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Abstract. Salivary urea is studied as a non-invasive
alternative for screening and monitoring of renal
diseases. Its high variability prevents a wider clinical
use. Animal experiments are needed to identify fac-
tors affecting this marker. The aim of this study was
to describe the inter-individual variability of salivary
urea in healthy mice, establish reference intervals,
and analyse the effects of sex, age and body weight.
Plasma and saliva samples were obtained from 37
male and 41 female healthy adult CD1 mice aged
13-69 weeks (body weight 22-51 g). The reference
interval for salivary urea in heathy mice based on
our results is 2.7-8.4 mmol/l (CV = 23 %). Multi-
variate analysis did not show any significant effect of
age, sex, or body weight. In addition, salivary urea
did not correlate with its plasma concentrations. The
high variability of the promising salivary marker of
kidney function in healthy mice requires further re-
search before its use to diagnose or monitor renal
failure in animal models of kidney diseases. Other
potential confounders should be analysed, including
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intra-individual and pre-analytical variability. In
addition, a normalization factor such as total sali-
vary proteins or salivation rate is likely needed.

Introduction

Saliva represents a unique body fluid with a diagnos-
tic, prognostic, and monitoring potential. It could serve
as a non-invasive, cheap, and easy replacement of blood
that requires less effort, equipment, and trained person-
nel compared to blood collection. Saliva can be collect-
ed without needles and pain even at home — a great ad-
vantage for non-compliant patients such as children or
aged people. Moreover, easy handling and storage in-
crease its applicability in everyday clinical practice
(Nunes et al., 2015).

Assessment of kidney functions is important for diag-
nosing and monitoring kidney diseases. Urea is a nitrog-
enous by-product of protein metabolism that is elimi-
nated from the blood via glomerular filtration. A decline
in renal function is associated with a rise of serum urea
(Gowda et al., 2010). Repeated blood collections in pa-
tients with kidney diseases are associated with several
complications including distress, pain, increased risk of
vessel injury, infections, and anaemia (Liu and Duan,
2012). Therefore, the interest in saliva as an alternative
to blood has rapidly increased due to easy and non-inva-
sive sampling of its sufficient volume (Renda, 2017).

Concentrations of urea can be measured in the saliva
of healthy individuals or patients with kidney disease
using standard colorimetric methods (Celec et al., 2016).
In healthy controls, concentrations of plasma urea are
higher than in the saliva (Peng et al., 2013). More im-
portantly, no correlation was found between plasma and
salivary values (Suresh et al., 2014). However, an in-
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crease in the plasma concentrations of urea in patients
with kidney diseases increases their concentrations in
the saliva, likely via passive diffusion following a con-
centration gradient (Koval¢ikova et al., 2018). In urae-
mia, deterioration of acinar cell permeability contributes
to the elevation of salivary concentrations of urea, sug-
gesting that most of the salivary urea originate from the
plasma (Ivanovski et al., 2012; Peng et al., 2013).
Several studies evaluated and compared salivary con-
centrations of urea in healthy people and patients with
kidney disease. In the study of Cardoso et al. (2009), the
mean salivary urea in healthy individuals was 5.36 +
1.43 mmol/l compared to 17.86 £ 5.98 mmol/l in pa-
tients with kidney disease. Salivary concentrations of
urea varied between different stages of kidney disease
(Tomas et al., 2008; Pham, 2017).

High biological and technical variability of salivary
urea prevents the use of saliva in routine clinical prac-
tice. Animal experiments, in contrast to human studies,
can be performed in well-defined, controlled conditions
that allow identification of factors affecting salivary
markers of the kidney function. According to our knowl-
edge, no comprehensive study evaluating the effect of
sex, age, or body weight on salivary urea as a marker of
kidney functions has been published to date. Therefore,
our study aimed to describe the inter-individual variabil-
ity of salivary urea in healthy mice, establish reference
intervals for this marker, and analyse the effects of sex,
age and body weight.

Material and Methods

Design of the experiment

This study was approved by the Ethics Committee of
the Institute of Pathophysiology, Faculty of Medicine,
Comenius University, Bratislava, Slovakia. Adult fe-
male (N = 41) and male (N = 37) mice of CDI strain
were used (Anlab, Prague, Czech Republic). Animals
were divided into groups of young adults (13—17 weeks),
middle-age adults (1843 weeks), and old adults (66—69
weeks). All animals were housed in standard cages, with
free access to tap water and standard rodent chow, 12/12
light dark cycle, an ambient temperature of 22°C, and
humidity of 40-50 %.

For collection of saliva, mice were anaesthetized with
ketamine and xylazine (100 mg/kg and 10 mg/kg of the
body weight, respectively) by intraperitoneal injection.
Salivation was induced using pilocarpine (0.5 mg/kg of
body weight; Unimed Pharma, Bratislava, Slovakia) by
intraperitoneal injection. Saliva was collected for 15 min
and centrifuged at 1,600 g for 10 min to remove the cell
debris. Blood was collected using microvette tubes (Mic-
rovette 300 Lithium-heparin, Microvette 500 EDTA,
Sarstedt, Niimbrecht, Germany) from retro-orbital plex-
us. Blood was centrifuged at 1,600 g for 10 min to ob-
tain the plasma. Saliva and plasma were stored at —20 °C
until analysis.

Biochemical analysis

Urea was measured using a commercial spectropho-
tometric kit (Urea Nitrogen, Colorimetric Detection Kit,
Arbor Assays, Ann Arbor, MI). Technical, intra- and in-
ter-individual coefficients of variation (CV) are 5 %,
13 % and 23 %, respectively. The limit of detection (LOD)
and limit of quantification (LOQ) are 0.12 mmol/l and
0.35 mmol/l, respectively.

Statistical analysis

GraphPad Prism 6.01 (GraphPad Software, San Diego,
CA) was used for statistical analysis. After testing the
distribution of data with D’Agostino Pearson omnibus
normality test, data were analysed using Student’s #-test
(sex differences of salivary urea) or Mann Whitney test
(sex differences of plasma urea). Plasma and salivary
urea within individual age groups were tested using one-
way ANOVA and Tukey’s multiple comparison test.
Correlations between quantitative measures were as-
sessed using the Spearman’s or Pearson’s correlation
test. The correlation test was used for analysis of corre-
lation. P values below 0.05 were considered statisti-
cally significant. Percentiles (2.5 and 97.5) are shown
for each analysed parameter.

Multivariate analysis was conducted using the gener-
al linear model (SPSS 21, IBM, Chicago, IL). Age, body
weight and sex were tested as determinants of plasma
urea. Plasma urea was added to potential determinants
in the models of salivary concentrations of urea. Eta? is
reported as the measure of explained inter-individual
variability.

Results and Discussion

Several studies have reported analyses of salivary
urea both in healthy individuals and in patients with kid-
ney disorders (Tomas et al., 2008; Pham, 2017). Age,
sex, and body weight are known to affect plasma and
partially also salivary urea in healthy humans (Peng et
al., 2013). Salivary urea and plasma urea positively cor-
relate in patients with kidney disease, especially in those
with high plasma concentrations (Tomas et al., 2008;
Renda, 2017). Cardoso et al. (2009) even found correla-
tion between plasma and salivary concentrations of urea
in healthy probands, and the same was evinced by Lasisi
et al. (2016) and Pandya et al. (2016). It has been shown
that plasma urea is influenced by gender and age
(Gardner and Scott, 1980). Another study proclaimed
that the variability of salivary concentrations of urea is
related to its plasma concentrations and age but found
no gender differences. Higher plasma and salivary con-
centrations of urea were found in older individuals (aged
45-65 years) in comparison to people aged 1944 years
(Peng et al, 2013).

To our knowledge, this is the first cross-sectional
study describing the inter-individual variability of urea
in the saliva of healthy mice. However, the results have
shown high variability that complicates its clinical use
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Table 1. Reference values of plasma and salivary urea in healthy mice. Values are expressed as median and 2.5-97.5 per-

centile.
Sex Marker Young adults Middle age adults Old adults
Females Plasma urea [mmol/1] 9.81 (8.12-14.05) 9.76 (4.98-14.05) 9.98 (7.65-22.33)
Salivary urea [mmol/1] 5.04 (2.81-7.08) 6.22 (3.61-8.03) 6.66 (4.33-8.20)
Males Plasma urea [mmol/1] 10.58 (2.05-18.73) 9.71 (4.21-12.10) 10.45 (6.14-20.48)
Salivary urea [mmol/1] 6.23 (3.17-7.42) 6.15 (2.00-9.32) 6.63 (3.52-7.87)

(Table 1). Animal experiments performed in well-de-
fined and controlled conditions are superior to human
studies in identifying sources of this variability. In our
study on healthy mice, these associations were not con-
firmed. In the plasma urea, we did not find any signifi-
cant differences between females and males regardless
of the age of mice (U = 533.0, P = 0.62). Similarly, no
differences between females and males in the salivary
urea were observed (t,) = 0.33, P=0.74). No correlation
between the plasma concentrations of urea and age of
mice (Spearman »=-0.21, P=0.09; Fig. 1A) was found,
and no correlation between the plasma urea and body
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weight of mice was observed (Spearman » = —0.06, P =
0.62; Fig. 1B). We found no correlation between the
salivary concentrations of urea and age of mice
(Spearman » = 0.14, P = 0.26; Fig. 1C), and no correla-
tion between the salivary urea and body weight of mice
was observed (Pearson »=0.15, P=0.22; Fig. 1D). This
could be due to the high technical and biological varia-
bility of salivary urea, which is, however, in line with
previously published studies in human population
(Lasisi et al., 2016; Yajamanam et al., 2016).

As clinical studies on humans have confirmed the
correlation between plasma and salivary urea, we ex-
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Fig. 1. Relation between A: plasma urea vs age, B: plasma urea vs weight, C: salivary urea vs age, D: salivary urea vs
weight. Correlations were determined using Pearson’s (D) or Spearman’s (A, B, C) correlation analyses.
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Plasma urea vs. salivary urea
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Fig. 2. Relation between plasma and salivary urea using
Spearman’s correlation analysis

pected the same results among healthy mice. In contrast,
we found no correlations between the plasma and sali-
vary concentrations of urea in healthy mice (Spearman
r=0.04, P=0.75; Fig. 2). Our study is the first to ana-
lyse the effects of age and sex in experimental animals.
Multivariate analysis revealed that urea in the saliva is
not associated with age (Eta?= 0.008, P = 0.49), sex
(Eta>= 0.000, P = 0.99), or body weight (Eta>= 0.012,
P = 0.41) of healthy mice. In addition, the plasma con-
centrations were not identified as determinants of their
salivary concentrations (Eta?= 0.011, P = 0.43; Table 2
and Table 3).

Table 2. Results of the general linear model analysis of urea
concentrations in the saliva of healthy mice, with factors
weight, age, sex and corresponding plasma concentrations

Source Saliva | F p Pg;ﬂ?lif;a
Corrected Model Urea | 0.82 | 0.54 0.067
Body weight Urea | 0.70 | 0.41 0.012
Age Urea | 0.49 | 0.49 0.008
Sex Urea | 0.00 | 0.99 0.000
Plasma concentrations | Urea | 0.65 | 0.43 0.011

Table 3. Results of the general linear model analysis of
urea concentrations in the plasma of healthy mice, with
factors weight, age and sex

Source Plasma F P Pgatlizlrfdt a
Corrected Model Urea 0.88 | 0.45 0.040
Body weight Urea 2.16 | 0.15 0.033
Age Urea 0.58 | 0.45 0.009
Sex Urea 0.80 | 0.36 0.013

One of the major limitations of our study is that sali-
vation was induced using pilocarpine. Stimulated saliva
has a slightly different composition than unstimulated
saliva collected by passive drooling, at least in humans
(de Almeida et al., 2008). However, this is the only cur-
rently available protocol to collect reasonable volumes
of saliva from mice or rats. One way to avoid the bias
from variable dilutions due to stimulated salivation
would be to use a normalization factor. For saliva, such
a factor has not been identified, although the total sali-
vary proteins and salivation rate could be used. However,
salivation measurements are highly imprecise and total
proteins suboptimal for most salivary biomarkers. So,
unsurprisingly, most studies analysing salivary urea, in-
cluding this one, report total salivary concentrations
without any attempt to normalize the values.

In conclusion, we found high variability in physiolog-
ical reference concentrations of salivary and plasma
urea. Additional studies are, however, needed to identify
the determinants of variability of salivary urea in mice,
as sex, age and body weight did not affect salivary urea
in this first cross-sectional study in mice focusing on a
salivary biomarker of renal function. Future studies will
also focus on the intra-individual variability, which is
currently unknown.
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