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ABSTRACT  The secretory acinar cells of parotid glands from rats of vary-
ing ages have been examined by electron microscopy to determine what age-
related changes occur in these cells. The most prominent change noted in these
cells is the progressive increase in the amount of lipofuscin granules with age.
Lipofuscin granules are membrane-bound structures consisting of lipids, other
subcomponents, and a matrix. In addition, these cells contain lipid droplets
that are not associated with any other components and tend to accumulate at
the base of the cells in older rats. Also, many acinar cells in the glands of old
rats contain altered secretory granules which appear to be in the process of
degeneration. The accumulation of lipid and degenerating secretory granules
appears to be related to the reduced level of cellular secretory activity in the
glands of older rats. It is possible that these two types of inclusions contribute
to the formation of lipofuscin granules. Lipofuscin and degenerating secretory
granules are associated with acid phosphatase, which is demonstrated cyto-

chemically, indicating that these granules are lysosomal structures.

Salivary glands, like many other organs,
undergo changes in structure and function
with age. It has been reported that reduec-
tions occur in the amylase content in saliva
(Meyer et al.,, 1937; Meyer and Necheles,
1940; Chilla et al., 1974), as well as the secre-
tion and the rate of flow of saliva (Bertram,
1967). We have shown previously that the
rate of protein synthesis declines with age in
rat parotid glands (Kim et al.; 1980, Kim,
1981), and that this decline reflects the re-
duction in the synthesis of secretory proteins
(Kim et al., 1982; Kim and Calkins, 1983).
These age-related changes that affect the sal-
ivary content and the synthesis of protein
suggest that alterations occur in the struc-
tural elements of the secretory acinar cells of
the gland.

Age-related changes described in human
salivary glands at the light microscope level
include the accumulations of fibrous and
fatty tissues, a gradual replacement of the
parenchyma by these stromal tissues (Ham-
perl, 1931; Andrew, 1952; Waterhouse et al.,
1973), the increase in ductal volume (Ham-
perl, 1931; Scott, 1977a,b), lymphocytic infil-
tration (Hamperl, 1931), and the occurrence
of oncocytes (Hamperl, 1931, 1933). Similar
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changes have been also noted in salivary
glands of animals. Andrew (1949) has de-
scribed fatty degeneration of parenchymal
tissues, the occurrence of oncocytes and lym-
phocytic infiltration in parotid glands of the
rat. However, it remains uncertain what
changes occur in secretory acinar cells of the
salivary gland.

In this study, acinar cells of the rat parotid
gland were examined by electron microscopy
and ultrastructural cytochemistry to deter-
mine what changes occur in the cellular or-
ganelles during aging. One of the most
notable changes which occurs in these cells
in relation to aging is the increase in the
number of lipofuscin granules, as appears to
be the case in rat submandibular glands (Bo-
gart, 1970). Also, there are lipid droplets that
tend to form aggregates at the base of the
cells in old rats. Occasionally, these lipid
droplets and lipofuscin granules form large
masses that fill much of the cytoplasm. In
addition, many acinar cells, especially those
of old rats, contain degenerating secretory
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granules that may result from the reduced
level of cellular secretory activity.

MATERIALS AND METHODS
Animals

Male, Sprague-Dawley rats of 2, 12, 18, 24,
30, and 36 months of age were used for this
study. These rats were obtained from an ag-
ing colony maintained at Charles River
Breeding Laboratories in Portage, Michigan.
The rats were kept from food the night before
they were sacrificed.

Methods

The rats were perfused through the heart
with a mixture of 1% paraformaldehyde and
1.5% glutaralheyde buffered with 0.1 M so-
dium cacodylate to pH 7.4. The parotid glands
were removed, sliced into smaller pieces, and
further fixed in the same fixative for another
hour. The tissues were postfixed in 004, and
prepared for electron microscopy as previ-
ously described (Kim et al., 1980; Kim, 1981).

For a cytochemical demonstration of acid
phosphatase, aldehyde-fixed tissues were fur-
ther sliced with a scalpel blade and rinsed
overnight in buffer. Tissue slices were incu-
bated in a medium containing cytidine mon-
ophosphate (Sigma) as substrate for 45
minutes (Novikoff et al., 1971). Control incu-
bation was done in the absence of substrate.
After incubation, tissues were processed as
above for electron microscopy. Thin sections
of incubated tissues were viewed in the elec-
tron microscope after staining briefly with
uranyl acetate.

To estimate the relative volumes of lipid
and lipofuscin granules in the acinar cells
and the proportion of acinar cells with degen-
erating secretory granules at various ages,
point counting was done using electron mi-
crographs of selected cells (Weibel and Bol-
ender, 1973; Bolender, 1974). These cells were
randomly selected and photographed in sec-
tions of 3 Epon-embedded blocks of parotid
glands from three rats per age group. For
point counting, only those cells which re-
vealed a nucleus and bordered a secretory
lumen were selected. A square lattice system
of 1 em?, drawn on a celluloid sheet, was
placed over the micrographs and test points
over lipid-lipofuscin, or secretory granules,
were counted. Volume densities were ob-
tained by using the formula V; = Pi/Pt,
where Pi represents the number of test points
over particular granules of interest and Pt
represents the total number of test points
over the cell.
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OBSERVATIONS

One difference that is pronounced at the
light microscope level in the parotid glands
of progressively older rats is the increasing
amount of fat in the connective tissue stroma.
As we have described previously (Kim et al.,
1980; Kim, 1981), fat, which is first detected
in the glands of 12-month-old rats, increases
in amounts with age. However, the age-re-
lated differences that involve the secretory
acini are less obvious at this level.

The overall appearances of the secretory
acinar cells at the electron microscope level
are not significantly different among the age
groups. The nucleus and parallel arrays of
endoplasmic reticulum occupy the basal por-
tion in the acinar cells of all age groups,
while secretory granules, as well as other
cytoplasmic organelles, fill much of the re-
mainder of the cytoplasmic space (Figs. 1-3).
These cells are arranged around a secretory
lumen (Figs. 1-3) and form an acinus. No
unusual feature attributable to age differ-
ences has been noted in any of the organelles
of these cells with the exception of those de-
scribed below.

Many parotid acinar cells of 12-month-old
and older rats possess lipid-containing struc-
tures, which were previously described as li-
pofuscin or lipofuscin pigment granules. At
12 months, a few of these granules are pres-
ent in some acinar cells (Fig. 1). However,
the number of cells containing lipofuscin
granules, as well as the number of these
granules in each cell, increases in the older
age groups (Table 1; Figs. 2, 3). In the acinar
cells of 36-month-old rats, lipofuscin gran-
ules occupy about 2% of the cell volume (Ta-

Fig. 1. A portion of the parotid gland from a 12-month-
old rat showing the appearance of acinar cells. In each
acinar cell, the nucleus and parallel arrays of rough
endoplasmic reticulum occupy the basal portion, while
secretory granules and other organelles fill much of the
remainder of the cytoplasm. Lipofuscin granules (Lf) are
present only in some cells at this age. The lumen (Lu) of
the acinus is indicated. x7,000.

Fig. 2. A portion of the parotid gland from a 30-month-
old rat showing the appearance of acinar cells. The ar-
rangement of various organelles in these cells is similar
to that in the acinar cells of younger rats. However, most
of the acinar cells at this age contain lipofuscin granules
(Lf), and the number of these granules in each cell is
increased. In some cells, these pigment granules form a
large mass as in a cell at the upper right corner. In
addition, there are numerous, single lipid granules (Lp)
that are not associated with any other subcomponents.
Lu indicates the secretory lumina. x6,000.
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Fig. 3. A portion of parotid gland from a 30-month-
old rat, showing the typical appearance of acinar cells in
an old rat. As the cell in the center of the micrograph
shows, the acinar cells at this age typically contain lipo-
fuscin granules (Lf) and lipid granules (Lip) which tend

ble 1). In some acinar cells of these old rats,
lipofuscin granules are not only numerous,
but they tend to aggregate and form large
masses (Figs. 2, 7).

Lipofuscin granules are membrane-bound
structures consisting of subcomponents of
lipids, electron dense granular materials and
a matrix (Fig. 4). Lipofuscin granules are
generally scattered in the cytoplasm but have
not been observed in the nucleus. Occasion-

to cluster at the base of the cell near the nucleus. Secre-
tory granules and other organelles present in this cell
do not reveal any unusual appearances. The lumen (Lu)
of the acinus is also shown. x9,500.

ally, these granules are located in close prox-
imity to the Golgi complex, especially within
the trans aspect of the organelle (Fig. 5). Acid
phosphatase is detected in association with
these granules as evidenced by the presence
of reaction products in the granulated struc-
tures and in the matrix (Fig. 6a). The reac-
tion products for acid phosphatase activity
are also present in other lysosomal struc-
tures and in the Golgi complex. In the latter



AGING CHANGES IN PAROTID ACINAR CELLS

349

TABLE 1. Distribution of lipid and lipofuscin granules in rat parotid
acinar cells

Percent of total cell volume

(mean + SE)

Age Number Lipid Lipofuscin
{months) of cells granules granules

2 36 1.06 + 0.62 0.033 + 0.033
12 57 0.49 + 0.13 0.628 £ 0.153
18 37 049 + 0.12 0.853 + 0.200
24 45 1.09 + 0.30 0.875 + 0.194
30 52 1.57 + 0.44 0.934 + 0.332
36 45 0.82 + 048 2.074 + 0476

organelle, deposits of reaction products occur
in the inner cisternal and condensing vacu-
oles (Fig. 6b).

In addition to the lipofuscin granules, the
acinar cells also contain lipid droplets that
are not associated with any other compo-
nents. These lipid droplets tend to aggregate
at the base of the nucleus in older rats, al-
though they also occur singly (Fig. 3). Thus,
many acinar cells in old rats contain both
lipofuscin granules and lipid droplets (Fig.
3). However, similar lipid droplets are also
found in substantial numbers in the acinar
cells of the glands in 2-month-old rats (Table
1. In these young rats, lipid droplets are
scattered in the cytoplasm and do not form
clusters near the nucleus. Some acinar cells
of 30- and 36-month-old rats reveal a large
lipid droplet which occupies much of the cy-
toplasm. (Fig. 8). However, these cells with
large lipid droplets or a mass of lipofuscin
granules (Fig. 7) in their cytoplasm are not
detected in all rats of these ages.

The third change that seems to be related
to age differences involves the secretory
granules. Many acinar cells of 12-month-old
and older rats (Table 2) possess membrane-
bound structures that are the same size or
somewhat larger than the homogeneously
dense secretory granules (Fig. 9). These
membrane-bound structures consist of
clumps of dense material scattered in a ma-
trix that is less dense than that of the secre-
tory granules. The acinar cells with these
membrane-bound bodies, which appear to be
altered secretory granules, are not fre-
quently encountered in the glands of 2-
month-old rats. However, these cells with al-
tered granules increase in number in 12-
month-old and older rats, and are especially
numerous in 36-month-old rats. (Table 2, Fig.
9). These altered granules also reveal acid
phosphatase activity and appear to be the

secretory granules in the process of degener-
ation; deposits of reaction products occur in
the matrix of these granules (Fig. 9, inset).

DISCUSSION

The amount of fat seems to increase with
age in parotid glands of the rats observed in
this study, as has been reported previously
in other salivary glands (Hamperl, 1931; An-
drew, 1952; Waterhouse et al., 1973). Some
other age-related changes, such as the occur-
rence of oncocytes (Hamperl, 1931, 1933) or
the elevated level of lymphocytic infiltration
(Hamperl, 1931), have not been detected in
this study. Also, it is not very obvious
whether or not the relative volumes of the
ducts change with age as reported previously
(Hamperl, 1931; Scott, 1977a, b).

The most noticeable change that occurs in
the acinar cells of the rat parotid gland dur-
ing aging is the accumulation of lipofuscin
pigment granules. Although lipofuscin pig-
ments have been found in some cells of young
tissues (Essner and Novikoff, 1960; Frank
and Christensen, 1968; Goldfischer and
Bernstein, 1969), the presence of these pig-
ment granules is one of the most consistent
features observed in widely different types of
tissues from aged animals (Strehler et al,,
1959; Reichel, 1968). In parotid glands, lipo-
fuscin granules are found only rarely in the
acinar cells of 2-month-old rats, but increase
in number with age. Similar granules are
present also in submandibular glands of old
rats (Bogart, 1970).

Lipofuscin granules of the rat parotid gland
are similar in structure to those that occur
in cells of other tissues and are associated
with acid phosphatase, as in the liver (Essner
and Novikoff, 1961), mammary gland (Miya-
waki, 1965), neurons (Brunk and Ericsson,
1972), and interstitial cells of the testis
(Frank and Christensen, 1968). Since acid
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Figs.4,5. Portions of acinar cells from parotid glands
of 30-month-old rats showing lipofuscin granules at a
high magnification.

Fig. 4. Lipid droplets (Ld) of various sizes and granu-
lated structures of varying density make up the bulk of
the lipofuscin granule, which is bound by a membrane
(arrows). x55,000.

Fig. 5. Lipofuscin granules are found occasionally in
close contact with the Golgi complex (Go), especially in
the trans aspect of the organelle. x27,000.

Fig. 6. Portions of acinar cells from parotid glands of
24-month-old rats incubated to localize the sites of acid
phosphatase activity. a) Deposits of reaction products
occur in the granulated subcomponents and the matrix
of the lipofuscin granule, as well as in adjacent lyso-
somes (Ly). b) The reaction products of the enzyme activ-
ity are also localized in the innermost cistern (Ge) and
condensing vacuoles (Cv) of the Golgi complex. In addi-
tion, lysosomes (Ly) in this micrograph also show the
enzyme activity. x18,000.
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phosphatase activity is also detected in other
lysosomal structures of the rat parotid acinar
cells, lipofuscin granules are probably a type
of lysosomal structure, or represent the resi-
due of the lysosomal digestion products
(Brunk and Ericsson, 1972).

According to Pearse (1960), lipofuscin gran-
ules result from the oxidation of lipids, and
the pigmentation rises with the progress of
oxidation. However, the origin of lipid and
other subcomponents of the lipofuscin gran-
ules remains uncertain. The transformation
of mitochondria (Duncan et al., 1960; Hess
1955) and Golgi complexes (Bondareff, 1957;
Gatenby and Moussa, 1950; Gatenby, 1953)
to lipofuscin granules has been suggested,
but there is no strong evidence in support of
these suggestions. The close spatial relation-
ship shown by the lipofuscin granules and
the Golgi complexes in rat parotid glands,
together with the presence of acid phospha-
tase activity in both of these structures, can
suggest that the Golgi complex plays a role
in the formation of lipofuscin granules. De-
posits of reaction products for acid phospha-
tase occur in the inner cisternae and
condensing vacuoles of the Golgi complex, as
has been described previously (Hand, 1972).
These elements with acid phosphatase activ-
ity are comparable to those described as
GERL (Novikoff et al., 1971). It is unknown
whether these Golgi elements are directly
involved in the formation of lipofuscin
granules.

Parotid acinar cells of the rat possess lipid
droplets and degenerating secretory gran-
ules. It is possible that these two inclusions
contribute to the formaton of lipofuscin gran-
ules. The origin of these lipid droplets is also
uncertain. The fact that these lipid droplets
are as numerous in young glands as in older
glands may indicate that the presence of this
lipid is related to the cellular metabolic ac-
tivity rather than to aging. Similar lipid
droplets are found in the acinar cells of the
parotid gland in rats following the stimu-
lated secretion of stored secretory granules
(Simpson, 1972; Lillie and Han, 1973; our
unpublished observation) and after a period
of starvation (Hand, 1972).

The accumulation of lipid droplets in pa-
rotid acinar cells in old rats may be related
to the reduced level of cellular secretory ac-
tivity, as has been suggested to be the case
during atrophy of the gland caused by a lig-
uid diet (Wilborn and Schneyer, 1970; Hand,
1972). The presence of a large number of
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acinar cells which possess altered degenerat-
ing secretory granules supports the sugges-
tion that the cellular secretory activity is
reduced in glands of old rats. Degenerating
secretory granules of similar appearance
have been observed in parotid acinar cells
following the starvation of rats for about a
day (Hand, 1972) and following a chronic
treatment with reserpine (Sepster et al.,
1979). In these starved rats, the altered secre-
tory granules are associated with acid phos-
phatase, indicating that lysosomes are
involved in the destruction of “old’” secretory
granules (Hand, 1972). It is also possible that
these droplets are rapidly broken down and
reutilized in young rats, or excreted out of
the cells, whereas in older rats these pro-
cesses are much slower, resulting in the ac-
cumulation of lipids in the form of single
granules or lipofuscin granules. In fact, it
has been suggested that the accumulation of
lipofuscin bodies is due to the inability of
cells to rid of the residues of lysosomal diges-
tion products by exocytosis (Brunk and Erics-
son, 1972).

The amount of lipofuscin granules in-
creases progressively with age in rat parotid
glands. However, even in the glands of 36-
month-old rats, these granules occupy only
2% of the total cell volume, with the excep-
tion of a few cells which become filled with
the pigment granules. Similar volume frac-
tions of lipofuscin granules have been re-
ported in neurons of the supraoptic ganglion
of the aging mouse (Davies and Fother-
ingham, 1981). Therefore, it is unlikely that
the increasing number of lipofuscin granules
affects the cell function by replacing other
cytoplasmic organelles. For example, the rate
of protein synthesis in rat parotid glands de-
clines by about 50% between the ages of 2
and 30 months (Kim et al., 1980). Thus, it
seems unlikely that the mere presence of
lipofuscin granules affects protein synthesis
to this degree.

TABLE 2. Proportions of rat parotid acinar cell with
degenerating secretory granules (DSG)

Age Total number of Number of cells

(months) cells examined with DSG  Percentage
2 56 6 11

12 89 32 36

18 97 28 29

24 90 27 30

30 67 18 27

36 89 49 55
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One likely explanation for the decline in
protein synthesis in this gland during aging
is the positive-feedback type of inhibition by
secretory proteins that accumulate in the aci-
nar cells of the older rats, presumably as a
result of the reduced level of digestive activ-
ity related to aging. The increase in the num-
ber of acinar cells with degenerating se-
cretory granules in the older rats supports
the theory that secretory proteins are stored
for prolonged periods of time in the older age
groups. On the other hand, it is possible that
age-related reductions in protein synthesis in
other secretory functions involve quantita-
tive alterations in the organelles that are
concerned with these processes. In fact, it has
been reported that the amount of rough-sur-
faced endoplasmic reticulum is reduced in
submandibular acinar cells of aged rats (Bo-
gart, 1970). We are in the process of analyz-
ing the relative volumes of various cellular
organelles in parotid acinar cells in rats of
different ages.
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Figs. 7, 8. Acinar cells from parotid glands of 30-
month-old rats.

Fig. 7. Some acinar cells are filled with a large mass
of lipofuscin granules which occupy the entire cyto-
plasmic space. x8,000.

Fig. 8. Some acinar cells possess a large lipid droplet
(Lp) in the cytoplasm, which still retains much of the
rough surfaced endoplasmic reticulum (ER). However,
these two types of cells are found only occasionally in
some glands of old rats. x8,000.

Fig. 9. A portion of parotid gland from a 36-month-
old rat showing the altered secretory granules, which
appear to be in the process of degeneration (Ds). These
granules reveal clumps of dense material suspended in
a light matrix and are present in many acinar cells.
These degenerating granules are associated with acid
phosphatase activity, as shown in the inset. Deposits of
reaction product for this enzyme activity occur in the
matrix of a degenerating granule. Xx24,000; inset,
x25,500.
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