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Abstract

The effects of filtration (F) and alpha-amylase depletion (AD) were assessed in n = 34 saliva
samples. Each saliva sample was split into three aliquots and treated as follows: (1) no treat-
ment; (2) 0.45um commercial filter; and (3) 0.45um commercial filter and affinity depletion of
alpha-amylase. Then, a panel of biochemical biomarkers consisting of amylase, lipase, ala-
nine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transfer-
ase (GGT), alkaline phosphatase (ALP), creatine kinase (CK), calcium, phosphorus, total
protein, albumin, urea, creatinine, cholesterol, triglycerides, and uric acid was measured.
Differences between the different aliquots were observed in all measured analytes. The
most marked changes were found in triglycerides and lipase data for filtered samples, and in
alpha-amylase, uric acid, triglycerides, creatinine, and calcium results in alpha-amylase-
depleted aliquots. In conclusion, the salivary filtration and amylase depletion methods
employed in this report caused significant changes in saliva composition measurements.
Based on these results, it would be recommended to consider the possible effects of these
treatments in salivary biomarkers when filtration or amylase depletion is performed.

Introduction

Saliva is a biofluid of increasing interest in the diagnosis and monitoring of numerous health
conditions. Saliva mirrors the body’s health state and wellbeing, being 20-30% of blood pro-
teins found in saliva, suggesting that saliva can be of clinical use in some situations [1]. Some
biomarkers are found to be correlated between serum and saliva, including acute phase pro-
teins, steroid hormones, and metabolites [2, 3]. The main advantages of saliva include that its
collection is non-invasive, pain, and stress-free, and allow easier, faster, safer, and more eco-
nomical collecting protocols as compared to blood [4-6]. This promotes the ease and accep-
tance of repeated collection from people of all ages, being of especial interest in certain
situations such as epidemiological studies or when children or elderly are involved [7, 8].
Overall, saliva have a high potential as a source of non-invasive biomarkers for clinical applica-
tions [9].

PLOS ONE | https://doi.org/10.1371/journal.pone.0286092 May 26, 2023 1/9


https://orcid.org/0000-0003-3375-4274
https://orcid.org/0000-0002-1524-1558
https://doi.org/10.1371/journal.pone.0286092
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286092&domain=pdf&date_stamp=2023-05-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286092&domain=pdf&date_stamp=2023-05-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286092&domain=pdf&date_stamp=2023-05-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286092&domain=pdf&date_stamp=2023-05-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286092&domain=pdf&date_stamp=2023-05-26
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286092&domain=pdf&date_stamp=2023-05-26
https://doi.org/10.1371/journal.pone.0286092
https://doi.org/10.1371/journal.pone.0286092
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.17605/OSF.IO/UGKA3
https://osf.io/ugka3/?view_only=85534e6996544847827effe1a4dbc543
https://osf.io/ugka3/?view_only=85534e6996544847827effe1a4dbc543

PLOS ONE

Effects of filtration and alpha-amylase depletion on salivary biochemical composition measurements

(RYC-2017-22992) supported by the Ministerio de
Economia y Competitividad, Agencia Estatal de
Investigacion (AEI), Spain, and The European
Social Fund. The funders had no role in study
design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

Saliva also possesses a series of disadvantages for example the presence of contaminants
and viscous components that can produce imprecise results [10]. The levels of particle contam-
ination tolerated by some systems such as mass spectrometers are very limited and particle lev-
els should be closely monitored in hydraulic systems or aircraft fuel to prevent damages. Thus,
filtration of saliva samples is commonly performed prior to mass spectrometry measurements
[11], as well as for exosomes identification [12] or genomics [13] analyses.

In a similar manner, the presence of high abundant proteins in saliva is known to mask
potential low abundance biomarkers [14, 15]. Since alpha-amylase is the most abundant pro-
tein in human saliva, posing >50% of salivary protein content, it is commonly depleted to
increase assay sensitivity in proteomic analyses [15]. The most employed method for alpha
amylase depletion is the one described by Deutsch et al. (2008) [14], in which alpha amylase is
depleted by affinity adsorption to potato starch, allowing the identification of 15 additional
proteins not visualized before depletion using a proteomic gel-based approach.

However, these filtration and depletion of high-abundant proteins protocols may cause
alterations in sample composition, such as co-depletion of several other proteins that have
been described in plasma and serum [16-18]. Therefore, although it is known that saliva com-
position if affected by processing methods, there is a lack of information regarding the possible
effects of the depletion and/or filtration protocols on the salivary biochemical composition.

The objective of this study was to evaluate if procedures such as filtration and alpha-amylase
depletion could influence saliva composition. For this purpose, the effects of saliva filtration
and alpha amylase depletion on a panel of different saliva components that can be used as bio-
markers such as enzymes (amylase, alanine aminotransferase (ALT), aspartate aminotransfer-
ase (AST), gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), lipase, creatine
kinase (CK)), inorganic elements (calcium, phosphorus), proteins (total protein, albumin) and
metabolites (urea, creatinine, cholesterol, triglycerides and uric acid) was studied.

Materials and methods
Subjects and saliva collection

Thirty-four surplus saliva samples from a previous study [19] were employed in this study.
The samples were both collected and processed for this study in 2017, and the authors did
not had access to information that could identify individual participants during or after the
data collection. In brief, unstimulated whole saliva samples were collected by passive drool
method into a 3 mL plastic tube. The participants were asked not to drink, eat, or brush their
teeth for at least an hour before providing samples. Immediately after collection, the samples
were vortexed, centrifuged (3 500 g, 10 min, 4°C) and the supernatant was stored at -80C
until analysis.

All the studies were in accordance with the ethical standards of the Institutional and/or
National Research Committee (1349/2016) and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. All participants were informed of the pur-
pose and experimental procedures of the study and signed a written informed consent form
prior to their participation. This study was approved by the Ethical Committee of the Univer-
sity of Murcia and the Ethical Committee of the IMIB-Arrixaca.

Saliva pre-treatments

Saliva from each subject was divided into three aliquots, which were treated as follows: (1) con-
trol, with no additional treatment (NT); (2) saliva samples were filtered through a 1.2 pm and
0.45 um commercial filters (Millipore Corporation, Bedford, Massachusetts, USA) (F); and (3)
the third aliquot was filtered through a 1.2 um and 0.45 pm commerecial filter and then passed
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through a homemade column with potato starch for the affinity depletion of alpha-amylase,
following the protocol described by Deutsch et al. [14] (AD). The determinations were per-
formed in duplicate.

Biochemical measurements

All the biochemical measurements, including amylase, ALT, AST, GGT, ALP, lipase, CK, cal-
cium, phosphorus, total protein, albumin, urea, creatinine, cholesterol, triglycerides, and uric
acid, were determined using commercial kits following the manufacturer’s instructions (Beck-
man Coulter Inc., Fullerton, CA, USA; Olympus life and Material Science Europe GmbH,
Hamburg, Germany), and were validated for its use in saliva samples. The measurements were
performed using an automatic analyser (AU 600 automated biochemical analyser, Olympus,
Minneapolis, Minn) using commercial assays following manufacturers’ instructions (Beckman
Coulter Inc., Fullerton, CA, USA).

Statistical analysis

Results from each biomarker and protocol were evaluated for normality of distribution using
D’Agostino and Pearson omnibus normality test. As not all the data followed a normal distri-
bution, the Friedman test followed by the Dunn’s post-test was performed to evaluate possible
effect of different treatments on salivary biomarkers. This was done by comparing the results
between the three groups, i.e. no treatment (NT), filtration (F) and alpha-amylase depletion
(AD). The correlation was calculated using the non-parametric Spearman correlation test. A
significance level of p < 0.05 was used for all analyses. Statistics were performed using Graph-
Pad Prism 6 software (GraphPad Software Inc., La Jolla, CA, USA).

Results

Results of the different biomarkers concentrations in saliva before and after filtration and amy-
lase depletion are shown in Table 1 and Fig 1. All analytes measured showed statistically signif-
icant changes after filtration or amylase depletion in comparison to control group (NT). The
most notable changes after filtration were observed for triglycerides (517-fold higher) and
lipase (11.4-fold lower); while after AD, amylase (>11000-fold lower), calcium (49.6-fold
lower), creatinine (7-fold higher), triglycerides (54.2-fold higher) and uric acid (222-fold
lower) showed the most significant changes in comparison to NT.

Correlation between the different groups were calculated for each analyte and shown in
Table 2. Most enzymes showed strong positive correlations (r >0.8) between the groups. Urea
and uric acid strongly correlated between NT and F (r = 0.986; r = 0.868, respectively), but not
with AD. Triglycerides correlated positively between NT and AD (r = 0.39), but no between
NT and F (r =-0.118, p>0.05). Calcium concentrations did not correlate between the different
treatments.

Discussion

Saliva can be an interesting source of diagnostic biomarkers [9]; however, it is of high impor-
tance to detect the possible biases caused by its collection, processing, and storage to obtain
meaningful results [20]. While much of the literature focuses on differences among different
sampling methods [21-23], less emphasis is given to sample pre-processing [20]. Nevertheless,
reproducible protocols for saliva pre-processing, such as removal of contaminants or high-
abundance proteins, are important for precise analyses [10]. Our study provides evidence that
filtration and amylase depletion, which are among the most commonly used protocols for
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Table 1. Median (25-75% interquartile range) of analytes before (NT) and after filtration (F) and filtration plus alpha-amylase depletion (AD).

Enzymes

Inorganic elements

Proteins

Metabolites

Amylase (UI/mL)
ALT (UI/L)

AST (UI/L)

GGT (UI/L)

ALP (UI/L)

Lipase (UI/L)

CK (UI/L)

Calcium (mg/dL)
Phosphorus (mg/dL)
Total protein (mg/dl)
Albumin (mg/1)
Urea (mg/dl)
Creatinine (mg/dl)
Cholesterol (mg/dl)
Triglycerides (mg/dl)
Uric acid (mg/dl)

N No treatment (NT) Filtration (F) Amylase- depleted (AD) Friedman Test P value
26 125.4 (80.9-202)° 161.8 (118.6-243.5)° 0.01(0.0-0.02)*® <0.001
34 5.9 (1.88-11.95) 3.25 (1.48-7.45) 1.5 (0.98-3.9)* <0.001
34 27.65 (10.03-48) 21.4 (9.63-38.2)° 10.4 (5.55-27.03)* <0.001
34 8.45 (5.98-15.45)% 5.9 (4.5-8.18)* 4(2.98-4.95)* <0.001
18 7.4 (4.1-11.73)* 5.55 (2.83-8.7)* 3.5(2.13-4.95)* <0.001
34 7.95 (4.1—14.53)a’b 0.7 (0.7-6.43)* 2.4 (1.25—16)b <0.001
34 12.45 (6.3-23.05)* 12.65 (8.28—18.33)b 6.3 (4.7—10.13)3’b <0.001
34 4.96 (4.61-8.04)* 2.58 (2.09-4.64) * 0.1(0.03-0.1) * <0.001
34 20.55 (17.08-24.3)* 17.92 (14.89-20.64)* 5.77 (3.77-8.14)* <0.001
26 151.4 (96.7-191.8)* 107.2 (72.96—154.4)b 40.66 (26.6—60.15)3’b <0.001
34 3.68 (1.88-7.05) 2.74 (1.88-6.47)° 1.91 (1.36-3.99) *° <0.001
34 | 40.65 (29.68-53.05) 40.5 (29.95-50.60)" 20.80 (12.23-31.45) *° <0.001
16 0.13 (0.10-0.19)* 0.13 (0.10-0.18)" 2.10 (1.97-5.55)*° <0.001
16 1.51 (0.94-2.57)*° 0.54 (0.43-0.80)° 0.52 (0.36-0.62)" <0.001
34 3.27 (1.58-5.75)* 1693 (1501-2188)* 177.2 (47.68-351.4)% <0.001
34 2.22 (1.55-3.55) 2.24 (1.69-3.64)° 0.01 (0.01-0.04) *° <0.001

Same letters indicate differences of statistical relevance (Duns Test).

https://doi.org/10.1371/journal.pone.0286092.t001

salivary processing, caused alterations in a panel of 16 salivary analytes under the conditions of
this study.

In order to reduce bias, the same aliquots of saliva were subjected to the different treatments
and analysed at the same time using a high-throughput automatic analyser. The selected
parameters for analysis were chosen based on: (1) its possibility of automated and fast mea-
surement in biochemical analyses, limiting the possible artefacts due to manual analysis [24-
26]; (2) their use as biomarkers to evaluate different physiological conditions and organs,
including stress (amylase, lipase), liver (ALT, AST, GGT, ALP), kidney (urea, creatinine), mus-
cle, (CK), metabolic status (cholesterol, triglycerides, albumin, total protein, calcium, phospho-
rus) and oxidative stress (acid uric).

Saliva filtration is a common procedure to remove contaminants such as cellular debris, tur-
bidity and viscosity that would interfere with analytical results [20]. Therefore, it is routinely per-
formed prior to MS analyses to avoid equipment damage, or as initial step for other techniques.
Saliva filtration has been proposed as an alternative to centrifugation, reducing the need for
unconventional equipment [20]. In our study, the filtration of saliva through a commercial
0.45nm filter caused alterations of statistical relevance in 9 out of 16 analytes, namely ALT, AST,
GGT, ALP, lipase, calcium, phosphorus, albumin, cholesterol, and triglycerides. In all cases,
except for alpha-amylase and triglycerides, lower analyte concentrations were observed after fil-
tration. This is in concordance with previous studies in which Mini-UniPrep polyether-sulfone
filters affected testosterone, de-dehydroepiandrosterone, and cortisol measurements in whole
saliva [10]; while others authors did not find differences between filtered and centrifuged sam-
ples in leptin nor adiponectin concentrations [20]. In our case, these differences were more evi-
dent for triglycerides, in which the measured concentrations were increased more than 500
times after filtration in comparison to pre-treatment measurements. After filtration, samples did
not show any apparent changes in terms of colour or turbidity that may interfere with the assays.

Alpha-amylase is one of the most employed salivary biomarkers of the stress response sys-
tem and autonomic activity [27]. However, its high presence in human saliva can suppose a
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Fig 1. Analyte fold changes of no treatment (NP) in comparison to filtration (F, A) and amylase depletion (AD, B)
measurements.

https://doi.org/10.1371/journal.pone.0286092.9001

limitation to detect other markers with some techniques as for proteomics, in which high-
abundance proteins can repress the signals of the lower-abundance ones [17]. Thus, many
authors deplete alpha-amylase to reduce the dynamic range of proteins and unmask low-abun-
dance proteins. This protein depletion is also performed in plasma, serum or cerebrospinal
fluid, becoming a standard first step in clinical proteomics analyses aiming at biomarker dis-
covery [28, 29]. In our study, alpha-amylase depletion using potato starch caused a marked
reduction of this enzyme with concentrations close to zero (11.3 (5.52-24.25 UI/L) and
>10000-fold lower concentration in comparison to non-depleted samples (NT and F) groups.
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Table 2. Correlation (r; p) between salivary concentrations before (NT) and after filtration (F) and filtration plus
alpha-amylase depletion (AD) groups.

Analyte NT vs F NT vs AD
Amylase (UI/mL) r=0.872; p = <0.001 r=0.493; p = 0.003
ALT (UI/L) r=0.921; p = <0.001 r=0.827; p = <0.001
AST (UI/L) r=0.959; p = <0.001 r=0.912; p = <0.001
GGT (UI/L) r=0.878; p = <0.001 r=0.817; p = <0.001
ALP (UI/L) r =0.930; p = <0.001 r=0.812; p = <0.001
Lipase (UI/L) r = 0.544; p = 0.001 r=-0.091; p = 0.608
CK (UI/L) r=0.520; p = 0.002 r = 0.455; p = 0.007
Calcium (mg/dL) r=-0.053; p = 0.765 r=-0.062; p = 0.729
Phosphorus (mg/dL) r=0.733; p = <0.001 r = 0.448; p = 0.008
Total protein (mg/dl) r=0.807; p = <0.001 r=0.775; p = <0.001
Albumin (mg/l) r=0.831; p = <0.001 r=0.913; p = <0.001
Urea (mg/dl) r=0.986; p = <0.001 r=0.211;p =0.231
Creatinine (mg/dl) r=0.872; p = <0.001 r=0.493; p = 0.003
Cholesterol (mg/dl) r=0.867; p = <0.001 r=0.761; p = <0.001
Triglycerides (mg/dl) r=-0.182; p = 0.304 r=0.39; p =0.022
Uric acid (mg/dl) r = 0.868; p = <0.001 r=0.24;p=0.172

Data in bold highlight statistical significance (p<0.05).

https://doi.org/10.1371/journal.pone.0286092.t002

The residual concentration of alpha-amylase after depletion could be caused by the saturation
of the potato starch in the depletion column and has been previously reported [14]. Thus, this
method allows the removal of most of the alpha-amylase content in a rapid and economic way.
However, amylase-depletion changed all the others evaluated analytes in comparison to pre-
treatment (NT) results. Similarly, all biomarkers, with the exception of lipase and cholesterol,
differed significantly between filtration and filtration plus alpha-amylase depletion; which
indicated that these changes were caused by the depletion itself and not filtration process.
Therefore, cautions should be made when evaluating depleted alpha-amylase saliva samples
using potato starch columns.

To determine the possible interferences that may cause filtration or alpha-amylase deple-
tion processes, two additional tests were performed for all biomarkers using ultrapure water
instead of saliva. These could also help to determine if an initial filters’ rinse could avoid these
interferences by removing possible added stabilizers. Those tests were performed by quintupli-
cate. First, the same aliquot of ultrapure water was passed through the same filter up to five
times, saving an aliquot to measure all biomarkers after each filtering process in the same run.
Triglycerides increased after the first filtration from 0 to 1840 (mg/dl) and remained high for
all runs. The other test consisted of five successive filtrations of new batches of ultrapure water,
using the same filter. In this second test, triglycerides results increased highly after the first and
second filtration (median 2171 and 289 mg/dl, respectively), and moderately from third to
fifth (30.74, 14.38 and 15.85 mg/dl, respectively). Increases in lipase (as the described for saliva)
were also observed in these tests with ultrapure water, while the rest of parameters results were
unaltered. This, may suggests that some elements can be released from the filter during the fil-
tration processes and interfere with triglyceride and lipase measurements, regardless of the
type of sample used.

Therefore, previous rinse is not necessary for the measurement of most parameters and, in
the case of triglycerides, even five consecutive rinses did not prevent the apparition of values
above non-filtered samples.
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Results of correlation between the three treatments varied among the different biomarkers.
While some enzymes (ALT, AST, GGT, ALP) or albumin showed strong positive correlation
with respect to NT after both filtration and alpha-amylase protocols; others did not correlate
significantly. Therefore, the possible correlation of other biomarkers should be assessed indi-
vidually; and data should be interpreted with caution because F and AD modulate biomarkers
concentrations.

The present study has some limitations. First, it only evaluated the effect of one type of filter
and one amylase-depletion protocol, and all samples were previously centrifuged. Thus, the
use of other different materials and protocols could cause different effects on salivary composi-
tion and should be evaluated. Second, the study comprises a relatively low number of samples
and does not evaluate if these changes may have clinical relevance in populations with different
diseases. Therefore, future studies with larger sample size including different diseases would be
desirable to determine the clinical application of our results. In addition, a panel of 16 bio-
markers was used in our study and in the case of using other analytes different that those
included in this report, these specific analytes should be evaluated. Nevertheless, this is a pilot
study in nature and serves as a basis to indicate the influence of different sample processing
protocols can have in the saliva composition.

This study demonstrates pre-processing protocols such as filtering and depleting alpha-
amylase, can alter the composition of saliva samples and potentially affect the analytes of inter-
est. Thus, cautions should be taken when interpreting results obtained through these processes.
It is also important to consider the possible influence of pre-processing protocols when com-
paring results from different studies with varying saliva processing methods.

Opverall, it is recommended that researchers using filtration or amylase depletion to con-
sider the possible impact of these protocols to properly interpret analytes in saliva. The changes
caused by these pre-processing protocols could have clinical implications in the interpretation
of selected analytes, such as in triglycerides if samples have been processed differently. In con-
clusion, this study highlights the importance of considering potential methodological impacts
on biomarker analysis in saliva.
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