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ABSTRACT

Background: The aim of this study was to assess if the consumption of 3 g of a commercially available L-arginine die-
tary supplement causes a postabsorptive rise in urea concentration or pH of unstimulated saliva in a group of physically
active individuals.
Methods: Salivary urea and pH were determined for 117 participants in a randomized double-blinded placebo-controlled
study. Samples were collected by ‘spitting’ method in fasting conditions. One hour prior to their second visit, partici-
pants consumed three tablets of L-arginine or placebo.
Results: Urea concentration was significantly lower at second measurement for both the study and control group. The
magnitude of the change was not significant between the groups. pH was higher for both groups at second measurement,
but only significant for the study group. The magnitude of the change was significant between the groups. Participants
who intermittently ingested protein dietary supplements and those with a Body Mass Index (BMI) higher than 25 had
significantly higher basal urea concentration.
Conclusions: The results of this study did not confirm the hypothesis. Further studies are needed to determine the effects
of different doses of L-arginine supplements on the biochemical composition of saliva and the influence of their long-
term consumption on the risk of developing dental diseases.

Keywords: L-arginine, oral health promotion, salivary pH, salivary urea, unstimulated saliva.

Abbreviations and acronyms: BMI = Body Mass Index; L-arg = L-arginine; SaU = salivary urea concentration.
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INTRODUCTION

Saliva is the principal biological protective factor
against tooth demineralization. Both its quantitative
and qualitative properties are important determi-
nants of the risk of developing dental diseases.1 One
of the key factors in the pathogenesis of caries is
dental plaque pH.2,3 Saliva modifies plaque pH in a
number of different ways, one of which is enhance-
ment of alkali production. The formation of bases
counteracts the effect of acids produced in dental
plaque on plaque pH value and its microbial com-
position. Therefore, provision of alkali-producing
substrates such as L-arginine (L-arg) and urea which
can be metabolized by plaque bacteria to yield base
(principally ammonia) could contribute to caries pre-
vention by favouring higher local pH values. In such

conditions tooth demineralization and the overgrowth
of acidogenic/aciduric bacteria is less likely to
occur.4,5

Sportspeople are common users of commercially
available dietary supplements containing L-arg. Previ-
ous studies showed that oral supplementation of L-arg
increases serum urea levels.6–9 This could be followed
by a rise of salivary urea concentration (SaU) because
urea is excreted through salivary glands and positively
correlates with serum urea levels.10 A number of stud-
ies confirmed that urea can induce a concentration
dependent rise of dental plaque pH.11–15 Its hydrolysis
by bacterial ureases might also influence salivary pH.
The expected rise of SaU and/or salivary pH upon
consumption of L-arg supplements can be considered
a positive ‘side effect’ of these products as it augments
the protective role of saliva in oral health preservation.
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This could be beneficial, especially for sportspeople,
because they are considered to be under a particular
risk of acid-mediated pathological tooth wear due to
their active life and nutritive habits.16 Because SaU
correlates with serum urea levels, its rise could be
especially valuable for the overall protective capacity
of saliva during the night when salivary flow rate is
reduced. Taking L-arg at bedtime is not unexpected
because product labels often state this as a
recommendation.
The purpose of this study was to assess if the con-

sumption of a commercially available L-arg dietary
supplement in a dose recommended by the manufac-
turer affects urea concentration and pH value of
unstimulated saliva in a group of physically active
young individuals.

SUBJECTS AND METHODS

Ethics approval

The study was approved by the Ethics Committee of
the School of Dental Medicine and all participants
signed informed consent forms. All experimental pro-
cedures were conducted in accordance with the Decla-
ration of Helsinki.

Subjects

Students of the Faculty of Kinesiology, University of
Zagreb, Croatia, were invited to voluntarily partici-
pate in the study. All volunteers completed a ques-
tionnaire regarding their general and oral health,
medicine usage, nutritive habits, possible allergic reac-
tions to drugs and nutrients, oral hygiene, smoking
and usage of commercially available food supple-
ments. Students with chronic general diseases, fixed
orthodontic appliances, poor oral hygiene, active car-
ies lesions, broken tooth fillings, gingival or periodon-
tal inflammatory lesions and those undergoing dental
bleaching were excluded from participation in the
study.

Study design

The study was conducted as a randomized double-
blinded placebo controlled study.
The total number of volunteers who met the inclu-

sion criteria was 191. Seventy-four volunteers dropped
out in the course of the study, primarily due to a lack
of motivation. A total of 117 students completed the
study; 59 in the study group (44 males and 15
females) and 58 in the control group (44 males and
14 females).
The pH value of unstimulated saliva and SaU were

determined for each participant on two separate visits

with 1–7 days interval between the visits. Both visits
were scheduled at approximately the same time. Sal-
iva specimens were collected by a ‘spitting’ method17

between 7.30 am and 9.30 am under fasting condi-
tions and avoiding morning toothbrushing. Smokers
were asked to refrain from smoking prior to saliva
sampling and students who consumed dietary supple-
ments (mostly whey proteins and vitamin and mineral
supplements at periods of intensive training) were
asked not to use them at least one day prior to the
defined day of measurements. The participants were
instructed to drink at least one glass of water before
going to sleep to assure adequate hydration. Collec-
tion time was 10–15 minutes and was the same at
both visits for individual participants. The only differ-
ence between the visits was that the participants con-
sumed three tablets of L-arg or placebo with water
one hour prior to their second visit. The tablets were
given to them at their first visit with written instruc-
tions. L-arg used in this study was L-arginine
3000 mg (Natrol Inc., Chatsworth, California, USA).
Placebo tablets were fabricated to match L-arg tablets
in size, shape and colour. They were provided by
Belupo d.d. from Koprivnica, Croatia.

L-arginine dosage and safety

Commercially available L-arg is recommended in a
single daily dose that ranges from 500 mg to 5 g. The
most probable reason for this diversity in dosage is
the fact that the recommended dietary allowance for
L-arg is not determined. Shao and Hathcock18 suggest
a daily dose of 20 g as the observed safe level for
healthy adults based on the available published
human clinical trial data and the evidence for the
absence of adverse effects.
Our study assessed postabsorptive salivary effects of

a single dose of 3 g because of the following reasons:
(1) it is a single daily dose recommended by many
manufacturers (including Natrol Inc., USA); (2) it is
approximately an average single daily dose recom-
mended by different manufacturers; (3) it does not
exclude the possibility of taking higher total daily
doses. It can be assumed that an average user of die-
tary supplements would follow the directions on the
product label and take the recommended dose.
However, exceeding daily doses recommended by the
manufacturer should not be unexpected because L-arg
is a normal dietary constituent and as such likely to
be considered harmless if taken in a somewhat higher
dose.

Saliva specimen processing

Immediately after the completion of the collection
period, the cups were weighed in order to determine
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salivary flow rate. The volume of saliva required for
determining SaU (0.3 ml) was transferred from collec-
tion cups to plastic tubes (Terumo Europe NV, Leu-
ven, Belgium) and kept on ice before freezing. The
rest of the saliva sample was used to measure salivary
pH. pH was determined with a hand-held pH meter
(Piccolo Plus ATC pH meter, Hanna Instruments,
Kehl am Rhein, Germany). These measurements were
performed at the Department of Sport and Exercise
Medicine, Faculty of Kinesiology, University of
Zagreb. The saliva samples used for measurement of
SaU were kept frozen (–20 °C) until the sialochemical
analysis was possible. Samples were thawed at room
temperature and centrifuged for 10 minutes at
3000 rpm (relative centrifugal force = 2000 g) before
analysis. SaU was determined by UV enzymatic ure-
ase-glutamate dehydrogenase method on an Olympus
AU 2700 immunochemistry analyser (Beckman Coul-
ter Inc., Brea, California, USA) with appropriate
reagents, calibrators and controls purchased from the
same manufacturer. Measurement of SaU was per-
formed at the Department of Laboratory Diagnostics,
University Hospital Centre Zagreb.

Statistical analysis

Kolmogorov–Smirnov test and Levene’s test were
used to check the assumptions of normality and
homogeneity of variance. Since the data were not
normally distributed and none of the transformations
was successful in transforming the data for all vari-
ables, non-parametric statistical analysis was per-
formed. Thus, median was used as an average value
and the interquartile range (IQR) as a measure of
data variability. The Wilcoxon test was used for
paired comparisons made on the same individual,
and Mann–Whitney test was used for between-group
comparison. Effect size was calculated using the for-
mula r = z/√N.19 Fisher’s exact test was used to
assess the difference of proportions for gender and
dietary supplements usage between the groups and
Chi-square test was used for comparison of differ-
ence for body weight categories and body mass
index (BMI) categories between the study and con-
trol group. Correlation was tested using Spearman’s
rank correlation coefficient. Data were analysed
using commercial software SPSS 10.0 (SPSS Inc.,
Chicago, Illinois, USA), with significance preset at a
< 0.05 for a two-sided test.

RESULTS

A total of 117 students completed the study. Due to the
low salivary flow (Q), salivary pH could not be deter-
mined for two participants and high viscosity of saliva
disenabled SaU measurement for nine participants.

Students reported no adverse effects. A couple of
students declared the tablets were rather large and
therefore difficult to swallow.
There were no statistically significant differences

between the groups with regard to the participants’
age, gender, body weight, BMI and consumption of
dietary supplements (Table 1).
SaU was significantly lower at second measurement

for both the study and control group with small or
moderate effect size (p = 0.013, r = –0.242; p < 0.001,
r = –0.389, respectively). However, the magnitude of
the change in SaU was non-significant between the
groups. Salivary pH was higher for both groups at sec-
ond measurement, but the difference was statistically
significant only for the study group (p < 0.001,
r = –0.372). The magnitude of the pH change was sig-
nificantly higher for the study than the control group
(p = 0.025, r = –0.209). The study group had a
significantly higher basal Q than the placebo group
with small effect size (p = 0.039, r = –0.193). The
magnitude of the salivary flow change (ΔQ) was signifi-
cantly higher for the control than the study group
(p = 0.002, r = –0.280). These results are shown in
Table 2.
The results of Spearman correlation analysis per-

formed to assess the degree of association between
basal values of measured salivary variables and
between changes in measured salivary variables were
statistically significant but pointed out small or mod-
erate association for the basal values of Q and pH
(rho = 0.325, p < 0.001), for the basal values of Q
and SaU (rho = –0.330, p = 0.001), for the ΔQ and
ΔpH (rho = 0.262, p = 0.049) and for the ΔQ and
ΔSaU (rho = –0.392, p = 0.004).
Male students had significantly higher basal values

of both SaU and pH with small effect size (p = 0.002,
r = –0.300; p = 0.014, r = –0.229, respectively).
Out of the total number of participants, 27 of them

had BMI >25 thus making a subgroup of overweight
participants. Comparison of basal values of measured
salivary variables between the group with BMI >25
and participants with BMI 18.5–24.9 (normal body
weight) showed that the basal pH was not signifi-
cantly different between the groups, but SaU was sig-
nificantly higher in the overweight group with small
effect size (6.4 (IQR 5.7–9.1) vs 5.6 (IQR 4.9–6.6),
respectively; p = 0.005, r = –0.272). There were no
statistically significant differences in the magnitude of
pH and SaU change due to L-arg consumption
between the weight groups.
Out of the total number of participants, 17 of them

had, during the course of the study, intermittently
consumed commercially available dietary supplements.
Comparison of basal values of measured salivary
variables showed that the basal pH was not signifi-
cantly different between the groups, but SaU was
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significantly higher in the group that consumed die-
tary supplements compared with the group that did
not with small effect size (7.8 (IQR 5.7–10.9) vs 5.7
(IQR 4.9–6.7), respectively; p = 0.007, r = –0.259).
Intermittent consumption of dietary supplements did
not have an effect on the differences in the magnitude
of pH and SaU change due to L-arg consumption
between the study and control group.

DISCUSSION

The aim of this study was to assess if the consumption
of a commercially available L-arg dietary supplement
taken in a single dose of 3 g causes a postabsorptive
rise in SaU or pH value of unstimulated saliva in a
group of physically active healthy young individuals.
The results of our study did not confirm this. If they

Table 2. Between and within group comparison of measured salivary variables

Placebo L-arginine p

N Mean � SD Median IQR N Mean � SD Median IQR

[Urea1](mmol/l) 54 6.34 � 2.40 5.90 5.00–7.50 54 6.16 � 2.41 5.75 4.80–7.20 0.660
[Urea2](mmol/l) 54 5.22 � 1.86 4.70** 3.90–6.40 54 5.36 � 1.96 5.40** 4.20–6.60 0.513
D[Urea](mmol/l) 54 �1.12 � 1.82 �1.10 �2.20–(�0.40) 54 �0.81 � 2.25 �0.70 �1.40–0.30 0.135
pH1 58 6.92 � 0.31 6.95 6.70–7.15 57 6.92 � 0.28 6.98 6.75–7.07 0.987
pH2 58 6.97 � 0.30 6.97 6.78–7.15 57 7.05 � 0.21 7.07** 6.90–7.17 0.111
DpH 58 0.05 � 0.20 0.02 �0.08–0.10 57 0.13 � 0.22 0.10 �0.04–0.25 0.025*
Q1 58 0.37 � 0.24 0.29 0.21–0.44 57 0.46 � 0.27 0.42 0.25–0.61 0.039*
Q2 58 0.44 � 0.27 0.39** 0.24–0.49 57 0.49 � 0.29 0.45 0.26–0.61 0.224
ΔQ 58 0.07 � 0.14 0.03 �0.03–0.17 57 0.03 � 0.18 0.02 �0.09–0.11 0.126

N indicates sample size; SD = standard deviation; IQR = interquartile range; Q = resting salivary flow; Δ = the difference between the second
and the first measurement; *statistically significant for Mann–Whitney test; **statistically significant for Wilcoxon test.

Table 1. Descriptive statistics of the sample

Group

Placebo
(n = 58)

L-arginine
(n = 59)

Total
(n = 117)

p

Age† Mean � SD 21.5 � 1.84 21.9 � 1.7 21.7 � 1.8
Median (IQR) 21.5 (20.0–23.0) 22.0 (20.0–23.0) 20.0 (20.0–23.0) 0.223

Gender‡ Male N 44 44 88
% 75.90 74.60 75.20

Female N 14 15 29
% 24.10 25.40 24.80 1.000

Dietary Suppl‡ No N 50 50 100
% 86.20 84.70 85.50

Yes N 8 9 17
% 13.80 15.30 14.50 1.000

Body weight† (kg) Mean � SD 73.6 � 10.9 74.3 � 11.1 74.0 � 10.9
Median (IQR) 73.0 (66.0–82.0) 74.0 (68.0–82.5) 74.0 (67.0–82.0) 0.758

Body weight categ§(kg) <60 N 8 9 17
% 13.80 15.30 14.50

61–68 N 9 7 16
% 15.50 11.90 13.70

69–75 N 18 17 35
% 31.00 28.80 29.90

76–84 N 13 15 28
% 22.40 25.40 23.90

>85 N 10 11 21
% 17.20 18.60 17.90 0.972

BMI† (kg/m2) Mean � SD 23.1 � 2.0 23.6 � 2.2 23.4 � 2.1
Median (IQR) 23.1 (21.5–24.5) 23.6 (22.2–24.9) 23.3 (21.7–24.7) 0.266

BMI <18.4 N 0 1 1
categ§ % 0 1.7 0.9
(kg/m2) 18.5–24.9 N 46 43 89

% 79.3 72.9 76.1
>25 N 12 15 27

% 20.7 25.4 23.1 0.490

N indicates sample size; SD = standard deviation; IQR = interquartile range; categ = category; BMI = Body Mass Index; †Mann–Whitney test;
‡Fisher’s exact test; §Chi-square test.
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had, it could be assumed that individuals who regu-
larly consume these products might have higher pro-
tective ability of unstimulated saliva for a certain
period of time after consumption. In the long-term,
these biochemical changes could be associated with a
reduced risk of tooth demineralization.
There are several possible reasons which could

explain, at least in part, why our results showed a
decrease in SaU for both groups instead of the
expected increase in SaU in the study group.
Physiological range of SaU is relatively wide and

depends on serum urea level which varies depending
on the nutritive habits and metabolic state of an indi-
vidual. Ensuring equal conditions for all participants
with regard to qualitative and quantitative food intake
and the extent of physical activity would probably
contribute to lowering the inter- and intra-individual
variability in SaU. Lack of control of these two factors,
as well as a lack of strict control over the adherence of
the participants to the protocol can be considered as
drawbacks of this study. Thus, based on our results, a
postabsorptive effect of 3 g L-arg on SaU cannot be
excluded but could be smaller than expected. It is
important to emphasize that the composition of L-arg
tablets was not tested because testing of amino acids is
not a routine procedure in Croatian laboratories that
perform food analysis and quality control.
The basis of this study were results of previous

studies on the effects of L-arg which showed that oral
supplementation of L-arg increases serum urea lev-
els.6–9 However, single doses of L-arg in listed studies
were higher (mostly 7 g) and the consumption of
L-arg lasted continuously between three days and four
weeks. Schwedhelm et al.20 who used L-arg immedi-
ate-release 1.0 g tid and L-arg sustained-release 1.6 g
bid for seven days did not find significant changes in
serum urea concentrations. It is probably necessary to
reach a certain critical dose of L-arg taken per os in
order to gain a statistically significant urea rise. Card-
oso et al.10 showed a significant correlation between
serum and salivary urea. Because serum urea levels
were not measured in our study, we assume, based on
the reported correlation, that 3 g of L-arg could still
be too low of a dose to cause a notable serum urea
rise. Cardoso et al.10 also reported that SaU was inde-
pendent of salivary flow rate. Other reports21 suggest
that there is a relationship between these two vari-
ables: higher SaU was found at lower salivary flow
rates. Our results also showed a negative correlation
between basal salivary flow and SaU, and between a
change in salivary flow and a change in SaU. All of
these results suggest that a rise in SaU which, presum-
ably, would follow a sufficiently high L-arg dose
would be most beneficial for protective capacity of
saliva during the night, when salivary flow rate is the
lowest. Besides showing dose dependence, certain

effects of L-arg supplementation could also be depen-
dent on the duration of continuous consumption of
the supplement due to the complex mechanisms of
regulation of the expression and activity of enzymes
of L-arg metabolism.22

Dietary habits and nutritional status of individuals
do determine values of biochemical parameters. The
results of our study also indicate this. They showed
significantly higher SaU in a subgroup of participants
who declared to be users of commercially available
protein supplements. The subgroup with BMI >25
also had significantly higher basal SaU. However, it is
likely that a high BMI does not denote a group of
overweight participants but rather their higher per-
centage of muscular tissue because participants were
young physically active adults. This assumption is
supported by the fact that six participants with BMI
>25 were also students who declared to be users of
commercial protein supplements.
Relation between salivary pH and SaU is such that

pH rises only if salivary urea disappears, if it is hy-
drolized. Ureolysis undoubtedly influences salivary
pH. However, even though a higher pH was measured
in the study group upon consumption of L-arg, it
cannot be concluded that this pH change can be
attributed primarily to a higher rate of ureolysis, i.e.
other factors may have modified its influence on the
magnitude of the pH change. A negative correlation
shown between basal salivary flow and SaU suggests a
flow dependent delivery of urea and substrate avail-
ability may be one of the determinants of the rate of
ureolysis. Other flow related factors also influence sal-
ivary pH: it is known that salivary pH rises with the
rise of salivary flow. Both groups had a higher sali-
vary flow at second measurement and a positive corre-
lation between salivary pH and salivary flow was
confirmed. However, even though a significant rise in
pH was shown for the study group at second mea-
surement, the change in salivary flow was non-signifi-
cant. On the other hand, the control group had a
significant rise in salivary flow but the pH change in
this group was non-significant. This suggests that
many factors influence oral acid-base balance and that
the contribution of a specific factor to the pH change
is difficult to single out in an in vivo experiment. Inci-
dentally, this study assessed the influence of L-arg
supplementation on salivary pH but a potential rise in
SaU following L-arg consumption could be more
important in the regulation of dental plaque pH.
Other studies showed that salivary urea rapidly enters
dental plaque where its hydrolysis causes a significant
pH rise23,24 and that the pH change positively corre-
lates with the concentration of urea.12,14,15,25,26 In
addition, urea serves oral bacteria not only to regulate
intra- and extracellular pH but also as a source of
nitrogen for the synthesis of different compounds.27
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This could also determine the impact of ureolysis on
both dental plaque pH and salivary pH.
It must be accentuated that even though higher sali-

vary pH and higher SaU can be considered beneficial
for the overall protective capacity of saliva, their spe-
cific clinical significance, as well as the significance of
any other individual salivary variable in caries and/or
dental erosion reduction, will depend on a number of
coexisting factors that determine the overall individual
risk of dental diseases.
To our knowledge, this is the first study to assess

salivary effects of L-arg dietary supplementation.
More research is necessary to gain insight into

serum and salivary biochemical changes caused by
L-arg supplements depending on their dosage and
time of continuous consumption. These changes could
further be modified by interindividual differences in
metabolic utilization of L-arg due to the different met-
abolic needs of the body, individual’s dietary habits
and his or her general health. However, it is highly
unlikely that sportspeople and other users will con-
sume L-arg or other dietary supplements in order to
gain positive ‘oral effects’. Dosage and the time of
continuous consumption of a specific product are reg-
ularly determined by other goals (indications). This is
why it would be cost-effective if the oral/salivary
effects of L-arg were studied as a part of the studies
that seek scientific confirmation of the effects that the
users of this product (or their therapists) want to
achieve. Indeed, a number of investigators are inter-
ested in determining the effects of L-arg supplementa-
tion on different physiological processes as well as its
preventive and therapeutic potential. Oral effects of
L-arg could be assessed simultaneously as potential
positive side effects of the supplement consumption.
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