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HISTOCHEMICAL OBSERVATION OF ADENOCARCINOMA
' IN THE ORAL CAVITY

Masaniko Mori, D.D.S., D.M.S., YAsurRO YOSIMURA, D.D.S., YASUHIRO Mom‘zvbfo,
D.D.S. and Tomoo Kawamoto, D.D.S.

Department of Oral Surgery, Osaka University Dental School, Osaka, Japan

INTRODUCTION

ADENOCARCINOMA is generally induced by minor salivary glands present in
submucosae of oral epithelium. Foote and Frazell (1953) described that histo-
logical features of salivary gland tumours are classified as follows: trabecular or
solid adenocarcinoma, anaplastic adenocarcinoma, mucous cell adenocarcinoma
and adenocarcinoma with pseudo-adamantine pattern, and pathological features
of the tumours of salivary origin have been established (Bhaskar, 1962; Lucas,
1964; Sugimura, 1966). The authors studied three cases of adenocarcinoma.
Although histochemical studies of normal salivary glands (Burstone, 19564; Chauncy
& Quintarelli, 1959, 1961; Kawakatsu & Mori, 1962; Kawakatsu et al., 1962,
1964) and neoplasms (Chauncy er al., 1962; Cataldo et al., 1964; Matsumura,
1966; Murata & Miyaji, 1966; Sugimura, 1966) have been attempted; enzyme
histochemistry of adenocarcinoma in the salivary glands has not yet been studied
in detail. The present study was carried out for the purpose of histochemical
demonstrations of hydrolytic and oxidative enzymes in the adenocarcinoma.

CASE REPORTS

Case 1. A 42-year-old female was admitted to the Department of Oral Surgery,
Osaka University Dental School, in July 1965, complaining of a painless growth at the
left angle of mandible. She had first noticed the enlargement of that region in January
1964 and it had been progressively expanding towards the oral buccal mucosa. A
medical history revealed that she had an operation of lip cancer in 1954. A biopsy was
taken from the part of buccal side between /5 and /6. Pathological diagnosis was baso-
squamous carcinoma. Clinically the tumour was of duck-egg size at the left angle of the
mandible, and when palpated it was painless. Roentgenogram showed an ovoid shaped
radiolucent area with a defined outline, measuring §X 4 cm. The mandible was resected
between /3 and the angle of the mandible, including the submandibular salivary gland,
under Fluothane anesthesia. Iliac bone was simultaneously transplanted. Resected
material was examined for pathological and histochemical investigation. The final
diagnosis was adenocarcinoma.

Case 2. A 44-year-old female was admitted to the Oral Surgery Department in
September 1966, the chief complaint being difficulty in mouth opening and paresthesia
of the tip of the tongue. She disclosed that previous surgical treatment had been carried
out elsewhere. Cobalt therapy had been given for 20 days post-operatively. After the
therapy she could only open her mouth approximately 1-2 cm. Scar tissue (I X4 cm.)
was noted at the right cheek region. On admission to this hospital the opening of her
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mouth was severely restricted, and she could only move o-5 cm. laterally. A biopsy
from the scar tissue of the cheek region showed a clear cell type of adenocarcinoma.
X-ray examination disclosed an osteolytic area extending from the angle of the jaw into
the ascending ramus with a definite outline. The X-ray film of the chest was negative.
Hemimandibulectomy on the right side and partial maxillectomy including 876/ with
lateral surface of the bone and zygomatic areas were done under orotracheal anaesthesia.
Resected material was used for pathological and histochemical observations. Pathological
diagnosis from resected specimens was adenocarcinoma.

Case 3. A 43-year-old man was admitted in November 1961 suffering from’
pain in the left molar area and paraesthesia in the mental region. /8 had been extracted
elsewhere. He had a rapidly increasing swelling (3 X 4 cm.) around the left angle of the
mandible. Submandibular lymph nodes were enlarged and palpable. The buccal
mucosa of /7 and the retromolar region showed a thumb sized enlargement and a greyish
white colour in /8§ area. X-ray examination revealed a diffuse area of bone resorption at
the left mandibular angle measuring 3 X 4 cm. in size. X-ray of the chest was negative.
Left mandibular bone resection was done with the submandibular lymph nodes. The
tumour was hen-egg in size and is located centrally in the mandibular bone. The
pathological diagnosis of the resected mandible and regional lymph node was adeno-
carcinoma.

HISTOLOGICAL FINDINGS

Case 1. The tumour was encapsulated with fibrous connected tissue on
its surface, but in the deeper portion the muscular tissue was infiltrated. Nests
of tumour cells were proliferating in the fibrous and/or hyaline connective tissue
and the tumour cells of basal cell type showed differentiation towards a glandular
appearance. Glandular and/or acinous patterns were noted in some nests of
tumour cells. Moderate infiliration with round cells and polymorphonuclear
leucocytes were noted in the connective stroma. This tumour may be of salivary
gland in origin from the standpoint of its appearance.

Case 2. The major part of tumour showed plexiform adenomatous epithelial
structures with acinic like formation. Small nests and cords of tumour tissue
were proliferated in abundant fibrous connective tissue. The tumour mass
showed a variation of pleomorphic adenoma, varying types of mucoepidermoid
carcinoma and clear cell adenocarcinoma. Some parts of the tumours resembled
pleomorphic adenoma showing the presence of well differentiated duct structures
with pleomorphism, and other parts revealed a polyzonal arrangement of compact
tumour cells with dark staining and they were desquamated into luminal aspects
as in squamous epithelia (Fig. 1, A and B). There was occasionally transformation
from basal cell features with rather high columnar shape to spinocytic cell features
with intercellular elements (Fig. 1, B). Mucoepidermoid portion of the tumour
showed a resemblance to epidermoid cells with different layers of the mucosal
epithelium. Some histological features indicated a clear cell plasma in acini-like
structures in the tumour and a transition from solid adenocarcinoma cells to
clear cells was frequently observed. They have some resemblance to hyperne-
phroma and to clear cell type of Grawitz tumour.

Case 3. Tumour cells were proliferating into myxomatous connective
tissue, which was infiltrated with inflammatory cells. The tumour epithelial
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cells were round or oval in shape with vesicular nuclei and irregular in shape and
size. They were forming not only atypical glandular structures but also showing

F1G. 1

A, Adenomatous proliferation with polyzonal layer, and the transition from
basal cells to scattered cells is observed ( x75). B, Large ductal structure with
polymorphic cells. The basal cell shows rather columnar and transitional or
scattered cells show oval and polymorphism (x150). C, Acid phosphatase.
The enzymatic activity is slightly positive in neoplastic epithelia and pro-
minent in stromal histiocytes (x75). D, Acid phosphatase. Tumour cells
indicate a prominent staining with fine granulation. The pattern resembles
the existence of lysosomes ( X 75).

squamous metaplasia. Mitotic figures were often observed. Metastasis to lymph
‘nedes was evident and the histology of the tumour in lymph nodes was the same
as in the primary tumour.
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HISTOCHEMICAL METHODS

Fresh specimens were immediately frozen in Dry Ice at —70°C and cut at
18 u in a —20°C cryostat with a sliding microtome. The sections were dried at
the room temperature and incubated in the substrate solutions. Representative
blocks from the three adenocarcinoma specimens were cut in serial sections for
histochemical demonstrations of hydrolytic and oxidative enzymes. Alkaline and
acid phosphatases, non-specific esterase, S-glucuronidase (Seligman ez al., 1954),
aminopeptidase (Nachlas er al., 1958), adenosine triphosphatase (Padykura &
Hermann, 1955), for hydrolases and, succinate (Nachlas ez al., 1957), NAD-
dependent (lactate, malate, glutamate, a-glycerophosphate) (Nachlas ez al., 1958b),
NADP-dependent dehydrogenases (isocitrate and glucose-6-phosphate) (Nachlas
et al., 1958a), lipoic acid dehydrogenase (Balogh, 1964) and monoamine oxidase
(Glenner et al., 1957) for oxidative enzymes were histochemically detected. The
detail of the preparation of substrate solution and staining methods required have
been described elsewhere. The coloration of the enzymatic intensity was arbitrarily
divided into five grades: the negative, trace, low, moderate, high and highest.

HISTOCHEMICAL FINDINGS

Alkaline phosphatase activity of neoplastic epithelia was generally negative,
while in Case 1, it was slightly positive in the central parts of neoplastic epithelial
foci. Stromal fibrous tissue showed a varying
activity for alkaline phosphatase and capillary
vessels revealed a constantly high activity.
Hyaline stromal tissue indicated less or no
activity.

Acid phosphatase activity was moderate or
slight in tumour cells (Fig. 1, cand D). An
intense activity of acid phosphatase was present
in squamous metaplastic regions of adenocar-
cinoma in Case 3. Tumour cells in Case 2,
as shown in Figure 1, A and B, exhibited an
intense activity for acid phosphatase in cell
plasma suggesting lysosomal activity. Although
infiltrated lymph cells and polymorpholeucocytes
in stromas were not so prominent for alkaline
and acid phosphatase, histiocytes showed the .
most intense acid phosphatase activity (Fig. 1, C). Fic. 2

Adenosine triphosphatase activity was ob-  Gjycose - 6 - phosphate  dehydro-
served in neoplastic epithelia with a trace or  genase (x75). Neoplastic epithelia
low grade and the stroma was devoid of the show a low to moderate succinate
cnaymtic activy. ey b ghes: s

N(.m—sp emﬁc.este.r b moderately ob- eratz glucose-6-phosphate dehy-
served in neoplastic epithelia in Case 3 but not in drogenase activities.

Cases 1 and 2. The activity in stromas was
variable.

Aminopeptidase activity in neoplastic glandular epithelia was weak or negative.
The enzymatic activity was hardly observed in the stromal connective tissue
irrespective of cell infiltration and fibrous proliferation.
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Fi1G. 3

A, Succinate dehydrogenase is highly confined in the neoplastic cell as indicated in Fig. 1, A.

B, Lipoic acid dehydrogenase is strongly present in basal layer of tumour mass. C, Lactate

dehydrogenase is abundantly positive in tumour epithelial nest. D, Glucose-6-phosphate

dehydrogenase is limited in neoplastic cells and capillary vessels. In general, small

epithelial nests indicate higher glucose-6-phosphate dehydrogenase as compared with
large nests.
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B-Glucuronidase activity was intense in neoplastic epithelia and it was low
in squamous metaplastic epithelium. Tumour stromas indicated a varying
activity of B-glucuronidase.

Succinate dehydrogenase activity was a slight to high levels in the epithelial
element of adenocarcinoma (Fig. 2). Clear cells of tumour showed a lower
activity than compact cells and tumour cells with dark staining in histology indicated
a prominent succinate dehydrogenase activity in cell plasma (Fig. 3, A). Neoplastic
epithelia showing squamous metaplasia exhibited a weak reaction. Stromal
connective tissue had a trace activity for succinate dehydrogenase.

NAD-dependent dehydrogenases: lactate, malate and lipoic acid dehydro-
genase activities were more intensely reactive than glutamate and a-glycerophosphate
dehydrogenases, and they were localised in epithelial components of the tumour
(Fig. 3, B, and ¢). Fibrous components in the stroma showed a trace to slight
activity. NADP-dependent glucose-6-phosphate and isocitric dehydrogenases
were generally confined to epithelial elements with varying levels (Figs. 2 and 3, D).
Stromal capillary vessels occasionally indicated a low activity for the two enzymes
(Fig. 3, D). '

Monoamine oxidase indicated a low activity in neoplastic epithelia but not
in stromal components.

DISCUSSION

The histochemistry of salivary gland adenocarcinoma has not yet been
completely studied, though histochemical examination of pleomorphic adenoma
of salivary glands has been performed (Chauncy ez al., 1962; Murata & Miyaji,
1966). In general, alkaline phosphatase activity was developed in stromal
connective tissue components in reference to high inflammatory and proliferating
process in epithelial tumours, and it appeared in rather low frequency in neoplastic
epithelia in squamous carcinoma, adenocarcinoma and transitional carcinoma
(Monis & Rutenburg, 1960; Murata & Miyaji, 1966). Acinal and ductal cells of
normal salivary glands (Kawakatsu & Mori, 1962) and neoplastic cells of pleo-
morphic adenoma (Murata & Miyaji, 1966) were devoid of alkaline phosphatase
activity. Alkaline phosphatase activity in experimental salivary gland tumours
was confined to the proliferating duct-like structures and squamous metaplastic
epithelia, but it was not detected in induced tumour cells (Matsumura, 1966;
Sugimura, 1966). In the present study the central region of glandular or pseudo-
acinic pattern in Case 1 exhibited a positive alkaline phosphatase activity. The
occurrence of alkaline phosphatase seemed to be related toinflammatory cell infiltra-
tion with the enzymatic positive leucocytes. It is possible that the existence of
alkaline phosphatase in salivary adenocarcinoma cells is unconnected with tumour
cell growth.

It has been previously reported that acid phosphatase in tumour is present
in neoplastic epithelium and in considerable quantity in histiocytes of connective
tissue stroma (Reiner e al., 1957). In the present report, adenocarcinoma of
Case 2 exhibited a high activity, especially in the central area of the neoplastic
tissues. However, in the other two cases there is a low activity. Acid phosphatase
activity in epidermoid carcinoma chiefly distributed in the regions (Reiner ez al.,
1957; Kawakatsu & Mori, 1963). The development of acid phosphatase in
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adenocarcinoma cells of Case 2 seemed to have been related to the presence of
lysozymes in cell plasma, and not related to keratinization.

Histochemical observation of esterase in neoplasms has shown that the
activity in the tumour cells is frequently higher than in normal epithelium,
sometimes the same as in normal epithelium. The activity and localisation did
not correlate with the degree of differentiation of tumours. There are reports
that B-glucuronidase activity was intensely positive in epithelial malignant tumours
(Monis - ez al., 1960). The present finding disclosed that the histochemical
manifestation of esterase and B-glucuronidase in salivary gland resembled that
of the above repot.

Tissue aminopeptidase was generally present in the case of following
responses; one is proteolytic areas of central necrotic mass in cancer foci (Burstone,
1956b; Burstone & Folk, 1956; Glenner et al., 1959) and other in association with
inflammatory and fibroblastic reactions of tumour stromas. Tumour epithelia
originated from some glandular tissue, stomach and breast, occasionally contained
a varying activity for aminopeptidase. In the present cases, the enzymatic activity
exhibited in glandular and acinal-like tumour tissue are not so prominent in
the stroma.

Histochemical observations of oxidative enzymes in neoplastic tissue have been
made in many kinds of tumours (Monis et al., 1959; Kawakatsu & Mori, 1963;
Mori et al., 1964). They reported that malignant neoplasia were generally low in
activity for succinate dehydrogenase and a high inactivity for lactate dehydrogenase
and considerably high in glucose-6-phosphate dehydrogenase. In general, depth
of staining of oxidative enzymes in tumour tissue were found in the following
order; lactate>malate>glutamate = a-glycerogenases. In the present study,
oxidative enzymatic activities in salivary gland adenocarcinoma showed nearly
the same levels as previously reported.

Investigations of the normal human salivary glands have shown that duct
epithelia showed the highest succinic dehydrogenase activity and acini a trace or
low activity (Kawakatsu & Mori, 1962; Kawakatsu et al., 1962), while lactic
dehydrogenase was considerably high in ducts and acini (Kawakatsu & Mori, 1962;
Kawakatsu et al., 1964). In a histochemical observation of enzymes during
salivary gland carcinogenesis, squamous metaplastic epithelia showed a decreasing
succinate dehydrogenase activity, while they showed an increasing glucose-6-
phosphate dehydrogenase activity, and the squamous carcinoma experimentally
induced exhibited a similar enzymatic distributicn as in human tumour. It has
been suggested that pentose phosphate shunt plays an important role of nucleic
acid biosynthesis. Histochemical reaction of glucose-6-phosphate dehydrogenase
seems to be related to high metabolism of cell growth including malignant trans-
formation (Mori et al., 1963). The present cases, especially Case 2, indicate that
rather high glucose-6-phosphate dehydrogenase inasmall tumour mass is suggestive
of significant growth as compared with large tumour mass with low enzymatic
activity.

Clear cells of adenoccarcinoma in Case 2 showed low oxidative enzymatic
stainabilities as compared with compact cells. In general, clear cell renal carcinoma
contained low enzymes in histochemical basis as compared with granular cell
type. Morphologically similar features in clear cell salivary gland tumour and
clear cell renal carcinoma showed neither the histological staining pattern nor
enzyme histochemical properties of the oxidative enzymes studied.
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Adenocarcinoma developed in the salivary glands exhibited a similar enzymatic
pattern to neoplasms of the gastrointestinal tract.

SUMMARY

The present study dealt with the histochemical localisation of six hydrolytic
enzymes (alkaline and acid phosphatases, adenocine triphosphatase, non-specific
esterase, aminopeptidase, and S-glucuronidase) and nine oxidative enzymes
(succmate, lactate, malate, glutamate, a-glycerophosphate, glucose-6 5-phosphate
and isocitrate dehydrogenases, lipoic acid dehydrogenase and monoamine oxidase)
in the three cases of adenocarcinoma.

Alkaline phosphatase was generally negative or slightly positive in tumour
epithelia but usually positive in stromas. Acid phosphatase was moderate in
tumour cells and esterase showed a moderate activity. ~B-Glucuronidase activity
was high in tumour cells but much less in the squamous metaplastic cells.
Aminopeptidase was absent in tumour cells.

Succinate dehydrogenase in tumour epithelia was generally low, while lactate
and malate dehydrogenases were most intense. NAD-dependent dehydrogenase
studied showed a similar distribution in adenocarcinoma except for enzymatic
activities. NADP-dependent glucose-6-phosphate and isocitrate dehydrogenases
were distributed in tumour epithelia. Monoamine oxidase showed a low activity
in tumour cells. :
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Summary. Zymogramic analysis of esterase in the mouse, rat and guinea-pig salivary
glands was undertaken and demonstrated species and organ specificities of esterase with
electrophoretic method. Salivary glands esterase was classified into A, B and C types based
on the electrophoretic mobility. Mouse submandibular gland had the most complicated
pattern, while guinea-pig showed the simpliest patterns which was devoid of B type of
esterase. Rat salivary glands exhibited rather regular patterns. Similar zymogram patterns
were obtained with many kinds of ester compounds, that is simple and substituted naphthol
esters and indoxyl derivatives. The tests of inhibition and activation for esterase activity
was obtained. Histochemical properties applied to inhibitor test in the esterase zymogram
patterns showed no marked differences between ducts and acini.

Introduetion

Several histochemical investigations of esterases in the major salivary glands
was carried out on the localization and intensity of acini and duets. In recent
years, studies of the esterase zymogram with many kinds of substrates used have
been explored, (MARKERT and HUNTER, 1956; Barron, BerNsonN and HEss,
1963; Komma, 1963 ; Eranko, HARHONEN, Kokko and RAISANEN, 1964 ; ALLEN,
QLLEN and LicHr, 1965; KREUSSER, 1966 ; HoLMES and MASTERS, 1967a, b, 1968)
however the esterase composition of the normal saliavy glands has not been
studied yet.

The aim of the present experiment is to clarify the zymogramic patterns with
an analysis of esterase activity of the salivary glands in the rat, mouse and
guinea-pig by the combination techniques of electrophoresis, and histochemical
staining. Comparisons of zymograms with the major salivary glands esterase
using many substrates and the effect of inhibitors and activators on esterase
activity also examined. Furthermore histochemical application of zymogram
results were done and tried to demonstrate the subgroup esterases on the sections.

Materials and Methods
Materials

The animals employed were all the male of mouse, rat and guinea-pig. The specimens of
the major salivary gland — submaxillary, sublingual and parotid glands — were obtained -
from three ddO mice (100—120 g), two wister strain rats (200—250 g) and three guinea-pigs
(300—3850 g) at ome serial experiment. Following decapitation, the major salivary glands
were resected and washed briefly 0.25 M succrose to remove blood. After that homogenate
was prepared in cetyltrimethylammonium bromide in 1:3 dilution (g weight/cc CTAB) and
centrifugation at 9,000 X g at 0—6°C for 30 min. The supernatant was subjected to electro-
phoresis.

Electrophoresis

- Polyacrylamide thin layer electrophoresis was employed. The gels were made up according
to modification of the method by Raymonp and Wane (1960). Three kinds of buffer; phos-
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phate buffer (pH 6.8, I = 0.05), borate buffer (pH 8.7, I = 0.05), and veronal buffer (pH 8.6,
I = 0.15) were used. Aliquotes of supernatant (0.004—0.006 ml) pipetted into the slot
(1 X110 mm) on the gel. The electrophoresis was carried out at 4°C for 60 min at 1.25mA/cm.

Staining Procedures
The polyacrylamide gel plate was removed into the following incubating madia at 37°C
for 45—60 min after electrophoretic separation.

Substrate (2% acetone solution) 1 ml
Phosphate buifer (0.1 M, pH 7.4) 30 ml
Fast Red 2R salt (or Garnet G.B.C.) 30 mg

The following substrates were used in the present study; «-naphthyl acetate, «-naphthyl
propionate, f-naphthyl acetate, f-naphthyl laurate, f-naphthyl stearate, S-naphthyl myri-
strate, naphthol AS acetate, naphthol AS-D acetate, naphthol AS-LC acetate. 6-bromo-2-
naphthol acetate, indoxyl acetate, and 5-bromoindoxyl acetate.

The Tests for Inhibitors and Activators

The following inhibitors and activators were used; eserine sulfate (103 M—10—°M),
D.F.P. (diisopropyl fluorophosphonate) (5x10-3M—5x10-?M), EDTA (ethylene diamine
tetraacetic acid) (107 M—10-8M). Mg (102 M—10-5M), Cu?*(10-*M—10-3M), Mn2+
(103 M—10-° M), ‘Agt(10-* M—10-*M), Cysteine (10-3M—10-5M), sodium taurochrolate
(103 M—10-5 M).

The procedure of the experiment on inhibition and activation for esterase was as follows;
The gels were first left in. the media containing a certain concentration of inhibitors or activators
and buffer solutions for 20 min at room temparature. After then they were washed with
distilled water for five miniutes, and transfered into the complete substrate mixture for
40 min. Control gels were always preincubated at the same time in buffer solution which did
not contain incubating media. The gels on the glass plate were enveloped with cellophane
papers for preservation.

Histochemical Demonstration of Esterase

The parotid glands from the guinea-pig were immediately frozen in dry ice. They were
cut at 12—18 p thick with a sliding microtome in a —20°C cryostat and dried at room
temparature. All sections were non-fixed. One group of sections were incubated in the
substrate media and the other group of sections were preincubated in the inhibitory media
which contained eserine (104 M, 10-8 M) and DFP (5x10-*M, 5x 10-8 M) for 15 min before
surveying into the incubating media.

Results
1. Zymogram for Esterase in. Major Salivary Glands of Rodents

Zymogram of the non specific esterase in the rodent salivary gland was
divided into three kinds of groups; A-, B-, and C-esterases according to the greater
mobilities and even in the each group these existed the subdivisions. These groups
were coincided with arylesterase, aliesterase and cholinesterase from the anode
to cathode respectively. This divisions for esterase zymograms followed by the
AvausTiNsson’s classification (1961), which classified the vertebrate plasma
being based on the mobility and relative substrate supecificities.

a) Rat. Ester compounds of esterase substrates were hydrolyzed into 8 active
bands in the parotid gland, 6 ones both in the submaxillary gland and in the
sublingual gland. A-esterases were composed of 4 active bands, of which the most
first moving and the slowest are the main bands and these two bands showed
approximate equal activities. B-esterase, in the salivary glands was recognized
in 2 bands. C-esterase was only recognized in the parotid gland with weak grade.
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Sublingual gland

' Submaxillary gland

Parotid gland

Guinea-pig '

Sublingual gland

Mouse : £ ‘ ' Submaxillary gland

Parotid gland

Sublingual gland

i
t m Submaxillary gland
e. i i Parotid gland

Rat 1

Fig. 1. Esterase zymograms of rodent salivary glands

Esterase zymogram showed much differences in each organs. Subdivisional bands
were easily recognized in rat salivary gland comparing in another rodents (Fig. 1,
the bottom). Zymogram pattern of rat salivary gland esterase was the most
easily recognized being classified into A-, B-, and C-groups.

b) Mouse. Esterase zymogram of the parotid, submaxillary and sublingual
salivary glands revealed 6, 7 and 5 bands respectively. Submaxillary gland
generally contained multibands as compared with in the parotid and sublingual
glands, besides it was the strongest activity among the three glands. Submaxillary
gland of mouse showed the most complicated and most active band than that
of other rodents. Tailing of the esterase bands and diffuse staining were observed
in the sublingual gland due to mucin. Zymogram patterns for esterase in sub-
lingual gland were faint as compared with those of parotid and submaxillary
glands (Fig. 1, the middle).

c) Guinea-Pig. The major three salivary glands of guinea-pig showed the
similar patterns one another, that is, the zymogram of esterase was characterized
by the lack of B-esterase. C-esterase were wide active bands which might contain
2 main subdivisions, and A-group was a narrow active bands (Fig. 1, the upper).

2. Comparison of Esterase Zymogram with the Different Substrates
Zymogram patterns with «-naphthyl acetate, c-naphthyl propionate, naphthol
AS acetate, naphthol AS-D acetate, 6-bromo-2-naphthol acetate, indoxylacetate,
and 5-bromoindoxyl acetate had not so much differences to one another (Figs. 2
and 3). But in detail some differences existed, namely within A-group esterase,
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Fig. 2. Comparison of the esterase zymograms with the different substrates used in the
rat parotid gland
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Fig. 3. Comparison of the esterase zymograms with the different substrates used in the
guinea-pig parotid gland
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active bands diminished the number when the substrate was the indoxylacetate,
naphthol AS acetate, AS-D acetate, and AS-LC acetate. In B-group esterase,
naphthol AS-LC acetate showed the only one bands. C-group esterase was tracely
recognized on the B-naphthyl acetate. Observing the substrate specificities,
generally, the zymogram of the a«-naphthyl acetate exhibited the total esterase
pattern, that of the f-naphthyl-acetate was the anodic esterase pattern and that
of the naphthol AS-D acetate was the cathodic esterase pattern. The brief
attitude of the esterase toward the each substrates was summarized in the Table 1.

In the case of the rat, the long chain substrates, namely laurate, stearate and
myristrate of f-naphthyl esters were hardly observed to be hydrolyzed on the
gels but the first substrate zymogram was tracely recognized. The relative order
of substrate hydrolysis by esterase in the rat salivary glands at the 20°C was as
follows ; B-esterase > A-esterase > C-esterase.

Table 1. Classification of A-, B-, C-esterase by the many substrates

Substrates Types

A-esterase B-esterase C-esterase

Species

Rat Guinea-pig Rat Guinea-pig Rat  Guinea-pig

o-Naphthyl acetate + + + +
o-Naphthyl propionate + + + +
p-Naphthyl acetate + 4+ + +
p-Naphthyl laurate + - + 4
p-Naphthyl stearate — — — —

p-Naphthyl myristute
Indoxyl acetate

5-Indoxyl acetate
6-Bromo-2-Naphthol acetate
Naphthol AS-acetate
Naphthol AS-D acetate
Naphthol AS-1.C acetate

b

R
T
bttt
FA++++

Judged from appeared bands on the gel and relative intensity was as follows: no
appearance (—), slightly appearance (4), easily recognized ().

3. Inhibition Test

a) Hserine. Eserine was used from 102 M to 10~ M concentration in the
rat salivary glands. C-group esterase was inhibited almost completely at 10-5 M
concentration, even A esterase was partially inhibited at above 10—*M, but
B-group esterase had somewhat resistance than A esterase (Fig.4). In the
specimens of the guinea-pig, at the 108 M, C-group esterase of the salivary
glands was not so severely inhibited. Inhibitory attitude showed the gradual
block of the faster component within C-esterases.

b) D.F.P. A-, B-, and C-group esterases in the rat samples severely
inhibited at the concentration of 5x10-2M, and A- and B-group esterases were
more than half intensity blocked even at the 5 x10-¢ M. While, C-group esterase
was severely blocked at the 5x10-%M, and at last C esterase appeared weakly
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Fig. 4. Inhibition of esterase in rat parotid gland with eserine sulfate

at the 510~ M. However A- and B-groups were almost no change in the same
concentration. In esterase zymogram of the guinea-pig, C-group esterase was
severely inhibited at the 5x10-% M, though A-esterase was mediately inhibited
in this concentration (Fig. 5, the upper).

¢) EDTA. In esterase zymogram of the rat salivary glands, A-esterase was a
little activated at the higher concentration (10-2M, 10-3M and 104 M). C-esterase
was slightly inhibited at the highest concentration (10-2M). No change was
observed at the concentration of 10-3 M—10-5M in the guinea-pig.

d) NaF. The three groups of esterase in the rat salivary glands were slightly
inhibited with the almost same grade even at 10—3 M concentration. A-esterase
in the guinea-pig showed a slightly inhibition by 10-3 M of NaF, but C-esterase
did not change.

e) Sodium Taurochrolate. B-esterase in the rat was activated even at 10-7 M
concentration, but A- and C-esterases did not change. A-esterase of the guinea-pig
occasionally exhibited a slightly increase at the concentration of 10-3 M and 10—+ M.

f) Cysteine Hydrochloride. A-, B- and C-esterases of the rat samples were
blocked, especially A- and B-esterases were moderately inhibited at 10-3 M,
10 M and 10-5 M. All types esterases in the guinea-pig were inhibited at 10—¢ M
but they could not be assured at 10~5 M (Fig. 5, the lower).

g) AgNos. In the rat zymogram of esterase, A- and B-esterases was completely
inhibited at 10-2 M, and A- esterase showed a weak active bands even at 10-% M.
The different responses of esterases bands by certain inhibitors and activators at
the concentration of 10-3 M—10-5 M was shown as Table 2.
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Control

5x108M

5x10"M

D.F.P 5x10-¢M

5x10° M

5x10*M
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Cysteine 10-5 M
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i
104 M
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[

Fig. 5. Inhibition of esterase in guinea-pig parotid gland

4. Histochemical Application of Inhibition Test for Esterase

The control sections of guinea-pig showed a moderate and intense stainability
for esterase in acini and ducts respectively. However in the sections which were
pretreated with eserine as well as D.F.P., acini and ducts were slightly inhibited,
and esterase stainability of acini was less than control sections. (Fig. 6).

Diseussion
KaprranN, MARKERT and their co-workers have been adovocated and advanced
the “isozyme” concept with lactate dehydrogenase that though they have same
catalytic specificities, possess different physiological functions (MARKERT and
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Table 2. Attitude to the several inhibitors and activators

Activators Species Type of esterases
inhibitors
A-esterase B-esterase C-esterase
5X10M 5X10"M 5X10-M | 5X10°M 5x10~*M 5x10-5M | 5 X 10=M 53X 10~M 5 x 10-5M
D.F.P. Rat —3 —2 -1 —3 —3 —3 —3 —3 —3
Guinea-pig —2 —2 —1 —3 —3 —3
10—3M 10—M 10-°M 10—3M 10—*M 10—*M 10°M 10—*M 10-°M
Eserine Rat —3 —3 —3 —1 —1 —1 —4 —4 —4
Guinea-pig 0 0 0 —2 —2 —1 to —2
NaF Rat —1 -1 —1 -1 —1 —1 —1 —1 -1
Guinea-pig —1 0 0 0 0 0
Cysteine Rat -3 —2 —2 —3 —2 —2 —3 -2 -2
Guinea-pig —1 —1 -1 —1 —1 —1
MnCl, Rat 0 0 0 +1 +1 0 0 0 0
Guinea-pig 0 0 0 0 0 0
Sodium- Rat 0 0 0 +1 +1 +1 0 0 0
Taurochrolate Guinea-pig 0 0 0 0 0 0
EDTA Rat +1 +1 0 0 0 0 0 0 0
Cluinea-pig 0 0 0 0 0 0

Abbreviations used in this table are as follows: relative intensity of each band is indicated 0 to --4, 0 rio change, + trace, + 1 slight, -- 2 moderate,
= 3 intense, -4 complete (1 activation, — inhibition) M = concentration of each inhibitors and activators.

SpUe[y) ATeAljeg ot} UI ose1oqsy] oryroads-uoN

608
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AP ,‘ L ; :"' o S (5 b a:&‘}’: R R B
Fig. 6 A and B. Histochemical application of esterase inhibitor. A, Control gland. (The
parotid gland of guinea-pig). Substrate: -n. acetate, Dyecoupler: Fast Blue 2R. Incubation:

37°C, 30 m. B, Treated gland. Inhibitor: 10-* M Eserine. Preincubation: 20°C. 15 m

MoLLER, 1959; KaPrax and Crorrr, 1961 ; CAEN, KaPrLaN, LEVINE and ZWILLING,
1962; MARKERT, 1968). Many enzymes, for example, esterases, ribonucleases,
cytochrome C, trypsin, Chymotrypsin, dehydrogenases and phosphatases which
could not be count up exist in multiple forms within the same species, organs,
and cells. In fact esterase has the multiple active forms but physicochemical
properties as well as biological significance are still quite ambiguous. From such
respect it may be questionable that esterase is one of the “isozyme”. As the
characteristics of A-, B-, and C-esterases each connecting with physiological
significance has remained unclear except for acetylcholine esterase, it is reason-
able to classify A- (arylesterase) B- (aliesterase) and C- (cholinesterase which
contains pseudocholine and acetylcholine esterases) esterases based on electro-
phoretic mobility and attitude to selective inhibitors (AUGUSTINSSON, 1959, 1961).
Besides according to Aucustixnssox (1961), A-, B-, and C-esterases coincided
with albumin, o-globulin, o-B globulin of protein respectively in the vertebrate
plasma.

Tor the esterase zymogram of salivary gland, experiment of MaRKERT and
Hu~TER (1959) showed that zymogram pattern of the parotid, submaxillary and
sublingual glands presented thier own forms and intensities. The present study
exhibited that sharp differences existed in the mouse, rat and guinea-pig (species
specific patterns). Relative substrate specificity was observed in the finding for
serum esterase detection, that is, the band migrated of o-naphthyl acetate as a
substrate showed the total esterase pattern, that of f-naphthyl acetate presented
anodic esterase pattern, and that of naphthol AS-D acetate exhibited the
cathodic esterase pattern. Serum esterase of the mouse showed rather distinctive
substrate specificity (unpublished deta).

Concerning experiments of inhibitory effects for A-, B- and C-esterase, PCMB
(p-chloromercuric benzoate) and EDTA (ethylenediamine tetraacetic acid) have
been accepted to be A-esterase (arylesterase) inhibitors but the inhibitory
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response of EDTA has been different by some workers (AuvcusTinsson, 1961;
Komma, 1963). The present study showed that the rat A-esterase was activated
in wide range concentration of EDTA (103 M—10-5M), but the guinea-pig
A-esterase was inhibited at 102 M and 10-*M, and has no response for lower
concentration of 10-¢ M. It is stated that esterase which was specifically inhibited
by organophosphate compounds, such as, D.F.P. even at 10®M, was to be
B-esterase. In the present experiment, D.F.P. inhibited the slowest moving band
C-esterase in the guinea-pig with a severe grade in the more than 108 M con-
centrations, comparing to that of the rat. It is also reported that acetylcholine
esterase was inhibited only 40% and the all type esterases of human brain were
blocked at the ratio of 50—100% in 10-2 M and a certain esterases were inhibited
even at the 5 X 10~ M (Barron, BERNSOEN and Huss, 1963) The present finding
revealed no selective inhibition of B-esterase ashave been reported. (AvcusTINSSON,
1961 ; BarroN, BErRNSOHN and HEss, 1963 ; ERANKO ef al., 1964; Komma, 1963).

It has been accepted that non-specific choline esterase and acetylcholine
esterase were inhibited at the concentration of 10-5 to 106M of eserine but
B-esterase (aliesterase) inhibition was more higher concentration of 10-3 M—
10-¢ M (PEearse, 1960). Rat esterases were considered to be very sensitive for
eserine. Even A-esterase was considerably inhibited more than 10-5 M, while
C-esterase of the guinea-pig was not inhibited with severe grade at the con-
centration of 10~¢M, 10-°M and 10%M as previously described (BARRON,
BernsoEN and HEss, 1963; CarvarHATRA and PrEarsE, 1967; Komma, 1963).
Mn2+, Zn2?t, and Ni%+ have been considered to be a certain esterase inhibitors,
(BarroN, BerNsonN and Hess, 1963 ; Komma, 1963) but the present experiment
exhibited that MnCl, activated the B-group esterase at 103 M and 10-¢ M con-
centration, but not at 10~ M. Cysteine was the general strong inhibitor in both
the rat and guinea-pig specimens as have been reported. (BaARroN, BERNSOHN and
Hazss, 1963 ; Komma, 1963). The activation of B-esterase by sodium taurochrolate
suggested that they might contain lipase. Generally the findings in the present
inhibitory result are not always coincided with that of serum according to
AvaUsTINSsON’s articles (1961), because of the difference between the tissue
homogenate and serum, supporting medium for the electrophoresis, and sub-
strate, and so forth.

Histochemical observations of esterase activity in salivary glands have been
contributed to the presence of ducts with prominent stainability and acini with
lesser activity in the rodent salivary glands (Bumrsrtow, 1956; Tawi, 1960;
KAWARATSU ef al., 1959, 1962). In this experiment, the result from histochemical
properties of non specific esterase reaction using f-naphthyl acetate as a substrate
was similar as already studied. However applying esterase inhibitors such as
eserine and D.F.P., histochemical staining in gland acini and ducts was almost
equally affected. From this result, different localization and intensity of each
group esterase were not shown in acini and ducts. It is an interesting finding that
B-esterase of the guinea-pig was not presented on the zymogram but unnatural
from the aspect that each esterase has have to their own physiological functions
which are now unknown, so that B-esterase of the guinea-pig may be associated
with or masked with another group esterases or proteins on the zymograms,
namely the slowest moving esterase may contains B- and C-esterases.

22%
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Moreover the applicating the zymogramic findings to the histochemistry,
the divergence between two different kind methods should be well considered.
This consideration were supported the following deta. 1. The slowest moving
esterase, which is called the C-esterase, was severely inhibited in a low con-
centration of D.F.P. (5 x10-¢M). 2. Eserine sulfate weakly blocked C-esterase
in a high concentration (10~*M), and 3. The slowest moving band was a very
broad active band. The phenomenon that the B-esterase disappeared in the
plasma of man, monkey, dog and pig has been presented. However the B-esterase
of the guinea-pig plasma were separated into 2 components, one of which migrated
as an «-globulin, the second of which associated with f-globulin (AUGUSTINSSON,
1961). These reported results and this experiment indicate that each organ and
tissue hold the rational functional enzymatic stituations. Regarding to the
histochemical localization of cholinesterase in salivary glands, it has been pre-
viously described that the activity was positive in peripheral regions of acini
suggesting nerve fibers (GARRETT, 1962, 1967; SxELL, 1959, 1960; SNELL and
GarrETT, 1957). The present histochemical characters of salivary gland by
means of esterase isoenzymal orientation did not accord with the histochemical
distribution of cholinesterase as previously noted.
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DI, EOEFHRE L. FERIT LI ool L7z,
27 At BEERL, EENECES, VHELELR
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