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Abstract

Objectives: Plaque-induced gingivitis is one of the most
widely distributed periodontal disorder during childhood.
The control of the pathogenic potential of the plaque is
associated with oral hygiene status at individual, group, and
population levels. We hypothesize that regular application
of complex oral hygiene-prophylaxis could beneficially
modulate salivary amino acids profile in children with
different stage of plaque-induced gingivitis. Therefore, we
aimed to study the salivary amino acids’ profile in relation to
certain clinical indicators and environmental variables for
plaque-induced gingivitis in children.

Methods: Fifty children (29 girls, 21 boys; mean age
8.18 + 2.32 years) without anamnestic data for common dis-
eases, no medication, and no data for allergy were selected.
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Plaque and gingival indexes were determined for assess-
ment oral hygiene and plaque accumulation. Unstimulated
whole saliva was collected, centrifuged and supernatants
stored at —80°C. Amino acid analysis was performed by
liquid chromatography using analytical grade AccQ-Tag-Ul-
tra-derivatization Kkit.

Results: Gingivitis was indicated in most of the examined
children over 6 years. More than half (63.6 %) of them
revealed moderate stage of the disease and a tendency to
satisfactory good oral hygiene and degree of gingival
inflammation. Salivary glycine, proline, arginine, serine,
lysine, aspartate, glutamate, threonine, methionine, and
isoleucine were higher in gingivitis children, while cysteine,
tyrosine and phenylalanine decrease. In gingivitis children
without regular oral hygiene-prophylaxis, some structural
amino acids like glycine and proline were increased, while
amino acids with protective antioxidant potential like
cysteine were diminished.

Conclusions: Plaque-induced gingivitis is associated with
increased salivary levels of certain amino acids. These may
serve as distinguishing markers among children with
gingivitis.

Keywords: children; dental prophylaxis; oral hygiene; pla-
que-induced gingivitis; salivary amino acids

Introduction

Saliva, as a fluid component of the oral cavity, plays a defi-
nite role in the maintenance of the dynamic equilibrium of
homeostasis, related to the functionality of hard teeth
structures, oral mucosa and periodontal tissues. Proteins,
glycoproteins and enzymes are among the basic ingredients
of saliva with an explicit antimicrobial activity [1].

Sterile saliva obtained from the glands contains not all
known amino acids, but only a few of them [2]. Saliva is
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characterized as a transudate of blood plasma. As a result
of the intensive exchange between these body fluids, the
characteristics of the diet affect the free amino acid
composition of saliva. Several studies demonstrate that in
the case of oral inflammatory diseases, the predominant
portion of salivary free amino acids originates from pro-
teolytic degradation of salivary proteins by proteases with
microbial or endogenous origin [3-6].

Plaque-induced gingivitis is determined as a reversible
inflammation of gingival soft tissues as a consequence of
human organisms’ reactivity towards dental-plaque micro-
organisms and their metabolic products [7]. It is one of the
most widely distributed periodontal disorder in different
periods of childhood. The etiology of that oral-health disorder
is mainly associated with dental plaque [8]. The control of the
pathogenic potential of the plaque is associated with the oral
hygiene status at individual, group, and population levels [9].
The adequate, age-related individual and professional oral
hygiene cares reduce the accumulation of dental plaque and
diminish its pathogenic capacity [10]. That effect is enhanced
by the application of different forms and means of exogenous
fluoride in accordance with the age specifics [11]. The ultimate
goal is to reduce the risk of inflammation of gingival tissues.

We hypothesize that regular application of complex oral
hygiene care including tooth brushing, topical fluoride
prophylaxis, endogenous fluoride prophylaxis, and usage of
additional oral hygiene products could beneficially modu-
late salivary amino acids profile in children with different
stage of plaque-induced gingivitis. Therefore, we aimed to
study the salivary amino acids’ profile in relation to certain
clinical indicators and environmental variables for plaque-
induced gingivitis in children.

Materials and methods
Participants

The study included 50 children from both genders (29 girls and 21 boys),
aged between 4 and 14 years (mean age 8.18 + 2.32 years) who visited the
University Dental Medicine Center. Clinically healthy children without
anamnestic data for common or chronic diseases, no medicine intake,
including homeopathic remedies, no anamnestic data for known
allergic reactions, no use of toothpaste with arginine or homeopathic
ingredients, and no vegan or vegetarians were selected for the study. All
participants were tested for periodontitis by registration of periodontal
pocket depth. Participants with confirmed periodontitis were excluded
from the study (Supplementary Figure 1).
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The calculated sample size for the group with plaque-induced
gingivitis was 45 and for the control group was 7 (95 % confidence level;
a=0.05; SD with a margin of error 0.8, for both groups) [12].

Age and presence of common diseases, allergic reactions, and cur-
rent use of medications or supplements, including homeopathic therapy
were assessed through a structured interview. Participants were divided
into two groups based on the registered Gingival Index GI Loe-Silness:
control group without gingival inflammation (GI=0; n=8); group with
clinically manifested plaque-induced gingivitis (0<GI<3; n=42).

Gingival status examination

Dental examination to determine gingival and plaque indexes was per-
formed by only one examiner. Conventional diagnostic methods were
used for determination both plaque index Silness-Lée (PLI) and gingival
index (Loe and Silness) (GI). In brief, Plaque index Silness-Loe was applied
for the evaluation of dental plaque accumulation based on its registration
on Ramfjord teeth: 16, 22, 24, 36, 42, 44. In primary and mixed dentition are
estimated the respective primary teeth or the mesially located ones. The
index was recorded by scratching with an atraumatic periodontal probe
on the vestibular, oral, mesial, and distal surfaces along the contact with
the marginal gingiva. The degree of dental plaque accumulation was
assessed as 0, 1, 2, 3, where 0 corresponds to lack of dental plaque; 1
accounts to a very small amount of dental plaque; 2 is related to a mod-
erate amount of dental plaque; 3 is equivalent to a considerable, naked
eye-visible accumulation of dental plaque. The results were scaled as very
good to good oral hygiene (0.1<PLI<1.1); good to satisfactory oral hygiene
(1.2<PLI<2.0); satisfactory to poor oral hygiene, parallel to the increase of
PLI level of (2.1<PLI<3.0). The gingival index [13] is applied for the eval-
uation of the gingival state and indicates alterations in the gingival tissue.
GI records the condition of the marginal and interproximal sites sepa-
rately in the range between 0 and 3, where GI=0 designates normal
gingiva; 0<GI<1.0 corresponds to mild inflammation; 1.1<GI<2.0 accounts
to moderate inflammation; 2.1<GI<3.0 signifies severe inflammation [14].
Caries index is not a subject of our study.

Saliva sample collection

Unstimulated whole saliva sample collection was performed between
9.00 and 11.30 a.m. All participants were instructed to properly brush
their teeth just before the sample collection with toothpaste without
fluoride and arginine content. Saliva samples were collected in 2 mL
sterile polypropylene DNase-and RNase-free collection tubes before the
dental examination. The collected saliva samples were centrifuged at
1000xg for 10 min and supernatants were frozen immediately and
stored at —80 °C until further analysis.

Oral hygiene prophylaxis

The oral hygiene prophylaxis was evaluated through a questionnaire
survey related to the application of topical and/or endogenic fluoride
prophylaxis, additional oral hygiene products and measures
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(interdental brushes, interdental flosses, mouth washes, fluoride-
containing tooth pastes) and frequency of tooth brushing (once or
twice daily).

Amino acid analysis

Chemicals and reagents: Analytical grade AccQ-Tag Ultra derivatiza-
tion kit for aminoacids and amino acid mix standard H were obtained
from Waters (Millford, MA, USA). Deionized water was prepared with
water purification system Milli-Q® IQ 7005 (Merck, Germany).

Preparing standards and samples: The calibration was done by
external standard method using amino acid standard mixture con-
taining a 2.5 mM of each of the dissolved in 0.1 N HCl amino acids, except
cystine (1.25 mM).

For calibration, a series of working standard solutions with
concentrations 25, 50, 100, 200, and 250 nmol/mL corresponding to the
concentrations of free amino acids in saliva were prepared.

The saliva samples were thawed and centrifuged at 1000xg for
10 min for protein removal. The supernatants were separated and
filtered through 0.2 pm PTFA filter and the filtrates were derivatized as
described.

The derivatization procedure was performed using analytical
grade AccQTag Ultra derivatization kit for aminoacids (Waters,
Millford, MA, USA) following the manufacturer’s protocol.

Chromatographic analysis

The chromatographic analysis was performed on Acquity UPLC
PDA-QDa chromatographic system (Waters, Millford, MA, USA). Data
were acquired, calibrated and quantified by Waters® Empower 3 Soft-
ware Chromatography Data (CDS).

The chromatographic separation was performed on AccQ-Tag Ultra
RP C18 Column (2.1 x 100 mm, 1.7 um) using mobile phase A (5% AccQ-
Tag Ultra Eluent A) and mobile phase B (100 % AccQ-Tag Ultra solvent B)
in a nonlinear gradient mode: 0.1% B (0-0.54 min); 9.1-21.2 % B (5.74—
7.74 min); 59.6 % B (8.0 min); 90 % B (8.05 min); 0.1% B (8.73-9.5 min).
The column temperature was 55°C; flow rate 0.7mL/min, injection
volume 1 uL; 2D Channel absorbance mode at 260 nm.

Statistical analyses

Data were presented as mean + SD, or number (n) and percentage (%), as
appropriate. Data analysis was performed on GraphPad Prism v. 8.3,
USA and SPSS v. 23, USA. Standard statistical methods such as descriptive
statistics, unpaired Student’s t-test for normally distributed parameters
and one-way ANOVA were used. Statistical significance was considered
at p-value<0.05.

Ethics

The study was approved by the Local Ethics Committee (Protocol Ne82/
28.03.2019). A parent or legal guardian of each participant signed a
written informed consent.
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Results

General characteristics of the studied
population

Most of the examined children were over 6 years of age and
represented the presence of gingivitis. More than half
(63.6 %) of the gingivitis subjects revealed a moderate stage
of the disease (1.1<GI<2.0). More than half of the studied
children practiced good to satisfactory oral hygiene
(1.2<PLI<2.0). The most widely practiced teeth prophylactics
were topical fluoride application and teeth brushing. Milk
and meat proteins dominated in their weekly nutrition
regimen (Supplementary Table 1A, B).

Age-related salivary free amino acid variations

Among the participants with plaque-induced gingivitis, four
children were up to the age of 6, with primary dentition.
Thirty-three participants were between 6 and 14 years of
age, respectively with mixed and permanent dentition. In
the control group, two children were younger than 6 years of
age (with primary dentition) and four children were older
than 6 years (mixed and permanent dentition).

The mean value of the plaque index (PLI) among the
children over 6 years of age was 1.24-fold significantly higher
than the mean PLI value among the subjects under 6 years of
age (p-Value=0.018). Similar results were found for the
gingival index (GI). It was 1.7-fold significantly higher in the
children older than 6 years compared to the subjects under 6
years (p-value=0.046).

Significantly higher mean values for most of the salivary
amino acids among the children over the age of 6 years
compared to those between 0 and 6 years were established.
Six of the elevated amino acids were essential ones (Table 1).

Salivary free amino acid levels according to
gingival status

Although nonsignificant, the mean values of glycine, proline,
arginine, serine, lysine, aspartate, glutamate, threonine,
methionine, and isoleucine concentrations in saliva were
higher in the group with plaque-induced gingivitis, while
cysteine, tyrosine, and phenylalanine were decreased. Sali-
vary cysteine revealed the lowest mean values for both
studied groups (plaque-induced gingivitis and controls),
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Table 1: Age dependent variations in salivary amino acid concentrations and gingival indexes.

Parameter Age, years Mean + SD, mmol/L (n) p-Value Parameter Age, years Mean + SD, mmol/L (n) p-Value

HIS® 0-6 0.041 + 0.002 (4) 0.87 LYs® 0-6 0.079 + 0.010 (6) 0.001
>6 0.041 + 0.004 (18) >6 0.113 + 0.047 (38)

SER 0-6 0.108 + 0.037 (6) 0.22 TYR 0-6 0.132 + 0.037 (6) 0.01
>6 0.131 + 0.060 (36) >6 0.198 + 0.120 (38)

ARG 0-6 0.181 + 0.069 (6) 0.92 MET® 0-6 0.031 + 0.001 (6) 0.001
>6 0.184 + 0.111 (38) >6 0.036 + 0.007 (38)

GLY 0-6 0.198 + 0.037 (6) 0.001 VAL® 0-6 0.043 + 0.009 (6) 0.003
>6 0.317 + 0.174 (38) >6 0.066 + 0.038 (38)

ASP 0-6 0.020 + 0.010 (6) 0.22 ILE? 0-6 0.041 + 0.006 (6) 0.01
>6 0.026 + 0.012 (36) >6 0.052 + 0.021 (38)

GLU 0-6 0.072 + 0.005 (6) 0.005 LEU? 0-6 0.051 + 0.011 (6) 0.01
>6 0.110 + 0.077 (38) >6 0.071 + 0.039 (38)

THR® 0-6 0.039 + 0.008 (6) 0.03 PHE? 0-6 0.063 + 0.018 (6) 0.51
>6 0.050 + 0.021 (38) >6 0.069 + 0.029 (38)

ALA 0-6 0.069 + 0.021 (6) 0.04 PLI 0-6 1.203 + 0.2669 (9) 0.02
>6 0.095 + 0.044 (36) >6 1.496 + 0.445 (41)

PRO 0-6 0.207 + 0.058 (6) 0.03 GI 0-6 0.624 + 0.754 (9) 0.05
>6 0.294 + 0.168 (38) >6 1.233 £ 0.641 (41)

CYs 0-6 0.018 + 0.025 (6) 0.54
>6 0.012 + 0.007 (38)

®Essential amino acids; His, histidine; Ser, serine; Arg, arginine; Gly, glycine; Asp, aspartate; Glu, glutamate; Thr, threonine; Ala, alanine; Pro, proline; Cys,
cysteine; Lys, lysine; Tyr, tyrosine; Met, methionine; Val, valine; Ile, isoleucine; Leu, leucine; Phe, phenylalanine; PLI, plaque index; GI, gingival index;
statistical significance was indicated at p-value<0.05; n, number of studied participants.

while salivary glycine and proline were with the highest Regarding the stage of gingivitis, the participants were
mean values. Glycine and proline were elevated in the stratified into three groups — mild (0<GI <1.0), moderate
gingivitis group vs. controls (by 10 and 8 %, respectively), (1.1<GI<2.0), and severe (2.1<GI<3.0) gingivitis. We did not
while cysteine was decreased by 42% compared to the find any significant changes in salivary amino acid levels
controls (Figure 1). between the groups. Most of the tested amino acids were
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Figure 1: Amino acid concentrations in saliva of children with plaque-induced gingivitis and healthy controls. Data are given as mean + SD; AA, amino

acids; His, histidine; Ser, serine; Arg, arginine; Gly, glycine; Asp, aspartate; Glu, glutamate; Thr, threonine; Ala, alanine; Pro, proline; Cys, cysteine; Lys,
lysine; Tyr, tyrosine; Met, methionine; Val, valine; Ile, isoleucine; Leu, leucine; Phe, phenylalanine.
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Figure 2: Variations in salivary amino acid concentrations according to the severity of gingivitis as evaluated by GI. Data are given as mean + SD; AA,
amino acid; His, histidine; Ser, serine; Arg, arginine; Gly, glycine; Asp, aspartate; Glu, glutamate; Thr, threonine; Ala, alanine; Pro, proline; Cys, cysteine;
Lys, lysine; Tyr, tyrosine; Met, methionine; Val, valine; Ile, isoleucine; Leu, leucine; Phe, phenylalanine; GI, gingival index. Gingivitis stage: mild (0<GI<1.0),

moderate (1.1<GI<2.0), and severe (2.1<GI<3.0).

increased in the group with severe gingivitis. More pro-
nounced elevation was found in serine, threonine, alanine,
cysteine, lysine, tyrosine, valine, and isoleucine levels. Two
amino acids, arginine and proline, decreased with the
severity of gingivitis (Figure 2).

Salivary free amino acid levels according to
oral hygiene prophylaxis

The Plaque index (PLI) Silness-Loe was used as an indicator
for the degree of oral hygiene and dental plaque accumu-
lation, where higher PLI corresponded to poorer oral
hygiene. The largest increase was found in salivary gluta-
mate (37.1%, p-value=0.20) followed by aspartate (30.8 %,
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p-Value=0.15), alanine (31.4 %, p-value=0.22), serine (20.2 %,
p-Value=0.28), and lysine (19.7 %, p-value =0.23), while sali-
vary arginine decreased at the highest extent (by 16.9 %,
p-Value=0.38) with worsening of oral hygiene. In individuals
with poor oral hygiene, GI increases significantly more than
fivefold (Figure 3).

Frequency of teeth brushing

The effect of various hygiene measures such as frequency of
teeth brushing, and topical and/or endogenous fluoride
prophylaxis on salivary amino acids concentrations were
examined.

Cys Lys Tyr Met Val lle Leu Phe

oral hygiene estimated by PLI

1 very good to good (PLI 0.1-1.1)

3 good to satisfactory (PLI 1.2 - 2.0)

B satisfactory to poor (PLI 2.1 - 3.0)

Figure 3: Variationsin salivary amino acid concentrations according to the oral hygiene as evaluated by PLI. Data are given as mean + SD; AA, amino acid;
His, histidine; Ser, serine; Arg, arginine; Gly, glycine; Asp, aspartate; Glu, glutamate; Thr, threonine; Ala, alanine; Pro, proline; Cys, cysteine; Lys, lysine; Tyr,
tyrosine; Met, methionine; Val, valine; Ile, isoleucine; Leu, leucine; Phe, phenylalanine; PLL, plaque index Silness-L6e. Oral hygiene stage: very good to
good (PLI 0.1-1.1), good to satisfactory (PLI 1.2-2.0), satisfactory to poor (PLI 2.1-3.0).
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Figure 4: Free salivary amino acid concentration according to frequency of teeth brushing. Data are given as mean + SD; AA, amino acid; His, histidine; Ser,
serine; Arg, arginine; Gly, glycine; Asp, aspartate; Glu, glutamate; Thr, threonine; Ala, alanine; Pro, proline; Cys, cysteine; Lys, lysine; Tyr, tyrosine; Met,
methionine; Val, valine; Ile, isoleucine; Leu, leucine; Phe, phenylalanine. Frequency of teeth brushing: rare, once daily or less; frequent, twice daily or more.

Although the frequency of teeth brushing did not signif-
icantly affect the levels of salivary amino acids, we found
higher levels of salivary cysteine (1.21-fold), methionine
(1.04-fold), and histidine (1.03-fold) among the participants
with diagnosed plaque-induced gingivitis and regular tooth
brushing twice per day compared to the subjects with gingi-
vitis and rare or once per day tooth brushing. In addition,
salivary cysteine, tyrosine, and phenylalanine were higher
among the controls who brushed their teeth twice per day in
comparison to the children with plaque-induced gingivitis
who brush their teeth twice per day, 1.64—fold vs. 1.20-fold,
and 1.16-fold, respectively. The teeth brushing beneficially
affected PLI and GI. PLI and GI among the children who
brushed their teeth rarely or once per day were greater
compared to the subjects with regular tooth brushing twice
per day, 1.09-fold vs. 1.13-fold, respectively (Figure 4).

Topical fluoride prophylaxis

The regular application of topical fluoride prophylaxis is
associated with significant elevation of valine (p-Value=0.039)
and threonine levels (p-value=0.042), and a decrease in salivary
arginine (p-value=0.030). Non-significant but pronounced
elevation was found for alanine, tyrosine, methionine, isoleu-
cine, leucine, and phenylalanine while serine, glutamate, and
proline levels decreased (Figure 5).

Endogenic fluoride prophylaxis

The application of endogenic fluoride prophylaxis resulted
in the elevation of all tested salivary amino acids except for

cysteine (0.009 + 0.003 vs. 0.012 + 0.009 mmol/L) and
methionine (0.034 + 0.006 vs. 0.036 + 0.008 mmol/L), which
levels tend to decrease (p-value>0.05). Only the increase in
arginine was statistically significant (0.268 + 0.149 vs.
0.150 + 0.062 mmol/L, p-value=0.021). In addition, signifi-
cantly decreased were PLI (1.22 + 0.14 vs. 1.69 + 0.34) and GI
(0.75 + 0.36 vs. 1.54 + 0.51) in children pursuing endogenic
fluoride prophylaxis (p-value<0.001).

Additional oral hygiene prophylaxis products

A tendency for an increase of all salivary amino acids except
cysteine was established among children with plaque-
induced gingivitis not applying additional oral hygiene
products and measures, while only alanine and tyrosine
were elevated in the control group. Salivary cysteine
revealed opposite changes in children with plaque-induced
gingivitis — it decreased in those who did not apply addi-
tional oral hygiene products (0.008 + 0.002 vs. 0.013 + 0.008,
p-value=0.016). The same tendency was observed in the
controls, salivary cysteine was 2.53-fold higher among chil-
dren who applied additional oral hygiene products in com-
parison to the subjects who did not use additional products.
PLI and GI tended also to decrease in children pursuing
additional oral hygiene measures.

Discussion

Nowadays the oral disorder of plaque-induced gingivitis is
interpreted not only as an inflammatory disease of gingival
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Figure 5: Changes in the concentration of free salivary amino acids in children with plaque-induced gingivitis according to topical fluoride prophylaxis.
Data are given as mean + SD; AA, amino acid; His, histidine; Ser, serine; Arg, arginine; Gly, glycine; Asp, aspartate; Glu, glutamate; Thr, threonine; Ala,
alanine; Pro, proline; Cys, cysteine; Lys, lysine; Tyr, tyrosine; Met, methionine; Val, valine; Ile, isoleucine; Leu, leucine; Phe, phenylalanine. NO, not applying
topical fluoride prophylaxis; YES, applying topical fluoride prophylaxis; p-value<0.05 was considered as significant.

tissues, but also as a behavioral pattern—associated disease,
clinically manifested on individual and community levels.
The oral disorder of plaque-induced gingivitis affects
approximately 73 % of children between 6 and 11 years of age
in developed countries. In 50 %—-99 % of adolescents, it is
accompanied by negligence in oral health care [15]. This oral
health disorder is typical, especially for periods of mixed
dentition, and is associated with the intensive processes of
the eruption of permanent teeth provoking the condition of
pre-eruptive and eruptive gingivitis [16].

The subjects with mixed and permanent dentition (over
the age of 6 years) are characterized by a higher level of
dental plaque accumulation associated with a higher degree
of clinically manifested plaque-induced gingivitis. Parallel to
the increase in age there is a process of aggravation from a
mild to a moderate degree of plaque-induced gingivitis. On
the other hand, the increase in child’s age, and especially the
period of early school age to adolescence, is associated with
an inclination of the individuals to ignore the significance of
tooth brushing, additional means of oral hygiene, including
products of topical fluoride prophylaxis and age-related re-
quirements and recommendations as a whole. That results
in an unsatisfactory oral hygiene state, abnormal accumu-
lation of dental plaque, and as a consequence, initiation,
and progression of plaque-induced gingival inflammation
[17, 18]. In the current study, we established a tendency for
an increase in salivary free amino acids among children
over the age of 6 years compared to those between 0 and 6

years of age. Other studies also revealed significantly
enhanced levels of salivary glycine and lysine with aging and
age-related quantitative and qualitative changes in saliva
amino acids composition [4, 19, 20].

The inflammation of the gingiva, especially under con-
ditions of moderate and severe degrees of plague-induced
gingivitis, is accompanied by a reversible damage of its
connective tissue [21]. Collagens represent the predominant
ratio of approximately 60 % of the total amount of proteins
in normal healthy gingiva. It is established that the
destruction of collagen can be accompanied by the release of
hydroxyproline, proline, and glycine representing approxi-
mately 57 % of the amino acids ingredients in collagen. The
main source of salivary free amino acids in gingivitis is the
proteolytic degradation of salivary proteins by proteases
with bacterial or endogenous origin or the degradation of
collagen. The most abundant proteins in human saliva are
the proline-rich proteins (PRPs) [22, 23]. Approximately 70 %
of the amino acids in PRPs are glutamine, glycine, and pro-
line [24, 25]. The degradation of PRPs is a source of salivary
proline, aspartate, glutamate, lysine, arginine, glycine, and
histidine. However, there are some tendency to increase the
salivary glycine, proline, arginine, serine, glutamate, lysine,
threonine, and aspartate in the gingivitis group. It might be
supposed, that the elevation in these amino acids is associ-
ated with plaque-induced gingival inflammation. On the
other hand, the decrease of salivary cysteine (by 1.7-fold), in
children with plaque-induced gingivitis as compared to the
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controls with healthy gingiva may be linked to the increased
rate of inflammation-related reactive oxygen species gen-
eration that provokes the depletion of free amino acids with
greater anti-oxidative capacity, such as cysteine [26].

The concept of timely control of dental plaque is asso-
ciated with multifaceted prophylactic care and procedures,
including tooth brushing, application of age-appropriate
additional oral hygiene products, and topical fluoride pro-
phylaxis. These are essential for the inhibition of dental
plaque accumulation, combined with bacteriostatic activity
[27, 28]. The usage of additional oral hygiene products is
important with regard to prophylactics of pre-eruptive and
eruptive gingivitis under conditions of mixed dentition [29].
The protective potential of salivary cysteine is demonstrated
in our study by the result that the salivary cysteine was
significantly 1.57-fold elevated in children with healthy
gingiva who used additional oral hygiene products in com-
parison to those who did not (p-Value=0.05). Furthermore,
the mean value of cysteine among the controls who brushed
their teeth twice per day was 1.64—fold higher in comparison
to the children with plaque-induced gingivitis who brushed
their teeth rarely. The result confirms the protective role of
cysteine in non-stimulated mixed saliva under conditions of
plaque-induced gingival inflammation. Similar to the levels
of cysteine related to frequency of tooth brushing and
application of additional oral hygiene measures, here is
ascertained its reactivity under conditions of improper oral
hygiene.

On the other hand, the levels of salivary proline, a
structural amino acid of healthy gingiva, were decreased in
children with regularly practiced oral hygiene prophylaxis,
such as teeth bushing, topical fluoride prophylaxis, and/or
additional hygiene measures. Based on the established levels
of salivary amino acids, our findings confirm the great
importance of proper adequate oral hygiene measures for
the control of the initiation and progression of plaque-
induced gingivitis. [30].

The salivary amino acids (glycine, proline, arginine,
lysine, serine, aspartate, glutamate, and threonine) which
are increased among the children with plaque-induced
gingivitis as compared to controls showed the same ten-
dency of an increase in case of irregular tooth brushing and
no usage of additional oral hygiene products. These results
correspond to the enhanced metabolic activity and proteo-
Iytic capacity of the pathogenic dental plaque in plaque-
induced gingivitis.

A great number of studies are focused on the role of
fluoride prophylaxis for the maintenance of proper oral
dental health [28, 29]. Our results about the variation of some
salivary amino acids in children with plaque-induced
gingivitis correspond to the established bacteriostatic and
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plaque-inhibiting properties of regularly applied topical
fluoride products. Namely, the mean values of salivary
amino acids histidine, serine, arginine, glycine, aspartate,
glutamate, and proline are reduced under conditions of
regular topical fluoride prophylaxis in comparison to the
mean levels of the same amino acids among the participants
who do not apply topical fluoride products. A similar trend
for a decline of almost all tested amino acids was established
in participants applying additional hygiene measures (see
above). The release of free amino acids in saliva by bacterial
proteases is decreased as a result of inhibited bacterial
growth by applied topical fluoride products and additional
hygiene measures.

Age-dependent differences in salivary amino acid levels
and changes in arginine, valine, and threonine after topical
fluoride application in children with plaque-induced gingi-
vitis are among the strengths of the current study.

Limitations

The small sample size does not allow for more definitive
conclusions regarding the changes in the studied salivary
amino acids depending on age, gingival status, oral hygiene,
and diet. In addition, the studied group is heterogenic in
terms of the type of dentition (mixed and permanent).
Nevertheless, being the first study exploring the amino acid
content in children with gingivitis in relation to oral pro-
phylactics measures and nutrition the study could serve as a
landmark for further investigations in the field.

Conclusions

We have demonstrated that the free salivary amino acid
composition was most considerably influenced by the
gingival health status and the application of prophylactic
oral hygiene measures in children with plaque-induced
gingivitis. Future studies are needed to identify the potential
of selected salivary amino acids as prospective non-invasive
diagnostic biomarkers of plaque-induced gingivitis in
children.
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