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Abstract This experiment was performed to siudy the struc-
ture of esophageal mucousa and the histochemical prop-
erties of glycosaminoglycans of esophageal mucous cells
in four teleostean species, i.e., Agramus agramus, Inimicus
Japonicus, Epinephelus chiorostigma and Helicolenus dac-
tvloprerus. To abserve the structure of eosphageal mucosa,
hematoxylin-eosin(H-E) staining was used. The glycosa-
minoglycans was stained with PAS(periodic acid schilP),
aleain blue(AB) pH 2.5, AB pH 1.0, aldehyde fuchsin(AF)
pH 1.7, AF pH 1.0, AB pH 2.5-PAS, AB pH 1.0-PAS and
AF pH 1.7-alcian blue pH 2.5

As for the amount and histochemical composition of
glycosaminglycans in Agramus agramus, most of mucous
secreting colunmar cell and mucous cells contain large and
maderate amount of neutral glycosaminoglycans. A few of
mucous cells having small amount of neutral glycosamino-
glycans and minimal amount of sulfated glycosamino-
glycans. In fnimicus japonicus, the esophageal mucous cells
were composed of maost of medium sized and Jarge mucous
cells with moderate amount of neutral glycosarninoglycanonly
only, a few of medium sized and large mucous cells and
most of small mucous cells with considerable amount of
neutral glycosaminoglycans and minimal to small amount
of nonsulfated glycosaminoglycans, and a (ew of small mu-
cous cells with small amount of neutral glycosaminogly-
cans and minimal amount of sulfated glycosaminoglycans.
In Epinephelus chiorostigma, most of medium sized and
large mucous cells were mixed small amount of neutral
glycosaminoglycans with sulfated glycosaminoglycans, a
few of which were contained with moderate or considerable
amount of neutral glycosaminoglycans with sulfated glycosa-
minoglycans, while most of small mucous cells containing
congiderable amount of neutral glycosaminoglycans and
small to moderate or considerable to minimal amount of
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nonsulfated glycosaminoglycans(sialomucin} a few of which
containing a mixture of considerable amount ol necutral
glycosarninoglycans and considerable amount of nonsul-
fated glycosaminoglycans or conplaining minimal amount of
nonsullated glycosaminoglycans(sialomucin} only, In Helico-
lenus dactylopterus, most of medium sized and large mu-
cous cells, mixing with moderate to considerable amount
of neutral glycosaminoglycans, a [ew of which containing
a mixture of small to considerable amount of neutral gly-
cosaminoglycans and small to moderate amount of sulfated
glycosaminoglycans, while most of small mucous cells with
considerable amount of neutral glycosaminoglycans and
moderate amount of nonsulfated glycosaminoglycans (sialo-
mucin), a few of which having a mixture of considerable
amount of nentral glycosaminoglycans and considerable or
small amount of nonsulfated glycosaminoglycans(sialo-
mucin).

Key words: Glycosaminoglyeans, Esophageal mucous cells,
Histochemisty, Fishes

Introduction

In fishes, the length of esophagus is shortest, and the mu-
cosa and submucosa are complicated not only by the
primary longitudinal folds but alse by secondary and even
tertiary foldings [1,2]. The csophagus was lined by a strat-
ified squamous epithelium [3-7,9] or a psuedosratified
squamous epitheliom {23]. Especially the esophageal epi-
thelium is consisting cheifly of gablet cell [2] or mucous
cells [3-5,10-12,6-9].

The important function of teleostean esophagus is not
only to conduct food stuffs to the stomach but also from
pharynx to distal region of the gut. An aboundance of
mucous cells indicates that esophageal glycosaminoglycans
have some tole in the digestive process [6].

Many researches have been conducted on the histological
and histochemical property of glycosaminoglycans in the
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esophageal mucous cells of many teleostean fishes, such
as Parasilurus astous [10], eel [11,12], rock bass, bluegill
sunfish, large mouth bass, black crappie, golden shiner,
fathead minnow, grass pickeral, nothemn pike, brown bull-
head, yellow perch [6], Clupanodon punctatus, Parasilurus
asotus, Carassius auraius, Pagrosomus majar, Cantherine
moderstus (7], Cyprinus carpio, carassius auratus, Parasifurus
astous, Mugil cephalus. Siniperca scherzei, Sebastes hubbsi,
Agramus agramus, Plexronichihys cornunus [8], Lateolabrax
Japonicu, Seriola quinqueradiata, Sparus swinhonis, Sebaste
inermis, Erosa erosa [9] and reported that the size of
mucous cells, distribution and properiy of glycosamino-
glyeans of mucons cells were different from each species.

The purpose of our study was to determine, using his-
tological and histochemical 1echnigue, the characteristics of
mucous cell types and, in particular, the glycosamino-
glycans of mucous cells in the esophageal mucosa of four
teleostean species of Family Percida, Agramus agramus,
Inimicus japonicus, Epinephelus chlovostigma and Helico-
fenus dacrylopterus.

Materials and Methods

The species studied are as follows. Family Percida : Agrarmus
agramus, Inimicus japonicus, Epinephelus chlorostigma and
Helicolenus dactylopterus. Middle pieces of esophagi were
fixed for 24 hours in a solution of 10% neutral buffered
formalin, dehydrate, and embedded in paraplast (melting
point 56°C) according to routine methods. Sections were
cut at 6gm n thickness, deparaffinized and the subjecied
to histological and histochemical staining procedures wete
as fallows :

I. Hematoxylin and eosin(H-E) staining for the general
observation of histological structure.

2. Periodic acid-Schiff(PAS)reaction for swudying neutral
glycosaminoglycans [13].

3. Alcin blue(AB) pH2.5 staining for the demonstration of
acid glycosaminoglycans [14-16].

4. AB pH1.0 staining for the selective characterization of
sulphated glycosaminoglycans [20,21].

5. AB pH2.5-PAS staining sequence distinguishes PAS
positive(red) neutral from AB positive(blue) acid glyco-
saminoglycans [17,18].

6. AB pH1.0-PAS staining sequence distinguishes PAS
positive(red) neutral from AB positive(blue} sulphated
glycosaminoglycans [21].

7. Aldehyde fuchsin{AF) pHL.7-AB pH2.5 staining se-
quence distinguishes AF positive(purple) sulphated from
AB positive(blue) nonsulphated glycosaminoglycans [19].
With AB pH 2.5-PAS sequence, cells containing both

acid and newiral glycosaminoglycans usually showed purple,

biuish purple, or reddish purpie staining. In the AF pH
1.7-AB pHZ2.5 sequence, cells staining bluish purple con-
tamning both sulphated and nonsulphated glycosaminoglyeans.

Degrees and abbreviations in the tables designate staining
results as follows : B, blue; R, red; BP, bluish purple; RP,
reddish purple; 4, very intense; 3, inlense; 2, moderate; 1,
weak; =, trace; 0, absen.

Result

Histological structure of esophageal mucosa

The four layers of a typical verlebrate digestive tract
(mucosa, submucosa, muscular coat and adventitia) were
consistently present in all species, The logitudinal folds were
well developed, but there differed depend on the species.
In Agramus agramus, the entire surface of the csophagus
is covered with a mucosa thrown into longitudinal folds
so arranged to give a dendroid like appearance thal con-
sisting of conical primary folds and high or low secondary
folds. In Inimicus japonicus, the esophageal longitudinal
[olds were consist of long conical, primary folds ftom
which were well developed many secondary folds with
irreguiary forious in shape. In Epinephelus chiorostigma,
the esophageal folds were well developed that consisting
of conical primary folds from which secondary folds with
fungiform or circumvallate in short shape. In Helicolenus
dactylopeterus, the esophageal longitudinal folds were
comsist of high or low conical or cylinderical primary folds
from which were well developed irregular secondary folds
widely.

In all species, several parts of mucosal folds, long loop,
fungiform, irregolar loop form of small folds were formed,
which was lined with simple cuboidal epithelium and many
blood vessels are distributed in the connective tissue core,
the other parls of which covered with siratified squamous
epithelium.

Most parl of esophageal mucosa of Agramus agramus
which was composed of stratified squamous epithelium but
it is especial that considerable part of which composed of
simple colurnmar epithelium. Tn all of four species, many
round, spherical, elliposid form mucous cells are distributed
csophageal mucous epithelium but it was distinctively
different in size, morphology and distribution according to
gach species.

In Agramus agramus, mucous cells were arranged with
one-two or multiple layers, the spherical or elongated ellip-
soid form large mucous cells and ellipsoid form of medium
sized cells were mostly distributed and spherical small mucous
cells were a few (fig. 1).

In Inimicus japonicus which were arranged with one-two
layers, according to the part which appeared three-four
layers. The spherical or ellipsoid form of large mucous cells
were mostly abundant and ellipsoid medium sized cells and
spherical small cells are mixed. In Epinephelus chlorosiigma,
mucous cells were composed ellipscid, spherical large mucuos
cells and spherical, conical, elongated ellipsoid small
mucous cells and a few of ellipsoid medium sized cells
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were mixed. In Heticolenus dectyiopierus which were round
spherical large cells and spherical or ellipsoid small cells
and elongated ellipsoid, spherical medium sized cells were
mixed. They arranged mainly two or three layers over epi-
thelivn, but somewhere, arranged multiple layers. The num-
bers of esophageal mucous cells including secreting columnar
epithelial cells which were highest in Agramus agramus
but which of mucous cells were highest in Helicolenus
dactylopterus, Epinephelus chlorostigma, Inimicus japonicus
was next, and lowest in Agramus agramus.

The property of glycosaminoglycans of esophageal
mucous cells.

The resull of histochemical property of glycosaminoglycans
in esophageal mucous cells of four teleostean fish species

are ocutlined in table 1 and 2.

Agramus agramus

Esophageal columnar epithelial cells of Agramus agramus
containing only a large amount of neutral glycosamino-
glycans but large mucous cells contain cousiderable or a
small amount of neutral glycosaminoglycans. The former
is more than the latter in distribution. Medivm sized and
small mucous cells having a considerable or small amounts
of neutral glycosaminglycans except a few cells which
having a mixurre of a minimal amount of sulfated glycosa-
minglycans and small amounl of neutral glycosaminoglycans
{figs. 2 and 3).

Inimicus japonicus
In Inimicus joposicus, esophagus mucosal epithelium con-

Table 1. Histochemical properties of glycosaminoglycans in the esophageal mucous cells in four wleostean species by single staing

Specics Stains PAS(with and
P Cell 1ypes  without diastase)
EC 4R
L 3R>1-2R
Agramus agramus M 3R>4R.IR
S 3R >1-2
. . . L 3R
Fumicus japonicus M IRIR
S 3R>2R, TR
1-2
Epinephelus chlorostigma I\]—/i 1_2}5
S 3R
2-3r-1B
Helicolenus dactviopterus 1‘]:/1 2 3?;
5 3R

1-2B>1R,38 0 0 0

ABpH 25 ABpH 10 AFpH 17  AF pH 1.0
0 0 0 0
0 0 0 0
0>+ B 0>+B 0>=P 0> %P
0> B 0> LB 0> £P 0>+
0>+B. 1B 0 0 0
0>*B. 1B, 2B 0=+B 0>EP 0>+P
+B,1B>0.2B 0>+B 0>%P 0>£P
1B>2B,=B +-1B>2B +-1P>2P +-1P>2P
IB 1B,2B 1P 1P
128 —-{B=2B 12P>3P 4 -1p>2P
2B>3B 1B-2B 1-2P 1P
1B>2B D 0 0

Degree of staining : 4, Very intense ; 3, Intense ; 2, Moderate ; 1, Weak ; *, Trace ; @, Absent

Abbreviations

EC, Epithelial columnar cell ; L, Large mucous cell ; M, Medium Sized mucous cell ; 8, Small mucous cell ;

AB, Alcian blue ; AF, Aldehyde fuchsin ; R, Red ; B, Blue, ; P, Purple ; >, Most marked.

Table 2. Histochemical properiies of glycosaminoglycans in the esophageal mucous cells in four {eleostean species by combined stains

Species stains cell Lypes AB pH2.5-PAS
EC 4R
Agramus agramius L ARSR
M 4R>3R, 1R>2RP
5 4R>1-3R>2RP
. L 3R>3RP, 3BP
fnmmicus japonicus M IR>3RP. 1-2BP
S 3RP, 2P>3R, 3BP
. . L 1BP>2BP,3BP, L BP
Epinephelus chilorostigma M 1RP>2BE.3BP
s 2-4P>3RP
Helicolenus dactylopterus L 2-3BP>1F, IBP
M IBP>3RP
S 3-4P, 3RP

Abbreviations -

BP, Bhluish purple ; RP, Reddish purple. Others are the same

as in the table 1.

AB pH1.0-PAS AFpHI.7-AB pHZ.5
4R a
4AR>2R 0
4R>3R, 1R>1-2RP 0>LP
4R>1-3R>1-ZRP O>*P
4R 0>1B, 1B
4R>3RP, 3BP 0>=™B, 1B, &P
4R>3RP, 3BP +B, |B>0,XP
+-1BP>2BP, 3BP =-1P>2p
1BP>2BP 1P>2P
3-4R>3RP 1-2B>=%8B, 3B
2-3BP=1P, 1BP 1-2P>3p, P
3IBP 1-2P=3P, £P
3-4R>3RP 2B>3B, 1B
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sists of large, medium sized and small mucous cell. Maost
of large and medium sized mucous cells with a considerable
amount of neutral glycosaminoglycans, while a few of large
mucous cells having a mimmal or small amount of nonsul-
fated glycosaminoglycans(sialomuciny in addition w0 a
counsiderable amount of neutral glycosaminoglycans, and a
few of medium sized mucous cells coniaining a mixture
of both a minimal or small amount of nonsulfated glycosa-
minoglycans and considerable nentral glyvcosaminoglycans
or minimal, small amount of suifated glycosaminoglycans.
Most of the small mucous cells containing minimal or smail
amount of nonsulfated glycosaminoglycans(sialomucin) in
addition to considerable amount of neutral glycosaminglycans
bul a few of them containing small amount of neutral glycosa-
minoglycans or small amount of sulfated glycosamino-
glycans in addition to neutral glycosaminoglycans (figs. 4,
and 3).

Epinephelus Chlorostigma

In Epinephelus Chlorosiigma most of medium sized and
large mucous cells having a mixture of small amount of
neuitral plycosamineglycans and sulfated glycosaminogly-
cans, while a few of them containing moderale or consid-
erable amount of neutral glycosaminoglycans and sulfated
glycosaminoglycans. Mosi. of small mucous cells containing
both considerable amount of neutral glycosaminoglycans
and small or moderate amount of nonsulfated glycosamino-
glycans and a few of them containing a considerable amount
of nonsulfated glycosaiminoglycans in addifion to consid-
erable amount of neutral glycosaminoglycans or contain
small amount of nonsulfated glycosaminoglycans (figs. 6
7, and 8}

Helicolenus dactylopterus

In Helicolenus dactvlopterus, most of larpe and medium
sized mucous cells containing both a small amount of sulfated
glycosaminoglycans and a moderaie or considerable amount
of neutral glycosaminoglycans. A few of them containing a
small or moderate amount of sulfaled glycosaminoglycans
in addition to a small or considerable amount of neutral
glycosaminoglycans. But most of small mucoas cells con-
laining a considerable amount nonsnlfated glycosaminogly-
cans. A few of them coniain a considerable or small amount
of nonsulfated glycosaminoglycans in addtion 1o a consid-
erable amount of neutral glycosaminoglycans (figs. 9, 10
11, and 12)

Discussion

The esophagus of fishes appears short and functions solely
in the transfort food from pharynx to distal region of the
gut [1,2] like those of high vertehrate, Jarge longitudinal
folds were well developed [1,2] but exhibit adiversity ac-
coding to species (7,91,

Our results on esophagus epitheliom was consistent with

previous reports. Esophageal longitudinal folds of Agramus
agramus was dendroid like, Inimicts faponicus was comical,
Epinephelus chlorostigma comical and Helicolenus dactylo-
pecis were comical or cylinderical form in shape and from
which various secondary folds were formed. Esophageal
mucosa of fish was psendostraiified squamous epithelium
[23], or stratified squamous epithelivm and in which mu-
cous cells appeared {1,3-5,7,9,11,12,24] that assumed the
form of goblet cells [2] or different form with typical goblet
cells [1,7-9].

As for the esophagus mucosa of Taimicus japoricus.
Epinephelus chlorostigma and Helicolenus dactylopecus show-
ing stratified squarmous epitehliom except Agramus agramus
which consistent with the previous resulis bot in Agramus
agramus which was stratified squamous epithelium and mixed
with simple columnar epithelium. And in all species sec-
ondary folds appeared in esophageal epithelium which have
connective fssue cores that abundant blood vessels and
covered with simple cuboidal epithelium that considered
esophageal respiratory apparatus and a distinctive feature
of Percida of ieleostean.

Reifel and Travili (6] classified esophageal mucous cells
of ten leleostean fish species A B, C, D, E and F type
with morphology and according of hematoxylin-cosin stains
and reported that type A cells appeared as spherical or oval,
often pale looking cells with distinct basal, flattend nuclet,
type B cells were irregular shaped or saccular with oval
or spherical nunclei, and A, B type cells observed Cen-
trachids(rock bass, bluegill sunfish and large mouth bass
and black crappie), Cyprinnids(golden shiner and fathead
minnow) and Perca (vellow perch), and type C cells were
round io oval and ofien slightly basophilic with basally located
ovoid or flattend nuclei, type D cells were paler, club shaped
cells, both cells types observed Esocids (grass, pickeral and
nothern pike), type E cells were oval to spherical and type
F cells were saccular, club or goblet shaped cells. the nuclei
of both types were small, dense, ovoid or cone shaped siruc-
tures and abserved Ictalurus(brown bullhead) and resem-
bled gablet cells of intestine, Jo and Chei [7] reported that
esophageal mucous cells of {ive teleostean fishes different
each species, that is in Parasiluris asotus and Pagrosomus
major which were large in size, especilly which appeared
with several layers in esophageal mucosa of all region of
esophageal fold in Pagrosomus major, but showed one
layer just below surface epithelial cells in Parasilurus asotus.
Esophageal mucous cells of Carassins awratus, Canterines
moderstus and Cluparodon puncratus were small in size,
which were one layer and scattering in Carassius auraius,
and were seen a large numbers in the base and scatlering
in the top of esophageal fold Canterines modersius, bul
were found a small numbers in only the base of esophageal
fold of Clupanadon punctatus. Lee and JTo [9] reported that
the shape of mucous cells of esophageal epithelim was
typically round, ovoid or ellipsoid and the size of which
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Fig. 1. Esophagus of Agramus agramus stained with hematoxylin-eosin showing mucesa consisting of stratified squamous epithelium
with various mucous cells, Mucous cells were mixed with large(L), medium sized(M) and small(S) in size. <400

Fig. 2. Esophagus of Agramus agarmus stained with PAS. Epithelial columnar celis{arrow) show very intense red, but most mucous
cells show intense red, while a few of them show moderatc or weak red. x400.

Fig. 3. Esophagus of Agramus agramus stained with alcian blue pH1.0.Epithelizl columnar cells and mucous cells show not stained,
but a fow of medium sized and small cells show trace blue. =400

Fig. 4. HEsophagus of Inimicus japomcus stained with PAS. Most mucous cells show intense red. while a few of mediom sized,
small cells show moderate ted. %400

Fig. 5. Esophagus of Inmicus japomcus stained with alcian blue pH2.5. Most large, medium sized cells show nof stained, while
a few of them show trace of weak blue. Small cells show moderate or weak blue. > 400.

Fig. 6. Esophagus of Epinephefus chlorostigma stained with PAS. Large and medium sized show weak or moderale red but small
cells show iniense red. x400.

Fig. 7. Esophagus of Epinephelus chiorosiigma stained with alcian blue pH1.0. Most large and medium sized cells show modrate
or weak tlue, while small cells show not stained (arrowheads) 400,

Fig. 8. Esophagus of Epinephelus chlorostigma stained with aldehyde pH1.7 alcian blue blue pH 2.5. Most large and medium
sized cells show moderate or weak purpple, but small cells show weak or moderate blue. <400

Fig. 9. Bsophagus of Helicolenus dactylopterus stained with alcian blue pH2.5. Most [arge and medium sized celis show moderate
or intense biue, but small cells show weak or moderate blue. *x400

Fig. 10. Esophagus of Helicolenus ductylopterus stained with alcian blue pH2.5-PAS. Most large and medium sized cells show
moderate or intense bluish purple, while small cells show intense purple or reddish puarple. (400,

Fig. 11. Esophagus of Helicolenus dactylopterus stained with alcian blue pH1.0-PAS. Most large and medinm sized cells show
moderate or intense bluish purple, but small cells show intense red or intense reddish purple. > 400.

Fig. 12, Esophagus of Helicolenus dactvlopterus siained with aldehyde fuchsin pHI.7- alcian blue pH2.5. Most large an medim
sized cells show moderate or inlense purple. 400
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was the largest in Lafeolabrax japonicus and Sparas
swinfionis, in the other fishes large and smatl mucous cells
were mixed. In Sparus Swinhonis the mucous cells ap-
peared in several layers throughtout the entire esophageal
mucosa and in Sebastes inremis they appeared onc or two
layers over the most part of esophageal mucosa but in Seriola
quingueradiata, Erosa erosa and Latedabrax japonicus they
appeared one layer of esophageal mucosa.

On this study, classify esophageal mucous cells according
to distribution, size and morphology. Although nambers of
distribution there was a difference in each species, in all
species large, medium sized and small mucous cells were
mixed but in Agramus agramus mucous secreting colummnar
cells also appeared in esophageal epithelium.

The morphology of large mucous cells was spherical,
ellipsoids in Agramus agramus, Iimicus japonicus and
Epinephelus chilorostingma but in Helicolenus dactvlopterus
it was round or spherical form. That of medinm sized mu-
cous cells in Helicolens dacrylopterus was elongated ellipsoid
or spherical form but in the rest species it was ellipsoids.
The shape of small mucous ceils was spherical in Agramus
agramus, spherical, pyramids or elongated ellipsoids in
Epinephelus chlorostigma and spherical or ellipsoids in
Helicolenus dacrylopterus.

Concerning the number of mucous cells, if incloding mu-
cous secreting columnar epithelial cells it was highest in
Agramus agramus bt that of mucous cells was highest in
Helicolenus dactylopterus, Epinephelus chlorositgma, Intmicus
Japonicus was next, and lowest in Agramus agramus. In
the most epithelium mucous cells arranged one-two layers
in Agramus agramis and Inimicus japonicus but which
distributed two-three layers in Epinephelus chlorostigma
and Helicolenus dactypierus.

Our results conistent with the previous result such as
Reifel and Travill 6], Jo and Chei [7], Lee and Jo [9],
which indicated that the difference of morphology, size,
locat distribution and nomber of muccps cells may be a
specificity of each species.

It was reported that the property of glycosaminoglycans
in the mucous cells of teleostean esophagus different in
each species as if mucous cells appeared in the other organ.
That is, Kim [L0] reported that esophageal muccus cells
of Misgurnus anguilicaudatus contained acid glycosamino-
glycans and eel, crucian carp and sheat fish contained both
acid glycosaminoglycans and neutral glycosaminoglycans
but ihose of snakehead contained only neutral glycosamno-
glycans. Jo [12] reported that the histochemical composition
of acid glycosaminaglycans in the esophageal mucous cells
of eel contained only nounsulfated glycosaminoglycans and
in cyliorhinus rorazame which composed of sulfated gly-
cosaminoglycans and nonsulfated glycosaminglycans bui
the fomer was more than the latter. Im and Kwun [8]
reported thal the esophageal mucons cells of Parasilurus
asetas, Mugil cephalusand and Agramus agramus contained

only neutral glycosaminoglycans. those of Pleuronichthys
cornutus contained mixture of small amount of neutral
glycosaminoglycans, large amount of sulformucin (sulfated
glycosaminoglycans) and sialomucin (nonsulfated glycosa-
minoglycans), in Ophicephalus argus some cells contained
neutral glycosaminoglycans only and others with mixéure
of neutral glycosaminoglycans, sulforucin{sulfated glycosa-
minoglyeans} and sialomucin (nonsulfated glycosamino-
glycans)., In the esophageal mucous cells of Carassins
aunratus, Siniperca scherzeri and Sebastes hubbsi some cells
with neutral glycosaminoglycans and sulfomucin (sulfated
glycosaminoglycans) and others with mizure of neutral
glycosaminoglycans, sulfomucin(sulfated giycosaminogly-
cans) and sialomucin (nonsulfated glycosaminoglycans). In
the esophagus of Cyprinus carpio were identified cells with
a large amount of newiral glycosaminoglycans and sulfo-
mucin (sulfated glycosaminoglycans) and some sialomucin
{nonsulfated glycosaminoglycans) and cells with a large
amount of neutral glycosaminoglycans and sialomucin (non-
sulfated glycosaminpglyeans) and some sulfomucin (sulfated
glycosarmpinoglycans). The glycosaminoglycans in the
esophageal mucons cells of Mugil cephalus were veconized
as consisting mainly of sulfomucin (sulfated glycosamino-
glycans) with a small amount of neutra) glycosaminogly-
cans and siatomucin {(nonsulfated glycosaminoglycans). Jo
and Choi [7] reported that the esophageal mucons cells of
both Parasiulrus asotus and Cantherine medersius were
contained only neutral plycosaminoglycans. Most mucous
cells of Carassius auratus were consisting of large amount
of acid glycosaminogiyeans and neutral glycosaminoglycans
and a few mucous cells with smail amount of acid glycosa-
minoglycans and neutral glycosaminogiycans. While in
Clupanodon punctatus and Pagrosomus major showed the
presence of acid glycosaminoglycans and neutral glycosamino-
glycans, with most of the mucous cells being telatively
more prominent of acid glycosaminoglycans and a few
mucous cells more prominent of neutral opes. Reifel and
Travill [6] reporied thal teleostean esophagus exhibit a
diversity of mophologically and histochemically recoginzable
type of mucous cells, with each esophagus producing ai
least two different glvcosaminoglycans. that is, type A
mucous cells of rock bass, blue gill sunfish, large mouth
bass and black crappie contained combination of sialidase
resistant sialomucin and a weakly acidic sulfomucin, type
A mucous cells of golden shiner and fathead minnow
concained only sialomucin (nonsulfated glycosaminoglycans).
Type B mucous cells of rack bass, blue gill, sunfish, large
mouth bass and black crappic contained combination of
neuiral glycosaminoglycans and some of sialomucin (nonsul-
fated glycosaminoglycans) but that of golden shiner and
fathead minnow contained combination of a little of sialo-
muein (nonsulfated glycosaminoglycans) and strong sutfo-
mucin (sulfated glycosaminoglycans). Type D and F cells
coniained only neutral glycosaminogliycans. Lee and Jo {9]
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reported that according to amount and histochemical com-
position of glycosaminoglycans in mucous cells there was
a difference in each species. As for the histochemical prop-
erty, in Sebastes jnermis three kinds of mucous cells were
appeared, which having only strong sulfated glycosamino-
glycans or mixutre of small amount of strongly sulfated
glycosaminoglycans and minimal to small amount of neu-
tral glycosaminoglycans but mucous cells with small mod-
erate amount of neutral glycosaminoglycans were existed
in a few number of cells. The mucous cells of Spararus
swinhonis esophagus were noted two types, most mucous
cells were contained small atount of strongly sulfated
glycosaminoglycans and neutral glycosaminoglycans while
a few cells appeared to contain small amount of neutral
glycosaminoglycans and minimal amount of weakly sulfated
glycosaminoglycans, In Seriola quingueradiaia, three types
of esophageal mucous cells were exisied, Most of which
contained small amount of strongly sulfated glycosamino-
glycans and newtral glycosaminoglycans, a few of them
having a mixutre of small amount of neutral glycosamino-
glycans and minimal amount of weakly sulfated glycosaming-
glycans. In Serivia quingueradiata, three types of mucous
cells were existed, most of which contained small amount
ol strongly sulfated glycosaminoglycans or small amount
of exclusively nonsulfated glycosaminoglycans. In Erosa
erosa, three types of cells were existed and some cells have
mixture of small amount of nonsulfated glycosaminoglycans
(sialomucin} and minimal amount of neutral glycosamino-
glycans or some cells have mixture of small amount of
weakly sulfate glycosaminoglycans and minimal amount of
neytral glycosaminoglycans hut mucous cells with small 1o
moderate amount of neutral glycosaminoglycans and smail
amouit ol strongly sulfated glycosaminoglycans were exis-
ted in a few number. Mucous cells of Lateolabrax japonicus
were (hree types which mixture of moderate amount of
weakly sulfated glycosaminoglycans and a small amount
of neutral glycosaminoglycans.

In the present study, Agramus agramus contained two
kinds of mucous cells which different histochemical prop-
erty from each other. Regardless of size, mucous cells were
distringuished epitehlium colummar cells and mucous cells
secreting large or considerable amount of neutral glycosamino-
glycans and mucous cells which contain mixture of small
amount of neutral glycosaminoglycans and minimal amount
of sulfated glycosaminoglycans the former was the most,
the latter was a few.

Such result was different from the property of esophageal
mucous cells of Agramus agramus of Im and Kwun [2].
In the case of Inimicus japonicus, there was three kinds
of mucous cells. Most of medium sized and large mucous
cells cantain only considerable amount of neuiral glycosaming-
glycans, a few of medium sized and large mucous cells
and most of small mucous cells contain the mixture of con-
siderable amount of neutral glycosaminoglycans and nmiinima)

to small amount of nonsulfated glycosaminoglycans(sialo-
mucin), a few of small mucous cells contain only small
amount of neutral glycosaminoglycans and minimal amount
of sulfated glycosaminoglycans. In the Epinephelus chloro-
stigma two kinds of mucous cells exist and of which
medium sized and large mucous cells contain mixture of
small amount or moderate to cosiderable amount of neutral
glycosaminoglycans and sulfated glycosaminoglycans. Small
mucous cells with consisting of considerable neutral glycosa-
minoglycans, small to moderate, considerable amount or
minimal amount of nonsulfated glycosaminoglycans{sialo-
mucin}. In the Helicolenus dactvioprerus mucous cells were
two kinds that medium sized and large mucous cells with
small or moderate amounts to considerable amount of neu-
tral glycosaminoglyans and small amount of sulfated glyco-
saminoglycans and small mucous cell with considerable
amouni of neutral glycosaminoglycans and moderate, small
amount or considerable amount of nonsulfated glycosamino-
glycans{sialonucin). As for the morphology and property
of glycosaminoglycans of mucous cells Epinephelus chioro-
stigma similar to Helicolenus dactylopterus but Agramus
agramus differ from Inimicus japonicus.

Such result of the size and distribution of mucous cells
of telecstean but also the property of glycosaminoglycans
different from each species and it was consistent with the
reports of Reifel and Travill [6], Kim [10], Jo [12], Jo and
Choi [7], Im and Kwun [8], Lee and Jo [9]. Chan [25] sug-
gested that such a presence of two or more carbohydrate
types in an epitheliuvm could indicates two level of matura-
tion in the formation of the mucous secretion. Based upon
a study of human salivary gland mucous cells, Eversole [26]
hypothesized that each individual mucous cell synthesized
a neuiral glycoprotein which is subsequently carboxylated,
and finally sulfated. Freeman [27] reported that protein
synthesized from rough endoplasmic reticulum and it com-
bined acid glycosaminoglycans and became glycoprotein
and finaily it turned mucin granule that can be observed
through electron microscope. And Reifel and Travill [6]
suggested that the presence of two types of esophageal
mucons cells in each species of perhaps represents two stage
of cell maturity, but such differences in maturation are dif-
ficult to apply to the species whose mucous cells change
their carbohydrate content from sulfomucin to neutral gly-
cosaminoglycans in a rostral to distal direction,

As report of Lee and Jo [9] and Reifel and Travill [6],
the diversity of mucous cells morphology, distribution and
histochemical composition of glycosaminoglycans in teleo-
stean esophagus indicates additional function, provably
digestive and adaptation of injuring factor broughted
inhabitation and feeding.
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