (n=15) are represented as mean ±
S.E.M; *P<0.05.
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GENE EXPRESSION ANALYSIS OF THE UTERINE
EPITHELIUM BETWEEN THE MESOMETRIAL

AND ANTI-MESOMETRIAL  SIDE DURING
IMPLANTAION IN MICE.

M. Sugiyama, E. Hondo, Y. Kiso
Veterinary Anatomy, Faculty of Agriculture, Yamaguchi University, Japan

Introduction
Positioning of the mouse embryo in the uterus is defined by two axes. One is the long axis

parallel to the uterine horn and the other is the transversal axis from the mesometrium to anti-
mesometrium. In mice, implantation occurs anti-mesomerial side of the uterine horn. Here, we studied
gene expression in the luminal epithelium of the mesometrial (Ms) and the anti- mesometrial side (anti-
Ms) of the uterus by microarray analysis.

Materials and Methods
For microarray analysis, uteri were removed in the morning at Day4 (vaginal plug=Day1). Uterine

horns were cut into two parts, that is, Ms and anti-Ms by a razor blade. Epithelial cells were isolated
according to the previous report (1). Microarray analysis was performed using PanoramaTM Mouse
Micro Array (Sigma, St. Louis, USA). Each array contains 21,997 genes.

Results
The number of genes, whose expression levels are significantly different between Ms and anti-

Ms, was 102 (higher in anti-Ms) and 94 (higher in Ms). These genes were categorized by gene ontology
(Table1).

Table 1 Functional categories of the gene.
Gene Function Ms (%) anti-Ms (%)

Apoptosis Related 3.19 0.00
ATP biosynthesis 2.13 0.00
Cell Adhesion 2.13 5.88
Cell Cycle 1.06 1.96
Cytoskeletal / Structual 6.38 4.90
Defense Response 5.32 1.96
Electron Transport 0.00 3.92
Growth Factors / Signal Transduction 5.32 1.96
Immune Response 4.26 15.69
Metabolism 7.45 3.92
mRNA processing 2.13 0.00
Protein Biosynthesis Related 18.09 6.86
Transcription 11.70 6.86
Transport 2.13 2.94
Unknown 17.02 37.25
Others 11.70 5.88

Ms: mesometrial side, anti-Ms: anti-mesometrial side.
Each value (%): The number of genes / 102 or 94.

Discussion
More genes categorized to “Immune Response” were detected in anti-Ms. Unexpectedly, more genes

which are related to “Protein Biosynthesis” and “Transcription” were found in Ms. These data suggest that
not only anti-Ms, but also Ms have special functions to lead mouse embryos to the appropriate place.
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NECESSITY OF UTERINE NATURAL KILLER (uNK)
CELLS IN ANGIOARCHITECTURE

OF THE IMPLANTATION SITE OF MICE

T. Phichitrasilp, T. Tsuzaki, E. Hondo, Y. Kiso
Department of Veterinary Anatomy, Faculty of Agriculture, Yamaguchi University, Yamaguchi 735-
8515, Japan

Introduction
Uterine natural killer (uNK) cells are pregnancy specific leucocytes that are found in the

endometrium of most mammalian placenta (1). The uNK cells play a critical role in establishing and
maintaining a favourable environment for fetal development (2). In the present study, the angio-
architectures of the implantation sites in ICR, C57BL/6 (B6) and uNK-deficient mice (TgE26) are
evaluated by the combination of LM and SEM. An attention is paid to the spiral artery in the
decidua0basalis.

Materials and Methods
Female mice of ICR, B6 and TgE26 strains were used in this study. Mice were housed under the

specific-pathogen-free (SPF) condition. The day when the vaginal plug was detected was defined as
Day 0 of pregnancy. Mice were used at Day 12 of pregnancy. The cast was prepared for SEM, while the
latex for LM.

Results

Figure 1 Schematic diagram of maternal angio- architecture in the placenta on Day 12 of pregnancy.

The spiral artery of TgE26 mouse is narrowest when compared to ICR and B6 mice (Fig. 2, 3).

Figure 2 Photographs of latex specimens in the maternal placentas on Day 12 of pregnancy.
arrow=spiral artery.
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Discussion
This study clearly indicates that formation of the spiral artery in TgE26 is not well-developed.

In TgE26, incomplete development of the spiral artery causes high blood pressure within the decidua
basalis. The abortion in TgE26 is due to starvation of nutrients and oxygen in such a incomplete placenta.

References
1. Peel S. 1989.  Adv. Embryol. Cell Boil. 115:1-112.
2. Tayade C. et al. 2006. J. Immunol. 176:148-156.

Figure 3 Photographs of corrosion casting specimens in the maternal placentas on Day 12 of pregnancy.
arrow=spiral artery.
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Fig. 1 Characteristic PHA-L reactivity for stromal vessels
is found at 6h (B), but is not detectable at 3h (A)
after LIF injection. bar=100 µm.
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Fig. 2 Changes in expression of Irg1.

LEUKEMIA INHIBITORY FACTOR (LIF) AFFECTS LECTIN-
BINDINGS  TO THE UTERINE STROMAL BLOOD VESSEL.

J. Terakawa1), S. Wakitani1), T. Shimokawa2), E. Hondo1), Y. Kiso1).
1) Veterinary Anatomy, Faculty of Agriculture, Yamaguchi University.
2) Division of Anatomy and Embryology, Department of Integrated Biological Sciences, School of

Medicine, Ehime University

Introduction
Lack of leukemia inhibitory factor (LIF) causes implantation failure in mice (1), but this

mechanism has not been fully revealed. Carbohydrate structures have been shown to be involved in
embryo attachment to the luminal epithelium. Here, we studied the effect of LIF on carbohydrate
structures in the murine uterus during implantation using lectin histochemistry.

Materials and Methods
For lectin histochemistry, uteri from delayed implantation mice were collected at 0h, 1h, 3h and

6h after LIF injection (20 mg/head), and paraffin sections were stained using 22 kinds of biotinylated
lectins. To verify if uteri used in this study were responded to LIF, time-dependent expression of Irg1
mRNA, which was shown to be up-regulated by LIF in the previous study (2), was measured by
quantitative PCR.

Results
Lectin binding to the glandular and luminal epithelium was not influenced by LIF. Strong stainings

were obtained in the stromal blood vessel
for PHA-L, DBA and GSL-2 at 6h after
LIF injection. This feature was not
recognized with in 3h after LIF
administration (Fig.1).

Irg1 transcript was increased in a
time dependent manner after injection
with LIF (Fig.2). Uteri used in this study
were responded to LIF.

Discussion
The present results showed that

LIF modulates lectin-binding patterns in
the0stromal blood vessel. Since DBA,
one of the lectins reacted at 6h, is a marker of
angiogenesis (3, 4), it is most likely that LIF plays
a role in regulating maternal angiogenesis directly
and/or indirectly during implantation.
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INDUCTION OF INDIAN HEDGEHOG mRNA IN THE
UTERINE LUMINAL EPITHELIUM BY LEUKEMIA

INHIBITORY FACTOR.

S. Wakitani1), E. Hondo1), C. L. Stewart2), Y. Kiso1)

1) Veterinary Anatomy, Faculty of Agriculture, Yamaguchi University, Japan
2) Cancer and Development Biology Laboratory, NCI-Frederick, USA

Introduction
Embryo implantation is a crucial process during early pregnancy. Leukemia inhibitory factor

(LIF) and Indian hedgehog (Ihh) are essential for this process in mice (1, 2), and mediate actions of
17?-estradiol (E2) and progesterone (P4), respectively (3, 4, 5). LIF can regulate some P4-induced
genes in the uterine luminal epithelial cells (LE) (6). We examined the effect of LIF on Ihh mRNA to
understand underlying mechanisms of E2 and P4, which have great influences on reproductive functions
including embryo implantation.

Materials and Methods
For expression analysis, LE was removed at Day 3, 4 and 5 of pregnancy (vaginal plug=day 1)

in wildtype and LIF-/- mice, and at 0, 1, 3 and 6 hours after LIF injection to delayed implantation mice.

Results
Ihh mRNA level was influenced by LIF in peri-implantation period (Fig. 1)

were up-regulated after LIF injection (Fig. 2).Progesterone receptor (Pgr) and Ihh mRNA

Fig. 2 Pgr and Ihh mRNA levels in LE at 0, 1, 3 and 6 hours after LIF injection to delayed implantation
mice. Ihh mRNA is induced following up-regulation of Pgr mRNA.

Fig. 1 Ihh mRNA level in LE of wildtype and LIF-/- mice from Day 3 to 5 of pregnancy. Its level is
increased at Day 4 in wildtype but not LIF-/- mice.
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Conclusion
LIF could up-regulate expression of Ihh mRNA. This process may be mediated by activation of

Pgr.
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LOCALIZATION OF ANTI-APOPTOSIS PROTEIN,
CFLIP, IN MAMMALIAN OVARIES

H. Gonda, K. Wongpanit, A. Maeda, Y. Cheng, J. Li, F. Matsuda-Minehata,
Y. Goto and N. Manabe

Research Unit for Animal Life Sciences, Animal Resource Science Center, The University of Tokyo,
Japan

Several hundred thousand primordial follicles are present in the mammalian ovary, however,
only a limited number develop to the preovulatory stage, and then finally ovulate. The others, more
than 99%, will be eliminated via a degenerative process called “atresia”. The endocrinological regulatory
mechanisms involved in follicular growth/development and atresia have been characterized to a large
extent, but the precise temporal and molecular mechanisms involved in the regulation of these events
have remained unknown. Our recent studies have suggested that the apoptosis in ovarian granulosa
cells plays crucial and dominant roles in follicular atresia. Notably, death ligand/receptor interaction
and subsequent intracellular apoptosis inducing signaling pathway have been demonstrated to be the
key mechanisms regulating granulosa cell apoptosis. Here, we provide species-specific characteristics
of granulosa cell apoptosis regulated by death ligand/receptor signaling system, that is, death ligands
and receptors [Fas ligand (FasL)-Fas, tumor necrosis factor (TNF) a]-TNF receptor (TNFR), and TNFa-
related apoptosis-inducing ligand (TRAIL)-TRAIL receptor (TRAILR)] and intracellular death-signal
mediating molecules [Fas-associated death domain protein (FADD), TNF receptor 1-associated death
domain protein (TRADD), down-stream caspases, apoptotic protease-activating factor 1 (Apaf1), TNFR-
associated factor 2 (TRAF2) and so on. Especially, we immunohistochemistry demonstrated the
localization of cellular FLICE-like inhibitory protein (cFLIP), an intracellular apoptosis inhibiting factor,
in granulosa cells of adult goat, mare, bovine, ovine and murine ovaries. cFLIP was detected in granulosa
cells of healthy follicles, which were confirmed by TUNEL-apoptosis detection and proliferating cell
nuclear antigen (PCNA) staining, but not in atretic follicles. In embryos and newborns of goats and
mice, weak staining for cFLIP in ovarian granulosa cells was noted, and increase in staining intensity
was noted during sexual maturation. Moreover, we firstly identified the gene sequencing of goat cFLIP
and demonstrated the changes in cFLIP gene expression during embryonic period, sexual maturation
and estrous cycle.
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DEVELOPMENT OF ASTROCYTES IN THE CENTRAL
NERVOUS SYSTEM OF CHICKEN

S. Uchida, T. Imagawa, M. Uehara
Faculty of Agriculture, Department of Veterinary, Tottori University, Tottori 680-8553, Japan

Introduction
Astrocytes are classified into protoplasmic and fibrous astrocytes by their morphological features.

The origins of the astrocytes are known to two patterns; one is derived from the cells in the ventricular
zone (VZ), and the other is derived from radial glia.  There are many reports about development of
astrocyte in rat or mouse (1), but there are few reports in birds.  To observe the development of astrocytes
in chicken, we detect two markers: vimentin (V) and glial fibrillary acidic protein (GFAP) by
immunohistochemistry.

Materials and Methods
We used the telencephalon, cerebellum, and lumbar spinal cord of three white leghorn chickens

at each embryonic day (E) 8, E10, E12, E14, E16 and E18, postnatal day (P) 1, P5, P10, P60 and P90.
Transverse frozen sections (10 µm) of the cerebellum and the lumbar spinal cord, and sagittal frozen
sections (10åm) of telencephalon were prepared.  The sections were processed for peroxidase-anti-
peroxidase method against either vimentin or GFAP.

Results
We classified immunopositive astrocytes into three types (I-III) by the shape of cell bodies and

the degree of spreading processes.  The immunoreaction of vimentin and GFAP in the telencephalic
astrocytes was summarized in Table 1.  It was observed that density of immunopositive astrocytes in
surface cortex was always higher than deep layer.  In the cerebellum, vimentin positive type I astrocytes
(VI) were observed in VZ from E8 to E10, and then VI/II appeared in the medulla.  Bergmann glia-like
vimentin positive cells and GFAP positive cells were observed from E12, so we called these types VBg
and GBg.  GFAP positive type I-III astrocytes (GI-III) were observed in the medulla, GBg were observed
in the layer of Purkinje cells, and GII/III were observed in the granular layer after hatch.  In the spinal
cord, VI were observed in the VZ spreading the processes to pia mater from E8 to E10.  VI/II and GI-
III appeared in the white matter, and GII/III were appeared in the gray matter by P60.

Table 1 Moving state of GFAP and vimentin immunopositive cells in the developing telencephalon
Age in days surface cortex middle cortex around LV bulbus olfactorius

-E12 VI - VI VI
E14-E16 VI, GI/II - VI, GI VI, GI

E18 VI, GI/II VI, GI/II VI/II, GI/II VI, GI
P1-P10 VI/II, GI-III VI/II, GI/II VI/II, GI/II VI, GI/II

P60- VI/II, GII/III VI/II, GII/III VI/II, GI/II VI, GI/II

Discussion
In the cerebellum and the spinal cord, chicken astrocytes were similar in developing pattern to

astrocytes in rat or mouse, but many astrocytes are differentiated in peri-hatching age earlier than rat or
mouse (2).  In chicken, astrocytes in the telencephalon mainly derived from radial glia, and less likely
to migrate for deep layer, and astrocytes derived from the cells in VZ may stay around VZ unlike rat or
mouse (3).  Additionally, astrocytes of chicken contain vimentin in adult ages as well as reptiles.  It is
reported that astrocytes containing vimentin are necessary for normal genesis of neurons, so neurons
may be generated even adult in these animals unlike mammals.
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COURSE OF THE SPINO CEREBELLAR TRACT
FIBERS ORIGINATED FROM THE LUMBOSACRAL

ENLARGEMENT IN CHICKENS

S. Okazaki, K. Nishimoto, M. Furue, T. Imagawa and M. Uehara
Faculty of Agriculture, Department of Veterinary Anatomy, Tottori University, Tottori 680-8553, Japan
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Introduction
In mammals, spinocerebellar tracts (SCT) related to the hindlimbs and caudal parts of the body

consist of the dorsal and ventral spinocerebellar tracts (DSCT and VSCT, respectively). DSCT and
VSCT are different in cell of origin, qualities of sending information, laterality, and location. DSCT
originates mainly from Clarke’s column from about T1 to L3 in rats and ascends ipsilaterally to the
cerebellum. VSCT originates from spinal border cells and ascends the contralateral funiculus. Whereas,
in chickens, almost all fibers of SCT neurons cross to the contralateral side in the lumbosacral enlargement
(LSE) and ascend ipsilaterally in the cervical enlargement. The chicken SCT is in the ventral funiculus
of the lumbosacral cord, in the ventral and lateral funiculi of the thoracic cord and cervical enlargement,
and in the lateral funiculus of the cervical cord. In the cervical enlargement, SCT are clearly divided
into the ventral and lateral parts (VP and LP, respectively). Our goal of this study is to clarify whether
VP and LP consist of the specific groups of SCT fibers.

Materials and Methods
A total of six chickens (300-500 g) were used. Under anesthesia by ketamine, xylazine and

midazolam, the left LP was cut following injection of 1?l of 3% WGA-HRP into two medial sites of the
anterior (III-VI lobules) or posterior (VIII-IX lobules) part in the cerebellum. The cerebellum, and
cervical enlargement and LSE were removed and cut serially by freezing microtome. These sections
were processed by TMB reaction.

Results and Discussion
Labelled neurons were mainly observed in four SCT nuclei; Clarke’s column (CC), spinal border

cells (SBC), Rexed’s layer VIII and the ventral margins of layer IX (VHv), and the ventral marginal
nucleus (VMN). In the cases of injection into the anterior part of the cerebellum, labeled SCT neurons
were more in the operated side than in the other side by a ratio of roughly 3:1 through all SCT nuclei.
About two third of SCT fibers pass through LP because almost all SCT fibers originated from the LSE
are crossed. In the cases of injection into the posterior part of the cerebellum, labeled SCT neurons
were markedly more in the operated side than in the other side through all SCT nuclei.0Thus, LP and
VP are clearly distinguishable each other, nevertheless both parts are no match for the DSCT and
VSCT in mammals. All nuclei of SCT in the LSE issue fibers to both VP and LP. It is suggested that
there is not any SCT nucleus in the LSE which would pass through either VP or LP. However, the
majority of SCT fibers from the LSE which project into the posterior part of the cerebellum would pass
through LP.
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17βββββ-ESTRADIOL PROTECTS THE FOCAL CEREBRAL
ISCHEMIC INJURY THROUGH mTOR/p70S6

KINASESIGNALING PATHWAy

Chung-KilWon, Jae-Hyun Cho, Phil-Ok Koh*
Dept. of Anatomy, College of Veterinary Medicine,Institute of Agriculture and Life Science,
GyeongsangNational University, Jinju660-701, Korea

Introduction
Estradiolprevents cell death as a response to a variety of neuronal stimuli, including

excitotoxicamino acids, β-amyloidtoxicity, and oxidative stress. Also, numerous studies have
demonstrated that estradiolinhibits cell death caused by ischemic brain injury, by decreasing the extent
of apoptotic cell death and enhancing cell survival signals.

The phosphatidylinositol3-kinase (PI3-K)/Akt signal pathway plays an important role to regulate
several cellular function including cell growth, apoptosis, and survival (1). The mammalian target of
rapamycin(mTOR) belongs to the PI3-K pathway, activated by growth factor and insulin.
Aktphosphorylatesdirectly mTORon Ser2448 that is a central regulator of protein synthesis and cell
growth. The mTORkinase, in response to growth factors, phosphorylatesp70S6 kinaseand stimulates
protein synthesis (2). p70S6 kinasephosphorylatesthe 40s ribosomal protein S6 and finally is involved
the translation of 5’oligopyrimidine tract mRNAs. Thus, mTOR/p70S6 kinaseare required for cell growth
and cell cycle progression. Although several studies have demonstrated the neuroprotectiveeffect of
estradiol, little data is available regarding the activation of mTORand p70S6 kinase. Thus, this study
examined the neuroprotectiveeffect of estradiolagainst stroke-like ischemic injury and investigated the
role of estradiolin the mediation of anti-apoptotic signaling through the activation of Aktand its
downstream targets, including mTORand p70S6 kinase.

Materials and Methods

Discussion
This study showed that estradiolsignificantly reduces infarct volume and decreases the positive

cells of TUNEL staining in the cerebral cortex. Estradiolprevents the injury-induced decrease of PDK1
and Aktphosphorylation. Also, it inhibits the injury-induced decrease of mTORand p70S6
kinasephosphorylationusing Western blot analysis. Finally, estradiolprevents the injury-induced decrease
of S6 phosphorylation. Our findings suggest that estradiolplays a potent protective role against brain
injury and that mTORand p70S6 kinasephosphorylationby estradiolmediated these protective effects.
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Results

Representative photos of TTC stain and TUNEL histochemistryin the cortex from oil-and
estradiol-treated rats prior to MCAO. (A) Brain sections were stained by TTC. The ischemic area
remained white, while the intact area was stained red. Estradioltreatment significantly protected the
cerebral cortex from ischemic brain injury. (B) Photographs of TUNEL staining in the cerebral cortex
from an oil-and an estradiol-treated rat. These photos indicate the square areas of A. Positive cells of
TUNEL staining were markedly decreased in estradiol-treated rats. Scale bar = 100 ›3. (C) The percentage
of ischemic lesion area was calculated as lesion area/whole brain section area. (D) The percentage of
TUNEL-positive cells was described as the number of TUNEL-positive cells/ total number of cells in
each field. Data (n=15) are represented as mean ±S.E.M.; *P<0.05.

Western blot analysis of phospho-PDK1 (A), phospho-Akt(B), phospho-mTOR(C), and  phospho-
p70S6 k (D) in the ipsilateraland contralateralcortex. Rats were treated oil (labeled Oil) or
estradiol(labeled E) prior to MCAO. Each lane represents an individual experimental animal.
Densitometricanalysis is represented as an arbitrary unit (A.U.), normalized by ·-tubulin. Data (n=15)
are represented as mean ±S.E.M.; *P<0.05
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Immuno-staining of phospho-S6 in the ipsilateral(A and B) and contralateral(C and D)  cortex.
Rats were treated oil (A and C) or estradiol(B and D) prior to MCAO. Positive cells were decreased in
oil-treated rats. Arrows indicate positive cells.
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ANATOMICAL ILLUSTRATIONS ON HANGING
SCROLLS FOR VETERINARY EDUCATION AT

TAUT BEFORE THE WORLD WAR II

K. KITAHATA, H. SHIBATA, N. KANDA
Laboratory of Veterinary Anatomy, Division of Animal Life Science, Tokyo University of Agriculture
and Technology (TUAT)

Introduction
After the Meiji Restoration (1868), the Japanese government planned to reconstruct a modern

state like these found in Europe and set a goal to increase their wealth and military strength. For this
purpose, a variety of livestock were introduced from Europe and America. After the Russo-Japanese
War (1905), the Japanese government realized the necessity to increase the number and quality of war-
horses and veterinarians as a national policy. Because of this military influence, much stress was placed
on veterinary education and horse medicine at this time. In the present study, we analyzed the contents
of old paintings used in the teaching of veterinary anatomy at TUAT before the World War II.

Materials and methods
There are 313 hanging scrolls and wooden boards used in education of veterinary anatomy in

our university library. Although the precise dates of the production were unknown, most of them were
supposed to be painted before the World War II. We photographed each item using a single-lens reflex
digital camera.

Results
We analyzed picture scrolls and wooden boards from the following five viewpoints: “forms”, “

fields”, “organs”, “animals”, and “horses”. Most of the items were scrolls (305/313) and the rest were
wooden boards (8/313). Their fields could be divided into three groups: 1) gross anatomy (197/313), 2)
histology (31/313), 3) drawings about horseshoe and the horse’s condition from its external appearance
(85/313). Most of the pictures of gross anatomy were the paintings of the locomotive organs (102/197).
All works except histological ones, the number of paintings about horses is the largest (178/282).
Among these painting about horses, 95 works are gross anatomical drawings and 83 works illustrated
how to make a horseshoe and how to evaluate the horse’s condition.

Discussion and Conclusion
The rapid expansion of veterinary education was closely related to the complex international

situation after the Meiji Restoration. Before the World War II, the horse was considered as one of the
most important domestic animals in Japan. Although the details of the anatomical description were far
behind the recent textbook of veterinary anatomy, some of these paintings are still useful for present-
day education of veterinary anatomy.
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THE CHEMOPREVENTIVE EFFECT OF THE KOREAN PEAR
(Pyrus pyrifolia N.) EXTRACT ON LUNG TUMORS INDUCED

BY BENZO[a]PYRENE

D. J. Kim1*, T. M. Kim1, J. M. Ryu1, H. J. Kwon1, W. Y. Lee1, K. S. Woo2,
H.-S. Jeong2 and J. T. Hong3

1 College of Veterinary Medicine,
2 College of Agriculture, Life & Environment Science,
3 College of Pharmacy, Chungbuk National University, Cheongju 361-763, Korea

Polycyclic aromatic hydrocarbons (PAHs), including the probable human carcinogen
benzo[a]pyrene (B[a]P), have been listed as priority substances to be assessed under The International
Agency for Research on Cancer (IARC). It is therefore important to thoroughly monitor exposure to
these substances in the frame of risk assessment. It would appear interesting to look at B[a]P metabolites
in urine as bioindicators of exposure to total PAHs. In addition, a major B[a]P urinary metabolites are
3-hydroxy- B[a]P (3-OH- B[a]P) and easily detectable in rodents. Our study was conducted to examine
the effects of Korean pear extract on the pharmacokinetics of 3-OH- B[a]P in rats. The urinary excretion
profiles of B[a]P metabolite, 3-OH-B[a]P, were studied following acute intraperitoneal injection of
B[a]P. Male Sprague-Dawley rats were exposed to B[a]P (10mM/kg/b.w). Urine samples were collected
at frequent intervals over 96h (B[a]P). The treatment with Korean pear extract, the urinary excretion of
3-hydroxy-B[a]P were rapidly excreted� compare to B[a]P alone treatment groups. And than we evaluated
the effects of Korean pears extracts on lung tumor induction in A/J mice by carcinogenic PAHs in
B[a]P. Animals, new born mice, were treated with either heat-processing pear extracts or crude pear
extracts in the diet during 10 weeks, a single subcutaneous dose of B[a]P (500≠3/–3) in 20•3 olive oil.
We found that feeding of pear extracts reduced adenoma by 64.9% in male A/J mice. Our results
suggest that Korean pear extracts may have inhibit lung adenoma formation and growth in A/J mice.
Thus, pear extracts appear to be a promising new preventive agent for lung cancer and may be considered
for further studies in other animal models and in clinical trials.
Key words: Korean pear, benzo[a]pyrene (B[a]P), 3-hydroxy-benzo[a]pyrene (3-OH-B[a]P), Lung tumor.
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Effect of ethanol extract of elm tree (EEE) on colonic aberrant crypt (AC) induced by 1,2-dimethylhydrazine (DMH).
*Significantly different from the value of DMH alone (p<0.01).

THE CHEMOPREVENTIVE EFFECT OF EXTRACTS
OF ELM TREE ROOT ON COLONIC ABERRANT

CRYPT FOCI INDUCED BY 1, 2-DIMETHYLHYDRAZINE
IN F344 RATS

T.M. Kim1, H. J. Kwon1, J. M. Ryu1, W. Y. Lee1, S. R. Kim2,
 J. Y. Ahn2, T. Y. Ha2, and D. J. Kim1*

1 College of Veterinary Medicine, Chungbuk National University, Cheongju 361-763,
2 Korean Food Research Institute, Sungnam 463-746, Korea

In the present study, cancer-preventive effects of ethanol extracts of elm tree root (EEE, Ulmus
davidiana var. japonika) were investigated. In vitro cytotoxicity assay, colon cancer cells were incubated
with chloroform fraction of EEE (CF-EEE). CF-EEE significantly inhibited the proliferation of cells
and induced apoptotic cell death in a dose-dependent manner. For the assessment of chemopreventive
efficacy in vivo, male F344 rats were fed with EEE (0.5 or 1%) in diet for 8 weeks, and were
subcutaneously injected with 1, 2-dimethylhydrazine (DMH) to induce colonic aberrant crypt foci
(ACF). EEE (0.5 and 1%) significantly decreased both the numbers of AC (1191.1/colon) and ACF
(529.3/colon) induced by DMH. In addition, in the Western blot analysis on the colonic mucosa,
administration of EEE triggered expression of caspase-3, a key factor of an apoptotic cascade. These
results suggest that extracts of elm tree root contain potential chemopreventive principles that lead to
apoptosis of cancer cells, and thereby suppress colorectal carcinogenesis during initiation stage.
Key words: Colon cancer; Aberrant crypt foci (ACF); Apoptosis; Caspase-3.
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