[ Downloaded from journal .jmu.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.25382810.1400.8.4.4.9 ]

Cdpa (S 3 gle aKUG1S aloxo

YEon ubaM) & b)lo»:: N 8,92

T e omdii— B (Solo] oo 31 Y Gl b (29U5 Oy o3 £lgsl 51 (o 2
Gl 3131 50 WS Sy 5 9 V- puligoil

VN Yy N ZRIRGVES OIS

£ et sl e eome 551135 gl 105 L ke 7 52321 L yeone

3N Ol (ol ) O plol gole oKy ( (S8 g (oloinl pole 0aSiily (39 pole 9 (S Cun S 0935 (B)x9 Sil93ed 65 1)
Al sy (oMl ST oSl (53509 S5dseied 550 ¥ ol (S S SR (5359 pole g e S aSil (s STl
Olrl Gl ¢l (SB35 pole oSty Ggye gl Sl 3950 9 59 9 8 09,5 il ¥ Glnl (5 (g3 5

LXVCCY

4 S 3l 331 0 JUbgnl 5 Slae 3 JMS] sl (Blo oyl ez (a3 s @lgo 038,50 5 (S 3BaR g done
s b gl Sl yed glgl Bl wyp caalllan oyl plosl 5l G sl Cpol 3,31 ol 5> wdii— B Solel g sl i 3131 ol
D91 3l 33l 50 LlST 6 5 9 V= pligil golaw o pwdii— 5 Skl zolaws Y

Ol logs 4 oS amzlye (B 0395 ailes obul ) Gl (ogeil 5 Ve Sl gy (228 Ao g9 5] ol gl 1 (g,
J558 5 (CO) (5 5 (CY) &3 1293 (HIT-TR) od 5 YU ©oad b (29l (3205 09,5 sloz & (Solal ©j50 &1 05 (s 0
R P e e B LTRSS RPN TP (o)
b9y 3 (ET-1) V=gl 5 (NO) 1l 625 grgbans ot gl 05 oo (i90ilim 5 0903l Cagi 99 3 o oge]]

A 0dlatw] Wodly il s awyp (gl ad)logd 9 a8 Sy uilyly JUT 51 g b eoldwl 155!

duslde > o ped (slaog)S 5o (VOz peak) C?‘ o iaaS] Gl cop el atad Yl o ol L pols dslles =l :lbwlg‘
05,5 ;3 (P<+/+V) cusly (g iy (il HIT-CO 65,5 &) Caus HIT-TR 09,5 )3 o (P<+/++ V) Gl a8y dgups J S 09,5 b
o8 (§og)S 3 1) ET-1 (ool gslaw ccpnyad (Pe/ V) 292 yida (g yed lo0g)S by Cannas NOX (yul38l 50 TR

(p>1+0) 3)l85 (g lolize EWBSICTR 69,5 L CY 09,5 0 ET-1 ol a5 Jbs 5 s yials'1,CO 4 TR

sl oLdl > gye (K5 Jelgs jialS 5 Gaye 0aiSOliS lewdon Jelge iol3dl 5ok I HIT il ped Yieas! 106 g8 dorns
Ol il j g Clled plonl loj e 5 (S5 9 01jg Joo5 L HIIT 09,5 )3 0294) 2ol (S pae ()ansS (a0 gm0 el
Caslodd 5US 09)5 4 Cad (o yed (slrog)S 53 B (s S

(&) o plol golx oSl (Kb 5 (sloial pole oSl (0359 psle 5 (S Can)F 095 «(oB))9 ST9l3d 5SD ganme DN g

olxleolrs
VIV V5 ¢ lod SYAVEVAASYS 5 y8l5 kpezadimr@ihu.ac.ir: Jaos!

VFeo Ol F o los A 093/ puz é..’b).g: fS"‘ olf.i’ébdlqu



https://dor.isc.ac/dor/20.1001.1.25382810.1400.8.4.4.9
http://journal.jmu.ac.ir/article-1-556-en.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.25382810.1400.8.4.4.9 ]

3z 3131 B9 ye g guiie il (ST Zgh o HIIT Sl yad 31 /01)S0s 5 533!

@ e (egudl Cuglie 5 ededmd o iliby
Jolge Candg oo (V) d9de By o cblis
Laly jlad- 1alS sde B ) (i S By e (B (S5 5kas
5 ol cul b (VY) dmdn sty iy i o
I s 4 Bgye oMl (559 Clled maiene Sl )0
F) 2ol b yo (bys cudlad 51 U oduiiodls puudgi 1ylsd
obyz > Jlgie Sy (Al el plate ()59 cullad
piY Ol o0 oS 544 o (Shear stress) by (i 5 oo
38 3900 41 i 9 S (o0 wal 8 1) (Bgpe ) (sl
sho bl o 2B 3529 L (V0) 2500 b
oL dmlgd (S o Bgpe Gl oMo (2B)ye colld
NIl (Sas (SUS (d5yy slacdld & wimd
(V) il awsls (Bgye= ol gilow slopadls p (Jslite
odals )bi 3959 b oglie oy ped S oddodly L ¢ Jle (sl
Sl S (V) (gl I35 5 (gl ol 395 23
&l ohal o Ll 5 Slas (g5lsn il yoi &S Wilooly L
(V) Cuslosnisy dau0 1y
Ol yed b dwslio ;> (HHT) YL cuds b gl @l o3
B gse s hlag > (CIM) gt 13 b (sosls
ydy oSyl g Bl S 4 g (VY VY) )b (o sl
4 a5 Sl CIM gy e 10k 6 cunl Seo
2 B e dg0 lp (b oAbl S lgis
2 syt G 55 (VF) 3565 o 8 ool 3,50 3l 313
Sl ped BT gl s wlgy e cilise (o yed slaJde
jea oJb ol b (V0) wal JUgul aSlas (23559
Sl yr iy Calld o Gll Jotue (slopunslSo
s Slalllas (s (asuie 3485 job 4y 5l ol,81 > B ye
059 Jood b clacdls jo 00l L9 Sl pes Ailesld oyl
3153 V=oighl zolaw Bl el (g JooS 9
9 Ol S 5 el )3 9 (g Jeod g iy Jeod b (9l
Ml 5950 (olordgn polis g (ks (8 LUlg5 b
s po8 4ol puoris Ll Cuenl 4y ds g Loyl 3gng Sl
08 3 (A6 ol 4 g hemen 5 calie g 50
il g 15> Gas o395 dox jl 431293 9 Jeed5 )
I (Splie g (Sjdnid (Seeludgen Oolite

FPRER

Slagslon Copiy jld Jelge opotes I (S (>
o1y ok bl (alisee llllas sl oo 9 Sy g (1050
Ol a5 355 SRl g olasy Wil Llelge 5 (Sl
5 ke SloygiSTe Syl (S o ylSuly 3 (1) oo
2)8 geo (oSl 03290 9 (B9ye (B Slrs Lo £98 Jiie
Caw Slg o ol j asle pl ol Cede o
s (558 (¥ ) 59 B S 5 5 oaal ST
lias Jelgs o 5 (o Gz 0358 liwe b S lSuls 51
b osSonged Jopieds gaw 5 (So3)lidn By
oed olnl 3 (F) o) oobj b)) (LDL) ol J&
5 PV I JXNE G55 4 S ey Bla g (Bla <98l
(0) cuslons )3 AYIE

gpcn) 3 sl Ol Bgye B (slacslen el Ui
dgo By Bpas 4 > ol Slacewl 5 Boye IS o0
29 (2B 5L (Al s 3)l9e (o)l 3 g paditas yobod
G JWsuT (sla JsSge Cmlun (153l s priituna
=PV o8l (F) 398 o0 38T S i 9 V- obigil ol
o JWsl slo sk o coul 358 (598 0uiiS e ity
Jubssl sloshe 3 (558 Sl 86 5 LS 0 A5
A (Gl olignl 0x)5 95 93 ST )l (sl g
j) byt dlge aler | Cpimen (V) ok adilis B
0)lgs0 oD baras )3 &S sl LT 420 59y paaligus]
AU Ggye SIS 5SS S5 2,Slos oo 5 39y
921> gl S Y Jolae (S So it ST )l (o35
(V) 25 o 25 ) ol eyl 5l T S5 20 25
OMBIS g Bgpe LALEI b bipe (alendon (slaygSle
63l s o imgy (A) Lblise By b o 55 3o
Slg Jds 4 wlsT S5 Mg gl o5 g oy
el 5l Ll Jolse zoys 3o 5 (3) ST e pbie
(A) dle 228 22

0ol b esius dlaly &S Cunl lolge oses Sl
okBL5)55 4 g5 4 5(1+) s w5 ol S0kl prglans
295 boplp oy 3 3l 065 2 gl (Brae (i ok S
(V) el (g pKatar ialS (3l o

Sy s (oisg Colld o aim o i Lo stmgy
(ol dle (Bgje (B lagslen ljslad Jale

VFeo Ol F o los A 093/ puz Gi&).; fSl‘ oLi.‘Z’JLsA.Lqu

va.


https://dor.isc.ac/dor/20.1001.1.25382810.1400.8.4.4.9
http://journal.jmu.ac.ir/article-1-556-en.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.25382810.1400.8.4.4.9 ]

3z 3131 B9 ye g guiie il (ST Zgh o HIIT Sl yad 31 /01)S0s 5 533!

9 b puddld BB Y o 4y U5 gl Slg Yo g la e (gl
@l b edbie Sl Cly Ve aids 1o Sl 03095 e
¥orpm I geS (2 Glo g g0 deldl 4 0B 5,8 &S
sl Ve wShe VO2 Cis op5YL VO2peak aw) oo
329 093] b > pimST Stloy i eVl e
Sy2gd ogeil o > (SHbly 4 e ploj B )15

9339 Ry SS9y

4 g aman 0 duls dw |y el aldlie saiSeS i ol )l
B oeQiee Gl o Gaped 0y90 50 dwl> TF) atin VW O
prasie Sy dhwg & (Biyg cpyed 38 Il (Wi
@ ) @293 CY 09,5 (2859 cnyed Moo il (B9
Varberg, 894E Monark Ergomedic peak bike,) L
3G cardio Elite) Jwesy (5 TR 05,5 (Sweden
e 4 CO 04,5 4 (Runner, Phoenix, AZ, USA
(455295 5 Josy) HIIT (o5 sl yo 2o o] 55
Ay BB bys AFe as b 05,5 aids Ve Jols
gl 5 ol gt yed 4aliyy 4255 FY L 4 34 (HRMAX)
g HRmax 7A0-2+ cas b dads ¥ oyl o g ad o JUis
4i8> Ve oLl 45 g wg HRMax 7%00-5« <us b aids ¥
Soyos by b o Ll HRMax 7¥s ol b 0,55
Y\ g HRmax /¥« was b o3,85p,5 4ids Ve Jols CO
T as b dads ¥ ol yo oS gl dus Jols ddbs
<9y HRmMax sop 005+ wud b aads ¥ 9 HRmMax
Laads ¥ ogls o a5 Gols aw Jold 4dds VY 4 a5 240
HRmax 700-5+ cus b aids ¥ g HRmax ZA0-2- s
Il HRMax 7+ b b 059,55 5w 4idd Vo g Juod 5 (59,
B o ool by dwl> b o B8 ple Ky )guile b
(YY) 395 Jols lebs] b Sdg03] plos comlio s )

st lombgn (§bapiodi
doye 93 )3 ALl pole e plulid)S 5l (S
P Sgejl 1 S a o Cund Syl jl S sladises
Eoyi 3l Ly el FA > ol wl clls (0 g dinds Coxdg
Gogleer 1) puped dudy (AT am el FA 5 Sl e
3 0 e &2 e Sl o g Ol Cug 93 2 308

G9¥ «0)9 J‘“’U LHNT UL-J)A) ):1 e )@‘lb Obeh
Sl g NOX ET-1 polow p S5 9 39 .
Ml o Bl ehylo ol,8l > s B

S5 o9
b 290!

Sglio sl gyloss 5 Cobd oSl ys 4y saiiS axs ] o ol 3
5 ap @l ¥ loj ojl oy ol (mpd Ol lon
Vo il b G 0 bl Jeld adlllas 4 399 (slalime
D9 41335 ol £ )3 (15559 (npeT pie g e ygdone  p)S ok
g0 ogS il 4 Ml ol addlae I 295 slajline
5o bl (oM Bl L 5 Goye o sl 2l
3 ot 03li8) 01t S8 S8l (o eyl (8
&S slacudgase «lauil <l > (MMHG Y-/ -
352 S s c(5alST 5 (g o b (g Tl yilad)
Shlew den 5l alalST o8 asbicols dallas 4 59,9 51 b
3Ll O ygo a1 oyl lews cdslllas 4 39,9 o 53 el Cawday
(HIT-TR) Jio3 5 Yl 0 b (29l (32005 09,5 Jlaz &
5wl (CTR) JiS 5 (CO) (55 (CY) 431290
block size L Sol olas g, 5l eolatwl b (gjlw B0las
15 ol ¥ )

P59 o
U8 celo YY U JBlos a5 a5 canlgs ) n 33903 ples |
S5 9 ol Spae dd Slowr Cllad jl 239 cond |l
celo ¥ Jils oI5 saeg o8] pmizmen S (gl
HRmax 4 V02 Peak _bj)l 2ad Juo Cand g9y 51 b
(e dunly p BT 5l s atin ) adlllan (bl g g9,
O &y el B9 9 030158 (5359 45 1293 (905l edlitel
ZAN ) mwuo)lS’ ad 200 S p Gjpo Swle I oolatwl b

Mesgerate 600CEPT, Ergorespiratory, ZAN
sy L &bl 5 (GMbH, Oberthulba, Germany

(Weee b Qe s celio ol )8 ol dopd YE-YYF) onds J s’
o8l den (559 903l sl 31 S8 i S ad (Sl
Lol 1y msl slysl ogms b ot oligS (oslulil ayg> S0
Slg Yo Ggoil g9y 53 dlih (yg Cand (5) )b LS

VFeo Ol F o los A 093/ puz Gi&).; fSl‘ oLi.‘Z’JLsA.Lqu

YA


https://dor.isc.ac/dor/20.1001.1.25382810.1400.8.4.4.9
http://journal.jmu.ac.ir/article-1-556-en.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.25382810.1400.8.4.4.9 ]

3z 3131 B9 ye g guiie il (ST Zgh o HIIT Sl yad 31 /01)S0s 5 533!

G 51 (32 Sl 9 (S5 (o 905 b 48 oS il 2 N led > bedigad 5 485 gl JlasSinl s
)by iloly 5T 51 el 9 G slagle 5 WogS Oze 9 V=gl (lise e (el W05 258 01,5 b
W ool A5 ol 1Yl (5gy 5l pyw (NO) ST Gy polaws
Sigma Aldrich < 6 calw w9y 93 o slp Yl els
(XS g K5yl etS il
(1Y) 555 00,5 0 (okas &9 4 JSaSES 5

5 (n=y8) HIIT-Cycling (n=Ya) HIIT-Treadmill ol o g a5

OBAS S 15 o 3l S s (N=Y0) HIIT-Combine (version 16.0; SPSS SPSS ,l58ls 5 5l ealatwl b laesl
cllsd (olmog,S )3 4a O ¢ S 09,5 ,d & YY) Ve Mean < g0 4 guls 5.5 3JUT Inc, Chicago, IL, USA)
38 Sl T g0 Slasein 3,8 oS |y adlas (o55)s L5488 (a5 3 P<e/od (g I3 gime gl e g by 2 SD
Caolodd 5,155 ) Jodo 3 0SS i A5 odliiwl b mje obs) sl Sbamgpmld cus

T seil 5 oolizl b al e )3 Wog)S oy M

aslllas )3 0aiS S s 5 B (Gl Sg0d lasio LY Jgua

CO oy 5 TR 89,5 CY 59,5 CTR 29,5 goesa
(n=yv) (n=yA) (n=\A) (n=w)

OY\Y £ F/A¥ OF/VA £ £/\4 b0/-5 £ SI¥Y DF/VE £ 0/8) (JW) oy
AY/E¥ £ 1)/VA QW/INA £ VV/YY /-0 £ WIYD AV/VY £ V- /0A (2,555) 039
YN /Y. TY/¥at /vy VY- VYA ARVARR=-RV/VN (kg/m?) BMI
Veat /oA ARV VeV E s VAY £ Ly (o) yoS 59

.\.wl.:uo 45).‘0&.: U’“JL)|9 )Jlj O»L.ul » p )J.)la..o .\mbux .))l.bLu.dl dl)Dul * uAiJLAA u»l.wl » osld

b sl ped & 0 e ol addllae ) gl Bl e
390 Il 48290 b (9lS (pyed b dumlie )3 Joedy JWligait 3 Slas
S ET-1 g NO polow p (g0 SY oV JSS 50 JWianil 5 Slas & dianly (sla pusio

Sy ykio po (gyblime OMB e )l clbs jo wilonds
4 Cod o5 5 o HIIT-TR iy pa5 (sloog,S 55 NOX 3,15
oy 09,5 5 Lol wslaily (g oline a3l JymS 0,8
s PR (pl 2929 b bl g2y (9l 45290 b (ol
il Olie TR 09,5 55 &5 3980 odnline laog)S'
(<o) ol iy oyl s0g)S plw 4 Cows NOX
allls (sloos S s a5 BB s gt b s ET-
P ET-L lowdly gshaw HIT (505 wiim VY Lol ol
S b 5 sl o3l zalS 1) CO o TR igped (sloog,S
385 g olixe GBS CTR 05,5 L CY 05,8 3 ET-1 pghaws
ok ORI L HIT ol yed a0 530 4y (p>+/-0)
&l ol,8l 655 M0g5ly Cumdg gty D ET-1 Lials s NOX

VFeo Ol F o los A 093/ puz Gi&).; fSl‘ oLi.‘Z’JLsA.Lqu

vay


https://dor.isc.ac/dor/20.1001.1.25382810.1400.8.4.4.9
http://journal.jmu.ac.ir/article-1-556-en.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.25382810.1400.8.4.4.9 ]

Sl 31,81 (B9 e 9 (puiii- ol (SobT obuw pw HIT Sl jo3 51701502 9 535!

Percent change of NOx

-0.1-

CYy CcO

Ao 3kl Clymul £ Kile g 4 rodld o o555 aldlie azin Y ) am sl 31,31 ;5 NOX @l s dops Y JS0
CO 655 & s (g )blzeT TR 055 4 s (g )bliae¥ LCY 095 & s (g )blinett CTR 09,5 4 s (gboline™

Percent change of ET-1

2l o 3,0kl Gl & Sl g 4y odly 5,9 dlie atam VY 5l s sl o3l 3 ET-1 il s ao > Y S5
CO 055 & s (g )blizet TR 09)5 & cos (g )bliae¥ LY 095 & s (5 )blinett CTR 09,5 & s (5boline

@ ol (52305 (S 0g)S )3 (g Cund (loj Do s
2 s Sl (8559 Cnyed &5 e L S 05
Caoldiisld 03,5 1y yed 31,81 3 s (gla] loj Gde i3l
S slogsS m Al xSeilul > Gl flys Sl
g ool &S Jb bl (gyhliae BB
duglile ;3 03, 0 yed (sloog)S > B (bps S Sl

(F Jgs) (Pl +1) il Gal3d) S5 05,5 L

(i ol 3L
i 8 Sl HIT 5559 o0 atie VYl am
55 055 b ulie 5> (ue5 (slaog,S 5o (VO2peak)
oy sleog, S VO2peak lyuss g 4Bl deu
4 (P /o) csly S 09,8 lyos b (g boline OS]
Cond HIT-TR 09,5 13 (0859 (12505 31 (80 lyeis oM
a3l P+l V) cadls gy il HIT-CO 09,8 4

VFeo Ol F o los A 093/ puz é..’b).g: fSJ‘ olf.‘-’.«.?bdlqu


https://dor.isc.ac/dor/20.1001.1.25382810.1400.8.4.4.9
http://journal.jmu.ac.ir/article-1-556-en.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.25382810.1400.8.4.4.9 ]

3z 3131 B9 ye g guiie il (ST Zgh o HIIT Sl yad 31 /01)S0s 5 533!

093l o 9 U 53 (i (B (Sal g JWbgl plesdon slapadls Sl ¥ Jgoa

NOXx ET-1 B s Sl oley Gde VOZpeakl o Hlid g o> L8 gye o)
pmolfy —pmolly —pm) s sy MEGT s (mm Hg) taog 5
(mm Hg)
WIVEYD/SE  YAVEEVES  WOAEFVIAA ANVEADAY  YEYEYAAY  AVEEAANY WYSFEW/ES  eeil i CTRegs
WYERE/YY  YAAEAY/YY  WEARFV/YA ANERVAY  YYAENEE AYYEYR/A. \YVAF VY oseilom  NEL7
WWINESADA YR/VEVY/AY WWA/AENVY/F MVEYO/AY  YYIYEVEIA- AYIVEAY/SQ WENVEAMIVA oot CYoegs
VYWD YAVEYYYS  VEYAEWNYE O\ \EDG/AM YASEYY/SD VANV VWA/) Y P oseilm  NE18
WINEVVA YO JAEYYIEA  OWWYREAYDS  ANNVEO/SO  YYXEYVIA AY/FEAAYD WANVEYY/BD  oseilie TR egS
WIVEDMDY  YEIAEYYIYY  VENRAYLY VAEVVA O YVREYVVY  VA/FEAA A WO/ NEVY/ - e V18
VWEAYAAY  PYVEVVA NWVARY-AY  NVEDY YYEEAYNA AY/YESYAQ WONNEVY/¥  eeil i COsgs
WIYEVL/YS  YYIVESEIYA \RVARAYNY  \/VEYV/ee YVYERVEY VENE. A WEXOEEV/\F oseilom  NFL7
ofeey Y RS ofeo¥ R oo o¥ AT P1
e oeo¥ ooy YN R oo o¥ JJ\sS P2

(uLo)-kos)f) L;Lvlm )JI P2 ‘u’o)'lu.u 9 u}n)'lu.w JLol )JI :P1 MLL;O .})l.wa:l JI)DUI + w.i:l.uo uul.wl » osld

My pials davly 4 iy ) & 35800 (Sgpe JLbig]
ShnST sl gy gals g gl oyl il g NO
(V) ail o
9200 (5208 sade e pe5 £ g5k b LI
szl ol Wl 148l )5 Leg Kickingg (g)low 45 40
aldllas (YA) Wby ol 1y JUbgul 5 Sles jo Jglate
s sladie g gl b gL asis
Shear (¢35 s cglas Leg Kicking b 45 295 g (55,00l
» s L Leg kicking s Jae p rate
retrograde ,» L. 9 5 anterograde Shear rate
Saolyy Ciyguo 4y &S jye Sl el g ol s Shear rate
Ol e D945 oo retrograde Shear rate yiul38l 4 yoxie A
J yide 45,590 o retrograde Shear rate ,» &y
9509 Sl CAd > gl dliwy 4 ool & 35 (59y00ln
S poldsl el &S (555 Sl pes (VA YY) 5l o)Ll
ot Syt b ctitn 53 (s slaog S Kol
oy (b (A5 9 Salichrgen ) Clyess g (5lid by
Sos Das ooy )T & (3555 Slypei o Jo s teul
@ jieS g 008 oo (b9 Cygo & NS0 I 4,
A (1) ol atdly (5550 @S b s Sl

HIT Jas glgl a5 canl opl adllas opl adly oy 5 Lol

JW el (ol ygiS18 gy g (oS 8 ufblo] dgks 4 yoxie
Bl e ol8l L dwolds o 5l ol,8l .l Bl gl o8l 5o
(PBor B blen b Slejer pie Ojge (>
Skl gl 0) Wyl oS i B Sob
o2iles 4 Ml dsiwo 131l 09 o el i~ B
b Gl (B sslon o9 S ye (ie 5 Kgd (B9
P @Ses Cdil (adls pere gl (Brae feS]
slacsylon > HIT Sl ped (Vo) b oo Slaos 4 3l 3131
cad )b GLIBl ly hiyg eyl Je npgel (ese
4o s pils dslllas gbaadl (VY) Adb o uiis- 8
09)5 b dunlile 3 (25559 09)5 dw 2 13 ggl (Bpae (s
2 s e Jbopl byl (gbliae Giolj8l Jus
095 & Cuwd TR 09,5 13 (o8))9 (305 5l 22 VO2peak
» Sl e aS by tcdb gbliae M) CO
Wl LJL”J ‘_5.:91.0) TR 9 CYy 05; O Ca] UB)AM U):‘“S‘
Bliped B sl rae oeS) GBIP SlSsibe
Oeie el g (odad 9 (Sl (VA) S paseie HIT
Sl 4 e oyp 8Ll i (glagygeyem 3l 5L

VFeo Ol F o los A 093/ puz Gi&).; fSl‘ oLi.‘Z’JLsA.Lqu

va¥


https://dor.isc.ac/dor/20.1001.1.25382810.1400.8.4.4.9
http://journal.jmu.ac.ir/article-1-556-en.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.25382810.1400.8.4.4.9 ]

3z 3131 B9 ye g guiie il (ST Zgh o HIIT Sl yad 31 /01)S0s 5 533!

shear 5 o8 by o8l oo S 4 X9 oo iy yod
U oS (GMae laog)S s (sloog)S L awlie
S (YA FA ) cwl 58 NO iol38l e 9 ditun
GxSoiul als 5l obcydgioe b yobs adlhe duy e
5 555LsS time courses > la s Sojlul olo; shear rate
529> 59 Ssls 5T Bl (lag)ls oS B pmo liless 95

g

6 5 4o
HIT clsjad ols olis ol adlas gl oIS job 4
st L5 45 0aB ET-1 zals 5 NOX gslaw igl8l csly
039 Jood (Shg blod 4 caliss glgil )3 505 £ nl S
Osan 2950 Jubigil 3 )Slos dgua0 9o ol pis b 08
Jelos a3l Gobo SIHIT @l s Ylaisl 58 ol ol 0
@l A3 5> Boye (K5 Jelse (il g (Bg)e oaiSHLIS
Jod LHIT 09,5 530529 41) 2ol (B pae ()3 39000 Sl
OSke il 35 5 clled plosl loj e g (S5 5 0139
S 09,5 & Conas (o3 sloog)S > S (s Sl

Cuwlodsd

1228 9 S5

Wbl g adllan opl o BUESCS b don 5l dluwg s
Sk B3l )b b @ 25l il o &S gyl S
s oKl 3N wiseS Lawgs adllas S amrles oo
http://WwWw.irct.ir ;> Souls asly 4 a5 b b Coguas
b ¢d (IRCT2015100423002N2) 55 L

&l 5,0
D)5 g9 (blie (4o led AgSomn (Bukun g Has 3l

CO 5 TR slaog)s' > o3 gl s RISl oy
shear (sl g 35,5 CMas 09)5 4 CY 095 & s
pll Wl 21,81 g9y 48" Slalllas o .asl asly Siw rate
by sy olydl cpl JWbsnl 5,Slos aSo) Jds 4 s
3,Slos dgupy cely Wilgh o Yloisl (L350 Ol pod ]
Slgs o sl 2,80 5 S gl o Slas 25000 (YY) 2945 Jllsgus!
A8 oy Sliyes 4 ol iy (5deysl dom 5
g Bla g eMdgily SliSiw e o595 (V)
N2 gl Caoglie J5d & (el guas] abasly L 3 LuST S; 2
@ ol (VA) 2dboe JUbgnl (piSSlans )3 50 Jolge
OSao NO iol3sl )3 (b359 oy dudo HBT &8 smd o LS
S G 28 el Sl ol 3y g 4 ol
dou b oS ShounnlS J 555 290 500 Byl 5l .50 dlawly
o iS4 i Ylean] bl g ilans Sl yplo pme
(YA) Coslors ET-1 aJgs
900 3 (B39 oS 3 (8L 03 eyl il I (S
NO sJg iuliol el &S cul by iis (JWbgul 5, Sas
208 0k Cudgime gk (ph)yg Sl yed (Y 290
SN oy B (0 Ol Cadgioee b Ol yei b duglie
@ dlly (Bgpe il S el & WS e Wy
OBl ype S5 4 (YA YY) 980 (B))9 Cullab
S e Sy i Clled Ky s 4 by G el
S bl (B)yg el 4 5y9Mgily ()5l (568
el (B9 called Jlid 4y )Ll g diew Sjgo 4y Dy A5
ORIl i D9d e (£)5M3gily (sl yrme > (5 55l
05> Ol gl prtren 5 gy sladde 4 (B IS
Jelss J (S (#8559 Ol pod a8 (Ve ol ity S5
Aol e shear rate 5 o5 by Rl e 3 55
9 Vb cad b laegls o YU s s 4 HIHT @l s

plo b awlie p i by 85 GlBl 4 e ol

VFeo Ol F o los A 093/ puz Gi&).; fSl‘ oLi.‘Z’JLsA.Lqu

Yaa


http://www.irct.ir/
https://dor.isc.ac/dor/20.1001.1.25382810.1400.8.4.4.9
http://journal.jmu.ac.ir/article-1-556-en.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.25382810.1400.8.4.4.9 ]

Sl 31,81 (B9 e 9 (puiii- ol (SobT obuw pw HIT Sl jo3 51701502 9 535!

References

1. Van Gaal LF, Mertens IL, Christophe E.
Mechanisms linking obesity with cardiovascular
disease. Nature. 2006;444(7121):875-80.

2. Vercoza AM, Baldisserotto M, De Los Santos
CA, Poli-De-Figueiredo CE, D’Avila DO.
Cardiovascular risk factors and carotid intima-media
thickness in asymptomatic children. Pediatric
Cardiology. 2009;30(8):1055-60.

3. Sibal L, Agarwal SC, Home PD. Carotid intima-
media thickness as a surrogate marker of
cardiovascular disease in diabetes. Diabetes,
metabolic syndrome and obesity: Targets and
Therapy. 2011;4(3):23-30.

4. Bastien M, Poirier P, Lemieux |, Després J-P.
Overview of epidemiology and contribution of
obesity to cardiovascular disease. Progress in
cardiovascular diseases. 2014;56(4):369-81.

5. Kelishadi R, Gharipour M, Sadri G, Tavasoli A,
Amani A. Cardiovascular disease risk factors,
metabolic syndrome and obesity in an Iranian
population. EMHJ-Eastern Mediterranean Health
Journal. 2008;14(5), 1070-79.

6. Idris-Khodja N, Ouerd S, Trindade M, Gornitsky
J, Rehman A, Barhoumi T, et al. Vascular smooth
muscle cell peroxisome proliferator-activated
receptor y protects against endothelin-1-induced
oxidative stress and inflammation. Journal of
Hypertension. 2017;35(7):1390.

7. Mohammadi R, Fathei M, Hejazi K. Effect of
eight-weeks aerobic training on serum levels of
nitric oxide and endothelin-1 in overweight elderly
men. Iranian Journal of Ageing. 2018;13(1):74-85.
8. Toda N, Okamura T. Obesity impairs
vasodilatation and blood flow increase mediated by
endothelial nitric oxide: an overview. The Journal of
Clinical Pharmacology. 2013;53(12):1228-39.

9. Virdis A, Duranti E, Rossi C, Dell'Agnello U,
Santini E, Anselmino M, et al. Tumour necrosis
factor-alpha participates on the endothelin-1/nitric
oxide imbalance in small arteries from obese
patients: role of perivascular adipose tissue.
European Heart Journal. 2015;36(13):784-94.

10. Youssef H, Groussard C, Lemoine-Morel S,
Jacob C, Moussa E, Fazah A, et al. Aerobic training
suppresses exercise-induced lipid peroxidation and
inflammation in overweight/obese adolescent girls.
Pediatric Exercise Science. 2015;27(1):67-76.

11. Smith-Ryan AE, Trexler ET, Wingfield HL,
Blue MN. Effects of high-intensity interval training
on cardiometabolic risk factors in overweight/obese
women. Journal of Sports Sciences.
2016;34(21):2038-46.

12. Li T-C, Li C-I, Liao L-N, Liu C-S, Yang C-W,
Lin C-H, et al. Associations of EDNRA and EDN1

polymorphisms with carotid intima media thickness
through interactions with gender, regular exercise,
and obesity in subjects in Taiwan: Taichung
Community Health Study (TCHS). 2015;5(2):1-7.
13. Mora S, Cook N, Buring JE, Ridker PM, Lee I-
M. Physical activity and reduced risk of
cardiovascular ~ events  potential  mediating
mechanisms. Circulation. 2007;116(19):2110-2128.
14. Joyner MJ, Green DJ. Exercise protects the
cardiovascular system: effects beyond traditional
risk factors. The Journal of Physiology.
2009;587(23):5551-58.

15. Green DJ, Spence A, Halliwill JR, Cable NT,
Thijssen DH. Exercise and vascular adaptation in
asymptomatic humans. Experimental Physiology.
2011;96(2):57-70.

16. Pal S, Radavelli-Bagatini S, Ho S. Potential
benefits of exercise on blood pressure and vascular
function. Journal of the American Society of
Hypertension. 2013;7(6):494-506.

17. Cornelissen VA, Fagard RH, Coeckelberghs E,
Vanhees L. Impact of resistance training on blood
pressure and other cardiovascular risk factors a
meta-analysis of randomized, controlled trials.
Hypertension. 2011;58(5):950-8.

18. Miyachi M. Effects of resistance training on
arterial stiffness: a meta-analysis. British Journal of
Sports Medicine. 2013;47(6):393-06.

19. Gibbs BB, Dobrosielski DA, Bonekamp S,
Stewart KJ, Clark JM. A randomized trial of
exercise for blood pressure reduction in type 2
diabetes: effect on flow-mediated dilation and
circulating biomarkers of endothelial function.
Atherosclerosis. 2012;224(2):446-53.

20. Kadoglou N, Fotiadis G, Kapelouzou A,
Kostakis A, Liapis C, Vrabas 1. The differential anti-
inflammatory effects of exercise modalities and
their association with early carotid atherosclerosis
progression in patients with type 2 diabetes.
Diabetic Medicine. 2013;30(2): 41-50.

21. Schreuder TH, Green DJ, Nyakayiru J, Hopman
MT, Thijssen DH. Time-course of vascular
adaptations during 8 weeks of exercise training in
subjects with type 2 diabetes and middle-aged
controls. European Journal of Applied Physiology.
2015;115(1):187-96.

22. Molmen-Hansen HE, Stolen T, Tjonna AE,
Aamot IL, Ekeberg IS, Tyldum GA, et al. Aerobic
interval training reduces blood pressure and
improves myocardial function in hypertensive
patients.  European Journal of Preventive
Cardiology. 2012;19(2):151-60.

23. Currie KD, Dubberley JB, McKelvie RS,
MacDonald MJ. Low-volume, high-intensity

VFeo Ol F o los A 093/ puz é..’b).g: fS"‘ olf.i’ébdlqu

vas


https://dor.isc.ac/dor/20.1001.1.25382810.1400.8.4.4.9
http://journal.jmu.ac.ir/article-1-556-en.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.25382810.1400.8.4.4.9 ]

Sl 31,81 (B9 e 9 (puiii- ol (SobT obuw pw HIT Sl jo3 51701502 9 535!

interval training in patients with CAD. Medical
Sciences of Sports Exercise. 2013;45(8):1436-42.
24. Madsen SM, Thorup AC, Overgaard K, Bjerre
M, Jeppesen PB. Functional and structural vascular
adaptations following 8 weeks of low volume high
intensity interval training in lower leg of type 2
diabetes patients and individuals at high risk of
metabolic syndrome. Archives of Physiology and
Biochemistry. 2015;121(5):178-86.

25. Thijssen D, Dawson EA, Black MA, Hopman M,
Cable NT, Green DJ. Brachial artery blood flow
responses to different modalities of lower limb
exercise. Medical Sciences of Sports Exercise.
2009;41(5):1072-89.

26. Schreuder TH, Van Den Munckhof I, Poelkens
F, Hopman MT, Thijssen DH. Combined aerobic
and resistance exercise training decreases peripheral
but not central artery wall thickness in subjects with
type 2 diabetes. European Journal of Applied
Physiology. 2015;115(2):317-26.

27. Ghardashi-Afousi A, Davoodi M, Keshtkar-
Hesamabadi B, Asvadi-Fard M, Bigi MAB, lzadi

MR, et al. Improved carotid intima-media thickness-
induced high-intensity interval training associated
with decreased serum levels of Dkk-1 and sclerostin
in type 2 diabetes. Journal of Diabetes and its
Complications. 2020;34(1):27-39.

28. lzadi MR, Afousi AG, Fard MA, Bigi MAB.
High-intensity interval training lowers blood
pressure and improves apelin and NOx plasma
levels in older treated hypertensive individuals.
Journal of Physiology and Biochemistry.
2018;74(1):47-55.

29. Ghardashi Afousi A, lzadi MR, Rakhshan K,
Mafi F, Biglari S, Gandomkar Bagheri H. Improved
brachial artery shear patterns and increased flow-
mediated dilatation after low-volume high-intensity
interval training in type 2 diabetes. Experimental
Physiology. 2018;103(9):1264-76.

30. Giles LV, Tebbutt SJ, Carlsten C, Koehle MS.
The effect of low and high-intensity cycling in diesel
exhaust on flow-mediated dilation, circulating NOX,
endothelin-1 and blood pressure. PLoS One.
2018;13(2):115-28.

VFeo Ol F o los A 093/ puz Gi&).g: fSl‘ oLi.‘Z’JLsA.Lqu

yav


https://dor.isc.ac/dor/20.1001.1.25382810.1400.8.4.4.9
http://journal.jmu.ac.ir/article-1-556-en.html

[ Downloaded from journal .jmu.ac.ir on 2025-07-16 ]

[ DOR: 20.1001.1.25382810.1400.8.4.4.9 ]

Izadi et al/ The effect of HIIT exercises on cardio-respiratory fitness levels in obese individuals

The effect of high intensity interval training on cardio-respiratory fitness
levels, endothelin-1 and Nitric oxide levels in obese individuals

Received: 27 Nov 2021 Accepted: 3 Jan 2022

Mohammad Reza Izadi'", Ali Reza Ghardashi Afoosi?, Neda Akbari®, Mohammad Ali Babaee
Bigi*

1. PhD, Researcher, Department of Physical Education and Sports Sciences, Imam Hossein Comprehensive
University, Tehran, Iran 2. PhD, Department of Exercise Physiology, University of Tehran, Tehran, Iran 3. PhD,
Department of Exercise Physiology, Central Tehran Branch, Islamic Azad University, Tehran, Iran 4. Professor,
Cardiovascular Research Center, Shiraz University of Medical Sciences, Shiraz, Iran

Abstract

Introduction: Obesity is one of the biggest barriers to health in today's society. Endothelial dysfunction is
more common in obese people than in other people and cardiorespiratory fitness is also low in these people.
The aim of this study was to evaluate the effect of HIIT training with weight bearing, without weight bearing,
and combined on the levels of ET-1, Nox, and cardiorespiratory fitness in obese population.

Materials and Methods: The present study was a semi-experimental study. 100 obese subjects (based on
body mass index) who referred to Shariati Hospital in Tehran were randomly divided into four groups of
High Intensity Interval training (HIIT), Treadmill (TR), Bicycle (CY), Combined (CO), and Control (CTR).
The subjects in the training groups trained for 12 weeks. Blood samples and cardiovascular fitness tests of
the subjects were measured in two rounds before and after the test. ELISA method was used to measure the
levels of nitric oxide (NOXx) and endothelin-1 (ET-1) and one-way and two-way methods were used to study
the data changes.

Results: The results of the present study indicated that after 12 weeks of training, the VO2peak in the
training groups improved compared to the control group (p<0.001) and it increased in the HIIT-TR group
more than the HIIT-CO group (p<0.01). In the TR group, the rate of NOXx increase was higher than other
exercise groups (p<0.01). It was also indicated that training decreased plasma levels of ET-1 in the TR and
CO exercise groups, while ET-1 levels in the CY group did not differ significantly from the CTR group
(p>0.05).

Conclusion: It is possible that HIIT training improves VO2peak (especially in the HIIT group with weight
bearing and combination) and the duration of training and also raises the mean maximum heart rate by
increasing the biochemical factors of vasodilation and reducing the factors of vasoconstriction in obese
patient in the training groups compared to the control group.
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