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6. creatine monohydrate
7. Creatine Hydrocloride
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1. Adenosine diphosphate
2. Adenosine triphosphate
3. Phosphat

4. Phosphocreatine

5. Creatine kinase
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2. Mixed ANOVA tests
3. Effect size

33t plaie o=t (33,570 )= (53k s w3 2 2 Y))'-010
(r=+/4v)

Ol plais o=+ /184 x (01 555+ = Sl sl (s 3 o)

GIY X3l Ol ()bt 5 Jotls dS o o alol®))
(SEE=)+/\cm? .1 =./a0)

S s sasl @S ol slm sl s Sesll
oslizal (Y000) i 5 0slp 5 (TAVY) OLen 5 UL b,
—osly 433 0 1ol ba Sa 03] JSs, ool 03 (YE YY) s S
So o 00 SAd L LSS A e 5 ol DS L (0,
S Sl gy Al il s 551 5 (IRM) Mty 1SS
i SO K dsyn Ve wus b LSO Y |l 4dds
235008 Sl adBa Y s o sa3l A plonil e
LY ol il 5 ande S8 6 @l B0 LY o3 5ums
Dl o3 0 IO a3 6w e SO (glad3s 0
) das ol JulS 515 S g Sl 53 b A L
3o 33 3 i sasl (Svwan 5 2LL U5l (T8
plomil sdoms 05031 (el VY ilim Jloy alold) Jl 2o 2
Hhae DL Ol by gt e IS > L (Y0) 2
W3S 13 o 5w sh e 5 O a5 asVL
et Lo a g5l e a1 meslie o e IS5 5
ORIV IPE PUEI A SR S I
iy Oy sl L s (DSl S A QS S s
L GG 5 s oy et 95k (SRS 5 0D
TV e i L0 S Aoy A BV Sus Lcu g Vs
PN L Tt NG E RO R A A
O N R L e R S W LR VORCR L £
o3 Ve ods b maglie o e 4ol o gldnl a3 S
Sl Db G ain 53 8 e 5 L g 2 LS S
IS G Ol 3 0 Oloe (a0 L Ol 11581
RS s 3 S OEASES 15 (YY) s S bl iy
Aol yt s 3 5 0 035 0,5 4 i35 10 B e Lol
58 el hBS AL BV o ((Raslhe o ed) Ao
ploml 03,8 5w aslpy aids Vo gy el aaliy slesil s
gz Lo ol Lo ol Sl gl 2l 23 5 e
it sl plad 5 238 515 Sl s Kiasy,

S J S OlS m Ce s S|l el ol b

1. One repetition maximum

(00) VE+Y) Slws 5 5l /YA (b /Y o)lad /ol Jlu

Sl pde 5 B



LIS 5508051 S b JaSn s gaslhe o o3 U

on S s e il Sl 2R s Sl S
A3 S eslizad WSU O30 5 e bl S (uled L5 3 ke
23S S b el s S Osa3 Sl eslizad b s
Oyl iy palie 53 ol assy 5s A5 ol s ke pls
(Pr+/20) Wid odalie 03,5 53 o ()13 me sl ba ae

Al o Ol Balas w355 sdasolis &S

badl
S sl s laey § S 4 s s g 3T a5l Sledbl
038 03l Sl oS 5 Hbols Sk 0sa51 5l s
Sla pite O3 g an Il 5o eslatal a5 (la st
SLss s 05051 s .08 8 513 sz 2550 35 SRRy

O3l )il o anb 235 Gbls beesls oS sls 0L

(31Nl 1 2l £ puilie) b S0g03T 4dgl (Sla T 39 Slaseio ) Jso

Los ol + (o slio ¢y pe3 095

DI 5 350058155 +Sleslie (g pe3 095

. . . . )-hih
oseiTom e Ty 0 Tom 09Tl
. YY/YO +1/40 - YA/\% £ Y/OA (Jls) yuo
- VEY/AN £ B/PY - V5 /YO Y5 (o iilus) 35
DF/FOEF/Y BF/YY £ $/¥A BY/YY £ V/55 b5/ ¥ £ Y/5Y (o5 545) 0 0353
[CESRYY] ol
VA/¥F £ V/EA PA/Y- £ 1/0E PY/VE £ V/FA YA/AF + ¥/59

(0o sio 2 )5 515)

ot i 908 O 2 ol e Dl T e S s
L)Y s 3ed) (PEUAYY) A5 odalis o jai cin A
33 B Ol a8 L LU ot o Ol g
Anls OLES oy el S b s Sl 1y (5ol smn il58l 65 S
o Suls sme L an S| (s 5 P=/0\Y PEe/en))
+ aslie o ped 5 LIS 5551 S+ geslis o sed 05 S
el (P2 /308) LS salice oy 3 azin A 51 e Ladpls
Hote 3 A A S sl g ped e ,S ES J-
33 [ 2l ) Ladsls + oslin a3 055 5

LY Jlssad) 55 [ 1580 2/ 0 Lol

Sl S 5 il e Osa3T i 0 a3
U.LJ_A; ajj_f)a Qjﬁ)TﬂMWd)ﬂ)Tw)) GJ‘JL;'.M
05 Ll dP=2/e e V) sls glis auf IS 5508 51 S + e 5l
Sl S (.;.)‘3‘_;."" Q}L&J L«»Jj‘)‘>+‘f”wjt.id U”-Jd ojjf
A )\ o Laejjg O 61\’@*‘ quﬁ W .(P:'/'/\'>
U.LJ_AJ a)ﬁé‘fES)<P='/QiV)J@oMLLﬂ wjdw
+ sl el 05,8 5l 5 e LIS 5 08 sl S + e slie
(D) )bf,_}) 3 (v/0V J,‘U.a 53 V) Lo,ls

sdsl () ) Jlsyad 534S 55b Olea 100 o, Aoy
i Oyl ey 3 A 5 B 2alS s Ll
+L5:"}L;u g)'lj-“; ajjj/)b Q.l_a i do QH)T&
LP:'/..\>LA-.'})‘.>+L;:4}l—i‘ JM}H‘)K})%A&‘;
Sols e ML LA:)J_f&:_{L.a\ ‘(\_,_,_,. S5 4 P=v/0YA
U'?-J'"“J a}‘}_f 6‘); ES W (P:'/VVQ) .Li:J<J odalin
+ sl el 0 8 Sl 5 e LIS 550 L S + e sl
S (/0 Jlie 5s 0 /8Y) Lyl

0355 53 (Gl e fals S sl Ol @L:} e 0
O g A AS o 1S sl e 58 00
BE) u:,.aLS ﬁéb): (P=v/00Y) 0 sdalice u.ajo.; I SEL)
c(P:'/\/\Y’> ->j—:-’. )\Jv_.l&a L_a.'v})‘.>+ Q;T.ajl._ia u:’.J-‘“j a};
o RIS a1 S aslie o el 05,5 52 ES oy

L').:..v} Jﬁ (./.VJ.!LL)J./\Y’>LQJ‘})\J+L;.:J}L£‘£)-1JA3 a};)"

A uLL.v.aJ_gjgb_, /YA Qﬁlﬁ‘: A BJLQn:l /VA-\)LQ’_‘ Jl

S e 5 s (01



OLen 5 Lals

W oaesl Gy T paesl o

-3 B RYON

(p F9bs) gm 039

AT AT 00000 << <
C AT A A0 A
S
—

ol 15 g oo il S+ laglie o i Leigls +  Seglie oy pol

B el A el o

TV

Y- .
| . T . |
Ve o

o 4

“eBo 1S + eglile 0 ped Ladg I + Reglie o yed
Ll s

(pF3ks) oz 039

(Wa2)3) o 2y o )d
AAAAAAA A1~
D T e O & 2

FabS) x o edy

W oaesl e el

2 Rges
%=

Ladg,ld + Heglile oy pod

— i

Sl Mg k1S + eglile o 05

Leigyld +  Seglie oy pod

22l A5 yoaR 5 + Seglile o 505

9905T o — 0903 T s (3) (22 09 0365 3 (T) (27 0995 (D) O (27 w3 ((HN) O 0395 Oy Ol gae ) SIS g3
Lodg 310 + glia oy o § Al 579 30 Lyl 7+ K09l (y3 03 09 7 (ot
P<e/0 o 53 (g lslme BVt ¢ a5 S 0555 Do

AP=2/AYY) alis sdalin (g by e sl 58 el
5 A IS a5 S o aslie (el 05 S S (ien
[ Dl M) Ll + sl 503 05,5 5 5 o

g ([ias Sl N e Ll s

Y ol o sl 4S b Olen : Sl dlae o g5

A S O3l 53 3 me I 2 srs b ed JISCAT
+aslin (ped 09 3 ASl alae w3 53 Osa5l e
el 03,5 53 il dP= /o)) WIS 55y S

a};jJWJ(P:'/YY\)JH)\J&M L«J})\J+ JZA)LLA

(531 05 aLis a3gi
«
.

waoil 2 il
gyl Gl el e

1

L
T
e
v |
1A
LR
Ve
o
Ve

Sl S LF | leglEe e ped

Losgyls +  afoglie f paf

Lig ld + (Shoglin (2 p05 9 I AT 157 + (Saglio (03 09,5 (o 93T — 93T sy (! dhias 0395 Ol ki Ul w0 ¥ 5l 908
P<:/v0 Cla.ﬂ 53 olslas OVl ¢ ay S5 Sl ks

IS ot S reslie e 058 58 5 T Ol
ORI ) s Ladgls o+ meslie o ad e 8 5 S0
O Lg)l:u_uuajbis ([u..x_ﬁpu.wlj_el] AN J{LL:): [VS

LD Y 15 503) (P=/FYE) bl 3925 Loy S

aS sl oL Lmesls oy iadVL Slas by 5 s

" e slie e 058 53 eVl (Dlae (B 5 s
30 s 1S i ) ols g Rl 1S 5 e
‘_f:‘i‘}—g‘ LA.;))\:+ (_szﬁjt_iﬁ uJJ_A.? ajjf): Lol ((P=2/0V )
ES atli & ax s L.P=2/\AT) s K sdalin (gl ome

(oV) V¢ ul;‘..».»:)_;f_a_\g‘ /YA ;ﬁlﬁ /Y e)La..:o /r-AQJLC,’ Ju

Sl pde 5 B



IS 55l S (ool oo 5 raslis o jed 3G

CalE (Gl s ede ((P=/NY) sy Iy fae el 03
edalie oglie pyed azin A 3l o oy S s (5ols ome
+ gaslin oy el og, S 3ES oM e an (P=r/0Y) Uis
Lassols + aglie o ad 05,8 51 5 LIS 5580081 8

2 (0N JJLL’ BERVALY)

[P PR A PR

W ogeil e ol o

1 Bl lagat

3 F "

4 s
i, Th

n
S I |
-;‘i 4 v

i, T

23y
b
3 be
313 S+ Feglile el Ladgyls + eglite o paf

el g gt

2R g a5 Lol (Sde B 5 e

5t 5 Al S S maslde (aT o5 S
Ol O3l s 4 s 0303 3 S0l SDhae
205 et Gl bl pmman (PR /00)) Cils (gl s

)'\MLQJ})\>+A5TA‘5L_TLA&JQJA}J§))&&LT OJM

A omaly Ohae Iy et

Oseil o
o g

W gl e

(g2n 7 5L

ol Feglie p el Ledgyla 4 Slaglite 1 gl

el S gt

0955 o 09037 s — 0903 T by () 4Gl 9 ()

A3V SNas (B9 gt Ol i O ja0 T Sl g00

Lo 318 + wglio (39 pod § ol HIS78 s (i1 57 + gl (9 po3
P<./v0 c}a..» CE.A/)J Solobims Ol ¢ ay SO 55 Sl uis

u._»J_AJ a_gjj)b ‘u—.’.l P 0_53’\_9 (P=v/e0Y) "\f.31§ sdalis
DL (Y//\‘\) stl—.’.) )L_:_m.’ ES g.l_‘:.ljls_g).,\_:.hug‘; +L5:AJLLA
J:'.’.\JJ\] +/4¢) L@J})‘:+ ﬁjL&a d’l.}-“: abfb.wl}.a
L adaly 53 cimmen ((C) £ 515 500) ol s [ S5
)bLS_M &Jb‘ \—A“}jjw—’j—:"“";u:ili JM C)J.L;
wj\jj+&ﬁjLu U_LJAJ u}JfES 9 (P:'/"0> Al edaline
Lassols 4 oslio op yad 05,5 5l 5 5 IS5 08
([ o il BT VY Llis 53 [S 3 shes (215300 Y/AY)

(o) & L) 35

" B g et Ol ot
® il g

e T L P Labyyfs + Raglie oy pad

(LT PERWIETEPIcT

3

3

oLy ol axllls o Has el s eV dlae oo yus
5 A0S sy 8l S+ eslie el 05 S 53 a 55 aS s
jA_q-jJﬁ.GJii\H\l_aJ})\>+&jl_bwj_d
Ay P=o/ea Y P=e/e ) VL JSae ©oyu8 s (gl sme
A e (e 5 s P=o/on Y P=v/vn V) w50l 5 (s
Gl O 5l (Sl Bl ol oS el s zaglie o a3 azin
sl e Rl 8l el ol sl CTHCL (gL JoSe oS
bl 2 S Sl e (o ) £ s ga0) 553 2,58
jjwﬁlé+&)mdﬁa}ﬁw)\:wu>blﬁ
A_JYL’L;'MQ)J_;))LQJ))\J+@'A}&AJJQJLJ£‘)LS

* Ll L T

4
#

b

Y.

Y

A L
Gl Ly ket 1 o Taglie o Labghs + o Taglle ops paf

9 1A 157 + Shoglin (2 05 055 Lo 0903 T — 0ge3T M () WWiml § () 48Vl (Fdas &308 Ol i Olse £ 513908
Loig oS + nglia oy o
P<e/e0 mhans mlans 5o (g labine Dt tlal s )ls + e sl o a3 5 ol AS 5 )dn 31 S e glie oy el 03,5 o SOl me F s S0y Dl s

Ve Ql;‘.mﬂj_;}:a_\i/"/\ &Lﬁg/" a)Lo..::/r-k.:)Lqe Jl

S ) pske 9 A555 (OA)



OLen 5 Lssls

s

.

J&"ﬁl SAO_i ﬁl 5 s “y "’k"u:“”f ;)'\‘-é‘ A
Q\J_:'ajl_aﬁ'a:.aj_'ﬁ\);;\sbl_id@l_u'.:_,_3aAJJwJ_JJUjb@H,_"SJJj@MQ)J_BJ_!CFHCLd)lﬁJ_o.{.a

_})J—;-“L}:jljj*' J*.ULE.» U'ij“‘J ojﬁjs ﬁw_lﬁ)ﬁvb QJM Q)Jj C)‘jxsj ;ﬂ\ﬂa‘}j& .3_54_)\.5‘5'&& d‘jﬁjiw‘jd"ﬁ)Tﬂ

i 05 S 53 slapme alS 5 (Rl b e W ane ple s bl g Jls gas i gols 4 teslie o seS 0,8 L alis 53 LIS
A3 K el 05 S 55w (9ol gme Sl (L) IS 5 sdm 5l S + e sl
mme b 4 O es s IS eSS+ eglie op ed 0 8 3 S sl 0L e cnl Sl ol slaanil w5 4 s
e Sobsre sl (opl gDl 3 p5 ls s el sdalive iS Ll 4 _eslie (p jed 0s,S 534S Jlm s eZdl SRl sl
Oy o35 Sl e pta sy onl 53 S e Aol 5 Ol o3 il p CTHCL Jasle 26 ol rassy s sl 5 g s Lo S
RN ) Y V.- P 0L P S o1 PSP U 1P IR S VS SR . VO G Y PN |
o 2o il - ol 35l S 5 28 6> S 6% by 4 , O ) 63
\ )36, » o5 S PO , 54 < M SN
o dhas g s 4 O JS 055 Ao s YV B Le SUSY L) )'\ij&\;l&ﬁgﬂ‘%owb@uwuﬁ_;ﬁ@
5 Il Oy 05 3 1 taglie o el el e 4 M JoSo azian Vo il 31 (184Y) 0LlSan 5 S il dealy el 3 (F0) it

Sl 5 el SR Ledls b anslis 53 CIM oS 035 53 Oy 035 )3 kS 45 b S a5 als 13 o) 3550 S i
ain VY JUs a1 Ol e Jla e (2l 31 (Y1 8) OG5 S 58 (5 K0 Jrann 53 (A) 3l 3 gz s baay S o (5ol ine
wind J gy BAa L aS (Y0rY) 56 5 58 aalllas ommen (10) L3S 5018 Slda S 5 CIM 6 pme 5 aslis (503
0355 53 (Sl me DS bl oo 1S 05 8 53 (8 S el Uk Olsje (55 eslie Dl e planil b faSe B
il 50 355 e JoKa siiS 5 a3l 53 45 ol T 51 Sl (TerA) OLKan 5 S hags sbaesl (V) 42 o

SRl e 0 03 Rl e e el Gelel i 0) el 0 en g GRS JaSe S5 5S1 ST S S e y

e |
il el 4 Sl otlas glad g done g O Ll S el h_ﬂ:fdjx,ﬂyugﬁwatﬁgw;dwj\&zuq
£ . < < S 5 “b s o Ik v a5y g

3RS s s 5 b s S S 2 S A il oo 338 s e S O i 5 e
S JoSe oL SV 03558 (gl gmmme 035 il b s e S oo (FY) ol IAS Bl aie cl 53 (GDlae s s
S S e oy Al ae gy 5l S A WL () cd eslde op e el ol S
SN SR SN J VI D S S U U S5 (S S G G U O S
i it Vo BT ) S e s S Sl s gl S (T AL s T (sl (5 L e 5
e (V) s SO A S Laigls 5OM oS0 S 93 55 DA ey 5 53 g 5 B ks (esl e
CON-CRET Creatine HCI @fv b yza e ;3 CIM f; Y 5 YO me) s B ae 51 S 508 EPE ClE )y e
bz 53 ol S Sl sl osline (S5 sm ol JoSo ly alie b an 553 sl Jls w4 0 O Gl Olee (555 53
(ARM 4o )3 A0 Ve odd b foslie p yad azin A Llis 53 IRM s s3 Ve Do b el o jed atin V0) oy jed SO0 65
J¥s 5l s a3l 4l g oo 5 (S8 A Bl 53 S 2 1Y) o plnil IS o 655 5 3a5 0 o3 e a3l ke
AL el s ol edas
+eslie el 5 Aol IS s 51 S+ maglie op ed slaes S 3 p el 0093 Sl e O o o3 ol Ra s 3
P GaslRe (el 05,5 53 Oy i Ao SR LS B e Bl RalS s e b a Ll

J&LSMLZL_A‘WJ%GJPQ‘M\:»419_3\));.)F)\J‘-;'Ma)ﬁ))&d)}\.ﬁc@jﬂ}+&ju&Q._:'Jajdgw.liljlsjj.kﬁ.h

(0*)\i'\bbwjjh\.;/*/\£ka_‘/* AJL;J/V#-\)LHJ\M JSfQ-ﬁ)r}l&sz))_g



LIS 8 1S b JoSe 5 aslie pped S

s ime i gols + o slie a5 05,5 55 Sl nl Lol a3 g0 LIS 55den 51 S + e slie a3 058 gl 25 S 055 Lls s
e D3l CIM JoSle 03 5 03 o deoss b (RalS o8 e oS sl OLES (V44Y) OIS 5 S ols calin 5k 4 550
Odos e o3 53 ez s 2B LS (Y00 ) Ssig o 5 e iS55 505 (gladllan 53 L(8) ot sz Loy S o 615
Laes S s (513 ot o slis Lol clinls OLES Lodpls 5 CTM oa 038 53 53 505555 0L 3 _staslie el 4in Vo Cilata
S e 5 e Sl i 31 ol sl 5518 el el sl ias s el 2 (1)) LS edalie
L ods b 7 o 18 —5LS=F okt sl s a3l Slen Go b 5l 5 35108 o b Uk illoien 4161 53 (TG) 'y oS5 5
el S s Sl e S S S5 (PIBK-AKE-PPARY) o 55,5 S1 s

Fo 2 5518 oS Gl (olee ol s Yzl 1l 68t o 2 1) Loy b S5 5 o JoSa e S s
PGS i e Db Sl (e S 65 e 051 ol A e hasn mls Gk S e Jlesl A 2 S S
e Sl Sl 55 0t 4 4 S US S 3L 2 L GAS e ATP s S il S (s elul L 070)
5 A eSS e Sl il 2 1S e B S L IDOTY) s e 1L Glesgd s sl
S > 5 PIBK-AKt- PPARy | asdl& v jlge bl iass 53 CHHCL LS oo 3 s Yiazt (g5 51 G jme o
S ey am cpl o (YONT) 6,80 5 50551 bl andllas glaasl L slias 3 il o o b 53 (6,48 52 ATP 23 S
Ol 1 gl 53 sl ol (FV) S ol bl eslie Sy paS azin £ 51 Gy o 0355 5 5 BB Sk CIM JoSe
> CON-CRET Creatine HCI o, SY 5 ,_2s Llis ;3 CIM 50 G pas) (518 5 pme dsb 5 555 e g5 ¢ JaSo aly oslis
L steslde i s A Llie 3 IRM dsjn Ve s b eslie o el atin £) Ol el Sl 5 ol Jold oy 05 4ol (5
313 ol OEAES TS 5 0085 5 0l plowil SIS > £ 53 (IRM Ao ;3 A0 L Ve s
e O 035 53 Gl gme Sl Ll gols  aslie el 5 LIS s 51 S+ e slie e 05 S 93 a Ras cal 0o
+ st slie (p ad dn o LS 550en 51 S + e slie (p eS 05,5 55 5 b SRl sz s b sl OLES o ped 1 S 4
() S 5 S il ol bl has ol b lialy oo s edalis Loy S o (g0l sime B el g5l
A edalin Loy S (o)l sme sl Lol ool 0Lis Ligols 5 M aSa 055 53 53 oy Ol o355 55 gr 55 LB 2l 53l
SLgbl 5 dols S8 s 3y 5 SV 05 UGG Ole 03 1 0518 JoSte ann 0 IS (Te e 0) 0L 5 55 e (VD)
52 (Tee) OS5 sn O Y LAY 5L 581 (ool sne o5k o Ladsols 5 il S 05 8 53 2 53 (o D5 0355 S izl
Sl e A 05 W5 OUSGHL 3 meslie el astn VY 31 ey 051 S JaSe G jems 45 s S sdalive 5 gt aslllas
33 13 e il 581 (0l S eddy (53l JaSa Iz 4 o el OF 51 Sl dal g b (1) 338 o o r ki o355 3 el

= - L O

3 i s e Gl 3l O JWs 4 5 b o555 40 ol SCae 8 T bl 2330 01 Sy s b 2,8 o
Slae ey s OMae ol d b 5 s sla)l slad )3l (piman ((FY) ASL 0 oo Ogds 0355 5 O 358 ol 5l MK\A
S ST Jaes OL 3 o S 50l Sl G b 31 1S (80) Sl old oy (318 JoSe G pme (sl 03 53 oS e 5 s
(B)) A 0 SO o5 1) a5 S 5 02,8 2l
0555 33 a3 s maslhe 03,8 oy ad OU5 3 aiml 5 VL Dlae S8 Ol b kel s sl s s S
o ol s VL Gz 0,8 s (ol pme s e s LB Sl Ll gsls + eslie o pad 5 LIS 5 sdee 51 S+ e sl oy el
G e 05 S 0Ly (V44Y) 0L 5 S 0uiils s Loy S o Sl ome s dals 5 ol oy a5lin o o3 a2in A
3y S po50S 5 W Ol 065 5o seslie Dby ad I b 5 SShae Spl8 2o iy Ll el 818 JeS ke SV b

ol Ladgsls 5 oyl S 05 S 55 A 53 s ey DB aS Wl y D ol 4 595 axdllae 53 (Yoo ) 0L 5 5 s pwizean ((3)

1. Triglyceride
2. phosphoinositide-3-kinase-Akt- peroxisome proliferator-activated receptor y

VERY Dlisl g 5mb /YA ol /Y o)led /a3l L S ) pske s A5 ()



OLen 5 Lssls

(Yore) OLLSn 5 el g Y aalllan o5 .(FA) 350 Leisls 05,8 51 5 b g s5 B osbas o818 05,8 55 Ralil cal 5 il
(Y WV) OLLSn 5 563 (1) 555 oo e Syl o jmeie ¢ goslin o el 42in VY Lol 51 S JaSa b peme oS oS 3l 0L
Sl Al lal o (8Y) 55,8 o (ams o) aSVL o5 i3l Corge 04051 S JaSe a5 s 87 35158 555 (65,0 andllas 5o
ol Cdld b B s 53 ATP A5 sl ealinal 5,50 POr slad sl Jol3dl 5ok 511 (GDlas 5 Shas 51,8 JaSe o
13 53 05 5SUS s 35 L 5 OSY e 5 sl ads ilS 35 o 55 1l w5555 31 e PCT s 0 5o
daze (518 IS Rl H s OELS S S JeSe (1) 2 s -3 + S5 Sl ae
L G e oLl 0l 0 5 SV b i o 8S o SS ahize [ S ATP SPCr U5 550, 5

el maman 33,8 ol Sl ad sle laey s (B PCF o)lss s Ol (Rl e Ll o 0518 055
S b A3l LA Sy 8 ada Ll e OF b oS s e S Al W o se SIS 5l (3L dae
d_ze PH 5l ob Soes oSl 5l 18 alias o8 S sleal 1) ol 1 Wl e 081 S e a5 ol dind g g ol 51 (530
St s S D3 SR 318 e el oSl s el 1 35 IS it SVl e ol
D g Sl 5o 5 S has SLBLEI sk s Sme s — oS 0 S e s eld ey Sl
- el aglie Dby a3 45 (6313 3 GLUT-4 (lyimn 5 ol (il L (518 oo 355 0 omia Oloj I b 3 SHlae
anllas ol ¢ Llis 53 (88) 550 0 el Sl b o 05558 s il rals 5 S I8 5l eslanal il ) Cel Ll e s
=t 6 Ledgls b aeglie 53 axin Vo oo 4 zeslis by a3 b ol es CIM LaSie a8 iz g OLES (T2 00) g5 e 5 (oS 3
T G ae) e a3 e 5 g5 1S by palie 53 SulE (V) 0 ped e 5 SOl D58 S
s s dlas a5 (sl S0 LS 5L (55,5 ,5 CON-CRET Creatine HCl ¢ $'¥ b,z Llis ;5 CIM ¢ S
doy3 A0 BV S b zeslie el atin A Jlie 53 IRM s pn Ve ol b eslie o el ain Vo) oo el ST 0 o5, 50
S La s sa3l 45 g3 mmmen 5 (el o SRl pde (S8 > A Llie )3 &S > 1Y) el ploil SIS > ¢4 5 313 (IRM
.J;JK&J;L“-ui,,;W,@MQ)gﬁﬁmpfuagﬁo,wawdﬁ;
el (e 4tn A Sl g LIS 558 518+ e slie a3 05,8 53 0l 0L ey Sl ol glaanly Jdo s s
s 03,5 53 Gl oS Sl 3 (db Sl gl pme ssb 4 Sl dlas o35 55 CTHCL JoSe Olo s b oz Lol o
CrHCL oS G jeme i ssy ol 55 Cpwomen i sdaline (513 s sl oy el 05,8 93 o 5 330 sls sne Lad gl + e lie
+ o slie o i 05,8 5o VU B 5 s ilslas Il s ols (ol sme Sl S nl 5 aSVL B 5 s i A s
L ol e oS (g5l a8l (YOIV) O 5 i 5,55 sdaline Loy S o (gol3 ome D] 5 550 Jls sne Las 1
5 (0SS a8 ke a5 Als I3 e e 1 (eslie 03,8 1 o3 Ol Ol e 53 eslie (s 03
YA oo 53 1S JaSle G ez adllas L (T410) O 5 01 (V) e o (21530 15 0 SB35 slaplll js 035 40 Slas
5 35S aman (80) US55 S 158 1) ASl SMae 0 5 0 Db en s (Dl Culial SRl Ol e 3 5
SO2e 035 35 Corge aia YE Do g eslie el 5 CIM O pae o idwy 4t (ol a0 555 anlllas 53 (V01 1) O, K0
Ol el Ols e 53 JoSe G yme anin £ aS W5 S 0Ly (Y0 404) O 5 uslals codle 4 (87) 53 5 o JNas 5 Slas
55 andllas 55 (Yo o) 0L 5 ud sl (BY) 555 0 Dlae B35 s 5 ol (gl mle clad s (iludled 53 g5 LG
23 sl g Clle 5 (gloylsale slad g sldad 53 Jaal5al ¢ e glie by sad ol jen 4 CIM oo b 1m0 45 ooy 4 ol
(EA) 3 (S Dl s a aly 5o SSlae o L) LI el e 5s 5 AS e o5 | Ol SIS e gla b
g 5 Sl as a3 g5l e 1 ASUl Oae e e il S ls o) S JaSe cldlas s b
53 bl Bs e B G b S sy e s (158033, 8 0 e e (ST e s S
cmamen 3, U ((Mae ol 6,8 1K) Ko gladnl 3 5 col Sas oM 4 3,108 e 1 (MTOR) ' 0l ilieny

1. Mammalian target of rapamycin

(‘\\)\i'\bbﬁjjhh/*/\&&/*uu/rﬁ:)l-edb JSfQ-ﬁ)r}l&sz))_g



IS 55l S (ool oo 5 raslis o jed 3G

Lo JLad 5LaS uis my 5 (IGF-1) V= gl sy 581 aile) S bl 55150 ot ool s (550 Sl son 3 35040
m e S Gae U ge daled bl (8) 553 e Sua8 Ll 5 SMae by o ge aS 355 e (MAPK) "0 s2e
taslie el A3l o sedland At pSU (e dlSn G oy S belse o sia) ool pale slad e ST 51 30 Kl s
Ghde A alSilee 5o bl b eSS e (1S e Sl esli ol e o
02 s o w5 BB Sl W 4 31 S (00) A3k SIS BB s 5 e 5 s s Slas il e 5 03 S
Sl ol eglie (p ad ol en (518 JaSe (01) A3l o ol s Mo e T L (ol a3 Lol e OF G e oIS
CMde (B ed St ORI e s 3 e OUS 5 Ol e 5 (el Dl el 4 Lo (5N Oliee 0 IGF-L 5 05 o
Sl S e Sl Eel aS sl enls LA 5 b o Gl I YL us b eslis (el e IGF-1AS e SGS
o e SRl Gk SIVL S b Db el sl Ul s o 5o Sae a1 e e B 4 (0Y) 550 e
Gl e ST R e Bt 5 S on et S e IS e bl 51 S S ATP e (15515 PC
JoSa ol esdle (F) S bl S e 5 TS e oS oS (glas Sl l5) s 4 Vel (s gre oS 6 s Ol
85l Gl (V) IS o Ll e 28 o oo 4N gl o 53 5358 e (ko 003 ST o (I8 sy 518
S s o | A - S 5k .

J

Ut SN (B S o s A G B 53 S b S e 5 g i e RISl S ole s
e 5 4SS o 030 1 glolsale lad gl Slad cdas e I (Dlde s g 51S oS (V) S SeS
S O s R (Plae e s (S (ol edle 33,8 (0 (a5 5 3 s bl i RIS
L ol o CTM 5 CEE Joa 8 513 0L (Y+08) 0l 5 00l allan ¢ j2assy ) gt 02 (89) as o 285 15 O
FM (Mae 3 Shas b S 1 55 b o0 Ladgls b anglie 55 atin V ode 4 e slie 03 S0 e Ol3 0 55 aglie Sly s
Lo g smal g3 3 sl 51 30 W5 e ool s gl b asllins ol slaasily (A3 Y5 (07) Wil 0l Johias o355
DM 50553 e 5k g s JaSlo aly alie o a pe5T sl OIS ES 2 0165 ¢ 5 (038 (el il 53 03,50 (i pa)
¢ SY o e b e 3 CEE sCIM o, S /eVo 5 o/Te G 20) O YUY PN

b moslin o pes 4288 V) o o3 4ali s caiae 55 o5l S Olir (sl sl S5 45 el <55 > CON-CRET Creatine HCI

V}‘\) DLAZCL%\QLSFCJJ)JU:J)(IRM M))/\O G Ve Q.,\,;Ldujlia g,)'ij‘“‘; acan A L}Juﬁ))lRM M))/\' G Ve Sl

.mpw)lifjgtamisﬁ}yéué)(fjbéj)ﬁsj}o\{j;o\_gf\ﬁjné,LLL. (&S = A Llae js asopul 5 eVl oS >

S 5 4
Sl 4 5L S 1S e £ 58 Ol 4 CTHCL. S (slazin A 055 G b eme o8 Ao o OLES R cpl s o)
“r et 3335 o Faslie 03,5 0 e Ol 05 3 Sl 5 45V (Blae 58 s 4 e sl (e Lol pes 3510
Ao aiimly 5 iVl (Hlde (B 5 (ASl dbde o35 o Osl 38 D e3 8 3 g BB RalS 5 il
-l 0L 5 5 el I35 1 S sloml | IS 550n 51 S + aslie (s oS 05,8 55 Oyl 53 2 035 5 0N o r
L ml 35ms b gl asbied 1S5 5 5,500 05 o 1l 31 b o8 1 8 i3 550 Jole S e 4 sl

&l LIS 3 =5 4 LN ISP s i s 4 ol 4 ;4 - 5

Al U 505,55 065 (555 508 o im sy 55 s slgning O S 5 Dl 5 B e o g 53 5585 (6,8 amd

2k plomil aslie a3 b elen (5,5 5L 5 SV sb Ol Sa b 5 5 ke o e

1. insulin-like growth factor 1

2 . Mitogen-activated protein kinase
3. Myogenic

4. Myogenin

VY Ol 5 5l /YA b /Y o5lad /a3l Jl S ey ke 5 SAo0s AF)



OLen 5 Lssls

&bo
Westcott WL. Resistance training is medicine: effects of strength training on health. Curr Sports Med Rep. 2012;
11(4):209-16.
Hammami M, Negra Y, Shephard RJ, Chelly MS. The effect of standard strength vs. contrast strength training on the

development of sprint, agility, repeated change of direction, and jump in junior male soccer players. J Strength Cond Res.
2017; 31(4):901-12.

3. Kraemer WJ, Ratamess NA. Hormonal responses and adaptations to resistance exercise and training. Sports Med. 2005;

35(4):339-61.

. Wardenaar FC, Ceelen 1J, Van Dijk J-W, Hangelbroek RW, Van Roy L, Van der Pouw B, et al. Nutritional supplement

use by Dutch elite and sub-elite athletes: does receiving dietary counseling make a difference? Int J Sport Nutr Exerc
Metab. 2017; 27(1):32-42.

5. Bagchi D, Sreejayan N, Sen CK. Nutrition and enhanced sports performance: muscle building, endurance, and strength.

Academic Press; 2018.

6. Beck TW, Housh TJ ,Johnson GO, Coburn JW. Effects of a drink containing creatine, amino acids, and protein combined

with ten weeks of resistance training on body composition, strength, and anaerobic performance. J Strength Cond Res.
2007; 21(1):100.

7. Nunes JP, Ribeiro AS, Schoenfeld BJ, Tomeleri CM, Avelar A, Trindade MC, et al. Creatine supplementation elicits

greater muscle hypertrophy in upper than lower limbs and trunk in resistance-trained men. Nutr Health. 2017; 23(4):223-9.

8. Valenzuela PL, Morales JS, Emanuele E, Pareja-Galeano H, Lucia A. Supplements with purported effects on muscle mass

and strength. Eur J Nutr. 2019; 58(8):2983-3008.

9. Vandenberghe K, Goris M, Van Hecke P, Van Leemputte M, Vangerven L, Hespel P. Long-term creatine intake is

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

beneficial to muscle performance during resistance training. J Appl Physiol. 1997; 83(6):2055-63.

Stefani GP, Nunes RB, Dornelles AZ, Alves JP, Piva MO, Domenico MD, et al. Effects of creatine supplementation
associated with resistance training on oxidative stress in different tissues of rats. J Int Soc Sports Nutr. 2014; 11(1):11.
Childs SL, Chyall LJ, Dunlap JT, Smolenskaya VN, Stahly BC, Stahly GP. Crystal engineering approach to forming
cocrystals of amine hydrochlorides with organic acids. Molecular complexes of fluoxetine hydrochloride with benzoic,
succinic, and fumaric acids. J Am Chem Soc. 2004; 126(41):13335-42.
Reuland EM. The Effects of a Single Dosage of Creatine Hydrochloride on Total Training Volume in Resistance Trained
Men Versus Women (Doctoral dissertation, Bowling Green State University). 2016.

Casey A, Greenhaff PL. Does dietary creatine supplementation play a role in skeletal muscle metabolism and
performance? Am J Clin Nutr. 2000; 72(2):607-17.

Kilduff LP, Vidakovic P, Cooney G, Twycross-Lewis R, Amuna P, Parker M, et al. Effects of creatine on isometric
bench-press performance in resistance-trained humans. Med Sci Sports Exerc. 2002; 34(7):1176-83.
Cooke MB, Brabham B, Buford TW, Shelmadine BD, McPheeters M, Hudson GM, et al. Creatine supplementation post-
exercise does not enhance training-induced adaptations in middle to older aged males. Eur J Appl Physiol. 2014;
114(6):1321-32.
Ferguson TB, Syrotuik DG. Effects of creatine monohydrate supplementation on body composition and strength indices
in experienced resistance trained women. J Strength Cond Res. 2006; 20(4):939.
Kutz MR, Gunter MJ. Creatine monohydrate supplementation on body weight and percent body fat. J Strength Cond Res.
2003; 17(4):817-21.
Jagim AR, Oliver JM, Sanchez A, Galvan E, Fluckey J, Riechman S, et al. A buffered form of creatine does not promote
greater changes in muscle creatine content, body composition, or training adaptations than creatine monohydrate. J Int
Soc Sports Nutr. 2012; 9(1):43.
Ives SJ, Norton C, Miller V, Minicucci O, Robinson J, O'Brien G, et al. Multi-modal exercise training and protein-pacing
enhances physical performance adaptations independent of growth hormone and BDNF but may be dependent on IGF-1
in exercise-trained men. Growth Horm IGF Res. 2017; 32:60-70.

Ormsbhee MJ, Mandler WK, Thomas DD, Ward EG, Kinsey AW, Simonavice E, et al. The effects of six weeks of
supplementation with multi-ingredient performance supplements and resistance training on anabolic hormones, body
composition, strength, and power in resistance-trained men. J Int Soc Sports Nutr. 2012; 9(1):1-12.

Heymsfield SB, McManus C, Smith J, Stevens V, Nixon DW. Anthropometric measurement of muscle mass: revised
equations for calculating bone-free arm muscle area. Am J Clin Nutr. 1982; 36(4):680-90.

Knapik JJ, Staab JS, Harman EA. Validity of an anthropometric estimate of thigh muscle cross-sectional area. Med Sci
Sports Exerc. 1996; 28(12):1523-30.
Tibana RA, Prestes J, da Cunha Nascimento D, Martins OV, De Santana FS, Balsamo S. Higher muscle performance in
adolescents compared with adults after a resistance training session with different rest intervals. J Strength Cond Res.
2012; 26(4):1027-32.

Brown LE, Weir JP. ASEP procedures recommendation I: accurate assessment of muscular strength and power. J Exerc
Physiol Online. 2001; 4(3).
Prestes J, Tibana RA, de Araujo Sousa E, da Cunha Nascimento D, de Oliveira Rocha P, Camarco NF, et al. Strength and
muscular adaptations after 6 weeks of rest-pause vs. traditional multiple-sets resistance training in trained subjects. J
Strength Cond Res. 2019; 33: 113-21.

Riebe D, Ehrman JK, Liguori G, Magal M, Medicine ACo0S. ACSM's guidelines for exercise testing and
prescription.Wolters Kluwer; 2018.
Wilson JM, Lowery RP, Joy JM, Andersen J, Wilson S, Stout JR, et al. The effects of 12 weeks of beta-hydroxy-beta-
methylbutyrate free acid supplementation on muscle mass, strength, and power in resistance-trained individuals: a
randomized, double-blind, placebo-controlled study. Eur J Appl Physiol Occup Physiol. 2014; 114(6):1217-27.

(-\V)\i'\bb").}ﬁ\';/*/\@kﬁ,/* AJLQ.J/V#-\)L@"J\M gfw)r}l&juz))_g



LS 55l S (6ol LeSe 5 raslie o jed i

28.

29.

30

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Tayebi M, Arazi H. Is creatine hydrochloride better than creatine monohydrate for the improvement of physical
performance and hormonal changes in young trained men? Sci Sports. 2020; 35(5): 135-41.
Cohen J. Statistical power analysis for the behavioral sciences. Routledge; 2013.

. Buford TW, Kreider RB, Stout JR, Greenwood M, Campbell B, Spano M, et al. International Society of Sports Nutrition

position stand: creatine supplementation and exercise. J Int Soc Sports Nutr. 2007; 4(1):1-8.

Candow DG, Little JP, Chilibeck PD, Abeysekara S, Zello GA, Kazachkov M, et al. Low-dose creatine combined with
protein during resistance training in older men. Med Sci Sports Exerc. 2008; 40(9):1645-52.

Williams MH, Kreider RB, Branch JD. Creatine: The power supplement. Human kinetics; 1999.

. Derave W, Eijnde BO, Verbessem P, Ramaekers M, Van Leemputte M, Richter EA, et al. Combined creatine and protein

supplementation in conjunction with resistance training promotes muscle GLUT-4 content and glucose tolerance in
humans. J Appl Physiol. 2003; 94(5):1910-6.

Nissen SL, Sharp RL. Effect of dietary supplements on lean mass and strength gains with resistance exercise: a meta-
analysis. J Appl Physiol. 2003.

Forbes SC, Candow DG, Krentz JR, Roberts MD, Young KC. Changes in fat mass following creatine supplementation
and resistance training in adults> 50 years of age: a meta-analysis. J Funct Morphol Kinesiol. 2019; 4(3):62.

Kazak L, Rahbani JF, Samborska B, Lu GZ, Jedrychowski MP, Lajoie M, et al. Ablation of adipocyte creatine transport
impairs thermogenesis and causes diet-induced obesity. Nat Metab. 2019; 1(3):360-70.

Antonio J, Ciccone V. The effects of pre versus post workout supplementation of creatine monohydrate on body
composition and strength. J Int Soc Sports Nutr. 2013; 10(1):36.

Brenner M, RANKIN JW, Sebolt D. The effect of creatine supplementation during resistance training in women. J
Strength Cond Res. 2000; 14(2):207-13.

Larson-Meyer DE, Hunter GR, Trowbridge CA, Turk JC, Ernest JM, Torman SL, et al. The effect of creatine
supplementation on muscle strength and body composition during off-season training in female soccer players. J Strength
Cond Res. 2000; 14(4):434-42.

Volek JS, Rawson ES. Scientific basis and practical aspects of creatine supplementation for athletes. Nutrition. 2004;
20(7-8):609-14.

Karamouzis |, Christoulas K, Grekas D, Giannoulis K, Vamvakoudis E, Mandroukas K. The response of muscle
interstitial F2-isoprostane (8-1SO-PGF2a) during dynamic muscle contractions in humans. Prostaglandins Leukot Essent
Fatty Acids. 2004; 71(2):87-90.

Lanhers C, Pereira B, Naughton G, Trousselard M, Lesage F-X, Dutheil F. Creatine supplementation and upper limb
strength performance: A systematic review and meta-analysis. Sports Med .2017; 47(1):163-73.

Coates PM, Betz JM, Blackman MR, Cragg GM, Levine M, Moss J, et al. Encyclopedia of dietary supplements. CRC
Press; 2010.

Rawson ES, Persky AM. Mechanisms of muscular adaptations to creatine supplementation. Int J Sports Med. 2007;
8(2):43-53.

Galvan E, Walker D, Simbo S, O'Connor A, Goodenough C, Dalton R, et al. Effects of 28 days of two creatine nitrate
based dietary supplements on body composition and exercise performance in recreationally active males. FASEB J. 2015;
29:LB248.

Gualano B, Macedo AR, Alves CRR, Roschel H, Benatti FB, Takayama L, et al. Creatine supplementation and resistance
training in vulnerable older women: a randomized double-blind placebo-controlled clinical trial. Exp Gerontol. 2014;
53:7-15.

Shelmadine B, Cooke M, Buford T, Hudson G, Redd L, Leutholtz B, et al. Effects of 28 days of resistance exercise and
consuming a commercially available pre-workout supplement, NO-Shotgun®, on body composition, muscle strength and
mass, markers of satellite cell activation, and clinical safety markers in males. J Int Soc Sports Nutr. 2009; 6(1):16.

Olsen S, Aagaard P, Kadi F, Tufekovic G, Verney J, Olesen JL, et al. Creatine supplementation augments the increase in
satellite cell and myonuclei number in human skeletal muscle induced by strength training. J Physiol. 2006; 573(2):525-34.
Bonilla DA, Moreno Y. Molecular and metabolic insights of creatine supplementation on resistance training.
Rev Colomb Quim. 2015; 44(1):11-8.

Cooper R, Naclerio F, Allgrove J, Jimenez A. Creatine supplementation with specific view to exercise/sports
performance: an update. J Int Soc Sports Nutr. 2012; 9(1):33.

Becque MD, Lochmann JD, Melrose DR. Effects of oral creatine supplementation on muscular strength and body
compositioin. Med Sci Sports Exerc. 2000; 32(3):654-8.

Burke DG, Candow DG, Chilibeck PD ,MacNeil LG, Roy BD, Tarnopolsky MA, et al. Effect of creatine supplementation
and resistance-exercise training on muscle insulin-like growth factor in young adults. Int J Sport Nutr Exerc Metab. 2008;
18(4).

Spillane M, Schoch R, Cooke M, Harvey T, Greenwood M, Kreider R, et al. The effects of creatine ethyl ester
supplementation combined with heavy resistance training on body composition, muscle performance, and serum and
muscle creatine levels. J Int Soc Sports Nutr. 2009; 6(1):6.

\er

VOks 5 5l /YA b /Y oylad /a3l Jl S sy ke 5 Shoos ()



Journal of Sport in Biomotor Sciences, Volume 28, Number 2, 2022-2023

The effects of resistance training and supplementation of
creatine hydrochloride on muscle strength and body
composition trained women

Seyedeh Shiva Dadvand®*, Hamid Arazi?, Farhad Daryanoosh?®

1. PhD Candidate of Exercise Physiology, Department of Sport Sciences, University of Guilan, Rasht, Iran
2. Professor of Exercise Physiology, Department of Sports Sciences, University of Guilan, Rasht, Iran
3. Associate Professor of Exercise Physiology, Faculty of Education and Psychology, University of Shiraz, Iran

Received: 2022/09/14 Accepted: 2022/11/28
Abstract
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been widely used among athletes. The use of resistance
training along with dietary supplements are the most widely
used methods that improve strength and increase muscle
hypertrophy and improve performance in athletes. The aim of
this study was to evaluate the effects of resistance training
(RT) and supplementation of creatine hydrochloride on
muscle strength and body composition trained women.
Materials and Methods: In this quasi-experimental and
applied study with pretest-posttest design 24 young trained
randomly assigned to one of two groups: Group 1: RT with
CrHCL supplementation (RT + CrHCL, n=12) and Group 2:
RT with placebo (RT+PL, n=12). The participants performed 8
weeks of RT (70-85% one repetition maximum (1RM). 48
hours before and after the training period, muscle strength,
body composition and upper body muscle hypertrophy and
lower body muscle hypertrophy were measurements. To
determine the difference between research variables mixed
ANOVA test was used at a significance level of 0.05.

Results: Significant increases were observed for body
weight, fat mass, fat free mass, skeletal muscle mass, upper
body muscle hypertrophy and lower body muscle hypertrophy
between pre and post-test in the RT + CrHCL group (P<0.05).
In addition, percentage of body fat and fat mass was
significantly decreased in the post-test in the RT + CrHCL
group (P<0.05). The bench press and leg press strength
changes in the RT + CrHCL group were significant compared
to the RT+PL group (P<0.05). In other variables, despite the
significantly increase and decreased in the post-test in the
RT+CrHCL group, no significant differences were observed
between the two groups (P>0.05).

Discussion and conclusion: It seems that 8 weeks of the
CrHCL supplementation as a new type of creatine with RT
can have significant effects on muscle strength in young
trained women.

Key words: Creatine hydrochloride, Resistance training,
Muscle Strength, Body composition, Trained women
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