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Abstract

Background: Irisin is a myokine that secrets from muscle during and after the exercise and induces non-
shivering thermogenesis after stimulation of uncoupling protein-1 (UCP1) gene expression and elevation of
number and size of mitochondria. Therefore, irisin activity is effective in reduction of fat percent that lead to
treatment of obesity. The aim of this review study was to investigate the effect of various sports activities on
irisin levels in healthy adults.

Materials and methods: In this systematic review, PubMed and Google Scholar databases were used for
articles searching. Keywords include training, exercise, physical activity, irisin and brown adipose tissue.
Among 154 articles published between 2010 and 2020, 53 articles were selected. Used parts of selected
articles were those related to abstract, biology of irisin, mechanisms of effects of irisin on chronic diseases
and mechanisms of effects of exercise on irisin.

Results: Elevation of irisin levels was reported in the most articles (90%) about acute effects of different
types of physical activity on Irisin, also irisin levels were consistent after long term exercise in the most
related articles (66%).

Conclusion: Results showed that higher exercise intensities were more effective for irisin secretion than
lower exercise intensities. Overall, one session exercise increases irisin, while irisin levels remains constant
after regular exercise. Also, higher exercise intensity and more muscle bulk usage is more effective for
production and secretion of irisin from skeletal muscle that is effective in prevention of diseases such as
atherosclerosis, osteoporosis, Alzheimer, cancer and diabetes.

Keywords: Exercise, Physical activity, Irisin, Uncoupling protein-1.

Cited as: Jafari M, Ravasi AA. Acute and chronic effects of exercise on irisin in healthy adults. Medical Science Journal of Islamic
Azad University, Tehran Medical Branch 2021; 31(2): 135-145.

Correspondence to: Mohsen Jafari

Tel: +98 9105121055

E-mail: sport8§7mohsen@gmail.com

ORCID ID: 0000-0002-3537-0883
Received: 26 Jul 2020; Accepted: 4 Oct 2020



Pl 2 oo 9ol by cudled il oDl 5T o Eitils (S 3y pale almo [VYF

ol ol31 oiile S 3 pole alxo Systematic

VEO VY0 cloxio VFr e lils oY o)lad ) 0,90 Review

o GYLS )30 50 el » o0 g3l (o9 Cadlad 153U (o)
T swlyy yol (e g yhma umxo
Ol el e oodol ST oSty iy o 9y 123555 psle 05,8 ol !

ul).vl ‘u‘)*’f ‘Ul)‘Q) oKisls 5‘5.3)')5 |051$ oSl “5..':'.')')5 6)3J9J]d 05‘5 5&[.'1...:“
PRV

UCPL) ) oaiiS iz i (0 Obe S b 5 9900 e alde 1 G355 31 50 45 el (B0 o] S g ail
ol s S0 i e i 5 Uy kiSien ol 5 Sasi S5 iyl S (SlosgS 4 ks oz S kT s
Elil 3l (s 5y300 s Sl I Gt 58 0 Sl Gloyo 4 pie 45 Sl ife oz oy SRS 10 Gl Culle
g0l NS O3 30 e sl s sips st Soled

A ooldz] Google Scholar g PubMed (slo oGl 1 o¥lio (gomiv (sl 28,5 plil (6)900 (AIb b i ol iomyy (99
(shsgs oy b 5 drisin) oy i p ! (Physical activity) s colled (Training Exercise) (p yoi Jolis oolizul 5,50 (cads” slooily
ool 3,50 o OY il o 145 Wi 8l alaly ol 0 FeFe b Fe) e lo Jlo o i 1OF oliwi . Lidg Brown adipose tissue)
Sl i s 4 g Sl i 5 ok ol it 15 oolizal 5,50 s iy 57 ¥l o 45 sl Sy iS5 15
idy il Sing b slap S 5 rapo slos loco o | it

ot iz 40 55 is i sl ol Sl ol Sy 45 B+ o) Yl 25T 5 i s sl il
S G S Gt (L FF 9) Mo 351 10 G e gl (o35y5 e (sl Sligpai

ol G (AT 5 3,0 ] gl g s I il S 4 G G e YL Sk 4T ey o T 4 56 S A
5 Crred S iy yiimans il o o ol plise Sliyyad 1 ey i | Zabw 45 o 40 5ic0 S| Sl cpe Lped
S s sz lacs o 5K g0 459l U alie 1 iy i 5 s ey il iy (Dle 00si
el 5o b g Gl per ] e

NodiiSTaz- iy i I Collad oo i gekedS Uil

(V) <w! (Uncoupling Protein-1 (UCP1)) YoousSlos> dodd

ciy b Sl alae a5 wleosls plas 3 Sl
Rl g 3)ls oS gl o Shoe So ol gs oL (olage )90
ol ame S lge 4 SISl dlae g 4 Bliss]
5 98 ol S e ST 3559 51 (S5 (90,90 by
@ by Sl Ol cde a4 bows bl gen xb 5
o8l 4 e a5 Cawl B35 5l oL (dlae clolal
O (o7 8L L Jels 4 08 S gee (paiz ls,
Interleukin-) V& 4 (Interleukin-6 (IL6)) & (slo wS'el sl

4 o A col gl (£55)5 (g0 G Olsie 4 i)
(White Adipose Tissue (WAT)) obw 0,2 <8b oS
S, 9 (White Adipose Tissue (BAT)) (gloggd «

Gap 05 ole GRIBIL 5 g BAT j0 (olik,S) 55905

SR e s Dl 35T SIS Oy h Ly (B35 poke 03 Dls ek i game ki 5 ool
(email: sport8§ 7mohsen@gmail.com)

ORCID ID: 0000-0002-3537-0883

/010 lls Sy )b

SVNY 1le oy g



VWY ol puol e (6 yor cymo

Voo il @ ¥ojlods @YY 0y90

Wdgy 0dh Al by (oSl g )8 5l e Sby @ S SYle
JoSa eg s il 31 Ll jo 4 Slalllas) (o5 pmé lalllas
(39 00 (o il gt 5 Sl sl JSSg (i
L g jbom ol3 (llazgs (5055 il sl gogasl &5 Slalllae
lie yos (oS o555 0 SVl 5lbTlie Yo ivgy llge
oog (Letter to The Editor) o0y a4y 4ol 4 (Editorial)
Sl Ty St o ol i yo ) g s SO

4 by e glaisu g ole 4 aldlie g4 do Soge;]
oo sl lons 2 il 3B SlopsSe (i nl S5elsen

dg il 2 G859 ;80 Glop il

el

2 Gy Sl 5B )bys 0ae V8 i o)y allie Y oy )
2 G oore 238 4 bgr e sae VE (FI-YP) wings o ]
oo 9 ol ul,ub o, dae T g (DO-FY) ooy Q,l},g).ﬂ
O 51 OA-0F) wisgy o0ls 8 g 3590 el 2Ty B39
903 oy ppl 2 s Sl b o)l o5 SVl
W30g oy 9 O Allie O g ) Alae O wie dlas Ve sl
4> >0 dlie O 30 ¢Oyhgd dlae VO 59 uLu),oJ E9 Omied
o)lps a5 Ylae o 0 0y Seglie dlas B 0 g (5)lew
ol coss il G a5 50s Goege il
Loy 5 900 Allae ¥y o dllin £ 0 ye dllas A slo Joge5]
339 Oryed Al Sl e a5 0l Gl s IS 5k &
llio 95 50 i 5wl (oo IRl i nl Zobaw (25 52 5D
93 o S|l alais oS 0 (B ek g (il ol
O 3 b L YAY) 05 (20508 g0 £95 (o9 (Seslite
ol 2 s Dlised ez b o)y o (sl Wlis 1A
Sl dlde VY 5o Sl s bl Sl om (! golaw wiog
S5 o il alie ¥ s g ol rals dlis ¥ s wile
oy 45 (L3 Jolas) Vo 551 50 el s il
WS S wos il g G sl coled glgl sl
il g (850 e (Nsb DLy ped 5l ey ripen
Al 958 i ey (1 FF gam) Ylae STy

. .

MY Jols o5 ol o309m acd owi b 3 Ol
Sl gy SO JenS S ledl 5l g 00g apulyil
a ) b ifew a5 ol wied 08 e, plo S Guppl

w3 b ogpnl (V) Sedee unpl 9 (15 (IL15)
Bsgle Gmegd ol 4 las S n o Sesyn
Fibronectin  Type III Domain) Yggo  1iSGg,0d
3l 0gd g0 ddgi SISl alae o (Containing 5 (FNDCS)
PGCIa o5 ol alifl b ENDCS 05 ol s o
Gl B 5 Gl Sediee SeS S dled ) 5L
5 g uS g ojlul g slass il Coge lap il
il a Ll bos &y, a5 ogioe dubw slacoluguol
o et o wliie Cusi |) BAT s 5 50 07
B oo ol Jhs palS 5 (052 weoys ralS

OF) el Sl
Sl @ bge (Lol Jalge 51 (o S 25 05 (S5 S
OFed (#2)lge a5 Sl Gl puliw )3 e g Spe g
DOF) o)l g 3 1) Ol 5 Yegi Calis 5 Sg 5l ¢ Blz
5 i Sl @)l n Fie opaly SO lye 4 555
olis Sldllas .cewl oolazwl 5,50 55665 (slas Lo Loy
s low il olas low £53s 5l Sy codled a5 wilosls
el Jole (B39 (V=1 1) iS00 6 fiy (P92 (8
GRIBl s O r Glee 5 Colugnol ojlil s
ST Sl JUb b sman S siee (slaoatisy
pormSan oS iS5 L oosigd Jd Ll ewiyS
Peroxisome Proliferator - Activated Receptor Gamma )
V) cwl g,z <8l o (Coactivator 1-Alpha (PGCla)
S lons Oloys 5 (i ;0 (B9 ol 4 azg L
sy Soye ddllas ol 3l Bue (VF-VY) ol 5 e
N S B SR S SP V- P OW FL Y R

Py plle JLS 55

keiig) 9 lgo
2 09 9 Ol b daiye SVl «Slotns j9y0 0l 5
Google ) Yol 555 g (PubMed) sosly SleMbol gl oS54
o=y 9 97> O,90 VoV B Yo Ve glo Jls oy (Scholar
O3 ol oolaiul 0y90 (0 S sl ofly s 5 1 8
«{Physical Activity) go— < Jlsd (Training § Exercise)
Uncoupling Protein-) Y oauSlas i3 o (Irisin) 5 )J
Yo Joli (Inclusion Criterion) 89,9 (sl lxs .ajogs (1
Cdlad glol paje g ol I3 LT 50 a5 0y cmndSSl g ()8
I8 o 0590 il sl 2 (59 Syl g S sl
Jols 55 (Exclusion Criteria) gz, Lo las 2iog 433 5



U“)‘)’T P oo 9ol By Cadled )“i)

eoblal3T oKl (K pale aloxo VWA

O Gialydl g aisls 13wy 0y90 Al PO L Fr Jlad g
o 4 (V10) JulKen g Huh L(OA) wis,S° 5155 1,
S B 1 g29l5) (Saglie 5 (318 ¢ 3lS (3203 55 A 3l
Sad b augs ol aado ¥ oo T L 38, ol (ol o F
5 oy ol igslen (aids YP) asins b8 Lo A
Y8) acinn I8 Lo PO o b Jees 5 (g9, g
A BTV @as b 6 LSEVY B A cu ¥ i gl (adBos
O 33 pnl olaw » ((aids F0) ain S5 S,
Ol L ol Gmlsdl g sy Jle 006 YO Jld e
oo o Winn 5o [0 55 olies ol (YY) wis,S
SS9 99 5l o rpnl Gl &S del Cus 4 (V1Y)
Soyd B0 wal b, oly isilse) sl s slee
Ooyed akdo ¥ o5l (adB0 00) e (55, VO2Peak
oyl 4ads ¥ L VOPeak wsyo A ol b ayad
0O) ey (59, (VOPeak sy 0) Jd (5,45,
a5 aad e plas s ! (YY) ol ssmlie ((adds
clle Gl gShae g el 5555 alsee S el
AYYFVOA) 058 o0 0aaline (4505 5l g <l Y BV ]
b Slyed 5l e el GRIBL Ol Grizes
g Loffler .(Y£DA) 051 ol o5 oliy jad 51 i (YYYF)
Vo3 o b o] eSede Gl (T0) o Sen
et o (690 ABBS V¢ g Sitwlios 4l Vo (augo Ao
30 YF) wivged o,158 dl YE U Y- U5 9 oo j0
Ohes 5 Aydin G jo il Gl & Jb
YO Gl olo e Bedzs ol o wbls (6,068 ol (Y-1Y)
Wy aads FO Soe asl) e 08¢+ il dle O b

(V%)
ade G as wis S )58 (YY) il SKes 4 Pekkala
So)d B0 Sal b ol a2 5293 (59) (e SSler e
Sy o Guppl Bl g ((azds £+) VOMax
Voo ous b ogly iansT caw 0) deglie oy yped Al
BV) 3,55 slml (nppl mobaw )0 (6 (A S5
(Y+10) w5 g Nygaard gubod )0 55 (oliee doncs
FAY B YY) Glox Jud by g olope jo Ll el cass @
B Cuw # i sld) oslie 5 (gl SIS 0 3l (Al
steglie o y2 (o Sl al aBBs VL (ugs (sl aido
plhicw o o ol mul dado Y L 6,I S5 Ve e ¥
3 oms ol ot taisls 18 axdllas 9550 (nja ! sl
eglie Sloyed 5 mp Js o8l Gl ool Sl e
olse sy oo a4 a5 20,8 ol Wl oS0 oy (6

e 0 Slae s sl o ke (sla sl
-0 S 28 PGCLa 5 (3555 b il i 5 5 00)
"I @ by )3 (5 ez iS4 3B PGCla o5
obis Slalllas (F 5 (V) Conl (Soielsn 58 5 slndss slo
LYeg cobo lp sloys Jumily lyls cpjpl a5 dilosls
s ool g ISl alie s SIS Bpae
slodobe 3 Shoe @as 9 0S5 50 S5 5 s el ilie
Jb gk 5| oeinn] slosShae pl 45 el ol S
PIB) YA oigivn b oisd Jlb Sl oiiyn sl
«Mitogen Activated Protein Kinase (P38MAPK)
AMP-) lawdgise (igiol b owisd Jlb SLuS (g
Jd LS .59, 9 (Activated Protein Kinase (AMPK)
Extracellular Regulated Protein ) Jolw z,l> L oasgd
(\YAA) col (Kinase (ERK)

Cr S @ e Gl ol e hnl e ok
(Nonalcoholic Fatty Liver Disease (NAFLD)) JSUl,¢
Sl b ol Yl ol 5wl oo ol 8l 4 cas
Lol oS Sglgmee slocalr 5 oS S ke
Chronic ) ‘e 55udS (g Lo @ Mice o381 (V) o)ls
YL zshw oglls LJs 4 (Kidney Disease (CKD)
S Sle b ol (nl Stie slayesh S,
adl digd oo 35 (o8 Do )23 Vgene (CAD) (5 59,5
3 BBl ez L ddlal olwl o 4 55 09> CKD
9 LSt ol QL (e pilie (Sons Slge pndgilie
Jelse (nl an 358 o0 guzme CAD )9S Sy (50,9
G g Nebioe eeidgnilimle 5 (gl Cuglie el
) ol Bspe o8 2)lse 5 CKD (5l 58 50 ot
Lls,l cpipl a5 aes o las Oldlas (Y .¥Y) 0sS oo
G2l czge annl (V) o)ls CKD jlas b cwsSiae
Wy 5 Ol Sl sladsle Cirles 5 Sl GiSS
Casi 1) by 0o glag)ls sisimml Sl g 058 e
Ol Ol Gleys 5 (6K )3 Wl oo (nl i 105 (oo
il o e Grizes (YY) Wil 5 4,
s osSine Bl 5 (Sl 155 b apiinns bL5)
(V0) o)ls Glgzwl So

5o aloldl i nl sl Yoo ol slaSisn 5o
Sbb Sl om el Y B Y U g «dl oo ial58) Ol o3
ol e g Norheim .cuid cop sk zobaw 4y Ol yod
do,n Vo oad b culi 45,290 59, cpped G (Y1)

oy 0 uppl zolhw 1) aids FO Gow 3 VOMax



VWA owlgy yrol e (5 a2 (o

Voo Gl ® ¥ o)l @ ¥) 090

Salidl by Gl lg Feog o gl Slg e Ll

LFV) wo,S oalie U5 yo 1) 5]
5 3S oalS SlSY sz gl b nnl &5 bl
(YY) 0l soniinme bl )| Dlac ol o azls Ko
hae ol aSal S @ s Sl o w00 i 4y
WS e sl S Bt b ol el & Cod 5t
cbale Sigd oo wrge ) i nl polaw j0 (6 i il
Sl () o)l o,z 2o, b gopiinns bL3) 3 5]
@ Cawglio o (el o ] asle Bl o8 Yl
Ol Bl Sl s Galpln i 53 el
e Gl prille SO U 0S5 oo lay st SR8
350 wald o Gy SRl 5 ($B50nd lileS Gl
Sglite goyw g5 Bl gladigas 0 uppl cble ()
Sl om cpppl cdale Bl aiges jo a5 o el
il s et Jy 8l GRlB Gl (ned anl
Ol o aS g shdos s ol (VF) ais snaline o oy
ol 5o Gl dioe 655 oIl Gl 0 i pl il
SrS 4z & Olgioed poo S Dlidod (y90 jo abal,
Sladiges (59l aox 4z S ol dl caws alad
Slaised Jy sl (oxled il 5 anze o5 5 oole Sl
s Sl g iEds b wily e olewdly b g0
PGClar il o559 5l G 2] Gl (ol p5ilSe
» PGClo (5 ke Gl cage (oD Collad ool
;0 FNDCS gl iol38l ay jonie a5 040 g0 (SISl alae
9 Oghiss 4325 FNDCS (s 0900 Cologee slid

@ ol ol p (Tl gl 5 QA (i e 097
o Ol ey (oS 4 Gl (FY) il S5e 35 )
WS oo My ()19 (Fre e (Fhaglia (2 ped > S
ol 5l (6 Dlihod 4 5550 (655 S ln s
oMo ol Ol ei glail a5 sl las aing Oluol axlae
s Huh wigs cnppl gshe Gl cose wiilsoe
30 e Ae (690 diluse a5 wisly las (V-Y) Ll Ken
Sgien eppl Gl coge ale YY B 1A Jbd oo ye
a5 wo,S 6,158 (Y1 F) il Ken ¢ Anastasilakis .(0%)
cge (4h30 T4) (gl S Jd (L5 5 Gloje o
Uil Kea g Daskalopoulou (YY) s o (o pl Lial3dl
A B fed 5 (g9, oiuge a5 aaxals bl (V-1 YF)
aw e Gl 1y e nl (Jled (5 5 Glope yo (Sailsls
4o a5 we,S olo (V- F) il Kse ¢ Brenmoehl .(YA)
5 Sl alae ;5 (il Gl carge ol yed o bge
a5 290 5l s (VVA) LS ¢ Qiu (YY) 04 o0 o oo
Sde g (Bpan HiaS gSlas T A Jole Gul) (5)lgm
3o (V2 V2) Ll Se 9 Szumilewicz «YF) (aidos O+
(V-1Y) Juil) e g Algul g (YA) ol () es o £
Gl by LVE BT FD Sud b s (e 3l o
230,81y epenl GRlBl (FR) (ids ¥ anty
s Tsuchiya 4 (Y-\¥ o g0 ,0) ulKe» 4 Huh
o 60 Slidss o (VYA V10 YV ) il SKen
Wiecek .(YAX 705 +09) wis )5 5155 1) seolies s
Lol 22 69y ) 4l Ve 5l Gy (V2 VA) Gl S

9339 (rred >

PGCla 5 oyle a3l T

FNDCS (43 oyLs sal38!

v

o B ampanlady  |—>

39 933 0§ @ C,.;j..!_,.;_i Jlasl
-.:qL...-},..!oT

| ERK ; MAPK AMPK S, ;5

|

v

392 9 UCPL (3 ol il 52!
(58 gine

6].&: I_Af_l.u},.:.!.)i o.l..:: 61 n,.&j

> 2 ol 525 o331

v

b3 e 335305 —>

i Joyd Jhals >

Gl 5 el gl Sl 904
...,OU:)....: an.!L’D'J ‘tf‘h aifow )h.'i-

WAT 5 o1 288 5 o nl » Ghise 5 prle I S5



ool ity Sy pole aloo /VFe

@ Eyose onl S lp adl &S (YY) 0g S
ol 5l (6 i slaieg

phite (9555 Sl pod 5l ey il I3l Sy e S5
e 3 s S 51 45 amse & ol it
ot ol 5 Judbs i o b asies sV
]uL: (Y1) Lul)Ken g Miyamoto-Mikami . oe
L7 Sad b aas o gl 4i80 00 and> aw) alas cuia
zobhw p 1, Culb 45,290 (59, (pped (VO2peak 7 V- b
Jid el lope Jolds Ll sl iogesl a3 (o) 2 i
3w og als YO B 0% Jlad loye g dlls YY L Y-
o ialsdl alls YO B 0% o8l o hads g wl Slo s
o by ol Gl (V- Y) il Ses g Zhao (FO) o5
(a0 )0 (6l 4835 OO anl> 90) Swglie oy yod aan VY 5
(FA) wis,S )5 ale £0 6 0% Jdpe ooy o
aisls Lz (V-1Y) Hehedayatmanesh ¢ Salimi Avansar
a0 gladds Ve awds aw) aued (el atan VY aS
slin el 5 (oS B s TV B P S
o do, Ve b oSl Ve asan o alds aw) Glopls
Al BT B YY ale o5 epnl il 5 (it S5
9 Khosravianfar .55 ;0 sulie gl (00) cwl S5e
G S 4l sl Al (OF) o sdmline (YVA) Ll Sen
539 Dz oS & il Gy 2 e 2 )50 50 alad
Dl ploul Wb (g g Olalllas S jly0

ol pliie Sl yed 5l G il gabe (Dligkos ST
aS wsle ylas (YY) (il Ko g Hecksteden .aile 3L
win Y7) Gjlop (el g9 90 Jdne (L) 5 Oloye o
L7 o b atas jo glaads FO ands aw (yaugd e
VO Cow 98 oo pel dha V7)) (eglie g (0033 B 010
P Sy adz e 0 RMY: 70 cal b )88
5 Kurdiova (YY) a5l Q{ﬂﬁ,‘ T 6).-.’1.: (oK
S om copn! el a5 auils bl (V- VF) Ll Ses
oS 5 Ol yed (i jo gl azdo £r alls au) e VY
s ol o RMY 780 U700 Gab L) 5,08 5 silse
owl e g Ozbay (YY) wiS od o 3l U
Fooads »@an o ald>t) aae VA 5l L (Y-Y)
ol Kan g Fukushima «(Y%) yausd (pyed (4o
Sl el (e po dawd> aw) oo i 5l s (Y0VF)
9 Moo yo (a8 Fe) (oglie 5 (433 ¥0) (53l (5 5
ol Kee 3 Mombini (fA) dls £+ L Y- Gl> oL
wan [0 dul> dw) ogld (g ped i Cale e (Y2 VA)

@5 ead 53 bz Oly npnl sbie Loy Gyl
Log ogdge Jaie b Colugmal slac (o 055 sloows, S
slcslugnol ol gloged crge UCPT 5 Lo G ,o0
e ol g @b gl G850 Fises g Sebe
w7 vy phalS @bl )9 S 4 e 45 358 e
byl gosnl cnlpli 05 Gelgmil Coila 900 4
Sl Splie pyin 5 gl Cuglie b (pwgSne
OAY) () Js)

(e 5 b gogesl Gla Sy e (Ysb Sl yad 0550 0
a onl Gl 5o Wi Sy gs g Sl oal
@ o (G5 (Al 5 b gl a5 |z b Fe oS
Sliass /PP 0 a (gyeb 4 (il dgzg ol Ol el
LYY 335 cnpnl als Ll LYY 50 conppl s pac
239 S ok Slaped Sl e el G !
hae 0355 walle ol 3l o Jlse lgie 4y il cdalice
g Dlayed 4 pnl Gl (L8l Lol Wlg o g
ppl s Gl ol cl Sl alae a5 Tz sl
JIo o gz o8l g 05 g0 Cgmme (o855 Dl o3 5l
2 ernl 316 Yb poka i Slae 0355 (o9 |l
SAl 4 S JLd o8l o asse Dl onyed 4 gl
4 913l ) &5 Tz el oS ol ol (Jlnd s
g T R
DA 0 S S (Has glaaxly S8 a5k L
abuly, onl yo il GG 558 AL A Caed 5555 ]
OrmS iSlam bl b o (owsSae bLS)
(V) col 0 3155 (3 e

90) aian V¥ isw 3l adod (o (V410) Ll Ken 9 Kim
A5 > A o eglie Oloyel (s jo gl ads o all>
bl o welat) SVl g b S5 10 b VY
VAL VE) siale Jld et b5 cipl 2y (S olide
0,5 558 1) eole oyl s pas g W0, oy (Wla
o 9 U9 b 8 orpnl clale Gl asals bl sl
g ol (Dlae o hes 5 ©y08 5, (slas S T )
195 5 el 51 Algce s yo eole cul Canjlys bl
0,5 ey Glgee cplple «(FF) oS 6, Kin SHac
S80ae (55, grsllae SIS G555 5 mp rienl Gl &S
Bios 4 5l gadse nl o)byd a5 o) gl plsl 5]
stk ol 4 i pl clSil Guzes ol gty
Loge Gad b Ol el 4 Cand i Sl ped 5 e



VPV ] (owlgy yrol e (6 82 pamxo

Voo il @ ¥ojlods @YY 0y90

P93an oS SleS Cled Bkl i n]
YY) (F JSC) g oo 3208

Oloy 2 ogdle v oyy5 Sl pad 5 (GBU el Gl !
ole Gl Bosk 5l T 5l U Sl (2)lse 5 S
Q5L asls &153@ S0 6,590 0l lews wlsd UCPT 3
a boye slJiSom Gk 5l SIS alae o Gl
08z eLoen of ole ol eelh AMPK g MAPK
3 PYGM PCK1 GLUT4 HK2 PPARo UCP3 .UCP1
Son2 3 5595 9 dmed eIl S9nge 50 45 358 o0 TFAM
Ol OF) 85550 Sl alae o Gl ol
L3, 5 (Osteopontin) (y.igsiwl b coniins b3
9 pedgile a5 0 lo (Sclerostin cyuiwg Sl b s gSrs
st Gk Sl ezmen Gunanl Wie ol sl
Fiemdigiiwl ol el Wnt/Beta-Catenin
bowMS gl plas als 4 (Osteoblastogenesis)
i 5 coligd Fiom b 5l osle (nl 0gbos
565 gl 5yl Dszmen oras o e lacs o
YEYD) el S5e

Prolonged Exercise

l irisin =i

Exercise
l_ profeasome TCG""
, 1
P GC‘J ®

flcce ¢ (@oCio~,  AMPK i
T A
o\ d |
calcineurin/CaMKs @p) :
0 L
| \  (PGCla) ;
\CREB, NFAT, MEF2C, MEF2D | S5 RECS

NN N
XJ \.:\"\/ .

I esb IS alae 5 il w5 slplSe ¥ S

) g

S5 sk & gl o0 xS Az pol> asllhe glaaidly |
S Sadled Sl ey el sbe plle JLS )5 ol3l s
o s len Sl Xm0 &5 Wb RlE o>
Ol S5 by (5539,5 Sy 5 )lom Hozen
Sy CoiS Sgag 9 Sobd 5 S (gaisS L el

Ghlo olo e o (i 8 Lys 740 B AL il b
5 Fernandez-del-Valle 4 (0Y) allu ¥ U YO ()54 adlsl
(aap ;0 dul> aw) aap 4w 3l Lw (VYA il Sen
Al Ve B YA Lo 65 9 o o auals Saglin oy el
Sl 050,55 saalive (p i pl ol 5o 1) (6wt e (OO)
RS- N QL.M.; .).:‘9;‘547 ‘p.‘a.aac s_JLu),o.: )‘ o u‘r’;‘] C?“a‘”
ol G4 il el ol o a5 sl gg05e 0l
Sz e (Rl g Cend oyr sy S Sl
ot ol QR s wes e ) s lapslSe )b
as S s Sl asbe el olu,es
AL e s @l o131 o Laid (FOFAD . OF)
S om el gslw (205 5 Slagiod (S5 50 w00 (o0
a4 azg b oS (FYDVAY) ol cdslin phae oly el
Ol 9 o SB35 lagiosesl s JSSs g98 (o gline

ol (o G BB e lases Ll o (edls
So g 93l gl Ly atile lacplSgne Koo LS 50 (i p]
Jele  «(B-Aminoisobutyric Acid (BAIBA)) ol
Brain-Derived Neurotrophic ) jse ;I (i K8g,54,
alas 5l ob5,9 Dby yed 4 zwly 4o IL6 5 (Factor (BDNF)
Gdse WAT 0,5 (sloged ;0 a5 dgd oo by Sl
Gk 3 UCPL 55 ol a5 5 osdle il FY-FV)
555 Jeb @b ) PGCIU & byye slapsilie
S8 (PA) cl 15,0 WAT o sloged o 550 NADY
ol d bye Wlgiee Sl Guyed Gl e e
I, ERK 5 P38MAPK oS aily jbj,9 5 oob oiulus]
ol a8 axiws PGClo slocs o olge (ol § oS o Jlad
(AN ) cwl ol 4 FNDCS hows oS ouats po
o3l jo ol yed 5l oL ATP ol ialS puzes
ORl8l Boyb 3l 5 (rege Dl yed (V) el 3o (o]
,5IL6 s BDNF BAIBA PGClo FNDC5 (slagys obo

S50 BAT 4 WAT s 055 5 cannl el
miy il 5l 5l PGCIa Sy slapseilSe (YY)
L oroie oo ped Jlo ol & aioaaiie (359 5l o o n]
om 9 AMPK S5 o0 cely (Jolos (490 pnedS™ (20153
339 5l 6 el 38 Gies 05l 0 PGCla
Sl alypsal=edS 5 155 ool S22 b lgise
CREB o9 Jsbo 038 i slogputisn oolled
Gboass Jls a5 545 MEF2D 5 MEF2C .NFAT
4 FNDC5 o5 5,55 s PGCla .aies PGCla



KPR VRY) IR PSP PUR S SPRUIN | PL Ik 1 oOlol3T oKty (S 3y pgle alo /VFY

om il Gl Sl @z b ptomen il Sl e 5l Slasad 1 ey Vsene Gaianl ool e
sloged )3 Wl e UCPL 03 ol (al¥l Gasb 51 (A5 285 aRse g ol Bl o haid T Gl 5 wilee AL
Dligdos ;o Wlgi oo pign onl WBL S50 WAT (s S9h (oo Slpiiny s ganlle g (il (w00,
Sz oleys o (Target) Bas Hlyic 4 (29)l0 53 5 (2559 2 S sleedls sl b el ST slaies,

2l S5 090 abg o SS9 (59 LS 039 Bl hlo g Gl ol (ogas a) it lacures

el @ by S Gbojins p (@lie w0

REFERENCES

1.Jafari M, Abbasi I, Fathi Aralloo S. The Effect of Eight Weeks High-Intensity Interval Training (HIT) on of Irisin
Levels in Obese Young Men. Thrita 2019; 8:¢99505.

2.0st M, Coleman V, Kasch J, Klaus S. Regulation of myokine expression: Role of exercise and cellular stress. Free
Radical Bio Med 2016; 98:78-89.

3.Covington JD, Tam CS, Bajpeyi S, Galgani JE, Noland RC, Smith SR, et al. Myokine expression in muscle and
myotubes in response to exercise stimulation. Med Sci Sport Exer 2016;48:384.

4.Perakakis N, Triantafyllou GA, Fernandez-Real JM, Huh JY, Park KH, Seufert J, et al. Physiology and role of irisin
in glucose homeostasis. Nat Rev Endocrinol 2017;13:324.

5.Bizheh N, Jaafari M. The effect of a single bout circuit resistance exercise on homocysteine, hs-CRP and fibrinogen
in sedentary middle-aged men. Ir J Basic Med Sci 2011;14:568.

6.Jafari M, Pouryamehr E, Rabbani H, Heydari M. Effect of Eight Weeks High Intensity Interval Training (HIT) on
Adhesive Molecules in Obese Young Women. J Appl Exerc Physiol 2020;16:11-12.

7.Jafari M, Rashidlamir A, Dastani M, Fathi M, Alavinya SE. The effect of cardiac rehabilitation on ApoA1l and ApoB
in men with coronary heart disease (CHD) after coronary artery bypass graft (CABG). Med Sci J Islamic Azad Univ
Tehran Med Branch 2018; 28:117-123. [In Persian]

8.Jafari M. The Status of Inflammatory Factors Involved in Coronary Artery Disease in Veteran Football Players. J
Arch Mil Med 2019; 7:¢96700.

9.Jafari M. Effect of Running Training on White Blood Cells and Platelets Count and Red Blood Cells Distribution
Width in Untrained Middle-Aged Men. Int J Sport Stud Hlth. 2019; 2:e89513.

10. Jafari M, Bizheh N, Ebrahimi Atri A, Fathi Aralloo S. Acute and Chronic Effects of Physical Activity on Emerging
Risk Factors of Heart Attack in Overweight Men. Int J Sport Stud Hlth 2019; 2:¢94437.

11. Stanford KI, Middelbeek RJ, Goodyear LJ. Exercise effects on white adipose tissue: beiging and metabolic
adaptations. Diabetes 2015;64:2361-2368.

12. Jafari M, Pouryamehr E, Fathi M. The Effect of Eight Weeks High Intensity Interval Training (HIIT) on E-
Selection and P-Selection in Young Obese Females, Int J Sport Stud Hlth 2018; 1:¢64336.

13. Rashidlamir A, Hashemi Javaheri AA, Jaafari M. The effect of regular aerobic training with weight loss on
concentrations of fibrinogen and resistin in healthy and overweight men. Tehran Univ Med J 2011;68:710-717. [In
Persian]

14. Mcleod JC, Stokes T, Phillips SM. Resistance exercise training as a primary countermeasure to age-related chronic
disease. Front Physiol 2019;10:645.

15. Liu S, Du F, Li X, Wang M, Duan R, Zhang J, et al. Effects and underlying mechanisms of irisin on the
proliferation and apoptosis of pancreatic 3 cells. PLoS One 2017;12:¢0175498.

16. Shan T, Liang X, Bi P, Kuang S. Myostatin knockout drives browning of white adipose tissue through activating
the AMPK-PGCla-FndcS pathway in muscle. FASEB J 2013;27:1981-1989.

17. Qian W, Chen K, Yang J, Ruifang BU. Association of plasma irisin level with prevalence of type 2 diabetes
mellitus and physical activity. Chinese J Endocrinol Metab 2017;33:838-41.

18. Zhang Y, Li R, Meng Y, Li S, Donelan W, Zhao Y, Qi, et al. Irisin stimulates browning of white adipocytes
through mitogen activated protein kinase p38 MAP kinase and ERK MAP kinase signaling. Diabetes 2014;63:514-25.

19. Polyzos SA, Koutouras J, Anastasilakis AD, Geladari EV, Mantzoros CS. Irisin in patients with nonalcoholic fatty
liver disease. Metabolism 2014; 63:207-217.



VPY | owlyy yrol e (5 yara (o VFee lusl ® ¥ oo,lols @YY 0590

20. Zeng L, Mathew AV, Byun J, Atkins KB, Brosius FC, Pennathur S. Myeloperoxidase-derived oxidants damage
artery wall proteins in an animal model of chronic kidney disease—accelerated atherosclerosis. J Biol Chem
2018;293:7238-49.

21. Hoyer FF, Nahrendorf M. Uremic Toxins Activate Macrophages: Implications for Atherosclerosis in Chronic
Kidney Disease. Circulation 2019; 139:97—-100.

22. Wen MS, Wang CY, Lin SL, Hung KC. Decrease in irisin in patients with chronic kidney disease. PloS One
2013;8:¢64025.

23. Shao L, Li H, Chen J, Song H, Zhang Y, Wu F, et al. Irisin suppresses the migration, proliferation, and invasion of
lung cancer cells via inhibition of epithelial-to-mesenchymal transition. Biochem Bioph Res Commun 2017;485:598-
605.

24. Provatopoulou X, Georgiou GP, Kalogera E, Kalles V, Matiatou MA, Papapanagiotou I, et al. Serum irisin levels
are lower in patients with breast cancer: association with disease diagnosis and tumor characteristics. BMC Cancer
2015;15:898.

25. Colaianni G, Mongelli T, Cuscito C, Pignataro P, Lippo L, Spiro G, et al. Irisin prevents and restores bone loss and
muscle atrophy in hind-limb suspended mice. Sci Rep 2017;7:2811.

26. Aydin SS, Aydin SS, Kuloglu T, Yilmaz M, Kalayci M. Alterations of irisin concentrations in saliva and serum of
obese and normal weight subjects, before and after 45 min of a Turkish bath or running. Peptides 2013; 50:13-8.

27. Anastasilakis AD, Polyzos SA, Saridakis ZG, Kynigopoulos G, Skouvaklidou EC, Molyvas D, et al. Circulating
irisin in healthy, young individuals: day-night rhythm, effects of food intake and exercise, and associations with gender,
physical activity, diet, and body composition. J Clin Endocrinol Metab 2014;99:3247-55.

28. Daskalopoulou SS, Cooke AB, Gomez YH, Mutter AF, Filippaios A, Mesfum ET, et al. Plasma irisin levels
progressively increase in response to increasing exercise workloads in young, healthy, active subjects. Eur J Endocrinol
2014;171:343-52.

29. Huh JY, Mougios V, Kabasakalis A, Fatouros I, Siopi A, Douroudos II, et al. Exercise-induced irisin secretion is
independent of age or fitness level and increased irisin may directly modulate muscle metabolism through AMPK
activation. J Clin Endocrinol Metab 2014;99:E2154-61.

30. Tsuchiya Y, Ando D, Goto K, Kiuchi M, Yamakita M, Koyama K. High-intensity exercise causes greater irisin
response compared with low-intensity exercise under similar energy consumption. Tohoku J Exp Med 2014;233:135-
40.

31. Brenmoehl J, Albrecht E, Komolka K, Schering L, Langhammer M, Hoeflich A, et al. Irisin is elevated in skeletal
muscle and serum of mice immediately after acute exercise. Int J Biol Sci 2014; 10: 338-349.

32. Nygaard H, Slettalokken G, Vegge G, Hollan I, Whist JE, Strand T, et al. Irisin in blood increases transiently after
single sessions of intense endurance exercise and heavy strength training. Plos One 2015;10:¢0121367.

33. HuhJY, Siopi A, Mougios V, Park KH, Mantzoros CS. Irisin in response to exercise in humans with and without
metabolic syndrome. J Clin Endocrinol Metab 2015;100:453-7.

34. Loffler D, Miiller U, Scheuermann K, Friebe D, Gesing J, Bielitz J, et al. Serum irisin levels are regulated by acute
strenuous exercise. J Clin Endocrinol Metab 2015;100:1289-99.

35. Tsuchiya Y, Ando D, Takamatsu K, Goto K. Resistance exercise induces a greater irisin response than endurance
exercise. Metabolism 2015;64:1042-50.

36. Qiu S, Bosnyak E, Treff G, Steinacker JM, Nie AM, Kruger K, et al. Acute exercise-induced irisin release in
healthy adults: Associations with training status and exercise mode. Eur J Sport Sci 2018;18:1226-33.

37. Winn NC, Grunewald ZI, Liu Y, Heden TD, Nyhoff LM, Kanaley JA. Plasma irisin modestly increases during
moderate and high-intensity afternoon exercise in obese females. PLoS One 2017;12:1-12.

38. Szumilewicz A, Worska A, Piernicka M, Kuchta A, Jastrzebski Z, Radziminski L, et al. Acute Postexercise Change
in Circulating Irisin Is Related to More Favorable Lipid Profile in Pregnant Women Attending a Structured Exercise
Program and to Less Favorable Lipid Profile in Controls: An Experimental Study with Two Groups. Int J Endocrinol
2019;2019.

39. Algul S, Ozdenk C, Ozcelik O. Variations in leptin, nesfatin-1 and irisin levels induced by aerobic exercise in
young trained and untrained male subjects. Biol Sport 2017;34:339.

40. Tsuchiya Y, Mizuno S, Goto K. Irisin response to downhill running exercise in humans. J Exerc Nutrition Biochem
2018;22:12-17.



PR VRY) VIS P PUR S SPRCIN | PL Ik | oDkl o151 oliiile (Sivyy pole almo [\FF

41. Wiecek M, Szymura J, Maciejczyk M, Kantorowicz M, Szygula Z. Acute Anaerobic Exercise Affects the Secretion
of Asprosin, Irisin, and Other Cytokines — A Comparison Between Sexes. Front Physiol 2018; 9:1782.

42. Hecksteden A, Wegmann M, Steffen A, Kraushaar J, Morsch A, Ruppenthal S, et al. Irisin and exercise training in
humans - results from a randomized controlled training trial. BMC Med 2013; 11:235.

43. Kurdiova T, Balaz M, Vician M, Maderova D, Vicek M, Valkovic L, et al. Effects of obesity, diabetes and exercise
on Fndc5 gene expression and irisin release in human skeletal muscle and adipose tissue: in vivo and in vitro studies. J
Physiol 2014;592:1091-107.

44. Kim HJ, So B, Choi M, Kang D, Song W. Resistance exercise training increases the expression of irisin
concomitant with improvement of muscle function in aging mice and humans. Exp Gerontol 2015; 70:11-17.

45. Miyamoto-Mikami E, Sato K, Kurihara T, Hasegawa N, Fujie S, Fujita S, et al. Endurance training-induced
increase in circulating irisin levels is associated with reduction of abdominal visceral fat in middle-aged and older
adults. Plos One 2015;10: €0120354.

46. Ozbay S, Ulupmar S, Sebin E, Altinkaynak K. Acute and chronic effects of aerobic exercise on serum irisin,
adropin, and cholesterol levels in the winter season: Indoor training versus outdoor training. Chin J Physiol 2020;63:21-
6.

47. Tsuchiya Y, Ijichi T, Goto K. Effect of sprint training on resting serum irisin concentration - Sprint training once
daily vs. twice every other day. Metabolism 2016;65:492-5.

48. Fukushima Y, Kurose S, Shinno H, Thi Thu HC, Takao N, Tsutsumi H, et al. Effects of body weight reduction on
serum irisin and metabolic parameters in obese subjects. Diabetes Metab J 2016;40:386-95.

49. Zhao J, Su Z, Qu C, Dong Y. Effects of 12 weeks resistance training on serum irisin in older male adults. Front
Physiol 2017;8:171.

50. Salimi Avansar M, Hehedayatmanesh Z. The Effect of Twelve Weeks Combined Training (Aerobic + Resistance)
on the Irisine and Insulin Resistance in Obese Sedentary Women. Sci Med J Ahwaz Jundishapur Univ Med Sci
2017;16:443-453. [In Persian]

51. Tiano JP, Springer DA, Rane SG. SMAD3 negatively regulates serum irisin and skeletal muscle FNDCS5 and
peroxisome proliferator-activated receptor y coactivator 1-o (PGC-1a) during exercise. J Biol Chem 2015;290:7671-84.

52. Shabani R, Izaddoust F. Effects of aerobic training, resistance training, or both on circulating irisin and myostatin
in untrained women. Acta Gymnica 2018;48:47-55.

53. Mombini H, Eslami Farsani M, Ab Abzadeh S, Barzegar H, Vahdat H. Effect of High-Intensity Interval Training
(HIIT) on the Levels of Irisin and Interleukin-10 in Overweight Men. Qom Univ Med Sci J 2018;12:35-44.

54. Rashid FA, Abbas HJ, Naser NA, Ali A. Effect of Long-Term Moderate Physical Exercise on Irisin between
Normal Weight and Obese Men. Sci World J 2020;2020.

55. Fernandez-del-Valle M, Short MJ, Chung E, McComb J, Kloiber S, Naclerio F, et al. Effects of High-Intensity
Resistance Training on Circulating Levels of Irisin in Healthy Adults: A Randomized Controlled Trial. Asian J Sport
Med 2018;9.

56. Huh JY, Panagiotou G, Mougios V, Brinkoetter M, Vamvini MT, Schneider BE, et al. FNDCS5 and irisin in
humans: I. Predictors of circulating concentrations in serum and plasma and II. mRNA expression and circulating
concentrations in response to weight loss and exercise. Metabolism 2012;61:1725-38.

57. Pekkala S, Wiklund PK, Hulmi JJ, Ahtiainen JP, Horttanainen M, Eija P, et al. Are skeletal muscle FNDC5 gene
expression and irisin release regulated by exercise and related to health? J Physiol 2013; 21:5393-400.

58. Norheim F, Langleite TM, Hjorth M, Holen T, Kielland A, Drevon CA. The effects of acute and chronic exercise
on PGC-1 a, irisin and browning of subcutaneous adipose tissue in humans. FEBS J 2014; 281:739-49.

59. Huh JY, Mougios V, Skraparlis A, Kabasakalis A, Mantzoros CS. Irisin in response to acute and chronic whole-
body vibration exercise in humans. Metabolism 2014;63:918-21.

60. Catli G, Kume T, Tuhan H, Anik A, Calan O, Bober E, et al. Relation of serum irisin level with metabolic and
anthropometric parameters in obese children. J Diabetes Complications 2016;30:1560-5.

61. Tolson KP, Garcia C, Delgado I, Marooki N, Kauffman AS. Metabolism and energy expenditure, but not feeding
or glucose tolerance, are impaired in young Kisslr KO female mice. Endocrinology 2016;157:4192-4199.

62. Bostrom P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, et al. A PGCl-a-dependent myokine that drives
brown-fat-like development of white fat and thermogenesis. Nature 2012;481:463.



VPO | owlgy yruol e (5 oz (o VFee lusl ® ¥ oo,lols @YY 0590

63. Knudsen JG, Murholm M, Carey AL, Bienso RS, Basse AL, Allen TL, et al. Role of IL-6 in exercise training-and
cold-induced UCP1 expression in subcutaneous white adipose tissue. PloS One 2014;9: ¢84910.

64. Roberts LD, Bostrom P, O’Sullivan JF, Schinzel RT, Lewis GD, Dejam A, et al. Beta-Aminoisobutyric acid
induces browning of white fat and hepatic beta-oxidation and is inversely correlated with cardiometabolic risk factors.
Cell Metab 2014;19:96-108.

65. Cao L, Choi EY, Liu X, Martin A, Wang C, Xu X, et al. White to brown fat phenotypic switch induced by genetic
and environmental activation of a hypothalamic-adipocyte axis. Cell Metab 2011;14:324-38.

66. Rao RR, Long JZ, White JP, Svensson KJ, Lou J, Lokurkar I, et al. Meteorin-like is a hormone that regulates
immune-adipose interactions to increase beige fat thermogenesis. Cell 2014;157:1279-91.

67. Reza MM, Subramaniyam N, Sim CM, Ge X, Sathiakumar D, McFarlane C, et al. Irisin is a pro-myogenic factor
that induces skeletal muscle hypertrophy and rescues denervation-induced atrophy. Nat Commun 2017;8:1104.

68. Canto C, Auwerx J. PGC-1lalpha, SIRT1 and AMPK, an energy sensing network that controls energy expenditure.
Curr Opin Lipidol 2009;20:98.

69. Sanchis-Gomar F, Perez-Quilis C. The p38—PGC-1a~irisin—betatrophin axis: Exploring new pathways in insulin
resistance. Adipocyte 2014;3:67-8.

70. Zhang Y, Li R, Meng Y, Li S, Donelan W, Zhao Y, et al. Irisin stimulates browning of white adipocytes through
mitogen-activated protein kinase p38 MAP kinase and ERK MAP kinase signaling. Diabetes 2014;63:514-25.

71. Egan B, Zierath JR. Exercise metabolism and the molecular regulation of skeletal muscle adaptation. Cell Metab
2013;17:162-84.

72. Norheim F, Langleite TM, Hjorth M, Holen T, Kielland A, Stadheim HK, et al. The effects of acute and chronic
exercise on PGC-1a, irisin and browning of subcutaneous adipose tissue in humans. FEBS J 2014;281:739-49.

73. Gizaw M, Anandakumar P, Debela T. A review on the role of irisin in insulin resistance and Type 2 diabetes
mellitus. J Pharmacopuncture 2017;20:235..

74. Zhu X, Li X, Wang X, Chen T, Tao F, Liu C, et al. Irisin deficiency disturbs bone metabolism. J Cell Physiol 2021;
236:664-76.

75. Mohammadi S, Oryan S, Komaki A, Eidi A, Zarei M. Effects of hippocampal microinjection of irisin, an exercise-
induced myokine, on spatial and passive avoidance learning and memory in male rats. Int J Pep Res Therap
2020;26:357-67.



