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1. Introduction 

In the modern molecular biological studiesseveral body fluids were analysed 

investigatingphysiologicalprocesses in the human body, to diagnose diseases or to monitor the 

effets of physical activity.In the present investigation we examined the qualitative and quantitative 

composition of both body fluids (saliva, blood) after exercise.  

Nowadays many publications have reported exercise-induced changes in saliva composition 

after one bout of exercise. Chicharro and collegues (1998) reported that physical activity modifies 

the amount of some salivary immunoglobulins, proteins, electrolytes, hormones and lactate.  

Since salivary lactate (SL) is a useful molecule to measure the effectiveness of training, its 

changes has been longinvestigated in blood samples. During physical activity blood lactate (BL) 

concentration is elevated, then it gradually decreases post-exercise (Zagatto et al., 2004).First 

Mendez and his collegues (1976) found significant correlation between SL and BL concentration, in 

an other research also  high correlation was reported in BL and SL content following a 30 km race 

(Santos et al.., 2006). SL level was found significantly lower, than BL concentration measured at 

the same time, it wasonly 15% of the BL concentration (Segura et al., 1996). Among athletes 

significant relationship was found between the peak SL and BL level after 400 m run (Ohkuwa et 

al., 1995). Based on previous studiesa time difference between peak SL and BL concentration was 

suggested but more investigations are needed to determine theunderlaying mechanism. SL level 

appears potentially delayed compared to BL samples (Santos et al., 2006; Reer et al., 2009).  

Physical activity strongly influences the composition of the blood (Sanchis-Gomar and 

Lippi, 2014). The biological characteristics of marker molecules, the type of training, the intensity 

and duration, the time of the recovery after exercise all influence when and how much of the 

extracellular biomarkers appear in the blood (Lippi et al., 2008). 

Based on Sanchis-Gomar and Lippi’s (2014) research, the three most important changes in 

the human body  influencing the composition of  blood caused by physical activity are: reduction in 

plasma volume, increased basal metabolism and microdamage in organs and organ systems (mainly 

in striated muscle). In the present dissertation we investigated the exercise induced muscle damages 

and their biomarkers in blood. Unaccustomed, high-intensity exercise or eccentric training can 

induce microinjuries in striated muscle (Friden et al., 1983; McKune et al., 2012). These 

microdamages summated might lead to major injuries, like tendon injuries, hamstring tear (Brockett 

et al., 2001) or long lasting sport injuries. Reactive oxygen species produced during physical 

activity and oxidative stress can cause further damages, inflammation in the muscle and other 

tissues (Brancaccio et al., 2010). The inflammation has an important role in the repair and 

regeneration of the damaged muscle tissue (Clarkson and Hubal, 2002).  



McKune et al. (2012) described that the most important indirect indicators of exercise 

induced muscle damage (EIMD) are the reduction of torque, decreased range of motion, the 

swelling in muscle, the delayed onset of muscle soreness (DOMS) and biomarkers in body fluids. 

Numerous markers are found in the blood following microinjuries of the muscle such as 

structural proteins (like myosin heavy chain; Sorichter et al., 2001), enzyme activity (creatine 

kinase - CK; Stäubli et al., 1985; lactate dehydrogenase; Munjal et al., 1983), myoglobin (Munjal et 

al., 1983; Speranza et al., 2007), aspartate amino transferase (Van der Meulen et al., 1991; Lippi et 

al., 2008) and have been used to monitor EIMD. Nowadays microinjuries have indirectly been 

investigated with newer, more specific blood markers. These marker molecules are skeletal troponin 

I (s-troponin-I; Sorichter et al., 1997), fast skeletal troponin I (fs- troponin-i; Chapman et al., 2013) 

and α-actin (Martinez-Amat et al., 2005). Few indirect markers possess high sensitivity and 

specificity in estimation of EIMD, so it is important to identify molecules for accurate monitoring.  

Our knowledge is limited to orosomucoid and gelsolin molecules and their relationship to 

physical activity. Earlier Poortmans and Haralambie (1979) found that after a 100 km run serum 

orosomucoid level (AGP) was significantly higher compared to the resting level for 24 h.  

In a bicycle ergometer test, the untrained controls’ plasma gelsolin level (GSN) decreased, 

while in athletes it increased 30 minutes after exercise, suggesting that endurance exercise changes 

the expression of gelsolin in striated muscle (Yu et al., 2013). Our knowledge is limited to the 

aforementioned molecules (GSN, AGP) in EIMD.  

The effects of regular training are the occurance of many adaptational changes in the human 

body affecting the function of all organs whith varying degrees. Only some of the possible 

adaptation processes are presented. Regular physical activity leads to changes in body composition 

(decreased fat mass, increased muscle mass; Malina, 2007), improvements in spirometrical 

parameters (higher tidal volume and vitalcapacity; Adegoke and Arogundade, 2002), more effective 

cardiovascular function (decreased heart rate in rest, higher maximal heart rate; Katch et al., 2011; 

enlargement of the left ventricular volume and it’s wall thickening, Fagard et al., 1984) and changes 

in regulation (augmented parasympathetic activity, decreased sympathetic effect). Heart rate 

variability and R-R variability analysis is used investigating the effects of the autonomic nevous 

system in heart fuction (Sayers, 1973). The most important parameters of R-R variability are the 

high frequency component (HF; shows the effect of the vagus nerve; Perini and Veicsteinas, 2003), 

the low frequency component (LF; caused by the sympathetic and the vagal nerve innervation) and 

very low frequency component (VLF) that is the consequence of peripheral vasomotor control.The 

resting LF/HF ratio is approximately 1, this ratio elevates at the start of physical activity (decreased 

parasympathetic activity, augmented sympathetic regulation), while after activity this value 



decreases again as atypical consequence of resting parasympathetic predominance (Apor et al., 

2009). 

 

2. Aims of the study 

According to previous data we defined the following aims: 

1. Nowadays many researches examine the changes and the relationship between SL 

and BL level during exercise, mainly among athletes (Santos et al., 2006; Reer et al., 2009; Zagatto 

et al., 2004). SL concentrations measured post-exercise are less known, only one study investigated 

the effect of two training conditions and compared the lactate level of body fluids, but the 

immediate changes of SL have not been studied yet few minutes after exercise (Ohkuwa et al., 

1995). The first aim of our study was to investigate the changes of BL and SL after maximum 

intensity exercise among athletes, recreational athletes and non-athletes. 

2. Numerous studies are known describing the factors influencing BL level (Borresen 

and Lambert, 2008), however the parameters affecting the SL concentration are less known, 

especially in the post-exercise period. Therefore, the second aim of the study was to investigate the 

physiological and biochemical parameters influencing quantitative changes of SL and BL. 

3. In elite sports it is an important research area to examine the EIMD caused by 

eccentric training, since microinjuries might lead to serious muscle tears, although these also can 

cause hypertrophy in muscles (Brockett et al., 2001). Numerous blood molecules have been used to 

study micro injuries indirectly, but most of them are not only found in skeletal muscles and the 

sensitivity of the mentioned markers is often low (McKune et al., 2012). In previous researches 

difference was shown in EIMD markers between athletes and non-athletes after training (Vincent 

and Vincent, 1997; Brancaccio et al., 2007; Karamizrak et al., 1994). The aim of the study was to 

measure the plasma concentration of two novel molecules (GSN, AGP) and other indirect EIMD 

markers 24 h after eccentric exercise, and to analyze the concentration difference of the two 

molecules between athlete and non-athlete subjects. 

4. In addition to blood markers of microinjuries (CK, myoglobin, lactate 

dehydrogenase, troponin – I, actin etc.) induced by eccentric training, there are other indirect 

markers (torque deficit, DOMS, swelling, reduction in range of motion) widely used investigating 

microdamages (McKune et al., 2012). In the present study our aim was to investigate the correlation 

between blood markers (GSN, AGP) and other conventional EIMD markers.  

 

 

 

 



3. Materials and methods 

Analysis of the blood and salivary lactate 

During our preliminary measurements physical education students were recruited in athletes 

group (SCS, n=13) but they did not participate in any elite competitive sports. Later on participants 

were divided into a group of endurance athletes (middle- and long-distance runners, ÁCS; n=8) and 

non-athletes subjects (KCS; n=8) as a control group were measured in the studied sample. In KCS 

subjects have not been involved in any regular training for years.  

During the preliminary study measurements of SCS were perfomed. Based on the obtained 

data the number of the measured physiological parameters was increased to further delineate the 

causes of the previous results. The protocols used were the same as later on, only the total body 

water and R-R variability were new parameters collected. 

Later the study protocol began with antropometric parameters (height, weight, body mass 

index - BMI, body composition; Tanita BC-420 MA, Tokyo, Japan) measured, then R-R variability 

and resting heart rate (HR) was registered with a HR monitor (RS-800, Polar Electro, Kempele, 

Finland). HR monitoring was conducted according to Baynard’s method (2004). In addition, lung 

function measurements were taken with a spirometer (SpiroDoc Inc. MIR, Rome, Italy).  

After collection saliva samples were centrifuged (4000 rpm, 10 min) and stored at –20 °C 

until further measurements. Blood samples were taken from fingertips at the same time as saliva 

collected and BL was determined with a portable lactate analyzer (Lactate Scout, SensLab, Leipzig, 

Germany) immediately after collection. 

Then each subject performed a maximal Astrand treadmill test (Astrand and Ryhming, 

1954) during and 5 min after the exercise test R-R variability and HR data were registered. During 

the treadmill protocol heart function of subjects was continuously monitored with the aid of a 12-

lead electrocardiograph (ECG CARDIOVIT AT-60, Schiller Medical, Wissembourg, France), each 

case sports practitioner assisted the exercise protocol.  

Whole saliva samples were collected before and 1, 4, 8, 12, 15, 20 min after the exercise 

test, as well as BL level was measured again. After centrifugation salivary samples were stored at –

20 °C, then spectrophotometric analyses (Hitachi U-2000 spectrophotometer, Hitachi, Japan; 

Phypers and Pierce, 2006) were applied to measure lactate content in saliva. 

 

Analysis of muscle damage with plasma actin, gelsolin and orosomucoid level 

Physical education students were recruited in SCS (n=12) but they did not participate in any 

competitive sports. In KCS subjects (n=6) have not been involved in regular training for years. 

First antropometric parameters (height, weight, BMI, body fat percent, fat mass, muscle 

mass; Tanita BC-420 MA, Tokyo, Japan) were measured. 



Later venous blood samples were collected during rest. Samples were centrifuged. Laemmli 

buffer (Tris-HCl pH 6.8; β-mercaptoethanol, Sodium dodecyl sulfate - SDS -, glycerol) was added 

1: 5 to plasma one part of the supernatant, and after boiling samples were stored frozen at -70 °C. 

The other part of the supernatant was immediately used for measurements without freezing. 

After a warm-up all subjects performed 6 sets of 15 repetitions maximal eccentric 

quadriceps contractions with the dominant limb on Multicont II isokinetic device (Multicont II, 

Mediagnost, Budapest and Mechatronic Ltd., Hungary) and between sets one minute rest was 

provided. The contractions were executed between 20° and 80° knee angles, at 60°/s constant 

angular velocity (Váczi et al., 2009).Before the training subjects performed three maximal isometric 

contractions with the trained quadriceps at 70° knee angle to measure the maximal isometric torque. 

During the exercise HR changes were registered with RS-800 HR monitor (Polar Electro, Kempele, 

Finland). 

Pre- (baseline), immediately (0 h), 1 h, 6 h, and 24 h post-exercise venous blood samples 

were taken. After sampling the plasma aliquots were stored at - 70°C. Plasma concentrations of 

actin, GSN and AGP were determined with Western blot technique with enhanced 

chemiluminescence detection. The blots were photographed in a G:BOX Chemi XX6 gel 

documentation system (Syngene) and quantified with its densitometric software. 

At each sampling timepoint BL levels were assessed (Lactate Scout Analyzer, EKG Senslab, 

Germany), and for CK activity measurement an automated clinical chemistry analyzer (Cobas 

Integra 400 Plus, Roche Diagnostics, Hungary) was used.  

The subjective intensity of soreness was estimated using a visual analog soreness scale (0 

without pain to 10 with intolerable pain) at baseline and at 24 h (Bobbert et al., 1986), furthermore 

maximal voluntary contraction torque was measured.  

 

Statistical analysis in the two measurements 

The normality of data was analyzed with Kolmogorov-Smirnov test. If normally distributed 

values were found, differences between the two groups were computed with one-way analysis of 

variance (ANOVA). If normally distributed values were not found, non-parametric Man-Whitney 

U-test was applied to investigate muscle soreness of the two groups. The changes of plasma 

parameters in time among the two groups were compared with two-way (group x time) factorial 

ANOVA. One-way repeated measures ANOVA tests were used with Bonferroni post-hoc analyses 

to investigate the differences among the five measurement timepoints. To determine correlations 

results of measurements were analyzed with Pearson test. Values are reported as mean ± standard 

error of mean (SEM). The level of significance was adopted at p < 0.05.  

 



4. Results 

Analysis of blood and salivary lactate 

Based on pretest experiences, methods of later measurements were supplemented with total 

body water assessment and more scheduled water consumption of the subjects. During the 

preliminary tests all participants belonged to the SCS group. Based on the mean somatometric and 

body composition data, the studied population was homogenous; there are no significant differences 

in the measured antropometric parameters.  

After the exercise two SL peaks were detected in each athlete subject. They were divided 

into two subgroups on the basis of SL curves. In the first subgroup (n = 5) subjects had a lactate 

peak at 1 min and in the second subgroup (n = 3) the peak was later, at 4 min. A second lactate peak 

was found in both subgroups and it also differed in the first subgroup at 8 min after the test, in the 

second subgroup at 12 min after the test). Later the SL level decreased and this decrease was faster 

in the second subgroup than in first one. The profile of BL concentrations and curves were the same 

in both subgroups during measurements. There was only one significant difference among 

physiological parameters between SL subgroups, namely forced exspiratory volume in one second 

(FEV1). 

Later the anthropometric results of ÁCS, KCS were compared. We found significant 

differences between the groups only in body fat percentage and training volume. ÁCS group has 

lower body fat mass, while training volume of this group was higher. 

In this study concentration of BL and SL were measured before and after an Astrand 

treadmill protocol used as vita maxima load. As after the preliminary test two lactate peaks were 

detected in each athlete subject in saliva after the exercise. Subjects of ÁCS were divided into two 

groups on the basis of SL curves (in the first group at 1 min and 8 min after the test; in the second 

group at 4 min and 12 min after the test). In controls (KCS) we found high individual variability in 

lactate profile of SL, ÁCS-like pattern was not found.  

The BL concentration measured was the highest 1 min after exercise then it gradually 

decreased in both groups. After the exercise test lower BL was detected among athletes, although 

they spent more time on the treadmill. The last BL level of ÁCS was closer to the resting value than 

in KCS. We found significant positive correlation between BL and SL in all subjects after 

maximum intensity exercise, but correlation is weaker in controls. 

Nearly significant (p<0.069) difference was found in LF parameters between the two 

subgroups of ÁCS and post-exercise LF/HF ratio was also higher after the exercise. ÁCS 

significantly differed from KCS in spirometric and circulatory parameters, as well as changes in 

sympathetic-parasympathetic balance before, during and after the Astrand test. Several correlations 



were found between the measured parameters (e.g between SL levels and total body water, between 

maximal HR during exercise and SL levels, between mean R-R interval and SL levels). 

 

Analysis of muscle damage with plasma actin, gelsolin and orosomucoid levels 

The investigation started with antropometric measurements, body composition of two 

training groups (SCS, KCS) were compared. There were significant differences between body fat 

percent and fat mass of the two groups and both parameters were higher in KCS. As it was 

expected, weekly training volume was significantly higher in the trained group (SCS). 

Significant difference (p=0.037) was found between the two groups in the baseline MVC 

torque. Subjects of SCS had higher MVC torque during the measurements. The value of total work 

performed during the exercise was significantly higher in KCS, although maximal heart rate of this 

group was nearly the same. The BL level did not differ between groups during the test protocols, 

but maximal value of BL was significantly higher than all other BL level in both groups. 

The intensity of muscle soreness did not show differences, but the muscle soreness at 24h 

post-exercise was significantly elevated compared to the baseline value in all subjects. 

Plasma concentrations of actin, GSN, AGP and CK enzyme activity were measured at 

baseline, immediately, 1 h, 6 h, and 24 h post-exercise. There was no significant group-by-time 

interaction in plasma actin, GSN, AGP and CK levels, suggesting that changes in time were similar 

in the two groups (SCS, KCS). However, we found significant time main effect for the 

aforementioned blood markers (GSN, AGP, CK), suggesting that they changed significantly over 

time regardless of the training status. 

Plasma actin levels did not show substantial differences between groups throughout the 

study period. The post-hoc analyses revealed that actin level was elevated significantly from 0 h to 

1 h and other post-exercise measured GSN levels did not differ signifficantly from the baseline 

value. 

According to the results of post-hoc analyses the minimal GSN value post-exercise (MIN) 

significantly differed from the resting GSN concentration. 

AGP level of each subjects increased after training. There were significant differences 

between maximal AGP levels post-exercise (MAX) and the baseline value, as well as between 1 h, 

6 h post-exercise and MAX. 

CK activity continuously increased post-exercise and peaked at 24 h. The post-hoc analyses 

revealed significant differences between the baseline and 24 h post-exercise CK levels. 

For the Pearson correlation test, the trained (SCS) and untrained groups (KCS) were 

combined. Relationships among plasma actin, GSN, AGP and conventional muscle damage markers 

(muscle soreness score, CK, torque deficit) obtained at each time points and the MIN and MAX 



values were also considered investigating the relation of the measured parameters to each other. The 

most important relationships are highlighted. CK levelat 6 h post-exercise significantly correlated 

with GSN level at immediately, 6 h, 24 h post-exercise and MIN. High correlation was found 

between the intensity of muscle soreness at 24 h post-exercise and MIN GSN. Muscle soreness 

differences at the two timepoints correlated with GSN MIN and AGP level at 24 h post-exercise. 

According to Pearson correlation analysis no relationship was found between plasma actin and GSN 

concentrations at any time points. The resting level of GSN correlated with AGP immediately after 

and 1 h post-exercise. The total quadriceps mechanical work correlated with GSN level at 6 h and 

24 h post-exercise and MIN.  

5. Discussion 

Regular physical activity can influence normal physiological functions of the human body 

which can be detected at the level of the organs and at molecular level in body fluids. Some 

physiological adaptations of the organ systems are well-known and discussed in this dissertation 

also. 

Trained participants of our studies had more optimal body composition, lower body fat 

percentage and BMI, as well as higher total body water. During spirometric measurements they had 

higher FEV1 and 25-75 values referring to more efficient functions of the respiratory muscles. The 

adaptation of the autonomic nervous system and cardiovascular system cause lower heart rate 

during exercise, faster HR recovery and significantly higher RR variability in athletes. As it was 

expected better physiological parameters, higher total work and physical performance were 

measured in moderately and highly trained groups oppositely to sedentary subjects.  

As it was previously described plasma CK enzyme activity and AGP level increased one day 

after eccentric exercise. Presumably both molecules had a relationship with EIMD and the 

following inflammatory processes induced by eccentric exercise. 

However, several new results are obtained during our investigations and they are 

summarized in the following points: 

1. According to our results SL level measured after maximal treadmill test significantly differs 

in athlete and non-athlete groups. Two lactate peaks were detected in each athlete subject in saliva 

after the test protocol, while in controls we have found high individual variability in lactate profile, 

without any regular changes in SL. Physiological differences between athletes and sedentary 

controls can cause different SL responses in both groups. According to our findings, these can be 

defined primarily as physiological changes, namely adaptation of the nervous system and 

circulatory system to exercise, and altered hydration status. 

2. We described a time delay between BL and SL levels and two lactate peaks were observed 

in saliva after maximal exercise. These curves were different in endurance athletes and non-athletes. 



On the basis of SL curves endurance athletes were divided into two groups. In the first group 

subjects had a lactate peak at 1 min after exercise and the second peak at 8 mins after the test. In the 

second group each lactate peak occurred 3 mins later. A difference was detected in R-R variability 

values between the two groups. In the second athlete group data were obtained from HR analyses. 

Our study shows that in the rest period, and also in the end of the recovery period RR is smaller, 

indicating that indeed high sympathetic tone slows saliva secretion and lactate appearance in saliva. 

Higher sympathetic tone has a strong influence in performance during competition.  Before sport 

competition too high sympathetic tone can be beneficial or disadvantageous also. SL measurement 

in the preparatory period could be a useful tool testing physical and psychological efficiency of 

trainings in athletes. 

3. We identified some physiological parameters which alter SL level after maximal exercise. 

The most important ones are total body water, maximal heart rate, number of heart beats and R-R 

variability measured during exercise. 

4. In opposite to other researches, we did not find relationships between trained and untrained 

groups neither in plasma markers of microinjuries nor other EIMD indicators (CK, DOMS, torque 

deficit). In previous studies the baseline strength profile of trained and untrained groups were more 

higher than in our study, while the strength difference between the measured groups were similar to 

our subject’s. We proposed that changes in EIMD markers after eccentric exercise depend on the 

training status of subjects and the level of physiological adaptations to exercise.  

5. 24 h after the eccentric exercise, plasma GSN level was decreased while actin concentration 

remained unchanged. There was no relationship between the quantity of actin and GSN, however 

other EIMD markers (CK, intensity of muscle soreness) correlated with GSN levels after exercise. 

Supposedly plasma GSN levels are influenced by the level of physical activity and EIMD, changes 

of plasma GSN in healthy subjects are not actin-dependent. 
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