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I. INTRODUCTION

Saliva is regarded as one of the important
factors in regulating oral health, with respect to
both the volume produced and the constituents it
contains.” The mucous membrane are lubricated
and protected by the salivary glycoproteins and
mucoids. Furthermore, saliva keeps the mouth
moist, and softens the food, thereby facilitating
chewing and swallowing.m Also, human saliva
contains a number of antimicrobial agents which
are either synthesized in the salivary glands or
leak into the mouth from blood, usually via
gingival crevices. Examples of purely glandular
antimicrobial products are secretory IgA, salivary
peroxidase, and histidine-rich polypeptides, whe-
reas, e.g, lysozyme, lactoferrin, and IgM may
originate from both saliva and gingival fluids.”

It is commonly believed that decreased

salivation, "dry mouth” is characteristic of the
later years of aging. This is mainly based on
clinical experience. But, the effect of aging on
salivary flow rate remains unclear, since confli-
cting observations exist in the literature. Bertram
(1967) reported significant reduction in the flow
rate of unstimulated whole saliva when healthy
males aged 65 years or older were compared with
those of younger than 65 yearsf” And, an age-
related reduction in secretion rates of both
resting and stimulated whole saliva(Heintze et
al., 1983), a decrease in whole salivary flow rates
with age(Gutman and Ben-Aryeh, 1974), and a
reduction rate with aging(Yaegaki et al., 1985)
have all been reported.s’” On the other hand,
many recent studies have failed to find signifi-
cant effects of age on unstimulated or stimulated
parotid as well as whole salivary flow rate.
Age-related decline was not observed in other
studies with stimulated whole salivary flow rate(
Parvinen and Larmas, 1982), stimulated parotid
saliva flow (Baum, 1981), or unstimulated whole
and stimulated whole and parotid saliva (Gandara
et al, 1985).% " The variation in results might be
the difficulties associated with measuring resting
saliva, and some studies may have included
subject on systemic medications.

In saliva the predominant immunoglobulin is
dimeric secretory immunoglobutin A (S-IgA), but
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monomeric IgA, which diffuses from serum, may
also be detected in whole saliva.”’ Other immu-
noglobulin classes (IgG and IgM) are also present
in saliva but in markedly lower amounts. Secre-
tory IgA antibody is found in human external
secretions which includes saliva, tears, milk and
the mucus secretions of the gut and upper
respiratory tracts.”? 1t is generally accepted that
S-IgA antibodies act in a "first line” of mucosal
defense principally by simple binding to soluble or
particulate antigens. This function of "immune
" exclusion” is probably enhanced by cooperation of
S-IgA with nonspecific defense factors.™*®
Most salivary IgG reaches the oral cavity
through the gingival crevice and is mainly
derived from serum, although a minor fraction of
the crevicular IgG may originate in local plasma
cells when the gingiva is inflamed. Crevicular
IgG antibodies have definitely been shown to
inhibit colonization of S. mutans and can protect
significantly against tooth decay in monkeys.“)
Immunoglobulin levels in saliva are not con-
stant, and changes in salivary flow can signifi-
cantly influence IgA level”” And aging is also
believed to affect the levels of salivary immu-
noglobulins. However, there is no clear relation-
ship regarding the influence of the aging process
on the secretory immune responses. Alford
reported an age-associated decrease in IgA levels
in the nasopharyngeal washing of elderly
people, but Challacombe reported that the IgA
and IgG levels in whole saliva increased
significantly in the oldest age group, but no
changes were detected in IgM levels.'® And other
workers found that salivary immunoglobulin
concentrations did not change with age when
young and old population were compared.ml)
Lactoferrin, an iron binding glycoprotein with
antibacterial properties, is common to all exocrine
gland secretions including tears, milk and saliva.
The biological function for lactoferrin has been
attributed to its high affinity for iron and its con-
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sequent deprivation of this essential metal from
pathogenic microorganisms. Although it was
initially thought that the antibacterial effect was
due to the iron binding capacity of lactoferrin,
recent studies indicate that lactoferrin also has a
direct effect on certain bacterial strains.”® Be-
sides its role in bacterial immunity, lactoferrin
has been shown to play a role in the regulation
of the production of granulocyte and macrophage
~derived colony-stimulating factors.?®

In the lactoferrin levels in whole saliva, Teno~
vuo et al. reported that the lactoferrin concentr-
ations are significantly lower than in adults®’
But Cole et al. reported that among 7 to 12-years
—old children the whole saliva values are already
close to those of adults although the salivary
concentrations slightly increase with age.zs)

Salivary electrolytes have been extensively
studied, and the normal concentrations of the
principal electrolytes are well documented. The
concentrations of electrolytes alter as salivary
flow rate alters and may vary with time of day
in any one individual, while age and possibly sex
may be sources of variation between individuals.
The ionic composition of unstimulated whole
saliva in infants was studied by Ben-Aryeh et al.
They observed that calcium, magnesium and
chloride concentrations were higher in infants
than in adults, calcium and magnesium concent-
rations remaining high throughout the first year
of life while chloride concentrations fell toward
adult levels.® And Chaucey reported that sodium,
calcium and chloride concentrations were lower in
acid-stimulated parotid saliva from older subjects.””

Sodium and chloride ions reach saliva in the
acinus, and their concentrations in acinar fluid are
similar to those in interstitial fluid and plasma.
The final concentrations of sodium and chloride in
saliva depend upon the extent of reabsorption of
these two ions which occur in the striated ducts.
The mechanism of reabsorption is a Na/K'-
ATP-ase system situated in the walls of the



ductal cells distant from the lumen. The extent of
reabsorption is directly related to the time that
the secretion takes to traverse the ducts and is
therefore inversely related to flow rate.' Thus
damage to the acinar cells reduces flow rate but
does not affect sodium and chloride concent-
rations in the primary secretion; damage to the
ductal cells may affect reabsorption of these ions
and therefore result in inappropriately high con-
centrations of sodium and chloride relative to
flow rate. Potassium concentrations in saliva are
five to ten times high as in plasma. This ion
reaches saliva by active processes in both the
acini and the ducts, and sodium-potassium
exchange in the ducts accounts for only a part of
the secretory processes in that situation® Thus
potassium concentration are relatively flow rate
independent. But, little is known of how
magnesium reaches saliva or of how far
concentrations are related to blood vessels.

In this study, we examined a healthy, non-
medicated aged population, and the aims were to
investigate and compare age-related changes in
mucosal immunoglobulins, lactoferrin and elec-
trolytes.

o. MATERIALS AND METHODS
1. Study population

Fifty nine healthy unmedicated subjects parti-
cipated in this study and were devided among the
following four groups according to their age :
group A, 10~15 years (7 males and 7 fermales) ;
group B, 20~30 years (8 males and 7 females) ;
group C, 40~50 years (7 males and 7 females) ;
group D, >60 years (7 males and 9 females).
(Table 1)

2. Saliva collection

Unstimulated (resting) whole saliva was colle-

Table 1. Age distribution of the unmedicated

subjects
Group Age Sex Number  Mean Age
A o B0 g
s o § 3 aem
c w0 § 7 mesw
0wy g Emm

cted from all subjects by direct expectoration into
a sterile container over a period of 5 minutes to
enable the calculation of flow rate. The flow rates
of unstimulated whole saliva was expressed as
ml/min,

Saliva collection was performed between 9:00
am. and 11:30 am. to minimize the effects of
diurnal variability in salivary composition. The
subject refrained from eating, drinking and
brushing prior to sample collection.

Unstimulated whole saliva was clarified by
centrifugation at 2,500Xg for 15 min;, sediments
were discarded and aliquots of clarified saliva
were stored at -207C.

3. Quantification of salivary immunoglobulins

All salivary immunoglobulins (IgA, IgG, IgM)
were identified and quantitated by an ELISA. In
this study unstimulated whole saliva was diluted
with 50mM Tris butter, 0.15M NaCl (10X, 30X,
100, 300, 1000X). Microtiter plates were co-
ated with 10044 of diluted samples and standards
(Human IgA. Human IgG. Human IgM. Sigma
Chemical Co.) and incubated at 37T for 2 hours.
All samples were tested at least in duplicate.
After washing the well 6 times with 0.1% Tween
20, 50mM Tris buffer, 0.15M NaCl solution
(washing solution), the microtiter plates were
coated 200ml with 5% BSA, 50mM Tris buffer,
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0.15M NaCl (blocking solution). Incubation and
washing buffers contained Tween 20 for mini-
mization of nonspecific binding in the assay.
After incubation for 1 hour and washing, each
well were coated with 100 of either a 1:1000
dilution of goat anti-human IgA o -chain specific
(peroxidase conjugate) or 1:3000 dilution of goat
anti-human IgG (peroxidase conjugate) or 1:1000
of anti IgM g -chain specific(Sigma Chemical
Co) diluted in phosphate-buffered saline (PBS)
solution containing azide.

For immunoglobulin estimation, a standard
curve was included in each plate composed of 6
doubling dilutions in duplicate of purified immu-
noglobulins starting at 0.391pg/ml (0.391yg/ml~
12.50ug/ml).

After further incubation and washing, the
assay was developed with OPD tablet (O-pheny-
lenediamine dihydrochloride) substrate (Sigma
Chemical Co.) for 30 min for all isotypes. The
optical density of each well was determined with
EIA reader model 312A (Bio-Rad Lab. Hemel
Hempstead. UK). Concentrations were expressed
as pg/ml. The value for each sample was taken
as the mean of the doubling dilutions falling
within the standard curve.

4. Quantification of lactoferrin

The lactoferrin concentration was determined
in an indirect ELISA. Briefly, a microtiter plates
was coated with 100ug sample. After incubation
and rinsing, the well coated with 5% BSA, 50mM
Tris buffer, 0.15M NaCl Solution (blocking
solution). After further incubation and washing,
1:300 dilution of anti-human lactoferrin (deve-
loped in rabbit) was added to each well and the
plate incubated at 37°C. Then 1:3000 dilution of
anti-rabbit IgG to peroxidase conjugate was
added and the plate incubated for 2 hours. After
rinsing, residual peroxidase activity was mea-
sured as described in the ELISA for salivary
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immunoglobulins.
5. Electrolytes analysis

Sodium, potassium and magnesium contents
were determined with atomic absorption spectro-
photometer (spectr AA-20, Varian Techtron Pty.
Limited, Mulgrave, Victoria, Australia). And chl-
oride content was measured by ionchromato-
graphy (Dionex DX 500 chromatography sys-
tems, Dionex Corp., Sunnyvale, CA, USA).

6. Statistical analysis

Data are expressed as mean = SEM. Diffe-
rences among means were analyzed by T-test
and ANOVA with SAS program.

. RESULTS

Although the unstimulated salivary flow rate
fluctuated with age, the analysis of variance did
not reveal any significant influence of age on the
salivary secretion rate. Females had a lower
mean flow rate than did males in every age
group. Especially in group B, females had a
significant lower flow rate than male (p<0.05). In
the male group B (20~30 years) has a maximal
flow rate and Group D (60-years) had in the
female group(Table 2). This was not, however,
statistically significant.

The concentrations of salivary immunoglobu-
lins (IgA, IgG and IgM) in the 4 age groups are
presented in Table 3.

The IgA levels were maximal in Group B and
then declined and in the male groups. Group
Band C had significantly higher value than group
A. In the group A, females had a higher IgA
levels than males (p<0.05). There was no appa-
rent trend in the IgG with age and sex, whereas
IgM levels were significantly reduced in males of
group D (p<0.05).



Table 2. Flow rates of unstimulated whole saliva in relation to age.

(ml/min)

Group Male Female Total Difference between males and females
A 0.368£0.132  0204+0.124 0.331+0.129 N.S.
B 0449£0.111 03180069 0.38+0.113 *
C 034510059 02870166 0.316+0.124 N.S.
D 0416%0.169  0.333%£0270 037010228 N.S.
Difference in each groups N.S. N.S. N.S.

* @ Statistically significant (p<0.05)
*x [ Statistically significant (p<0.01)
N.S. : Not significant

Table 3. Immunoglobulin concentrations in whole saliva in relation to age.

(ug/mi)

Group Male Female Total Difference between sexes
A 56.73£23.28 90.67+23.28 73.70£27.73 *
B 91.95£3450 98.38+£21.70 94.95+2842 N.S.
IgA C 91.16+21.14 864512676 88812330 N.S.
D 75.60+32.09 7545+ 2773 755212867 N.S.
Difference in each groups (AB) * (AC) * N.S. N.S.
A 1.277+0.332 1.231+0.556 1.254+0.440 N.S.
B 1.034+0.605 1.103£0.756 1.066+0.665 NS.
IgG C 1.731£0.596 1.677£0.679 170420615 N.S.
D 1.263+0.947 1.47£0.879 1.362+0.884 NS.
Difference in each groups N.S. N.S. N.S.
A 1.631+0.898 2.6331£1.597 2.132%1.349 NS.
B 1.04510.846 11151212 1.078£0.9M N.S.
IgM C 2.137+1.423 222412797 2181%+2.133 NS.
D 066910493 1.663£1.210 1.228+1.067 *
Difference in each groups (CD) * N.S. N.S.

* @ Statistically significant (p<0.05)
*x | Statistically significant (p<0.01)
N.S. : Not significant

The lactoferrin levels in saliva was maximal in
group B. In the males group, the lactoferrin level
in group A was significantly lower than in group
B (p<0.05) and males had lower lactoferrin levels

than females in group A(Table 4).

There was no significant differences in sodium,
potassium, calcium and magnesium between
males and females. The concentrations of ele-
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Table 4. Lactoferrin levels in whole saliva in relation to age. (u8/ml)

Group Male Female Total Difference between sexes
A 27183%£975 471811364 375111518 *
B 46.23+£14.70 50.15%£12.40 4806£13.34 NS.
C 37731804 42.05+12.31 3989+10.24 NS.
D 39.00x15.16 3898£15.70 389911495 NS.
Difference in each groups (AB) * N.S.
* . Statistically significant (p<0.05)
** . Statistically significant (p<0.01)
N.S. : Not significant
Table 5. The concentrations of electrolytes in whole saliva in relation to age. (zmol/ml)
Group Male Female Total Difference between sexes
A 469412074 445411.117 457411.605 N.S.
B 5.009+2.221 3211*+1.621 4170%2.111 NS.
Sodium C 5251%t1.261 6.8831+3876 6.067£28% N.S.
D 452117147 5.177£2.349 4.890+2.068 NS
p NS. (B,C) * N.S.
A 1491£2.30 1210£1.95 1351%252 *
B 1502576 11.03+551 13.16+5.82 NS.
Chloride C 1529452 1917159 17.23+546 N.S.
D 16.39+7.03 19.43%£8.76 1810795 N.S.
p N.S. (AC) *, (AD) x (AQC) * (AD) *
A 2410129 229%5129% 23521291 N.S.
B 2228+557 1863592 20571584 N.S.
Potassium C 20651684 25.01£7.20 21.33£7.15 N.S.
D 24.73+6.76 27.32£9.09 26.18£8.01 N.S.
p (B,C) * (B,C) *
A 0.136+0.077 0.229+0.139 0.182+0.118 N.S.
B 0.244%0.116 0.187£0.068 0.217£0.0% NS.
Magnesium C 0.309%+0.211 0.203£0.203 0.301£0.199 N.S.
D 0.3360.168 0.333%+0471 0.334%0.360 N.S.
p (AC) * (AD) = NS.

*  Statistically significant (p<0.05)
*x © Statistically significant (p<0.01)
N.S. : Not significant

ctrolytes showed the increasing pattern with
aging.

Although the result was not statistically signi-
ficant, the concentration of sodium and potassium
in unstimulated whole saliva was maximal in
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group C, and the concentration of chloride and
magnesium was maximal in group D. But there
was no apparent trend in the concentration of
electrolytes with aging. And there was no
significant difference between both sexes. The



only exception was that male had a higher
chloride levels than females in group A(Table 5).

Iv. DISCUSSION

The results of the present study have
demonstrated that there is no age-associated
diminution in fluid output for unstimulated states
in unmedicated healthy elderly subjects of aged
populaticn when compared with the younger age
groups. This result is in agreement with those of
previous studies where no significant changes in
flow rate of unstimulated whole saliva with aging
has been reported®® but not with others.®¥
The unexpectedly high flow rate recorded in the
oldest age group of both sexes is thought to be
related to the fact that unmedicated subjects of
this age group are probably in very good health,
since a weakened condition has been reported to
reduce salivary output in the elderly, as do many
drugs.w)

The high values in the elderly also show that
the suppressing effect on flow rate caused by the
structural changes in salivary glands is not as
pronounced as commonly believed. The belief
that salivary flow rate is low in the elderly is
probably due to side-effects from medication.

Multiple investigators have determined that
parotid gland function is not decreased with
aging.w' And we know from several studies that
the actual amount of salivary acinar tissue in
human submandibular glands is reduced by about
30% in older persons.ﬁ”w Further, it appears that
all salivary flow is secreted by acinar elements.®
And the majority (669%) of unstimulated whole
saliva is contributed by secretions from sub-
mandibular and sublingual glands.”

Based on the previous study and our results,
we conclude that despite marked reductions in
acinar volume, the human submandibular gland
retains what may be termed a "reserve secretory
capacity”, enabling it to perform normally. This

is also exist in the human parotid gland.m The
results of this study suggest that all salivary
parenchymal tissue is not functionally active at
all times.

Our finding that females had lower secretion
rates of unstimulated whole saliva compared with
males is in agreement with other reported results
for whole saliva.®® This difference between the
sexes have been explained on the basis of female
salivary glands being smaller than those of
males.® The hormonal status is considered to be
another factor” But this loss of estrogens would -
not be sufficient to account for reduced flow in
females of all age group, since women in older
age group is similar flow rate to younger group.

In the present study, there is no apparent trend
in the levels of salivary immunoglobulins and
lactoferrin  with aging. And the groups of
relatively healthy geriatric individuals (Group D:
60~ years) have a similar immunoglobulins and
lactoferrin contents in their saliva to healthy
younger individuals.

A correlation was found between the salivary
immunoglobulin levels of this study and serum
immunoglobulin levels with aging in the earlier
study.™" The mucosal surfaces are important
because they are the initial contact areas between
the host and potentially pathogenic microor-
ganismsfm Our findings that levels of secretory
IgA are not diminished in whole saliva of the
oldest age group would appear to indicate that
the mucosal surfaces in elderly people are well
protected. And there was no consistent trends in
relation to age in the levels of IgG and IgM
antibodies in whole saliva. Assuming maintained
level of antibodies, both this and earlier obser-
vations would therefore suggest that the elderly
should be more resistant to infections, not more
susceptible. However, increased immunoglobulin
levels do not necessarily mean that this age
group has normal immune function, since it has
been demonstrated that aberrations in immunog-
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lobulin synthesis and appearance of ineffective
broken IgA fragments increasingly occur with
age.4’3) The total secretory antibody response,
including affinity, avidity and memory,m)
just antibody levels per se may be more impor-
tant parameters to consider when relating
secretory antibody to protection of mucosal
surfaces. An earlier study has shown that
salivary antibody functions were altered in
elderly subjects where an impairment in the
opsonic activity, as demonstrated by reduced
phagocytosis of yeast, was observed despite
subjects having normal salivary IgA levels.™
Both salivary IgA and IgM are known to be
important for the protection of mucosal surfaces,
and in the absence of IgA synthesis, compen-
satory mechanism for IgM production can
occur.

In this study, the secretion rates of salivary
immunoglobulin are not measured. Challacombe
et al. reported that secretion rates of salivary IgG
and IgM in elderly people were significantly
reduced, whereas the immunoglobulin concent-
ration were not affected'® And it probably
reflects age-related changes in secretory and
removal rates, which may lead to inadequate
protection of mucosal surfaces in elderly people.

Aging appears to modify several aspects of
mucosal immunity. Systemic or mucosal immuni-~
zation of rodents or primates with purified
antigen resulted in significantly lower levels of
IgA antibody in secretion of old vs young
animals, although the output of total IgA was not
diminished in any of these animal studies.”
Kawanishi et al have demonstrated intrinsic
defects in dimeric IgA production and in sup-
pressor T-cell populations in lymphatic tissue of
senescent mice.®” Taken together, these obser-
vations suggest that the quality of mucosal
immunity may become compromised with aging
despite apparently "normal” quantities of salivary
immunoglobulin.w

and not
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The lactoferrin level in unstimulated whole
saliva have no significant changes with those
study of Tenovuo et al. and Cole et al. R ) hey
reported that the lactoferrin concentrations were
significantly lower than in adults. And among
7-to-12 years old children the whole saliva
values were already close to those of adults
although the salivary concentrations slightly
increase with age. Lactoferrin is considered to
play an important role in nonspecific defence
against a variety of bacteria. ™ Although it was
initially thought that the antibacterial effect was
due to the iron binding capacity of lactoferrin,
recent studies indicate that lactoferrin also has a
direct effect on certain bacterial strains® and can
inhibit the formation of the classical C3 conver-
tase of the complement system and thus can
prevent the formation of the biologically active
complement fragments C3a and C5a.® Although
our results have demonstrated that salivary
lactoferrin levels in whole saliva was no signifi-
cant change between young and old age
populations, this does not eliminate the possibility
of impairment in lactoferrin functions, which will
require further investigation.

In this study, the electrolytes (sodium, potas-
sium, chloride, magnesium) concentration of
unstimulated whole saliva in different age groups
is increased with aging, but there was no
significant difference. This result is in agreement
with the study of Gutman and Ben-Aryeh that
sodium concentrations were slightly lower in the
young adults than in the older age group.e) The
sodium and chloride ions reach saliva in the
acinus, and their concentrations in acinar fluid
are similar to those in interstitial fluid and
plasma.' The final concentrations of sodium and
chloride reabsorption of these two ions which
occurs in the striated ducts.

Damage to the acinar cells, therefore, reduces
flow rate but does not affect sodium and chloride
concentrations in the primary secretion results in



inappropriately high concentrations of these ions
relative to flow rate. Although the level of sod-
ium and chloride is directly related to the
secretion rate the high concentration of these two
ions in older age groups suggest that there are
impairment in ductal cell in the elderly.“)
Consequently damage to the ductal cells may
affect reabsorption of sodium and chloride
therefore result in high concentrations in the
older age group.

Potassium reaches saliva by active processes
in both the acini and the ducts and sodium-
potassium exchange in the ducts accounts for
only a part of the secretory processes in that
situation.? Thus, potassium concentrations are
relatively flow rate independent. The concent-
rations of magnesium fall as flow rate increases
,49’ but little is known of how magnesium reaches
saliva or of how far concentrations are related to
blood vessels. The levels of potassium and
magnesium are increased with age, although this
is not statistically significant, but the meaning of
this increase has not been well introduced. Future
researches on oral and salivary changes with
aging will give us more information on the
changes of salivary components with aging.
Thus these study will give us basic information
which is essential for developing artificial saliva
close to actual human saliva.

V. CONCLUSIONS

Saliva is regarded as one of the important
factors in regulating oral health, with respect to
both the volume produced and the constituents it
contains. Although numerous studies on the
secretion and components of saliva have been
published, the effects of aging on salivary flow
and composition remains unclear, since confli-
cting observations exist in the literature. Also,
there are few published data about age related
changes in concentration of lactoferrin and

electrolytes.

To provide the effects of aging on salivary
secretion and salivary constituents, the author
investigated fifty nine healthy unmedicated
subjects. The subjects in this study were devided
among the following four groups according to
their age : group A, 10~15 years (7 males and 7
females); group B, 20~30 years (8 males and 7
females); group C, 40~50 years (7 males and 7
females); group D, =60 years (7 males and 9
females). And the author collected unstimulated
saliva from all subjects and investigated salivary
flow rate and the concentration of immunoglobu-
lins, lactoferrin and electrolytes(sodium, chloride,
potassium, magnesium) in each subjects.

The author came to the following conclusions
after having examined the results of this study.

1. There were no significant differences of the
whole salivary flow rates in each age group.
Within each age group, female had lower
mean flow rates than males, but these
differences were significantly only in the
20-30 age group(Group B). (p<0.05)

2. Although there was no apparent trend with
age and sex, the levels of IgA and lactoferrin
in whole saliva were significantly lower in
10-15 (Group A) male group.

3. The concentration of IgG in human whole
saliva was not significantly affected by aging
and sex.

4. The concentration of IgM was significantly
lower in 60-(Group D) male group.

5. The concentration of electrolytes (sodium,
chloride, potassium, magnesium) showed the
increasing pattern with aging. The concen-
tration of magnesium and chioride displayed
the highest value in 60~ age group (Group D),
and the conc. of sodium and potassium were
maximal in 40-50 age group (Group C). But
there was no significant difference between
both sexes.
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