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Abstract

Whole-saliva samples were collected under slight suction from children enrolled in a dental-care programme at a baby
clinic and analysed according to sex. The children were allocated to three age groups: 18, 30 and 42 months. No distinct sex
difference was found for flow rate; there was a statistically non-significant tendency for an increased rate in females. In the
males the flow rates of the 30- and 42-month groups were higher than those of the 18-month group; a similar result was obtained
when findings for both sexes were combined. There was no difference in salivary protein concentration between the sexes
or the age groups. Amylase activity increased significantly in males from 18 to 30 months of age. Sialic acid concentration
(nmol/mg protein) showed a sex difference for the 18-month group; it was 38% higher in males than in females, and 48%
higher than in the males of 42 months. This trend toward a reduction in sialic acid concentration with age suggests a reduced
synthesis and secretion of glycoproteins. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction acids Gcanniepo et al., 19390 Also, the maltose and
maltodextrins produced by amylase may be transformed
Human salivary glands are completed morphologically in to polysaccharides known as glucans by a glucosyltrans-
utero and their growth in childhood continues by prolifer- ferase located in the outer surface of mutans streptococci
ation of well-differentiated cellsRedman, 198)7 Salivary (Vacca-Smith et al., 1996 Amylase is produced primarily
secretions are important for oral health, accomplishing by the parotid gland and its activity has been proposed as
mechanical cleansing and protective functions through a a marker for parotid salivéS@s and Dawes, 1987
number of physiological and biochemical mechanisms. There are reports of low salivary amylase activity in in-
Salivary amylase may play an important part in the fants 3-15 days oldBellavia et al., 197Ppand 1 year old
colonisation and metabolism of streptococci, leading to the (Ben-Aryeh et al., 1984 On the other handRossiter et al.
formation of dental plaque and caries. It is a constituent of (1974)reported adult levels of salivary amylase activity in
the acquired pellicle@rstavik and Kraus, 1973; Al-Hashimi  infants 6—12 months old. According @pllares et al. (1979)
and Levine, 198Pand could, therefore, be available to act the salivary amylase activity of a group of 10 children was
as a receptor for the adhesion of micro-organisms to tooth low at birth, increased to a maximum between 90 and 180
surfaces $canniepo et al., 1995A feature of amylase is days and then decreased up to 12 months of age. On the
its ability to bind to bacterial surfaces and to hydrolyse other handBen-Aryeh et al. (1990found a significant as-
starch, giving rise to products that are transformed into cending linear correlation with age for amylase activity from
infants aged 7-11 months to adults up 25-63 years old.
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was to examine salivary variables such as flow rate, amy- of Warren (1959) after hydrolysis with 0.05M sulphuric

lase activity, and protein and sialic acid concentration in the acid solution at 80C for 1 h. Amylase activity was deter-

saliva of children (18, 30 and 42 months of age) enrolled in mined by the method described Bischer and Stein (1961)

a dental-care programme at a baby clinic. as modified byBellavia et al. (1979)using a Beckman
DB-G spectrophotometer. One enzyme unit is defined as the
amount that catalyses the formation ofuthol of maltose

2. Materials and methods under the specified conditions.

2.1. Participants 2.4, Satistical analysis

These were randomly selected from patients enrolledina  Data are presented as mearS.D. The Student'd-test
dental-care programme at the baby clinic of the State Univer- was used to determine differences between the mean of each
sity of Londrina, at the age of 18, 30 and 42 months. The pa- sex group of the same age and between each group of the

tients attending this clinic receive dental care (educative and sgme sex at different ages. The level of significance was
preventative) from 1 year of age upwards. The children were tgken asP < 0.05.

divided into three age groups: (1) 32 infants, 18 months old

(16 boys, 16 girls); (2) 31 toddlers, 30 months old (15 boys,

16 girls); (3) 31 aged 42 months (16 boys, 15 girls). The cri- 3. Results

teria for inclusion were that the patients should (a) be free of

systemic disease and (b) should not have consumed any med- The results of this investigation are expressedidhles 1

ication for at least 15 days preceding the saliva collection. and 2 Table 1shows that the initial flow rates for male
The research ethical committee of the Health Sciences children aged 42 and 30 months were higher than those for

Center, State University of Londrina, approved the study male children aged 18 months. In the female group no such

protocol. Parents/carers were given verbal and written infor- difference was observed. On combining these results for

mation on the study’s aim, after which written consent to both sexes, the 42- and 30-month groups were found to have

their child’s participation was obtained. faster flow rates than the 18-month group. No differences
between males and females were observed in any group. No
2.2. Collection of saliva difference was observed for protein concentration with either

sex or ageTable 1.

Those responsible for each child were instructed not to  Table 2shows that amylase activity increased from 18 to
give him or her food or drink for 2h before the saliva 30 months of age in males. Although for females the mean
collection. To control for circadian rhythms, whole-saliva amylase at 30 months was higher than at 18 months, this
samples were collected between 9 and 11 a.m., by slight difference was not statistically significant. On combining
suction through a soft plastic catheter. During the collec- the results for both sexes there was a statistically significant
tion, which was done in a well-ventilated and well-lit room, difference between 30 and 18 months of age. The value ob-
children aged 18 and 30 months were held by their moth- tained for sialic acid in the male group of 18 months was,
ers/carers (who were comfortably seated) and kept calm. The
42-month-old children were themselves seated. No stimu-
lation was used, although the presence of the soft plastic
catheter might have slightly stimulated the salivary flow.
Saliva collected during the first 10s was discarded; saliva

Table 1
Flow rate and protein concentration of saliva from children attend-
ing a baby clinic, according to age and sex

was then collected for 2 min, so that the initial flow rate could Age Sex n Flow raté Proteirf
be calculated. After this period the sampling continued until (months) (mi/min) (mg/ml)
5 ml of saliva had been collected. If a child was not able to 18 F 16 0.48+ 0.21 1.01+ 0.52
rest, or cried during sampling, their samples were excluded. M 16 047+025ab  0.930.32
Immediately after collection the sample was frozen in dry F+M 32 047£022cd 097043
ice, transported to the laboratory of the Oral Biology Re- 30 F 16 0.53+ 0.27 0.884+ 0.32
search Center, S0 Paulo, and kept&0°C until analysed. M 15 0.73+ 0.34 a 0.93+ 0.23
F+M 31 0.63+032c¢ 0.91+ 0.27
2.3. Analysis 42 F 15 0.61+ 0.30 0.98+ 0.20
M 16 071+ 0.27b 1.02+ 0.48
The saliva was first thawed and centrifuged at 27 30 F+M 31 0.66+ 0.28 d 1.00+ 0.37

for 20 min in a refrlgerated ‘?e”t”fuge- The supernatant Was The same letter indicates statistical difference when compared with
used for the analysis. Protein concentration was determined o5, other by Studenttstest (P < 0.05); n: the number of children

by the method ofowry et al. (1951)using bovine serumal- iy each group; F: female; M: male.
bumin as standard. Sialic acid was determined by the method  apean+ SD.
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Table 2 other hand, in the males this difference was significant. The
Amylase activity and sialic acid concentration of saliva from chil-  groups aged 30 and 42 months had higher initial flow rates
dren attending a baby clinic, according to sex and age than those at 18 months. When data for both sexes were
Age Sex n  Amylasé Sialic acid combined, initial flow rates were found to increase with age.
(months) (wmol maltose/  (wmol/ The 42- and 30-month groups had higher initial flow rates
mg protein) mg protein) than the 18-month group.
18 E 16 9.45+ 4.37 0.211+ 0.077 a Working with children during the first year of life,
M 16 9.47+3.35a 0.292+ 0.132 ab Collares et al. (1979ound that their salivary flow rates
F+M 32 9.47+3.83b  0.250+ 0.114 ¢ were higher between 90 and 180 days of age, a period
30 = 16 12.02% 5.68 0.231+ 0.160 preceding the eruption of the primary teeth. At 1 year of
M 15 12.03+2.89a 0217 0.130 age, the flow rates were about the same of those of chil-
F+M 31 1201+447b 0227+ 0.148 dren 20-36 months old but lower than those of adults.

The values, expressed as confidence intervals, were from
0.26 to 0.55ml/min for children aged 180 days and 0.28
to 0.40 ml/min for children aged 20-36 montiAsdersson
et al. (1974)report flow rates of B9 + 0.21 ml/min for
The same letter indicates statistical difference when compared with 10 years old and.89+ 0.22 ml/min for 13 years old, while
_each other by Studenttsest (P < 0.05); n: the number of children Negoro et al. (2000yeport 0.68 ml/min for children aged
n efl\cﬂh grt:)tug;DF: female; M: male. 4.5-5.5 years. Our values for the initial flow rate varied
eans S b from 0.47 to 0.73 ml/min and no sex differences were noted.
Despite the presence of a soft catheter and slight suction,
approximately 38% higher than that in the female group these values are of the same magnitude as thobkegbro
and 48% higher than that found for the 42-month male et al. (2000)and agree with other reports of increased
group. There was a tendency for the sialic acid concentra- salivary flow rate with age, but no sex difference.
tion to decrease with age in both sexes. This becomes clear Although the Lowry method for protein determination
when the results from both sexes were combined: the sialic (Lowry et al., 195} has been used in all studies thus
acid content decreased by 32% between 18 and 42 monthsfar, the reported mean protein concentrations in children’s
of age. saliva show some variatiodenovuo et al. (1986j)iemon-
strated a behavioural effect on the composition of saliva:
a significantly higher protein concentration in the saliva of
4. Discussion crying (1.89 mg/ml) than non-crying children (1.13 mg/ml).
Bellavia et al. (1979)report a protein concentration of
During infancy, salivary composition undergoes changes 1.9 mg/ml for 3- to 15-day-old infantd3en-Aryeh et al.
that reflect the development and maturation of the salivary (1984) found concentrations varying from 3.60 mg/ml for
glands Ben-Aryeh et al., 1990 Later in this phase of life, children aged 2—3 months to 1.19 mg/ml for children aged
changes such as the eruption of the primary teeth, the in- 7-12 months;Hyyppéa et al. (1989)pbserved concentra-
troduction of solid food and colonisation by a cariogenic tions varying from 0.71 to 0.78 mg/ml in children aged 2—
microflora occur Carlsson et al., 1975; Catalanotto et al., 19 months. We observed no significant difference in the
1975; Berkowitz et al., 1981; Van Houte et al., 1982; protein concentration in relation to age or sex in our partici-
Alaluusua and Renkonen, 1983; Kohler et al., 1988; Karn pants. However, our results, varying from 0.88 to 1.02 mg/ml
et al., 1998; Radford et al., 20pMany studies have shown  for children aged from 18 to 42 months, are compatible with
sex differences in salivary flow rate, although not always some of those previously reported using the same Lowry
to the level of statistical significancéléintze et al., 1983; method. The differences found in protein concentration
Osterberg et al., 1984; Heft and Baum, 1984; Pedersen et al.,might be due to geographic location, the nutritional habits
1985. Higher salivary flow rates in boys than girls have of the individuals and the method of saliva collection used.

42 F 15 9.98+ 1.78 0.181+ 0.072
M 16 10.184+ 3.28 0.197+ 0.083 b
F+M 31 10.08+ 2.62 0.189+ 0.077 ¢

also been reported in children and adolesceftslérsson, Amylase activity is influenced by dietary consistency
1972; Andersson et al., 1974; Klock and Krasse, 1977; and water contentMazengo et al., 1994; Kurahashi and
Crossner, 1984; Kedjarune et al., 1997 Inomata, 1999 Amylase may be present in heterotypic

Using standardised conditions for saliva collection, and complexes with mucin MG1, and these complexes have the
the same suction device for all participants, we calculated the potential to enhance or diminish the biological properties
initial salivary flow rate. We used no stimulation for saliva of the individual componentddntcheva et al., 1997 The
collection, although the presence of the soft plastic catheter activity of this enzyme varies considerably in infants, and it
might have provided a slight stimulus. No sex differences increases rapidly from low values at birth to, approximately
in the initial flow rates were observed in any age group. For two-thirds of adult values by 3 monthSévenhuysen et al.,
females there was a tendency for flow rate to increase with 1984, reaching adult values by 12 montHadssiter et al.,
age, although this was not statistically significant. On the 1974; Collares et al., 19J9The specific activity of amylase
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in adult saliva is nine times higher than in the new-born Ben-Aryeh, H., Lapid, S., Szargel, R., Benderly, A., Gutman, D.,

(Bellavia et al., 1978 they also found electrophoretic dif- 1984. Composition of whole unstimulated saliva of human in-

ferences between infant and adult amylase. We found no sex  fants. Arch. Oral Biol. 29, 357-362.

difference in the specific activity of amylase, although itin- Ben-Aryeh, H., Fisher, M., Szargel, R., Laufer, D., 1990. Compo-

creased significantly with age in males, and in the combined sition of whole unstimulated saliva of healthy children: changes
data for males and females. The values at 30 months of age  With age- Arch. Oral Biol. 35, 929-931. _

were about 27% higher than at 18 months. One explanation Berkowitz, R.J., Turner, J., Green, P., 1981. Maternal salivary levels

. . . . of streptococcus mutans and primary oral infection of infants.
for this difference could be that feeding with solid foods Arch. Oral Biol. 26, 147-149.

has been establllshed by 30 months (,)f age and .the SalllVaryCarIsson, J., Grahnén, H., Jonsson, G., 1975. Lactobacilli and strep-
glands are then influenced by the action of chewing. tococci in the mouth of children. Caries Res. 9, 333-339.

In view of its abundant occurrence in exposed positions  catalanotto, F.A., Shkiair, I.L., Keene, H.J., 1975. Prevalence and
of molecules and its strong electronegative charge, sialic  |gcation of streptococcus mutans in infants and children. J. Am.

acid is thought to have important functions (Sction J. Dent. Assoc. 91, 606—609.
Breast-fed infants reportedly have almost twice as much Collares, E.F., Brasil, M.R.L., Kawazaki, S.T., 1979. Secrecéo de
sialic acid in their saliva as formula-fed infant&ém et al., saliva, concentragédo e secrecdo de amilase salivar humana no

1997. The children of our 18-month group were no longer primeiro ano de vida. Arquivos de Gastroenterologia 16, 91-94.
being breast-fed. We observed a sex difference in the con- Crossner, C.G., 1984. Salivary flow rate in children and adolescents.
tent of sialic acid, when expressed jamol/mg protein, in Swed. Dent. J. 8, 271-276.

that group; the males showed about 38% more sialic acid Fiscl_'ler, E.H., Stein, E.A., 196&x-Amylase from human saliva.
than the females. This difference cannot be attributed ej-  Blochem. Preparat. 8, 27-33. , _
ther to the flow rate or the protein concentration, as no sex Heft, MW Baum, I.B'J." 1.95.34' Unstlmqlated and stimulated parotid
differences in these two variables were found. On the other Zzhvlalggwlrlastgzm individuals of different ages. J. Dent. Res.
Cvi?]df;g;zeaf]?jrlﬁ:gzggrr;;; ;Sél:fv\?hcéi ﬁ:ii%;c;rgiﬁreeszf Heintze, U., Birkhed, D., Bjorn, H., 1983. Secretion rate and buffer

) effect of resting and stimulated whole saliva as function of age
ues for the males of 18 and 42 months, with the 18-month  5n4 sex. Swed. Dent. J. 7, 227-238.

group being 48% higher than the 42-month group. Sim- Hyyppa, T., Karhuvaara, L., Tenovuo, J.0., Vilja, P., 1989. Antimi-
ilarly, when we combine the findings for both sexes, the crobial factors in whole saliva of human infants: a longitudinal
value at 18 months is 32% higher than at 42 months.  study. Pediatr. Dent. 11, 30-36.
The decrease in sialic acid in children’s saliva with age lontcheva, I., Oppenheim, F.G., Troxler, R.F., 1997. Human sali-
might suggest a decrease in the synthesis and secretion of vary mucin MG1 selectively forms heterotypic complexes with
glycoproteins. amylase, proline-rich proteins, statherin, and histatins. J. Dent.
Res. 76, 734-743.
Karn, A., O’'Sullivan, D.M., Tinanoff, N., 1998. Colonization
of mutans streptococci in 8-15-month-old children. J. Public
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