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Abstract

Aim: The aim of this study is examine effects of different concurrent training protocols on
muscle strength, Testosterone and cortisol serum levels in young wrestlers. Methods: 41 young
men (18-25 year-old) were randomly divided in 5 groups: 1. endurance-strength training with 8
hours inter-Session recovery (ES8) 2. Strength- endurance training with 8 hours inter-Session
recovery (SE8) 3. Strength- endurance training without recovery (SE0) 4. Endurance-strength
training without recovery (ESQ) 5. Control (CON). The experimental groups performed Strength
training 4-8 repetitions «85-100% 1RM and endurance training with running 10-30 minutes at
70-85 percent of final speed of IFT 30-15 test. Frequency of Session was three times a week for
eight weeks. The blood sampling was performed after 12 hours fasting in 8-9 am to evaluate
serum cortisol (C) and testosterone (T) concentration. One-way ANOVA and paired t-test was
applied for examining training effects (¢=0.05) and 12 for evaluate effect size. Results: The
result of study showed that significant difference was between SE8 with SEQ, ESO and CON on
lower body strength (p=0.04, p=0.004, p=0.004). Lower body strength improved after ES8, SE8
training (10% and 17%). Upper body strength increased after ES8, SE8, and SEO with no
difference between the groups (5%, 10% and 4%). Cortisol concentration decreased in SE8 (-
8%). Conclusions: The results indicate that performing strength and endurance training with 8
hours’ recovery between training could improve upper and lower body strength in young
wrestlers.
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Extended abstract

Background

Adaptation to exercise depends largely on the type and nature of the exercise. Endurance training is a physical activity
performed in periods from a few minutes to several hours with different intensities. This type of exercise increases high
training volume and low endurance (such as cycling, swimming, and running). Increasing the ability to perform endurance
training is further possible by increasing the maximum oxygen consumption and increasing the ability of the skeletal
muscle to produce energy through oxidative metabolism (1). Resistance training is another type of physical activity that
includes short-term activities at high intensities and leads to improved performance in high-intensity and high-resistance
training at relatively low repetitions (such as weightlifting, powerlifting, etc.). Improved strength performance is achieved
through neuromuscular coordination, increased fibrillation, and muscle hypertrophy (2). Performing resistance and
endurance training over a period of time is called parallel training, which is a popular way to develop different aspects of
physiological abilities in most sports activities (3). Athletes do parallel training (endurance-resistance) to enjoy the
benefits of both training methods. Parallel training can have a better effect on general health than any exercises alone,
including cardiovascular, musculoskeletal, and athletic warning factors.

Wrestling is a high-intensity sport that requires acceptable upper and lower body muscle strength levels to perform the
techniques (4). On the other hand, parallel training is one of the most widely used methods for developing wrestlers’
fitness factors. Few studies, along with specialized exercises for athletes, have examined the effect of parallel training. In
a few previous studies, it has been suggested that performing parallel exercise 24 hours apart from parallel exercise in
one day can be a more appropriate way to deal with the phenomenon of interference. However, due to the fact that
performing two training sessions with different natures in one day (or even one session) often occurs in the annual
planning of wrestlers, finding the right order and time interval to optimize physiological adaptations, reduce the effect of
interference, reduce Costs and prevention of overtraining are important. Therefore, the aim of this study was to investigate
the effect of different parallel training protocols on muscle strength and testosterone and cortisol levels of young wrestlers.

Methodology
The present study is quasi-experimental-applied research conducted in five groups with pre-test and post-test designs.
Subjects were 41 male wrestlers with a mean age of 21.2 + 2.2 years, a height of 175.3 £ 5.1 cm, and a body mass of 72.2
+ 5.10 kg, who were selected by the available sampling method and Based on the output of the completed questionnaire
to prepare for participation in sports activities, they were randomly divided into five groups.
e Group 1: Parallel endurance-strength training with 8 hours’ recovery interval (ES8): Eight wrestlers. Subjects
performed strength training after eight hours of recovery following endurance training.
e Group 2: Parallel strength-endurance training with 8 hours’ recovery interval (SE8): Ten wrestlers. Subjects
performed endurance training after eight hours of recovery following strength training.
e Group 3: Parallel strength-endurance training without recovery (SEQ): Eight wrestlers. Subjects performed
endurance training after performing strength training without recovery.
e Group 4: Parallel endurance-strength training without recovery (ES0): Eight wrestlers. Subjects performed
strength training following recovery without endurance training.
e Group 5: Control group (CON): ten wrestlers. In this group, the subjects continued their traditional exercises.

Maximum power measurement: Subjects performed several repetitions of sub-maximal movements after 10 minutes of
warm-up and dynamic stretching movements. Four attempts were allowed to determine the athlete's maximum strength,
with a rest interval of 3 to 5 minutes. The initial weight selection was based on an estimate of the athlete's maximum
strength (about 50 to 70%). The intensity continued progressively from 2.5 to 20 kg until the athlete could no longer
complete one repetition of the selected weight movement. The athlete had to perform all the same speed and range
repetitions. The athlete's final successful displacement weight was recorded as the maximum strength for that move or 1-
RM.

VIFT measurement: Participants must run back and forth between two lines 40 meters apart and at a speed according to
the voice command. This voice command helps people adjust their speed to be within three meters of the 20-meter test
lines when the beep sounds. During the 15-second recovery period, subjects move forward to the nearest, including eight
weeks of aerobic activity performed three times a week.
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Venous blood samples were collected to measure serum levels of testosterone and cortisol at a rate of 5 ml between 8 and
9 am after eight hours of sleep, 12 to 14 hours of fasting, and two days of rest after the last training session. Blood
sampling time in the present study was considered to control the circadian rhythm between 8 and 9 in the morning. They
were seated and bent. ELISA measured testosterone and cortisol levels.

Exercise protocols

Strength training
Strength training was performed three times a week for eight weeks

Wrestling practice:
Specialized training of wrestlers was performed on days other than parallel training. The wrestlers were trained under the
supervision of a coach and under the supervision of a researcher.

Statistical methods:
In inferential statistics, the Shapiro-Wilk test was used to determine the normality of data distribution. One-way analysis
of variance and Tukey post hoc test was used to determine the significance of the differences between the research groups.

Results:

The result of study showed that significant difference was between SE8 with SEO, ESO and CON on lower body strength
(p=0.04, p=0.004, p=0.004). Lower body strength improved after ES8, SE8 training (10% and 17%). Upper body strength
increased after ES8, SE8, and SEOQ with no difference between the groups (5%, 10% and 4%). Cortisol concentration
decreased in SE8 (-8%).

Discussion and conclusion:

testosterone and cortisol levels in young wrestlers. Upper body strength increased significantly in ES8, SE8, and SEO
groups. Lower torso strength increased significantly only in SE8 and ES8 groups. The present study showed that the order
and intervals of strength-aerobic exercise could affect lower body strength. The relative strength of the lower torso
increased significantly only in the two groups, ES8 and SE8, and the ES8 group showed a significant increase compared
to the three groups, SEO, ESO, and CON. Based on the findings of the present study, two parallel training methods with
an interval of eight hours are a more appropriate solution to deal with the phenomenon of interference. Also, the findings
of the present study did not show any difference in resting serum levels of testosterone, cortisol, and testosterone to
cortisol ratio between the groups, and only the SE8 group had a significant decrease in resting cortisol.

Conclusion:

In general, the order and distance between endurance and strength training seem to affect young wrestlers' upper and
lower body strength. It seems that performing parallel exercises with an interval of eight hours in wrestlers' training
planning along with specialized and technical exercises can be a good way to increase their upper and lower body
strength.

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://dx.doi.org/10.22049/jahssp.2020.26778.1323

JAH SS P http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/JAHSSP.2020.26778.1323

O¥339 859892 38 10 (G (88 )l DlWllae

¢ 9l ol vad Jlo
11-) Solomao 9+ ) Ol 9 sler

Open Access g e

0w Tobw g Slhac ©y08 p (s5lg0 o9 pod Dglase s ST g aidd Cld W50
19 ol S S Jg 35 395 9 (39 g5 griowmsd

¥ omond (699 o g 3155 Aol apons o (o ;S s oxo
VWAR/Y /04 1 pmids f,U VAR £/ cdly,s b

CXVLES

J93355 5 s resied 5 llae )8 5 (silge ped o STgn il )y Ban 1A
& 2 (Bl S ar Jlo YOIA puy ¥V 3ol (g 092 Ol lysS (285 (o
dols by zolinb 3,05 —Y (ES8) celos cutn (6,9l alolh by 56— zolil -\ 10,8
- greliil =¥ (SED) (5)5lSey gy (sioliitwl 5,48 =Y (SE8) ol cutin (59l50,
P Cagh dw Jals 58 (a5 48,5 )5 (CON) J 05,5 0 (ESO) (5,55 (9%
Ve b b gy Jelds (telitel il ped gy didis 51,5 S5 o pd A=A @i b (5,55
Py pob die i Wl o 3B QR (Sl A el )3 (65565 D0 dids YoV e ke 4 IFT30-15 (90l (ol ey 5l doyd AD

sxalio WWW jahsspazarunivacir. cols  cl,m? 5 ANOVA 2.l Sy uiblg 3UT oygejl 39 (ol el VY ) by uus @ )

S O?").T S e?9)S 09900 Olymsd duslde (gl il odlaiiwl oy yod 31 03l g (g)bolize (g S0l
iy &) CONgESO «SEO L SE8 04,5 1 (yloline cglss 1Bl .0 o3litw] dtuuent

Cidmps o)l Wl (gemiils Al

T A SESB 05,5 93 )5 43 ol €8 1 o1y 45 oy )28 > (P=0/004 , P=0/004 P=0/04
o Al L ke eas iy &) SEQ 4SEB ESB (cla 09,5 5 asllly &) .cuily ylobias 2alj3l (£ 571 -) SEB

Ol Ol pgi=0l, osite J955565 vyl olaws .l (e 5 b poolie 4y s (g ylaline il 38 (¥ o 7V 0
e Sy a5 4y il ol 4 g5 36 g8 Al Bl (g bline ialS (—7A) SEB 055 5

(Sl pghe saLEils (35,5 S5 P

Ol U0l esde S oKl

Sy U9y Vi (SEB S ESB ) cslu cutin (59l Aol L glgn 9 (535 (32005 12

o Al ol S il 5 45l s 5,58 s ] 555k sl
halinejad@modares.ac.ir . . . . . . .
°))§ i &J_’jﬁ}:j Sl ¥ d)ﬁli.’.) ‘Lf'ws ‘qu"a‘c' )y ‘J9).u)95 L] UBMW o ‘Lg)|9"° R :LS"\'&]S LSL‘N)‘S

(Sl pshe saSLaSls (355 S5 P

Ol Olg= 0l ote a5 o850

Tow g Gllae @5 5 (ilse opped Sglite (sl STy din cuin Wb " e (555 Lo g I LIeB das < Jlojad (s dozo 18l | D92
MVO) NN S50 (Sl 03 (st )i (92,08 Slalllas e S (S S35 g (g et (s

HLulydl Sae ad oSl 2 puili g jlotol Ccalio

FOV-YSVE 1 Suig w8l gL

B3l s o pand EoF

DOI: 10.22049/JAHSSP.2020.26778.1323
DOR: 20.1001.1.26766507.1401.9.1.1.2

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://dx.doi.org/10.22049/jahssp.2020.26778.1323
https://dx.doi.org/10.22049/jahssp.2020.26778.1323
https://dorl.net/dor/20.1001.1.26766507.1401.9.1.1.2

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2020.26778.1323

b0

il Sln 553k 3 i 5 Sl 05 Hlin 3 () 5247
e 9l 45 sl 015 Uil cpmizmad (1)) sl 4zl
el o goliiwl (sloodisd (pyoi Aol &y dtan Fr Cido 4y eglde
& s cpl (W) VVOZ2MAX 5 (90 bl dg00
Ol 3 (Borimle 5«08 ohuga) Sllae sl
@y S sl pre sl ipS e )18 U o jlge
Syl (23555 235des sl Sl g pre Sl alas Sl
maaly > 038 (o)l 5le (53l dige cnlple (1Y) canl &l
By sloiegh Sl mre (S8 Olye 4 Gl s b
2ile (goaate Jolge 4 canl odd iy (VYY) Cowl osile 3L
Ol g 4Bl wle) 155 (Slae 09,5 ¢p o3 D (205 Camle
oyl JUS ) (0205 alils 5 () Logogesl sloShg g (5
stolil g (558 (a5 lojen (298 p Gl (See (638 (e
(VF) a3l 35 36

Aol (g sl & Cosd Gl b (595 (nye ylalol (gl
Sy i 43 (V0) am3 0 51,5 15 Cow 1S 1) (5,08 5 )Shas LSl
Ulgs 5> JUBT eaely aliital (g2 po5 5l (80 osile (S (Siud
398 (58 (o3 53 uwlie (Slhae 5 3brl gl 5 )3 dlae
ye o & (5383 )Shee STete oligS 38U (pl 3929 L (VF)
2 299 Jloil cpl 0,50 18 et (aliial (o5 30 co5
@ eglie (pyed Sluly (lpl & Cuns G008 S Glie oS
Silg onyed alold oS’ o 1S5 s 31V 5F) 35 yieS 2o
D)l gyl GialS 508 > Slee wil yiaS (a8 pyed b
ol «93) yudi (>l Jolgd )3 (598 5, os )3 8l (pioren
a8 ladllas @8lg 13 .(V0) Cuwl i 0ayd o (el Cudd 5 b
38das gtolital (pyed 5l el a8 Sloj 0jl
@9y (548 3, 8ee ;> Cte oligS ualS L wlod)ST (1) (5548
o Al pj (ooghts Sliz poS g b Jlg il Sl o los 5,
M g e J Sl oyl pm cele cida Job
B 48 iloj bl 51 (VA) aily 4zdls 5,08 oy pe (sla S5
il S o ol (Gilan pped Sl el cuda B S
425 g8 vl il Jolsd b anglio )3 gllae )08 1) gy
Cinsl el dhds S o s 4 Wlgi e Altuus oyl S
o6 slagimgl (bl p (S5 55k & adl (75505 285 0)lg
O o cele i U s Bl (598 (o ye 53 3)Ses
(¥ %) 3,8 )5 6 5 5l

Sligyed g5 ol > sl e SIS 5 Sl slo (150090
oyl & U cud b 5,08 e S Wl 1) wlel i&
OSgn Fw Ol dlaly 4 o 098 0 omie Slliae sl ole
S Gyl Jlie 3 250 Gypo (LBl GlaguSan A5 5
O e sl ymbore sl Bsn <P )l sl cunle
{TY=TY) 90 (Spge S 8L ol Sl GheasT Ly

oy il cnyed glise SlaJSSgy atin cutin 36

Aoudo

D)3 (S (205 Cale 5 £55 4 2k (i 42 (55 4 )
Sz ) Sloj slaoygd 3 sl G clld g raliial (o ye
&5 ol e o Il Gl lacad b cels cpaa U addy
o5 Ceagliio 9 Ul (g yed o> Jood 9 Cudylo ol jdl eaely (e
Slal @Uls (Rl 29800 (g 5 Ld ()lpw 43250 aiike)
Ol g (Brae 5eaS] Sl () UL byt teliinl (o po3
oo (sialuST mudgilio ol 5l g5l g > Sl alas Sy
Jolis ol (S cld ) 65500 58 (taglie (32005 +()) 258
Pl dege a4 g adb o UL slacas o Gae olisS slacdlled
W9 J6lo) o Lo (gla )l ST 3 U Cooglie § i b by yod
Gk 3l o528 2 )Shes 290 298 00 yxin (g St yoly ()
SGormle g byl JllE Ll (Sllaem pne Salon
(V) Mo s 4y lliae

Silge nyed Sloj ojl o > (toliitul 5 (aglie (32005 (s
Glisee sladin dawg gl ame gy 45 39d e odel
{¥) cwl iy gbedld iy ) (Sidnid sbolls
sioo g yolaio 4 |y ((agliam aliinl) (glge cpe5 559
Silye et () wmoie pLl G pe8 gy 90 2 e )l
SIS 2l & luyes Sl plS a4 Cns Sl
(BB oainy e Jelge Jolds & (ogas Cullss 6500
S5 (o)l il oSy 3 Shee 5 llier S
25 el 553050 Gy 03 g0y (steglie g (saliitul Sl ya
& liel el &S Sloy Sledh i caliswe gla yimgh
Aolyd g0 a8 )b deng Jleinl (pl 298 o0 03938l eglie Ly yod
S (Y ) 18 sl JUs] Slls o5 5 8 a3
3 @ 08 dmngi Sl 5k gl gl T (V) lSen
Egome > (M) 23,5 0,L3l (538 (a5 3l iy slgn oy 2]
Oopd HBS 0 iled (el &S Jyae jo Wiledhy i clallas
Bl sl (3538 3, Sos it U Wl o0 395 plos] Sieglis
ezl ol Lol sl 005 asetio JolS' & p90 4y sitio il ol U
e 3 ozn ol (Saud xila el ) 56 8 3 sgmg
ol 4 lgice (Jle sl o(3) 25l ST slagesly ials
o ol Olaws wile  Sdglie (clal sumgw zess ( mas collad
35 ol Sl 355 5 i 38 ATP 55 455000
Slgice Silge el o wily slais) Bl > Sl 85k 510V )
AMPK 51 cdls Lioliél oly 1Y MTOR pse 5o Jb> 4

v mammalian target of rapamycin (nTOR)
¥ AMP-activated protein kinase

Copyright ©The authors

\ Concurrent training
Y Hichson (1980)

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2020.26778.1323

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2020.26778.1323

£ 0 NA) VNN L5505 Si9s 50 5D () diS (63,0)8 Slalllas ¢y ) Kon g Sloyod

ol oyl e ooyt g 098 @
o agejl .S 1t i : (ESB) el A (5918,
Cobo cutn ey elitl (np08 Sl Jbd 4
23,8 12l 1) (598 (08 6594,
Aol b olitol 5,8 (ilse (el ipgd 095 @
4 b gogajl S 1S 03 (SEB) el A (59180,
Sy Colo cadn Iy (595 cnyed sl Jlis
60,8 sl y ol oy 5
S92 O (elitol= 5338 (ilga (nyel tpgw 095 @
Gl Jbs & gl 5 (a8 et (SEQ)
0,8 121y (grelil (55 (6591505 o9 (538 (05
Ogh (S litel (ilge (nped ipilea S @
Jis & o gogesl 8 S cutin (ESO) (5918,
b 58 oeed 09y o sieliinl (nyed 12
53,8 |yl
ol 3 5 (8 03 (CON) 58 095 ooy 095 @
501y dslal 1y dg3 s iy ped b S290l 09,5
osd aolls ) ojled gz o L gogeil (53,8 sloShs 3l S
2 g 095 Jl 8 ey pgd 09,5 GBS S5 ) a5 93 ]
B Gk b jl Cumgiac g (oo hU> 4 (28 0593 Jsbo
b 5390l 4505 cél,d (8 canbicols, la Sogej] plod )05
b o159 SECA 760 Jao 2Kinle;] gouwsd oliwd jl eolizl b
Sy b 5 05l SECA 206 Jse S, o)y j) ooli
IFT- 505l ool s pus (g0 3 31 (55l i yoi o s
Slge duds 93 b y5Slus 3l 81 48" Syg0 p3 [YO]A5 05ewl30 15
LD (oo Bl X3S (03 &S b Sl yed ) Jlgte it dud> aw
Jlo ds JBlas ozils (Jlo YO BIA s o S3g05] el Sl
Sloyed able Jlo S Pl uily (225 50 opyed diibe
ootz pas ¢ omer JUBT L (g)low 455550 dgpg pas ¢ oglis
w25y 5 ool cald e 1 i olo dw jd bjye sl JoSo b Lag s
9ol i 03 555 5l Gty S 9 03 2 sl LSy gl
g2 (el 53 g3 sy ol il (28 gl g 9
S5 2z by (S S o 9 3,5 25 48N+ Sl g I 30
S s it 4 i ol i 5 S ] 5
o olial dols & 15 ool 3l ks ojlel IS5, ©yi8
G0y (pe53S ull a5 ddgl Ol gy ddBo O U Y o il
b (Jopd Ve B A 290n) Cd )5 &g 559 oy ,iSlis |
oSS 42 395 2B (Lo U p S SV BY/D lokigpiy ©y90 4
wold g sy b1y byl SO olos b )05, bl dobl oS >
Olye 4 )l58559 3390 025 > dl> o5 4ijg 25 (o 2] LSy
(V)15 e 1I-RM L S o ] (gl p08 Sl

B9 le ly ST clagigrsn o ere  (So g sgind
Oued 4 Gl 3 Ode oS Ojg0 4 Ugese oS sl Sllae
okt (V) ohKen 5 J b ol (oliiul 5 teglio
NS CBgle |y (B9 pnle Ml Cusl (e (glge cpyed oS 00D
ol o> JSie 1 oty Llgi o (Saeygn Dl yposs &S (YO, YY)
Cunl (Sae 0y ol (hol sl (VY TF) 0L (glge (208 5
5355 slapgers SIS = (SIpll condg > i BB 4
My pll 4 Sl SIpbl cundy a5 4 (VA) 3L o
9 BB (303 e I dluwgdy 9y Al (pl 9 xie 9y
Sl 63b5 LRimgk (YR) 4030 ) (e slrosimd JUis]
D5y sty lgie @ (TIC) gpjugins & Jgssyss
b cygyieogins S0 oo (+) Slod S o3lital (S JglslS— Kol
omb goaw & Jo o)l daly Sl (595 5k
D309 255w (RS g (o pe5 e b J935ys8 SUL g (g pgins
9 J93sS (Vo -R)ohen 5 5398 (o)1 4 (V) canl bl 5
oy Ll 508 5 g ey b (ST, QLS5 o (B3 g ptavgins
(YY) 5yl

058 ! lp & cwl Vb cad b by slodid) gj ol
{FY) )15 a5 by 5 sl llas )38 51 (Jo8 L6 gglaw & jls
awgi sl 28 0 gy I S Gile s S
Slllas sl o Slus & (S (S Glawa (Sl claygsé
S 86 owpp 4 OhKS559 (anss Sl s US> (oS
& Cawl 04 o)Ll 315y sl yidng sy Sl 3 laid sy (5lse
Silge (a3 ol 4 Cond ol VF ol L (g3lge (2505 (412
S ey b ablis (ly gyl gy Mg gy S
b uped dwds 90 pbol &Sl @ dogr b Ll (VF YY) ail
Aol > Oladd & (dud> S (> L) 59y S 0 Sglite slacunle
Sloj dhold g a5 (8L @bl oo 1 S S Sl ()
I 5 el (Kol slacs Sl siluatay sl el
Oty sl Conl (gls (2303 i Jl 5 S ol 5 oz o S
Silge onpes glite o SSgp b oy p pSl Glagl Ban
Ol Ol (138 U935 9 (g pgind golaw g Slhae &8 »
Al e

oAR93 (99,
b oS cusl (25— 008 das slpingh &9 5| 0 Sk
Y o ingofl b 2d 098 gy 50 0ol Lt 9 093l Lt b
WONEDY 35 JLNVVEYY o ko b 3y 8 2§
Dgos gy & & g p)SokS VYIVEDN + (s 0395 5 yia b
0d JroSS daliduwyy (295 lulyy g 0njS 0 (opod )3 635
& (Hlad b 4 (G855 slacdld ) eS s (Sl ol

P S 158 095

Copyright ©The authors

o Bell at all

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2020.26778.1323

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2020.26778.1323

Yo

Ogrmgians (oo Tk (55 0jl sl (S yalew (5 sladiges
zoo A Cobo o 51 (o 8 gl 4 (Tl Jg3s)sS
oyl oy 90 5 (oliil celw V¥ JIY coles celw cutn jlam
P EpSp cels ab gl ger (uped dnly 3l e
P e N A o sy Sld ey JS jskie 4yl ey
2 45\ b (3ge3] (£xSi3 5l ey L agesl b B )5 Las
09 yawgians Zalaw (68 03l](¥Y)iz8 S )18 oded 5 dinds >
b bl U be) & J935)8 9

9l 3 edls 355 (5t (e e sl 18 bl S GD,
byl S uilly 5T 51 (S (o Aulie (sl g Sbig gyl
(SasS /+ (5375 1 elaojlsl s oozl S5 Loasid 90 5
o3l0) duslie (gly s at8)S Hlas 13 oSy +/VY g lawgie +/Y
s U pgail 09,5 0 10 (goil e b el Gl ) Sl
SPSS- 58l 55 b laealy Judoo g a5 .cé)3 1,8 ealitl 590
A5 4S5 )3 o0 (g loline e 5 05 plocl 22

o SSlge Oy glite Sl JSSgy aiin cula 15U

G ¥ Sy, 5 ey oy (s IFT 30-15 el
Gy D9 o0 b Jlb i (690 sl VO Jolgd L oS e
Al YO ,a 5l dw a5 Conl Celo p ook cutn yg05] olan)
SBAS S b g 0 WLl ] o 4 sl yioghS /0
Fspa¥edols a8 (dad 93 o CulS g 28y ©jg0 4 1L
293 (g Sy ged b llae (s p b g 35505 5118 K008
WS ol IS 4 ]y 293 oy B S (o0 SaS 0l Bl 4 (g
Yo slabs cyio dw alold > 5o el o 4 plKis 4 o
Sl asly 1,8 g e

4 b Bg) 0 gl Cuams 4y o ogesl (glaslh VO (55l loj o
Wy (g 03930 (Sl b bawg 3 Jtpy Jllo Lad oy pS0035
e sdn Abyo a9 (Sl 3y LS L5 iy oSOl o,
g 5 byl AT B oS b ooly hjeel 28] 4y 900 g9y
e g A5lg5 3431 a8 b e bl Slej ygesl i dals] b5
@ B by Sty )b dw S8 Sloj b g S bais ) (g
e b gillae cad 039000 j3 &ly (5o du adlaio 4y yduw,
ol 015 2] oIS oo & 45 (Sl o (3 T ety ALELS S0
ogd e b (IFT 30-15 MRS) 195 dinds Ce g lgie &
(YD) 25 o0 0100l VIFT Oys)’i ol s

S B (S 9 shre Blpodl g (pSle - Jgaa

CON ES SE SE8 ES8 Lo pusto
A A A A A Slass

YANEY/D ARILESVIN YVIYEY/Y Y\/okY/sY Y. I5EYIY (Jl) oy

WONEY/-  AVOINES[-  AVEINEE/E WBINEYY  \WYEFUY (o (ilw) 28

YEIOENNS AVAENY/A YAARWYY  V/YoES)Y yy/-£¥/¥ (p55LS) 0139

VE/ALYIY YSI0EF/A Yo/ -£V/Y YY)y YE/FEV/A (@eyoyiol p SokS) (s 0395 sl

FANEY/) OV/YEE/N  ab/SENNY av/sEN) FA/YEY/) (483 S oS/ i) o) b yaae (T ST

5998 (2 yod Al Y Jos>
Jgl «sin py> Aiin Py Lian Pl wiin ooy tdn o etin e aiin il didn

% 1RM A A AT AT
WSw! “X(A-5) “X(A-%) “X(A-%) WX(A-%) vX(¥-%) vX(¥-%) vX(¥-%) WX(¥-%)
s 39 “X(A-5) “X(A-%) “X(A-%) WX(A-%) vX(¥-%) vX(¥-%) vX(¥-%) WX(¥-%)
03 yo Cad) "X (A-%) **X(A-5) *X(A-#) WX(A-5) X(¥-5) X(¥-5) X(¥-5) WX(¥-5)
At “¥X(A-) “X(A-%) “X(A-%) WX(A-5) ¥X(¥-%) ¥X(¥-%) vX(¥-%) WX(¥-%)
G pw iy “X(A-5) "X (A-5) "X (A-5) WX(A-5) X(¥-5) X(¥-5) TX(¥-5) WX(¥-5)
oyl asl AVemNe AV BV g YA agl YN0 agl YA aglAYe-NAe adbYesdae

ol oy S5 aed il 5o Slie) g o Sasi o s olicht

Adgy 0,58 Jloy @i 3l el Sigmgymls cygesl olusl 2
o> (g yblixe glas b pusiiie 905l i pdlie p3 pils yimgh 4 il
09,3 oy gl (Bolas wjei saimd lis a5 (P>0/05) wis

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://dx.doi.org/10.22049/jahssp.2020.26778.1323

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2020.26778.1323

AD NA) VNN L5505 Si9s 50 5D () diS (63,0)8 Slalllas ¢y ) Kon g Sloyod

ey 4) SEO; SE8 [ES8 (claoys o asll )b
0955 95 ;0 omb ©,38 4 (p=0/040 . p=0/020p=0/018
b6 Ll (p=0/001 p=0/033 sy «) SE8 4 ES8
oiels (p=0/0025 ) p9> 09,5 )5 (iltal Jgiepss el
oal8 (P=0/0025 ) pg 05,5, (nlymal ol ol o e

Sl b e

Tolaw g (o ©)pa8 Sy ikl Bl g Sle ol
ol 00D 45‘)|a 9\‘ LJ})? 5 ‘-J5)”)9§9u9)“"9‘““’ o

P=0/03 ) a5 (yob )08 )3 cpyes 3l a8 5l lis Wsodls wypo
SEO (slaog,5 L SEB 65,5 (292 boline 5 5,5 (, EF=0/75
P=0/004 EF=0/59, P=0/004 .5 4) CON 4 ESO

A od (6,bolxe cglis (EF=0/65 , P=0/040 EF=0/52

] o po3 40l -V Jgia

Jol axan P9 dldd  pow dldk pile s ooy dlan POAIPVETS PETTPVETY i Ao
%VIFT AR AL AL 2% T T A T
Culled 019} WKV yo-y- Yo-Y- Yo-Y- ARSI Yo=Y Yo=Y Yo-v-. ARETA

09031 0w 9 09051 O 53 RBgR (09,5 J 3595 9 (rg i (o0 g gl Ol pudi—€ Jgaa

(F)elpis sy apiilom ool 0 e
AL VO/SYEV/FY vwhaty/isy  ES8 39 Fagind
YIvY \£/Faty/or vo/Asty/ve  SES8 (Nmol/L)
A+ \ZINESVINY vo/vAty/y.  SE8
An% V[ NEN/YY vohALy/sa ES8
¥/.5 \S[AAEY/ VY ve/vrey/-o CON
SYA YYS[0.EYANY vEF/..Evay. ES8 JossiysS
—VIVY XYO/A\YEYS/Y.  vev/vAtvsivs  SE8 (Nmol/L)

SYAY O ¥YO/..EYV/YY O YYA/VOEYSVe  SES

O/YA  YYO/\YEYA/d)  YYY/..kva/ys  ES8

-VEY o ysolveEve/Aan yey/verary CON

VAV [ fVE

AAEY ESB 55068 4 (g egied Coms

WY fef5Ee/e-

/-¥¥£./..a SE8

o/o¥f£./..A  SE8

BN VIR - N

o] XEE [N ES8

s
AT NI X==2Y RN
[
A

DIVE  ofo¥AE/-e

./-¥s£./-y.  CON

P<0/05 (ls ine coglis

el JSal) el cutn alol L jlge (np0 ) 93 42>
@ Uil Wlgi o Bl cpl ol J315 0200 b dblie gl (55
ol J Ul gl 4 AMPK sl 5 el ials Jds

Sl oo 3 Sl (Sen gl 8 il
2y el 38 MTOR e .S sbol dllmTOR
Alsie 4 MTOR gl jgand iliél w)ls (5,08 sla g5 5l
Fw ol el dlg oo Slhas Jobo iS5 g 48 oS J S
V)l Jgo Sllas By ymle 5 &8 500 )3 45 398 (55
o1 5 (YY) 5hSed 5 9l 3lTlis il gy gl Gls
Ngy 3 dule o 53 ler uped Sl e (58 e 2]
4 5aE oS Ll (¥F) 8 e sbel 15 o8 il

Copyright ©The authors

Uil 31 SEO 4 SEB (ES8 (claog,5 )3 aslll cyab s ol 5
ES8,SE8 05,5 50 ;5 s a5 mb 08 cush aoy LB
Joolsd g sy b ol ol imed il (gybliae yiul3dl
NS 586 a5 ol 08 Algie SSlgm (598 (nyed 2
des 4y Camnd (G,I0lime 201381 ESB 04,5 pimem g cuily (6 )bolize
Simgh slaadl ulul p ol L CON 4 ESO SEO o5

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2020.26778.1323
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_2
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_2
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_36
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_36

JAHSSP

http://jahssp.azaruniv.ac.ir/
http://dx.doi.org/10.22049/JAHSSP.2020.26778.1323

A0

oo gobe 3 ebliee Cold bL > blE )
0Lk 5059 Gle 3 LIRS 59 (5595 ALl Jo55)55 5 (yg pmgind
J9585055 9 Oy psiund ly ooy ol dx ST di 5135 0)90
b i 5l (6 Slyed ol ey o a5 & F0) 0,8 by a8
J9565255 5 g rmgins (uad Olyis 4 a4l g 0395 Sl yed o

(FV F5) 1l o Logspe

8 325 4o

ol 9 48Ul ©)8 (558 g alil (2 pe3 (o Aol g 5
Cudn dolb b (gilso pyed Cawl HIIE 50 lex o)) S iS4
Slgiee QS S (SESS g paass Oliped LS cels

28 ol 45 ol 9 45Ul €008 (3l sl ambio g,

@‘b)-é 9 ’m&"

gl Jos 4y (Sloya8 5 S
&8l alas
.AJ)I.U o O-.’.‘ )L.;‘;:.S\ L G:Bl.uo slas d.49§:>;..m Wlio Q?.I Olf.\;.wgy

References

1. Hughes, D.C., S. Ellefsen, and K. Baar,
Adaptations to endurance and strength training.
Cold Spring Harbor perspectives in medicine,
2017: p. a029769.

2. Nader, G.A., Concurrent strength and
endurance training: from molecules to man.
Medicine and science in sports and exercise,
2006. 38(11): p. 1965.

3. Wong, P.-l, et al, Effect of preseason
concurrent muscular strength and high-intensity
interval training in professional soccer players.
The Journal of Strength & Conditioning
Research, 2010. 24(3.

4. Bell, G., et al., Effect of strength training and
concurrent strength and endurance training on
strength, testosterone, and cortisol. The Journal
of Strength & Conditioning Research, 1997.
11(1): p. 57-64.

5. Sheikholeslami-Vatani, D., et al ,.The effect of
concurrent  training order on hormonal
responses and body composition in obese men.
Science & Sports, 2015. 30(6): p. 335-341. [In
Persian]

6. Fyfe, JJ., et al., Endurance training intensity
does not mediate interference to maximal lower-
body strength gain during short-term concurrent
training. Frontiers in physiology, 2016. 7: p.
487.

7. Hékkinen, K., et al., Neuromuscular adaptations
during concurrent strength and endurance

Copyright ©The authors

o SSlge Oy glite Sl JSSgy aiin cula 15U

o bab hmgsy 03 2t jl S s g e addllas nl slaiag
P& Cwl Jb g cpl sl s gl 03,57 o 403 31,8 (95 3550
€5 92 2 ) ot o)l 03,55 (o yed 13l (Slge (305
Otre 0393 Jsb el B (YY) WS oo S (55130 5 (595 (05
ey g5l 15 lie 085559 Slama (Sob] daws
Sl (V) oyKan 5 0% il adlls S 5y L(FA) 355 0
Plas gob slae )8 Wl o U (Solel pdaw b o3l wols
g9 9 o adls o 3 Xy U «y9lSey gk Silge (e
(Y2) 295 00 Tl yas Jlg i) oy ped g UL poes b (g5lam iy yod
e 8l (0] G A Cand (g3 dgrge Al 4 d2gi b
Slgen o8 (W) 3500 a8 (ol (Sl oo 9 )5 o (gt
Foba ) @) b ey Sl gl sl s g ) b
¥e) Cusl dlabo wip aglio ()05 dnd (SelSoger sl Shg
529 Sl (a3 0505 93l Pl g5 p> &Sl g 5 (T
clolal Jols baid Lyyd 05 oSy g Sl 5 )b
5y el Wlge oLl s 3 Sglis ol sl (S priasls
heglie sla 6, 5lo LialS 4 )3 5 g 3 il sl
ool g 4l @08 )y Gidgh cpl ) Bas oS ol 51 (V)Y) 24
@l @ Slas Colital 5 ol (oyp bty a4 bl g a5
I Slgian Jole 33 ) o Ty 08 Iy o 535,30 5 e
Db S (LS Culbge )3 (orn Jolgs

Lol e 03 (s pod (slaog S 4l yaB j> (gyloline Cuglas
@ Cons (29 B (I3 ESO 5 CON o o baog)S' ooles
13 JUS ] il g, ol GUS izl (e ) iy p20lie
Silgr yed > Jub Sllas )3 jui eglie (o8 o) B5le
ox5 o4y> 4 UL alox 51 00 llde (a8 b g 00d (3155
el (558 e | i Sl oS 2l 500 (g
Ol g 48Ul ()05 cpped (Ml 8 o dw )3 IS5 Slass talS
el il oyl lpl w0 lis badly pl g 0 4
stegliie (o3 53 588559 3, 8os 2 9 995 o0 (K o ol
(F7) 2,18 (o 36 sm (45 (ol 5 45UL)

8 53 Silge cnyed slaoygd (8 SUgb JS15 (ljee > 4
O s 0390 (g obS & g adlbe slacadgie
(¥¥)2905 o)Ll guioes

sl ey o (S Sl Giagh sleadl
O 0 oS 4 Loyl Cund g J93heS g pwgins
J956055 3 1y s blias (2alS SEB 09,5 o 5 31 (L Loy
0393 S il o el JsiensS o ok cutly (il
o Casl Jo 53 cnl el oo R o 53 (aglie cpes SUsb
D)5 gyl Jo35)58 (o ok 2 (686 b 5l A )3 (a5
oad G G Sl oyl ) (36 p2al ol 3L Jless 4
23b o cpped (56 JUpT 8 55 685l s 4 i g )55
ain YF ©ode 4 gladlle 3 (Y+15) Sen 5 LowosS (FF FY)

3590 9585555 9 g pwgind 559y Al oy p 1) (Sjlge o yed 5l

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2020.26778.1323
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_37
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_37
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_38
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_38
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_39
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_39
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_11
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_11
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_40
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_41
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_11
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_11
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_42
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_42
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_43
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_44
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_44
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_45
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_45
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_46
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_47
file:///D:/مجله/شماره%201401/1sa.Ghahramani%20et%20al%20(9).docx%23_ENREF_47

JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/JAHSSP.2020.26778.1323

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ve O

and Strength Training. 2019, Springer. p. 139-
154.

HAKkinen, K., et al., Serum hormones during
prolonged  training of  neuromuscular
performance. European journal of applied
physiology and occupational physiology, 1985.
53(4): p. 287-293.

Alen, M., et al, Responses of serum
androgenic-anabolic and catabolic hormones to
prolonged strength training. International
Journal of Sports Medicine, 1988. 9(03): p. 229-
233.

Hékkinen, K., et al., Relationships between
training volume, physical performance
capacity, and serum hormone concentrations
during prolonged training in elite weight lifters.
International Journal of Sports Medicine, 1987.
8(S 1): p. S61-S65.

Bell, G., et al., Physiological adaptations to
concurrent endurance training and low velocity
resistance training. International journal of
sports medicine, 1991. 12(04): p. 384-390.
Bell, G., et al., Effect of concurrent strength and
endurance training on skeletal muscle properties
and hormone concentrations in humans.
European journal of applied physiology, 2000.
81(5): p. 418-427.

Kraemer, W.J., et al., Compatibility of high-
intensity strength and endurance training on
hormonal and skeletal muscle adaptations.
Journal of applied physiology, 1995. 78(3): p.
976-989.

Rosa, C., et al., Order effects of combined
strength and endurance training on testosterone,
cortisol, growth hormone, and IGF-1 binding
protein 3 in concurrently trained men. The
Journal of Strength & Conditioning Research,
2015. 29(1): p. 74-79.

Passelergue, P.A. and G. Lac, Salivary
hormonal responses and performance changes
during 15 weeks of mixed aerobic and weight
training in elite junior wrestlers. The Journal of
Strength & Conditioning Research, 2012.
26(11): p. 3049-3058.

Kraemer, W.J., et al., Changes in exercise
performance and hormonal concentrations over
a big ten soccer season in starters and
nonstarters.  Journal of  Strength and
Conditioning Research, 2004. 18(1): p. 121-
128.

Busso, T., et al., A systems model of training
responses and its relationship to hormonal
responses in elite weight-lifters. European
journal of applied physiology and occupational
physiology, p. 48-54.

Crewther, B.T., et al., Neuromuscular
performance of elite rugby union players and
relationships with salivary hormones. The
Journal of Strength & Conditioning Research,
2009. 23(7): p. 2046-2053.

CALLAN, S.D., etal., Physiological profiles of
elite freestyle wrestlers. The Journal of Strength
& Conditioning Research, 2000. 14(2): p. 162-
169.

Copyright ©The authors

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

WV Y L 550 (65a it 00 (s ydiS (90,0)8 Sldllas o)) Kan g (glo o

training versus strength training. European
journal of applied physiology, 2 :() .p. 42-52.
Babazadeh, B., Zarneshan. Effects of
morning exercise training in fasted vs
carbohydrate intake on serum levels of
cortisol, testosterone and some
cardiovascular risk factors. Journal of
Applied Health Studies in Sport Physiology,
2021; 8(2): 10-17. [In Persian]

Coffey, V.G. and J.A. Hawley, Concurrent
exercise training: do opposites distract? The
Journal of physiology, 2017. 595(9): p. 2883-
2896.

Leveritt, M., et al., Concurrent strength and
endurance training. Sports medicine, 1999.
28(6): p. 413-427.

Wilson, J.M., etal., Concurrent training: a meta-
analysis examining interference of aerobic and
resistance exercises. The Journal of Strength &
Conditioning Research, 2012. 26(8): p. 2293-
2307.

Beattie, K., et al., The effect of strength training
on performance indicators in distance runners.
The Journal of Strength & Conditioning
Research, 2017. 31(1): p. 9-23.

Murlasits, Z., Z. Kneffel, and L. Thalib, The
physiological effects of concurrent strength and
endurance training sequence: A systematic
review and meta-analysis .Journal of sports
sciences, 2018. 36(11): p. 1212-1219.

Fyfe, JJ., D.J. Bishop, and N.K. Stepto,
Interference between concurrent resistance and
endurance exercise: molecular bases and the
role of individual training variables. Sports
medicine, 2014 p. 743-762.

Bentley, D.J., et al., Muscle activation of the
knee extensors following high intensity
endurance exercise in cyclists. European journal
of applied physiology, 2000. 81(4): p. 297-302.
Craig, B.W., et al., The effects of running,
weightlifting and a combination of both on
growth hormone release. The Journal of
Strength & Conditioning Research, 1991. 5(4):
p. 198-203.

Garcia-Pallarés, J., et al., Endurance and
neuromuscular changes in world-class level
kayakers during a periodized training cycle.
European journal of applied physiology, 2009.
106(4): p. 629-638.

Sporer, B.C. and H.A. Wenger, Effects of
aerobic exercise on strength performance
following various periods of recovery. The
Journal of Strength & Conditioning Research,
2003. 17(4): p. 638-644.

Reed, J.P., B.K. Schilling, and Z. Murlasits,
Acute neuromuscular and metabolic responses
to concurrent endurance and resistance exercise.
The Journal of Strength & Conditioning
Research, 2013. 27(3): p. 793-801.

Jones, T.W. and G. Howatson, Immediate
Effects of Endurance Exercise on Subsequent
Strength Performance, in Concurrent Aerobic

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2020.26778.1323

JAHSSP

http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/JAHSSP.2020.26778.1323

47.

“wWo

month period: possible effects of seasons. The
Journal of Clinical Endocrinology &
Metabolism, 2003. 88(2): p. 932-937.
Persson, R., et al., Seasonal variation in human
salivary cortisol concentration. Chronobiology
international, 2008. 25(6): p. 923-937.

Copyright ©The authors

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

wept S lgn e gliste (SlaJSSg atdn Cula 3L
Baar, K., Using Molecular Biology to Maximize
Concurrent Training. Sports Medicine, 2014.
44(2): p. 117-125.
Cantrell, G.S ,.et al., Maximal strength, power,
and aerobic endurance adaptations to concurrent
strength and sprint interval training. European
journal of applied physiology, 2014. 114(4): p.
763-771.
Buchheit, M., The 30-15 intermittent fitness
test: accuracy for individualizing interval
training of young intermittent sport players. The
Journal of Strength & Conditioning Research,
2008. 22(2): p. 365-374.
Eddens, L., K. van Someren, and G. Howatson,
The role of intra-session exercise sequence in
the interference effect: a systematic review with
meta-analysis. Sports Medicine, 2018. 48(1): p.
177-188.
Wilkinson, S.B., et al., Differential effects of
resistance and endurance exercise in the fed
state on signalling molecule phosphorylation
and protein synthesis in human muscle. The
journal of physiology, 2008. 586(15): p. 3701-
3717.
Coffey, V.G., et al., Early signaling responses to
divergent exercise stimuli in skeletal muscle
from well-trained humans. The FASEB journal,
2006. 20(1): p. 190-192.
Petré, H., P. Lofving, and N. Psilander, The
Effect of Two Different Concurrent Training
Programs on Strength and Power Gains in
Highly-Trained Individuals. Journal of sports
science & medicine, 2018. 17(2): p. 167.
Escamilla, R.F., Knee biomechanics of the
dynamic squat exercise. Medicine & Science in
Sports & Exercise, 2001. 33(1): p. 127-141.
Gregor, R.J., J.P. BROKER, and M.M. RYAN,
4 The Biomechanics of Cycling. Exercise and
sport sciences reviews, 1991. 19(1): p. 127-170.
Ratamess, N.A., et al., Acute resistance exercise
performance is negatively impacted by prior
aerobic endurance exercise. Journal of strength
and conditioning research, 2016. 30(10): p.
2667-2681.
Teo, W., M.J. Newton, and M.R. McGuigan,
Circadian rhythms in exercise performance:
implications for hormonal and muscular
adaptation. Journal of sports science &
medicine, 2011. 10(4): p. 600.
Sedliak, M., et al.,, Effect of time-of-day-
specific strength training on serum hormone
concentrations and isometric strength in men.
Chronobiology international, 2007. 24(6): p.
1159-1177.
Kiiismaa, M., et al., Effects of morning versus
evening combined strength and endurance
training on physical performance, muscle
hypertrophy, and serum hormone
concentrations. Applied Physiology, Nutrition,
and Metabolism, 2016. 41(12): p. 1285-1294.
Andersson, A.-M., et al., Variation in levels of
serum inhibin B, testosterone, estradiol,
luteinizing  hormone,  follicle-stimulating
hormone, and sex hormone-binding globulin in
monthly samples from healthy men during a 17-

Publisher: Azarbaijan Shahid Madani University


https://dx.doi.org/10.22049/jahssp.2020.26778.1323

