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ABSTRACT

Background and objectives: Proper diagnosis of clinical
conditions is a major goal of clinical and biochemical analyses.
Recently, increasing efforts have been put on the use of less
invasive sampling techniques with optimal sensitivity and
specificity. The aim of this study was to investigate the
applicability of saliva instead of blood for measuring biochemical
parameters of liver and kidney function in healthy individuals.

Methods: Plasma and saliva samples were collected from 100
healthy volunteers to measure level of alkaline phosphatase
(ALP), alanine transaminase (ALT), aspartate aminotransferase
(AST), total bilirubin, gamma-glutamyl transpeptidase (GGT),
urea and creatinine using a fully automated chemistry analyzer
(ACE Alera) with ready to use validated kits. Receiver operating
characteristic (ROC) analysis was carried out using MediCal
program to calculate sensitivity and specificity and area under
ROC (AUQ).

Results: The mean (standard deviation) salivary level of ALP,
AST, ALT, GGT, total bilirubin, creatinine and urea was 20.9
(20.7) U/L, 25.8 (17.9) U/L, 10.6 (11.8) U/L, 9.6 (4.37) U/L, 0.16
(0.13) mg/dL, 0.09 (0.05) mg/dL. and 35.6 (15.2) mg/dL,
respectively. Saliva to blood ratios of ALP, AST, ALT, GGT,
total bilirubin, creatinine and urea was 14%, 113%, 65%, 45%,
19%, 12% and 130%, respectively. The suggested normal saliva
ranges of ALP, AST, ALT, GGT, total bilirubin, creatinine and
urea were 7-98 (U/L), 31-104 (U/L), 6-31 (U/L), 15-24 (U/L), 0-
0.13 (mg/ dL), 0.14-0.31 (mg/ dL) and 45-74 (mg/ dL),
respectively. The calculated sensitivity and specificity values
were 38% and 85% for ALP), 80% and 76% for AST, 75% and
45% for ALT, 60% 91% for GGT, 49% and 38% for total
bilirubin, 20% and 91% for creatinine and 100% and 75% for
urea. The AUC was higher than 0.7 for urea, GGT and AST,
indicating good sensitivity and specificity of saliva testing for
evaluation of these enzymes.

Conclusion: Based on the results, saliva could be as a
noninvasive method of assessing kidney and liver function. Saliva
may be a favorable alternative to plasma for measuring level of
urea, GGT and AST in humans.
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INTRODUCTION

Early diagnosis is crucial to decrease
disease severity, avoid complications and
enhance success rate of therapy. Saliva is an
oral fluid that mirrors the body’s health and
wellbeing since it contains biomolecules that
circulate in the bloodstream (1). Saliva has
several functions including lubrication,
assistance in speech and digestion as well as
general maintenance of oral health. Mucus
saliva also protects oral mucosa from irritants
and infections. In addition, the buffering
capacity of saliva protects teeth enamel from
acidic damage and helps in re-mineralization
(2-4). These functions of saliva are due to its
various chemical components that constitute
approximately 99% water, a variety of
electrolytes(sodium,  potassium,  calcium,
magnesium and phosphate) and proteins such
as enzymes, immunoglobulins, antimicrobial
factors, albumin, polypeptides and
oligopeptides, traces of albumin and mucosal
glycoproteins of great importance for
maintaining oral health. It also contains
glucose, urea and ammonia in various
quantities that can interact and be responsible
for several diseases (5-7). The components of
saliva are either inherent components of saliva
itself or are derived from blood. Plasma
components could also enter saliva through
various processes such as ultrafiltration
through gap  junctions, intercellular,
transudation of plasma compounds into oral
cavity through crevicular fluid and by passive
diffusion of lipophilic molecules (8).
Saliva has several advantages over serum or
other body fluids that makes it a valuable
diagnostic tool including the non-invasive
sampling, cost-effectiveness, minimal risk of
cross-contamination, commercial availability
and applicability to all patients, especially to
those for whom blood sampling could be a
challenge such as children and anxious or
uncooperative patients (1, 9). Furthermore, a
good correlation between concentration of
serum and saliva has been reported for some
but not all analytes (10).
Diagnostic disadvantages of saliva include
variations in  sample collection and
diurnal/circadian rhythm as well as the
necessity of sensitive detection systems
(11,12). Nevertheless, development of newer
and sensitive technologies has enabled
identification of biomolecules even in small
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quantities, which enhances the usability of
saliva as a diagnostic tool (13-15).
Over the past few decades, saliva testing has
been used for diagnosis of various oral and
systemic diseases, some malignancies and
infections (1, 16, 17). A study on patients with
late stage chronic Kidney disease showed an
elevated level of salivary urea with a positive
correlation to blood urea levels (18). Saliva
can be also used for therapeutic drug
monitoring (19). Furthermore, the successful
application of salivary diagnostics has been
made possible by utilizing novel molecular
approaches including transcriptomics,
proteomics and genomics (20).
The aim of this study is to investigate the
possibility of using saliva matrix instead of
blood to detect level of alkaline phosphatase
(ALP), alanine transaminase (ALT), aspartate
aminotransferase  (AST), total bilirubin,
gamma-glutamyl transpeptidase (GGT), urea
and creatinine and to characterize their normal
range in healthy subjects.
MATERIALS AND METHODS

This randomly controlled cross sectional
study was conducted from February 2019 to
August 2019 after obtaining ethical approval
from institutional review board of the
University of Petra (IRB#2H-7-2018). Written
consent form was obtained from all
participants. A total of 100 healthy normal
individuals (43 males and 47 females) with no
apparent underlying clinical condition were
included in the study. The sample size was
calculated after assuming 80% power and 5%
significant level, while the relative risk of
failure of the experimental subjects was 0.15.
Individuals who were under medication for
any reason were excluded from the study.
Demographic characteristics including age,
sex, smoking habits and weight were collected
using a questionnaire. Before collecting saliva
samples, the participants were asked to gently
rinse their mouth with water twice, to avoid
any food residues contamination. The subjects
sat with their heads in bent position. At least 1
ml of saliva was collected in a sterile container
by simple spitting without stimulation.
Subsequently, saliva samples were centrifuged
at 1,500 rpm for 10 minutes, and the
supernatant was used for biochemical analysis.
In addition, 3 ml of venous blood were
collected in plain tubes and set to clot for 20
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Biosystems Co.) under the following
conditions: initial denaturation at 95 °C for 10
minutes, and 40 cycles of denaturation at 95
°C for 15 seconds, annealing at 60 °C for 40
minutes. Then, the blood samples were
centrifuged at 10,000 RPM for 15 minutes to
collect serum. Both salivary and serum
samples were analyzed within one hour of
collection and the remaining content was
stored at -20 OC.
Level of AST, ALT, ALP, GGT, total
bilirubin, creatinine and urea were evaluated to
assess liver and kidney function. All
experiments were performed in the clinical
biochemistry laboratory of the university of
Petra pharmaceutical center (UPPC) using
calibrated fully automated chemistry analyzer
ACE ALERA Il (Alfa Wassermann, USA)
according to the international federation of
clinical chemistry and laboratory medicine
(22).
The data obtained were subjected to receiver
operating characteristic (ROC) analysis (to
determine sensitivity and specificity), Mann-
Whitney U test for comparison of variables
and Karl-Pearson’s test to assess coefficient
correlation. All statistical analyses were
performed using SPSS Package version 23.0
(SPSS Inc, Chicago, USA). A ROC/area under
the ROC curve (AUC) score of greater than
0.7 indicated significant correlation between
serum and saliva samples.
RESULTS

Demographic  characteristics of  study
subjects are presented in table 1. The levels of
AST (saliva = 25.8 + 17.9 U/L, serum = 23.0
+ 6.4 U/L) did not differ significantly between
saliva and serum samples (t-test P=0.347). In
contrast, ALP, ALT, GGT, urea, total bilirubin
And creatinine levels were higher was

statistically significant between saliva and
serum samples (t-test P=0.000) (Table 2). The
ROC analysis revealed that AST has a score of
0.717, which is greater than the cut-off
threshold value of 0.7, indicating the potential
of AST as marker in saliva (Figure 1). The
mean saliva to serum ratio values for AST was
111.9%, which means that AST is secreted in
saliva in high amounts. In addition, the
specificity and sensitivity of salivary AST
were 80% and 76%, respectively. The cut-off
point for AST was 31.5, suggesting that
normal range of salivary AST is 31.5 — 110
U/L. The number of samples needed for
accurate statistical ranges were 46, which were
covered in our study.

The significant ROC scores of GGT (0.76) and
urea (0.86) indicated their potential use as
markers for investigating liver function and
kidney function using saliva. According to the
ROC curve AUC, GGT had a sensitivity of
80% and a specificity of 63.4%. The suggested
normal range of salivary GGT was determined
to be 10.5-24.5 U/L. The number of samples
needed to give an accurate statistical range
was 20 samples, which were covered in our
study.

For urea, the mean saliva to serum ratio was
129.6%, which means that urea is also secreted
in saliva in high amounts. The AUC indicated
that salivary urea had a sensitivity of 100%
and a specificity of 75.3%. The suggested
normal range of salivary urea was 46 to 75
mg/dL. The number of samples needed to give
an accurate statistical range was 17 samples,
which were covered by our study population.
The suggested normal ranges of salivary ALP,
ALT, total bilirubin and creatinine were 7-98
U/L, 6-31 U/L, 0-0.13 mg/dL and 0.14-0.31
mg/dL, respectively (Table 3).

Table 1. Demographical characteristics of participants

Variable Value
Average age (years) 24+48
Average weight (kg) 66.35+12.44

Sex
Male N=43
Female N=57
Smoking
Yes N=22
No N=78
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Table 2. Salivary and serum levels of liver function and kidney function biochemical parameters in subjects

Parameter Serum level Salivary level t-test P- ROC/AUC

value value
(Mean == SD) (Mean 7= SD)

ALP 146.9 = 35 (U/L) 20.97 20.7 (UIL) 0.000 0.44
AST 23+ 6.4 (UIL) 258+ 17.9 (U/L) 0.347 0.72
o 16.25 = 8.6 (UIL) 106 = 11.8 (UIL) 0.000 0.50
GGT 215+ 52 (UL) 9.6 + 4.37 (UIL) 0.000 0.76
Total Bilirubin 0.83 = 0.12 mg/ dL 0.16 = 0.13 mg/ dL 0.000 0.49
Creatinine 0.635 + 0.27 mg/ dL 0.087 =+ 0.05 mg/ dL 0.000 0.556
UREA 0.000 0.826

27.5 = 7.24 mg/ dL

35.6 = 15.19 mg/ dL

Table 3. Normal range and sensitivity/specificity of the tested biochemical parameters for saliva testing

Variable ALP ALT AST Urea Total GGT Creatinine(mg/
Bilirubin dL)
(mg/ dL)
(VL) (VL) (VL) (mg/ dL) (UL
Normal range 7-98 6-31 31-104 45-74 0-0.13 15-24 0.14-0.31
Sensitivity%o 38 75 80 100 49 60 20
Specificity% 85 45 76 75 38 91 91
CV % 92 107 74 43 69 44 51
AST
100 |- [—
80|
g 60 -
§ 40 |-
20}
i AUC = 0.717
- P =0.153
0H PR PR Y Y N A VA TN T N
0 20 40 60 80 100

100-Specificity

Figure 1. The ROC curve of AST
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DISCUSSION

This study was conducted to investigate
efficacy of saliva for evaluation of certain
biochemical markers in healthy individuals in
Jordan. We also aimed to normalize urea to
amylase levels in each saliva sample to
determine whether normalization is needed to
reduce variability of results. We found that
variability of salivary urea was increased from
43% to over 300%, which indicated that
normalization of saliva samples is not
necessary.
It has been reported that AST and ALT levels
are usually equal in serum and saliva of
different population, regardless of the
underlying clinical condition (22). A study
conducted by Bilancio et al. revealed a
significant correlation between saliva and
serum urea levels, which may be related to the
high solubility and diffusive nature of urea
(22). In a study by Koval¢ikova et al., saliva
urea and creatinine was higher in patients with
chronic kidney disease than in age-matched
healthy controls. In addition, there was a
positive correlation between serum/plasma and
salivary concentrations of creatinine and urea
in the patients (23). In contrast, Peng et al.
demonstrated that salivary urea concentrations
are almost identical in the morning and
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