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Selection of optimal physical load is essential for desired adaptation including health béreefitgpothesized that
neuromusculaimmune and stress indicators will be higher afterggndemanding sprint interval exercise (SIE) than to
mechanically demanding stretch-shortening cycle exercise ($B8&)nain aim of this study was to assess and compare
the kinetics of blood brain-derived neurotrophic factor (BDNF), norepinephrine (NE) and cortisol (as stress indicators)
and proinflammatory (IL-6) and anti-inflammatory (IL-10) cytokines within 24 hours after metabolically demanding SIE
and after muscle damage inducing SB&enty healthy physically active young men randomly assigned to two equal
groups to complete 12 bouts of 5 s stationary cycling sprints every 3 min (SIE) or 200 drop-jumps with 30 s interval
between each jump (SSE), respectivaBuadriceps muscle maximal voluntary contraction torque and voluntary
activation and soreness were measured and blood samples collected before and 2 mit? hbwg and 24 hours after

the SIE and SSHhe BDNF cortisol, IL-6 and NE levels increased more at 2 min after SIE than SSE(EB); however

the IL-10 level did not dfér between SIE and SSE. BDNF and cortisol levels were decreased at 24 h after both SIE and
especially after SSHhe higher was the initial BDNF level, the greater was its decrease at 24 h after both type of exercise.
Before exercise BDNF level correlated closely with the change in central fatigue (decrease in voluntary activation) after

both SIE and SSBVe thus conclude that both metabolically demanding SIE and muscle damage inflicting SSE induced
long-lasting decrease in circulating BDNF which may not promote brain h€a&Hevel of circulating BDNFbut not
cortisol, IL-6, IL-10 or NE, was associated with changes in central motor fatigue.
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INTRODUCTION cardiovascular health and increases BDNF level, which may
promote brain health (30). CrossFit training changes BDNF
It is clear that regular exercise training careef the level at rest, aftewingate and progressive tests, and improves
production and release of brain-derived neurotrophic factomerobic capacity and body composition of young physically
(BDNF) and that other myokines play a key role in the generahctive men and women (32). By contrast, reviews by Heang
well-being, mental and physical health, disease prevention and. (24) and Dindf et al. (33) revealed that most studies have
longevity of humans (1-13). Exercise may induce moderate toeported no ééct of strength training on peripheral BDNF level.
large increase in the circulating IL-6 and IL- 10 (2, 14-16) andTherefore it seems the type of physical exercise that subjects
stress hormone cortisol (17-19). HoweVeyperactivity of the  brain and skeletal muscles activity-related metabolic stress may
hypothalamic-pituitary-adrenal (A axis may decrease BDNF cause the BDNF response (34).
productionvia increasing cortisol release and activation of the It is not clear whether the kinetics of BDNF circulatation is
proinflammatory response (e.g., increased IL-6 release) (19naffected by exercise that does not stress theggrmoducing
Furthermore, stress may reduce the BDNF level in the brainsystems in muscle cells but causes muscle damage. Previous
which may alter mood and cause depression (20-23). studies have shown that stretch-shortening cycle exercise
Selection of optimal exercise training mode and regiments i$SSE) impair muscle function, simultaneously inducing acute
essential for desired adaptation and health bendfitere is  muscle inflammation, and increase in circulating muscle
evidence that long-term regular aerobic exercise increases seryproteins as well as delayed-onset of muscle soreness (35-36),
BDNF level (3, 24-28). Research also suggested there is a dosee. changes which are widely recognised as indirect markers of
response relationship between exercise intensity and circulatingxercise-induced muscle damage (3% example of SSE type
BDNF level (29-31). High-intensity exercise training improves of exercise is repeated drop jumps (DJs) with immediate



126

rebound in explosive mannezach performed every 30\We participants learned to achieve and maintain a maximéontef
hypothesized that repeated DJ exercise with a high forceontraction of quadriceps femoris for 3 — 4 s withTfAel00 Hz
impact, which ultimately induces damage of the muscle forcesuperimposed on the voluntary contractidie participants
bearing structures but also because of the brief bursts ofiere instructed to refrain from performing physical exercises
muscular activity which are separated byfisignt periods of  and ingesting c&ine or alcohol for at least 24 hours, and to
rest does not allow for significant metabolite built-up andsleep at least 8 hours the night before the experinfére.
stress on the ergy-producing systems (36, 38), should not experiment was performed between 8.0:0Q in the morning
induce changes in levels of circulating BDN#F contrast, low  and participants were also asked to refrain from consuming food
mechanically but highly metabolically demanding sprint before baseline measurementall measurements were
interval cycling exercise (SIE) was expected to induceperformed, and the data and blood samples were collected before
substantial response in the levels of circulating BDNF andand 2 min, 1 h, 12 h and 24 h after the SSE and SIE exercises. In
other myokinesTherefore, the main aim of this study was to addition, blood samples were collected and MVC and CAR were
assess the kinetics of BDNRorepinephrine (NE) and cortisol measured after 100 DJs in SSE group. Isometric torque was
(as stress indicators) and proinflammatory (IL-6) and anti-measured and electrical stimulation was performed after 8 min
inflammatory (IL-10) cytokines during the recovery after warm-up of stationary cycling with the power (W) equal to the
highly metabolically demanding SIE and muscle damageparticipants approximate body weight (kg).
evoking SSE.The secondary aim was to assess the
relationships between changes in the BDNE, cortisol, IL-6  Performance of sprint interval exercise
and IL-10, and changes in maximum voluntary contraction
(MVC) force and central activation ratio (CAR) after these two  The SIE exercise comprised 12 x 5 s of all-out cycling bouts
different types of exercise. with 3 min rest between eachhe resistance was set at 7.5% of
body weight on a Monark 828E cyclegemeter (Monark
ExerciseAB, Sweden)The power output was measuredhh
MATERIALS AND METHODS
Performance of stretch-shortening cycle exercise
Participants
The participants performed 200 intermittent DJs with a 30 s
Twenty healthy and physically active men participated ininterval between each jump from a height of 0.5 m comprising a
this study after signing an informed consent fofifhey were  countermovement to a 90° knee angle followed by an immediate
randomly assigned to two exercise groups of 10 participants imaximum rebound. During the DJs, the particimhtinds were
each group: one group was assigned to perform SSE and tipdaced on the waist. DJs were performed using a contact mat
other SIE Table 1). None of the participants was under any type (PowertimerTesting System, Newtest, Finland@he height of
of antidepressant treatmenAll participants had not been the jumps was calculated by applying the following formula: H
involved in any jumping or leg strength training programs during= 1.226 xTf2 (m), whereTf = flight time (s) (39).The contact
the past yearslhe experimental protocol was approved by the
Kaunas Regional Biomedical Research Ethics Committee an

conformed to the Declaration of Helsinki. ) o )
Table 1. Physical characteristics of the subjects.

Experimental protocol SSE (n=10) | SIE (n= 10)
The experiment protocol is describediig. 1. The first visit Age, years 29.8£9.3 22.6£52

to the laboratory involved familiarization with the experimental Body height, m 1.81+£0.1 1.81+4.4

procedures and equipment and each participdoterance to Body mass, kg 81.7+5.2 76.5+9.1

electrical stimulation ware assessed. In this session, the .
Values are shown as mean + S.D. SSE, stretch shortening cycle

exercise group; SIE, sprint interval cycling exercise group.

BS BS BS BS BS
T All-out cycling [N % T
La La La CK
cK 12x5s MS
SIE group 5
g .
e 5 S . 2 min 1h 12h 24 h
Familiarization w Before Exerclse after after after after
o
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Fig. 1. Graphical overview of the experimental protocol. SSE, stretch-shortening cycle exercise; SIE, sprint interval cycling exercise; BS,
blood samples (human brain-derived neurotrophic factotisol, interleukin 6, interleukin 10, norepinephrine); La, lactate; CK, creatine
kinase;T, testing (maximum voluntary contraction torque, central activation ratio); MS, muscle soreness; * - testing for 7 minutes.



127

time was measured during the DJs. Each participant receivefdr ~2 s before relaxation and was measured twice; each separated
verbal feedback about his performance after each jump and wéy a 2 min rest interval and ¢@r value was used in the analyses.
encouraged to execute all jumps as high as posdiblebest The equipment and procedure for electrical stimulation were
jumps of the first three and of the last three jumps during SSEssentially the same as previously described (36, 38). Intra-class
exercise and then best of the three jumps at 24 h after SSE warerrelation codicient of voluntary contraction force for repeated

used in the analyses. measures varied from 0.90 to 0.98 depending on measurement
time, while codicient of variation was < 5%. Direct muscle
Rating of perceptions stimulation was applied using two carbonized rubber electrodes

covered with a thin layer of electrode gel (ECG-EEG Gel;
The perception of &rt was measured at the beginning and Medigel, Modi'in, Israel). One of the electrodes (61xcin) was
the end of every bout of SIE and SSE using the 15-point ‘Ratinglaced transversely across the width of the proximal portion of the
of Perceived Exertion(from 6 to 20 points) scale (40). quadriceps femorisAnother electrode (6 x 20 cm) covered the
Standardized instructions for memory anchoring of the scalalistal portion of the muscle above the patéllatandard electrical

were given to each participant before the test. stimulator (MG 440; MedicoBudapest, Hungary) was us&tie
electrical stimulation was delivered in square-wave pulses of 0.5
Isometric torque and central activation ratio (CAR) ms durationThe CAR was obtained during the 5 s MMAE~3 s

of the MVC, a 250 ms test train of stimuli at 100 Hz-0D Hz)

The isometric torque of the knee extensor muscles wawas superimposed on the voluntary contractide CAR was
measured using an isokinetic dynamometer (System 3; Biodesalculated as the ratio of the maximum voluntary torque to the
Medical Systems, ShirleY). The participant sat upright in the peak torque generated with an additional-100 Hz
dynamometer chair with the knee joint positioned at a 120° anglsuperimposed on the MVC (41Yhe 5 s MVC with the
(180° is full knee extension). MVC was reached and maintaineduperimposed stimuli was performed twice; thgdaiCAR value

was used in the analyses. Intra-class correlatiorficeet of
CAR for repeated measures varied from 0.88 to 0.97 fatetift
measurement time, with cdiefent of variation below 3%.

A E SIE Blood variables
[CISSE
120 - Blood samples for separation of serum were collected into
. vacuum tubes by venepuncture with a gel separator (5Theh
100 - ' * samples were allowed to clot and the serum was separated by
. * 4 *# centrifugation (120@ for 15 min) at room temperature. Blood
~ 80+ # samples for measurement of NE in plasma were collected into
s vacuum tubes with anticoagulamhe serum and plasma samples
O 60+ were aliquoted and stored at —70°C until analydibe
% concentrations of human BDNEortisol, IL-6 and IL-10 were
40 1 measured in serunthe concentrations of NE, BDNH.-6 and
IL-10 were measured using a Gemini immunoassay ELISA
20 1 analyser (Batec Biomedical GMBH, Birkenfeld, Germany).
Cortisol concentration was measured using AdA-2000
0 - ! ] ' ' ' automated enzyme (RE52061, IBlnternational GMBH,
Before  2minafter 1hafter 24 hafter Hambug, Germany) immunoassay analysess@h Corp.Tokyo,
Japan)About 5 mLof blood was drawn from the median cubital
B Il SIE i ) : -
ISSE vel_n_and were centrifuged immediately an_d analysed for CK
110 - activity using a Spotchem EZ SP-4430 biochemical analyser
(Menarini DiagnosticsWinnersh, Wokingham, UK) with soft
100 4 « F * reagent strips (Arkray Factomnc., Shiga, Japar).blood sample
* (0.3 pL) was taken from a fingertip, and the La concentration was
90 measured using a portable analyser (LactatéMPkd-1730,
2 Arkray Inc., Kyoto, Japan).
- %
reness
© 70
The severity of soreness of the quadriceps was rated
60 - subjectively by the participants after 2 — 3 squats using a 0 — 10
point scale before and 24 hours after SIE and SSE (42, 43).
50 I T T T 1

Before 2minafter 1hafter 24 hafter Satistical analysis

Fig. 2. Time course of changes in the maximal voluntary  Descriptive data are presented as mean + standard deviation
contraction (MVCA) torque and central activation ratio (CAR, (S.D.). Satistical analysis involved general linear model analysis
B) after sprint interval cycling exercise (SIE) and stretch-of variance (ANOY) for repeated measures with SIE and SEE as
shortening cycle exercise (SSE). a between-group factorand time as within-group factor on
MVC values in response to exercise were expressed idependent variables (MVC, CAR, BDNRNE, cortisol, IL-6 and
percentage of ‘beforg100%). * P< 0.05 compared with before IL-10). One-wayANOVA for repeated measures as a time factor
level;# P< 0.05 compared with SIB/alues are shown as mean was used to determine thdeets of the SIE on the cycling power
+S.D. (W) and La concentration; and théeets of the SEE on the blood
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CK, DJs height, DJs contact time and knee angle. If significan€hanges in voluntary muscle performance

effects were found, Sidak'post hoc adjustment was used for

multiple comparisons across a set of conditions within each MVC and CAR decreased significantly after both SIE and
repeated-measurddNOVA. Statistical significance was defined SSE Fig. 2). MVC decreased more after SSE than after SIE (P
as P< 0.05. For all ordinal data the non-parametigcoxon < 0.001); howevetthe magnitude of the decrease in CAR did not
signed-rank test was used to compare the changes in subjectidéfer significantly between SIE and SSE. MVC had not
ratings of perceptions (muscle soreness and RPE). Pearsoecovered at 24 h after SSEhere was no significant dérence
correlation codfcients were used to identify relationships in CAR between level before and after 100 DJs (94.8 + 7.8%).
between variablest&istical analyses were performed using IBM

SPSS stistics software (\22; IBM CorporationArmonk, NY). Changes in creatine kinase activity and muscle soreness

The participants reported feeling muscle pain and rated the
RESULTS pain as 6.5 + 2.2 and 0.1 + 0.7 points at 24 h after the SSE and
SIE, respectivelyCreatine kinase activity in the blood increased
The average power during first and series of 12 modifiedrom 164.7 + 100.0 |U/lbefore to 1670.6 + 888.2 U/t 24 h
Wingate tests (SIE) was 780.5 + 9WMBand 798.8 + 109.8V, after SSE (R 0.001) and from 123.5 + 64.7 IUllefore to 282.4
respectively (P> 0.05 between seriesfhe height of DJs + 123.5 IU/L24 h after SIE (K 0.05).At 24 h after exercise,
decreased by 3.5% + 2.8% $P0.05) and 8.7% + 4.8% (P creatine kinase activity dédred significantly between SSE and
0.05) after 100 and 200 DJs, respectivelyd did not recover SIE (P< 0.001).
within 24 h after the SSE sessidrhe contact time during DJs
increased by 14.5 + 10.5% after 200 DJs and did not recoveThanges in norepingphrine, brain-derived neurotrophic factor,
within 24 h after exercise @0.05).The average knee angle was cortisol, IL-6 and IL-10 concentrations
83.1 £ 5.6° during the squats and did not change significantly
during the 200 DJS he average jump height for all 200 DJs was NE increased significantly (£0.001) from 5.1 + 4.3 ng/mL
35.6 + 5.2 cmThe average contact time was 0.507 + 0.030 s orbefore to 26.3 + 10.1 ng/mhfter SIE but did not change

the platform (at the beginning 0.471 + 0.044 s). significantly after SSE (6.1 + 4.3 t0 8.9 £ 5.4 ng/mL).
The before level of BDNF cortisol, IL-6 and IL-10
Changes in perceived load effort concentrations are listed Table 2. BDNF increased significantly

after SIE, but the level was significantly lower at 12 h and 24 h
Perceived load &frt was 1.9 + 2.8 points and 13.0 + 2.4 after both types of exercise compared with before@®5;Fig 3).
points at the start of SIE and SSE, respectively@®5) and 16.3  Relatively to before level, BDNF was significantly lower in SSE
+ 2.4 points and 14.9 + 2.4 points at the end of exercisé®(65). group than in SIE group at 24 h after exercise (FO5).
Serum cortisol level increased significantly after SIE<(P
Changes in lactate concentration during sprint interval 0.001) and decreased significantly after SSE @R05; Fig 3).
exercise Reduction in cortisol level was observed already after 100 DJs
(78.7 + 40.6% of baseline; £0.05). Interestinglythe cortisol
Lactate concentration was 1.6 + 0.6 mmdiAfore exercise level remained elevated for up to 1 hour after SIK (®05),
and 14.1 + 4.6 mmol/(P< 0.01) and 2.6 £ 1.3 mmol&t 2 min  when BDNF had been already recovered to before values.

after and 1 hour after SIE, respectively Cortisol level was significantly lower at 24 h after SIE and SSE
250 - I S| E BDNF
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Fig. 3. Changes from the before mean level (100%) in the brain-derived neurotrophic factor (BDNF) and cortisol after sprint interval
cycling exercise (SIE) and stretch-shortening cycle exercise (SSE).
*P < 0.05 compared with before levél? < 0.05 compared with SIB/alues are shown as mean + S.D.
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compared with before level 20.05) and decreased more after The decrease in BDNF level 24 h after SSE correlated
SSE than after SIE (R 0.05).The lagest decrease in cortisol inversely with the change in the CAR at that time (r = —0.85).
level occurred at 12 h after SIE €20.05, compared with all The change in cortisol level 24 h after SSE also correlated
other times). inversely with the change in the CAR at that time (r = —-0.77).
IL-6 level increased (R 0.05) at 2 min after SSE and 1 h These variables were not significantly correlated for SIE.
after SIE, and remained significantly higher{M®.05) at 12 h Interestingly the changes in BDNF correlated significantly with
after SIE and SSH-{g. 4). IL-10 level was unchanged after both the changes in cortisol levels 24 h after both SSE and SIE (r =

exercise protocols. 0.74 and r = 0.94, respectively).
The decrease in BDNF level 24 h after SSE correlated
Relationships negatively (r = —0.71) with the decrease in IL-6 level at that time.

The changes in cortisol did not correlate significantly with the
The before BDNF level correlated inversely with the changechanges in IL-6 levels 24 h after both SSE and SIE (r §0.1
in BDNF level after SIE (r = —0.89) but not after SSE (r = 0.04).
The before BDNF level correlated inversely with the percentage
change in BDNF level after SSE and SIE (respectjvety-0.69 DISCUSSION
and r = —-0.74 at 24 hThe before BDNF level correlated with
the changes in the CAR after 200 DJs (r = 0.65) and 24 h after The present study compared thieef of two diferent types
SSE (r = 0.79). Howevetthe before BDNF level correlated of exercise on the neuromuscularmune and stress indicators in
inversely with the CAR 2 min and 24 h after SIE (r = —0.76 andyoung healthy mernThe main findings were as follows: 1) the
r = —0.95, respectively). responses of circulating BDINEortisol, IL-6 and NE were greater
There was significant relationship between the change irafter exercise that taxes the ayeproducing systems (SIE) than
BDNF level and change in the CAR 2 min and 24 h after SIE (after exercise which places agarmechanical stress and elicits
= 0.95 and r = 0.87, respectively). Howevtirere were no  muscles damage (SSE). Despite thederéifices, IL-10 level did
significant relationships between the change in BDNF level andahot change after either exercise; 2) circulating levels of BDNF and
the CAR for the same times after SSE (r = 0.14 and r = 0.02ortisol decreased significantly at 24 h after both SIE and
respectively). especially after SSEThe higher the initial BDNF level, the
There was a significant positive relationship between thegreater was a decrease in BDNF level at 24 h after both types of
change in subjective feft and BDNF 24 h after SIE (r = 0.79). exercise; 3) layer decrease in BDNF level after SSE was
However these variables did not correlate significantly during orassociated with less central fatigue (CAR) at 24 h after SSE; 4)

after SSE (r=0.1-0.2). initial BDNF level correlated closely with the change in central
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Fig. 4. Changes from the before mean level (100%) in interleukin-6 (IL-6) and interleukin-10 (IL-10) after sprint interval cycling
exercise (SIE) and stretch-shortening cycle exercise (SSE)065 compared with before levéib< 0.05 compared with SIEalues
are shown as mean + S.D.

Table 2. Blood markers before exercise.

Cortisol, nmol/L | IL-6, pg/mL | IL-10, pg/mL | BDNF, ng/mL
SSE 425.9+158.2 23+1.5 3.1+1.3 246 +6.5
SIE 4392+ 147.5 1.7+1.9 9.4 +6.7* 24.7+6.9

‘P < 0.05 compared with before lev&lalues are shown as mean + S.D. SSE, stretch shortening cycle exercise group; SIE, sprint
interval cycling exercise group; IL-6, interleukin 6; IL-10, interleukin 10; BDMFnan brain-derived neurotrophic factor
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fatigue after both SIE and SSEhe higher the initial BDNF level, that BDNF level was supressed for such a long time after both
the smaller was a change in the CAR at 24 h after SSE, but great8lE and SSE suggests that both exercise may not promote brain
the change in the CAR after SIE; 5) the greater was an increase liealth.\We have not come across any reports of a decrease in
BDNF level after SIE, the smaller change in CAR at 24 h afteBDNF level 12 — 24 h after exercise. On the contriesaciet

SIE; 6) The increase in subjective feft during SIE was al. (49) reported that BDNF returned to the initial level within 24
significantly related to a prolonged decrease (at 24 h afteh after exercise. Rojagegaet al. (50) and Saucedo Marquez

exercise) in BDNF al. (30) found that BDNF level recovered to the initial level
within 15 — 20 minutes after exercise. Howeviemg-term

Effects of stretch-shortening cycle exercise and sprint interval regular aerobic training was reported to increase the serum

exercise on neuromuscular fatigue BDNF level at rest and the BDNF level remained elevated for 2

days after acute aerobic exerci®&)( In another studyserum
The findings of our research are consistent with those of othdBDNF level increased at the point of exhaustion during
authors who have shown that after eccentric or SSE exercisacremental cycle gometry but recovered in 10 — 15 min after
muscle force and neuromuscular performance remain decreasedercise, whereas cortisol concentration was higher than at rest
for up to several days (35, 36). Other characteristic markers 60). It was recently suggested that BDNF is released when
muscle damage such as the increased muscle soreness and plaso@ceptors are activated and acts as a central modulator of pain
CK activity also manifested in our study which imply the main (51). However we found no significant correlation between
cause of the decrease in voluntary muscle performance after Ddeanges in BDNF level and muscle soreness after SSE.
was associated with damage to the force-bearing structures (35, It is interesting that the reduction in BDNF level was closely
36, 38) and excitation-contraction coupling (37, 38)fdbéntly, associated with the reduction in cortisol level for both exercises.
MVC decreased by ~13% and did not recover to the initial leveWhile many studies have found a negative correlation between
(Fig. 2A) within 24 h after SIE even though the CK activity and cortisol and BDNF level1(7-19, Saucedo Marqueet al. (30)
muscle pain were significantly lower at 24 h after SIE comparedlid not find an inverse correlation between cortisol and BDNF
with the same time after SSEhe main cause of fatigue in SIE is levels in humans.
undoubtedly related to the disturbance of gwnqroducing We found inverse correlation between the changes in IL-6
systems and metabolite accumulatidrhese changes fatt and BDNF levels 24 h after SSE. It could be speculated that
myosin cross-bridge adhesion to actin filaments, which decreaseecline in BDNF level is related with the proinflammatory
muscle force (44, 45) and the activation of muscle fibres byprocess, which is supported by the findings of other researchers
reduced C& content in the sarcoplasmic reticulum (46). In both (2, 15, 16, 52 Notable, moderate-intensity interval training
SIE and SSE, there was a significant decrease of ~5 — 6% in CAlRcreases serum brain-derived neurotrophic factor level and
which also contributed to decline in neuromuscular performancedecreases inflammation in Parkinsodisease patientsi()l Our
results have shown that severe muscle damaging exercise
Effects of stretch-shortening cycle exercise and sprint interval decrease BDNF similarly to stressful conditiod8)( implying
exercise on hormones and cytokines that because of this sidefedt it may not be the exercise mode
of choice for depression prone individuals.
We found that activity of hypothalamic-pituitary-adrenal axis
(i.e., cortisol level) and the autonomic nervous system activityRelationship between BNDF and central motor fatigue
(norepinephrine level) was higher after SIE as compared with
after SSE, but the activity of anti-inflammatory components of It was surprising that the initial BDNF level could predict
the immune system (IL-10) did not fif in response to SIE and prolonged central motor fatigue after both SSE and SIE. Other
SSE.The increase in circulating IL-6 after both types of exerciseresearchers have reported that BDNF level at rest is lower in
is consistent with the findings of other researchers (14, 47)exercise-trained compared with untrained peogie 63. We
However in our study IL-10 level did not change, while others speculate that the higher training level of our subjects was related
have reported an increase (14, 4His discrepancy might have to the smaller decrease in voluntary activation capacity after SIE. It
arisen because if the filifences in intensity and especially the is difficult to explain why the higher baseline BDNF level would
duration of applied exercise, while exercise mode has lifdetef cause a smaller prolonged change in the CAR after SSE because
(48). The results are in accord with our hypothesis that the BDNFone might expect a didrent direction of change - the lower the
concentration increases significantly after SIE but did not changaitial BDNF level, the smaller the prolonged decline in the CAR.
after SSE possible because stress on theggipeoducing Given that the change in circulating BDNF level after an
systems in the brain and muscles is the main factor for increasxercise load is lger in trained people than in untrained people
BDNF production and release. For SSE protocol we used ab4), we suggest that the greater the change in BDNF level after
many as 200 DJs, while the long rest between the jumps (30 §IE, the smaller the long-term decline in the CAR. It seems that a
should have allowed the muscles and nervous system to restdmver initial BDNF level and a lger its increase after SIE
high enegy phosphatesie have not found reports of similar exercise should be related to better performance in trained people.
experiments to measure BDNF kinetics after high mechanical As reduced circulating BDNF is associated with depression in
loading (SSE) that induces muscle damage. Howesttier  patients 20-23, it could be anticipated that the decrease in BDNF
researchers have concluded that BDNF concentration does nietvel at 24 h after both SIE and SSE reflects central motor fatigue.
increase after strength training exercia4, 33. However the correlations of our study suggest the opposite; that
Interesting finding is that BDNF level decreased 24 h afteris, the lage decrease in BDNF level observed at 24 h after SSE
exercise and this decline was significantly greater after SSE thamas associated with a lower level of central fatiJue decrease
after SIE Fig. 3). The correlation analysis showed that the in involuntary muscle strength after SSE is generally greater than
higher the initial BDNF level, the greater the decrease at 24 the decrease of voluntary muscle stren@ @9, and thus the
after both SIE and SSBMe speculate that the long lasting relationship between changes in BDNF level and involuntary
decline in BDNF level is an indicator of inadequate motormuscle strength should be studied further
system adaptation. Rest period of 24 h was ndicgarit for We speculate that a ¢gar decrease in BDNF level the day after
BDNF to recover after exercise induced stress. If the increase iexercise was caused by a greater perceifed ahd stress during
BDNF level after exercise enhances brain health, our findingSIE. The psychological predictions of BDNF kinetics after SIE



exercise do not seem surprising when considering the conclusiois).

of other researchers that the brain perceives exercise intensity first
(55). In addition, the brain sensitivity to exercise induced oxidative
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Voss MW Erickson Kl, Prakash R®t al. Neurobiological
markers of exercise-related brain plasticity in older adults.
Brain Behav Immun 2013; 28: 90-99.

stress might depend on age, as has been shown in responselioZoladz JA, Majerczak J, Zeligowska E, al. Moderate-

endurance training in rats (5@)he brain is the central gan for
perceiving stressokéa multiple interacting mediators included the
HPA axis, autonomic nervous system, their nonlinear interactions
with the metabolic system and the pro- and anti-inflammatory
components of the immune defence syst&Bh ( 12.

Limitations

Plasma BDNF concentration reflects brain BDNF levels morel3.
accurately than does serum BDNF (57). Howeagserum BDNF
level has been shown to be decreased in depression (57) and
psychosocial stress (58), in the current study BDNF measurements
were made in serum and not plasimhere was about 6 yeéar 14.
difference in the subjecsge between SIE and SSE groups but we
believe it did not have an importanfesft for most of the variables
assessed in present stuBinally, more information about general
mental health of the study participants may have provided bettef5
understanding of the changes of circulating BDNF

We conclude that several stress indicators in the blood
(BDNF, NE, cortisol) enlages immediately after metabolically
demanding exercise but not after exercise inducing musclé6.
damage. HoweveBDNF have substantially declined 24 h after
both types of exercise suggesting that bothgatially stressful
and strenuous muscle damaging exercise induce long lastir?
stress which may not promote brain hearlthe level of BDNF
but not of IL-6, cortisol, IL-10 and norepinephrine, was related
to changes in central motor fatigue.

18.
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