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ABSTRACT

Saliva is one of the body's biological fluids, casgd of proteins, glycoproteins, electrolytes anthls organic
molecules. The identification and the study ofatmal and functional changes of it is important fbe health of
athletes. The present study investigated the effecne Concurrent training session (concurrenesgth and
endurance) on flow rate and biochemical compositmh saliva (sodium, calcium, magnesium, potassium,
phosphate, urea and total protein) and salivaryrhone Cortisol and DHEA. In this study, 20 male eitd of
Qaemshahr free University (mean aged 2 = 23 yeai)icipated for 100 minutes in Concurrent exersise
Participants' Diet and activities were controlledi® hours before and 24 hours after the race and-stonulated
salivary samples were collected for measuremetitriee time stages, before, immediately and 24 hafies the
race. To analyze the data, Mauchly test, repeald@¥A test, post hoc tests and SPSS16 softwareficigi level
P>0/05) were used. Findings showed that one sessiomc@rent exercise caused a significant decrease in
concentration of electrolytes such as Sodium, gaicimagnesium, salivary flow rate and a significiextease in
such electrolytes as potassium, total protein feilig the exercise. On the other hand the amouphosphate and
salivary urea has increased following exerciseg,rmnt statistically significant. Cortisol and DHH&vels have also

a significant increase and decrease simultaneoafir the activity (R0/05). 24 hours after exercise, except the
amount of salivary flow rate, cortisol and DHEA| alectrolytes were partially returned to baselifecording to
the results of this study, it can be said that plalsactivity, suppresses hormone production andlddgion may
result into the reduction of salivary flow and usittable changes in salivary electrolytes and previte base for
suppression of the mucosal immune system of aghlete

Keywords: salivary flow rate, biochemical composition ofigal training Concurrent, DHEA

INTRODUCTION

Saliva, a heterogeneous fluid composed of protgilysoproteins, electrolytes, small organic molesuand blood
transferred compounds, and plays an Importantimlaaintaining the immune system of upper respiyatoact,
that any changes in its quantity and quality cameha significant effect on body health (1).Sahdaohe of the
biological fluids which is noninvasive and easificassible, and can be considered in early detecfiarwide range
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of diseases. But unfortunately, like other biolagisamples such as blood plasma has been not cdmomsed for
diseases diagnosis.Studies have shown that exenciag cause changes in the amount and activityalofasy

proteins, hormones, and enzymes, so understanidégoblecular and biochemical features of salivaes and
the study of structural and functional changegsrcomposition due to various factors, includinggbal activity

can be very important and be applied in the préeantliagnosis and treatment of various diseaséiseofespiratory
tract(3).

Salivation in human is done in two ways, one is-stmulated salvia and the other is stimulatediaaln a healthy
person non-stimulated salivation is between 0/a/%foml min with a mean of 0/32, and stimulatedwsdion will be
1/1 to 3 ml per minute with a mean of 1/7ml. Meaitevnon-stimulated saliva has significant effectstibe health
of the immune system and generally is more impottzan the stimulated salivary (4).

In general, the base and principles of body heailtth best performance of body functions and the atiper of
various body systemscluding respiratory, heart, nerves, etc. depemashe transport systems i.e., fluids and
electrolytes and endocrine changes. By exercisiagerthan 3% of body water is lost and therefore yrtgpes of
salivary electrolytes such as sodium, potassiutericle, magnesium, etc. will be lost(5). Kyungailad, in a study
have reported a slight increase in serum magnekduets in 7 minutes of vigorous physical activig).(Rose also
found that the short-term and heavy exercise isg®#he serum calcium concentration (7). In a rebday Coester
and colleagues, they have also found that afteexdraustive exercisgerum sodium levels in participants will
increase(8)Rovira et al., in an interesting study on dogs fhilwat performing a 100-second agility training ogd
caused no significant changes in the concentratbsedium and potassium ions(9).

On the other hand, researches have shown thathéteat do heavy and vigorous trainings such afitigi
Concurrent (endurance and strength simultaneooslpear high pressure to bear, they will experiemzenonal
changes, which are prominent in their Anabolic-abatic hormones. The balance between catabolic twes
including cortisol and Anabolic like DHEAhas an important application in the study of h@wstppress the
immune system, particularly the mucosal immuneesys{10,11). DHEA is one of adrenal specific hornstieat
can have anabolic effects on some issues throughecding to sexual steroids such as testosterodeeatrogen
(10) .DHEA and cortisol changes depend on the gitgrand duration of exercise and training envirental
conditions. Ratio of cortisol to DHEA (DHEA / C) issed as an indicator of training pressure in &hleThis ratio
is influenced by the intensity and duration of eigand any change in this ratio can be accompaniqubbsntial
changes in immune function (12, 13). Hosseini et ial a study to assess the effects of Concurgnngth
exercises in different groups of non-athlete worsleowed that strength training caused no significaange in the
levels of salivary cortiol but increased the leveldDHEA and ratio of DHEA to cortisalas considered as one of
the body anabolic status indexes in participanés ghrticipantsWhile in parallel exercises (endurance training
performed after resistance training) weaken théipedindings of strength training alone (10).

Abrahim Pour et al., also conducted a study tostigate the effects of two sessions volleyball main salivary
DHEA and cortisol indexes in volleyballist womendaiound that competence in unprofessional volldytae no
effect on salivary DHEA levels while the changesd@éase) in Salivary cortisol was significant sawlgible(14).
Changes in DHEA concentration and nature of DHE&ih response to exercise despite limited resetnahhas
been done in this area, is still unclear. Duehtomariety of sports fields, training features, specific responses of
immune function to the type of trainings and ladkrelevant researches, particularly in the areassajety
adaptations following Concurrent trainings whichaisew type of training compared with endurance strehgth
new type of training, and also the cross-sectioasire of studies, different statistical sampled @@mmunities and
various research methods , the need to do moraradsis necessary(15, 16, 17).

Totally the amount of each biochemical and hormot@minpounds in saliva changes under the influence of
physiological conditions including age, sex, didgy and night cycles, salivary flow rate, hydratierercise nature
and of the subjects' initial fithess levAk no research has been done independently anctligdion the impact of
Concurrent trainings on saliva biochemical compauthd in regard to this fact that the balance of these
electrolytes in the saliva is one of the main causemucosal immune homeostasis, therefthie present study
investigated the effects of Concurrent trainingd{gance and strength simultaneously) on the flote @nd
biochemical composition of saliva and also the gesrin cortisol and DHEA hormones.

1.Dehydroepiandrostrone
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MATERIALSAND METHODS

Resear ch participants:

According to the nature and objectives of the regeathe present study is a quasi-experimental spulied
research. The population consist of entire boye&ghstudents of Free University of Qaemshahr, anvamigh 20
persons with an age range of 20 to 25 years wdeeted Voluntary and purposeful as subjects ofstuely. The
subjects selection criteria was having a healttgrthevascular, without any disease, hormonal disturbances, no
drug consumption, at least one month before thysgiinitiated.

Data Collection:

Following statistical sampling, the subjects paptited in one session training Concurrent (aerahit resistance)
for 100 minthe first saliva sample was taken 15 minutes betmeestart of the practice in resting time, second
was immediately after exercise and the third ons w@lected 24 hours after exerciged due to the need of
collecting non-stimulation saliva, saliva samplefiected from subjects after oral rinse for 4 mewtThe subject
also avoided intense and heavy exercises for 48shioefore and 24 hours after the competitidocording to
training protocol diet in test day was 2500 kcdbbe the test.

Training Protocol:

Parallel group protocol 100 minutes includes: 1@uté warm-up (5 minutes running smoothly with medey 5
minutes of static stretching) after 20 minutes wfining with 85 -80% of maximum heart rate (MHR)enh10
minutes of active recovery between strength andimte exercise (5 minutes’ walk, 5 minutes rdetlowed by
50 minutes of strength training including movemengspectively (opening leg, chest press, backhthigpderarm
stretch, triceps and biceps) in three sets of éptitions at 85-90% of one repetition maximum (JR&hd finally
a cooling step to 10 minutes (3 minutes walkingnifutes stretching) protocol is finished. Each ta&es 30-60
seconds, the rest interval between each set ise®0nds and rest interval between each period isinites.
Stretching exercises include: bending and reachagls to tip toes, stretching legs to the chedlinguegs up the
rear, turning waist to the sides, stretching hastigtch the leg muscles, chest muscles tensiatgrarm muscle
tension, arm front and back muscles tension.

Subjects Diet:

In order to match the nutritional status of sulyjdmfore test and its probable impact on some bMasgathe subjects
were advised not to consume coffee, drug or sm@hbdlrs before the first saliva sampling. Researcbatrols
the diet during tests days, which includes a sinfypésmkfast (biscuits and juices with about 350 ka&l10:30 am
and lunch (about 2500 kcal) 2/5 to 3 hours befbectést.

L aboratory measurement methods:

To measure the amounts of sodium and potassiunopiebér film technique with (Corning 480) is usedicum
and urea were measured by CPC methods, Acetyl-Dbroaltium, salivary magnesium and phosphate bydyiyli
blue, ammonium molybdate, with Pars test kits, lsiodhemistry methods respectively. Salivary cottesal DHEA
were measured by commercial kits Demeditec mad&dmmany using ELISA Model Start fax2100 made by
Awareness Company. Salivary flow rate was alsoinéthby dividing saliva volume on sampling time.

Statistical Analysis:

To investigate the homogeneity of baseline dataewaduate the differences between the sample apdigtmn,
Mauchly test is used. Then in order to determine diffect of one session training Concurrent on onegs
variables, repeated ANOVA test is used, that byenbsg difference between the three time periokdiseé sampling
stages), the post hoc test will be used. SPSS16tdtiktical analysis was done by SPSS16 and ERE6I7) at the
significance level RO/05.

RESULTSAND DISCUSSION

The results of the present study showed that ossiae training Concurrent exercise results intagaicant
decrease in the concentration of such electroteSodium(P=0/0004), calcium(P=0.000), magnesiu=/J0)),
salivary flow rate (P=0/000) and a significant e&se in electrolytes such as potassium (P=0/006tjl, protein
(P=0/000) following training. On the other hand #maounts of phosphate (P=0/000) and salivary uPe®/000)
after the activity has increased but not statiflficaignificant. And also Cortisol levels (P=000aphd DHEA
(P=0/000) after the activity has increased andebsad respectively. 24 hours after exercise, \Wetheikception of
salivary flow (P=0/000), cortisol (P=0/000) and DAEP=0/000), the amount of sodium (P=0/000), cailtiu
(P=0/003), magnesium (P=0/000), potassium (P=0/Qf})sphate (P=0/000) and urea (P=0/000) partiatlyrned
to baseline levels.
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Table 1. Personal characteristics of subjects (n=20)

The measured parameters Mean + SD
Age (years) 2+23
Height(m) 42 * 179.3
Weight (kg) 7.1+77.5
Body fat percentage (%) 3.4+18.6
Body mass index (Kg/fn 2.6+23.1
Maximum oxygen consumption (ml/kgmin ™) 2.3+48.1

Table 2. The mean and standard deviation of parameter s (sodium, calcium, magnesium and total salivary urea) in 3 stages of sampling
(before, immediately after and 24 hour s after exercise)

roup Sodium Calcium Magnesium Urea
Inde (mEq/) (Mg dI) (Mg di) (Mg dI)
before after Azfﬁlr before after Azfir before after Azfir before after Azfir
4.3+ 3.4+ 3.6x 5.6+ 4.3+ 4.8+ 3.6+ 4.4+ 4.4+ 5.5+ 6.1+ 6+
0.3 0.3 0.2 0.9 0.7 0.6 0.7 0.7 0.7 0.4 0.5 0.5

Table 3. The mean and standard deviation of parameter s (potassum, phosphate, and total protein in saliva) in 3 stages of sampling
(before, immediately after and 24 hour s after exercise)

roup Potassium Phosphate Total protein
-1
Inde (mEqfl) (Mg. ml) (9.
After After After
before after 24h before after 24h before after 2ah
6.3+0.7| 7.6£0.6| 7.5+0.5| 18.3+0.8| 19.6+£0.7| 19.1+0.7| 0.43+0.18| 0.73+0.29| 1.01+0.27

Table 4. The mean and standard deviation of parameters (salivary flow rate, salivary cortisol and DHEA) in 3 stages of sampling (before,
immediately after and 24 hours after exercise)

roup Saliva flow rate Cortisol DHEA
Indo (p!.min® (ng.mr%) (ng.mfY)
before after After 24h before after Aéfﬁ]r before after After 24h
537+ 56 | 454+ 57| 433+62 | 2.60+0.45| 3.24+0.6| 3.74+0.6| 21.4+2.3| 21.1+2.4| 26.6+3.2

The results of the statistical analysis of bioclehcompounds amounts in saliva have shown thatsession
training Concurrent (aerobic - resistance) sigaifity reduce the levels of salivary sodium and ioatcand
significantly increase the levels of potassium, nesjum, phosphate, urea and total protein in m#iketas
(p<0/05).

Given that in the field of sport science very ditlesearch was done on the biochemical composifigaliva has
been, so the research results cannot be compatieetadh other. Therefore, similar studies that hetamined the
blood serum are used. Negler et al (2005) in aysardthe biochemical composition of non-stimulasadiva in
non-athlete men and women, reported salivary vollose and changes in salivary composition includadyction
of all salivary elements(18). Bruins and his cajlees (2008) examined the effects of exercise anasglsecretion
and quantity and quality of salivary compounds aegdorted that due to physical exercises the sglivgA
concentration decreased, protein concentratiom fared salivary cortisol levels increased. Conceintmaof sodium,
potassium, calcium and phosphate also increasgttlglior remained unchanged. According to this gtutie
researcher found that several factors such asdiigdtion of physical activity, fluid intake andcan be effective on
changes in salivary composition (19). Imelik, (1P88 a study on the impact of aerobic activity ogrusn
electrolytes had reported the increase of seruntrelgtes (sodium, potassium, calcium and magnes{in

Mashiko et al (2004), for the impact of exercisethie heat on potassium electrolyte concentratiawsh that
serum potassium levels after a summer training naragsignificantly increased in rugby players(20grde T.,
Shepherd (1983) also found that 20 minutes of gaysictivity in three conditions, outdoors, indoarsl sauna, can
be followed by a significant decrease in serum reagm level. According to these researchers, thdirfgs
inconsistency can be due to the differences irtythe of activity, intensity, duration and also stuehvironment. In
other words, the reason of no change in serum nsagmecan be associated with inadequate intensdydamation
of activity, enough changes in subjects and unslgt@boratory temperature (21).
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On the other hand, factors such as time intervetwéen the exercise completion and blood samplergperature
and humidity in training environment, the amountsetretion, regular intake of fluids before, duriemd after
physical activity have also been found as the didetors of changes in the biochemical compositibsaliva(22).

The results of the present study showed a signifidacrease in the levels of salivary flow by oess#on training
Concurrent (aerobic-resistance), which is in cdansiswith Sari-Sarraf et al(2007) [23], with resgaresults (2007)
[23], Williams et al (2004) [24], Walsh et al (200R5] based on reduced salivary flow after a l@amgl intense
activity, but on the other hand contradicted witle tesults of the research by Blannin et al (1926), who had

reported severe and prolonged activity (cyclingejaraused significant changes in salivary flow.ratemost cases
researchers agree that the salivary flow rate dseck by exercise and the inconsistency of somenases may
probably be due to differences in the intensityration, type of activity, age, hydration, exercevironment,

temperature and stress. Hydration is one factdraaa affect the salivary flow rate. If body fluidsduced by 80
percent, salivary flow will be reduced to zero[#hysical activity can reduce salivary flow duértoreased activity
of the sympathetic nervous system, which in thseadecreases arterial diameter and so volumeighsidcreases.
However, these changes are more noticeable in bather [27,28].

In the present study, DHEA levels following one sies training Concurrent (aerobic and resistance
simultaneously) had significantly decreased, thduction remained constant until 24 hours afteratttévity. The
results suggest that the sensitivity of these b#&in response to aerobic exercise and endursifidee higher, as
performing endurance trainings in Cancarnt exesdiskibits DHEA increase and causes its decreassseini et al
(2010), in a study conducted on 29 non- athleteafenstudents have found that 8 weeks of strengtimitg
compared with aerobic and endurance trainings fsigmnitly increased DHEA rates while had no effestcortisol
levels(29).0n the other hand Chatard et,al (208@y 87 weeks of swim trainings in 4 male and 5 déamelite
swimmers reported the increase of salivary DHEAca@Xding to this researcher, one of the mechanisrwved in
the changes of DHEA concentration is hemodynanfferginces between the exercise environments. Blohtne
changes during swimming due to water pressuretrggalhormonal changes in response to physicaloises (30).
Overall, the reason for DHEA responses differennetdifferent studies could be a result of exerdigee, different
duration and intensity of exercise, activity enwineent, differences in laboratory methods, and ¢lellof physical
fitness in subjects and the amount of cortisol esimn.

Finally the values of salivary cortisol in the pres study showed a significant decrease until 24rdafter the
activity, which coincide with the results of Dalf27), Sari-Sarraf et al (23) and in contradictonghwiindings by
Filaire(1998)[16],Corral(1994)[31]. There are salemechanisms that show the reason for salivaryiscbr
concentrations increase after exercises with dffeintensities. One of these mechanisms is ineckasrmone
secretion through hypothalamic-pituitary-adrenas atimulation which results into the increase @ secretion
from pituitary and ACTH secretion increase is apamant factor in stimulating cortisol secretion. [3

Other reasons may be changes in PH of sympathetigous system, hypoxia, lactate accumulation and
Psychological Stress. Totally, Factors such agntieasity, duration and volume of exercise, levigbloysical fithess

of subjects, nutrition status and recovery perietiieen training sessions or competition have ingmbrinfluence

on levels of cortisol concentrations. Finally indde said that several physiological factors mégcafthe immune
system, particularly the mucosal immune system. mbst important factors can be the reduction a¥aadecretion
level during exercise, hydration, intensity andafian of physical activity, age, fitness level, ihéerval between
the exercise completion and sampling and the enmiemt temperature. Physical activity and hydratipn
stimulation of sympathetic nervous system actiedy reduce the salivary flow, through which, theels of several
different salivary electrolytes such as sodiumapsium, chloride, magnesium, etc., will be changleat can be
very dangerous and important for the developmeMudosal immune system performance repressiorietas.
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