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We developed a method of rapid assay for biochemical properties of the saliva based on at-
tenuated total reflection infrared spectroscopy. This method allows evaluating saliva composi-
tion within 5 min without sample preparation; 10 pl sample is enough for the analysis. The
concentration of total protein, glucose, secretory immunoglobulin A, urea, amylase, cortisol,
inorganic phosphate in the saliva can also be measured. Precision and reproducibility of the
evaluated parameters are comparable to those obtained by routine clinical analysis.
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non-invasive diagnostics

Human saliva is a unique subject for investigation
and diagnostics. Association of physiological illness
with physiological activity of the salivary glands sug-
gests the possibility of using the saliva as the source
of diagnostic information, which possesses a number
of advantages over analysis of other biological fluids
[1,12]. Various serum or urine components can also
be revealed in the saliva [1,2,10,12]. Drug or hormone
concentrations in the saliva do not depend on saliva
flow rate and sometimes correlate with blood concen-
tration of these substances [7,9,10]. A large number of
biomarkers is measured in the saliva, including heavy
metals (e.g. lead) [6], hormones (cortisol, testoster-
one) [7,9], toxins and their metabolites (cotinine) [8],
enzymes (lysozyme, a-amylase) [13], immunoglobu-
lins (IgA) [9,13], proteins and DNA. Detection and
quantitative analysis of biochemical characteristics
of the saliva in mid-infrared (IR) region (4000-700
cm ') are not used in the diagnostics, although its
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components possess highly specific bands in this re-
gion at a particular set of wave numbers depending on
the molecular composition and structure [4,11]. The
use of mid-IR spectroscopy in quantitative analysis of
biological fluids is known for a quite a long time. Glu-
cose, albumin, triglycerides, total protein and immu-
noglobulin content in blood serum and urine samples
can be precisely determined [3,5,14]. Recently, non-
invasive methods of diagnostics and estimation of the
functional state of the organism, based on the analysis
of saliva composition attracted much attention. The
development of a method which would combine high
reproducibility, precision and simplicity of quantitative
assessment of saliva biochemical characteristics is an
interesting problem.

The aim of the study was to develop a method
of evaluation of biochemical characteristics of the sa-
liva using attenuated total reflection (ATR) infrared
spectroscopy and mathematic processing, based on the
method of projection on latent structures. The method
should be highly precious and reproducible, should
differ from traditional biochemical methods by the
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absence of sample preparation procedures, and should
provide instantaneous information on the concentra-
tion of biochemical substances in the studied saliva
sample (sample volume <10 pl).

MATERIALS AND METHODS

The study was conducted on 28 volunteers. The ex-
periment was approved by ethical committee of All-
Russian Research Institute of Physical Culture and
Sports. Saliva samples were collected using Salivette
pads (Sarstedt). The examinee chewed a cotton pad
for 3 min, then the pad was placed into a container
with a plastic top. The container was put in a plastic
test tube; the saliva was collected on the bottom of
the tube by centrifugation at 3000 rpm at 20°C for 20
min. Each sample was divided into 2 parts: one was
used for traditional biochemical analysis and the other
was used for Fourier transform IR spectroscopy. The
samples were kept at -80°C.

IR spectra of samples were recorded using Micro-
lab spectrometer (A2 Technologies in 4000-700 cm !
region) fitted with an ATR attachment (Fig. 1) provid-
ing triple reflection of the IR beam penetrating into the
analyzed sample to a specific depth. The volume of
saliva sample was 2 pl. The sample was dried on the
spectrometer attachment for 3 min and the spectrum
of the obtained film was recorded. Air spectrum was
used as the background. Background and sample spec-
tra were taken with resolution of 4 cm—' and number
of scans of 32. Before the analysis of each sample,
the attachment was cleaned with distilled water. The
analysis was repeated 10 times for each sample, the
obtained spectra were averaged and used for calibra-
tion plotting and further analysis.

Detection of total protein concentration in the sa-
liva was performed using Coomassie Plus (Bradford)
Protein Assay (Piece). Total sIgA level in the saliva
was detected using Secretory IgA test system (Vector-
Best). Cortisol concentration in the saliva was de-
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Fig. 1. ATR cell scheme.

tected using commercial Salivary Cortisol test system
(DRG). Biochemical analysis of glucose, oi-amylase,
urea, non-organic phosphate was performed using
automatic biochemical analyzer HumaStar 300 (Hu-
man) and a set of necessary reagents of this company.
Fourier-transform IR spectrometry was performed us-
ing the second aliquot of the saliva.

Multivariate analysis using method of projections
on latent structures was used for calibration model
plotting for each saliva component. The spectra were
adjusted to baseline and normalized. Spectral data pro-
cessing was performed using Bruker Quant2 software
(Bruker Optics).

RESULTS

To obtain stable and reproducible results of multivari-
ate spectra analysis, 28 saliva samples were used for
calibration within a range of concentrations attribut-
able to normal physiological values of biochemical
indices (Table 1).

We used various approaches for plotting of cali-
bration models for total protein, amylase, glucose, cor-
tisol, urea, sIgA concentrations. First, we used cross-
validation procedure, when one spectrum is extracted
from the calibration sample, while others are used for

TABLE 1. Mean Square Errors of Detection of Biochemical Indices in Saliva Samples

Index RMSECV RMSEP Coniigltirbari%rénrfnge Concent(:ztsi?)n range
Total protein, mg/ml 0.0416 0.0645 0.17-0.96 0.3-0.81
Glucose, umol/liter 0.0318 0.00869 0.01-0.28 0.02-0.08
Urea, mmol/liter 0.187 0.14 2.5-5.9 3.8-5.6
Amylase, U/ml 55 44-830 13-827
slgA, mg/liter 23.8 8.46 26-200 40-139
Cortisol, mmol/liter 2.21 5.42-24.74 9.77-18.87
Phosphate, mmol/liter 0.511 0.379 2.5-7.9 2.9-6.5
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Fig. 2. Calibration model for calculation of saliva total protein
level.

calculation of regression coefficient. Regression coef-
ficients are then used for prediction of concentration in
the extracted spectrum. Predicted value is compared to
the value calculated used standard biochemical meth-
od. Mean square error of the predicted value is calcu-
lated as a root mean square error of cross-validation
(RMSECV).

The second approach was applied to independent
set of new samples, the test set. These spectra are not
used for calibration. The concentration in these samples
was predicted using calibrating model. Mean square er-
ror of predicted value is calculated as root mean square
error of prediction (RMSEP; Table 1). Calibration mod-
els were plotted for eight saliva components.

Each saliva component possesses a set of spe-
cific absorption regions in IR range depending on the
molecular composition and structure. The saliva is
multi-component system, its spectrum is superposi-
tional and reflects the impact of components present in
the analyzed sample. Mathematic processing of spec-
tral data enables indentification of changes of certain
component basing on changes of saliva spectrum and
its derivates in a specific range of wave parameters.

Calibration model plotted for calculation of total
protein value in the saliva is shown on Figure 2. The
model possesses good predictive properties, which is
supported by high value of correlation coefficient R?
(94.8%) and low RMSECV value (0.0416 mg/ml).
Total protein content in saliva samples from the test
set calculated using the plotted model is indicative
of a high predictive strength of the model (Table 2),
RMSEP value was 0.0645 mg/ml.

Calibration model, plotted for calculation of the
urea concentration, also demonstrates high predictive
ability (R*=95.6%, RMSECV=0.187 mmol/liter), and
urea concentrations, calculated by applying this mo-
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del, are close to the values obtained using enzymatic
colorimetric test, root mean square error of prediction
(RMSEP) was 0.14 mmol/liter.

Spectral range with wave numbers between 1119
and 958 cm ! was used for plotting the calibration
model for calculation of glucose concentration in sali-
va samples. The indicated region contains pronounced
absorption bands typical of valency oscillations of
C-0O and C-O-C bonds and variation of glucose con-
centration in the samples produce changes of spectral
profile within this range. Characteristics of the plot-
ted model: R?>=84.6%, RMSECV=0.0318 mmol/liter,
RMSEP=0.00869 mmol/liter.

Normal concentration of inorganic phosphorus in
the saliva is about 4.8 mmol/liter, it can also be cal-
culated on the basis of spectral analysis. Calibration
R2was 87.2%, RMSECV=0.511 mmol/liter, in test set
RMSEP=0.379 mmol/liter.

Data on detection of sIgA and cortisol concen-
trations in test set of saliva samples are presented in
Table 2. Predicted concentrations are close to the ini-
tial values, RMSEP is 8.46 mg/liter for sIgA and 3.1
mmol/liter for cortisol. Calibration models possess the
following properties: R*=78.2%, RMSECV=23.8 mg/
liter for sIgA and R?>=79.4%, RMSECV=2.21 mmol/
liter for cortisol.

These results indicate that precise detection of to-
tal protein level and concentration of such substances
as glucose, urea, sIgA, cortisol, inorganic phosphorus,
is possible. High precision is achieved by using a large

TABLE 2. Measurement of Total Protein (mg/ml), sIgA (mg/
ml), and Cortisol (mmol/liter) in Control Samples of Saliva

No. of sample Real Predicted | Error, %
Total 1 0.6 0.5 17
protein 2 0.48 0.44 8

3 0.81 0.76 6
4 0.5 0.56 12
5 0.3 0.35 17
slgA 1 40 50 25
2 105 116 10
3 94 90 4
4 75 67 11
5 139 133 4
Cortisol 1 16.88 10.76 36
2 18.87 18.49 2
3 9.82 10.06
4 9.77 12.78 30
5 13.98 12.87 8
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number of spectra for calibration (28 spectra in 10
repeats), which are scrupulously chosen according to
physiologically normal values of various biochemi-
cal parameters of the saliva and which homogenously
cover the whole calibration range.

The method based on ATR IR spectroscopy and
mathematical processing of the spectral data using the
method of projection on latent structures was deve-
loped as reagent-free analysis of saliva composition.
Biochemical properties of the saliva can be detected
without sample preparation (sample concentration, sep-
aration of detected components, removal of shielding
agents) few minutes after sample obtaining. A sample
of about 10 pl is necessary for detection of several
components. Precision and reproducibility of detected
parameters are comparable to routine clinical analysis
and are limited only by reference analysis, which is
used for plotting of the calibration model.
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