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Abstract
Objectives To identify and compare the free amino acids in the saliva of periodontitis patients and healthy individuals and to
assess their levels in different periodontal disease types.
Materials and methods There were three groups: healthy individuals (control (C); n = 20), Stage III Grade B generalized
periodontitis (GP-B; n = 20), and Stage III Grade C generalized periodontitis (GP-C; n = 20). Clinical periodontal parameters
were measured. Amino acid analysis of the saliva was accomplished by liquid chromatography–mass spectrometry (LC MS/
MS), taking the mean concentration.
Results Citrulline and carnosine concentrations were significantly higher in patients with periodontitis than in the control group
(p < 0.017). Methionine, glutamic acid, and arginine showed significantly higher concentrations in GP-C, whereas proline and
tryptophan showed higher concentrations in the GP-B group (p < 0.017). There was a significant correlation between methionine,
citrulline, arginine, and carnosine and clinical periodontal parameters.
Conclusions Our results demonstrate that periodontal status and disease type can result in variations in salivary amino acid (AA)
content in correlation with clinical inflammatory signs. The significant correlation of methionine, citrulline, carnosine, and arginine
with clinical parameters, regardless of systemic status, suggests that the levels of different salivary free AAs play roles in periodontitis.
Clinical relevance Salivary free AAs may be suggested as a potential diagnostic compound in patients with periodontitis.
Clinical trial registration ClinicalTrials.gov NCT04642716
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Introduction

Periodontitis is a chronic inflammatory disease of tooth-
supporting tissues that may result in tooth loss [1]. Dental
biofilms play a primary role in the etiology of periodontitis,
but an uncontrolled inflammatory host response triggers

increased levels of local and systemic proinflammatory medi-
ators, which may lead to the destruction of periodontal tissues
[2]. Amino acids (AAs) are organic molecules that consist of a
basic amino group (–NH2), an acidic carboxyl group (–
COOH), and an organic R group (or side chain) that is unique
to each AA [3]. Several studies have suggested an association
between AAs and inflammatory conditions (such as intestinal
inflammation) and innate immune diseases [4–6]. Current
knowledge highlights the essential roles of AAs such as tau-
rine, arginine, glutamine, and proline in the immune response
by regulating T and B lymphocytes, natural killer cell and
macrophage activation, lymphocyte proliferation, and the se-
cretion of antibody cytokines and cytotoxic products [7, 8].
Metabolites of the essential AA tryptophan promote regulato-
ry T-cell differentiation and suppress proinflammatory T-
helper-cell (Th)1 and Th17 phenotypes. Suppression of the
antigen-specific Th1 response that regulates interferon gamma
(IFN-γ) and interleukin (IL)-17 secretion contributes to the
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therapeutic effect of tryptophan in autoimmune disorders such
as multiple sclerosis (MS) [9].

The findings of other studies suggest that several kinds of
AA are implicated in the cell repair and protection process
following inflammatory intestinal conditions such as inflam-
matory bowel diseases (IBDs), ulcerative colitis, and
Crohn’s disease [6, 10–13]. Glutamine has been experimen-
tally confirmed to have an anti-inflammatory effect on the
ga s t r o i n t e s t i n a l t r a c t , l i nked to a r educ t i on in
myeloperoxidase activity, the prevention of nuclear factor-
kappa B (NF-κB) activation, and inhibition of oxidative
stress [11]. Moreover, similar to glutamine, L-cysteine,
which is reported to have a protective function in intestinal
inflammation, can regulate NF-κB and nuclear erythroid-
related factor 2 (Nrf2) signaling pathways and inhibit oxida-
tive stress after lipopolysaccharide (LPS) challenge [10].
There is substantial evidence that AAs may have the ability
to modulate the NF-κB pathway and inhibit oxidative stress,
both important pathways in the pathogenesis of periodontitis
[14, 15]. Additionally, some existing studies suggest that
AAs have anti-inflammatory effects on the secretion of pro-
inflammatory cytokines, such as tumor necrosis factor-alpha
(TNF-α) and IL-1B, which are well known to contribute to
periodontal tissue destruction [16–18].

Saliva is a complex medium that contains electrolytes, bac-
teria, various enzymes, and inflammatory response products.
It has a relatively stable amino acid concentration compared
with plasma and urine [19]. Salivary amino acid components
have been reported in patients with migraine conditions, phe-
nylketonuria, and breast cancer [19–21]. Accordingly, the
levels of AA in saliva have been proposed as biomarkers of
Alzheimer’s disease as well as breast and gastric cancers
[21–23]. Given the importance of recognizing saliva as a con-
tributor to health and diseases, there is a need to assess wheth-
er any AAs in the saliva might serve as an indicator of peri-
odontal disease. In addition to researching AAs as an indicator
of periodontal disease, this study was concerned with investi-
gating promising therapeutic molecules that may specifically
inhibit the mediators involved in the inflammatory cascade.
Since AAs have been suggested as novel molecules for both
identifying and treating inflammatory diseases [7, 19–22],
previous studies have explored AAs and their levels in saliva
in periodontitis patients [24–26]. These studies identified 16–
21 different free AAs that showed elevated concentrations in
stimulated whole saliva of patients with severe periodontitis,
including glycine, proline, and taurine.

Evenwith today’s advanced technologies, to the best of our
knowledge, no study has identified the free AA content in
whole saliva and assessed the AA levels in patients with peri-
odontitis. Therefore, the aim of this study was to identify the
free AAs present in the saliva of periodontitis patients relative
to a group of hea l thy ind iv idua l s us ing l iqu id
chromatography–mass spectrometry (LC–MS/MS).

Materials and methods

Study population

Twenty systemically healthy patients with Stage III Grade
B generalized periodontitis (age range: 43.3 ± 7.77; 9
females, 11 males), 20 systemically healthy patients with
Stage III Grade C generalized periodontitis (age range:
28.8 ± 3.95; 8 females, 12 males), and 20 systemically
and periodontally healthy individuals (age range: 36.6 ±
5.18; 12 females, 8 males) were enrolled in this study.
This study was approved by the human subject’s ethics
board of İstanbul Medipol University’s Faculty of
Dentistry (date: 12.12.2014; Number: 10840098-327) for
use and access of human subjects in research and was
conducted in accordance with the Helsinki Declaration
of 1975, as revised in 2013.

Clinical examination

The clinical diagnosis was made according to the “2017
World Workshop on the Classification of Periodontal
and Peri-Implant Diseases and Conditions” [27]. Good
periodontal health (control [C] group) was defined based
on a probing pocket depth (PPD) of ≤3 mm and bleed-
ing on probing (BOP) of (+) ≤10%. Patients who had
interdental radiographic bone loss of ≥2 mm in nonad-
jacent, distinct teeth or buccal or oral radiographic bone
loss up to 15% with a PPD of >3 mm for ≥2 teeth were
diagnosed with periodontitis. The periodontitis groups
consisted of patients with Stage III generalized peri-
odontitis. These patients were graded according to the
bone loss/age index (Grade B, 0.25–1.00 [GP-B] and
Grade C, >1.00 [GP-C]).

The clinical periodontal parameters of the plaque index
(PI), PPD, gingival recession (GR), clinical attachment level
(CAL), and BOP were recorded. Measurements were taken at
four sites per tooth (mesio-buccal, mid-buccal, disto-buccal,
and mid-lingual). Average scores for whole-mouth PPD,
CAL, GR, and the percentage of sites with BOP were calcu-
lated for each subject.

The exclusion criteria were as follows: a history of reg-
ular use of systemic antibiotics, anti-inflammatory, or an-
tioxidant drugs (previous 3 months); nonsurgical periodon-
tal treatment (previous 6 months); surgical periodontal
treatment (previous 12 months); presence of <10 teeth;
current medications affecting gingival health (calcium
channel blockers, phenytoin, cyclosporine, or hormone re-
placement therapy); diabetes diagnosis; rheumatoid arthri-
tis diagnosis; or pregnancy, lactating, or smoking. All par-
ticipants were clinically examined at their first visit to the
Department of Periodontology by two examiners with cal-
ibration training (NB, TC).
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Saliva collection

The saliva collection protocol was explained to the patients in
advance. Before collection, the patients performed oral hygiene
and then rinsed their mouths thoroughly with distilled water.
They were told to sit comfortably and to spit into the tubes 5
times permin for 10min during themorning hours. The samples
were transferred to Eppendorf tubes, centrifuged at 1000 ×g for
10 min and stored at −80 °C until the day of the analysis [28].

Amino acid analysis

Saliva samples were deproteinized with 6% sulfosalicylic acid
at a ratio of 1:1, incubated at room temperature for 5 min, and
centrifuged for 5 min at 15.000 rpm. The supernatants (10 L)
were diluted with 800 L of 2 mM tridecafluoroheptanoic acid
containing 0.375 M glucosaminic acid and internal standards
and transferred to autosampler vials for analysis. Type calibra-
tion standards were prepared by mixing amino acid standards.

AA analysis of the saliva was performed by LC–MS/MS
by using the Thermo Scientific TSQ Quantum Access MAX
(Thermo Scientific, Schaumburg, IL, USA) according to a
modified version of Le et al.’s [29] method.

Examiner calibration

Before beginning the study, two examiners were trained in a
calibration process (NB, TC). A total of 10 volunteers were
assessed by each examiner using aWilliams probe (Hu-Friedy
Co., Chicago, USA) once a week over a period of 1 month.
The probing depth scores demonstrated good reproducibility,
which was assessed by interexaminer analysis (κ = 0.892). In
addition to the kappa agreement, the reproducibility assess-
ment showed that for 90% of sites, the repeat probing mean
measurements were within ±1 mm.

Statistical analysis

A statistical software package was used to conduct the data anal-
ysis (SPSS v.22, IBM SPSS Inc., Chicago, IL, USA).

Descriptive statistical methods (mean, standard deviation, fre-
quency) were used to evaluate the study data. Data normality
was examined using the Shapiro–Wilk test. A one-way
ANOVA test was used for the comparison of quantitative data
if there was a normal distribution. Kruskal–Wallis and
Bonferroni-corrected tests were used for the comparison of
nonnormally distributed parameters (p < 0.017). The chi-square
test was used to compare the qualitative data, and Spearman’s
rho correlation analysis was used to investigate the relationships
between the parameters not conforming to a normal distribution.
The overall significance of the study was evaluated at p < 0.05.

Results

Clinical parameters

The full-mouth clinical periodontal measurement results are
reported in Table 1. All clinical periodontal measurements
were significantly higher in the periodontitis groups than in
the control group (p < 0.001).

AAs in saliva

The mean concentrations of the AAs and their metabolites in
the saliva samples are listed in Table 2. A total of 31 AAs and
their metabolites (19 essential AAs [except aspartic acid] and
12 metabolites) were found in each of the C, GP-B, and GP-C
groups, but with considerable variations (Table 2).

The intergroup comparison revealed significantly different
levels of specific AAs associated with periodontal disease
type (Fig. 1). Proline and tryptophan were present in signifi-
cantly higher concentrations in the GP-B group than in the C
group, whereas the methionine, glutamic acid, and arginine
levels in the GP-C group were significantly higher than those
in the C group (p < 0.017) (Fig. 1). Ornithine showed a statis-
tically higher concentration in the GP-B group than in the C
and GP-C groups (p < 0.017) (Fig. 1). However, some AAs
were observed at significantly higher concentrations in both

Table 1 Clinical periodontal
measurements Measurement C (n=20) GP-B (n=20) GP-C (n=20) p**

Plaque index 0.34 ± 0.12(0.18) 2.59 ± 0.14(2.67) 1.61 ± 0.51(1.84) < 0.001

Probing depth (mm) 1.76 ± 0.24(1.78) 3.33 ± 0.67(3.34) 5.49 ± 0.97(5.67) < 0.001

Bleeding on probing (%) 7.96 ± 22.57(2.00) 87.8 ± 21.45(96) 95.79 ± 10.57(100) < 0.001

Clinical attachment level(mm) 1.86 ± 0.22(1.89) 4.3 ± 1.18(3.79) 5.71 ± 1.01(5.86) < 0.001

Data are expressed as mean ± SD (median)

C group of periodontally and systemically healthy volunteers, GP-B group of systemically healthy patients with
Stage III Grade B generalized periodontitis, GP-C group of systemically healthy patients with Stage III Grade C
generalized periodontitis

**Significantly different from C group, both GP-B and GP-C groups (p < 0.001; Mann–Whitney U-test)
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GP-B and GP-C than in the C group; these AAs included
citrulline and carnosine (p < 0.017) (Fig. 1).

Correlation between the clinical measurements and
the saliva AA concentrations

The correlations between the saliva AA concentrations and the
clinical periodontal measurements are reported in Table 3.
Tryptophan, tyrosine, and leucinewere positively correlatedwith
the clinical measurements (r = 0.279, r = 0.359, and r = 0.282,

respectively; p < 0.05), whereas aminobutyric acid was negative-
ly correlated (r = −0.275, p < 0.05) only with BOP. PPD was
negatively but not strongly correlated with hydroxy-lysine (r =
−0.275, p < 0.05). Proline was positively correlated with only
CAL (r = 0.291, p < 0.05), while phenylalanine and glutamic
acidwere both positively correlated (r = 0.385 and r= 0.337, and
r = 0.410 and r = 0.412, respectively; p < 0.05) with both PPD
and CAL. PI was positively correlated with several AA concen-
trations while the ornithine was the strongest correlated (r =
0.447, p < 0.05). Methionine, citrulline, arginine, and carnosine

Table 2 Saliva AA concentrations of healthy (C), Stage III Grade B generalized periodontitis (GP-B), and Stage III Grade C generalized periodontitis
(GP-C) patients (LC MS/MS results)

AAs Saliva concentrations (ng/mL)

C GP-B GP-C

Tryptophan 0.22 ± 0.22 (0.11) 0.58 ± 0.57 (0.33) 0.47 ± 0.59 (0.2)

Phenylalanine 20.24 ± 24.63 (12.03) 28.98 ± 29.26 (24.62) 30.96 ± 23.28 (23.62)

Tyrosine 15.66 ± 16.44 (7.66) 26.51 ± 22.71 (16.08) 18.22 ± 15.1 (14)

Leucine 8.4 ± 10.59 (2.43) 14.36 ± 14.22 (9.66) 10.49 ± 8.53 (9.47)

Gamma-aminobutyric acid 2.1 ± 1.46 (1.87) 4.09 ± 3.76 (2.76) 1.76 ± 1.81 (1.27)

Isoleucine 4.37 ± 6.4 (1.45) 4.63 ± 7.06 (1.22) 1.52 ± 2.86 (0.73)

Methionine 0.03 ± 0.05 (0.01) 0.21 ± 0.31 (0.08) 0.3 ± 0.39 (0.13)

Valine 27.06 ± 23.63 (21.27) 30.66 ± 37.16 (13.97) 19.4 ± 14.24 (15.49)

Glutamic acid 7.43 ± 8.89 (3.23) 18.55 ± 27.09 (8.66) 24.46 ± 23.53 (18.86)

Aminoadipic acid 0.62 ± 0.83 (0.33) 0.24 ± 0.31 (0.13) 0.25 ± 0.48 (0.06)

Ethanolamine 39.09 ± 36.83 (34.36) 48.9 ± 38.69 (56.5) 58.23 ± 38.06 (51.85)

Aminobutyric acid 24.34 ± 17.44 (19.78) 18.05 ± 16.52 (10.95) 19.92 ± 17.1 (16.19)

Threonine 5.11 ± 6.96 (1.57) 22.47 ± 37.88 (6.52) 17.54 ± 32.76 (3.62)

Alanine 57.67 ± 38.44 (58.14) 71.34 ± 79.67 (36.81) 52.26 ± 37.77 (59.29)

Beta-alanine 11.3 ± 8.83 (7.31) 10.47 ± 8.26 (9.62) 12.92 ± 7.94 (10.42)

Serine 15.33 ± 20.76 (2.34) 26.44 ± 33.4 (11.58) 16.84 ± 18.88 (10.99)

Proline 176.19 ± 175.24 (141.96) 349.15 ± 232.71 (273.86) 238.33 ± 188.99 (203.75)

Trans-4-hydroxy-L-proline 0.82 ± 1.44 (0.03) 0.44 ± 1.43 (0.04) 0.29 ± 0.78 (0.03)

Asparagine 0.33 ± 0.67 (0.07) 0.64 ± 0.84 (0.11) 0.39 ± 0.45 (0.25)

Glutamine 17.73 ± 23.75 (8.92) 20.83 ± 31.06 (7.67) 20.41 ± 16.28 (15.67)

Citrulline 11.19 ± 8.59 (8.08) 27.13 ± 21.89 (21.67) 27.38 ± 19.58 (25.7)

Homocysteine 0.02 ± 0.04 (0) 0.01 ± 0.03 (0) 0.02 ± 0.04 (0)

Cysteine 0.42 ± 0.58 (0.14) 0.55 ± 0.62 (0.33) 0.37 ± 0.43 (0.24)

Arginine 9.06 ± 6.33 (8.26) 16.49 ± 12.21 (16.94) 18.46 ± 11.89 (15.06)

Histidine 28.88 ± 26.35 (19.56) 29.02 ± 29.58 (21.21) 22.91 ± 11.45 (22.51)

Cystathionine 0 ± 0.01 (0) 0.01 ± 0.02 (0) 0.01 ± 0.01 (0)

Hydroxy-lysine 1.06 ± 2.57 (0.22) 0.84 ± 2.17 (0.11) 0.85 ± 3.03 (0.14)

Ornithine 16.19 ± 15.27 (10.75) 31.91 ± 24.75 (24.4) 14.22 ± 8.69 (10.74)

Lysine 36.71 ± 25.98 (31.71) 58.24 ± 51.99 (41.08) 41.16 ± 25.41 (40.7)

Carnosine 0.14 ± 0.17 (0.06) 1.04 ± 1.4 (0.47) 2.1 ± 3.44 (0.38)

1-methyl-L-histidine 2.35 ± 3.01 (1.21) 2.36 ± 2.86 (1.55) 2.62 ± 2.78 (2)

Data are expressed as mean ± SD (median)

Data were determined using Kruskal–Wallis test

C group of periodontally and systemically healthy volunteers, GP-B group of systemically healthy patients with Stage III Grade B generalized
periodontitis, GP-C group of systemically healthy patients with Stage III Grade C generalized periodontitis
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were strongly and positively correlated with all clinical parame-
ters, with methionine showing the strongest correlation.

Discussion

Periodontitis is a chronic disease that involves a persistent
inflammatory reaction with complement activation,

production of cytokines, and the release of other inflammatory
cell products [1]. The purpose of the present study was to
identify saliva-based AAs in different types of periodontal
disease in comparison with healthy controls without the
masking effects of any systemic diseases [30]. The results
indicated that different specific free AAs in the saliva are more
pronounced in different types of periodontal disease. In terms
of the correlation between the clinical status and saliva-free
AA levels, we found interesting results showing correlations
(positive or negative) of various specific AAs with either one
or more sets of clinical periodontal parameters.

To our knowledge, this is the most up-to-date and compre-
hensive study aiming to identify free AA levels in saliva in
different types of periodontal disease, and we think that it is
important to determine the concentrations of amino acids to
aid in understanding the pathophysiology of inflammatory
diseases such as periodontitis.

There is a growing interest among researchers in investigat-
ing possible salivary biomarkers for the diagnosis of diseases,
such as particular cancer types [21, 23] and Sjogren’s syndrome
[31]. Using saliva is advantageous not only for researchers but
also for patients due to the convenient, safe, and painless
sample-collection process. In the present study, unstimulated
whole saliva was used to analyze AA concentrations. The find-
ings suggest that unstimulated whole saliva had a higher con-
centration of AAs than stimulated whole saliva; in other words,
the parotid glands do not play a role in secreting AAs [32].

Earlier studies have listed between 16 and 24 different free
AAs in human whole saliva [24–26, 33]. Our results indicate
that the free AA content in whole saliva is in accordance with
the findings of these studies [24–26, 33, 34]; however, in

Fig. 1 Comparisons of saliva AAmean concentrations for patients with stage III grade B generalized periodontitis (GP-B), stage III grade C generalized
periodontitis (GP-C), and periodontally healthy volunteers (C)

Table 3 Correlations between clinical parameters and saliva AA
concentrations (Spearman correlation coefficients)

Variables PPD BOP (%) CAL PI

Tryptophan r 0.200 0.279* 0.222 0.379*

Phenylalanine r 0.385* 0.249 0.337* 0.181

Tyrosine r 0.195 0.359* 0.254 0.411*

Leucine r 0.223 0.282* 0.202 0.316*

Methionine r 0.514** 0.357 0.542** 0.313*

Glutamic acid r 0.410* 0.221 0.412* 0.202

Aminobutyric acid r −0.081 −0.275* −0.050 −0.217
Proline r 0.215 0.216 0.291* 0.357*

Citrulline r 0.389* 0.390* 0.358* 0.324*

Arginine r 0.421* 0.283* 0.411* 0.253

Ornithine r 0.076 0.194 0.107 0.447**

Lysine r 0.174 0.161 0.224 0.307*

Carnosine r 0.449** 0.449** 0.431* 0.340*

PPD probing pocket depth, BOP bleeding on probing, CAL clinical at-
tachment level, PI plaque index

*p < 0.05; **p < 0.01
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addition to the AAs previously reported, we also found me-
thionine, gamma-aminobutyric acid, aminoadipic acid, etha-
nolamine, aminobutyric acid, beta-alanine, homocysteine,
cystathionine, and 1-methyl-l-histidine in the saliva of peri-
odontitis patients at various concentrations.

Amino acid analysis was performed with a sophisticated
method (LC–MS/MS) in our study. Although this method is
difficult to apply in routine dentistry because of its higher
operational cost, it gives us an opportunity to observe the
quantification of comprehensive AA profiling via good selec-
tive sensitivity. The metabolic profiling of amino acids in
periodontitis differed from that in the control group, which
indicates that certain amino acids could be potential bio-
markers for the diagnosis of patients with periodontitis. For
example, the concentrations of citrulline, carnosine, methio-
nine, glutamic acid, arginine, proline, and tryptophan (p <
0.017) were significantly higher in periodontitis patients than
in the control group, and proline had the highest concentration
in all groups. Arginine is an essential amino acid, and it plays a
critical role in intestinal inflammation through pathways that
are known to be related to periodontal inflammation, such as
the manipulation of immune responses and the oxidative sys-
tem, the release of anabolic hormones, and the synthesis of
nitric oxide (NO) [30, 35]. Likewise, arginine deficiencies are
known or suspected in arteriosclerosis, pulmonary, and sys-
temic hypertension, which suggests a mechanism involving
NO production [36]. Citrulline has generated interest as a
predictor in various diseases, such as rheumatoid arthritis,
intestinal pathology, and arteriosclerosis [37]. Citrulline is al-
so required in protein citrullination as a product of arginine by
NO synthesis [36]. Wang et al. showed that periodontitis se-
verity increases NO expression by inducing the action of cer-
tain cytokines [38]. NO mediates the pathological effects of
lipopolysaccharide (LPS), TNF, and IL-1 and regulates leu-
kocyte and epithelial cell adhesion, demonstrating that NO is
likely related to periodontitis. Given the association of NO
synthesis with the development of periodontal disease, it can
be speculated that the citrulline-NO cycle may be involved in
periodontitis pathogenesis by regulating the action of these
and other cytokines. Tryptophan exerts a function in response
to interferons and other cytokines that are released upon in-
flammation by tryptophan indoleamine 2,3-dioxygenase me-
tabolism activation. Inflammation-related tryptophan
indoleamine 2,3-dioxygenase activity is often considered in
diseases characterized by excessive or chronic inflammation,
including autoimmune disorders and cardiovascular disease,
which can have reversible interactions with periodontitis [39].
Proline was detected at the highest concentrations in both the
healthy and periodontitis groups. Proline originates from sal-
ivary proteins and is regarded as being responsible for much
of the total AA residue of collagen as well as hydroxyproline
and glycine [40]. In inflamed gingiva and periodontal destruc-
tion, the rates of collagen activity and degradation increase;

thus, proline is expected to be found in whole saliva, especial-
ly in periodontitis patients. On the other hand, we detected
methionine and cystathionine at low concentrations.
Syrjanen et al. [26] reported that methionine was not detected
in human saliva, although it was readily observed in gingival
fluid. Their findings were similar to ours, but they used wax-
stimulated saliva in their study. This indicates that some AAs
might degrade rapidly in saliva.

Another issue that needs to be evaluated to understand the
role of amino acids in periodontal diseases is the bacteria-
amino acid-periodontitis paradigm. The human oral microflo-
ra is colonized by >350 species of bacteria from the saliva to
the gingival crevice; however, the distribution of their num-
ber, species, or metabolic activity is not uniform [41]. This
complex bacterial community has a continuous interaction
with host metabolism. There is a bidirectional balance be-
tween the inflammatory response and the microbiome in oral
health and periodontitis. Microorganisms are responsive to
metabolic and pathogen challenges and have the ability to
produce AAs from nonspecific nitrogen sources [42].
Beyond periodontitis, similar observations have been made
in obesity and other related diseases via the gut microbiota
[43, 44]. Some amino acids (leucine, isoleucine, alanine, ly-
sine, and methionine) levels were found to be correlated with
specific bacteria in type 2 diabetes mellitus and obesity. It has
been claimed that the gut bacteria can produce amino acids
that act in metabolic product synthesis and have roles in the
utilization of both exogenous and endogenous proteins [44,
45]. As the gut microbiota has effects on AAs in diabetic
patients, the oral microbiota may also be responsible for sim-
ilar interactions. When the linkage of diabetes and periodon-
titis is considered, bacteria could influence AA metabolism in
periodontitis. It is therefore crucial to better understand and
quantify the microbial biosynthesis of amino acids in peri-
odontitis patients. Although the underlying mechanisms re-
quire further investigation, this study has provided a general
framework for understanding the possible relationship be-
tween amino acids and microbiome via AAs and plaque index
correlations in periodontitis (Table 3). However, the exact
reason or molecular mechanism of these amino acids could
not be extracted from the present findings, our study showed
that several free saliva AAs are positively correlated with mi-
crobial intension. One of the limitations of this study is that it
does not support the understanding of other interactions be-
tween a wide variety of cytokines, chemokines, and bacterial
effects that modulate the pathogenesis of periodontitis.
Therefore, there is still much work to be done to explore the
functions and signaling pathways of amino acids in humans
and animals in periodontal inflammation.

The effects of free AAs on the pathology of diseases are
significant not only for periodontal diseases but also for other
conditions, such as IBDs, ulcerative colitis, breast cancer, and
septic shock [6, 12, 21, 46]. Miyagi et al. [47] observed
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significant increases in the concentrations of threonine pro-
line, glycine, and alanine (p < 0.001), serine and ornithine (p
< 0.01), and lysine (p < 0.05) in breast cancer patients. Cheng
et al. [21] reported that the concentrations of 15 salivary-free
AAs demonstrated significant differences (p < 0.05) between
breast cancer patients at stages I–II and healthy controls. The
results of these clinical studies suggest that different cancer
types and degrees can alter free AA metabolism, mostly by
increasing their concentrations in body fluids, including sali-
va. A pilot study investigated the relationship between
plasma-based AA concentrations (arginine, glutamine, citrul-
line), inflammatory mediators (TNF-α, IL-10), and C-reactive
protein (CRP) in patients with septic shock and reported that
citrulline, glutamine, and arginine levels in plasma were neg-
atively related to CRP, whereas there was no correlation be-
tween citrulline and TNF-α or IL-10 [46]. In the present study,
we found a significant increase in eight specific salivary-free
AA concentrations in the periodontitis groups, and this in-
crease was associated with increased local inflammation.
These results suggest that disease-specific salivary AAs might
be more strongly modulated in the presence of periodontal
inflammation. Although several studies have attempted to
identify the mechanism for the abnormal AA profiles shown
by patients with various inflammatory diseases, there is a lack
of up-to-date similar studies on salivary-free AAs in patients
with both chronic and aggressive forms of periodontal disease.

Periodontitis is a common inflammatory disease worldwide.
Therefore, there has always been an interest in researching the
etiopathogenesis of this disease to determine the diagnosis, pre-
vention, and screening of periodontal patients. Although detect-
ing sensitive biomarkers to improve the early detection of tissue
destruction of the periodontium in dental clinics is a very de-
sirable situation, in general, there are very few and limited
practical and economical tests to be applied at the chair side.
In this regard, the point of care (PoC) method has been used to
detect biomarkers such as active MMP8 (matrix metallopro-
teinase 8) and IL-6 (interleukin 6) for the diagnosis of periodon-
titis at the chair side [48–53]. Researchers have shown that with
PoC, it is easy, fast, and inexpensive to test oral fluids such as
gingival crevicular fluid (GCF), peri-implant sulcular fluid
(PISF), mouth rinse fluids, and saliva from patients with peri-
odontitis, peri-implantitis, and other systemic diseases such as
head cancer and diabetes. From the perspective of our study,
further research should be planned to establish a chair-side
testing method for AAs as a possible biomarker of periodontitis
in clinical settings in the future.

When identifying AA profile changes in periodontal dis-
ease and evaluating the effects of inflammation on AA con-
centrations, it is also important to evaluate whether the clinical
parameters are correlated. Positive correlations with clinical
parameters were found for 11 of the 31 free salivary AAs
observed in the current study. Additionally, the strong positive
correlations between clinical parameters (PI, GI, BOP) and

methionine, citrulline, arginine, and carnosine are similar to
the findings of studies focusing on AA concentration changes
resulting from inflammatory systemic diseases [54, 55]. To
the best of our knowledge, this is the first study demonstrating
correlations of methionine, citrulline, arginine, and carnosine
profiles in saliva with clinical parameters that indicate peri-
odontitis severity. However, it cannot be concluded from
these findings alone whether these amino acids play a role in
the pathogenesis of periodontitis. It would be important and
illustrative to evaluate the effects of these amino acids and
their metabolism on periodontal conditions in further studies.

Detection and treatment of periodontitis require identifying
the molecular interactions that occur during the activation and
resolution of periodontal inflammation. In this context, detection
of the salivary free AA profile may be expected to complement
traditional diagnostic and treatment techniques for periodontal
diseases. Nevertheless, the conclusions of this study have limi-
tations owing to confounding factors such as pro/anti-
inflammatory mediators not being analyzed. Additionally, if
the selected AAs are to be taken into consideration for
complementing the diagnosis of periodontitis, they need to be
validated in studies of other body fluids (e.g., gingival crevicular
fluid and blood serum) and with larger populations.

Conclusion

Within the limits of the present investigation, the results dem-
onstrate that periodontal status and disease type can result in
variations in salivary AA content. The significant correlation
of methionine, citrulline, carnosine, and arginine with clinical
periodontal parameters, regardless of systemic status, may
suggest that the levels of different salivary free AAs have
potential as diagnostic compounds of periodontitis. Large-
scale clinical trials on patients with periodontitis are needed
to establish the potential significance of the AA profile in
understanding the relationship between periodontal inflamma-
tion and salivary free AAs.

Author contribution NB contributed to the design of the study, collected
the samples, recorded clinical data, and wrote the manuscript with input
from the other authors. SK contributed to the design of the study, ana-
lyzed the clinical data, helped interpret the results, and wrote the manu-
script with input from the other authors. AC contributed to the design of
the study, helped interpret the results, and wrote the manuscript with input
from the other authors. TC helped to collect the samples and recorded
clinical data. MS contributed to the design of the study, performed bio-
chemical analysis and statistical analysis, and helped interpret the results.
All authors reviewed and approved the submitted manuscript.

Declarations

Ethics approval All procedures performed in studies involving human
participants were conducted in accordance with the ethical standards of

4181Clin Oral Invest (2021) 25:4175–4183



the institutional research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Consent to participate Informed consent was obtained from all individ-
ual participants included in the study and/or their relatives or legal
representatives.

Conflict of interest The authors declare no competing interests.

References

1. Kurgan Ş, Önder C, Balcı N, Fentoğlu Ö, Eser F, Balseven M,
Serdar MA, Tatakis DN, Günhan M (2017) Gingival crevicular
fluid tissue/blood vessel-type plasminogen activator and plasmino-
gen activator inhibitor-2 levels in patients with rheumatoid arthritis:
effects of nonsurgical periodontal therapy. J Periodontal Res 52:
574–581. https://doi.org/10.1111/jre.12425

2. Hajishengallis G (2014) Immunomicrobial pathogenesis of peri-
odontitis: keystones, pathobionts, and host response. Trends
Immunol 35:3–11. https://doi.org/10.1016/j.it.2013.09.001

3. Reddy MK (2020) Amino acid. https://www.britannica.com/
science/amino-acid. Accessed 16 January 2021

4. Bin P, Liu S, Chen S, Zeng Z, Huang R, Yin Y, Liu G (2017) The
effect of aspartate supplementation on the microbial composition
and innate immunity on mice. Amino Acids 49:2045–2051. https://
doi.org/10.1007/s00726-017-2467-5

5. Li JH, Yu JP, Yu HG, Xu XM, Yu LL, Liu J, Luo HS (2005)
Melatonin reduces inflammatory injury through inhibiting NF-
kappaB activation in rats with colitis. Mediat Inflamm 2005:185–
193. https://doi.org/10.1155/mi.2005.185

6. Wang W, Wu Z, Lin G, Hu S, Wang B, Dai Z, Wu G (2014)
Glycine stimulates protein synthesis and inhibits oxidative stress
in pig small intestinal epithelial cells. J Nutr 144:1540–1548.
https://doi.org/10.3945/jn.114.194001

7. Li P, Yin YL, Li D, Kim SW, Wu G (2007) Amino acids and
immune function. Br J Nutr 98:237–252. https://doi.org/10.1017/
s000711450769936x

8. Cruzat VF, Krause M, Newsholme P (2014) Amino acid supple-
mentation and impact on immune function in the context of exer-
cise. J Int Soc Sports Nutr 11:61. https://doi.org/10.1186/s12970-
014-0061-8

9. Lanz TV, Becker S, Mohapatra SR, Opitz CA, Wick W, Platten M
(2017) Suppression of Th1 differentiation by tryptophan supple-
mentation in vivo. Amino Acids 49:1169–1175. https://doi.org/10.
1007/s00726-017-2415-4

10. Song Z, Tong G, Xiao K, Le FJ, Ke Y, Hu C (2016) L-cysteine
protects intestinal integrity, attenuates intestinal inflammation and
oxidant stress, and modulates NF-κB and Nrf2 pathways in weaned
piglets after LPS challenge. Innate Immunol 22:152–161. https://
doi.org/10.1177/1753425916632303

11. Kretzmann NA, Fillmann H, Mauriz JL, Marroni CA, Marroni N,
González-Gallego J, Tuñón MJ (2008) Effects of glutamine on
proinflammatory gene expression and activation of nuclear factor
kappa B and signal transducers and activators of transcription in
TNBS-induced colitis. Inflamm Bowel Dis 14:1504–1513. https://
doi.org/10.1002/ibd.20543

12. Robles HV, Ochoa KFC, Nava P, Olivares AS, Shibayama M,
Schnoor M (2017) Analyzing beneficial effects of nutritional sup-
plements on intestinal epithelial barrier functions during experi-
mental colitis. J Vis Exp:e55095. https://doi.org/10.3791/55095

13. Sido B, Seel C, Hochlehnert A, Breitkreutz R, Dröge W (2006)
Low intestinal glutamine level and low glutaminase activity in

Crohn's disease: a rational for glutamine supplementation? Dig
Dis Sci 51:2170–2179. https://doi.org/10.1007/s10620-006-9473-x

14. Önder C, Kurgan Ş, Altıngöz SM, BağışN, Uyanık M, Serdar MA,
Kantarcı A, Günhan M (2017) Impact of non-surgical periodontal
therapy on saliva and serum levels of markers of oxidative stress.
Clin Oral Investig 21:1961–1969. https://doi.org/10.1007/s00784-
016-1984-z

15. Dede F, Ozden FO, Avcı B (2013) 8-hydroxy-deoxyguanosine
levels in gingival crevicular fluid and saliva in patients with chronic
periodontitis after initial periodontal treatment. J Periodontol 84:
821–828. https://doi.org/10.1902/jop.2012.120195

16. Breuillard C, Bonhomme S, Couderc R, Cynober L, De Bandt JP
(2015) In vitro anti-inflammatory effects of citrulline on peritoneal
macrophages in Zucker diabetic fatty rats. Br J Nutr 113:120–124.
https://doi.org/10.1017/s0007114514002086

17. Blanc MC, Moinard C, Béziel A, Darquy S, Cynober L, De Bandt
JP (2005) Arginine and glutamine availability and macrophage
functions in the obese insulin-resistant Zucker rat. J Cell Physiol
202:153–159. https://doi.org/10.1002/jcp.20092

18. Graves DT, Cochran D (2003) The contribution of interleukin-1
and tumor necrosis factor to periodontal tissue destruction. J
Periodontol 74:391–401. https://doi.org/10.1902/jop.2003.74.3.
391

19. Rajda C, Tajti J, Komoróczy R, Seres E, Klivényi P, Vécsei L
(1999) Amino acids in the saliva of patients with migraine.
Headache 39:644–649. https://doi.org/10.1046/j.1526-4610.1999.
3909644.x

20. Liappis N, Pohl B, Weber HP, El-Karkani H (1986) Free amino
acids in the saliva of children with phenylketonuria. Klin Padiatr
198:25–28. https://doi.org/10.1055/s-2008-1026847

21. Cheng F,Wang Z, HuangY, Duan Y,WangX (2015) Investigation
of salivary free amino acid profile for early diagnosis of breast
cancer with ultra performance liquid chromatography-mass spec-
trometry. Clin Chim Acta 447:23–31. https://doi.org/10.1016/j.cca.
2015.05.008

22. Shi M, Sui YT, Peskind ER et al (2011) Salivary tau species are
potential biomarkers of Alzheimer's disease. J Alzheimers Dis 27:
299–305. https://doi.org/10.3233/jad-2011-110731

23. Chen Y, Cheng S, Zhang A et al (2018) Salivary analysis based on
surface enhanced Raman scattering sensors distinguishes early and
advanced gastric cancer patients from healthy persons. J Biomed
Nanotechnol 14:1773–1784. https://doi.org/10.1166/jbn.2018.
2621

24. Syrjänen SM, Piironen P, Markkanen H (1984) Free amino-acid
composition of wax-stimulatedwhole saliva in human subjects with
healthy periodontium, severe chronic periodontitis and post-
juvenile periodontitis. Arch Oral Biol 29:735–738. https://doi.org/
10.1016/0003-9969(84)90181-x

25. Syrjänen SM, Piironen P, Markkanen H (1987) Free amino-acid
content of wax-stimulated human whole saliva as related to peri-
odontal disease. Arch Oral Biol 32:607–610. https://doi.org/10.
1016/0003-9969(87)90032-x

26. Syrjänen SM, Alakuijala L, Alakuijala P, Markkanen SO,
Markkanen H (1990) Free amino acid levels in oral fluids of normal
subjects and patients with periodontal disease. Arch Oral Biol 35:
189–193. https://doi.org/10.1016/0003-9969(90)90054-e

27. Tonetti MS, Greenwell H, Kornman KS (2018) Staging and grad-
ing of periodontitis: framework and proposal of a new classification
and case definition. J Periodontol 89(Suppl 1):S159–S172. https://
doi.org/10.1002/jper.18-0006

28. Cağlayan F, Miloglu O, Altun O, Erel O, Yilmaz AB (2008)
Oxidative stress and myeloperoxidase levels in saliva of patients
with recurrent aphthous stomatitis. Oral Dis 14:700–704. https://
doi.org/10.1111/j.1601-0825.2008.01466.x

29. Le A, Ng A, Kwan T, Cusmano-Ozog K, Cowan TM (2014) A
rapid, sensitive method for quantitative analysis of underivatized

4182 Clin Oral Invest (2021) 25:4175–4183

https://doi.org/10.1111/jre.12425
https://doi.org/10.1016/j.it.2013.09.001
https://www.britannica.com/science/amino-acid
https://www.britannica.com/science/amino-acid
https://doi.org/10.1007/s00726-017-2467-5
https://doi.org/10.1007/s00726-017-2467-5
https://doi.org/10.1155/mi.2005.185
https://doi.org/10.3945/jn.114.194001
https://doi.org/10.1017/s000711450769936x
https://doi.org/10.1017/s000711450769936x
https://doi.org/10.1186/s12970-014-0061-8
https://doi.org/10.1186/s12970-014-0061-8
https://doi.org/10.1007/s00726-017-2415-4
https://doi.org/10.1007/s00726-017-2415-4
https://doi.org/10.1177/1753425916632303
https://doi.org/10.1177/1753425916632303
https://doi.org/10.1002/ibd.20543
https://doi.org/10.1002/ibd.20543
https://doi.org/10.3791/55095
https://doi.org/10.1007/s10620-006-9473-x
https://doi.org/10.1007/s00784-016-1984-z
https://doi.org/10.1007/s00784-016-1984-z
https://doi.org/10.1902/jop.2012.120195
https://doi.org/10.1017/s0007114514002086
https://doi.org/10.1002/jcp.20092
https://doi.org/10.1902/jop.2003.74.3.391
https://doi.org/10.1902/jop.2003.74.3.391
https://doi.org/10.1046/j.1526-4610.1999.3909644.x
https://doi.org/10.1046/j.1526-4610.1999.3909644.x
https://doi.org/10.1055/s-2008-1026847
https://doi.org/10.1016/j.cca.2015.05.008
https://doi.org/10.1016/j.cca.2015.05.008
https://doi.org/10.3233/jad-2011-110731
https://doi.org/10.1166/jbn.2018.2621
https://doi.org/10.1166/jbn.2018.2621
https://doi.org/10.1016/0003-9969(84)90181-x
https://doi.org/10.1016/0003-9969(84)90181-x
https://doi.org/10.1016/0003-9969(87)90032-x
https://doi.org/10.1016/0003-9969(87)90032-x
https://doi.org/10.1016/0003-9969(90)90054-e
https://doi.org/10.1002/jper.18-0006
https://doi.org/10.1002/jper.18-0006
https://doi.org/10.1111/j.1601-0825.2008.01466.x
https://doi.org/10.1111/j.1601-0825.2008.01466.x


amino acids by liquid chromatography-tandem mass spectrometry
(LC-MS/MS). J Chromatogr B Anal Technol Biomed Life Sci 944:
166–174. https://doi.org/10.1016/j.jchromb.2013.11.017

30. He F, Wu C, Li P, Li N, Zhang D, Zhu Q, Ren W, Peng Y (2018)
Functions and signaling pathways of amino acids in intestinal in-
flammation. Biomed Res Int 2018:9171905. https://doi.org/10.
1155/2018/9171905

31. Ryu OH, Atkinson JC, Hoehn GT, Illei GG, Hart TC (2006)
Identification of parotid salivary biomarkers in Sjogren's syndrome
by surface-enhanced laser desorption/ionization time-of-flight mass
spectrometry and two-dimensional difference gel electrophoresis.
Rheumatology (Oxford) 45:1077–1086. https://doi.org/10.1093/
rheumatology/kei212

32. Rad HM, Rabiei M, Sobhani A, Khanjani MS, Taramsar MR, Leili
EK (2014) Free amino acids in stimulated and unstimulated whole
saliva: advantages or disadvantages. J Oral Rehabil 41:759–767.
https://doi.org/10.1111/joor.12197

33. Battistone GC, Burnett GW (1961) The free amino acid composi-
tion of human saliva. Arch Oral Biol 3:161–170. https://doi.org/10.
1016/0003-9969(61)90133-9

34. Kirch ER, Kesel RG, O'Donnell JF, Wach EC (1947) Amino acids
in human saliva. J Dent Res 26:297–301. https://doi.org/10.1177/
00220345470260040401

35. Menaka KB, Ramesh A, Thomas B, Kumari NS (2009) Estimation
of nitric oxide as an inflammatory marker in periodontitis. J Indian
Soc Periodontol 13(2):75–78. https://doi.org/10.4103/0972-124X.
55842

36. Papadia C, Osowska S, Cynober L, Forbes A (2018) Citrulline in
health and disease. Review on human studies. Clin Nutr 37(6 Pt A):
1823–1828. https://doi.org/10.1016/j.clnu.2017.10.009

37. Kaore NS, Kaore MN (2014) Citrulline: pharmacological perspec-
tives and role as a biomarker in diseases and toxicities. In: Gupta
RC (ed) Biomarkers in toxicology. Academic Press, pp 883–905

38. Wang Y, HuangX, He F (2019)Mechanism and role of nitric oxide
signaling in periodontitis. Exp Ther Med 18(5):3929–3935. https://
doi.org/10.3892/etm.2019.8044

39. Schröcksnadel K, Wirleitner B, Winkler C, Fuchs D (2006)
Monitoring tryptophan metabolism in chronic immune activation.
Clin Chim Acta 364:82–90. https://doi.org/10.1016/j.cca.2005.06.
013

40. Phang JM, Liu W, Hancock CN, Fischer JW (2015) Proline metab-
olism and cancer: emerging links to glutamine and collagen. Curr
Opin Clin Nutr Metab Care 18:71–77. https://doi.org/10.1097/mco.
0000000000000121

41. Patil S, Rao RS, Amrutha N, Sanketh DS (2013) Oral microbial
flora in health.World J Dent 4(4):262–266. https://doi.org/10.5005/
jp-journals-10015-1242

42. Metges CC (2000) Contribution of microbial amino acids to amino
acid homeostasis of the host. J Nutr 130:1857S–1864S. https://doi.
org/10.1093/jn/130.7.1857S

43. Wang TJ, Larson MG, Vasan RS, Cheng S, Rhee EP, McCabe E,
Lewis GD, Fox CS, Jacques PF, Fernandez C et al (2011)
Metabolite profiles and the risk of developing diabetes. Nat Med
17:448–453. https://doi.org/10.1038/nm.2307

44. Neis EP, Dejong CH, Rensen SS (2015) The role of microbial
amino acid metabolism in host metabolism. Nutrients 7(4):2930–
2946. https://doi.org/10.3390/nu7042930

45. Zhang H, DiBaise JK, Zuccolo A, Kudrna D, Braidotti M, Yu Y,
Parameswaran P, Crowell MD, Wing R, Rittmann BE et al (2009)
Human gut microbiota in obesity and after gastric bypass. Proc Natl
Acad Sci U S A 106:2365–2370. https://doi.org/10.1038/nm.2307

46. Crenn P, Neveux N, Chevret S, Jaffray P, Cynober L, Melchior JC,
Annane D (2014) Plasma L-citrulline concentrations and its rela-
tionship with inflammation at the onset of septic shock: a pilot
study. J Crit Care 29:315.e311–315.e316. https://doi.org/10.1016/
j.jcrc.2013.11.015

47. Miyagi Y, HigashiyamaM,Gochi A et al (2011) Plasma free amino
acid profiling of five types of cancer patients and its application for
early detection. PLoS One 6:e24143. https://doi.org/10.1371/
journal.pone.0024143

48. Keskin M, Lähteenmäki H, Rathnayake N, Räisänen IT,
Tervahartiala T, Pärnänen P, Şenışık AM et al (2020) Activematrix
metalloproteinase-8 and interleukin-6 detect periodontal degenera-
tion caused by radiotherapy of head and neck cancer: a pilot study.
Expert Rev Proteomics 17(10):777–784. https://doi.org/10.1080/
14789450.2020.1858056

49. Sorsa T, Bacigalupo J, Könönen M, Pärnänen P, Räisänen IT
(2020) Host-modulation therapy and chair-side diagnostics in the
treatment of peri-implantitis. Biosensors (Basel) 10(5):44. https://
doi.org/10.3390/bios10050044

50. Grigoriadis A, Räisänen IT, Pärnänen P, Tervahartiala T, Sorsa T,
Sakellari D (2021) Prediabetes/ diabetes screening strategy at the
periodontal clinic. Clin Exp Dent Res 7:85–92. https://doi.org/10.
1002/cre2.338

51. Sorsa T, Alassiri S, Grigoriadis A, Räisänen IT, Pärnänen P,
Nwhator SO, Gieselmann DR, Sakellari D (2020) Active MMP-8
(aMMP-8) as a grading and staging biomarker in the periodontitis
classification. Diagnostics (Basel) 10(2):61. https://doi.org/10.
3390/diagnostics10020061

52. Lähteenmäki H, Umeizudike KA, Heikkinen AM, Räisänen IT,
Rathnayake N, Johannsen G, Tervahartiala T et al (2020) aMMP-
8 point-of-care/chairside oral fluid technology as a rapid, non-
invasive tool for periodontitis and peri-implantitis screening in a
medical care setting. Diagnostics (Basel) 10(8):562. https://doi.
org/10.3390/diagnostics10080562

53. Golub LM, Räisänen IT, Sorsa T, Preshaw PM (2020) An unex-
plored pharmacologic/diagnostic strategy for peri-implantitis: a pro-
tocol proposal. Diagnostics 10(12):1050. https://doi.org/10.3390/
diagnostics10121050

54. Naluai ÅT, Saadat Vafa L, Gudjonsdottir AH, Arnell H, Browaldh
L, Nilsson S, Agardh D (2018) Altered peripheral amino acid pro-
file indicate a systemic impact of active celiac disease and a possible
role of amino acids in disease pathogenesis. PLoS One 13:
e0193764. https://doi.org/10.1371/journal.pone.0193764

55. Hull MA, Jones BA, Zurakowski D, Raphael B, Lo C, Jaksic T,
Duggan C (2011) Low serum citrulline concentration correlates
with catheter-related bloodstream infections in children with intes-
tinal failure. JPEN J Parenter Enteral Nutr 35:181–187. https://doi.
org/10.1177/0148607110381406

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

4183Clin Oral Invest (2021) 25:4175–4183

https://doi.org/10.1016/j.jchromb.2013.11.017
https://doi.org/10.1155/2018/9171905
https://doi.org/10.1155/2018/9171905
https://doi.org/10.1093/rheumatology/kei212
https://doi.org/10.1093/rheumatology/kei212
https://doi.org/10.1111/joor.12197
https://doi.org/10.1016/0003-9969(61)90133-9
https://doi.org/10.1016/0003-9969(61)90133-9
https://doi.org/10.1177/00220345470260040401
https://doi.org/10.1177/00220345470260040401
https://doi.org/10.4103/0972-124X.55842
https://doi.org/10.4103/0972-124X.55842
https://doi.org/10.1016/j.clnu.2017.10.009
https://doi.org/10.3892/etm.2019.8044
https://doi.org/10.3892/etm.2019.8044
https://doi.org/10.1016/j.cca.2005.06.013
https://doi.org/10.1016/j.cca.2005.06.013
https://doi.org/10.1097/mco.0000000000000121
https://doi.org/10.1097/mco.0000000000000121
https://doi.org/10.5005/jp-journals-10015-1242
https://doi.org/10.5005/jp-journals-10015-1242
https://doi.org/10.1093/jn/130.7.1857S
https://doi.org/10.1093/jn/130.7.1857S
https://doi.org/10.1038/nm.2307
https://doi.org/10.3390/nu7042930
https://doi.org/10.1038/nm.2307
https://doi.org/10.1016/j.jcrc.2013.11.015
https://doi.org/10.1016/j.jcrc.2013.11.015
https://doi.org/10.1371/journal.pone.0024143
https://doi.org/10.1371/journal.pone.0024143
https://doi.org/10.1080/14789450.2020.1858056
https://doi.org/10.1080/14789450.2020.1858056
https://doi.org/10.3390/bios10050044
https://doi.org/10.3390/bios10050044
https://doi.org/10.1002/cre2.338
https://doi.org/10.1002/cre2.338
https://doi.org/10.3390/diagnostics10020061
https://doi.org/10.3390/diagnostics10020061
https://doi.org/10.3390/diagnostics10080562
https://doi.org/10.3390/diagnostics10080562
https://doi.org/10.3390/diagnostics10121050
https://doi.org/10.3390/diagnostics10121050
https://doi.org/10.1371/journal.pone.0193764
https://doi.org/10.1177/0148607110381406
https://doi.org/10.1177/0148607110381406

	Free amino acid composition of saliva in patients with healthy periodontium and periodontitis
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Study population
	Clinical examination
	Saliva collection
	Amino acid analysis
	Examiner calibration
	Statistical analysis

	Results
	Clinical parameters
	AAs in saliva
	Correlation between the clinical measurements and the saliva AA concentrations

	Discussion
	Conclusion
	References


