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ABSTRACT

The ultrastructure of submandibular gland was examined in the lesser white toothed shrew, Crocidura
suaveolens.

The submandibular gland of O suaveolens was a mixed gland composed of serous and mucous acinar cells,
Secretory gramiles from the acini were dizcharged through the salivary duets into the oral cavity.

Zerous and mucons acinar cells had well developed rough endeplasmic reticulum and mitochondria and
large amount of granules. In case of gerous acinar gramiles, an immature gramile was formless and had only
dense specks, and a matared granule was a complete round type delimiting by a single membrane and had a
homogeneous denge center with dense specks on the border. In case of mueous acinar granules, while an
immature granule was a round type and had an only homogeneons matrix and an indistinet limiting membrane,
a matire granule wag an even round type having a varlety of pattern with several dense bands into the homo-
geneous matrix and had a distinet membrane. Therefore, a mature mucous acinar gramle of < sugveolens was
not only distinet from those of the other mammalian species to have a variety of pattern but also from thoze of
& lastura to have an even round type. A great serous lile secretory gramules and Myelin like body were
obgerved in the eytoplasm and lumen of gramalar duet cells, Myelin like body, a characteristic structure only
reported in salivary gland of three shrews, was discharged from secretory cell into lumen by the manner of

exooytosis which hag little diffarences from discharging manner of seeretory granules,
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INTRODUCTION

Mammalian salivary glands are a highly complex
organ assoclated with mucosa of the oral cavity, and
interspecieg ultrastructural differences between the
homologous cells in this organ represent the potential
value of the possibls evolutionary significancs at csllular
level (Hand, 1980; Phillips & Tandler, 1987; Phillips et
al., 1987a,b, 1993; Tandler & Phillips, 1993; Tandler et
al, 1990, 1994). Despite the versatility of this organ,
studies on zalivary glands have been restricted largely to
a Tew commonly available laboratory animals (Tandler
st al., 1990}, However ultrastructural differsnces betwesn
homologous cells in salivary glands hold much promise
in systematic and comparative ultrastructural analysis
which can serve as a foundation for molecular compa-
rizons (Phillips & Tandler, 1987; Tandler et al., 1990},
recently this organ has besn examined in various spscies
{(Hand, 1980; Phillips & Tandler, 1987; Phillips et al,
1987a,b, 1993; Tandler & Phillips, 1993; Tandler et al,,
1990, 19947,

Inszectivora including Soricidae 1z a primitive mam-
malian group, thought to be ancestors to many groups of
mammals, exhibiting characteristics of specific interest
for the study of mammalian evolution (Eisenberg, 1981;
Churchfisld, 1990; Carson & Ross, 1993). Soricidas iz
generally considered to comprise two subfamilies, Sori-
cidae and Crocidurinae (Tones & Johnson, 1960; Won,
1967; Churchfield, 1990}, Crocidurinas inhabiting Korea
iz composed of three species, C suaveolens, C. dsine-
zumit and C. lastura (Tones & Johnson, 1960; Won, 1967).
There are studies on salivary glands in a few member of
Soricidas (Raynaud, 1964; Mineda, 1981, 1985), recen-
tly my collsaguss and I reported a study on the subman-
dibular gland of Crocidure lasiura inhabiting Korea
{Teong et al,, 2005). Howsver, there iz not at all study
on the salivary glands in C suaveolens.

The aim of the present study on the ultrastructure of

the submandibular salivary gland in the lesser white—

toothed shrew, C. suaveolens inhabiting Korea, iz to
determine ultrastructure and charactenstics of subman-
dibular gland cells and szecretory granules, to compare

theae features to the other species and O lasiure,

MATERIALS AND METHODS

Seven adult males of O swaweolens were collected at
October 1999 and March, April, July and September
2000 from Mt. Jirl using the Sherman live traps.

To observe ultrastructure of the submandibular gland,
a pair of submandibular gland was fized in 2.5% gluta-
raldehyde and 2% paraformaldehyde in Millonig™s pho-
sphate buffer (pH 7.4) for 1 hr. Specimens were post—
fixed with 1.3% osmium tetroxide in the same buffer for
2 hr, dehydrated with a series of the graded ethyl aleohol
and acetone, and embedded in epoxy resin. Thick sec-
tions (0.5~ 1 pm) were stained with 5% toluidine blue
for light microgcopy. Thin gections (6090 nm) were
double stained with uranyl acetats and lead citrats. All
of the thin sections were examined with a JEOL 1003

transmizsion slectron microscope.

RESULTS

The submandibular gland of the lesser white—toothed
shrew, O suaveolens was examined with a light and
slectron microscopy.

From the obzervation of the microscopic specimens, a
submandibular gland of & suaveolens was compozed of
acini and salivary ducts (Fig. 1). A submandibular acinug
waz a mized gland compossd of serous and mucous
cells, seoreted granules from the acinus were discharged
through the salivary ducts into the oral cavity.

From the obaervation of ultrastrusture of acinar cells
in the submandibular gland, serous cell had well dsve-
loped rER (rough endoplagmic reticulum) and mitoe-

hondria, and large amount of ssrous acinar granulss
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Fig. 1. Light micrograph of the submandibular gland. Acinus (4) composing serons (3¢) and mucous (Mc) cells contain mumerous
gecretory gramules, Grarmlar duct (Gd) cells alzo contain great secretory grammles. 3d, striated duct. Scale bar =1 pm.

with various stages of maturing process (Fig. 2). An
imrnature serous granule of early stage was formless
and 1t had only minuts dense specks, according as
granules progress, it had bscame a round typs and had a
homogensous denze center. Finally, a matured serous
acinar granule was a complete round type delimiting by
a zingle membrane and had a homogensously denze
center with dense specks on the border (Fig. 3). Mucous
cells alzo had well developed rER, mitochondria and
large amount of mature and immature round mucous
granules (Fig. 4). While an immature mucous acinar
granule had a homogeneous matriz and an indistinct
limiting membrane, a mature mucous acinar granule had
a variety of pattern with several dense bands into a
homogeneous matrix and a distinct limiting membrane
(Fig. 5). Granular duct cells had great serous-like
secretory granules with dense specks and Myelin-like
body which iz a manifold form of membrane in the
oytoplasm (Fig. 6). Secretory granules and Myelin-like
body of the granular duct sll were discharged from

gecretory cell into lumen by the manner of exocytosis

(Fig. 7). Namely, droplet and Myelin—like body moved
to the luminal border of the cell and the cutermost
membrane of such droplet and Myelin—like body fused
with the plasma membrane. In case of droplet, theze
fused membranes had dizsappeared and the content of the
droplst flowsd into lumen. However, in case of Myelin
-like body, fused membrane had not disappear and

flowed into lumen.

DISCUSSION

Matured serous acinar granules of the lesser white—
toothed shrew, Crocidura suaveolens were similar to
those of the other mammal species including C. lasiura
to have a single membrane and a homogeneous centsr
with denss specks on the border. However, the othsr
characteristics in serous acinar granules of & suavealens
which have a complete round type and a dense center,
were differsnt from those of C lasiura having an oval
type and a pale center (Jeong et al., 2005). Alzo, matired
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Fig, 2. Electron micrograph of the serous acinar cell in the submandibular gland. The cytoplasm contains well developed rER and
mitochondria (M), and large amount of serous acinar granules (3g) with varions stages of the maturing process. Img,
immatire granule; Is, intercellular space; N, miclens, Scale bar = 0.1pm.

Fig, 3. Higher magnification of the serous acinar granules (3g) in the submandibular gland, According to the maturing procass, a
formless immature granule (Img) has became a round type, and has become to have a complete homogeneous round dense
center and a distinet limiting membrane on the border. M, mitochondria; Mag, mature granule, Scale bar = 0.05 pm.

Fig, 4. Electron micrograph of the mixed acinus composing mucons and serous acinar cells in subm andibular gland, The cytoplasm
of the mucous and serous acinar cells containg well developed rEE, mitochondria (M) and large amount of granules. Img,
immatire granule; Is, intercellular space; Mg, mucons granule; N, nuclens, 3g, serous grarmle, Scale bar = 0.1 pm.

Fig, 5. Electron micrograph of the mahre mucous acinar granules (Mag) in submandibalar gland. These round granules have a
variety of pattern with sewveral dense bands into the homogeneous dense matrix. I3, intercellular space. Scale bar = 0.05 pm.
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Fg. 6. Higher electron micrograph of the grarmlar duct cell in the submandibular gland. The cytoplasm contains great serons-like
gecretory granules (&) with limiting membrane and Myelin-like body (b)), M, nucleus, Scale bar =0.1 pm.

Fg. 7. Electron micrograph of great secretory gramiles () and Myelin-lice body (Mb) showing the exocytosis processing in the
granular duct. The secreted Myelin-like body (3Mb) are also seen in the lumen (L) of the granular duact. Scale bar =0.1 pm.

mucous acinar granulss of C. suaveolens having a varis-
ty of pattern with several denge bands into the homoge-
nsous matriz, were similar to & lasiure which 1z distinct
from the othsr mammalian speciss. However, ths other
characteristics of mucous acinar granules in C suaveo-
lens which have an even round type, wers different from

those of C lasiure having an uneven type (Jeong et al.,

20035). Tt is considerable that interspeciss variation of
granule ultrastructure exported by homologous salivary
acinar cells (Ball, 1993; Tandler et al, 1994). Because
the secretory process appears to be widely conserved
ranging from yeast to many in mammals (Rothman &
Orel, 1992), this striking interspecies varlation in secre-

tory granules implies differences in post—translational



70 Korean J. Electron Microscopy Vol 33, No, 2, 2003

modification of relatively small number of basic pro-
ducts (Levine et al., 1987; Tandler et al., 1990). Finally,
interapecies variation in granule ultrastructure might be
not only indicative of functional differences in saliva
{Levins et al., 1987; Tandler stal., 1990) but also corrs-
lated with genetic higtory (Phillips et al,, 1987a; Tandler
et al,, 1993}, diet (Phillips et al, 1987b; Tandler et al,,
1990) and speciss isolation (Nagato et al., 1984).
Although we cannot say precizely which factors were
correlated with ultrastuctural differences of salivary
acinar granules between C suaveolens and C. lasiura or
. suaveolens and the other mammalian gpecies, it i
clear a variety of pattern with several dense bands into
the homogeneous matrixz in mucous acinar granules is a
characteristic of C. suaveolens and C. lasivra belong to
Crocidurinas. Thus, a variety of pattsrn in mucous acinar
granules of C suaveolens and C. lasivra might be uged
with a key which iz classified from the other mammalian
gpecies.

A great serouz—like zecretory granules and Myelin—
like body were observed in the cytoplasm and the lumen
of granular duct cells in O suaveclens. A great secre-
tory granuls in O suaveolens was different from relati-
vely small secretory granule in C lesiurg, but granules
both of two speciez were dizcharged into the lumen by
the same manner of exocytosis. Myelin-like body, only
reported in the salivary glands of thres shrews, Suncus
meurinus and C. dsipezumi (Mineda, 1985), and C lzsiure
{Teong et al., 2005), 1z a manifold form of membranes. It
iz considered a formation at the basal cytoplasm of the
granular duect cell and dizcharge into lumen by the zec-
retory manner of granules, exocytosis (Mineda, 1985).
In thiz study, Myelin-like body moved to the luminal
border of the cell and the outermost membrane of Myelin
—like body fused with the plasma membrans, and then
the fused membrane had not disappear and flowed into
lumen. The secretory manner of Myelin—liks body had
a little differencs in thoss of granules. Thus the manner
of exoeytosiz of Myelin-like body in the granular duct

of salivary gland was confirmed in this study,
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