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Babr] S8l £ AelMe vilE o83t & AL 9le 1A o] B4 PCL/BCP WieidiE Az
Aok YieAlae A7AE Ball AlRglon, kS o838t acrylic acid(AAC)E EY8IITH SEMS Sl U
A EEE ERIEIAL AACT EYE WAl flolA MG63el 7] AEEe] AAs] STk Ag ERIskA
o} &2y EagEol= FAL 1.239+0.226 nmole/ug/minSZ WA ER] e LA (0.590+0.286 nmole/pg/
min) 2o} S71ekth webd, AAE Q¥ PCL/BCP WA= 227 Aol &84 & JS Aoz 7gdct
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Abstract: Polycaprolactone (PCL) and biphasic calcium phosphate (BCP) have been considered as useful materials for
orthopedic devices and osseous implants because of their biocompatibility and bone-forming activity. However, PCL-
based scaffolds have hydrophobic surfaces reducing initial cell adhesion or proliferation. To overcome the limitation, we
fabricated surface-modified PCL/BCP nanofibers using gamma-irradiation for bone tissue engineering. PCL/BCP nanofi-
bers were prepared by electrospinning and then we supplemented hydrophilicity by introducing acrylic acid (AAc)
through gamma-irradiation. We confirmed the surface of nanofibers by SEM, and then the initial viability of MG63 was
significantly increased on the AAc grafted nanofibers, and alkaline phosphatase activity(1.239+0.226 nmole/pg/min)
improved on the modified nanofibers than that on the non-modified nanofibers(0.590+0.286 nmole/pig/min). Therefore,
AAc-grafted nanofibers may be a good tool for bone tissue engineering applications.

Keywords: polycaprolactone, biphasic calcium phosphate, electrospinning, gamma-irradiation, acrylic acid, bone tissue
engineering.
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poly(l-lactide)(PLLA), poly(glycolide)(PGA), poly(l-lactide-
co-glycolide) (PLGA), polycaprolactone(PCL) 5©] A-&-%3L
ek

PCLS g-caprolactone(CL)S-ZH-E S-S F3l
A g0l 60 °ColaL FE]dol %7} -60 °C]l 224
AEAO|H PCLE 7ol FoF e 2AlE3) Edsto]
Bo] ARgshH, &xF/do] Zel Q1A qtellM 7 E&li7F H
HA dofu 22|38k |AA| e} DA 2 Bol AMEH
A= R

= OXAIE ol AREEM 2194S Z5= biphasic calcium
phosphate(BCP)= <1314 o]glal E2]& hydroxyapatite(HA)
9} Bricalcium phosphate(3TCPYS &35 A2l ot} HA
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Alef A X§=Z. Polycaprolactone(PCL), acrylic acid(AAc),
toluidine blue O(TBO), L-ascorbic acid, [glycerol-
phosphatei= Sigma-Aldrich(St. Louis, MO, USA) A& A}
4392, biphasic calcium phosphate(BCP)= ossgen
(kyungsan, Korea)oll4] +i8ted AM&-31T). 8 methanol,
tetrahydrofuran(THF)}> Duksan reagent(Ansan, Korea)=-E
TYste] AFEE AL, N,N-dimethyl formamide(DMF)+=
Showa(Tokyo, Japan)=Z -8 +yate] ARE-alSTt 2 & A
Holl AFEE BE A%k &uil= 7190 AA A glol
ARE-SFATH

H7|UAIE 0I88F L= MEL. PCL 13 wt%E THFS}
DMF &3-8-91(70:30)°1 83l & BCP 30 wt%s &334
3027 40%2] Al7]1Z ultrasonicationS 53] AAsle] ZE3]
AR A-R] T ste] A7Abe T o] LRt
N2 113kV AgelA 5A17F E2F 2mL/he] WE&E
ARSI O™, AL - Ad2ollA] 48A17F B ehds] st
 A7ALE o8-5ted A= PCL/BCP Yieidfo] A
o] A== Figure 1(a)°] YERAATE.
tfopdE 0[&sh Ol =L Q. A7TALe o3 Az
W78 2l S o] gste] o4k E94sieith PCL
7} BCP7} &35 o] AlZz" Y=d/-E 0.01 M Mohr’s salt
o] 5wt% oLt Fgollol FAg F HAFE 10kGy/hE
10 kGyollA zHebd-& ARSI 24 9h5 - mukge o
FAE AAs7] fleiM AASFTE ol&ste] 227 &
S MA e & FANXRIE ol&ate] 48217 B 44
&ttt ofZdAte] =9l% PCL/BCP Wie/d o] #1414
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R 2 %= Figure 1(b)ell YERHATE BE3F PCL W=Ad
PCL, PCL/BCP Y= 4= PCL/BCP, o}z dAto] &<
PCL W=4+E5 AAc-PCL, o}=84k] =% PCL/BCP 4}
=2 AAc-PCL/BCPZ %733t}

FAMXFE0]|A (Scanning Electron Microscope). PCL}
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Figure 1. Schematic diagrams of (a) fabrication of PCL/BCP nanofibers using electrospinning; (b) acrylic acid grafted nanofibers using

gamma-irradiation.

BCP7} &= o] AlxE v ol oladt Tyl &
Fests AFst| Qs AR (JSM-6390, JEOL,
Japan)y& o]&ate] FRIsAnt. vheAdf-o] Aaf =S| ofn]
A2 A7) 8 sputter coaterS ©]-&3to] 70% Ft wF
HRE 8o, 10kve] A, 10-20 mme] A]e] =71
< AH&Ste] gRlsk.

MU} He|M 2& 47| (Attenuated Total Reflection
Fourier Transform Infrared Spectroscopy). olF24te] &=
YE v Y sleH SAS AWAE Aol d
23 7]1(Bruker TEMSOR 37, Bruker AXS. Inc., Germany)S
ol-gsle] FAsIATE AR A= A7 8§ mmA o, s
EE 4em'e]R13, 500-4000 cm'e] 2HEHA 643] 270
ste] At

H&2t 8 (Water Contact Angle Measurement), ©}=L
dito] =Y Ao 2este s ERIsh| fsiA HE
7} 24 7] (Phoenix-300, Surface electro optics Ltd, Korea)S
o] g3ste] HEZFS SH AT SHE A= BAE F7
TE FAPIE o838t 10 pLA vl 3ol Hojegic,

O3 A2 BM. PCL} BCP/} = o] AlxE Wie
A ] Ak of=Zd 4] carboxyl groupe g5
?I8ll TBO A41HS ol-&ste] Az FFS siditt. ok=d
ato] E=lE WS TBO €9(0.01 M 94} 60 mg
SRIEF, 12 mg TBOYN 4A17F o) vhAIRL &, A7
FE o] g3t Al AlFe] 2t YxAHFE 0.1 M
FABEF dELTE(1:4) T & 217 § &

Zan, 43948 A35, 201543

Z4¥ 895 microplate spectrophotometer(PowerWave XS,
Biotek, USA)Z ©]-&3lo] 580 nmoll] F-3=S =480t
MZE HEY 9 ZAE ot of=d4t B9 & v
o NIEZ vjgst7] $18] 24 well plated] LS YL
MG63(Lonza, USA)S #E 1x10°2] 22 UYdH 3
Hol] HES & 10% FBSS} 1% PS7F €31 DMEM(Gibco,
USA) HjA]ol] €& 5 37°C, 5% CO, incubatorol| A 79 5
QF m eI, FARAARAR A S Fal ok E]iel] w
E AIE FEES glsion], vheadfrel tigh MG639
1, 4,79 &<t S2& &<st7] 380 cell counting kit-
8(CCK-8, Dojindo, JapanyS 3l 1t3ict. vi=]e} CCK-
890 H]&-2 9:19] v &R EFs o, 500 uLy ztzt
o] YxAidfeol YL 37°ColA 2417 FF A s &
spectrometerS ©]-&31] 450 nmol|A] =451t
Alkaline Phosphatase(ALP) &4 T7}. A7} F-2tksof
Ae UeAdf7E 2 Eslel oJg = A g FF2
F=A GRlsh] 9l ALP 2438 RISkt MG63E &
g 1x10°0] R yYeAdfol JE & FEs)h wiA
(2.84x10*M L-ascorbic acid, 1x10*M p-glycerol-phosphate)
o Y3 37°C, 5% CO, incubatoroll Al 7 &<t wjgatsitt.
RIPA Lysis buffer(pH 7.2) 8 Y 5 4 °CollA 207+ A
sl om, el -9k AIEE homogenizers ©]-&-ste] i
Atk 248 U=AG-E ALP 893 1200 v]E&=2 &
st 37°CollA 3027k A2 g - spectrometers ©]-8-31]
405 nmollA S8k, Bgk Zhzke] vl ol thgk oy
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AE AF37] 9al Micro BCA(Thermo Scientific, IL,
USA)E ©|-831312H, 562 nmellA] S48kt

SAXNE. ZE A7 dae] TAXEE 2o Al o
g FH+FFAE JERH A S, two-tailed unpaired
Student’s #test(Excel, Microsoft)2 p<0.05 <=0l A 2 A3}
o] 7}siqitt.

Zn o =2

FAMXI0|A (Scanning Electron Microscope). 2714
AE o]&3le] A2k PCL BCP7} $H+-¥ PCL/BCPY] 1+
AF FEHE ERIs] a8 FARAAE RS Bl st
9tk Figure 2(a)-(b)ellA] B vke} 7+o] PCL Ad+e] 7]
7} oF 50-300 nme] EEE 7R B33 A 29 A
f ®EHo] F=g$ JEQ v PCLZ BCP7F &3¢
PCL/BCP “3%-9] 717} &F 100-500 nme] HXE 7w &
THESE 3k A xe)t He] AXl FHE 7 e A
< gelg 4= e o] PCL/BCPOIA HEe] & 3138}
o] =& BCP E%o] A-fxHdl 317 EAE ds
AFRETH BCPOl 93 A o= Qs & AN f =5
XA T, FopEe] F2F TS FIANA =
ALE! 7upal o] g3ted ofA At =9 & AAc-PCLI AAc-
PCL/BCP:= o}t =9)ol] oj3l] Af #7171 S71st AA
H Bou, g o] g3t ofadste] =9 HFe] PCL
# PCL/BCPe] 9 Fej7} Ae] ®isPt §15-2 Figure 2(c)-
(dpelA gRig 4= AT} S Figure 2(e)lA Hi= vl 2+
o] Zrubd g & ofm sk =P 02 AAc-PCLE 200-
300nme] A7AS ZhHe UieAlh JEE EAshs AS g}l

k8- PCL/BCP Wi=rd-f A|R|AQ] 7l 421

sl B3t olm gLt £ 3t FellAe] PCL/BCPSF AAc-
PCL/BCP 273 E¥+& 9F 100-700 nmo& A5 27 H3l=
1% 4= AT mEpA] et o] 838l ol E At 9]
o= 98] AAc-PCL} AAc-PCL/BCP 2730] Hagdo=g 7}
z} oF 1509} 200 nm Z713F A& et}

MU} MM B BMJ|(ATR-FTIR). 7ol o] 43}
of ofzgsto] JfAE YAdfo] slehe 2E Rl
L3l kAl Ao g #4718 B8l el EHe] 5
std EAWsE 3EsII ) Figure 3(a)0lA] e vkel 7+
o] BCP7} 3% PCL/BCP2} AAc-PCL/BCPIX] BCP4]
71 9321 1050 cm™] PO 258 oIt ke %
AR PCL/BCP Wi Bl olmdato] =91= o Az}
u]el BCPX.t} PCL ZEA} ol /A E = Zoz Algd
t}? PCLE 1730 cm™ oA carbonyl groupe] #&E & A&
golst 4= 9J=dl Figure 3(b)ollA] of=zdato] =¥ AAc-
PCLZ} AAc-PCL/BCP2] 7% 1700 cm™o| A4 2] carboxyl
group} carbonyl group®] ¥4 HE |2 YERAIL 9
S5 el = UATEHP0 AAc-PCLETH AAc-PCL/BCP
oflX carboxyl groupe] Al U olfi= Aletd] 2AiQl BCP
o] o= sl A veAdfel FHE F7I=E Q8| ok
AF =0 TP ARSI

H&2F 8 (Water Contact Angle Measurement). ©}=L
2 £ A% PCL# PCL/BCP WicAlfro] Fssle s &
Aab7] A8l HE2HS ST Figure 4(a)ellx e
A2 eHA] 282 PCLE &°] S55A] &2 &7 Ueidf
Jel2 Vel 21e™, BCP7F £5HE PCL/BCP= BCP
7F 173 Algp o] 7] whEel] HlwA B g Eo] FE
Aoz oAslgit}. AT, PCL/BCPE Eo] S5EA] e
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Figure 2. Scanning electron microscopy (SEM) images of (a) unmodified PCL nanofibers; (b) unmodified PCL/BCP nanofibers; (c) acrylic
acid grafted PCL nanofibers; (d) acrylic acid grafted PCL/BCP nanofibers; (e) the distribution of mean diameters of nanofibers.
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Figure 3. Surface chemical properties of the nanofibers by attenu-
ated total reflectance-Fourier transform infrared spectroscopy (ATR-
FTIR): (a) spectra of PCL nanofibers, PCL/BCP nanofibers, acrylic
acid grafted PCL nanofibers, and acrylic acid grafted PCL/BCP
nanofibers; (b) peak shift of the acrylic acid grafted PCL nanofibers
and acrylic acid grafted PCL/BCP nanofibers.
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Figure 4. Water contact angle measurements: (a) images of water
droplet on the unmodified PCL nanofibers, unmodified PCL/BCP

nanofibers, acrylic acid grafted PCL nanofibers, and acrylic acid
grafted PCL/BCP nanofibers; (b) dynamic water contact angles.
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Figure 5. Quantification of carboxylic acid groups of acrylic acid
grafted nanofibers: (a) images of toluidine blue O stained nanofi-
bers; (b) quantification of carboxylic acid groups on the nanofibers
(*p<0.05).

M= HEH g SAME "It 1wRds o83l 1154371
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3 g1l Ui foll MG63 MES 79 F<t vl &
FARIAFAR A 0 2 Al H2Eg G188 H3 Figure 6(a)-
(bpllA B uke} o] e XelekA] 2 PCLZ PCL/
BCPAA Al27} At Alolrtelell ate]ar a8 ERIsHA
t}. 3 Figure 6(c)-(d)ollA] K& ulel 7o) o}=dato]
¥ AAc-PCL# AAc-PCL/BCPOIIA A7} A5 Abo]Ato]
of FatE o] ASE I oH, XFAE S 2k o= gAt
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LARED M2 S48 B2 AL I £ 9l =
gk 7UARe] A 1R Al SAE0] SIS &
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Aol F2E0] ol WA F7H 2L I 5 ATt
ol olmdAr m9joz QlE) M4de Uehlle vheidfol
Azl FAEH SAES BT A0E AlEE 2P X
T4 Mlghelel BCP] o= Qlsl ofadito] =9E AAc-
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Figure 6. Morphologies of MG63 cultured on nanofibers for 7 days
by SEM (a) unmodified PCL nanofibers; (b) unmodified PCL/BCP
nanofibers; (c) acrylic acid grafted PCL nanofibers; (d) acrylic acid
grafted PCL/BCP nanofibers.
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Figure 7. Proliferation of MG63 for 7 days (*p<0.05).
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