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© 2011 The Japan Society of Histochemistry andThe distribution of amylase in rat parotid glands and von Ebner’s glands was examined using

ion etching-immunoscanning electron microscopy, which enables both light and electron

microscopic observations of identical semi-thin resin sections immunolabeled with anti-α-

amylase and immunogold in association with silver enhancement. At the light microscopic

level, most acinar secretory granules (SG) and striated duct secretions of parotid glands

were strongly stained dark brown. In von Ebner’s glands, acinar SG and duct secretions

were weakly to strongly stained light to dark brown. At the electron microscopic level, labeling

was observed as bright gold-silver particles. The labeling intensity of acinar SG of parotid

glands was higher than that of von Ebner’s glands. In parotid glands, weak labeling of SG

in transitional cells between acini and intercalated ducts, very weak labeling of SG in

intercalated ducts, and strong labeling of striated duct secretions were observed. In von

Ebner’s glands, the secretions and some SG of interlobular ducts were strongly labeled

compared to those of intralobular ducts and SG of acini. Less amylase was synthesized in

von Ebner’s acini compared to parotid acini, whereas von Ebner’s ducts may secrete

significantly more amylase to modify saliva than parotid ducts.
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I. Introduction

Major and minor salivary glands play a special role

in the oral cavity, depending on their secretory materials

and their location. The activity of amylase, a well-known

enzyme, has been detected in major salivary glands of several

mammals [14]. Genes encoding amylase and von Ebner’s

gland proteins have shown significantly higher expression

in rat parotid gland than in other rat major salivary glands

[22]. Immunocytochemical labeling has revealed the pres-

ence of amylase in the secretory granules (SG) of serous

acinar cells in the parotid glands of such species as human

[29, 32, 33] and rodent, including rat [4, 7, 8, 16, 17, 31,

35, 36, 41, 42]. However, little is known about the

mechanisms of amylase secretion and the localization of

amylase in ducts. Localization of amylase was found not in

the submandibular glands and sublingual glands of other

major salivary glands of rat and in the lingual mucous glands

(Weber’s glands) of minor salivary glands of rat [46].

Amylase, however, has been purified from the lingual serous

glands (von Ebner’s glands) of rat minor salivary glands

[4]. Amylase secretion from rat von Ebner’s glands is

regulated by the parasympathetic nerve [3], while that from

rat parotid glands is regulated by the sympathetic nerve [41].

Therefore, it is suspected that von Ebner’s glands differ

from parotid glands in terms of the mechanism and role of

amylase secretion. One immunohistochemical study involv-

ing an enzymatic method has been reported [24]. However,

as far as we know, there is no report of the immunocyto-

chemical localization of amylase in von Ebner’s glands.
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Recently, ion etching-immunoscanning electron mi-

croscopy (IE-immunoSEM) has been developed [45]. In

the IE-immunoSEM protocol, resin is physically removed

from the surface of semi-thin sections immunolabeled with

protein gold and subjected to silver enhancement, exposing

the tissue surface for SEM observation. IE-immunoSEM

enables both light and electron microscopic observations

of identical semi-thin resin sections at low to high magni-

fication (30,000×) [45]. Other immunoSEM techniques,

such as SEM secondary and backscattered electron imaging,

enable observation at ~3,000× by means of osmium staining

[21] or sodium hydroxide maceration [29] for chemical

treatment, as well as observation at high magnification by

means of EDTA decalcified fracture without silver enhance-

ment [12].

IE-immunoSEM was conducted to investigate the

immunocytochemical localization of amylase in the acini

and ducts of rat von Ebner’s glands in comparison with that

of rat parotid glands. This is an optimal technique for

detecting distributions over a wide area and localization in

inner cellular organelles. The structures of interesting

organelles, such as SG, are readily detected by light

microscopy (LM) at low magnification and examined in

detail at high magnification by SEM using the same section

[5].

II. Materials and Methods

Tissue preparation

Five adult male Sprague-Dawley rats (six month after

birth: Jackson laboratory, Japan) were anesthetized with

sodium pentobarbital (25 mg/kg) and then perfused via the

left ventricle with fixative containing 2.5% formaldehyde

and 1% glutaraldehyde in 0.1 M phosphate buffer (pH 7.3).

Parotid glands and von Ebner’s glands were removed, cut

into small pieces, continuously fixed for a total of 3 hr at

4°C, and then rinsed with buffer. The experiment was

conducted with the approval of our institutional animal ethics

committee. After dehydration in ethanol (up to 80%), the

specimens were embedded at 50°C in LR White resin

(hard: London Resin, England). Semi-thin sections (1.5 μm

thickness) were cut with a diamond knife and mounted on

glass slides (aminosilane-coated: Matsunami Glass Indus-

tries Ltd., Osaka, Japan) for immunohistochemical process-

ing [2, 9].

Immunostaining

The semi-thin sections were hydrated with phosphate-

buffered saline (PBS) for 30 min, covered with blocking

Fig. 1. (A & B) Immunolight micrographs of rat parotid gland.

Secretory granules in acinar cells in Figure 1A and secretory mate-

rials in striated duct cavity in Figure 1B are strongly stained dark

brown for amylase by protein gold labeling with the silver enhance-

ment method; 2,000×. (C) Immunoscanning electron micrograph of

rat parotid gland. Ion etching was performed on the immunostained

section. Same area as Figure 1A. Acinar SG are labeled with bright

gold-silver particles for amylase. Unstained portion of Figure 1A is

recognizable as intercalated duct (ID) that has dark small SG in

apical cytoplasm. N: Nucleus; 4,000×. Bars=10 μm.
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solution consisting of 1% bovine serum albumin (BSA) in

PBS for 30 min, and incubated overnight at 4°C with rabbit

anti-human α-amylase (Sigma, St. Louis, MO, USA) diluted

1:20 with 1% BSA in Tris buffered saline (TBS). The

sections were rinsed for 20 min three times with buffer

(0.05 M TBS+0.3 M NaCl+0.1% Tween 20: TBST), incu-

bated for 90 min at room temperature with protein A/G

gold conjugate 5 nm LM (British Biocell International: BBI,

Cardiff, UK, 1:150 dilution with 1% BSA-TBS), rinsed with

TBST for 15 min twice and then with PBS for 15 min twice,

washed for 2 min with distilled water jet, enhanced for 10

min (silver enhancer, BBI, Cardiff, UK: equal amount of

initiator and enhancer mixture), washed for 2 min with

distilled water jet, and dried. As immunostaining controls,

normal rabbit serum (Dako Corp., Carpinteria, CA, USA)

and antiserum pre-absorbed with human α-amylase (Sigma,

Fig. 2. IE-immunoSEM of rat parotid gland. High magnification of the top boxed region in Figure 1C. Parotid acinar typical SG (PA1 SG:

0.5–1 μm in diameter) are strongly labeled with many electron-reflective gold-silver particles (100 nm in diameter). Dispersion of labeled

contents is seen at lumen (arrowheads). Labeled spherules are discharged at the apical membrane of the cell (arrows). Labeling particles over

Golgi apparatus (GA) are few; 15,000×. Bar= 1 μm.
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Fig. 3. IE-immunoSEM of rat parotid

gland. High magnification of the (A)

middle and (B) bottom boxed regions in

Figure 1C; 15,000×. (A) Strong label-

ing of peripheral zone with somewhat

central zone in parotid acinar occa-

sional SG (PA2 SG) is observed. A few

particles over some small SG (arrow-

heads) are observed in the apical cyto-

plasm of intercalated duct (ID). At the

luminal membrane, some labeled SG

are exocytosed by merocrine secretion

(double arrowheads). GA: Golgi appa-

ratus, N: Nucleus. (B) Weak labeling of

SG of a transitional cell (TC) adjacent

to the ID cell. The SG in TC are larger

and more electron-reflective than the

SG in the ID cell. Bars=1 μm.
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St. Louis, MO, USA) were used, instead of anti-amylase.

Immunostained sections were photographed with an

Olympus BX51 microscope equipped with an Olympus

DP12 digital camera.

Ion etching for SEM

Immunostained sections on glass slides were trimmed

(5 mm2), attached with carbon seal to aluminum blocks, and

subjected to mild IE (etching time 30 min, ionization voltage

350 V DC, operating vacuum 38 Pa, electrode clearance 8

cm: Ion coater IB-5, Eiko Japan), as described previously

[45]. After coating with platinum (ion coater IB-5, Eiko

Japan), secondary electron imaging of specimens was

conducted on a field emission scanning electron microscope

(JEOL JSM-6330F SEM, parameters were as follows:

accelerating voltage, 5.0 kV; probe current, 1.5×10−10~3.2×

10−11 amps (emission current, 12.0 μA); working distance,

15 mm; objective aperture, 50–70 μm). Micrographs were

obtained at an initial magnification of 2,000–10,000;

subsequently, the micrographs were photographically

enlarged to a magnification of 4,000× to 15,000×.

Statistical analysis

Labeling density was determined by counting gold-

silver particles/μm2 on electron micrographs printed at a

final magnification of 15,000×. In parts where two or more

particles accumulated, the particle having a diameter of 100

nm was counted as one particle.

The cellular compartments of parotid and von Ebner’s

glands, for which labeling was estimated (values in paren-

theses are the number of each cellular compartment

examined), were as follows: in the case of parotid glands,

typical (30) and occasional (20) SG and Golgi apparatus

(17) in acinar cells, SG in transitional cells (10), SG (31)

and secretory material (11) in intercalated ducts, and

secretory material in striated duct luminal cavities (33); in

the case of von Ebner’s glands, typical (25) and occasional

(15) SG and Golgi apparatus (10) in acinar cells, SG (9)

and secretory material (15) in intralobular ducts, and

SG (20) and secretory material (10) in interlobular ducts.

Data were analyzed with one-way ANOVA followed by

DONNET. Labeling density in each of the parotid and

Ebner’s typical acinar SG that were usually found was

considered as control.

Fig. 4. IE-immunoSEM of rat parotid glands. (A) Intercalated duct (ID). Secretory material on apical membranes is labeled sporadically.

Arrowhead indicates a few labeling particles on apical small SG; 12,000×. (B) Striated duct cavity. Same as the boxed region in Figure 1B.

Secretory material in luminal cavity is labeled strongly, but spherules on luminal membrane are unlabeled. N: Nucleus; 15,000×. (C) Control

involving anti-amylase absorbed to amylase displays few labeling. In usual acinar cells, SG are filled with amorphous structures and the

contents are dispersed into the luminal cavity (arrowheads). In occasional acinar cells, some SG contain peripheral ring structures (double

arrows). Spherical material is excreted (arrow). GA: Golgi apparatus; 12,000×. Bars=1 μm.
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III. Results

Localization of amylase in parotid glands

LM (Fig. 1): On semi-thin sections immunostained

for amylase by the 5 nm protein gold method followed by

silver enhancement, most acinar SG were strongly stained

dark brown. Intercalated ducts were unstained and obscure

(Fig. 1A). Striated duct secretions were stained dark brown

(Fig. 1B).

IE-immunoSEM (Figs. 2–4): SEM secondary electron

imaging observation of the same area in the same sections

immunostained at LM level followed by IE revealed that

acinar SG were labeled with many bright gold-silver

particles. The gold-silver particles appeared black and

electron-dense by TEM and brightly electron-reflective and

white by SEM. Intercalated ducts were observable even at

low magnification because contrast was produced by IE

(Fig. 1C).

In intermediate to high-magnification SEM, many

gold-silver labeling particles (100 nm in diameter) were

observed within the acinar SG (Fig. 2). In parotid acinar

typical SG (PA1 SG: 0.5–1 μm in diameter), labeling

particles were present over inner whole. In parotid acinar

occasional SG (PA2 SG), the peripheral zone and the

somewhat central zone were selectively labeled (Fig. 3A).

At apical surfaces, the dispersion of labeled contents of SG

usually occurred and the excretion of labeled spherules

occasionally occurred (Fig. 2). Golgi apparatus was very

weakly labeled. Nuclei were hardly labeled.

Intercalated duct cells had apical small and dark SG

(0.5–0.7 μm in diameter) and Golgi apparatus (Figs. 3A, 3B

and 4A). Some intercalated duct SG were labeled with a

few particles (Figs. 3A and 4A). At the luminal membrane,

occasional SG with a few labeling particles were exocytosed

by merocrine secretion (Fig. 3A). Sporadic labeling was

observed on the luminal membrane of some intercalated

ducts (Fig. 4A). There were few labeling particles on Golgi

apparatus (Fig. 3A).

SG in transitional cells that were located adjacent to

intercalated duct cells were larger, more electron-reflective,

and more densely labeled than SG in intercalated duct cells

(Figs. 1C and 3B).

In striated duct luminal cavities, labeling of secretory

material was strong (Fig. 4B). Unlabeled spherules pro-

truded into the cavities.

Fig. 5. Labeling density of amylase in the cellular compartments of

(A) parotid glands and (B) von Ebner’s glands. Each of typical aci-

nar SG was considered as control and compared to other cellular

compartments. (**P<0.01, ***P<0.001). D SG: duct secretory

granules, D SM: duct secretory material, EA1: von Ebner’s acinar

typical, EA2: von Ebner’s acinar occasional, PA1: parotid acinar

typical, PA2: parotid acinar occasional.

Fig. 6. ImmunoLM of rat von Ebner’s glands; 2,000×. (A) SG in most acinar cells shown on the left and secretory material in intralobular duct

cavity shown on the right side of the broken line are weakly stained light brown. SG in some acinar cells are moderately stained brown. (B) The

contents of the interlobular duct cavity are strongly stained dark brown. Bars=10 μm.
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Fig. 7. IE-immunoSEM. Identical areas

with the (A) left and (B) right half

sides in Figure 6A. N: Nucleus; 4,000×.

(A) Acini. Moderate labeling of von

Ebner’s acinar occasional SG (EA2

SG) in the boxed region on the right

side. Weak labeling of other von

Ebner’s acinar typical SG (EA1 SG).

(B) Intralobular duct. Apical dark

vesicles and weakly labeled SM are

observed. Bars=10 μm.
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Immunolabeling controls, including the pre-absorption

test in which anti-amylase pre-absorbed with amylase was

used instead of anti-amylase, showed no specific reaction

(Fig. 4C). Most acinar SG were homogeneous, occupied

comparatively low electron-dense and amorphous structures,

and corresponded to PA1 SG. Some acinar SG were

heterogeneous, had peripheral halos, and corresponded to

PA2 SG. The contents of unlabeled acinar SG were more

electron-reflective (Fig. 4C) than those of transitional cell

SG and intercalated duct SG (Figs. 3B and 4A).

According to statistical analysis (Fig. 5A) in which PA1

SG served as the control, amylase labeling density in PA1

SG was the highest, and this was followed by that in PA2

SG, that in striated duct secretory material, and either that

in intercalated duct secretory material or that in transitional

cell SG. It was revealed that amylase in parotid glands is

synthesized mainly in the acini, accumulates minimally in

the intercalated ducts, and passes through the striated duct

cavities.

Localization of amylase in von Ebner’s glands

LM (Fig. 6): Acinar SG in von Ebner’s glands were

weakly stained light brown to brown compared with those

in parotid glands. Secretions in intralobular duct cavities

were weakly stained light brown, while those in interlobular

duct cavities were strongly stained dark brown.

IE-ImmunoSEM (Figs. 7–9): In intermediate to high-

magnification SEM, intralobular ducts were clearly distin-

guished from acini. The labeling density on von Ebner’s

acinar typical SG (EA1 SG: 0.5–1 μm in diameter) was

lower than that on PA1 SG (Figs. 5, 7, and 9A). In some

acini von Ebner’s acinar occasional SG (EA2 SG) were

labeled moderately (Figs. 7 and 9B). Golgi apparatus was

labeled with a few particles (Fig. 9A).

Intralobular duct cavities were relatively large and

retained saliva (Figs. 7B and 9C). Both intralobular and

interlobular duct cells had dark vesicles and small SG in

the apical cytoplasm (Figs. 7B, 8, 9C and 9D). A few small

SG of intralobular ducts were labeled weakly (Fig. 9C). The

labeling density of secretory material in the intralobular duct

cavities was similar to that of EA1 SG (Figs. 9A–9C). In

interlobular ducts, some small SG were weakly to moder-

ately labeled, while those occasionally fused to the lumen

were strongly labeled (Fig. 9D). Secretory material in

interlobular duct cavities were strongly labeled (Figs. 8 and

9D). Immunocytochemical control, in which normal serum

was substituted for the primary antibody, was essentially

free of gold particles (data not shown).

According to statistical analysis, amylase labeling

density in EA1 SG and EA2 SG was lower than that in PA1

SG and PA2 SG (Fig. 5). Compared with the amylase

labeling density in EA1 SG, the density was higher in EA2

SG, the highest in interlobular duct secretory material, and

not different in intralobular duct secretory material and

interlobular duct SG (Fig. 5B). It was revealed that amylase

labeling density in interlobular duct SG is similar to that in

EA1 SG, and so the amount of amylase in interlobular duct

secretory material is markedly increased (Fig. 5B).

IV. Discussion

The IE process over semi-thin (LR white) resin sections

can be visualized by SEM secondary electron imaging [5,

45]. Observation of an identical section at the LM level

from low to intermediate or high magnification at the SEM

level is possible. The localization of amylase in the acinar

SG of parotid glands and von Ebner’s glands was revealed,

appearing as light to dark brown by light microscopy and

Fig. 8. IE-immunoSEM. Identical area with Figure 6B. Interlobular

duct. Apical dark vesicles and strongly labeled SM are observed.

N: Nucleus; 4,000×. Bar=10 μm.

Fig. 9. IE-immunoSEM of rat von Ebner’s glands; 12,000×. Identi-

cal areas with (A) left and (B) right boxed regions in Figure 7A, (C)

the boxed region in Figure 7B, and (D) the boxed region in

Figure 8. (A) Typical acinar cell. Weak labeling within EA1 SG.

Labeling particles over Golgi apparatus (GA) are few. (B) Typical

acinar and occasional cells. In both cases of weak labeling on EA1

SG and moderate labeling on EA2 SG, particles are concentrated

within each acinar SG. (C) Apical cytoplasm of an intralobular

duct. Weak labeling on SM of duct cavity and very weak labeling

on a small SG (arrow). (D) Apical cytoplasm of an interlobular duct

cell. Strong labeling on SM and some small SG (arrows). Weak

labeling on other small SG (arrowheads). No labeling on vesicles

(v). Bars=1 μm.
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a few to many bright particles of gold-silver labeling by IE-

immunoSEM. Those bright gold-silver labeling particles

were reversely observed as electron-dense black particles

by conventional TEM. Tissue preparations, such as the

fixative, LR White resin embedding, protein gold labeling,

and silver enhancement, and the IE process used in the

present study of amylase in parotid glands and von Ebner’s

glands were the same as those in a previous study of insulin

in pancreatic islets [45]. In the present case of salivary

glands, IE prior to immunostaining was not performed so

that the given contrast was weak. Nevertheless, no artifacts

were observed because salivary glands are made of a single

structure as an exocrine gland. In contrast, among the

exocrine glands, the pancreas contained endocrine islets and

therefore, artifacts are easily produced in the islets. In the

case of the pancreas, IE prior to immunostaining is useful.

However, in the case of the present salivary glands, this step

is unnecessary. IE-immunoSEM produces images similar to

TEM images, is a reliable and simple method, can use protein

gold-silver stained semi-thin sections employed in LM, and

does not require osmium, uranium, or lead.

In this study that focused on IE-immunoSEM of rat

parotid acinar SG, amylase labeling was observed through-

out the inside of PA1 SG and throughout the peripheral zone

and the central zone of PA2 SG. Controls that exhibited no

specific labeling revealed that the former SG contained

weakly electron-reflective amorphous structures, and that

the latter SG had peripheral halos. The contents of many

SG and the peripheral zone within occasional SG were

labeled. The above-mentioned amylase distribution in the

two types of SG in rat parotid acinar cells has been described

in an immunoTEM study [36]. The peripheral ring structure

of heterogeneous SG has been reported in parotid acinar

cells of not only rat [1] but also mouse [25], insectivorous

yellow bat [38], and cat [18, 23]. Conventional TEM

observation indicated that the structure of serous SG is

species-dependent [38]. Meanwhile, high amylase activity

was detected in the parotid glands of guinea pig, rat, human,

mouse, gerbil, rabbit, and insectivorous bat [15]. It is

common knowledge that amylase is localized in the dark

part of a TEM image of the parotid acinar SG of rat [1, 16,

36], gerbil [13, 14], and human [33], and conversely in the

reflective light part on an SEM secondary electron image

similar to the present study of the rat.

In von Ebner’s acinar cells subjected to IE-immuno-

SEM, the contents of SG were labeled, resembling the

present case of SG in parotid acinar cells. However, the

labeling intensity of the acinar SG in von Ebner’s glands

was lower than that in parotid glands.

There were two patterns of amylase excretion from the

luminal surface of the present rat parotid acini: one involved

the usual fusion with the lumen to disperse the contents of

SG, and the other involved occasional discharge of spherical

SG. Two patterns of initial salivary secretion in acini,

namely, the dispersion of SG contents in rat von Ebner’s

glands [6] and rabbit parotid glands [23], and the discharge

of protrusions in human parotid glands [26] and von Ebner’s

glands [27] and cat parotid glands [23], have been reported.

Okugawa and Fujii [23] reported that the discharged

spherical SG were surrounded by a limiting membrane that

was thought to disappear in time. As far as we know, the

excretory forms of amylase have not been reported so far.

In the present study, SG in occasional cells that were

adjacent to intercalated duct cells were weakly labeled. The

size, density, and labeling intensity of occasional cell SG

were intermediate between those of acinar SG and inter-

calated duct SG. Therefore, the occasional cells that were

adjacent to the intercalated duct cells were considered to be

transitional cells. Vugman and Hand [41] indicated that

occasional intercalated duct cells located close to acini

underwent differentiation into an acinus-like phenotype as

a result of isoproterenol treatment, and that the SG of

those cells were labeled with anti-amylase. Therefore, it is

suggested that intercalated duct cells may differentiate into

acinar cells also in normal physiological conditions.

The present intercalated duct cells contained SG, some

of which were labeled with a few particles. SG were found

in the intercalated duct cells of parotid glands of various

mammals [37], such as rat [28, 37], rabbit [19, 23], cat [23],

and human [37]. Beta-adrenergic isoproterenol induces

amylase expression in intercalated duct cells [41]. However,

our study is the first to report the labeling of intercalated

duct SG in the non-stimulated ordinal case. This is because

even a small amount of antigen was detectable by the 5 nm

gold labeling followed by silver enhancement immuno-

staining technique used in this study. Little attention is given

to intercalated duct cells as they have a nondescript

appearance in conventional histological preparations, while

large amounts of glycoconjugates and electrolytes are

secreted in intercalated ducts [37]. Myoepithelial cells that

regulate secretion flow were found not only around acini

but also along the intercalated ducts of rat [20] and mouse

[11] parotid glands. In contrast, the endocytosis of amylase

by lysosomes and vesicles in pathological conditions [17],

nerve stimulation [8], and liquid diet [7] has been reported.

Through this study, we found that secretions on luminal

membranes of the intercalated ducts were sometimes labeled.

Therefore, it is suggested that even under normal physio-

logical conditions, intercalated duct cells occasionally

secrete a small amount of amylase.

In the luminal cavity of the present parotid striated

ducts, labeling was concentrated in secretory material

(saliva) derived from acini and not in spherules protruding

from the lumen. The unlabeled spherical protrusions indicate

that the striated duct cells excrete substances other than

amylase, such as kallikrein, which is present in the striated

duct cells [39] of many species, including rat [30] and

monkey [43, 44].

Some SG were found in duct cells of von Ebner’s

glands of rat [6], rabbit [40], mouse, hamster, monkey [34],

and human [10]. In this study, we observed that the von

Ebner’s duct cells contained small SG that were labeled

with anti-amylase, similarly to parotid intercalated duct cells.

This observation supports the idea that von Ebner’s ducts
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resemble parotid intercalated ducts [6]. Moreover, SG in

von Ebner’s distal duct (interlobular duct) were labeled more

strongly than SG in parotid intercalated duct and similarly

to typical SG in von Ebner’s acini. Secretory material in

von Ebner’s interlobular duct cavities was more strongly

labeled than secretory material in von Ebner’s intralobular

duct cavities.

It is concluded that rat von Ebner’s interlobular duct

cells play a more important role in producing amylase than

rat parotid intercalated duct cells; that is, von Ebner’s

interlobular duct cells produce considerable amounts of

amylase into von Ebner’s initial saliva, which contains less

amylase compared to parotid initial saliva. Therefore, it is

supposed that parotid amylase plays a significant role in

digesting starch to suppress adhesion to the vestibule sur-

face and teeth. In contrast, von Ebner’s amylase breaks

down starch to promote the detection of sweet taste at the

sulcus of lingual papilla in the oral cavity proper. Various

studies are required in order to clarify these roles of amyl-

ase. The present IE-immunoSEM technique was optimal

for analyzing labeling intensity. Further studies on gender

differences in localization of amylase remain to be done.
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