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Abstract-  The rate of release of a secretory enzyme, a-amylase, from the parotid lobules of 2 and 
24 month old rats has been compared to determine whether the secretory activity of the cells 
change during aging. Upon incubation in the presence of a secretogogue, isoproterenol (10 -s M), 
about the same proportions of the glandular a-amylase are released at about the same rate from 
these lobules. The isoproterenol-stimulated release of the enzyme is inhibited nearly completely by 
preincubating the lobules with propranoioi (10 s M) in both age groups, indicating that the enzyme 
secretion occurs through the stimulation of E-receptors. When viewed in the electron microscope, 
the cell membranes bordering the secretory lumen in isoproterenol-incubated lobules reveal 
festooned appearances which suggest that the enzyme release occurs by means of exocytosis. These 
observations indicate that the ability of the parotid cells to release secretory products through the 
/~-receptor mediation does not significantly change with increasing age. 

INTRODUCTION 
SOME ASPECTS of the salivary gland function in humans undergo changes with increasing 
age. The rate of basal salivary flow, as well as the stimulated secretion of saliva, decreases 
with age (Bertram, 1967; Meyer and Necheles, 1940). Also, the content of amylase in 
mixed saliva is reduced in elderly persons (Chilla, et ai., 1974; Meyer and Necheles, 1940; 
Meyer, et al. 1937), indicating the reduction in the secretory protein content of the saliva. 

These reductions in the salivary flow and the protein content suggest that the processes 
of synthesis and/or release of secretory proteins decline with age. In our previous studies 
with parotid glands of the rat, we have demonstrated that the cellular level of  protein syn- 
thesis progressively declines with increasing age as determined by the reduction in the rate 
of incorporation of radioactive amino acids into the acid-insoluble proteins (Kim, 1981, 
Kim, et al., 1980, 1981) or secretory proteins (Kim, et al., 1982) of the gland. Further- 
more, this decline seems to reflect specific changes in the synthesis of proteins in this 
gland, and not changes in the cellular metabolic activity with aging (Kim, et al., 1980). 

Previous studies have shown that the processes of synthesis and release of secretory pro- 
teins are interrelated in exocrine secretory cells. In pancrease and parotid glands of rats, 

Address Correspondence to: Dr. S.K. Kim, Research Service, V.A. Medical Center, Ann Arbor, Michigan 
48105. 

387 



388 S.K. KIM. D.W. CALKINS AND P.A. WEINHOLD 

the rate of protein synthesis increases following the stimulated secretion of glandular con- 
tent (Grand and Gross, 1969; Lillie and Han, 1973; Sreebny, et al., 1971). Then, the age- 
related reduction in the rate of protein synthesis in parotid glands of rats might be related 
to the decline in the secretory activity of the glandular cells. 

The secretory activity of the salivary gland is controlled largely by the autonomic ner- 
vous system (Schneyer and Hall, 1967), and the release of secretory proteins is induced by 
epinephrine (Bdolah, et al., 1964; Bdolah and Schramm, 1965). The release of amylase 
from parotid glands of the rat is strongly stimulated by agents with B-agonist activity such 
as isoproterenol (IPR) and the catecholamines (Bdolah, et al., 1964; Nelson and Stouffer, 
1972; Butcher et al., 1975). Following a single injection of IPR, a near complete discharge 
of a-amylase from parotid glands of the rat takes place within 2 hours (Malamud, 1972; 
Lillie and Han, 1973). 

The release of a-amylase can be induced also by incubating parotid gland slices or 
lobules in the presence of IPR (Castle, et al., 1972; Kusek, 1979). The process of amylase 
secretion through B-receptor activation seems to involve cyclic AMP (Babad, et al., 1967; 
Bdolah and Schramm, 1965; Butcher and Goldman, 1974), and can be prevented with 
B-adrenergic blocker propranolol (Castle, et al., 1972; Kusek, 1979; Malamud, 1972). 

This study was undertaken to determine whether there are age-related changes which af- 
fect the ability of parotid gland cells to release secretory proteins. This was done by com- 
paring the cellular level of a-amylase and profile of release of the enzyme from parotid 
lobules of 2 and 24 month old rats upon incubation with IPR. In order to determine 
whether the IPR-stimulated release of a-amylase in the older rats also occurs by means of 
exocytosis as in young rats (Amsterdam, et al., 1909), morphological observations of the 
lohules were made at various times during the incubation. In addition, some lobules were 
preincubated in the presence of propranolol to examine whether the IPR-stimulated 
release of the enzyme is inhibited by a B-blocker. 

MATERIALS AND METHODS 

Animals  

Male, Sprague-Dawley rats of 2 and 24 months of age were used and obtained from Charles River Breeding 
Laboratories in Portage, Michigan. The 24 month old rats came from the colony of retired breeders which were 
grouped into cohorts between l0 and 12 months of age. Therefore, the rats in this age group ranged from 23 to 
25 months. All rats were maintained behind a barrier containment facility and were screened regularly for 
known pathogens. These rats are also free of immunological titers for sialodacryoadenitis (SDA) virus which af- 
fects the submandibular and parotid glands of rats and is widespread in many commercial stocks of rats. Rats 
were fed ad libitum and were housed under controlled light and dark conditions for more than three days before 
using them for experiments. Food was withheld for about 16 hours before beginning an experiment, but rats 
were allowed access to drinking water. Rats were killed by cervical dislocation. 

IRP-st imulated release o f  c~-amylase 

After killing the rats, the parotid glands were removed and immersed in Eagle's Minimum Essential Medium 
(MEM) that had been warmed to 37°C (Babad et al., 1967). The medium was gassed with a mixture of 95 percent 
02 and 5 percent CO2. The removed glands were cleaned of connective tissue, blood vessels, nerves and large 
ducts in the central region. Parotid lobules were isolated manually with Dumont #5 forceps with fine tips under a 
dissecting microscope. During the lobule separation, the gas mixture was continuously bubbled into the medium 
through a thin glass tubing. Lobules from at least 2 rats were pooled and preincubated in 15 mi of gassed MEM 
at 37°C for 15 minutes to wash out amylase from the ducts or the damaged cells. The lobules were placed in a 50 
ml flask containing 10 ml of MEM supplemented with desired concentrations of IPR (dl-isoproterenol, City 
Chemical, New York) and incubated at 37°C in a water bath which was continuously agitated at 80 cycles/min. 
During incubation, 50/zl of fresh IPR solution was added to each flask every 30 minutes to replace used up and 
oxidized IPR (Castle et al., 1972). 
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At various time periods, 1 ml of medium was withdrawn for amylase assay and replaced with 1 ml of fresh 
MEM. A small amount of IPR solution was also added to the medium to make up for the secretogogue depleted 
by medium removal. During this experiment, a fresh IPR stock solution was prepared every hour to eliminate er- 
rors in the drug concentration due to oxidation. For controls, the lobules were incubated in MEM with an equal 
volume of distilled water replacing IPR. 

To determine the effect of a/3-blocker on the IPR-stimulated release of a-amylase, the lobules were prein- 
cubated for 30 rain. in the medium containing dl-propranolol hydrochloride (Ayerst, New York). The control 
lobules were incubated in the medium with the same amount of distilled water replacing propranolol. Following 
preincubation, the lobules were further incubated in MEM supplemented with 10 -s M IPR. The incubation 
medium also contained the same concentration of propranolol as in the preincubation medium. The control 
lobules were divided into 2 groups following preincubation with propranolol. One group was incubated in MEM 
supplemented with 10 s M of IPR and the other group in MEM containing an equal volume of distilled water. At 
the end of various time intervals, 1 ml of medium was withdrawn for amylase assay. The medium was replaced 
each time, and a small amount of IPR and propranolol was added to the medium to bring up the concentrations 
to the original levels. 

Assays of Amylase Release 
The assay of a-amylase activity was done by using the Roche Amylochrome assay kit (Roche Diagnostics, 

Nutley, N.J.) as described previously (Kim, 1981). This is a colorimetric procedure of measuring the amount of 
dye released from the Cibachron Blue F3GA-amylose complex upon hydrolysis of the txl-4 bonds of the amylose 
by the action of a-amylase. 

Tissue amylase was extracted by an extensive homogenization of lobules in phosphate buffered saline (PBS). 
An aliquot was removed from the homogenate, centrifuged at 25,000 xg for 10 minutes and the supernatant was 
used for a-amylase activity determination. The medium samples collected at various times during incubation and 
the tissue samples at the end of incubation were assayed for c~-amylase activity. 

The cumulative amount of t~-amylase activity released into the incubation medium was followed with time. 
The cumulative amount in the medium and the amount of activity remaining in the tissue at the end of incuba- 
tion constituted the total enzyme activity. Percentage release of a-amylase was calculated from the enzyme ac- 
tivity released into the medium and the total activity. The DNA contents of the tissue were determined according 
to Burton (1958). 

Morphological Observations 
The glandular lohules were prepared for morphological observations at various time periods during the in- 

cubation. These lobules were fixed in the fixative containing paraformaldehyde and giutaraldehyde, post-fixed 
in osmium and processed for viewing in the light and electron microscope as described previously (Kim, 1981; 
Kim, et al., 1980). Thick sections (1/~m), after staining with toluidine blue, were used for light microscopy. The 
blocks were further trimmed and thin sections (about 700 A) were cut for viewing in a Hitachi 1 lc electron 
microscope. 

RESULTS 

The a-amylase content in parotid glands 

T h e  ce l lu la r  c o n t e n t s  o f  a - a m y l a s e  in p a r o t i d  g l a n d s  in these  ra ts  do  n o t  a p p e a r  to  

change between the ages of 2 and 24 months. The level of a-amylase activity in the glands, 
compared based on the DNA content, is not significantly different at these ages (Table 1). 
However, the DNA content/mg tissue of the gland is significantly different at these two 
ages (Table 1), and this might reflect the age-related increase in the amount of glandular 
tissue contents. 

The IPR stimulated release o f  a-amylase 

T h e  lobu le s  p r e p a r e d  f r o m  the  g l ands  o f  b o t h  age  g r o u p s  re lease  a - a m y l a s e  spon -  

t a n e o u s l y  a t  a f a i r ly  s t ab le  r a t e  f o r  u p  t o  4 h o u r s  o f  i n c u b a t i o n  in M E M ,  at  3 7 ° C  (un-  

p u b l i s h e d  o b s e r v a t i o n ) .  T h e  a m y l a s e  re lease  is g r ea t l y  s t i m u l a t e d  u p o n  a d d i t i o n  o f  I P R  in 

t he  m e d i u m ,  a n d  this  s t i m u l a t e d  re lease  is d e p e n d e n t  u p o n  t h e  c o n c e n t r a t i o n s  o f  t he  
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TABLE 1. LEVELS OF (~-AMYLASE ACTIVITY AND CONTENTS OF D N A  IN PAROTID GLANDS 

D.U. a D.U. a #G DNA 
Age No. of No. of + S.E. x l03 ~ ± S.E. x l0 s ± S.E. 
Mos. Rats Samples MG Tissue MG DNA MG Tissue 

2 4 16 152.2 ± 7.8 40.3 ± 2.8 b 3.86 ± 0.09 c 

24 3 14 151.0 ± 8.9 47.7 ± 3.0 b 3.19 ± 0.08 c 

a Dye Units-- 1,050 D.U. = 1 unit of s-amylase activity which produces 1 mg of maltose in 3 minutes at 37°C. 
bNot significantly different (0.05 < P < 0.1) 
cSignificantly different (P < 0.001) 

secre togogue  (Fig. 1). The  m a x i m u m  release o f  a - amylase  is ob ta ined  with 10 -s M I P R  in 

the med ium,  and,  therefore ,  this concen t ra t ion  was used t h roughou t  the study in compar -  

ing the s t imula ted  release o f  o~-amylase. 

There  is no s ignif icant  d i f fe rence  in the IPR-s t imula ted  release o f  u -amylase  by the 

lobules f r o m  2 and 24 mon th  old rats (Fig. 2). The  lobules f r o m  the glands  o f  these rats o f  

both ages release abou t  the same p ropor t ions  o f  the total  amylase  at abou t  the same rate 
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FIG. 1. Dependence  of  s - a m y l a s e  release f rom paro t id  lobules  

on the concentration of isoproterenol. Parotid lobules from 
2-month-old rats were incubated in the presence of varying 
concentrations of the secretogogue. The percentage of a-amylase 
released into the medium was calculated for this figure, as well 
as the other ones, as described in the Methods. 
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FIG. 2. Comparisons of the release profile of c~-amylase from 
the parotid Iobules of 2 and 24 months old rats upon incuba- 
tion with isoproterenol in the concentration of 10-SM in the 
medium. Values represent means ± S.D. of 3 experiments. 

upon incubation with IPR (Fig. 2). The release of amylase seems to occur in 2 phases. The 
rate of release increases rapidly in the initial phase of incubation with IPR, reaching the 
highest rate at 20 minutes in both groups (Figs. 3a and 3b). After this phase, the rate of 
release declines gradually and this decline is paralleled in both age groups. 

The effects of E-blocker on the IPR-stimulated release of a-amylase 

The release of a-amylase is inhibited by propranolol in both age groups when the 
lobules are preincubated with the E-blocker before stimulating with IPR (Fig. 4). Follow- 
ing preincubation of the lobules in the presence of 10 .5 M propranolol, the IPR-stimulated 
release of a-amylase is initially blocked almost completely in both groups. The inhibitory 
effect of propranolol decreases with time. However, the amylase release at the end of a 1 
hour incubation with IPR is still inhibited by about 90 percent of the level released by the 
control lobules in both age groups. 

Morphological appearances of the incubated lobules 

The morphological changes which occur in the lobules during the incubation with IPR 
are similar in cases of the young and old rats. As illustrated with the lobules of 24 month 
old rats in Figs. 5-8, the acini become devoid of secretory granules within 30 minutes of 
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FIG. 3a. The rate of  release of ix-amylase at various time 
periods during incubation of the lobules from 2 month old rats 
in the presence of isoproterenol (10-SM). Values represent 
means 4- S.D. of 4-8 samples. 

incubation. In the lobules incubated for 10 minutes with the secretogogue, the numbers of 
the secretory granules are reduced while the lumens of the acini are widened (Fig. 5). 
These changes are more pronounced at 20 minutes (Fig. 6). At the end of 30 minute in- 
cubation (Fig. 7), secretory granules are absent in most of the acinar cells. On the other 
hand, in the lobules incubated for 30 minutes in the medium without IPR (Fig. 8), the cells 
retain secretory granules and these lobules are similar in appearance to the unincubated 
lobules (not shown). When viewed in the electron microscope (Fig. 9), the widened lumens 
are bound by the acinar cell membranes which protrude deep into the cytoplasm in many 
places. The luminal space reveals amorphous substances. 

DISCUSSION 

The results of our in vitro release experiments in this study indicate that the ability of 
the parotid gland cells to secrete proteins upon stimulation by secretogogues does not 
change with age. This is evidenced by the similarities shown by the lobules of 2 and 24 
month old rats in releasing a-amylase upon incubation with IPR. The isolated lobules of 
these two age rats release about the same proportion of tissue amylase at about the same 
rate upon incubation with the secretogogue. Similar results have been reported previously 
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FIG. 3b. The rate of release of u-amylase at various time 
periods upon incubation of the lobules from 24 month old rats 
in the presence of isoproterenol (10-SM). Values represent 
means ± S.D. of 4-8 samples. 

by others using enzymatically dispersed cell aggregates from rat parotid glands of varying 
ages (Ito, et al., 1981). 

The IPR-stimulated release of amylase, observed in this study, is mediated by/$-adren- 
ergic receptors and occurs by the process of exocytosis as demonstrated by the study with 
propranolol and morphological observations of the incubated lobules, respectively. The 
IPR-stimulated release of amylase is inhibited by preincubating the lobules in the presence 
of this/~-blocking agent and the effect of it reduces with time in both age groups. It has 
been shown that propranolol binds exclusively to the E-receptors (Levitzki, et al., 1974) 
and that the bound propranolol becomes displaced by IPR with time in a concentration 
dependent manner (Levitzki, et al., 1974; Atlas, et al., 1974). 

The discharge of secretory granule contents occurs by the fusion of the granule mem- 
branes with the cell membranes at the luminal surface as shown morphologically in parotid 
glands of young rats (Amsterdam, et al., 1969; Lillie and Han, 1973). This is the case also 
in the glands of older rats as demonstrated in this study. During the incubation with IPR, 
the number of secretory granules decreases as the lumens widen in the parotid lobules. 
The festooned appearance of the lumen in the incubated lobules probably resulted from 
the fusion of the granules with the cell membrane during exocytosis. Thus, the IPR-stim- 

ulated release of a-amylase from the lobules of young and old rats represents the true 
secretory activity of the gland and not the leakage of the enzyme during incubation. 
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FIG. 4. The effect o f  a /3-adrenergic blocker on the isoproterenol- 
stimulated release of  amylase from the lobules of  2 ( - . - )  and 24(-0-) 
month old rats. The secretogogue-stimulated release of  amylase is in- 
hibited nearly completely by preincubating with propranolol (10-SM) 
in both groups. 

Then, it appears that the age-related decline in protein synthesis in this gland (Kim, et 
al., 1980; 1981; 1982; Kim, 1981) occurs unrelated to the reduction in the ability of the 
secretory cells to release proteins. It is possible, however, that the reduced level of protein 
synthesis in old rats is related to the general decline in the secretory activity of the gland, 
presumably due to the reduced level of digestive activity with age. Thus, the secretory pro- 
teins which are stored in cells for prolonged periods of time might have an inhibitory ef- 
fect on the synthesis of more proteins. 

In fact, there is no significant difference in the cellular level of a-amylase activity in the 
glands of 2 and 24 month old rats, despite the reduction in the level of protein synthesis in 
the older rats. Since this enzyme makes up a large proportion of the secretory protein pro- 
duced by this gland (Schramm, 1968), the results indicate that the cellular level of secretory 
proteins does not change with age. This is the case regardless of whether the comparison is 
made based on the wet weight or the DNA content o f  the gland. The reduction in the 
amount of DNA per unit weight of the gland in the older rats probably reflects the increase 
in the amount of nonsecretory tissues, such as fat, fibrous connective tissue and others 
during aging. The age-related increase in the amount of fat and other supportive tissues 
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Fl~s. 5-8. Light micrographs showing parotid lobules from 24 month old rats incubated 
in the medium containing 10 -5 MIPR for 10 (Fig. 5), 20 (Fig. 6) and 30 (Fig. 7) minutes. 
The lobule shown in Fig. 8 was incubated for 30 minutes in the medium without IPR as a 
control. With increasing time, the number of secretory granules decreases while the lumen 
(L) of the acini widens. After incubating for 30 minutes, the acinar cells are devoid of 
secretory granules. On the other hand, the Iobules incubated without IPR retain most of 
the secretory granules even after a 30 minute incubation ( x 1,000). 

has been reported to occur in parotid glands and other salivary glands (Andrew, 1949; 
Bogart, 1970). 

Previously, we have reported that the cellular level of a-amylase declines with age in 
parotid glands of rats (Kim, 1981). However, these rats, obtained from the aging colony 
maintained at Charles River Breeding Laboratories in Wilmington, Massachusetts, showed 
positive titers for sialodacryoadenitis viruses. Therefore, the reduced level of amylase in 
the gland of these rats could have reflected the clinical manifestations of this salivary 
gland disease. 

SUMMARY 

In order to determine whether there are changes in the cellular secretory activity during 
aging, the ability of parotid acinar cells to release a-amylase has been examined. This was 
done by comparing the release profiles of the enzyme from the glandular lobules of 2 and 
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FIG. 9. Electron micrograph of a lobule incubated for 20 minutes in the presence of 
IPR (10-SM) showing widened lumens (L) of the acinus. The festooned appearance 
of the lumen probably resulted from the fusion of the secretory granules with the cell 
membrane. The amorphous substance present in the luminal space is likely to be the 
secreted contents of the granules. Lipofusion granules (G) which are present com- 
monly in the glands of old rats are indicated ( x 7,000). 

24 m o n t h  o ld  rats  u p o n  s t imula t ion  by  incuba t ing  in the presence o f  a secre togogue,  
i sop ro t e r eno l  ( IPR) .  The  lobules  f rom these two age rats  release a b o u t  the  same p r o p o r -  
t ions o f  the  t issue a - a m y l a s e  at  a b o u t  the  same ra te  u p o n  incuba t ion  with I P R  (10 -5 M). 
The  I P R - s t i m u l a t e d  release o f  the  enzyme is inh ib i ted  s imi lar ly  in these age g roups  by  
p re incuba t ing  the lobules  wi th  a H-blocker ,  p r o p r a n o l o l  (10-5 M). F u r t h e r m o r e ,  the  release 
o f  the  secre tory  p roduc t s  f rom the g lands  o f  the  o lder  rats  seems to occur  by  means  o f  
exocytos is ,  as is the  case in y o u n g  rats.  These  resul ts  indicate  tha t  the abi l i ty  o f  the  cells to  
release secre tory  p roduc t s  t h r o u g h  the s t imula t ion  o f  j3-receptors remains  unchanged  dur-  
ing aging in p a r o t i d  g lands  o f  the  ra t .  
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