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SUMMARY

Introduction/Objective The aim of this study was to determine the changes in concentrations of urea,
creatinine, uric acid, proteins, aspartate aminotransferase (AST), creatine kinase (CK), and salivary amylase
in saliva samples collected before, immediately after, and 30 minutes after physical activity performed
during basketball and mixed martial arts (MMA) training.

Methods Twenty-two athletes, 11 basketball players and 11 MMA fighters, 18 men and four women,
aged 15-24 years, participated in the study. Saliva samples were collected using sterile saliva containers
(Salivette®) from all participants before training (sample 1), immediately after (sample 2), and 30 minutes
after training (sample 3). The levels of all investigated biomarkers were measured spectrophotometrically
using a biochemical analyzer.

Results Statistically significant differences were present among samples 1, 2, and, 3 in the concentrations
of urea, AST, and CK in samples collected from MMA fighters (Friedman test). Among three samples taken
from basketball players, the significant differences were not observed for the analyzed parameters. When
concentrations of all diagnostic markers were compared between basketball and MMA independently for
samples 1, 2, and 3, statistically significant differences (Mann-Whitney U-test) existed in concentrations
of urea, uric acid, proteins, and AST.

Conclusion Based on the results of the present study, the influence of the exercise on the levels of
salivary diagnostic markers, such as urea, AST, and CK, is more evident during MMA than basketball
training. Saliva composition of MMA fighters and basketball players differ in terms of levels of urea, uric
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INTRODUCTION

Physical activity, unique physiological stress,
triggers a systematic series of neuroendocrine
and immune events directed at bringing the
system back to a state of homeostasis. Various
physiological changes occurring in the human
body during physical exercise contribute to
accommodating the increase in physiological
demands. Two major neuroendocrine stress
response arms are the hypothalamic-pitu-
itary—adrenal and the sympathetic-adreno-
medullary axis, with both axes modulating
the function of immune system [1, 2]. Immune
and stress responses work together to combat
exercise stress.

While blood samples have historically been
used to measure numerous parameters, indi-
cators of physiological and pathological pro-
cesses in the organism, many of them could
be analyzed in a much easier, less complex,
and completely non-invasive way in the saliva
samples [3, 4]. Saliva has been used to exam-
ine hydration, electrolyte status, stress, and

immune responses during and after physical
activity [5, 6, 7].

The salivary glands are under the control of
the autonomic nervous system, parasympathet-
ic cholinergic nerves and sympathetic adren-
ergic nerves. The type of activated autonomic
receptor, salivary flow rate, and intensity and
duration of stimulation to the glands can influ-
ence saliva composition. During prolonged and
intense exercise, due to the increased sympa-
thetic stimulation, reduced salivary flow rate is
expected. Qualitative and quantitative changes
are described by the increased concentration
of total protein, cortisol, and hormones in sa-
liva during the stressful period, as well as by
the alterations in ionic composition of the
saliva [5-8]. Immediately after intense physi-
cal activity, saliva remains viscous for some
time, although the control of saliva secretion
is no longer under sympathetic nervous sys-
tem. These changes are primarily explained
by mouth breathing during physical activity,
dehydration of the organism, and increased se-
cretion of salivary mucin [6-9]. After physical
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activity, the secretion of saliva is under

Table 1. Distribution of the participants and their characteristics among the groups

control of t.he .paras'ympat'hetlc nervous oot ] c Feele BMI Nturpt?er of | Training
system, which is active during the period P 2 (Mean +5SD) | (Mean + SD) pfrlugg; duration
f rest, an h ms h
of rest, and as these two systems havean g g 11 11 males | 16542103 | 217 %149 5 [120 minutes
antagonistic effect, increased secretion of 7 males
the saliva, decreased protein concentra- | MMA 1| pomcios | 21:82£183 | 2375+273 3 90 minutes
tion, and increased serosity are present.
: iy yarep Total 22 | J8males | yq 161306 | 2273+238 - -
Physical activity of any type may have 4 females

implications for the immune system [10].
Changes in salivary secretion and com-
position and the alteration of the immune function that
occur during intense physical activity may lead to the
development of pathological changes. The occurrence of
upper respiratory tract infections could be associated with
systemic changes due to reduced immune response, as well
as the lack of protective role of saliva in athletes due to
reduced lubrication and IgA concentration [11, 12].

By measuring the levels of certain biomarkers in saliva
samples, it is also possible to monitor changes in other
organs whose functions may be affected by the intense
physical activity. Among these biomarkers, the enzymes
creatine kinase (CK), lactate dehydrogenase (LDH), or as-
partate aminotransferase (AST) stand out as parameters
that determine skeletal muscle injury and tissue damage in
the muscles [13]. Previous studies reported changes in the
levels of AST, CK, and LDH in saliva samples after intense
exercise during different sports [14, 15].

The aim of this study was to determine the changes
in concentrations of urea, creatinine, uric acid, proteins,
AST, CK, and salivary amylase in saliva samples collected
before, immediately after, and 30 minutes after physical
activity performed during basketball and mixed martial
arts (MMA) training. The null hypotheses were the follow-
ing: (1) there are no statistically significant differences in
the concentration of the mentioned biomarkers in saliva
samples collected before, immediately after, and 30 min-
utes after training, regardless of the sport; (2) there are
no statistically significant differences in the concentra-
tion of the biomarkers in saliva samples collected before,
immediately after, and 30 minutes after intense physical
activity, within each sport separately; and (3) there are no
statistically significant differences in the concentration of
the biomarkers in saliva samples collected before, imme-
diately after, and 30 minutes after training, between the
two sports, for all three samples separately.

METHODS
Participants

Twenty-two athletes, 11 basketball players and 11 MMA
fighters, 18 men and four women, aged 15-24 years, par-
ticipated in the study. Basketball players worked out five
times a week, while MMA fighters worked out three times
a week. The duration of the training for basketball players
was two hours, while for MMA fighters it was one hour
and 30 minutes. Distribution of the participants and their
characteristics among the two groups is shown in Table 1.
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MMA - mixed martial arts

All participants were given verbal and written explanation
of the purpose and the protocol of the research previously
approved by the institutional ethics committee, and their
written informed consent for participation in the study was
obtained. Main anamnestic data collected from the athletes
indicated that all the participants were healthy, they did
not suffer from any chronic disease, they had adequate
oral hygiene habits, at least five balanced meals per day,
and they all declared themselves as non-smokers. Also,
basic dental examinations with a mirror and a probe were
performed, and it was established that the participants did
not have active pathological processes in the mouth.

Prior to sample collection, all the participants were
familiarized with the experimental protocol, they were
explained the rules of behavior, and shown the correct
technique for saliva specimen collection. According to
the instructions, they had to brush their teeth at least 30
minutes before their scheduled training and then refrain
from taking food, caffein, alcohol, tobacco, chewing gums,
juice, and energy drinks. Consuming water before and in-
between sample collection was allowed.

Saliva samples

Saliva samples from all the participants were collected
before training (sample 1), immediately after (sample 2),
and 30 minutes after training (sample 3). For each sample,
the athletes were asked to wash their hands and they were
each given a sterile saliva container (Salivette®, Sarstedt,
Germany) containing a sterile plain cotton swab. They
were asked to open the lid of the container, take the cotton
swab, and put it under the tongue for 3 minutes, while per-
forming minimal orofacial movement. The cotton swabs
were then placed back into Salivette® containers, the lid
was closed, and each container was properly labeled. Saliva
samples were immediately transferred to the laboratory
for centrifugation (4200 x g, 10 minutes) and stored at
the appropriate temperature (-20°C) before analyses were
performed.

Saliva analyses

The levels of all investigated parameters (urea, creatinine,
uric acid, proteins, AST, CK, and salivary amylase) were
measured spectrophotometrically using a biochemical ana-
lyzer Rayto 1904-C (Rayto Life and Analytical Sciences
Co., Ltd, Shenzhen, China). Appropriate reagents were
used to obtain colored products (HUMAN Gesellschaft fiir
Biochemica und Diagnostica mbH, Wiesbaden, Germany),
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using the same methodology as for
the serum measurements. The ab-
sorbances of the obtained colored
compounds at certain wavelengths
were measured, and then converted
into quantitative concentration, mass
concentration, or enzyme activity, de-
pending on the biomarker.

Statistical analysis

The concentrations of the investigated
biomarkers in the samples collected at
three different time points relative to
the physical activity (sample 1, sam-
ple 2, and sample 3) were statistically
analyzed with Friedman test, regard-
less of the sport (all basketball and
MMA samples together) and within
each sport separately (basketball and
MMA samples separately). Wilcoxon
signed ranks test was used for post-
hoc between-group comparisons
when significant differences among
three samples were detected by the
Friedman test. Mann-Whitney U-test
was used to assess the differences in
the concentrations of the investigat-
ed parameters in samples 1, 2, and 3
independently, between two sports
(basketball vs. MMA). The data were
statistically analyzed using IBM SPSS
Statistics (IBM Corp., Armonk, NY,
USA), and significance level was set
at p < 0.05 in all analyses.

RESULTS

Concentrations of urea, creatinine,
uric acid, proteins, AST, CK, and
salivary amylase in samples 1, 2, and
3 did not statistically differ among
each other when all collected saliva
samples were compared regardless
of the sport (Friedman test, Table 2).
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Table 2. Concentrations of urea, creatinine, uric acid, proteins, aspartate aminotransferase (AST),
creatine kinase (CK), and salivary amylase in samples 1, 2, and 3, taken from all participants
before, immediately after and 30 minutes after training, respectively

- Sample 2 Sample 3 -value
;(Arjlfgrzt)lapants beé)irentprlaeir:ing immegigtfely 30 mingﬁ:).es after (Fr:iedman
after training training test)
Urea (mmol/I) 4.98 £2.105 3.85+2.398 4.89 +1.839 0.202
Creatinine (umol/l) 23.03 +5.030 22.56 + 4.465 23.49 +4.601 0.989
Uric acid (pmol/I) 212.23£76.998 | 233.82+£92.464 |246.04+129.616| 0.170
Proteins (g/1) 2.74 +£2.008 6.19+8.379 6.24 + 8.268 0.795
AST (U/1) 23.27 £15.520 | 25.59+18.477 | 20.64+16.580 0.063
CK (U/1) 4.48 £5.577 4.64 £6.721 2.83+3.339 0.086
Salivary amylase (U/ml) | 148.68 + 102.448 | 159.54 + 118.983 | 169.18 + 117.247 |  0.351

The results are presented as mean values + standard deviation

Table 3. Concentrations of urea, creatinine, uric acid, proteins, aspartate aminotransferase (AST),
creatine kinase (CK), and salivary amylase in samples 1, 2 and 3, taken from basketball players
before, immediately after, and 30 minutes after training, respectively

Sample 2 Sample 3 -value

?:ikﬁt;a" players befsoaremtr?'geir:ing immegi.at.ely 30 miny?es after (FFr,iedman

after training training test)
Urea (mmol/l) 4,99 +2.273 5.74+1.374 501+1.126 0.103
Creatinine (umol/Il) 23.24 +£6.331 22.37 £3.430 21.66 £ 3.663 0.643
Uric acid (umol/I) 250.82 +£82.014 |268.54 +109.297 | 290.36 + 105.489 0.441
Proteins (g/1) 1.71 £ 1.181 1.16 £ 0.612 1.13+£0.683 0.294
AST (U/I) 19.73 £ 19.042 16 +13.550 12.64 +£10.585 0.461
CK (U/1) 4.59 + 6.741 3.12+2.982 376 £3.111 0.695
Salivary amylase (U/ml) | 143.91 £ 94.159 | 147.82 £89.334 | 170.54 + 128.543 0.234

The results are presented as mean values + standard deviation; values in bold indicate the statistically
significant difference with the corresponding values in the MMA samples shown in Table 4

Table 4. Concentrations of urea, creatinine, uric acid, proteins, aspartate aminotransferase
(AST), creatine kinase (CK), and salivary amylase in samples 1, 2 and 3, taken from MMA fighters
before, immediately after, and 30 minutes after training, respectively

Sample 1 Sample 2 Sample 3 p-value
MMA fighters (n=11) before immediately 30 minutes after | (Friedman

training after training training test)
Urea (mmol/I)* 2,97 +1.377° 1.96 + 1.5368 4.78 £ 2.410* 0.020*
Creatinine (umol/I) 2282+3.6 22.75+5.480 25.32 +4.868 0.529
Uric acid (umol/I) 173.64 £49.472 | 199.09 +57.923 | 201.73+140.826 | 0.148
Proteins (g/1) 3.78+2.171 11.22 £ 9.564 11.36 £9.245 0.175
AST (U/I)* 26.82 +10.75*® | 35,18 + 18.192* | 28.64 + 18.013® 0.026*
CK (U/1)* 4.37 + 44,4548 6.15 + 8.994* 1.90 + 3.439® 0.021*
Salivary amylase (U/ml) | 153.45 + 114.563 | 171.27 + 146.447 | 167.82+111.091 0.534

The results are presented as mean values + standard deviation;
*presence of statistically significant difference; different superscript letters indicate statistically significant
difference among the values presented in the same row;
values in bold indicate the statistically significant difference with the corresponding values in the
basketball samples shown in Table 3

When concentrations of examined parameters were sta-

Additionally, concentrations of all examined parameters

tistically analyzed among samples 1, 2, and 3 separately for
basketball and MMA, there were no significant differences
for any of the parameters in the samples collected from
basketball players (Friedman test, Table 3), whereas statisti-
cally significant differences were present in the concentra-
tions of urea, AST, and CK in the samples collected from
MMA fighters (Friedman test, Table 4). Between-group
comparisons revealed that the concentration of urea was
significantly higher in sample 3 than in samples 1 and 2,
while concentrations of AST and CK were significantly
different only between samples 2 and 3 (Wilcoxon signed
ranks test, Table 4).

‘ DOI: https://doi.org/10.2298/SARH210913095B

were compared between basketball and MMA (Mann-
Whitney U-test) independently for samples 1, 2, and 3.
In samples taken before training (sample 1) statistically
significant differences existed in concentrations of urea
(p =0.010), proteins (p = 0.023) and AST (p = 0.047) be-
tween basketball and MMA samples. Immediately after
training (sample 2), statistically significant differences
were present in concentrations of urea (p = 0.000), proteins
(p=0.019), and AST (p = 0.005) between basketball and
MMA samples. In samples taken 30 minutes after training
(sample 3), statistically significant differences were pres-
ent in concentrations of uric acid (p = 0.013), proteins
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(p =0.002), and AST (p = 0.002). Concentrations of other
examined parameters did not significantly differ between
the two sports.

DISCUSSION

A lack of statistically significant differences in the con-
centration of any of the parameters among saliva samples
collected before, immediately after, and 30 minutes after
training, when all participants were analyzed, regardless of
the sport, led to the acceptance of the first null hypothesis.
The second null hypothesis was accepted for basketball, as
no statistically significant difference was detected in the
concentration of any of the parameters among the three
saliva samples, while the second null hypothesis was re-
jected for MMA, where statistically significant differences
were present in the concentrations of urea, AST, and CK
among samples 1, 2, and 3. The third null hypothesis was
also rejected, since significant differences existed in the
concentrations of urea, uric acid, proteins, and AST be-
tween basketball and MMA samples.

In the present study, there were no statistically signifi-
cant differences in the concentrations of salivary amylase
and proteins in the total sample, nor when the two sports
were analyzed separately, which is in line with some previ-
ous findings [9]. Nevertheless, opposing results have also
been reported [16]. Higher levels of these biomarkers were
expected after exercise, considering that their secretion
is predominantly controlled by the sympathetic nervous
system activated in stress [5, 6]. It could be assumed that
sport trainings in this study had no significant effect on the
protein and salivary amylase concentrations because the
exercise intensity was below the anaerobic threshold, when
salivary amylase and proteins were proved to increase [17].
It should be noted that the level of proteins in the MMA
group was significantly higher than that in the basketball
group in all three samples, suggesting that MMA training
is probably closer to the anaerobic threshold level.

Higher levels of serum enzymes CK, AST, and LDH
could be used as indirect markers of muscle damage, and
in apparently healthy subjects they may be correlated with
physical training status [13, 18, 19]. The results of this
study showed that in the MMA group AST and CK salivary
levels increased immediately after training and returned
to their initial values in samples taken 30 minutes after
training, suggesting that this change is transitory.

Interestingly, the levels of salivary AST were signifi-
cantly higher in all three MMA saliva samples than in
the basketball samples. Based on this finding it could be
assumed that MMA fighters are more likely to have per-
manent increase of AST in saliva. Furthermore, analyses
of key salivary electrolytes, stress and immune markers,
and muscle damage markers in the saliva samples showed
that male and female organisms have different response to
exercise stress [15, 20]. A greater response to exercise stress
was noticed in females, as there were significant increases
in osmolality, salivary amylase activity, and secretion rate
and salivary IgA secretion rate, whereas such differences
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between rest and exercise were not present for any salivary
analytes in males [20]. Also, the three enzymes indicating
muscle damage (AST, LDH, and CK) showed different
responses in men and women playing rugby, with AST
showing the most significant variations, which were more
pronounced in men than in women [15].In the present
study, around 18% were females (four out of 22) in the
total sample, and all of them were in the MMA group,
where they represented around 36% (four out of 11), while
in the basketball group all participants were males, which
could explain the differences in the results between the
studies. Further research should focus on the investigation
of the influence of sex and type of sport on these salivary
biomarkers at rest and during exercise.

Differences in the levels of biomarkers between bas-
ketball and MMA samples observed in the present study
may be due to several other reasons, such as younger age,
lower BMI, more frequent and longer trainings of basket-
ball players than those of MMA fighters, as well as due to
basic differences in these two sports. Basketball is a team
sport with a ball, characterized mainly by running and
shooting, while MMA is a combat sport, with two distinct
categories — grappling and striking. Therefore, these two
sports develop different physical and physiological profiles,
in terms of aerobic and anaerobic capacities, strength, ki-
nematic, and neuromuscular variables [21, 22].

It is well-known that saliva also contains urea, creati-
nine, and other markers of renal function. Studies have
shown that the salivary concentrations of these markers
are useful for the assessment of kidney function, and one
study investigated them as possible markers for periodon-
tal disease [23, 24]. To the best of the authors’ knowledge,
the assessment of salivary concentration of these param-
eters has not been used in relation to the physical activity,
sport, and exercise. While the levels of creatinine did not
show significant changes among the collected samples and
groups, concentration of urea in MMA samples 1 and 2
was significantly lower than in sample 3, and it was also
lower in MMA samples 1 and 2 compared to that of bas-
ketball samples 1 and 2. These differences could probably
be associated with urea excretion through sweat and in-
dividual characteristics that affect sweating.

It was expected that exercise would cause an increase
in the concentration of uric acid, a salivary antioxidant, as
antioxidant responses are promoted by physical activity
and the antioxidant profile of saliva samples showed to
be very similar to that of plasma [25]. The results of this
study showed that concentration of uric acid was higher in
samples taken after training than in samples taken before
training, but the difference was not statistically significant
in any of the analyses. However, a significantly higher con-
centration of uric acid 30 minutes after training observed
in the saliva of basketball players than in that of MMA
tighters suggests that activities similar to basketball may
lead to more pronounced antioxidant responses and con-
sequently to the physiological processes related to redox. It
may also be because basketball players trained more often,
they were probably in better physical shape, and they were
younger than MMA fighters that participated in this study.
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Lack of significant difference in the concentration of
some markers before and after training could be explained
by an early activation of stress response that is not directly
related to the physical activity during training, but to the
research itself, i.e., excitement or fear of the unknown
which participants may have had upon entering the study.
On the other hand, sample 1 was taken prior to training,
but after participants’ arrival at the training site, hence
one should have in mind that they had certain activity
(e.g., walking, fast walking, public transportation) dur-
ing arrival, so sample 1 could not be entirely considered a
sample at complete rest.
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CONCLUSION

In conclusion, the influence of the exercise on the levels of
salivary diagnostic markers, such as urea, AST and CK, is
more evident during MMA than basketball training. Saliva
composition of MMA fighters and basketball players differ
in terms of levels of urea, uric acid, proteins, and AST com-
position. Saliva may be an alternative and noninvasive tool
in sports medicine for the study of salivary proteins, stress
and immune markers, antioxidants, and muscle damage
enzymes in different physical exercise protocols.
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ymu,aj ¢M3W-IKE dKTUBHOCTU TOKOM CMOPTCKOI TP€HUHra Ha HUBO AMjarHOCTMqKMX

MapKepa n/byBauke

laBpuno bpajosuh', Capa borgaHosuh? busbaHa Auhencku-Paguuesnh?®, BpaHka Monosuh*, 3opax MaHguHuh®, JeneHa Jynocki®

'YHuBep3utet y beorpagy, Cromatonoluku dakyntet, UHcTuTyTckn npeamet — Ousnonoruja, beorpag, Cpbuja;
2YHusep3uTet y beorpapy, CromatonoLuku pakyntet, beorpag, Cpbuja (CTyAEHT OCHOBHIX CTyAwja CTOMaTonormje);
3YHneep3uTet y beorpagy, Cromatonowwku dakyntet, UHcTuTyTCKM NpeameT - buioxemuja, beorpag, Cpbuja;
*YHuBep3uTeT y beorpagy, Cromatonowku gakyntet, IHCTUTYTCKM npeameT — XymaHa reHeTuka, beorpag, Cpbuja;
YHuBep3uTeT y beorpapy, CromatonoLuku pakyntet, KnuHuKa 3a Aeujy 1 npeBeHTrBHY cTomatonorujy, beorpag, Cpbuja

CAMETAK

YBop/Lumb Linb oBe cTyauje 6uo je pa ce yTBpAe NpomMeHe y
KOHLIEHTpaLmjy ypee, KpeaTuH1Ha, MoKpahHe KrcenvHe, npote-
WHa, acnapTaT-amrHoTpaHcdepase (ACT), KpeaTnH-kuHaze (KK)
1 canvBapHe amuniase y y30pLyma nibyBayke NpuKymnbeHNM
npe, HeMoCpe[HO HakoH 1 30 MVHYTa HaKoH dr3NYKe aKTUBHO-
CT KOja Ce N3BOAMNa TOKOM TPEHUHTa KOLLapKe 1 MeLOBUTUX
6opuinaukmx BewTHa (MMA).

MeTope Y nctpaxuBarmy je yueCcTBOBasio ABafeceT ABOje
crnoptucTa, 11 kowapkawa v 11 MMA 6opaua, 18 myLiKapaLa
N YeTupWn XeHe, ctapoctun 15-24 roanHe. Y3opum nibyBayke
CaKyn/baHu Cy y CTepuIHe enpyBseTe 3a nibyBauky (Salivette®)
0[] CBMX yYeCHMKa npe TpeHuHra (y3opak 1), HemocpeaHo Ha-
KOH (y30pak 2) 1 30 MMHyTa HaKOH TpeHuHra (y3opak 3). Husom
CBUX MCMUTUBaHKX GOMapKepa U3MepeHm cy cnekTpodoTome-
TPUjCKOM METOLOM y B1OXEMIjCKOM aHann3aTopy.
Pesyntatu CTaTMCTUKM 3HAYajHe pa3nnke bune cy npucyT-
He mehy y3opuuma 1, 2 1 3 y KoHUeHTpauujama ypee, ACT 1
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KKy y3opuuma npukynmwseHum og MMA 6opaua (ODpramaHos
TecT). Mehy Tpu y30pKa y3eTa ofj KoLlapKalla H/UCY youeHe
CTaTUCTVYKM 3HaYajHe pa3nvike y aHann3vpaHMmM napameTprma.
Kapa cy ynopehumBaHe KOHLEHTpaLje CBUX JNjarHOCTUYKIX
Mapkepa nsmehy kowapke n MMA, He3aBrCHO 3a y3opke 1, 2
1 3, MocTojane Cy CTaTUCTUYKM 3HayajHe pa3nuke (MaH-BuTHu
U TecT) y KOHLeHTpaLujama ypee, MoKpahHe KucenvHe, npo-
TevHa n ACT.

3aK/pyyaK Ha ocHOBY pe3ynTaTa oBe cTyaAuje, yTuLaj prsnyke
AKTVIBHOCTY Ha HMBOE AMNjarHOCTUYKMX MapKepa MibyBauke,
Kao wro cy ypea, ACT n KK, nspaxeHuju je kog MMA y ogHocy
Ha KoLapKallKy TpeHuHr. CacTaB nibyBauke MMA 6opaua v
KoLlapKalla pa3nuKyje ce y nornegy H1Boa ypee, MokpahHe
KucenuHe, npotenHa n ACT.

KmbyuHe peun: ¢ri3nuKa akTMBHOCT; CMOPTCKY TPEHUHT; Aujar-

HOCTUYKN MapKepu MibyBayKe; KOLapKa; MeLoBuTe 60pMnaqu
BelWTnHe
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