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ABSTRACT

ypothesis: Since naturally hydrophobic surface of polystyrene (PS) substrate
His unsuitable for cell adhesion, grafting hydrophilic and biocompatible poly
(2-hydroxyethyl methacrylate) (PHEMA) chains through surface-initiated
atom transfer radical polymerization (SI-ATRP) can alter the surface properties and
enhance the cell behavior.
Methods: Hydroxyl functional groups were introduced through ultraviolet/ozone
(UVO) irradiation at a distance of 3 cm. Next, an initiator layer was deposited on the
surface, which facilitated PHEMA grafting via SI-ATRP, conducted across various
polymerization durations (2, 4, and 6 h).
Findings: The intensity of carbonyl and hydroxyl peaks in ATR-FTIR spectra
increased with increasing UVO irradiation time up to 15 min, where water contact
angle (WCA) was about 12°. WCA of PHEMA-modified surface decreased from 56 to
48° as polymerization time increased from 2 to 6 h, and the peaks related to hydroxyl
and carbonyl groups in ATR-FTIR analysis became stronger. A thin and relatively
uniform PHEMA layer with a thickness of about 90-110 nm was observed for the PS
substrate pretreated for 15 min and subsequently polymerized with HEMA for 6 h.
atom transfer radical NIH3T3 cell viability on PHEMA-modified surfaces at polymerization times of 2, 4
and 6 h, with a pretreatment for 15 min, was 300, 250 and 225%, respectively. The
cell-covered area percentages of the pristine and the PHEMA-modified PS surfaces at

polystyrene substrates,

polymerization,

grafting, polymerization times of 2 and 6 h were 27%, 75%, and 62%, respectively. Most cells
poly(2-hydroxyethyl on the virgin PS surface exhibited a flat morphology, while a smaller subset displayed
a spindle-shaped form. On the modified surfaces, the cells had a spherical shape,

methacrylate), differed from the natural shape of fibroblast cells. However, cell alignment on the
cellular behavior modified surfaces was different from the natural alignment of cells on tissue culture

PS dishes, being elongated and spindle-shaped.

(*)To whom correspondence should be addressed.
E-mail: f.abbasi@sut.ac.ir

Please cite this article using:

Jafari A., Abbasi F., Nasiri M., Surface-Initiated Atom Transfer Radical Polymerization of 2-Hydroxyethyl Methacrylate on Polystyrene:
Surface Characterization and Biocompatibility Assessmentn, Modified with Adipic Acid: Investigating Its Absorption Behavior In
Different Saline and Acidic Environments, Iran. J. Polym. Sci. Technol. (Persian), 38, 29-420, 2024.



000§ bdadidio:g yried s 9y SO ysLie Sl
chm@ Jlsju&mg‘}

*LSJ:*‘J d@.fc*wuﬁﬁ‘&p&
OVFYO-VA4S s IS el oo 0dSiils (6 ey 550 o dSin s g imis ol K25 (5,5

VECE/EIA 5 s OXYNNA il s

slagl (laaly (Suin @l ol 2807 pha Gustolie © da g b b
ob5o b (PHEMA) (&3 Ste il a5 5008 Y) (b 55y 5 o 00T sasly 51 sl¥
3 el Galsa 5uas Gt il 5 e (SIPATRP) ebacs Sl sussle T sl Jlaml Moo, a el
sl Al S8, 9 s

¥ om alals s 31 os3homE a5 b gl s S sous Glile lass S lagty, R
GPHEMA 33 s cebaes (555 ST SLisa¥ 5 Lele (slas s € ol slal U i St
w2l (£ h 5 ¥ Y) el Gl slagley 5o SIFATRP (3,

b o JauS ouaa 5 S lass S 4 b e ey cad wls plas i ladisls
o ool sl sl Gl 331 10 min G UVO a0 555 ooy Gul 3l b PS plans ATR-FTIR
4ol #hEY B STHEMA Gt yads ooy Giulsl b 05 VY° 0 sim oo gl oo lass (WCA)
5 S o lole slasy S @ bgs e sladli cud 5 @il (alS YA® 4 07 51 OT ulas
Sasds Sofiel gl wblnd osldae 5 o il Gl ATRFTIR b o Jsiss S
colans L PHEMA w55 Baed 5 S50 ¥ HEMA gl £ h o7 g 5o 5 10 min
PHEMA U st rdal ¢ shaes 55, NTH,T, (sLaialy slasass b saalifie & +—\\ + nm g pumn
S Yo X0 LB V0 min gogldes iy Gy b s £ h 5 F Y Gudsal slagle) Lo
Losadpdual pob 5 5 ool s 50 AL L snsdig (Al wa s s YYOI
b oo LGAL we AYL 5 VO YV L Se £ h o5 ¥ Gadsaly slagley Lo PHEMA
0 el Ly K Sss peelid S LT 5 oS olans 5 Ols ulid K8 ol Ll
s B IS b oS LA (558 penlid S8 AL wadidnl ol 55, S Jla
Lsaspdal polan 5o AL pulid S8 (ol usas b o oolite cudl s glacaly
5 oS pulin Ja (TCPS) (ponieal fly bl a3 5k (555 LAl (panle ol K
S o pliie (S (S 50

‘)K.rflﬁ LCJLJKA d)im».ﬂ #
f.abbasi@sut.ac.ir




e Ol s (59 M pS Lo Sl S 9 S Y~ houws I oaubjleT 31 JUBl 31 O 3ab pouly

Glaal 5 5 Ad) ¢lp paw 4 (Sdr [IYOY] o
Ly oS Jb s wcl ) 2 (prokaryotic cells) (glavaa i
o2l [V0] s o (eukaryotic cells) (glaens sa slaaly
e Dl 035 D35 50 Ol st DS S 53 03le ehas
Sl g Sl s Ol wile mbaw gla S5 V9] ol
s 0Ll il Sa 0L 5 SKhsl b (655 (ol
a8 s Suss 5 DIV] Ll glasl 55 5 St
ol s DA 3505 e sla S5 b SIS bLol 2
Sl 53 sl glo s 4 5 ST ey il ol
e el laosle o (Sees sbml @ ek (el
x5 0Ll sba bty e 5 glatl (S 553 o0
IA ATy e bt S5 SLsd s ke b oS
S5 HeS 5 (Sl oS #32) i e POl cnlpl [14] 5
Lo L Ol Sy 5 OF 4 batl O 55 2 PS
sttt St (il gl ol sl (05,2
ol o St s 303l e S Sl
LYo ] Lo e BLosysiicoms osle o355 ol & Jl= s
Shie slge GLils o 3 2 se Sy PS e S
Jrate (s eole 4 Wil 5 e (latly Ay 6l (55 0 LS )
5 &S e 0Ll 1y e osbe 4 baassl Ll gl b ol g
5 (BCM) lastbos e ile GlagZisn b Sy ol
IV 355 o plonil Loy Sl e slatly gLas (glaodi S
(ol 235 e ke o5l e D 5 SULS sl
N oo sman Slapkd 5 e Glagii g oSty (sl s
sl 5ol s Loy 5l 20 (S gy O jacly 5 VIS
3PS Wil aegs slpe 2Ol 3 8 2S5k oS 3l sy
Slalas [YV] Wlos eslizal glasl i85 5 St 55
oy S (550 5 0S| b Ll O sy cdins oo OLES
b kg o 2 1 sl 5 S5 S il 8 el
5 8ke 5 Bl (o ol opl A8 e ol
5 St 53 1, (IMSCs) Sl ariilse Jlos il slaastly
b ol e ol man [1Y] dase Gl 5
Glaatl 5 bbiaw e iS5 5 (St ( J b SLS 5 5 58Y
a8 6l 1 0T B 5lacns 5 5 sdisi 5 gy |, NTERA-2
iS slaabel pl 5 0s 3 [YF] das o i3l S e s
ARl S e ke SUIEE Gl Sl slse 5l sl
3 Saas [YO] il glastly S Jslize sl s, (sl omilin
Gl o 5T 05 il 5 SIS (gl dadi g bl (5 S0

.

oo
Pl e &8 N lpecn Sl a1 S5 bsaddy
oozl 5 (6 o dB ()l 2 S (55,018 D g (92 pas aie
b Gl e 1] s adllae Was 1S 51 (ol o3 ¢ SIS
5l bl S Sty glatl s Shae 5 St 51l 5 oo
ool &S J o Y] el 50 8l Lol gla Sy J S
G R (Sl A 5 SO ol b g
U s bk Bl ol lag e osle IS Sl la
s ¥ el atly Ol b sla S5 4 g5 d>
b Sl Rl e sl (S sl
S el gt 3o S (i 5) oy S (PS) &t b ileds
53l sl (Sh aiey 5 [0] gl S Gole ¥ gutuarey U3
Sty S8 Gy b a5 sl Anl 5 0l e OF 51§ 0
5 VAT 0Kl g, 1565 Gy b [F] SKadls aile Cilises
505 5 S0sp Sl sl ls Lo ladble b
05 Ol by sgdome oslatul 355 L[] ol sdd eslixd
sl 53wl Jases Ol giew OF 5l eslinad (b glas )8
Ay b bads 5 b tsess cools Jhlay (o 5mme AS
Oyl s 85l 5 SO ol [V 0] 8 S el
SIS Gl 8 Sl 038 s Med ) e esle w4 1 O]
Ose 5 Sop lid D] ol sle SLS1 5 Sl gl
g gladed CiS G b Kl B edd EsLPS 05 pdd o
Sl ey 3L i Gy b Olgea sl
55 8y Y gams TCPS oy 15 [VY] W55 _a il (TCPS)
Sl 3 eopl s pm s by e eslizud glastly 2S5 5 St
dr g shteay el (S W0l IS 5 s olend
Sl 5l Jidad 5 Sdadidy eslizal Sl b sl paces s - sk
Slakaos 5o ey s LS o ob 5L hes Sl
o) Sl Coale als (Say LOT o (ol 4 s
i Gladass 53 el ST a8 ol ol Gl (O e
& olies Gl bsaddy ool mlaw Mol s Ol s b,
Ll $3578 58 g0 LI pikiga 03 g 3 el e 5 1S
T ol 02 Sl 5 a2 S ki
2B ey Slalase b J5e S WOl a5 5500 5 s
bl S5 S e Olpeay 8 S PS sk sl e
Lole ol laasl ciS gl Vsene ol (2 s
Slr il s o Jlail @ b SU s s lie Lag SL
sl Slg laal w5 sl ol (W5l g5k T

&€ iy )l (3339 8 A 0 lasds ol 9w Jlw posly (539J93S5 9 pode ok Alxo



L :

I i
RN~ o

Q | NH, Br HEMA

b et . e

+ T —o—éiJ\/NHO b BrOBd

. g SI-ATR

o 0

UVO (15min) IR AN Br W 6h

I 0

b gl sl Ol b o (s3baeslel o150 b - IS

eddd o5 kel LPHEMA sl o 30 5

Fig. 1. Schematic of the preparation of cell-adhesive polysty-
rene surface via grafting of well-defined PHEMA brushes.
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Table 1. Summary of samples prepared via polymerization

initiated from the polystyrene surface.

Sample code UVO exposure | Polymerization time
time (min) (h)
PS5 5 -

PS10 10 -

PS15 15 -
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PS15-HEMAG6 15 6
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Fig. 2. ATR-FTIR spectrum of the synthesized initiator.
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Fig. 6. Water contact angle on PS surface after PHEMA grafting
by ATRP at polymerization times of 2, 4, and 6 h. (polymeriza-

tion time of 0 indicates initiator deposited polystyrene substrate).
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Fig. 5. FE-SEM image taken from the cross-section of a

cryo-fractured PS-g-PHEMA substrate.
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Fig. 7. Effect of storage time on the wettability of PHEMA-
grafted substrates with a polymerization time of 6 h and a
pretreatment time of 15 min.
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Fig. 9. Percentage of cell viability on pristine Petri dishes
(3.5 cm diameter) and modified with PHEMA at polymeriza-

tion times of 2, 4, and 6 h, pretreatment time = 15 min.
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on a PS substrate.
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