ot il (e (S5 0 ke adons
Y14 5l oyled Y o s
VWAA Ot

S 5 Ll olgs 9 145 3> (5,105 )b O Wil (b 5
O 01O TS (ww 9

? 398 i Cpigh 15 K0 eesmo T g9 8L Lkl wezxe ¢ (Kol cpuxe ¢ 03l Slg

O ) 015 S ol inios o8l (S5 gorlign tSadls ¢ (S5 (ki 03 8 k] o)1)
Ol 05 ¢ g g (S sk o8l (3 itign 5 (S5 (55 5SS U Dl S 0 00 Y
Ol (0,8 S ool gimins oSl (SC 3 gmvokige 0uSTESNS ¢ SCB i gmeligs 09,5 )Ll —¥
012l 08 cOlah 5 simly sl Jsho &S L231 -F
012l 015 0l sty sl (e oSl ¢ paais 6 2575 -0

AN Y9 @l 5y AN el 2L
04&
iy 0L o5l 4 Sl Sl b s @l STaJUBI Gl sl (35 (Lo o i) 1B a
Ailes b (oolse o 3 5 b SOl e 5,Shes 3 uiS Esl Ll e Lid opl 4 el LT
S e 3 5 blaie Jasl e o)l siplace SEAS o)l pen 05 b [l 1 5d s S 5T
3 Oldlas S o el i slad b SiSe s ol s |y e 28 Lag s sl HUS s glas
Pl g & Gl Hles gy (el 3Ll 5 Bl Al sl OSUL ST g
B354 n oSS LiiS (o ME L o sl el S i g slad s g5kl
S35 (NCBI-C554) 01,1 Jska U 51 e 4 Oladl QU dy (g5 oidsy sladsha i 2y, g 340
aals b el A Vit Y glaolis 5o glast o (2iS ol&iws 55 5ol onls iS5 S gl
oo el L iy glad e KoV sy (ol e 5 OSLL 5,80 (5 5 Ao Ve
FETCRERIS Ny
s aS Sl iS50 s (B) ad e SV i s a5l ediasOlis mk :@L:S
=l A G 5 8555 e 2 3 sl SRl e a0l il men el e b O S
el I8 HL s Sl ys all
Gladdin 53 oSt gl Ghl55l 5 meas 153 (25 (sla b sl SOl 3 Sladlas 1(g 8 e
iy lad sl SO 5 olitle ol st o8 0l 5l ities gl o 228 @ IEL 51 o i
s i sad s 53 (SOt (Il edmsOlES Goid ol il el ST slaaid ) 4 4l s
el 55 gl b bl 3 b 5 glas IS L

S Sl IS (s sl (SO ol 1051 5als
dodas —\

Glad v o ol 51 20 &S il By — 5 oKas Sl 3 S (Atherosclerosis) e s Al 51

VOVIFEYNY & 2 dS oS ol s ol8ils (S g pwilige 0 dSils (L2l OLLS (Ol g5 1agKe Sliise
Email: tafazoli@aut.ac.ir

AR



olylSan 5 gails ulsa

i g3 slad glas 5, AL ol 53 9 sad 2 IS,

St (e Drles (G gL Clb oS s
DY 5 g S S o8 15 O o

o Ladsn (SO e e s 5 g 4wt
5055 Ol Je Olseas das o il (il sla )
3 im0 T sl ity Sl (55 o A Sl
Ol S izman 5 (J s o Do A5 al e 5
e AS Sl LT Gk 5l iy slad s
Sl 80 sy Sl ol slaialesT 055U
O ol st ool 5 b iy sadshe Sl
Gl o 5 S 8 e p bl ol alax 51IV-AY A
DS IV N T iy cladsbia e
O Olr ek 3 e 28 Las 0 e ol peay gl
b 03 Jaal 3 s S 5T A 5 5 3l (S
[¥V] 5,15 (In vivo)

S ol AT sl hs, dher 3l s S S
b Ladsho (SOLSG 5 sl ol Ol o OF ab s,
s e S 1l 53 aas ol [VE=YYT 5 S (e
i 5 5w S e it sl L2 S
Oliis Lo 5 (glos S s bas e [YO VY] Aiioslic!
A oslinal J e SOl ol 5l Sl (ol
SN (Module) s 350 6l Lisy ol [YA-Y]
SV Sy s ol 53l gl s 5 Jl
[rY=ya] el sl slizal sdilsd sl (Viscoelastic)

e s S migld e SO ol
TIPS PO L G Fv:Zair i S B W S NGIO P A P 31
b ) s Son G5 % o5 iy Slad e sliE
e Ja S SRl s a8 A esls 0L G ) o
o S iy 5 o S Ui 5 5
5 IPET Al e Galpdl ST slaandy ol gt 53 i s
5 oSV (Filaments) glaazs sy 3 oy o a0 (5,503 e
slad s KoV S5 ol (Microtubules) lad 55
5SS S S Sl el L (S s
'C_.,;L.,:ﬁ L ol ot S glaa sy 48 Ad sdalie

Ladsbo sl .cul L & (Endothelial cells) i
FSEs 052 0L oslame Lo 15 WOL 2 Y o 5 s
a3 5 0Lt (KBS 5 sl b S (lan ol ns o
Slaslay dax Sl Cdl sl on Consul 4 O Odw
R N R B D T L s
Slaons S DT 580 i walsr 53 8 OLlsa S e
Gl o 31 S5 lacess» 5 bt 358 (ol 2l
S Sl Ol 8 )l 3 53 Gk 0355 bl 5 e 5 g
olrans 1) (A8 slad gl (S5 5 slacdled S
(Endothelium) i ssicl Sl slacdls [V] 50

3 b glasiiS o b wle 5 OlbI lases e ses
Slagis auils oo G e 5 Jsko £l Sl
[E-Y] 5508 e b5 0 JLis 5 0L 1 36 SOl
Sla s @ St sl iy slad b (roen
Bl Slr sl s 55 ) ) i e S
Gmb 3l Sl glns o 4 i lad s
Ll Ul S (In vitro) s&asleslos,s gls bl
035 4 350 LS (Gilwand ) by cbd e Jase
JE-Y]

s lasys Jols idy sladw SOLSe Lo
o A o e W ol el e sl
Sl o 56,5 5 (Sl gl JLLE 0t 0L 5l S0
Slagis Sl il d 5o das 0 LS L 51 st
Gleanl b xS s alaul s g S5 Jole SOLSG
Lozl LDl ol 5 s Al 5T aile S5 450
oS 0586 4 S1¢0] Lzen (Intimal hyperplasia)
sl Sl 4 1) (SOl oS e (28 J o &8
[ ol a5 eyt 55 e 5 Sk i

Sl LaS s Jlesl L o Llesls 0Lz lidos
(Sl o S 5 (Soliwsdes Sl (S A b
sk il 5 by ader 51 Jslo Gl i
3808 5 Ol s (SO ol Db (5505 Sl
5 (23S ol S S5 Jhe s LS S



VWAA (licasy ¥ o lack VY 6,90

sy pilidicninl g yio (Sidi s p gle alao

S e o Yo L (\:\) DMEM/Ham's F12
onaber e 03 0 S 5sSn 00 el ISEL e e Y
(Endothelial Cell Growth ECGS :J Js ;5 ¢ S5 00
13 53 eeslo sy ml/ dew 2o Aoy ) 5 Supplement)
38 sl e YV sl 5COp do )3 0 Lyl i L, 5L ST
G Ladshou [PV I FE 0 08 ] s S
Lo 0S o as (Kb e S S glos
5SS wdld s iy (Sigma Aldrich, Germany)
S8 gy ka8 13 AES glast (L o e
Lad s el 0815 a0 Ol 5l das S 55 50 ol @
Comd &y 5 o S S 51 oy 4 /Y0 s 5 s s
SE s SO S S i Sl LS (558 e
S Xz S ean (Gl VYY) L L STl s o8 S
DT S 15 Srlgs 58 y coo de p
(SIS ol (SO S L ey sk,
VoS o cela A 5 Y slaobes s el
NP SUPRS ISV R L PN
25 5) SOl lacand I Sslys @Sl
5l Sy 0 Jlas! s Stepper motor) (glal>
o e PLO) s S0 B s 5 5 S
D10 J8s) il oas 05 (o 50k b JES) s
5 el e S Ll g S el )
I e S pte S Loy 45 Sl Sosline sla S 3

B3 e el Sk 5L oy

— 508 1S5 LS

* } -
L {os L f PrEy
yo
il sl Jgla e
7 ki€ 3
| -
St kos

+ Ball Screw
## Encoder -

S G 53 [Y] il kg glad shor SV S
(Viscose) ;s )y 5 SVl Jise oy 5503
A3 QL il sy 8 Koo sy s lad s
ISl WS VA G V/E o ids lad b SVl ise &
1 O 383 S (Probe) sy 45 shor 31 oo 4 40
i s 6 s adlllae 55 [YO] el e AS e Sl
Sesliad b (S iy s sho SVl Sy ol 2
gy o 0Bl Bl 53 S e s Sn B
e SV 5 o515 b6 o Ko ools S 2 s
sl SVl s 80 8 55 31 aS il adalie 5 S
DTl e il
SOl O Ay vy by sladshe G ol s
SISl Ea ) s ilodd esls CuiS S sSilew slis (s,
Cilee sl S v 5 Coslite sadle) s las o IS
Frosim bad e (SOLSe olsst e 5 S 0 L3
03551 Cmdis Gaios ) Gl ol o ety o s Sos
Cod ok only CuiS iy lad e SV S s ol

.w\%)&jﬂ@&wéla}ﬁéjﬁjp

\Aui'v) K) b‘jﬂ —"
Sl 185 5 ke cis V-

(Human Umbilical Vein Endothelial Cells: HUVECs)

L 5 5 s (NCBI-C554) o ) Jslw SOL 5l oS

SSalus (180 ol Sla IS (@ G5LSl 0g5s (Sealys (6513854 oK (NN Jss



olylSan 5 gails ulsa

i g3 slad glas 5, AL ol 53 9 sad 2 IS,

pd oS s Sen s 4 oS Uk 31 (61 ks o310
(Image Processing) . slas Jdow 553! pr by [L(t)]
MATLAB i 65 55 o sdal "ows 4 Axiovision LE.
(Curve fitting Toolbox) e 53l sl 4 Lo s
GOHELL 5l a5 5 ad e IS5 i Hliie 00 s
SaV Sy ol Sl SO slagoss 3 b

el Lad g

U5 o s Y
osbizl St K5 st 3,0kl Joe 51 s ol 3
Sladslw a5 S Sin Silesl 3 0328 5 sbay &S o
el A 3l sl it s slad sl aler 51 il
(rSen o3le K oy pots Jghee Jke ) 3 [E) XA X Y4
Jold e el e (50 SIS 5 oS15 B 8
= L) (Damper) oS e 5 Ky i i L) 6 S
oxban el 53 ;a5 (6w sba SIS L oS (55500
Sl e S 515 Ky i i ) S 8 SeLidlse
L e ad S b s ol ol ol elde (FUSE)
[£) X ¥a]

K,
oyl SV Sy 5 5,lleal Jue ¥ IS
I o - Jlasl 26 jLas o daly 05 50 - L

L8 FA X ] T e s anil 28

_ 2aAP ko ot q
L(t)= 2k [1+[kl+k2 ljexp( z_)}h(t)

=X 1+ﬁ ¥
kl k2

Cam g Ser 0400 4 SSe eyl —Y-Y
s by slad v ((Saloys (8L 51 as

iolasl dhpan 5ot s Lad 5l aios /Y0 e 5

S S 0303 4 S (V) JS2) s anlllas oy 5 S

LA XY F YO Y] Cd ok (318 sla Jaally s ailive

L

|—_.
g]:ﬁPCJ

S s S 0953 0 J g 86 Sailed b ¥ IS

o)l 53 4 Il O 5l (68 5 s Laea
O T | SR RS KU P =
YA Y4] 555 s 03ls id 5 (Sigma Aldrich, Germany)
e boan 0 S bl slad ) dl s oy S [0
(Transfer Man Nk2, Eppendorf, Germany) s s
sl (Transmitter) sd—asJ&il 543 s Ja e
(Deltabar S PMD 235, Endress+Hauser, Germany)
oL 5ol Juate Sy Son )b a0 lav s 5
L das e 0lis (Online) s 5 &) goa abesd a5
S el o s o las 55 Ol o s ony Sl 03l
Yor 50 oy Sl S 5Las alie ol plal S
el JAL
o aniy Sk (SLEE el I g slad sk
e e
20 e S Sen (555 8 (S S eSS b s
(oS dlas!l e sl 4l el o S Sl 4 s YV
el (Sony SSC-DC 80) Jomss o553 dhowe s (13 0k
=B s gdn oS 5 4 6l b Oles s 5 U
Dlan b g Slables 53 sl s Jie 5 pelS o Lo

.Jluaj_:}.}jc\ﬁ_.a‘&éj‘w\éﬁ%&ﬁg))ﬁ



VWAA (licasy ¥ o lack VY 6,90

sy pilidicninl g yio (Sidi s p gle alao

ool s IT b s LN U RO NI P PRy W]
L1s s (ANOVA)

s Y

Jobo wldcse, -\-V
iy i el Al s il Sl
Sl S Saliys (185G Ll s it gy slad she
slice 65y idm gladsh psai b K3 [EY DA O]
GSL el VSl ey 5 BSL S) S  5sSe
Aas e DL 58 ) S5 5 1S Aoy Ve (Sl
S aS Ak ISk e 00 B Joles bd sl
o3l Ga s oS S s sy Ol 4 L2565 )
a8 8 AT 53 sl of Sl jlslo
G Sk e Slialy Lis ) e SO KBNS
PP S PR U C S CRT AR NEIC P JCIN [y
S eSS Aol SOk e s sk Gl

AL s g pe 23S S

P S,k g
o o
} " e I e
1065 ' | i,
i \ 3 b T ) JL}J"
/ h ' Ve A\ 1
A TREARATHY
DALY
\o iy bk N1 ‘LJJ\\
I\r‘ d ; I_ &") h_‘, . !
) “? ) 1 f ’i J
) tad Y (‘f"b
77 \ I. Vi { Nlea D)%) §ay
L - L]
0 4 M . A
)'IJ IJ 4 :I] i ’
\ ) i .
|. \4 ' \ ".‘ o | }
f \ VIR ':'s
Ak \
Iy, ) | var
) 58 ) DR 147
" i f'«'., ")'.\itl AL
A B IV

L sl oles (o 5 8, 51 8 1 iy slad sl (18 IS8
VIR AN WS AR SR SV SR o L v S-Sk L PIRCOv W B P

Eov xglaS s

Yy

gt a Jm el 2o J b LD Y atail; s
A C.uh(t) 5 S Sl T (S SLB AP (s S
el slals
Pl as s bl oo Jbo IS0 0 sl
g e S DL Oles 4 ey B 5 Job S0 -
T Ky Ky ebs SaVSas s Jde ol o g
ol ol Al e s MATLAB 331 o 5 by
GS L aals 5 0bes 0 208 53 (180 Jlesl L (SIS
S It g 2 By b e S e

L gla

ba s le3T plowl 4ol —4-Y

sy sl Ol OBU s 55 gy slad s
sk glie LS ey i S ey A Ol
Odowry 3l st als (i T 5 OIS L 5 (g 1S dle
o3l LlS S S i g Lad e e ST 5 4
Sl gl i iS las o A S L e s
Ol 5 (Celw A 571 i ) Sosline (6,108 L slasls
S obesl o s S s 63,8 e plnil A3 Ve 1S
SN 035 i e 550 o ealitul 28 4 5a
sy e LS Jlesl gy 5 st 555 S22
3l ass desay Jske SO 0k S s S
LY 53 et MATLAB i53le 5 51 eslizal | Lassls Llows
Lo e sl an Laesls (Lal o 5 ol dumasr
A5 il (5138, S

‘5JLJ ‘_}:l:u” -0-Y
by e Olas Gl (Sealous (OIASLL bl s
I 0B Y o b3l ja s 5553 00 plil LY Bl
s 5y W sk 8 8513 5 Se il 350
ond Do pl b 3 AiS ) Jl Sl 4 280 L



olylSan 5 gails ulsa

i g3 slad glas 5, AL ol 53 9 sad 2 IS,

&»Y‘M}

el e Sk ol LS Y
) das e DL KL S KT el ey s SIS
Col S slis s Laa gs (P< v/t g P< /Y
0355 e 51 S0l 5 5 A1 S 5 S
Ll e sy 286 Hlis Ko 5 Ky SVl ol o
Sl by e (Sl 25 B aspl 3 8 b s
mols V dslee 5l ol oy s S Siabosl 5s Il Jsls
E ol e e Ky jlade 5o (il ol sle BE=(3K)/2
Sy ke O3 Sld W1y 53 5 ke
LB i pde Shled oJ S gladsed 555 Slalllas
o el el Ol cs S L SO ol g a5
sladsn — gl o IS0 dlesl &8 355 o0 pasius

Sadie B gk pl OA Jlsen ol iy

=

ETVRL e [ P}
- %
——

e

Tosba) ghism pm )18 )L e

Ko® s Ki® i SVl s S0 0l 36 Y lsged

(P<o/el s P<o/0Y (s e

AL U DS SNSRIV P TRRCH IRV C R S PR
oyt 035 e 31T L(P<4/80) das e OLES last
Sl @l e cmmsan (S LS 5 (1) 555

vY

g slad o xSy g 58, -Y-Y
Sl sdasOlis Coy s S e gas A3 Olallas

0303 am S S gy slad s SIS
Sy Slo g 51 S [T Vol s S
o e S s b esle Jsb ess (SIS s
e 3L (a5 Ol e O 31 &S el an $ 51 3 el
=t Slad s b g ) odiasilis 0 S
ol ol el Oy csd8 L 5 el jlid o
ssboler ailan 3 £5S (I8 o el il
Yoo s CoBS 5l diay 35 e damMa ) Sl gel 45 oS
W S5 Ll S L o oS kg b sl
S S slie ) S e iy 26 T b
I ] s anlie |06 o b glad b 5550 53 0l
5 53 (V4471) O,Lses 5 (Sato) slo Jlis Ol sea
P b ity sl (SO ol e 0 S
iy glad w45 il s Lol st e s S
Yoo gl 5l de g esls QLo 5 5l SV St s,

LFe ] s oty mB Jsb ilsel 4ot

1 L 1 L
o Yau Vos Y.

(4l JiKe 5y

(o 4 513 6,138



VWAA (licasy ¥ o lack VY 6,90

sy pilidicninl g yio (Sidi s p gle alao

o bl Jolw calicsy) s s olend LS S
Sl Slllles sl e Osaia) Jsbo 3 Shas g
Sl ki 3 s AlT Lyl s 55 6,8 84,
Ll (G5 2

O 3 il i A5 ede iy slad sl
Aier SL S gl LS S AU RS 5 me 3 02
Sl g 53 3 ,50LS (Gl el eols S slad sl
Ol Kl e gl R Al s plie ol il
ooy L2 S ni g cladshe bl ol & ol e
ol Rl Al e ks sl 2ES (IS0 s el
i slad e AT GlaJS Sl p 355 Ao
o=l S L SL S (g5lsl ke (2L ke o
o=l ol 3 i RS 5 sl S e el
Bk ar g ad e

2 i Sy ol G 5 addS Slides mls
Al gy gladde ol ol 5 lidess,
Slo S Joo ol cul gl a (g Jsl
JS s JMRe 208 g 53 sk 45 S e Mg S
S gz biolyen &5 3 [11] A8 o MG Soer Lis
S 45 S o My et Sy kbl (sl
3 oS edoaslis A Slllas Ll )58 S
SISk L ol an Jsb oo 05T sla b 5,5 g
i S T80 T 04 OA 0] e gl
Sl 3l s el s i s 4 e ke
Olason (oSl sla i o S 5 0AS S (als
48 deas e lad Oldlae 3 9o e b i 258 Eely
Jime Jbw o 1) 5 ST e ga 5 ke Sl Sl
o O S ol 5 b IS8 (06 53 503 8
AN EPERI TS

Sl s sl sl 5 sy Sl
3l o3 st glaandy ol 5 e S8 Sl sk
5 dn 48 Ules o ) S s i e el

Yo

]
’{\
7’
. \
¢ ’ N
’ \
% ! '
= r ’ \
3 \
3 ’
= ’ \
’ \
¥ ’ \
_ 7
; \
K -_.._f
Al £ hl A \

(el sl o 5,8, 0L

(P< v /80) 1* o 5L Oley 5B ¥l 03

oL, (1) gy b @ lI8,L Oles b & ls el
Sl glaaasiin 3l aS 55 Sl ool (P<+/EV0) das
sl a5 L sl Slelur s il St Sy

Al o SalS i glacele j3 e s

(erla) (gl o g 8 0 DL

(P< /8V0) (1) jlos <ub 5 5,080 Olos 5T & Lls god

Cow —¢
e Sl A 5 e 53 ol sen Oludl O slad sl
Ao e sl ol Sl Ol 4y 5 Al 13
S S dile 1y 01 re3ls slas s b s ke
Lo (e b e ol O 4 500 8 o (SO
5 Loy ol Rlp 53 O el s b sladshe 2 03l

e Jh S5 s (SOLSe ol i e



olylSan 5 gails ulsa

i g3 slad glas 5, AL ol 53 9 sad 2 IS,

Olas ol 3 aS Jls 55 S e S| slawad, )53l
Ll e ol pls cdledels g (glaws &) soas Laans
i wrrt GRIB Al Gl S Ak s o)
oS s e laand ) (Ghuanas 5 maxd bajls sl e )
S Lpdr JS St s ot el lex Sl ey
Sydsr 5Sens wupt A el

s M7 e SaaVSs s duse Sley <ol e
2K T Sl BT S cd b cpl ol sl Ko©
DS 5 Sy el )

laas z oliss bl aalles o Sl G o
33 G ) gl (S0 bl sl sy (S
SHesl edmy s s Ol e S5 5 8 o
Slass s a Jsbw il 5 Sl 5 it slad s
sy S P SL 5 K5 bl e e SO
4 el ol 5 elidcs ) i b Al sled e
A 4 Sl J IS el G b S SO Gl e
GLAS s Ol5s &S 550 53 3303 5 o Jlazs ol
L;uw&; S b il Sl cla.ﬂ G S
Y el L S gl Sy asl el geslasl 5 Bl
Ol ool s 3l (S anal b Jul oo i s slad s
53 5 41>, (Atheroma) Ly 51 LS5 « S s el
s ol s AT eSS g

Sladslo 5l lamas Sl olps G ol s
el sty SOyl A8 L e sl Ll i e iy
o ss ol SOl s s Sl s 055
S slad sl slesland 4 Ll Ll o ae LS bau s
S S S sl b ke il S s pa ST ol sl
b Al el 0un0ss il S Ll s S o Salis
Sladsln o Sl Cilon Lol 3 Jlesl 51 Jols
S s e DL (2 pums glall 2 W5 e
Sl g o) 5 50 o cwbigs slad ke 5l eslinal

RO IR W Lo

\re

sl Uy ST slaaiy o) e SO (1080 sl ¥
Sl La IS0 s Pl haly o 55 gla i
DAT 4S8 e iy

A ) eS| Slaaid ) ge SEE sds0lis L lllae
L] el SO Ol o0 4 pidig sad sk szl
e o sl AUl il oS o8l b s
e G b Sl el 5 SOLSG sl ol s s
ool sl ais )l Sl o)l Sl selacsy,
Fb Jbos Mgt 52 (At lad s SO
ol (G IS 5 Ay glad

ol 55 edel cndn Sz VIS s ol st Ay o aia
Gl Ol 5 eS| glaa sy i Sbles s
Sl 4SS e 3 Y Sl el 4y 4z LAl OT L las
Ol 55 5 ol GUd Sld 4 e IS0 0L
GoS L by SRl L @Bl 50 55 00 K" 5E i
r_ija:_éli el 53l s S O 6 el el O5S1 glaans
—iV]wft}ji‘)ﬁduﬁWJQM&wbrs
Sdsle 5 9 8l ls eds plnil Sliges 84
Sladslo Olay Rl L &S cal 3 ol Sl iy
e L s R N~ IO R e
DTl e L5l sk SN

ol s sl SVl o s sl Ko e o
Golie 5 dsl cn s S 0555 0 b (280 s 4
UL PP OIS WES PSS CapTRccavpty
s iS Johor Job opl B 81 my als SVl S, ol
SRl bss 3 e a st sl Sl o pd by ey 5 040
slashlasl mls b o ol Ko® laie 5,1385L ol
Celw ¥ s Jaln SGLSG ol oS das o 0L sl
o A S g likede LB ks (S L Sl e
(L 5l e csle £ 6 J ks (Viscosity) aujsSas s
O Ul e gl el a8l 2alS e 5 Rl 53
53l an g s Jske Jsl el b3 oS A3k s ol



VYAA lGuay ¥ oyladi VY 04 99

sy pilidicninl g yio (Sidi s p gle alao

SISl (sl b 53 i A (Sdy es e
sl szl s (Micropepting) Sz s S A2 LS
Sleeo Sl sladshw (sosleal 5 53 0l

Sgh o Sls,8

[1] Khan MIG. Encyclopedia of heart diseases:
Academic Press, New York, 2006; p: 118.

[2] Sato M, Theret DP, Wheeler LT, Ohshima N,
Nerem RM. Application of the micropipette
technique to the measurement of cultured
porcine aortic endothelial cell viscoelastic
properties. J Biomech Eng 1990; 112(3): 263-8.

[3] Kuchan MJ, Frangos JA. Shear stress regulates
endothelin-1 release via protein kinase C and
c¢cGMP in cultured endothelial cells. Am J
Physiol 1993; 264(1 Pt 2): H150-6.

[4] Jen CJ, Jhiang SJ, Chen HI. Invited review:
effects of flow on vascular. endothelial
intracellular calcium signaling of rat aortas ex
vivo. J Appl Physiol 2000; 89(4): 1657-62.

[5] Punchard MA, Stenson-Cox< C, O'cearbhaill
ED, Lyons E, Gundy S, Murphy L, Pandit A,
McHugh PE, Barron V. Endothelial cell

forces under

response to biomechanical

simulated vascular loading conditions. J
Biomech 2007; 40(14): 3146-54.

[6] Azuma N, Duzgun SA, lkeda M, Kito H,
Akasaka N, Sasajima T, Sumpio BE. Endothelial
cell response to different mechanical forces. J
Vasc Surg 2000; 32(4): 789-94.

[7] Stamenovi¢c D, Wang N. I Invited review:
engineering cytoskeletal

mechanics. J Appl Physiol 2000; 89(5): 2085-90.

approaches  to

Yy

S,y S -0
A iils (Sipy g a2l e slas,San 3l
S Sl SO (goslal b 3 oSl e
il Sl wkige 5 S 53 (5555 5L Slides

s =

[8] Moore MM, Goldman J, Patel AR, Chien S,
Liu SQ. Role of tensile stress and strain in the
induction of cell‘death in experimental vein
grafts. J Biomech 2001; 34(3): 289-97.

[9] Yamada H, Ando H. Orientation of apical and
basal-actin stress fibers in isolated and

subconfluent endothelial cells as an early

response Cell

Biomech 2007; 4(1): 1-12.

to cyclic stretching. Mol

[10]Petersen W, Varoga D, Zantop T, Hassenpflug
J, Mentlein R, Pufe T. Cyclic strain influences
the expression of the vascular endothelial
growth factor (VEGF) and the hypoxia
inducible factor 1 alpha (HIF-1alpha) in tendon
fibroblasts. J Orthop Res 2004; 22(4): 847-53.

[11]Doyle AM, Nerem RM, Ahsan T. Human
mesenchymal stem cells form multicellular
structures in response to applied cyclic strain.
Ann of Biomed Eng 2009; 37(4): 783-93.

[12]Yee A, Bosworth KA, Conway DE, Eskin SG,
Mclntire LV. Gene expression of endothelial
cells under pulsatile non-reversing vs. steady
shear stress;
production. Ann Biomed Eng 2008; 36(4):
571-9.

[13]Sato M, Ohashi T. Biorheological views of

comparison of nitric oxide

endothelial cell responses to mechanical

stimuli. Biorheology 2005; 42(6): 421-41.



olylSan 5 gails ulsa

i g3 slad glas 5, AL ol 53 9 sad 2 IS,

[14]Deguchi S, Maeda K, Ohashi T, Sato M. Flow-
induced hardening of endothelial nucleus as an
intracellular  stress-bearing

Biomech 2005; 38(9): 1751-9.

[15] Ethier CR, Read AT, Chan D. Biomechanics of

organelle. J

Schlemm's canal endothelial cells: influence on F-
actin architecture. Biophys J 2004; 87(4): 2828-37.

[16] Sipkema P, van der Linden PJ, Westerhof N, Yin
FC. Effect of cyclic axial stretch of rat arteries on
endothelial cytoskeletal morphology and vascular
reactivity. J Biomech 2003; 36(5): 653-9.

[17]Dangaria JH, Butler PJ. Macrorheology and
adaptive microrheology of endothelial cells
subjected to fluid shear stress. Am J Physiol
Cell Physiol 2007; 293(5): 1568-75.

[18]Wang JH, Goldschmidt-Clermont P, Wille J,
Yin FC. Specificity of endothelial cell
reorientation in response to cyclic mechanical
stretching. J Biomech 2001; 34(12): 1563-72.

[19] Haghighipour N, Tafazzoli-Shadpour M,
Shokrgozar MA, Amini S, Amanzadeh A,
Khorasani MT. Topological remodeling of
cultured endothelial cells-by characterized cyclic
strains. Mol Cell Biomech 2007; 4(4): 189-99.

[20]Von Offenberg Sweeney N, Cummins PM,
Cotter EJ;n Fitzpatrick PA, Bimey YA,
Redmond EM,  Cahill PA. Cyclic strain-
mediated regulation of vascular endothelial cell
migration and tube formation. Biochem
Biophys Res Commun 2005; 329: 573-82.

[21] Thubrikar MJ, Robicsek F. Pressure-induced
arterial wall stress and atherosclerosis. Ann
Thorac Surg 1995; 59(6): 1594-603.

[22]Chen PY, Lin AY, Lin Y, Seki Y, Stokes AG,

Peyras J, Olevsky EA, Meyers MA, McKittrick

YA

J. Structure and mechanical properties of
selected biological materials. J Mech Behav
Biomed Mater 2008; 1(3): 208-26.
[23]Van Vliet KJ, Bao G, Suresh S. The
biomechanics toolbox: experimental
approaches for living cells and biomolecules.
Acta Materialia 2003; 51(19): 5881-905.

[24]Mofrad MRK, Kamm RD. Cytoskeletal

Mechanics: Models and Measurements:
Cambridge University Press, New York, 2006;
p: 26.

[25]Bao G, Suresh S. Cell and molecular
mechanics of biological materials. Nat Mater
200352(11): 715-25.

[26]Evans EA. New membrane concept applied to
the analysis of fluid shear- and micropipette-
deformed red blood cells. Biophys J 1973;
13(9): 941-54.

[27]Needham D, Hochmuth RM. A sensitive
measure of surface stress in the resting
neutrophil. Biophys J 1992; 61(6): 1664-70.

[28]Evans E, Yeung A. Apparent viscosity and
cortical tension of blood granulocytes
determined by micropipet aspiration. Biophys J
1989; 56(1): 151-60.

[29]Tan SC, Pan WX, Ma G, Cai N, Leong KW,
Liao K. Viscoelastic behaviour of human
mesenchymal stem cells. BMC Cell Biol 2008;
9: 40.

[30]Sato M, Ohshima N, Nerem RM. Viscoelastic
properties of cultured porcine aortic endothelial
cells exposed to shear stress. J Biomech 1996;
29(4): 461-7.

[31]Merryman WD, Bieniek PD, Guilak F, Sacks

MS. Viscoelastic properties of the aortic valve



VYAA lGuay ¥ oyladi VY 04 99

sy pilidicninl g yio (Sidi s p gle alao

interstitial cell. J Biomech Eng 2009; 131(4):
041005.

[32]Sato M, Levesque MJ, Nerem RM.
Micropipette aspiration of cultured bovine
aortic endothelial cells exposed to shear stress.
Arteriosclerosis 1987; 7(3): 276-86.

[33]Hatami J, Tafazzoli-Shadpour M, Haghigh-
ipour N, Mohammad Ali Shokrgozar, Janmaleki
M. Characterization of alterations in elastic
modulus of cultured human umbilical vein
endothelial cells subjected to cyclic tension.
XXII Congress of the International Society of
Biomechanics; Cape Town, South Africa; 20009.

[34] Byfield FJ, Aranda-Espinoza H, Romanenko VG,
Rothblat GH, Levitan 1. Cholesterol depletion
increases membrane stiffness of aortic endothelial
cells. Biophys J 2004; 87(5): 3336-43.

[35]Mathur AB, Collinsworth AM, Reichert WM,
Kraus WE, Truskey GA. Endothelial,‘cardiac
muscle and skeletal muscle exhibit. different
viscous and elastic properties as determined by
atomic force microscopy. J Biomech 2001;
34(12): 1545-53.

[36] Friedl P, Tatje D, Czpla R. An'optimized culture
medium for human vascular endothelial cells
from umbilical cord veins. Cytotech 1989; 2(3):
171-9.

[37]1Hsu SH, Tsai 1J, Lin DJ, Chen DC. The effect
of dynamic culture conditions on endothelial
cell seeding and retention on small diameter
polyurethane vascular grafts. Med Eng Phys
2005; 27(3): 267-72.

[38] Trickey WR, Lee GM, Guilak F. Viscoelastic

properties of chondrocytes from normal and

¥4

osteoarthritic human cartilage. J Orthop Res
2000; 18(6): 891-8.

[39] Trickey WR, Baaijens FP, Laursen TA,

Alexopoulos LG, Guilak F. Determination of

the Poisson's ratio of the cell: Recovery
properties of chondrocytes after release from
complete micropipette aspiration. J Biomech
2006; 39(1): 78-87.

[40] Trickey WR, Vail TP, Guilak F. The role of the
cytoskeleton. in the viscoelastic properties of
human articular chondrocytes. J Orthop Res
2004; 22(1):.131-9.

[41]Guilak F, Tedrow JR, Burgkart R. Viscoelastic
propertics of the cell nucleus. Biochem
Biophys Res Commun 2000; 269(3): 781-6.

[42]Barron V, Brougham C, Coghlan K, McLucas
E, O'Mahoney D, Stenson-Cox C, McHugh PE.
The effect of physiological cyclic stretch on the
cell morphology, cell orientation and protein
expression of endothelial cells. J Mater Sci
Mater Med 2007; 18(10): 1973-81.

[43]Wang JH. Substrate deformation determines
actin

cytoskeleton  reorganization: A

mathematical modeling and
study. J Theor Biol 2000; 202(1): 33-41.

[44]Yamada H, Takemasa T, Yamaguchi T.

experimental

Theoretical study of intracellular stress fiber

orientation under cyclic deformation. J
Biomech 2000; 33(11): 1501-5.

[45]Wang JH, Goldschmidt-Clermont P, Yin FC.
Contractility affects stress fiber remodeling and
reorientation of endothelial cells subjected to
cyclic mechanical stretching. Ann Biomed Eng

2000; 28(10): 1165-71.



olylSan 5 gails ulsa

i g3 slad glas 5, AL ol 53 9 sad 2 IS,

[46]Ngu H, Lu L, Oswald SJ, Davis S, Nag S, Yin
FC. Strain-induced orientation response of
endothelial cells: effect of substratum
adhesiveness and actin-myosin contractile
level. Mol Cell Biomech 2008; 5(1): 69-81.

[47]Dartsch PC, Betz E. Response of cultured
endothelial cells to mechanical stimulation.

Basic Res Cardiol 1989; 84(3): 268-81.

[48]Iba T, Sumpio BE. Morphological response of
human endothelial cells subjected to cyclic
strain in vitro. Microvasc Res 1991; 42(3):
245-54.

[49] Takemasa T, Sugimoto K, Yamashita K.
Amplitude-dependent stress fiber reorientation
in early response to cyclic strain. Exp Cell Res

1997; 230(2): 407-10.



