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1. Coronary Artery Bypass Grafting

2. Percutaneous Coronary Intervention

3. Intercellular Adhesion Molecule (ICAM)-1
4. P-Selectin

5. E-Selectin
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1. Weibel-Palade Bodies
2. Shear Stress
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1. Model: Metalyzer 3-B, Cortex
2. Modified Bruce Protocol
3. Rate of Perceived Exertion (Borg scale: 6-10)
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1. Polypropylene (Model: Jet Biofil, CFT-011-150)



) Tk 3 A9 9L 9 (o9l cudled ol il

5 plebl caz 5 cetS oolinal (ol ol ool S5l 5 51 ool (g lol kg 5 jglacee
P oo ol s 0 135 0 00 ol - 39,5 50055 (501 5l Laosls w5 952 srelo
i3 ) 5 50 Slds sl plgiedr 5 S alme Sogeil sa (gly (03T jlam g b puiie
2 i Sdlad 56y slp asl S Guilly Sl bl psesl ccnlpodle s
0905 3 loline glas bualie g0 ,0 g b8 1,8 oolatls g0 09,5 dw yo calie sl xS
Aige Glapite o Jiol LLI (cu)p Sz wd 485 o Sosdip (onde
Solobime gelas 28,5 18 0aliuls 5o (g (Soied (3031 5 GRo% 5O 0SS o3l

b a8 L o (P<0.05) obeo 3 c,lol (gl Julos oo gl

Pl ™)
Jouz 5o Jegh s ooy 3 5o o ogej] (Brae 5enST zol 9 09 B (ke
Bl ek o gybline Solis gl Llday qmlts glicey al ond @l 5y 6)led

(P>0.05) 59 o3 odnlive 8 ran 5SSl zsl g o o i j0 o G050

(o 29037 yly @Sl (ylemo Byl £) (reiloo -1 Jpuir

9 ol Jrs & yuiio
$ o IVESIY PYIf£- Y SAETIN (Ul o
VWA /FEV Y VWY/ALY)Y \EAIFEY /5 (o5l 8
VAREV/§ VYALV/E ATENE (55 555) 039
ARZAZS N YY/YEY)Y YYYEYD  (aidolp Sl ) (o) (B pae (y5enS] 2dl

09,5 aw )3 Lo gdgail (Sl =l (plewdly gl Gl G 4T Sed o0 LS @S (o)
03] gl (F20=27.8 P<0.001) ol 3525 (s, loline Sglis ((slts 5 caghs o2 ki
@35 09,5 )0 eiShes - (of Dlpas l5ee 0925Vl o5 Sl (T 51 (S 55 gy s

il e loline (gLl Llxlay (P=0.009)



AP 5l FO o)lods (513 59990 38 Al

" =NEY B :

>
M

o
L
——
—t—
——

—
L

—
L

G e 2 580 S - 2]

IS TN T

ciliseo soog )5 30 ciSdur = (o1 ol (slmo Bl yzuil &) (puSiloo =) S
e o5l 5 sosls slbog 5 L S 05,5 lobine cglis azmoclis #
el 5l 5 sosl slbog T e loline oslis Baims Lt 55 H

sl e ol 5 oy a5 ams e Lt i slo s S gla a3l 4 bgye S o)
loog,S 50 o fdgi o8l g alomgio dacomgid dadddy s » (aglts Cudlad 9 Vb ad b

Jeloni (65T (9051 gl 9 ddow (sl JgulS slo sl polie (Hliro Bl il £) (uKilo =Y Jgar

anl ) Sy b ylg
ol yly Judoxd ;
29ty o9l Jrs .
P F s J3 ax J3 ax S8
Je9 59
Y. FOR BAUBEYIE. SVAVEV/-A $V/AEY/-] S./FFEV/A SYATEVVA SOIAFENS-
(2,9)
DN WE YANTAVEE YEIEYRYSY YRETEVA YVMLYAA YREARVES YEavefar T
(M)Q)
JYS VY F/FAELJFY FAVEVYE  ONVEYF  FAVEFE YNYENE S0k s o
(o,0)
5550551
e YIY VBYETY YVAEYE AVEVA FAVESE) VEYEr  YRvEOfy  SOPHP
(a2,2)




FY b g Ao 29UT g ool Callad o> 5T

5l a5 col ol Sl gl glaseiie e LI sy Sl Osmret 0305] @l
(4w 8yles Jgaz) (P>0.05) o505 ;5085 b g lobine bLs ) g el jlas 5l satsoanlics &l s

O — 2 Sl b A9y Gl pitio Sl Gy bLILIY Jga
SErae Sl gyl Cawgdd S gioo Judg 95! Jde e
P r P r P r P r P r

PVEER

-I%0 SVE AR Y YE fef I8 oY Y oA Sl

S5 AR g o

JURNP R RNCI | RN PRIV S PN P S PRRCIU [P SOt { ROV PE S T VS
Mt b om0 oSl = gl 5 s slaslS o asls b Sl sl asls
19 &5 S s s lS sloms L &l ss a5 ol ;Las mls g (CABG 5 PCI) (s 55, 35,6
oS o o ings 6 loline (g Lol SLai 5l VL s b asls cudled a5 5 aghs Codlad 4y el
g mbeed (Bl cnl g o jloline e lagSdse 5 (S plyieds S - (ol (I3
A ol (e Gl 4 e Vb Cal b gl Codlad a5 (g 0bay weills I8 colad
3, 05 n ool iS55 350 8 B Gllons e Jpane 5 90m a5 ashs ol

OJA—‘g“A.des.} GL"’ 9 & ‘_g)jo)‘..d u‘)LA.u ujj.a.a u).‘.wf‘ C9| :bl.: C?"a‘“’ ol AR 50
50 Slalllae 5ol Jlops slaboges] 4 cund b bogesl (Shy ool pogoml 5l Sl
SHac :L»_‘>L: ) 031194.3 LQQT (SOFE o_:)‘l.»a.c s )_‘\05)19 u‘yu;o ‘) U] Cde aS (YQ‘V’) S92
Ol B oogygn 4l Glomtial g i AudB o (i ) (LAL 050 3929 9 A dudS
O lad g o8 Slps baials lag)ls Sras I e atdh gals b Lye STae ) (S50
L3 gz 5l Sl ldllas 5 Sy s ol bLs,l ACE slooasS loe 5 b Sshly Ly
i = o8 Folel oy LICAMAL g AL S S5l ol b bl slo asls oy it
FE SRR 0 O3 (S 0905] @l 4z STIYEY) wilos (8 (llor 5o ohuse:
5o oadodnlie Sl 5 ca5u Glen wlo Ll ol (las basls sl w1 ) loline bLS)|
Sobel b5 gshs (gl @ 1) Giooh (nl 0 ol - ol ehis 5 el Glaasle
D1 S oS - (B



WAF 5l FO o)lads (o0559 S59lgr £f

3o ol adllas ol Lo Egoze ;O 4S Og JI IS sl - ol diw) 4o oMTwe@ s
5 S J o win S W 1) gae o J)loL:.uﬁ.{: SeplS s Cursy yo colil >

l;. ‘st».: u.JLvﬁ 05; B u..u‘)ﬁ‘ Q"‘ Lol ol oslo ul—bﬁh—’ AL AR w‘)ﬁl ‘695@ u...IL!ﬁ 05;
g 03,50 oaslive awgie U o wal b cldld o |y glolas poss a5 (VF) (Y4)Y)
om y 5esB ol aolidl as (Yoo F) )an 5 (Jyefn sloadl b Ll sclilad o guon
S (VA Ohler 5 (g (gl @S 55 5 (V0) 3,8 (A5 Jews 5 (59, ool cullad
Ohless 5o o5 655 2 (ogr 903D Slwenilely codlad 51y oSl =l (aal38l 1 5o
).L:UAJ MLJGA ubm (\"Y’) \.\JOBN suslie ‘) JL».l.:eJJ‘ g.,él.’ »))S.Lo& J)L&‘ 6‘)& )99; B9
gl cldlbd @ eSle - ol Ful o GloasS s ele aldled ol a5 oy 0
S 6V zohw YU Hurw g Lawgieo Dol b codled 4 sl sl Al sl oas il Sles
@ies ol 85T Jele Yool o olloplp 00,8 samlive piSho = ol olowsdl polis
Slpd ol pogdle il oo codled Gal ol Slilee 4 clled e i JLld )il
I3l 55 5 55e Jole (b 0 TNF- 5 V- )il elss 50 el slo Sy
S sloadl el b Sl s Ddlac Cél ohed g 3y ,SLe o uSle & ol oes
PRTEOS JRGIRVEGRY. S VRN BRI Sty aps o lad Fo o So sl Say cldld Sl dcse e
P S ol ol aS cal sad )18 adl g dinly cldled jo 15 s SMlac e
(Ylf) ..\.wl;GA 4\.»..,...\‘5 L)? )55.15 )l SHlac ).uw.».: solawl 9 Hac L))?S"'lf JJL‘>$ w.:l?cj
Oy b codlid a4y mwly jo Fo S ol Sledl Zakaw iol38l )0 cuiiS s ole ax S
Fgy 99 ;0 50 codled lo (1055l b el Codled Suls e 5 (YO) cdled > IS
g Odlac o> g YU ol b ool cudld ISy jo pYL cldld cul ol iegh
Fo oS elpil polie ((obj codlad USTgy cpl yo (YO) olalas st iy Slg>l)8
aS b (g yion Gl CawolisS g wad cudled b slal ey odlac lawgs cadas
G505 SRS 4 ymie &5 (RS (slanl B 00,8 o it Gl - ol adgr Sl (T s
b sl Lol cail cod aseice JolS IS0 4y jeim gl o0 ol ) b oSl g 4ig,S
Sdsls Glizl 5l (o oz 3L aBls 28 wnld nl o 3558 poelignil Sl o]
pll Sl - ol dlawly b aS ol S Sis gow Al o (39,0 A w4 e
S Jubigasl 28l gmidge o35 Gl SRl Bg s Ll sasly sus Jld JLligusl slaobo



£6 Tk 3 A9 9L 9 (o9l cudled ol il

Al ke sl oty oladly ol 2l sy 5o eelidaln (1)
53 Sobbae s gl Lol ol (655 03lwl 5 b g 598 g lacamsiid o Jdgiaj5il dacogin
il Cumdg 53 (89,5 (e D) 00,55 eamlive Codlad I ey b yeiie (nl 5l plaSee
ol 45w e g Sl 5l ey b jeiie (25l IS W, a5 el S30LLE (ol Ll |,
L lo,gS cpl jo Ol Koggm] 01 preni 8)lse solad 4y g i |) Sl s (595
Sl A o e e cnly g loliee LU, Sl - ol olewdl e Sl
s b JselS sloasls Slieis 5l 56 imgi ol 5o eShe o gl o sadesslin
ol L sl - 2l Gl cdel s slo 55 slaasls b 53 asplir ails
ol aeye Lol ol gloa Yl pols uegh jo 4l Sebul cldld 5 aiS o
el sl ools Ll basls cpl e o 1) wiShe - ) sbwlEd ol de asls
b asie GloUslS sloiasls gmhu o LUK )l glolid ed sed oo olrin
Senl @ a2g b orizan 05d wwyp 55 ol gy g pole Ghegh el sl S
saaals’ glaglo B yan a5 Wings 4ig)S G0 EKEe s o Sl ol Gigly slaoga;]
Slien 55 1o sles b Jdons Yol el o bl lagT o g i 5 ol ooy

NSl 5 gt sl iie Gl uolie o e am ) Bg,e 5 ondudyd (b Lid

Lol yolo juogh slacusgase 51 S el cpl a5 il oog
Sopp el FoS Ge oblem lr SR Sl Ay oSS jebay dllie ply
oot tiudlad Dol Gl b oS 0ed o0 (50 el lagas Ly alEl s oled] lo s
Ol yod 1 ooliul a5 sy po ey onlpln ©sd oo e gl nl @yad ool collad
et 1y cosloe b s 5o (el ol Ko b ol L 5t L s
adsl Jolre jo ol plol 5l a8 098 oo sloiiy A scutls walsss Jlosa b8 65395 3950

e ol 5,8 B3y (ylilews o STk 8590

S0 g S

Ceoyd By G555 pole 5 (Sncan S dRamghy jo a8 Sl faghy il g dlis ()
Jdoa) gloslw cnl 5l dbewginan aiilo oo p3Y 355 O an g8 diwlycnlys Bl o Slallla
Szl 0 6 l5en 5 Gygme Jloa) (gl ;0 0ol eSS sladogesl s (B slacele>
91 Jasas 1y Glo 08 5 Sas JlS (Ghogy >l G380



WAF 5l FO o)lads (o0559 S59lgr {2

&bo

1.Shahsavari S, Nazari F, Karimyar Jahromi M, Sadeghi M. Epidemiologic study of
hospitalized cardiovascular patients in Jahrom hospitals in 2012-2013. Iranian J
Cardiovas Nurs. 2013; 2(2): 14-21. (In Persian).

2.Eftekharardebili H, Rahimi Foroushani A, Barkati H, Babaei Heydarabadi A, Ashrafi
Hafez A, Omrani A. Evaluation of correlation between lifestyle and morbidity of
ischemic heart disease. J Nurs Midwifery Shahid Beheshti Med Uni. 2013; 23(81): 7. (In
Persian).

3.Bahramnezhad F, Asadi N A, Sief H, Mohammadi Y. Quality of life in the patients
with coronary bypass graft. Iranian J Nurs Res. 2012; 7(26): 34-41. (In Persian).
4.Sakr S A, Ramadan M M, El-Gamal A. The inflammatory response to percutaneous
coronary intervention is related to the technique of stenting and not the type of stent.
Egypt Heart J. 2016; 68(1):37-43.

5.Souri R, Farahani A, Nouri F. The effects of aerobic training on vascular endothelial
activity indecise (SICAM-1) and insulin resistance in sedentary type 2 diabetic women. J
Exerc Physiol. 2013; 5(19): 81-96. (In Persian).

6.Macias C, Villaescusa R, Del Valle L, Boffil VV, Cordero G, Herndndez A, et al.
Endothelial adhesion molecules ICAM-1, VCAM-1 and E-selectin in patients with acute
coronary syndrome. Rev Esp Cardiol. 2003; 56(02): 137-44.

7.Haghighi A H, Hamedinia M R. Comparison of menopause related inflammatory
markers in menopausa active and passive women. Olympic. 2009; 18(4):19-28. (In
Persian).

8.Collins T, Williams A, Johnston G, Kim J, Eddy R, Shows T, et al. Structure and
chromosomal location of the gene for endothelial-leukocyte adhesion molecule 1. J Biol
Chem. 1991; 266(4): 2466-73.

9.Leeuwenberg J, Smeets E, Neefjes J, Shaffer M, Cinek T, Jeunhomme T, et al. E-
selectin and intercellular adhesion molecule-1 are released by activated human
endothelial cells in vitro. Immunology. 1992; 77(4): 543.

10.Huang R B, Eniola-Adefeso O. Shear stress modulation of IL-1p-induced E-selectin
expression in human endothelial cells. PLoS One. 2012; 7(2): 31874.

11.Wiese G K, Barthel S R, Dimitroff C J. Parallel-plate flow chamber analysis of
physiologic e-selectin-mediated leukocyte rolling on microvascular endothelial cells. J
Vis Exp: 2009, 11(24): pii.

12.Zou X, Patil V R S, Dagia N M, Smith L A, Wargo M J, Interliggi K A, et al. PSGL-
1 derived from human neutrophils is a high-efficiency ligand for endothelium-expressed
e-selectin under flow. Am J Physiol-Cell Physiol. 2005; 289(2): 415-24.

13.Siri-Tarino P W, Sun Q, Hu F B, Krauss R M. Saturated fat, carbohydrate, and
cardiovascular disease. Am J Clin Nut. 2010; 91(3): 502-9.

14.Pizza F X, Baylies H, Mitchell J B. Adaptation to eccentric exercise: Neutrophils and
e-selectin during early recovery. Can J Appl Physiol. 2001; 26(3): 245-53.

15.Santo Signorelli S, Mazzarino M C, Di Pino L, Malaponte G, Porto C, Pennisi G, et
al. High circulating levels of cytokines (IL-6 and TNF-a), adhesion molecules (VCAM-



fv Tk 3 A9 9L 9 (o9l cudled ol il

1 and ICAM-1) and selectins in patients with peripheral arterial disease at rest and after a
treadmill test. Vasc Med. 2003; 8(1): 15-9.

16.Faes C, Balayssac-Siransy E, Connes P, Hivert L, Danho C, Bogui P, et al. Moderate
endurance exercise in patients with sickle cell anaemia: Effects on oxidative stress and
endothelial activation. Br J Haematol. 2014; 164(1): 124-30.

17.Petridou A, Chatzinikolaou A, Fatouros I, Mastorakos G, Mitrakou A, Chandrinou H,
et al. Resistance exercise does not affect the serum concentrations of cell adhesion
molecules. Br J Sports Med. 2007; 41(2): 76-9.

18.Jilma B, Eichler H G, Stohlawetz P, Dirnberger E, Kapiotis S, Wagner O F, et al.
Effects of exercise on circulating vascular adhesion molecules in healthy men.
Immunobiology. 1997; 197(5): 505-12.

19.Marsh S A, Coombes J S. Exercise and the endothelial cell. Int J Cardiol. 2005;
99(2): 165-9.

20.Astin F, Atkin K, Darr A. Family support and cardiac rehabilitation: A comparative
study of the experiences of South Asian and White-European patients and their carer's
living in the United Kingdom. Eur J Cardiovasc Nurs. 2008; 7(1): 43-51.

21.Savage P D, Brochu M, Poehlman E T, Ades P A. Reduction in obesity and coronary
risk factors after high caloric exercise training in overweight coronary patients. Am
Heart J. 2003; 146(2): 317-23.

22.Hambrecht R, Wolf A, Gielen S, Linke A, Hofer J, Erbs S, et al. Effect of exercise on
coronary endothelial function in patients with coronary artery disease. N Engl J Med.
2000; 342(7): 454-60.

23.Gibala M J. High-intensity interval training: A time-efficient strategy for health
promotion? Curr Sports Med Rep. 2007; 6(4): 211-3.

24.Smith-Ryan A E, Melvin M N, Wingfield H L. High-intensity interval training:
Modulating interval duration in overweight/ obese men. Physician Sports Med. 2015;
43(2): 107-13.

25.Gibala M J, Mcgee S L. Metabolic adaptations to short-term high-intensity interval
training: A little pain for a lot of gain? Exerc Sport Sci Rev. 2008; 36(2): 58-63.
26.Warburton D E, Mckenzie D C, Haykowsky M J, Taylor A, Shoemaker P,
Ignaszewski A P, et al. Effectiveness of high-intensity interval training for the
rehabilitation of patients with coronary artery disease. Am J Cardiol. 2005; 95(9): 1080-
4,

27.Mcinnis K J, Balady G J, Weiner D A, Ryan T J. Comparison of ischemic and
physiologic responses during exercise tests in men using the standard and modified
bruce protocols. Am J Cardiol. 1992; 69(1): 84-9.

28.Gibbons R J, Antman E M. ACC/AHA 2002 Guideline Update for Exercise Testing:
Summary Article. A Report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Committee to Update the 1997 Exercise
Testing Guidelines). Circulation. 2002; 106(14):1883-92.

29.Ferrari R, Kruel L F M, Cadore E L, Alberton C L, Izquierdo M, Conceicéo M, et al.
Efficiency of twice weekly concurrent training in trained elderly men. Exp Gerontol.
2013; 48(11): 1236-42.



WAF 5l FO o)lads (o0559 S59lgr FA

30.Atcharaporn L, Nadinem F, Atifb A, Davidr P. The respiratory exchange ratio is
higher in older subjects, but is reduced by aerobic exercise training. Int J Endocrinol
Metab. 2011; 2011(1): 264-70.

31.Church T S, Barlow C E, Earnest C P, Kampert J B, Priest E L, Blair S N.
Associations between cardiorespiratory fitness and c-reactive protein in men.
Avrterioscler Thromb Vasc Biol. 2002; 22(11): 1869-76.

32.Swardfager W, Herrmann N, Dowlati Y, Oh P, Kiss A, Lanctét K L. Relationship
between cardiopulmonary fitness and depressive symptoms in cardiac rehabilitation
patients with coronary artery disease. J Rehabil Med. 2008; 40(3): 213-8.

33.Boos C J, Balakrishnan B, Lip G Y. The effects of exercise stress testing on soluble
e-selectin, von willebrand factor, and circulating endothelial cells as indices of
endothelial damage/ dysfunction. Annals of Medicine. 2008; 40(1): 66-73.

34.Azimian E, Ranjbar R, Shakerian S, Habibi A, Ghafourian M. Comparison of an
acute bout of combined exercise training in different intensities on tumor necrosis factor-
a (TNF-o) and interlokin-6 (IL-6) in active men. Exerc Physiol. 2015; 28: 15. (In
Persian).

35.Fischer C P. Interleukin-6 in acute exercise and training: What is the biological
relevance. Exerc Immunol Rev. 2006; 12(6-33): 41.

36.Roldan V, Marin F, Lip G, Blann A D. Soluble e-selectin in cardiovascular disease
and its risk factors. Thromb Haemost. 2003; 90(6): 1007-20.

SHOEL
\

dw 00 (§dwoxo ‘).,Sl ‘5,....._'> 6)95 ‘60Lm ‘SZL>5) ‘ol.?r.,...» O‘)"SW‘ ‘]9.:.(» cs;l‘°‘>)
5 oeiSho - ol olewdl zolaw 5 aad ool 5 ool cdled ol> 3b e
VA7 5k (o039 Sidnsed 5905 Bare Ohlem )3 dei laJelS lo s

10.22089/spj.2017.2614.1351 :Jluze s Al YOFA «(Y0)4

Rahmani H, Ahmadizad S, Rohani H, Nouri Habashi A, Mohammadi
Dehcheshmeh M. Acute Effects of Continuous or High Intensity Interval
Exercise on Plasma Levels of E-Selectin and WBC Indices in CHD
Patients. Sport Physiology. Fall 2017; 9(35): 35-48. (In Persian).
DOI: 10.22089/spj.2017.2614.1351

J




f4 b g Ao 29UT g ool Callad o> 5T

Acute Effects of Continuous or High Intensity Interval
Exercise on Plasma Levels of E-Selectin and WBC Indices
in CHD Patients

H. Rahmani!, S. Ahmadizad?, H. Rohani®, A. Nouri Habashi*,
M. Mohammadi Dehcheshmeh?®

1,4. Ph.D. Student of Exercise Physiology, Department of Sport Science and
Health, Shahid Beheshti University, Iran

2. Associate Professor of Exercise Physiology, Department of Sport Science and
Health, Shahid Beheshti University, Iran

3. Assistance Professor of Exercise physiology, Sport Sciences Research
Institute of Iran”

5. M.Sc. Student of Exercise Physiology, Department of Sport Science and
Health, Shahid Beheshti University, Iran

Received: 2016/06/05 Accepted: 2016/12/11

Abstract

The aim of this study was to investigate the acute effects of continuous or high intensity interval
exercise on plasma E-Selectin and WBC indices in CHD patients. Therefore, 30 male heart
patients with Coronary Artery Bypass (CABG) and stenting (PCI) history voluntarily participated
and divided into three groups: control, continuous and high-intensity interval (HIIT) group.
Patients of HIIT group performed 8 repetitions of a 4-min interval training (2:2 min exercise:
recovery, intensity: 90:30 %VOzpeak), but continuous group performed a 30-min continuous
exercise with a constant intensity at 60 %V Ozpeak. Blood samples were taken before and after
exercise and their E-selectin and WBC indices were analyzed. The one-way ANOVA and Pearson
correlation were used for statistical analysis. The results showed significant differences between
the three groups for E-selectin increase (F2,27=27.8, P<0.001). Bonferroni post hoc test has showed
significant differences between control and interval (P=0.001), control and continuous (P=0.001)
and also continuous and interval groups (P=0.009) in amount of increment. But no significant
changes were observed in WBC indices responses between groups (P>0.05). It can be concluded
that a session of exercise may stimulate the inflammation related processes that may be exacerbate
in CABG and PCI patients by HIIT. Thus, using this type of exercise for just one session is not
recommended in heart patients.
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