A" o)A SE A A 3159 A 2& 2005
Korean ], Electron Microscopy 25(2), 57~84(2005)

Ultrastructure of the Submandibular Gland in the Big
White— Toothed Shrew, Crocidura lasiura

Soon-Jeong Jeong, Do-Seun Lim', Joo—Cheol Park,
Heung-Joong Kim?, Je-O Jeong, Baik-Dong Choi,
Myung-Hee Yoon® and Moon-Jin Jeong*

Department of Oral Histology, “Department of Oral Anatomy, College of Dantistry,
Chosun University, Gwangju, 501-759, Korea;

"Department of Dental Hygiene, Seoul Health College, Sungnam, Korea;
Division of Matural Sciences, College of Sciences, Kyungsung University,
Buszan, 608-736, Korea
(Received April 2, 2005; Accepted May 20, 20035)

SFdl w3 Crocidura lasiura <514 2] w|A|4+3

Ao, d=Al w5, A5 A, s, #9F°, Eas
zAdEe AGdF FEEA A, AenAdF A4,
dzadstn Ao Fhrewy, Hydde Gdsed s ade

ABSTRACT

The ultrastracture and histochemical characteristics of the submandibular gland was examined in the big
white toothed shrew, Crocidura ksiura

A submandibular gland of Crocidrer lasiura was 2 mined gland composed of serous and mucous acinar
cells, Becretory granules from the acini were discharged through the intercalated duet, the granular duet and the
striated duet into the oral cavity,

Zeroug and mucous acinar cells and granalar duet cells had large amount of rough endoplasmie reticulum,
free ribosome and prominent Golgl apparatug at the bazal cytoplasm of the eell, and many granules at the
apical cytoplazm. Oval type zerous gramiles had a homogensously pale round shape of bead at the center.
Mucous granules were distinet from those of the other mammalian species having variety patterns with several
dense bands into homogeneous pale matrix, A geroug like secretory gramales and myelin like body were
obzerved in the evtoplasm and the lumen of granular duet cells, The myelin like body g a characteristic
structure only reported in the salivary glands of two shrews, Suncus murinue and O deinezumi. Striated duet

cell had mamerous well developed mitochondria but secretory granule was not shown at all,
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INTRODUCTION

Marnmalian salivary glands are highly complex organ
assoclated with the mucosa of the oral cavity. Because
of the potential value of inter specific ultrastructural
differences with pogsible evolutionary significance at
the cellular level, this organ has been examined recently
in a variety of species (Hand, 1980; Phillips & Tandler,
1987, Phillips et al, 1987ab, 1993; Tandler & Phillips,
1993; Tandler et al,, 1990, 1994),

Soricidas belong to the Order Insectivora ars a primi-
tive mammalian group, thought to be ancestral to many
groups of mammals, exhibiting characteristics of specific
interest for the study of mammalian evolution (Eizenberg,
1981; Tsuchiya, 1985; Churchfield, 1990; Carson &
Rose, 1993} Studiss of the salivary glands, sspecially
the submandibular gland has been reported for a few
members of Soricidas, Buropean water shrew, Neomys
Fodiens (Schaffer, 1908), the house shrew Crocidura
russula (Raynaud, 1964), the black and Rufous elefant
shrew, Rhvuchocyon chrysopygus (Mineda, 1981) and the
musk shrew, Surcus murinus (Mineda, 1985). Howsver,
most of these studies showed only simple structural
results at the light microscopic level and a few ultrast-
ructural results of submandibular gland cells and secre-
tory granules,

By studying the histochemistry and ultrastructurs of
the submandibular salivary gland in the big white—toot-
hed shrew, Crocidura lasiura, we determined the ultras-
tructure of submandibular gland cells and characteristics
and ultrastructural patterns of secretory granules, and
compared these featurss to the other small mammalian

gpecies.

MATERIALS AND METHODS

1. Sampling

Seven adult males of & lesiura were collected at

Tune, October and November 1999 and March and April

2000 from Mt. Jirl using the Sherman live traps.

2. Histochemistry

In other to observe histochemistry of the submandi-
bular gland, one submandibular gland from the sacrificed
specimen was diszected 0.74% saline (physiological
galine solution), and fized in the 4% formaldehyde {pho-
sphate buffer, pH 72 for 12 hr. Samples were dehy-
drated with a series of the graded sthyl alcohol and
embedded in Paraplast (Sherwood Medical Industries,
3t Louig). The blocks were cut 6~7 pwm sections, Sec-
tions were stained with Hematoxylin —Eosin, Periodic
acid—Schiff (PAS) to determine vicinal hydroxyl group
near the glycoprotein, Alcian blue (AB, pH2 5) to dster-
mine distribution of acidic glycoprotein and sirmultane-
ously both of Alsian blus and Periodic acid-Shiff (AB-
PAS) (Mowry, 1956). The obasrvation according to
Spicer (1963) and Sun’s method (Spicer & Sun, 1967)
waz applied to interpret the intensity of the stained
tissue: thes nsgative reaction was —, and the symbols

according to the intensity were represented as £+, 4, 4

+, +++.

3. Electron microscopy

To observe ultrastructure of the submandibular gland,
the other submandibular gland was fized in 2.5% gluta-
raldehyde and 2% paraformaldehyde in Millonigs
phosphate buffer (pH 7.4} for 1 hr. Samples 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 microscopy. 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 electron microscope.

RESULTS

The ultrastructure and histochemical characteristics of
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Table 1. Histochem istry of the submandibular gland of Croci-

dura lasiura.

Stain Serous cell Mucous cell
AR pH2S + ++
PAS + +++
AB-PAS ++ +++

AB, Aleian blue, PAS, Parlodic acid—-Schiff; AB-PAS, simultaneously
both of Alcian blus and Periodic a ¢id-Shiff,

the submandibular gland was examined in the big white
—toothed shrew, C lasiura,

From the obzervation of the microscopic specimens, a
submandibular gland of C. lasiura was composed of acini
and salivary ducts (Fig. 1). A submandibular acinus was
a mixed gland composzed of serous and mucous cells,
sscreted granules from the acinus wers dizcharged
through the intercalated duct, the granular duct and the
striated duct into the oral cavity. From the histochemistry
of submandibular gland, Serous cells had largs amount
of serous granules that were stained a little intensity in
AP and PAS separated stains and much intensity in
AB-FPAS simultaneous stain, also mucous cells had
large amount of mucous granules that were stained much
intensity in AB staln and strong intensity in the other
stains, PAS and AB-PAS stains {Table 1),

From the obaservation of ultrastrusture of acinar sells
in the submandibular gland, serous demilune cells had
large amount of rER {rough endoplazmic reticulum),
free ribozome and prominent Golgl apparatus at the
basal cytoplasm of the cell and large amount of oval
type seroug granules delimiting by a single membrane at
the apical cytoplasm (Fig. 2). An immature serous gra-
nule had only minute littls dense specks and according
as granules progress, a matured granule had a homoge-
neously pale round shape of bead at the center (Fig. 3).
Mucous cells also had largs amount of 1ER, free ribo-
some and prominent Golgl apparatus at the bazal cvto-
plaszm and large amount of serous granules delimiting
by a single membrane at the apical cytoplasm (Fig. 4).
Mucous granules were distinguished from thosze of the

other mammalian speciss, having a complex substruc-

ture. Mucous granules had wariety patterns with zeveral
dense bands into the homogeneous pale matrix (Fig, 5).
Granular duct cells had large amount of rER, free ribo-
some and prominent Golgl apparatus at the baszal ayto-
plasm and largs amount of round sscretory granulss deli-
miting by 2 gingle mermbrane at the apical cytoplasm like
acinar cells, serous and mucous cells (Fig, 6). A secre-
tory granule of the granular dust cell was a serous—like
granule, an immature granule had dense specks but a
mature granule had a homogeneous dense matrix (Fig,
7). Mature secretory granules of granular duct cell,
droplets were discharged from szecretory cells into
lumen by the manner of exocytosis that was already
well investigated. Thus droplets moved to the luminal
border of the cell and the outermost membrane of such
droplet fused with the plasma membrans, thess fused
membranes had disappeared and the contents of the
droplet flowed into lumen (Fig. &), Also Myslin-like
bodiss wers observed in lumen and cytoplasm of the
granular duct cells of C lasiure (Figs. 8, 9). Myelin-
like body was a manifold form of membranes having
small pale dense granular sacks at the center and mostly
observed near the well-developed rER and Golgi
apparatus, Striated duct cell had numerous well-deve-
loped mitochondria and free ribosome, but very little
rER and Golgi apparatus, and secrstory granule was not
at all shown, and the apical surface of striated duct

epithelium was covered with short microwilli (Fig. 107,

DISCUSSION

Serous granule of the big white—toothed shrew, C
lasiura belongs to Soricidae (Tauchiya, 1985; Church-
field, 1990} was an oval typs delimiting by a single
membrane (Jamieson & Palade, 1967), similar to those
of the other mammalian species. An immature serous
granuls had only minuts little dense specks, buta maturs
geroug granule had homogeneously pale central portion

and minute little dense specks at the outer. It was already
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known a denze degree of components in the mature zer-
ous granules indicates amount of enzymes (Phillips et
al, 1987a,b). According to literatures about systerna-
tically well-investigated salivary gland of bats, in case
of serous granulss, scarce slectron—dsnse granules of
frugivorous bats have extremely low enzyme and largely
electron—dense granules of insectivorous bats have rich
snzymes (JTunqueira st al., 1973; Tandler st al., 1990},
Moderately dense serous granules of O lesiura com-
pared with insectivorous bats indicate low enzymes,
those of C. lasiura iz similar to the already reported other
ghrews. The nature and electron denge of the salivary
glands and their secretory products must relate to these
various diets (Tandler et al.,, 1990). Although we cannot
say precizely how the serous granules in C lasiure cor-
relats with their dist; eating sarthworm in the soil,
ingects and carcass of the mammals (Churchfield, 1990,
1t 18 clear an ability to digestive protsin by serous pro-
ducts of submadibular gland is not powsrful.

Mucous acinar granule of C lasfura was a characteri-
stic type that iz distinct from the other mammalian
gpecies, including bats that were systematically well
investigated. It also delimited by single membrane but
had a complex substructure into the homogensous pale
matriz with several dense bands, producing a variety of
pattern. Secretory granules contaln a mixture of proteins
both engymatic and nenenzymatic, and glycosonjugates,
lipid, certain vitaming and electrolytes {Tandler & Phil-
lips, 1993). These granule components sort themselves
out according to chemical affinities and interactions,
electrical charge and molecular configuration to yield
particular designs bazed on the relative electron den-
gities of these constituents (Tandler et al., 1994},
Because the secrstory process appsars to be widely
consgerved ranging from yeast to many in mammals
(Rothman & Orei, 1992), there can be considerable vari-
ation among secretory products exportsd by homolo-
gous salivary gland sscretory cslls in diffsrent species
(Ball, 1993; Tandler et al, 1994). The striking variation

in secretory granular ultraztructure impliss specific

differences in post—tranzlational modification of rela-
tively small number of basic products. Finally, specific
differences in granule ultragtructure might be indicative
of functional differsnces in saliva (Levine et al., 1987,
Tandler etal., 1990). Also these intsr—specific varations
are not random but might be correlated with genetic
history (Tandler et al,, 1986; Phillipa et al., 1987a), diet
{(Phillipz et al., 1987b; Tandler et al,, 1990) and species
1zolation (Nagato et al.,, 1984). Thus, Ultrasructurs of
mucous acinar granulss in . lasiura might be used with
a key, which is classified from the other mammalian
specles,

Myelin—like body, only reported in the salivary glands
of two shrews, Suncus murinus and O deinezumi (Mine-
da, 1985}, was observed in the cytoplasm and lumen of
the granular duct cell of C. lasiura. Myelin-like body 1z
a manifold form of membranes having small pale dense
granular sacks at the center, origin of rER near Golgl
complex. It is considered formation at the basal cyto-
plazm of the granular duct cell and dizcharge into lumen
by the secretory manner of granulss, exocytosis (Minsda,
1985). Myelin—like body had few report and iz not at all
unknown in the other mammalian salivary gland, these
construct and discharge of much componsnts of mem-

brane ig very interesting.
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FIGURE LEGENDS

Fig. 1. Light micrograph of the submandibular gland. Acimis(4) composing serous (3¢ and mucous (Mce) calls contain mamerous
gecretory granules, Gd, granular duct; Id, intercalated duct; 3d, striated duct. Seale bar = lpm.

Fig, 2. Electron micrograph of the serous demilune in the submandibular gland. The bazal cytoplasm containg large amount of TER,
free ribosome and prominent Golgi complex. The apical cytoplasm containg large amount of dense oval type granules (Sg)
with varions stages of the manwing process. M, mitochondria, M, nuclens. Seale bar = 0.1 pm.

Fig, 3. Higher m agnification of the mature serous gramales (3g¢) in the serous acinar cell, Central portion of gramiles iz occupied by
homogeneously pale material. The other portion iz dense and containg mimite denze speclks. M, mitochondria. Scale
bar = 0.05 prm.

Fig. 4. Electron micrograph of the mucous acinar cell in submandibular gland. Large amount of electron dense mucous granules
{Mg) concenfrate in itz apical cytoplasm . N, naclens, Sg, serous granule, Scale bar = 0.1 pm.

Fig, 5. Higher magnification of the mature mucous granules (Mg) in mucous acinar cell, These granules have a complex
substructure with several dense bands, into the homogeneous pale matrix, producing a variety of patterns. e, intercellular
apace. Scale bar = 0.03 pm,

Fig, 6. Electron micrograph of the grarmlar duct cells. The basal cytoplasm containg large amownt of rER, free ribogome and
prominent Golgi complex. The apical cytoplasm iz filled with mumerous forming secretory gramiles (G, M, mitochondria; N,
miclens, Scale bar = 0.1 pm.

Fig, 7. Higher magnification of the secretory granules in the gramalar duet cell, Immatire srarmles (Ing) contain mimite dense
apecls on the border of the limiting membrane. Mature granules (Mag) are occupied by homogeneons dense materials. Scale
bar = 0.03 pm.

Fig 8. Higher magnification of the myelin-lice body (Mb) in the gramalar duct cell. M, mitochondria; N, nucleus; Bb, lyzozomal
residual body, Scale bar = 0.05 pm.

Fig. 9. Higher magnification of serous-like secretory granules (G) showing the various stages in the process of exocytosis in the
gramular duct. The lamen (L) containg droplets and amyelin-lilze body (Mb). Scale bar = 0.05pm.

Fig, 10, Electron micrograph of striated duct cell having numerous well developed mitochondria () and short microvilli at the
lumninal surface. L, lamen; N, muclens. Scale bar = 0.1 pm.
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