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Summary-The effects of @-adrenoceptor antagonists on salivary secretion have been extensively studied 
in animals but not in man. The aim here was to compare salivary flow rate and composition in man during 
1 week of treatment with a non-selective (propranolol80 mg b.i.d.) and a &selective (atenolol50 mg o.d.) 
antagonist with that of placebo. The randomized, double-blind, cross-over (“Latin square”) design was 
used and 42 healthy male volunteers were recruited to the study. The treatment periods were separated 
by a wash-out period of 2 weeks. Whole saliva was sampled on day 0 (before) and on day 7 during each 
treatment. The plasma concentration of propranolol and atenolol was determined from blood samples 
obtained on day 7. Resting saliva was assessed for flow rate, amylase activity and concentration of total 
protein, hexosamine and sialic acid. Stimulated saliva was assessed for flow rate, pH, buffer pH, amylase 
activity and concentration of total protein, Ca*+, M$+, Na+, K+, Cl- and PO:-. In resting as well as 
stimulated whole saliva both the total protein concentration and the amylase activity were significantly 
decreased during the active treatment periods (p <0.05-p < 0.001). At lunchtime during atenolol 
treatment the hexosamine/total protein and the sialic acid/total protein ratios were significantly increased 
@ < 0.05-p c 0.01). suggesting a possible effect on protein synthesis. In addition, the concentrations of 
Ca*+, PO:-, Cl- and M$+ were significantly altered during the active treatment periods (p < 0.05- 
p < 0.001). The results suggested that the ductal Na+ and Cl- transport is under j-adrenoceptor control. 
Therapeutic doses of either the non-selective (propranolol) or the &selective (atenolol) adrenoceptor 
antagonist thus significantly altered the composition of resting as well as stimulated whole saliva in healthy 
male volunteers, without affecting secretion rates. 

Key words: atenolol, j-adrenoceptor antagonists, hypertension, propranolol, saliva composition, saliva 
secretion, side-effects. 

In a previous study we have reported on the effects 
on whole saliva secretion of one of the first-line 
alternatives in the treatment of high blood pressure, 
the thiazide diuretic bendroflumethiazide (Nederfors, 
Twetman and Dahliif, 1989). Another first-line anti- 
hypertensive treatment is /3-adrenoceptor antagon- 
ists. 

Most available j-blockers seem to be efficacious and 
well tolerated. However, there are differences between 
j-blocking agents regarding side-effects (Hansson, 
1983). In about 15% of the patients the side-effects 
are so severe that they motivate re-evaluation of drug 
treatment (Report of Medical Research Council 
Working Party on Mild to Moderate Hypertension, 
1981; Bai, Webb and Hamilton, 1982). The perceived 
side-effects may negatively influence the general quality 
of life of the patients (Croog et al., 1986; Dahliif and 
Dii’nenls, 1990). One of the most frequently reported 
side-effects of treatment with fl-adrenoceptor antagon- 
ists is gastrointestinal disturbance. The mouth consti- 
tutes the first part of the gastrointestinal tract, which 
makes it of interest to evaluate side-effects in this 
region, especially those concerning saliva production. 
The salivary gland cells are abundantly provided with 

fl-adrenoceptors, mainly of the &-subtype (Carlsiiii 
et al., 1981; Schneyer and Humphreys-Beher, 1987; 
Iwabuchi, Aoki and Masuhara, 1988). &receptors 
are present both in the glandular duct cells and in 
blood vessels of the salivary glands. 

The effects of /3-adrenoceptor antagonists have 
been extensively studied in different animal models, 
mostly using the rat. j-blocking agents have been 
shown to influence amylase activity (Olsen et al., 
1988), secretion of glycoproteins (Iwabuchi, Aoki and 
Masuhara, 1988) and proline-rich proteins (Johnson 
and Cortez, 1988; Watson et al., 1990), and concentra- 
tion of sodium and potassium (Jirakulsomchok and 
Schneyer, 1987a) as well as of calcium and phosphate 
(Schneyer, 1986; Ryberg et al., 1989). Studies in man, 
however, are sparse. Parvinen, Parvinen and Larmas 
(1984) demonstrated that female patients taking fl- 
blocking drugs had a significantly decreased flow rate 
of stimulated whole saliva. Laurikainen ef al. (1988) 
showed an acute effect of the non-selective f3-adreno- 
ceptor antagonist timolol on both total protein con- 
centration and amylase activity in parotid saliva in 
healthy volunteers. 

Our aim now was to evaluate further possible 
effects on the flow rate and composition of whole 
saliva in man during treatment with the /$-selective 
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Fig. 1. ‘Latin square’ study design. The three different treatment periods are represented by horizontal 
bars and experimental days are indicated by vertical bars. 

antagonist atenolol, the non-selective /3-adrenoceptor 
antagonist propranolol or placebo in healthy male 
volunteers. 

MATERIALS AND METHODS 

Study design 

a Forty-two healthy male volunteers were included. 
The mean age was 24 f 4 yr, range 20-38 yr. During 
the tests, two of the subjects left the study because of 
severe, subjectively perceived side-effects, one during 
the atenolol and one during the propranolol treatment. 
Another two were excluded because they violated the 
protocol (zero drug-concentration in plasma). Thus, 
the final material consisted of 38 subjects. 

The study had a randomized, double-blind cross- 
over (‘Latin square’) design (Fig. 1). The effect of 
atenolol(50 mg o.d. Tenormin@, ICI Pharmaceuticals) 
and propranolol(80 mg b.i.d. Inderal@, ICI Pharma- 
ceuticals) was compared with that of visually identical 
placebo tablets. The tablets were taken at 7 a.m. and 
7 p.m. on days 1-7. A double-dummy technique was 
used in order not to reveal any of the treatment 
alternatives. The treatment periods were separated by 
a wash-out period of 2 weeks. 

Plasma concentrations of atenolol (/$-selective) 
and propranolol (non-selective) were determined 
from blood samples taken at 10 a.m. on day 7 in each 
treatment period. 

Saliva sampling and ~alua~ian 

Saliva was sampled before meals twice daily on 
days 0 and 7 in each treatment period, at 7:30-830 
in the morning and at lunchtime (ll:OO-12:OO). 
Unstimulated whole saliva was collected by passive 
drooling into ice-chilled test tubes during 5 min with 
the test subjects sitting in a relaxed position. Immedi- 
ately afterwards, salivary secretion was stimulated 
by paraffin-chewing for 5 min. The saliva produced 
during the first 2min was discarded and that pro- 
duced during the following 3 min was collected in 

ice-chilled test tubes. Secretion rates were calculated 
by a gravitation method and expressed as ml/min. 

Resting whole saliva was assessed for flow rate, 
amylase activity and concentration of total protein, 
hexosamine and sialic acid. For hexosamine and sialic 
acid, the relative share of total protein was also 
calculated. Stimulated whole saliva was assessed 
for flow rate, pH, buffer pH, amylase activity and 
concentration of total protein, calcium, chloride, 
ma~esi~, phosphate, potassium and sodium. 

The pH value was immediately determined with 
a pH meter (PHI 61, Beckman Instr, Inc., Irvine, 
CA, U.S.A.). Buffer pH was determined according 
to Ericsson (1959). For unstimulated saliva one and 
for stimulated saliva two test tubes were immediately 
frozen and kept at -70°C until further analysed. 

Protein concentration was measured according to 
Lowry et al. (1951) using bovine plasma albumin 
as standard; amylase activity using the Phadebas” 
Amylase Test (Pharmacia Diagnostics, Uppsala, 
Sweden); hexosamine using a modified Elson- 
Morgan method (Blix, 1948); and sialic acid accord- 
ing to Warren (1959). Calcium, chloride, magnesium, 
potassium and sodium were measured by atomic 
absorption (Varian Techtron AA6, Varian ASSO& 
ates, Instrument group, Palo Alto, CA, U.S.A.). 
Chloride concentration was measured indirectly. 
Phosphate concentration was measured spectrophoto- 
metricaliy according to Murphey and Riley (1962). 
The chemical analyses were done at the Laboratory 
for Oral Biochemistry, University of Umeii, Sweden. 

Statistical analyses 

Statistical analyses were by Student’s paired 
two-tailed f-test. 

RESULTS 

Resting and stimulated whole saliva secretion 
rates are presented in Table 1. The values given are 
the means of three different measurements (baseline 
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Table 1. Secretion rates (ml/m@ for resting 
and stimulated whole saliva in healthy male 
volunteers (n = 38) at baseline in the morning 

and at lunchtime 

Total protein concentration and amylase activity 
in stimulated whole saliva are presented in Table 3. 
Also for stimulated whole saliva the lunchtime 
values were significantly higher (about 35 and 70%, 
respectively). Mean It SD 

Resting 

Stimulated 

Morning 0.4 + 0.2 
Lunch 0.5 f 0.3 

Morning 1.9* 1.1 
Lunch 2.3 f 1.7 

values in each treatment period). For both resting 
and stimulated secretion rate the lunchtime values 
were significantly (p < 0.001) higher than in the 
morning. There was no significant effect of drug 
treatment on either resting or stimulated flow rate. 

Total protein concentration and amylase activity 
in resting whole sahva are presented in Table 2; 
the lunchtime values were about 15 and 35%, 
respectively, higher than in the morning. 

During treatment with either atenolol or 
propranolol both total protein concentration and 
amylase activity was decreased as compared to base 
line (Table 2). This effect was more pronounced at 
lunchtime, especially during treatment with atenolol. 

At lunchtime, during treatment with atenolol, there 
was a significant increase in the hexosamine/total 
protein ratio (p < 0.05) as well as in the sialic acid/ 
total protein ratio (p < 0.01) in comparison to baseline 
(data not shown). 

Table 2. Total protein concentration and amylase activity in resting whole saliva in the morning and at lunchtime before 
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During treatment with either atenolol or propra- 
nolo1 the decrease in total protein concentration in 
stimulated saliva was even more pronounced than in 
resting saliva. Amylase activity showed a significant 
decrease during the active treatment periods. This 
effect was, however, complex (Table 3). Amylase act 
ivity was also significantly decreased by about 
8% during treatment with placebo in comparison to 
baseline. 

Mean values for sodium, potassium, calcium, 
phosphate, chloride and magnesium concentrations 
in stimulated whole saliva are presented in Table 4. 
During the different treatment periods, most 
electrolyte concentrations were affected. Sodium 
showed a decrease in concentration during treatment 
with placebo but an increase during active drug 
treatment. The potassium concentration was basically 
unchanged. 

Regardless of treatment, there was a small increase 
in calcium concentration as compared to baseline. 
This increase was especially pronounced at lunchtime 
during propranolol treatment. For phosphate concen- 
tration the changes were in the opposite direction. 
Thus, during both atenolol and propranolol treat- 
ment there was a small but significant decrease in 
phosphate concentration. 

(day 0) and during treatment (day 7) of healthy male volunteers (n = 38) with placebo, atenolol and propranolol 

Mean k SD 

Morning 

Mean f SD Mean f SD Mean f SD 

Lunch 

Mean f SD Mean f SD 

Day 0 
Protein (mg/l) 1458 f 697 1349 f 692 1466 f 730 1617 k 670 1527 f 559 1693 f 687 
Amylase (U/ml) 163 _+ 153 130*94 165 _+ 171 313+291 310 f 277 291 f 197 

Morning Lunch 

Placebo p Atenolol p Propranolol p Placebo p Atenolol p Propranolol p 

Day 7 
Protein (mg/l) 1489&903 NS 1287f625 NS 1395&739 NS 1516f512 NS 1305k517 ** 1477f613 * 
Amylase (U/ml) 132 *98 NS 104 f 103 NS 98f82 * 269* 197 NS 169& 155 *** 215 & 140 * 

Statistical calculations (r) concern differences between baseline (day 0) and treatment (day 7) periods. 
Significance levels *p < 0.05; l *p -e 0.01 and ***p < 0.001. NS, Not significant. 

Table 3. Total protein concentration and arnylase activity in stimulated whole saliva in the morning and at lunchtime before 
(day 0) and during treatment (day 7) of healthy male volunteers (n = 38) with placebo, atenolol and propranolol 

Morning Lunch 

&an f SD Mean f SD Mean f SD Mean f SD Mean f SD Mean f SD 

Day 0 
Protein (mg/l) 836 f 193 801 f 215 802 f 225 1086 + 193 1108 f 270 1104*338 
Amylase (U/ml) 199 f 109 208 f 141 208 f 114 346 + 196 362 f 213 341 f 167 

Morning Lunch 
- 

Pl.acebo n Atenolol p Pronranolol p Placebo p Atenolol p Propranolol p 

Day 7 
Protein (mg/l) 8lgk 248 NS 695* 157 l 749f 198 * 1077f323 NS 912&-337 *+* 978f242 ** 
Amylase(U/ml) 180f 107 l 144* 109 ** 163 f 105 *+* 320 f 182 l 285 f 199 * 308 f 178 * 

Statistical calculations @) concern differences between baseline (day 0) and treatment (day 7) periods. 
Significance levels l p < 0.05; *p < 0.01 and l **p < 0.001. NS, Not significant. 
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Table 4. Salivary electrolyte concentrations (mmol/l) in stimulated whole saliva in the morning and at lunchtime before 
(dav 0) and durina treatment (day 7) of healthy male volunteers (n = 38) with placebo, atenolol and propranolol 

Mean + SD 

Morning 

Mean + SD Mean + SD Mean k SD 

Lunch 

Mean + SD Mean f SD 

Day 0 
Sodium 
Potassium 
Calcium 
Phosphate 
Chloride 
Magnesium 

Day 7 
Sodium 
Potassium 
Calcium 
Phosphate 

18.1 + 10.8 16.8 + 10.3 
17.9 + 2.3 17.8 + 2.3 
1.04 + 0.21 1.06&0.19 
3.51 + 0.77 3.39 + 0.67 
20.6 It 7.3 20.5 f 7.7 
0.13 + 0.05 0.12 + 0.05 

Morning 

Placebo p Atenolol p 

18.3 + 11.3 16.5 + 10.0 15.7 + 10.6 16.7 + 10.9 
17.6 + 2.3 19.3 f 2.5 19.4 + 2.6 19.3 f 2.5 
1.06 rf: 0.21 1.06 k 0.20 1.10 f 0.23 1.07 + 0.20 
3.29 + 0.57 3.54 + 0.75 3.51 f 0.65 3.59 f 0.66 
21.0 + 6.7 18.4 + 6.6 18.1 + 6.9 18.6 f 6.5 
0.12 + 0.05 0.09 f 0.03 0.09 f 0.03 0.10 f 0.04 

Lunch 

Propranolol p Placebo p Atenolol p Propranolol p 

16.8 rt 10.9 NS 16.5 +9.4 NS 19.2 + 11.4 NS 14.6 + 9.4 * 17.2 f 10.7 NS 18.2 * 10.5 NS 
17.5k2.5 NS 17.4k2.1 NS 17.4f2.3 NS 18.5f2.5 l 18.8k2.0 NS 18.9k2.6 NS 
1.09 f 0.23 * 1.12 f 0.26 ** 1.11 kO.23 * 1.08 f 0.23 NS 1.12 f 0.20 NS 1.15 f 0.24 l ** 
3.45 f 0.75 NS 3.23 + 0.56 * 3.15 + 0.47 * 3.56 +0.83 NS 3.34kO.78 NS 3.30 kO.65 l 

Chloride 20.3i7.5 NS 22.lk7.0 NS 23.8f8.8 ** 17.li6.0 * 20.3k6.2 ** 21.7k6.7 l ** 
Magnesium 0.13 kO.06 NS 0.14&0.05 ** 0.13 kO.05 * 0.10~0.04 NS 0.11~0.04 ** 0.11~0.04 * 

Statistical calculations concern differences between baseline (day 0) and treatment (day 7) periods. 
Significance levels *p < 0.05, **p c 0.01 and ***p <: 0.001. NS, Not significant. 

The most significant effect on the electrolyte 
concentration of whole stimulated saliva, however, 
concerned chloride and magnesium. In comparison 
to baseline the concentrations of these ions increased 
significantly during the active treatment. For the chlor- 
ide ion, this effect was more pronounced at lunchtime 
during both active treatments. 

The mean plasma concentration for atenolol was 
1232 muol/l with a range of 113-3358 nmol/l and for 
propranolol 268 nmol/l with a range of 4-800 nmol/l. 
When, for each drug, the subjects were assigned to 
groups with either a low or high plasma concentration, 
the observed changes in amylase activity, total protein 
and electrolyte concentrations were more pronounced, 
in a statistically significant way, in the group with a 
high drug concentration. 

DlSCUSSION 

Saliva secretion is controlled by both the para- 
sympathetic and the sympathetic nervous systems. 
Fluid and salt secretion depends mainly on para- 
sympathetic activity, whilst protein synthesis and 
exocytosis mainly depend on sympathetic activity. 
In this study, B-adrenoceptor blockade did not affect 
the salivary secretion rate but did significantly reduce 
both the total protein concentration and amylase 
activity in resting as well as stimulated whole saliva. 
Our results are thus in agreement with the above 
concept. Furthermore, they are in line with those 
of Laurikainen et al. (1988) but not with those of 
Parvinen et al. (1984). However, the decreased stimu- 
lated flow rate in the latter study was restricted to a 
small number of female patients (n = 5). 

The effect on protein synthesis is somewhat surpris- 
ing. Provided hexoseamine/total protein and sialic 
acid/total protein ratios are acceptable indicators of 
protein synthesis, the increased ratios during atenolol 
treatment could reflect a decreased excretion of non- 
glycosylated proteins. Johnsson and Cortez (1988), 
and recently Watson et al. (1990), describe an altered 
composition of proline-rich proteins in rat saliva 

during treatment with /I-adrenoceptor antagonists. 
The human situation remains to be investigated. 
However, such changes may have an influence on 
both enamel pellicle and dental plaque formation 
(Hay, 1973; Kousvelari, Ciardi and Bowers, 1988) 
and thus be of importance for the maintenance 
of oral health. Interestingly, Watson et al. (1990) 
demonstrated an increased susceptibility to caries in 
rats during treatment with propranolol. 

Jirakulsomchok and Schneyer (1984, 1987b) have 
demonstrated both /I, and /I,-adrenoceptors in rat 
submandibular main duct. Our observations on 
changes in electrolyte concentration indicate that in 
humans also ductal modification of primary saliva 
electrolyte concentration is under fl-adrenergic regu- 
lation. The increased chloride concentration is most 
likely explained by a reduced reabsorption because 
the salivary secretion rate is unchanged. In the duct 
system, the chloride ions are considered mainly to 
pass passively over the ductal cell membranes as a 
consequence of active transcellular sodium transport 
(Knauf et al., 1982). Although sodium concentration 
was not significantly affected in our study, there was 
a close correlation between changes in chloride and 
sodium concentrations (Fig. 2), indicating an effect 
on ductal sodium transport. Our findings on changes 
in sodium and chloride concentrations are in accord- 
ance with observations by Schneyer and Thavomthon 
(1973) and Jirakulsomchok and Schneyer (1984, 
1987b). 

Studies in rats by Yu and Schneyer (1984), 
Schneyer, Yu and Jirakulsomchok (1985) and 
Schneyer (1986) demonstrate that calcium secretion 
is regulated by acinar fl,-adrenoceptors and that 
giving p-adrenoceptor antagonists results in decreased 
salivary calcium concentrations. In contrast we 
here demonstrate a slight but statistically significant 
increase in calcium concentration in human whole 
saliva during treatment with p-adrenoceptor antag- 
onists. At present we have no obvious explanation 
for this. The other studies were, however, carried out 
in an animal experimental model in which selective 
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in electrolyte concentration may also be of import- 
ance for oral health, e.g. changes in calcium and 
phosphate concentration. 

In this study we have used just one therapeutic 
dose of each of the investigated drugs. As, however, 
the biological response to drug treatment varies 
considerably from person to person the covariation 
between changes in the observed salivary parameters 
and low and high plasma drug concentration serves 
as an indicator that those changes may be dose 
dependent. 

We have shown that treatment of healthy male 
volunteers with a &selective or a non-selective /3- 
adrenoceptor antagonist in therapeutic doses signifi- 
cantly affects the composition of both the resting 
and stimulated whole saliva, thus demonstrating a 
delicate interplay and a possible high vulnerability of 
the human salivary system. 

PLA All Pa0 PLA ATE PRO 

Fig. 2. Percentage difference in sodium and chloride conce.n- 
trations in stimulated whole saliva between baseline (day 0) 
and treatment (day 7) of healthy male volunteers (i =-38j 
with placebo (PLA), atenolol (ATE) and propranolol 

(PRO). Error bars indicate SD. 

adrenergic gland stimulation was accomplished either 
by direct stimulation of the sympathetic nerve or by 
giving adrenergic agonists. This selective adrenergic 
stimulation resulted in changes in both flow rate and 
calcium concentration. The effect on acinar calcium 
regulation was thus clearly demonstrated, while a 
possible ductal influence on calcium concentration 
similar to that of sodium and chloride ought to be 
further elucidated. 

We also found a significant increase in magnesium 
concentration during the active treatments. To our 
knowledge, the site of magnesium secretion is not 
known and consequently neither is the nature of 
the b-adrenoceptor interaction. The increased 
magnesium concentration may, however, indicate 
a fl-adrenoceptor-dependent ductal regulation of 
magnesium reabsorption, a hypothesis that deserves 
to be further evaluated. 

As there seems to be a discrepancy in the distri- 
bution of /?-adrenoceptors between the parotid 
and the submandibular glands, at least in the rat 
(Humphreys-&her and Schneyer, 1986), we are now 
making a study, using the same experimental model 
as here to analyse the effects on secretion from human 
parotid and submandibular-sublingual glands. 

The clinical significance of our findings needs to 
be further evaluated. A decrease in total protein 
concentration may be of limited importance per se. 
If, however, this decrease affects proteins with specific 
biological activities, e.g. proline-rich proteins, lyso- 
zyme or bacteria-aggregating glycoprotein (BAGP), 
the demonstrated effect may be of considerable 
importance for maintenance of oral health. Changes 
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