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Abstract: Manganase- and copper-zinc superoxide dismutases (Mn- and Cu/Zn-SODs) are representative enzymes
for scavenging superoxide radicals, which are considered to cause zigin'g and cell damage. Our recent Study has
demonstrated the localization of Mn- and Cu/Zn-SOD proteins as well as the expression of Mn- and Cu/Zn-SOD
mRNAs in all types of duct cells - and not in acinar cells - in the submandibular gland of adult rats. However,
the expression of these two enzymes remains unclear in rat developing submandibular gland. Thus, the present
study examined the expression of Mn- and Cu/Zn-SODs in the submandibular gland of rats aged from embryonic
18 days to postnatal 8 weeks by an immunohistochemical technique using sﬁeciﬁc antisera. The deparaffinized
sections were processed for the avidin-biotin complex method. On the prenatal 18th day, a small number of
epithelial duct cells and cells in acini exhibited Cu/Zn-SOD-immunoreactivity, but they did not show any
immunoreactions for Mn-SODs. From postnatal 1 day to 1 week, Mn- and Cu/Zn«-SOD-immunoreactivities WEre
found in both the duct cells and the cells in acini. This drastic change in the expression of Mn- and Cu/Zn-SOD-
immunoreactivities between prenatal and postnatal periods was believed to relate to the commencement of
pulmonary respiration due to oxygen exposure. After 2 weeks, however, the cells in the acini lost Mn- and
Cu/Zn- SOD-1mmunoreact10ns though the duct cells retained them, suggesting that the duct cells in the mature

submandibular gland exhibit greater resistance against oxidative stress than do the acinar cells.

INTRODUCTION

Active oxygen species and free radicals play crucial
roles in protection against bacterial infection and

scavenging by antioxidant enzymes. Active oxygen

species and antioxidant enzymes are considered to be
implicated in a Vériety of pathologic processes
including aging'-*' and cell damage®®’ in spite of their
favorable balance in a healthy organism. Superoxide
disumtase (SOD), also known as superoxide
oxidoreductase, is a key enzyme that protects cells

against oxidative injury: it resolves superoxide into

H.O. and O.,, and H,O, is subsequently broken down

by.catalase and glutathione peroxidase into H,O and

O,. Biochemical analyses have revealed at least three
different SOD enzymes in mammalian tissues. They
are classified into two forms of intracellular SOD™
and one extracellular SOD® . The intracellular SODs
include 'manganese SOD (Mn-SOD) and copper-zinc
SOD (Cu/Zn-SOD). The Mn-SOD is found predominantly
in the mitochondrial matrix while Cu/Zn-SOD is
uniform throughout the cytoplasm?’ . |
The formation of salivary gland is initiated by the
proliferation of _'oral'epithelial cells and their down-
growth into the underlying mesenchyme™® . During
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development, interactions of oral epithelial cells with
mesenchymal cells and extracellular matrix
components induce the branching of the epithelial
rudiment, the formation of ducts, and cytodifferentiation.
The salivary glands are most likely protected by a
specific defense system against free radicals and

reactive oxygen species because the acini are

connected through their ducts to the oral cavity,

which is usually exposed to various kinds of free
radical-formative substances'!® . Furthermore,
bacteria inducing periodontitis have been shown to
produce free radicals and reactive oxygen species!® .

Many immunohistochemical and ultrastructural

studies have reported the existence of SOD in various

tissues including submandibular gland** . Our recent
studies using immunocytochemistry and in situ
hybridization histochemistry have demonstrated the
localization of Mn- and Cu/Zn-SOD proteins and the
expression of Mn- and Cu/Zn-SOD mRNAs in the
submandibular gland of mature rats, suggesting a
different resistance against oxidatives between acinar
and duct cells®>*® . However, details of the developmental
aspects of SOD-expressions have remained unclear in

the submandibular gland because information on the

expression of SODs in the salivary gland has been
limited for fetal and neonatal animals™¥ .

In the present study, therefore, alterations in
expression of Mn- and Cu/Zn-SODs were investigated
in the submandibular glands of developing and mature
rats by immunohistochemical techniques using specific
antisera. |

MATERIALS AND METHODS

A total of 24 Wistar rats were used in this
immunohistochemical observation. Animals at
embryonic 18 days of gestation, postnatal 1 and 3
days (n= 3 each) were decapitated under deep
anesthesia by an intraperitoneal injection of 8 %

chloral hydrate (400mg/kg), and the decapitated heads

including the submandibular glands were immersed in

4 % paraformaldehyde in a 0.1M phosphate buffer
(pH7.4). After immersion fixation overnight, the
specimens were decalcified with 10% EDTA solution
at 4° C for a few days. The rats aged postnatal 1,2,
3.4
- anesthetized in the same manner as described above,

and 8 weeks (n=3 each) were deeply

and fixed by a transcardiac perfusion with 4%

paraformaldehyde in a 0.1M phosphate buffer (pH7.4).
After perfusion fixation, the submandibular glands
were removed en bloc, and immersed in the same
fixative for an additional 24 hours at 4" C. Both the
decalcified heads and the excised submandibular
glands were dehydrated through an ascending series
of ethanol, and embedded in paraffin. The paraffin-
embedded sections were serially cut at a thickness of
5 @ m with a microtome.

For immunohistochemistry, deparaffinized sections
were processed for the avidin-biotin-complex (ABC)
method according to Hsu et al. (1981)*. These
sections were immersed in absolute methanol
containing 0.3% hydrogen peroxide for the inhibition of
endogenous peroxidase activities. After rinsing in
0.01M phosphate buffered-saline (PBS), they were
incubated with 2.56% normal goat serum (Vector
Laboratories, Burlingame, CA, US.A) for 30 min to
reduce background staining. The sections were then
subsequently reacted with polyclonal antisera against
either Mn- or Cu/Zn-SOD (StressGen Biotechnologies
Corp., Victoria, Canada) diluted to 1: 1000 overnight.
Following a thorough rinse in 0.1IM PBS, they were
reacted with two consecutive incubations with a
biotinylated anti-rabbit IgG (1:100, Vector Laboratories)
and avidin-biotin complex (Vector ABC kit, Vector,
Laboratories) at 60 min each. Chromogen reaction
sites were made visible by incubating sections with
0.04% 3,3 '-diaminobenzidine tetrahydrochloride
(Sigma Chemicals Co. Ltd., St. Louis, MO, US.A)) in the
presence of 0.003% hydrogen peroxide in a 0.05M T'ris-
HCl buffer (pH7.6). These immunohisto_chemical
incubations were performed in a moister chamber at
room temperature. The immunostained sections were
counter-stained with 0.3% methylene blue, and
examined with a Nikon FX microscope (Nikon Co. Ltd,,
Tokyo, Japan). For histological observation, deparaffinized
sections were stained with hematoxylin and eosin, or
with 1 % toluidine blue.

The specificity of the primary antisera against Mn-

‘and Cu/Zn-SODs was checked by a preabsorption test.

The primary antisera were preabsorbed with excess
corresponding antigens (StressGen Biotechnologies) at
4 °C overnight. Sections stained with the preabsorbed
antisera did not show any specific immunoreaction.
Furthermore, immunohistochemical controls were

- performed by: 1) replacing the primary antisera with

non-immune serum or PBS; and 2) omitting the anti-
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rabbit IgG or the avidin-biotin complex. These control
sections also revealed no immunoreaction, leading us
to consider the immunoreactions to be specific.

RESULTS

Embryonic 18 days

The formation of submandibular glands already had
begun at this stage. The submandibular glands were
composed of acini and a duct system and had rich
interstitial connective tissues (Fig. 1 a). It was easy to
distinguish acini from epithelial duct cells. The acini

were composed of columnar cells with basally located

nuclei and a rich cytoplasm which contained intense
eosinophic granules (Fig.1b). The salivary ducts,
which consisted of cuboid cells, had a scanty
cytoplasm. Although the salivary ducts were
observed to connect with the acini, no formation of
striated and granular ducts was recognizable at this
stage.

A small number of duct cells and the cells in the
acini showed Cu/Zn-SOD-immunoreactivity (Fig. 1 c).
These immunoreactions were diffusely distributed either
throughout the cytoplasm, or restricted to their nuclei.
However, no specific immunoreaction for Mn-SOD was

found in either acinar cells or epithelial duct cells (Fig. 1 d).

Fig. 1
Histological (a, b) and immunohistochemical (¢, d) findings of the rat submandibular glands at embryonic 18
(a) The submandibular gland is observed to contain developing acini and a duct system among rich
intestinal connective tissue. (b) Higher magnification of the boxed area shown in Fig.1a. The cells in the acini
are filed with eosinophilic granules in their rich cytoplasm (arrows). Stained with hematoxyin and eosin. (c, d)

days.

Immunoreactions for Cu/Zn- (¢) and Mn- (d) SODs.

The epithelial duct cells and a few cells in the acini are

positive for immunoreactions (c), but no Mn-SOD-immunoreaction is found on embryonic 18th day.
Immunoreactivities for Cu/Zn-SOD are localized either the nuclei or cytoplasm. a; X 78, b; X375, ¢; X250, d; X

62.5.

Postnatal 1 day to 1 week
The formation of the acini and duct system had

proceeded further in the rat submandibular glands
than at the previous stage: the number and volume of
acini appeared to increase daily (Fig. 2 a, b, d). Almost

all cells in the acini continued to exhibit intense
eosinophilic granules in their cytoplasm (Fig. 2 c). The
salivary ducts also extended their branches
throughout the rat submandibular gland (Fig. 2 b, d).
However, typical intercalated cells and granular cells
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were not recognizable, but the connection of the
salivary ducts with acini was frequently observed at
this stage.

Immunohistochemistry for Mn- and Cu/Zn-SODs
was able to demonstrate both immunoreactions in the
cells in acini and the epithelial duct cells with variable
These immunoreactions
were diffusely distributed throughout the cytoplasm (Fig.

immuno-intensities (Fig. 3 a, b).

Fig. 2
Histological findings of the rat submandibular glands at postnatal 1 day (a), 3 days (b, ¢) and 1 week (d).
Stained with hematoxyin and eosin. (a) In comparison with the previous stage, an apparent development of the

duct system and the increase of acini are observed in the rat submandibular gland.
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3 ¢), although Mn-SOD-immunoreactivity has been
reported as mitochondrial SOD in adult tissues® # .
These immuno-intensities in the acini appeared
unchanged from postnatal 1 and 3 days, but they
showed a tendency to decrease through postnatal 3 days
to 1 week (Fig. 3 d).. However, the duct cells retained the
same immuno-intensity as that at postnatal 1 day to 1
week.

(b) The duct system is

developing and extending to connect with the acini. (c) Higher magnification of the boxed area shown in Fig. 2

b. The cells in the acini continue to have eosinophilic granules in their cytoplasm (arrows).

The duct cells

connecting with the acini show a cuboidal appearance, different from the typical intercalated cells seen in
mature submandibular glands. (d) The duct systems are observed to elongate more than at the previous stages
(arrow), but the duct cells connecting with the acini still show a cuboidal appearance. a; X 78, b; X 94, ¢; X375,

d; x250.
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Immunohistochemical findings at postnatal 1 day (a-c) and 1 week (d). Immunoreactions for Cu/Zn- (a, d) and
Mn- (b, ¢) SODs. (a, b) Both the cells in the acini and epithelial duct cells show immunoreactivities. (c) Highly
magnified view of the submandibular gland on postnatal Day 1. The Mn-SOD-immunoreaction is recognized in
the cytoplasm of the acini and duct system. (d) In spite of an intense immunoreaction in the duct system, the
cells of the acini appear to decrease in immuno-intensity. a; X625, b; X62.5, ¢; X250, d; X 94.

From postnatal 2 to 8 weeks

The cells in the acini with eosinophilic granules
decreased in number; instead, those with clear
granules (hereafter called acinar cells) increased in
At postnatal 3
weeks, the occurrence of cells in the acini with

number to occupy the acini (Fig. 4 ).

basophilic granules was considerably rare, and had
completely disappeared by postnatal 4 weeks (Fig. 4
b). On the other hand, the granular ducts, which
contained eosinophilic granules in the supranuclear
region, had differentiated from the epithelial duct cells
around postnatal 3 weeks. In addition to striated and
granular ducts, the formation of intercalated ducts had
begun near the acini around postnatal 2 weeks (Fig.
4 a). The intercalated ducts consisted of cuboid cells
with a poor cytoplasm. Thus, the acini were observed
to connect with the granular ducts through the
intercalated ducts. No specific morphological change
in the rat submandibular glands was found after
postnatal 4 weeks.

Immunohistochemistry for Mn- and Cu/Zn-SOD

demonstrated numerous immunoreactive cells in the
duct system of the rat submandibular gland. Many
epithelial duct cells in the excretory, striated,
developing/mature granular and intercalated cells
contained both immunoreactivities with various
immuno-intensities (Fig.5). The Mn- and Cu/Zn-SOD-
immuno-positive and -immuno-negative duct cells inter-
mingled in each duct of the rat submandibular gland
(Fig.5 b, c).
immunoreaction showed a granular appearance in the

In Mn-SOD-immunohistochemistry, the

infranuclear region of the cytoplasm (Fig.5 a, ¢, ). On
the other hand, Cu/Zn-SOD-immunoreactions were
usually localized in the cytoplasm of the duct cells (Fig.
5b, d, e). In some cases, a few positive duct cells had
immunoreactions both in the nucleus and cytoplasm
(data not shown).

In contrast, all acinal cells were found to become
negative in immunoreactions for Mn- and Cu/Zn-SODs
postnatal after prenatal 2 weeks (Fig.5).

The alterations in the expression of Mn- and Cu/Zn-
SODs-immunoreactions are summarized in Table 1.



Rl et

id
Fig. 4
Histological observations of the rat submandibular glands
at postnatal 2 (a), 4 (b) and 8 (c) weeks. Stained with
hematoxylin and eosin. The ratios of the cells with clear
granules in the acini appear to increase chronologically. By
postnatal 8 weeks (c), all cells in the acini have been
replaced by cells with eosinophilic granules (thick arrows).
The intercalated ducts (arrows) consisting of flat cells with
a poor cytoplasm first appeare around postnatal 2 weeks.
They consist of flat cells with poor cytoplasm. In addition
to a striated duct (ST) and intercalated duct (arrows), the
granular ducts (GD), which are characteristic of granules in
the cytoplasm, are found in the rat submandibular gland at
postnatal 8 weeks. a-c; X 100.

DISCUSSION

The present immunohistochemical study was able to
demonstrate different expression patterns of Mn- and
Cuw/Zn-SOD-immunoreactivities during the development
of the rat submandibular gland. The localization of
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immunoreactions for Mn- and Cu/Zn-SODs in the
submandibular gland -- except for prenatal early
stages - was consistent with the previous findings that
Mn- and Cu/Zn-SODs are mitochondrial and cytosolic
SODs, respectively’ ¢’ . Since these two SOD-
immunoreactions (this study) and - mRNAs® % were
co-localized in the same types of submandibular cells,
the rat submandibular cells apparently have the ability
to produce both mitochondrial Mn- and cytosolic Cu/Zn-
SODs.
unexpected cytosolic

However, there is no possible explanation for
localization of Mn-SOD-
immunoreactions.

A most interesting finding in this study is a drastic
change in the expressions of Mn- and Cu/Zn-SOD-
immunoreactivities between prenatal and postnatal
stages: the cells in the acini and the epithelial duct
cells of submandibular glands were immuno-negative
at the prenatal stage, but immuno-positive after birth.
Identical expression patterns in the submandibular
glands of the fetal and neonatal rats were reported by
Munim et al. (1992)* .
to suppose the involvement of pulmonary respiration

These findings readily lead us

in this change. Previous studies have reported lower
levels of antioxidant enzymes in various tissues in the
fetus than in the full-term neonate' #*%*¥ . This has
been explained by a low demand for cellular
antioxidant capacity in the fetus due to the low
oxygen concentration in tissues during intrauterine
life*¥ and by the increased production of superoxide
radicals due to an increase in oxygen concentration in
tissues after birth* . An in vitro study has demonstrated
that exposure to atmospheric oxygen is toxic to early-
stage embryos, and further showed that this toxicity
decreased with the addition of exogenous SOD into
the culture medium® . It is reasonable to consider
that Mn- and Cu/Zn-SOD-expressions after birth
account for the necessity of the rat submandibular
glands for protection against oxygen exposure.

The present observation of 2- to 8 -week-old rats
showed Mn- and Cu/Zn-SOD-immunoreactivities in all
types of epithelial duct cells including excretory, striated,
granular and intercalated ducts, but never in the acinar
cells, consistent with our previous findings® 2 .
According to developmental studies®®* , the immature
acini contain three types of secretory cells such as
acinar, proacinar and terminal tubular cells at the
different stages of differentiation and/or maturation.
However, the terminal tubular and proacinar cells
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Mn- (a, ¢, f) and Cu/Zn-SOD (b, d, e) -immunoreactions at postnatal 2 (a), 3 (b, ¢), 4 (d) and 8 (e, f)
weeks. All the kinds of epithelial duct cells including the intercalated, granular, striated and excretory
duct cells (ED) retain both Mn- and Cu/Zn-SOD-immunoreactivities in various immuno-intensities,

although the acini completely lose immunoreactions after postnatal 2 weeks.

The Mn-SOD-

immunoreaction is found in the cytoplasm while Cu/Zn-SOD-immunoreactivity shows a granular
appearance in the cytoplasm. a; X 180, b; X 62.5, ¢; X180, d; X 180, e; X 125, f; X 250.

(Type I cell and Type III cell called by Cutler and
Chaudhry® , respectively), disappear by postnatal 4
and 2 weeks, respectively® * . Thus, the acini at
postnatal 8 weeks can be regarded as mature acini
which are composed of only acinar cells. On the other
hand, the differentiation of epithelial cells of all ducts
has been reported to conclude by postnatal 4 weeks
in the rat submandibular gland*’. Taken together,
these findings show that the Mn- and Cu/Zn-SOD-
immunoreactivities indicate the different levels of
resistance against reactive oxygen species and
antioxidant enzymes between duct and acinar cells

after cytodifferentiation of the submandibular gland.

It is interesting that the acinar cells lost their Mn-
and Cu/Zn-SOD-immunoreactivities during postnatal
stages. Previous investigators have paid attention to
the expression and localization of SOD-proteins and
mRNAs in mature®* as well as fetal and neonate
rats', but no definitive information on this has been
provided to date. In spite of the loss of Mn- and
Cu/Zn-SOD-immunoreactivities in the acinar cells, the
epithelial cells of salivary ducts retained both
immunoreactions. One possible explanation for this

finding is the maturation and/or differentiation process
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|
ACINI _*%i**. - 3 + - - -
ID : NOT DEVELOPED -4 + + +
GD NOT DEVELOPED + +

DUCT Not _

ST e N o - -+ + + +

| PEVELOPED
ED | % | A¥% | 4 -+ + + + + +

Table 1.

Changes in immunoreactions for Mn- and Cu/Zn-SODs in the rat submandibular gland. ID : intercalated duct. GD : granular
duct, ST : striated duct, ED : excretory duct. *: Mn-SOD, ** : Cu/Zn-SOD.

In this
process, apoptosis has been shown to occur in the
acini, in particular the terminal tubular region: TUNEL
(terminal deoxynucleotidyl transferase-mediated dUTP

of acini in the rat submandibular glands.

nick end-labeling) analysis revealed that TUNEL-

positive cells reached a maximum level (about 14% of
the total terminal tubular cells) at postnatal 23 days,
after which their numbers decreased progressively*
(Hayashi et al, 2000). Active oxygen and antioxidant
enzymes have been suggested to be involved in the
occurrence of apoptosis®* . The postnatal exp'ression
of immunoreactions for Mn- and Cu/Zn-SODs may
serve as an inhibitor for apoptosis. The acinar cells
lose SOD-enzymes after terminal differentiation when
apoptotic cells are never seen in this study. Taken
together, it is likely that the acini is a weak link in the

defense against apoptosis. Furthermore, diabeteg

mellitus in the rat induces the destruction of acinar

cells, Le. xerostomia by apoptosis® . Indeed, experimental
studies including radiation® ', duct obstruction* , and
the administration of ethanol ingetion® place the
induction of apoptosis in acinar cells, not in duct cells,
of mature rat submandibular glands. |
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