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1. Abstract
Back Ground

Guided bone regeneration (GBR) is used in dental practices to increase the bone volume at bone defect
sites for implant placement. The membranes used in GBR are non-absorbable or absorbable. Currently, the
most various absorbable synthetic polymer membranes used could be detrimental to cells as they release
acidic degradation products that lower the pH as the absorption progresses. In contrast, B-tricalcium
phosphate (B-TCP) is considered to neutralize the acidic environment and promote cell proliferation. In
addition, high strength, high porosity, high surface area, and excellent air permeability are required for the
properties of the membrane. As a method to include B-TCP while having such requirements, there is an
Electrospinning method that can add particles and enzymes to the polymer and produce nanofibers.

Therefore, we decided to fabricate the membrane using the electrospinning method, focusing on the poly
(lactic-co-glycolic acid) (PLGA), whose decomposition rate can be adjusted by changing the ratio of lactic
acid to glycolic acid, and hexafluoroisopropyl alcohol (HFIP), which can produce a more stable fiber in terms
of fiber size, mechanical properties, and cytotoxicity as a solvent.

However, it has not been examined the optimal concentrations of PLGA, HFIP, and B-TCP related to the
mechanical properties and cell activity of the PLGA membrane.

Objective

The purpose of Research 1 was to examined the mechanical properties (fiber diameter, tensile test results,
the water contact angle, and fourier transform infrared spectroscopy (FT-IR) analysis) and Cell proliferation
ability (cell proliferation test) of the membrane based on changes, when the composition ratio of PLGA in
the HFIP was changed to 10 wt%, 15 wt%, 20 wt%, 25 wt%, and 30 wt%.

The purpose of Research 2 was to Prepare a polymer solution at the optimal concentration of PLGA
determined in Research 1, we prepared a B-tricalcium phosphate (TCP)- containing poly (lactic-co-glycolic
acid) (PLGA) membrane to enable cell proliferation and examined the mechanical properties (fiber diameter,
tensile test results, the water contact angle, and FT-IR analysis) and cell proliferation ability (cell proliferation
test) of membranes with 3 wt%, 6 wt%, 9 wt%, and 12 wt% of B-TCP content.

Material and Methods

Research 1: The membrane was prepared by electrospinning using PLGA and HFIP as the solvent; we
then examined the concentration ratio of PLGA to HFIP for optimal mechanical properties and cell activity.
The mechanical properties of the membrane were evaluated using scanning electron microscopy (SEM),
fiber diameter measurements, FT-IR analysis, and a tensile test; membrane cell activity was evaluated using
water contact angles and alkaline phosphatase staining.

Research 2: The membrane was prepared by electrospinning using 20 wt% PLGA and HFIP as the
solvent; we then examined the concentration ratio of B-TCP to solvent for optimal mechanical properties
and cell activity. The mechanical properties were evaluated by SEM, fiber diameter measurements, FT-IR
analysis, and a tensile test. Cellular activity on the membrane was evaluated by measuring the water contact

angles and performing alkaline phosphatase staining.

Result

Research 1: SEM revealed that the prepared PLGA membranes were composed of uniform, randomly



oriented fibers with diameters ranging from 0.5 pm to 2.1 um. The fiber diameter measurements and tensile
tests showed that the fiber diameter and mechanical strength increased as the PLGA concentration
increased. However, in terms of cell activity, membranes with high PLGA concentrations did not have a
good effect on cells. Moreover, the concentration with the highest cell activity was 20 wt%.

Research 2: SEM revealed that added B-TCP particles were embedded in the membranes, providing a
seemingly rough surface on the inner side of the fibers. The water contact angles presented excellent
wettability for PLGA/ 6 wt% B-TCP, PLGA/ 9 wt% B-TCP, and PLGA/ 12 wt% B-TCP. The tensile test
showed excellent results for control, PLGA/ 3 wt% B-TCP, and PLGA/ 6 wt% B-TCP. Cell culture tests
indicated that PLGA/ 9 wt% B-TCP and PLGA/ 12 wt% B-TCP positively affected the growth rate of cells
cultured for an extended period.

Conclusion
This study suggested that 20 wt% is the most suitable PLGA concentration for HFIP when making a PLGA
membrane by electrospinning. Moreover, 3 wt%, 6 wt% B-TCP may be the optimal concentration to prepare

PLGA/ B-TCP membranes by electrospinning.



2. #&

B HAFEEE (Guided bone regeneration : GBR) 13 KIBEIZEBM AT O TGRFTIET, BORE
SPARRL TV LEBICHEER LU, 7T MEB AR O ERICLBERIERGIETH D
(1,2). GBR T, ‘BXBEIIK L THERHMBEORAZIE, & 5128 LUWE O 2 e+ 57
D DOZEMENED T OIZARE AT, FtEl L0 B RE 2 7o) 7T AT Ly
(GBR A>T L) BB L INTND (3).

GBR AV 7 LA REL T THMIMERA T Lo ERINPER 7 Lo @ 2 FEEIZ R S
%4, FERER TV ATRY T T 7 AFr T L (e-PTFE) BLOTF ¥ U 7g EMREH S
NTEY @Y SR 2 2, BN AR—AERIGEN ZH 2T\ D. LL, BENREEL
TR A TV RET DD 2 BIHOHABMLENLE L 725, WIEA > 7 VAT B E T
IERRE T FHEENGRD, 2 B A OARHMLE I ZLEE RO DS AR E DMK S FTFIz A 7 L
ERBEALDOB D AR—REMFFTHZEDRE L. o TINOOMBEERRET 57202 D
WHZEDTHOI TN D,

BITE, 1FRGIECIREEY v AT 4 7, HRHEREZJE, electrospinning %, H OIS L OB

VAR EERMHEH LI ERFIEDRZE S TE Y (5), MEFTIEABRIEM B O & & S F 7 fil A
EOEDBEIN TS, fERIGIEDOH T electrospinning {EITHRE L72 T/ 7 7 A N —Z/E#L
LI TE 2EARNDROE NN THD (6). SHICRY ~—|Thi-oBER 72 E &2 TR
L CHMOREZGS Z £ TE, electrospinning {ETHLILET /) 7 7 A4 N—XRKREZWFREHE,
VT ITm bt ) A — VOB THEATRET, Sl X O m OBER ke &% < OFFE
R D 2 LAV TE %, electrospinning V£ TIFA S EMER U ~— & L T polylactic acid (PLA), poly
(lactic-co-glycolic acid) (PLGA), polycaprolactone (PCL), poly-L-lactic acid (PLLA) %54k % 7258k
MRICHNHENTE TS, ZOPTH PLGA IFHMB L V) a— VBOWREE 2 D Z & THE
HWEZPHETZH72DFE SN TWD (7). electrospinning JEITA LR Y ~— %2R L TN D
HHETOMEND Y, IR HW B AL L LT dichloromethane (8), acetone (9), chloroform(9),
hexafluoroisopropyl alcohol (HFIP) (10)5 2321 Hiv5. ZiLHOH T8 HFIP (3f#MED 15, Bt
MFReE, MIHEIEO R TE D RE LM EZERT 22 LA TED (). BEDZ &nb
Electrospinning {EIZ T A > 7 U v ZET B ERICA S EMEAR Y ~—& LT PLGA ZffiH LM &
LCHFIP 5 Z LT L.

LrL, PLGA OHUITEFHEREED pH DK T2 D 7o oMl EL 52 5 L ShTWnbH 72D
(12), Z ORI UBHEM THhd 5 B-TCP Z V5 Z & & L7z, B-TCP I3FeMERE: 2 T4 5 Z &
NTE, %< D in vivo X Win vitro FEMIZ LV, B-TCP (XN 7= EKE A & B84 H L,
B (A 2FM-CREEMIaZe &) ofdas, ok, BiEE Y R—F 752 LAMESNLTND
(13).

L2 L72723 6, PLGA A7 L > OWYBRRIRHE, MREEFEEEIC 227325 PLGA & HFIP, X HI(Z B-
TCP DEMPEIC OV TTREMFT S LT,

AWFFRIL, I HFIP (2% %5 PLGA ORE % 25k S electrospinning {5 TER L 72 PLGA X >
7 L OYBRRREE TS KO EAERE A REI T 5 2 & & HAIS, BRI HFIP (2%h9°% PLGA JREE
Z 10wt%, 15wt%, 20wt%, 25wt%, 30wt% CIERLL72% A 7 L o OBy RetE (SEM, 51k
kiR, Pl NERER, FT-IR), KX OHIfaSsEaE Gl sHaER) ORI 21TV L, SR b
7= PLGA OER L TR Y ~ —IiR AR L, 8 L 72iiKIC 3 wi%, 6 wt%, 9 wt%, 12 wt%?D
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B-TCP % ¥/ ST electrospinning % T B-TCP %A PLGA A 7 L A /ERL L B-TCP HEAIND A
YTV rEay ha—i e LT, WEAKE (SEM, SI9ERER, BflAIERER, FT-IR), BLW
HIRRBAFEAE R I RABR) OFEA 21T\ Fls et L 7=,

3. MRLB L UHE
3.1 Ak
PLGA X PLGA 75/25 (A K5 0.55~0.75 dL/ g) (DURECT Corporation, CA, k[E) % Fv>, HFIP

X 1L,1,1,333-~F 7t as yrass ) — (FL7 AV AREMEERA S, K, BA) %
A=, B-TCPIE (B-TCP-100, A PAbZFPE MRS, KK, BAR) ZHv, 2 20R25H A X
(¢=3mm, 5mm) ® ALO; R —/b & —FFIZ ALOs FEHIZ AL, 18 IKffH], EREMA—1L I (7
v F o Uy SRR, MR, BA) AL CHE L (14).

ALP Y2(2ClZ TRAP/ALP Y20 v b (B L7 A L ARG SH, KK, BA) Z2Hn7 o
ha— L TITH 7=,

3.2, R ~—IROFR
3.2. 1. Electrospinning 75 % AW\ CHFFE R EILEEZ HBY & L7z poly (lactic-co-glycolic acid) A > 7
L OFERLE G (5T 1)
HFIP |Z%f L C PLGA B % 10 wt%, 15wt%, 20 wt%, 25 wt%, 30wt% Gl L, < 25C
T—WeE L CIEfiRE L7,

3.2.2.B-TCP Z¥MUT-R Y I « 7'V a— LERILEAE A 7 L o OFERLE S/l (0752 2)
58 1 TRD H AL/ PLGA OFEGEIRE TR U ~ — IR AR U, J15E U723k 3 wi%, 6 wi%,
9 wt%, 12 wt%® B-TCP Z i &, Zi i 25CT—HufikiE L Clafg L7z,

3. 3. Electrospinning £
filiJ} L7z electrospinning 257& 1%, WA -REEE EofERT, =, BA), mEEREE (IRE
TLvYa MR Eet, W, BAR), TITARAF I YUV, 20 =T AT U L AE (TIVER
Rath, R, BA), BLXORZav s Z—THkEnz (Fig.1). YV VHORY ~—iK
Wix, VORI ) Vb =— RV ET15ml/h OFECH LS. HNE

EiX, =— NV&27FTI A, RTLaL I H—%<AF AL LT 15kV OFELEIPEHINEN, EXG]
NMHRY = =R OFREEI 2 T2 RFICR ) ~— RN Y =y e a7 ¥ — 2 Cht

Hansd, HHENERY) v—TY =y MNIERF THRAICEEL, 2172 —10a< £ TOMIC
RV ~—Txy NBERENT 7 A N—DF A XBF ) LV ETHD LT ) A XD 7 7 AR
—%ZalLJ ¥ — EI/ERT 5. AR TR O OB =— Kr ka7 X —MOiEBEE
10em& L7z (15). 27 Z— RICERIENTZ 7 7 A N—X 25C T Wiz U 7= hliE L7=.

3. 4. WBRFR R A
1) SEM 781 %
PLGA, PLGA/B-TCP A > 7 L > Oifffli7eritix, E&ME 7ML (SEM) (S-3400N; £
XSS T 7 /7 mo—X, B, BAR) IZXoTHIE L7z, SEM BIEZ1T O AllC T
TOPLGA A>T Lumnb lemxl em ICTHFE LT A VT Lo ZH TN b L, RFEEEEIT



o572 (16). FA LT L O 7 2 % K210 4 Pl U CHkERR 2 E L, ERMGHER %
FLH L7z, JI%E X Adobe Photoshop 5.0 ¥ 7 7 =7 (Adobe, SanJose, CA, K[E) ZfHL
7.

2) BlakaER

PLGA, PLGA/B-TCP A 7 L%, BB/ XU F 77— R Nob (FHfitastks
ft, B, AA) &AW REE B L L. BIoRaBRIL BZ-Test (BRASATBHRERT, HUHT,
HA) Z AW EE I E T 10mm OB CHEE L2 1 A~y REE 10.0mm/4> THIE L= (17).
FTRTCOERIT 25C TS > T % 6 [BIAIE L, FH5IEMREZHH L.

3) HEfid e E AR
MEFOBIANE 2~ KEEfl /41X, Drop Master (DM300, WSt miet R Natt, BE, H
A) WX -oTHIELAZ. 1x1em THIE L7 PLGA, PLGA/B-TCP A > 7 L % 25°C D=
5 C 24 RERIGREF L, BEAMAMPER DA T A RH T AT 7. &K Qul) 1% 2
VT VUREICHFL, SBRRICEMAZIE L (7). AT LrREDOT X LREGHTT
7 FHAIE 24TV, Sl 2 B L7,

4) 7— U BWIRIN A
PLGA, PLGA /B-TCP A7 L%, 77—V = ZEHIRGAMIRIN 3 IEEE R (fourier transform
infrared spectroscopy : FT-IR) (Thermo Fisher Scientific, MA, K[E) &AW CHIE L7, HIET
Attenuated total reflection (ATR) 75 TATVY, A7 FUVHIESMAIE, HIEHPH 4,000- 500cm™,
yPRRE 4 cm!, FEBEIEL 64 [B], =R 25°C OFRMETIT- 72 (16).

5. AW ER R EREAT
1) et

FE I MC3T3-E1 (FF XA A ) VY —2 B ¥ —, K3, BAR) & 7=, 55T alpha
modification of Eagle’s minimum essential medium (a MEM) (4 —%F7 4 v ¥ —H A =27 ¢
74 v 7Rt O, BA) IHRENE (-7 4 vy =P AT AT 40T
A, 1, BAR) 2 10% %Nz, JUAEME (penicillin ; 100U/ml, streptomysin ; 100ug/ml)

(=74 vy =V AT 47 4 v 7 BRASHE, FUL, BA) Z IR L7255 #T37°C
5% COL S F TR L, 0.25% trypsin (F—F 7 v &% —H A =0T 1 7 1 v 7 RS,
WO, HA) THHEL, L7 (18).

2) ALP YLt K 2 il e s ek
PLGA, PLGA/B-TCP A > 7 L > Z f I PBS T 3 [EIWE#4 L, ¥KIZ 2-propanol TiHZE L 7=.
ZLTC, 205UV BBE LT Lz, 3X3em OFEE 6 7o LT L— K
D7 =V AR,  WIZ MC3T3-El #ifd4 1 7 =/L& 720 10,000 &8 OHIFLOREEE T Y = /LT
BHELZ Q). T0%, 6 Vo w7 L— 237 CCRR1TBMA Y F2X—F1L, 1,
4, BLOT HEIDOA ¥ a~—a %, ALP Yeta el L7-. Yetath, MERFHEMAR TYt
Sh-filata selh vk Lz,



3. 6. HatoHT

T RTOFEE ML PASW Statistics (/13— 3 > 18.0, IBM, Armonk, NY,, K[E) %W TITW,
SEMEO ZZDREICIE, — JTECE D HHT (ANOVA) 35 KXY Tukey-Kramer 7512 X 5% E kiK%
1TV, PIEDY 0.05 KOG EICAEASH Y L HE L.

4. R
4. 1. Electrospinning 1£% HWCEFFERA1ELZ HRY & L7z poly (lactic-co-glycolic acid) A &7 L > D
RS & 3. (BF2E 1)

4.1.1. SEM %z

SEM DR % Fig. 2 127, W8 54 PLGA A V7 L 2 inT & ML L 7= il THER &
NTWDZENBEINT. T/ 77 A N HAEDKEAEWIC L DMEEEIC XL > TR ST
AILABIE SN, AT LU BIRICHMA LTz, & 512, 10wt%, 15wt%PLGA A > 7 L (K
2a, b) IFBEHER NS <, A E— X LRI 2 R OWIR BIEL S 4L, 30 wi% PLGA A >
7Ly (M 2e) ITRVIHER O 72 O ITHHME & RHED B G L 72 Bl G liE & FRIEH 2 ED B S
7.

WEAEREORE R % Fig. 3 12”7, MRHERSIE 10 wt% (0.53%0.29 pm), 15 wt% (0.71£0.21 pm), 20 wt%
(1.45£0.57 pm), 25 wt% (1.8320.24 pm)F LT 30 wt% (2.10£0.35 pm) DJEFTKRL 72->72. 10
Wt% I 20 wt%, 25 wt%, 30wt% & Hl L CHEISHIN - 72 (P<0.05). 15 wt%IE 20 wt%, 25 wt%,
30 wt% & HLE L CH RIS/ o 72 (P<0.05). X512, 20 wt% & 30 wt% DI b AR /R 22580
20 wt%DIE 5 D3 FlDN o 72 (P<0.05). FEHER DR R DT, 10wt% & 30 wt%[M TH. .o, FEE o=
1L 1.57 um TH o 7-.

4.1.2. 5|9

5 IERRBR G & Fig. 4 (2R d. SIIETREE X 10 wt% (9.3420.44 MPa), 15 wt% (10.230.79 MPa),
20 wt% (11.321.07 MPa), 25 wt% (11.85+0.60 MPa), 35 & T8 30 wt% (12.67+1.38 MPa) DJ[EIZ
<TpoTz. 10 wt%IE 20 wt%, 25 wt%, 30 wt% & bl U CHEICHRE DMK > 72 (P<0.05). &5
(2, 15 wt%l3 25 wt%, 30 wt% & i U CAHEIZHEE MK > 72 (P<0.05). 20 wt% & 30 wt%D[H]
ICHAEREEZRD 20 wt%DIE 9 BMED -7 (P<0.05).  FIEREORKDZEF, 10 wt% & 30
wt% [ TR 5, ¥ D#EIT 333 MPa Th o7z,

4. 1. 3. HEfide ) E AR

Pafilfy OFE R % Fig. 5 1R d. BEAAIE 15 wt% (93.401+8.11°), 10 wt% (93.71£4.91°), 30 wt%
(93.99+9.70°), 20 wt% (94.019.29°), 25 wt% (94.5+7.92°) DIEIZAHEN K& /2 -7=. % PLGA
AT L ORI HEZEITRO ool

4.1.4.FT-IR
FT-IR A7 kL% Fig. 6 (23, 4% PLGA A7 L2 ® FT-IR A7 FLiE, §XTD A
T L UREIZBWTPLGA IZXfIST AT X TOE—r 232 LR LT



4. 1. 5. flfasEsEEER

% PLGA A7 L2 ETO 1, 4 BLONT HEOB#% DMtk o284 % Fig. 7 3 X O Fig. 8 I
AT 1 BT, 10wt%, 15 wt%dE LT 20 wt%DEEE, 25 wt%ds LTV 30 wi%DRE L D & B2
AN A EIZ S -T2 (P<0.05). 4 B TIE, 30wt O FMlaithoit kv L AEITD e
72 (P<0.05). 7 H%ZTIE 20 wt%IlE 15 wt%ds KO 30 wt% L 0 HIEFEMEEN G EICZ o7
(P<0.05). F7=, 30 wt%IlE, 15 wt%Is L 25 wt% L 0 & ESE M N A EICE > 7 (P<0.05).

4.2.B-TCP ZWRMULI=A VAR « 7V a— NV RILESEA 7 Lo OfERLE T (BF5E 2)

4.2.1. SEM #i%2

SEM B2 D%E R % Fig. 9 (289", 45 PLGA/ B-TCP £ > 7' L > ORI SEM Wi Tz
—lcElgE SN, 2 br—L T, MR DB S, MEREIC X o TR S
IREEE ST (Fig. 9a). PB-TCP Z ¥R L7= A > 7 L > (Fig. 9b-e) TiZ B-TCP Fi+ 2 HlAA £
TAUT LU RESOHEN THIE S 7=.  PLGA/9 wt% B-TCP, PLGA/ 12 wt% B-TCP (Fig. 9d, e)
TIX B-TCP KL DN L 0 £ BE ST,

THAERR OFE R A Fig. 10 127”89, 45 PLGA/B-TCP A > 7 L, HAEN 1.4-1.8um TT X AIC
Bl L7-fME CRERR S T2, lER 1T =2 b o —JL (1.45+£0.26 pm), PLGA/ 3 wt% B-TCP
(1.71£0.26 pm), PLGA/ 6 wt% B-TCP (1.75+0.58 pm), PLGA/9 wt% B-TCP (1.74+0.52 pm), PLGA/12
wt% B-TCP (1.83+0.54 um) DNETKL 72572, & PLGA/B-TCP A 7 L > ORICHEAITRD 5
niginotz (P>0.05).

4.2.2. 5|

5 IIERRBRRE & Fig. 11 1279, 5I3EMEE L, PLGA/ 12 wt% B-TCP (9.14%1.24 MPa), PLGA/9
wt% B-TCP (9.27+0.84 MPa), PLGA/ 6 wt% p-TCP (10.53+1.17 MPa), PLGA/3 wt% B-TCP (11.14+
0.85 MPa), =1 b r—/1(11.3240.97 MPa) DJEIZFR< 72 >72. PLGA/ 12 wt% B-TCP & = k=
— VDD 7L 2.19MPa Th o7, 2 hm—/L D5 [EMEEL, PLGA/ 12wt% B-TCP 5| 3EH
EXDH 1245 R&E -7, 22 b r—/LiX PLGA/ 12 wt% B-TCP & bl L CHEIZ TR N
72N> 72 (P<0.05). PLGA/9wt% B-TCP & =2 hr— /LD DT 2.05MPa TH-7=. 222 b
2 —/L DGR, PLGA/ 9 wt% B-TCP DSIRMAE LY 122 fFRE o7, 2 hr—/d
PLGA/ 9 wt% B-TCP & bk L CHEIZFIBEME NI A > 7= (P<0.05). PLGA/ 12 wt% B-TCP &
PLGA/ 3 wt% B-TCP O ¥ D71 2.01MPa TdH >7-. PLGA/ 3 wt% B-TCP D5 |3EFREE (X, PLGA/
12wt% B-TCP DOF[EIRE LV 122 fF K& 2o 7. 22> b —/L13Z PLGA/ 12 wt% B-TCP & Frifs L
THBEIZHIEME N> 7= (P<0.05).

4.2. 3. HEfidf ) E R

Befilfy OFE R % Fig. 12 (2 d. BEfigiX =2 b r—/L (94.0+£9.29°), PLGA/ 3 wt% B-TCP (78.29
+3.13°), PLGA/6 wt% B-TCP (73.83+6.02°), PLGA/9 wt% B-TCP (70.6+4.16°), 3 L X PLGA/ 12
wt% B-TCP (64.5+£7.93°) DJETHEA L7z, =2 b —/L &9 TP PLGA/B-TCP A > 7 L > DfH
\CH B2 72%RD 7= (P<0.05). PLGA/ 12 wt% B-TCP IZ PLGA/ 3 wt% B-TCP & ki L CA EIZIK
WA 2R LTz (P<0.05).



4.2.4. FT-IR
PLGA, PLGA/B-TCP A2 7 L > ® FT-IR A7 kL% Fig. 13 (/8T TR_RTOA LT LR
PLGA IZxfI5T D B — 27 Z/r L7z, B-TCP &K T 606 351552 em! /3 L, PLGA/ 3 wt%
B-TCP, PLGA/6wt% p-TCP, PLGA/9 wt% B-TCP, 33X T8 PLGA/ 12 wt% B-TCP (Z & 541, B-TCP
PLGA ¥ h U w7 ZZHLOIAENTWD Z ENRH LM77z,

4.2.5. HfREE TR

PLGA/ B-TCP A7 L ETD 1, 4 BLU 7 HEOEERZOMIEED 7 Z 7 % Fig. 14 5L O
Fig. 151277, 1 BB TIZZ A —7HICHEEZITRD v~ 7. 4 H#% TIX PLGA/ 9 wt% B-
TCP %, =2 br—L X0 B HEEIZE < OMIEAE R LTz (P<0.05). 7 H1% TiX PLGA/ 9 wt% B-
TCP 35 X U'PLGA/ 12 wt% B-TCP I, 2> b —/L X 0 $ FREICE < DMl R~ L7z (P<0.05).

5. B2

I D2 OOIEMENFFEIZ LV Electrospinning 5% iV T GBR # HiJ & L 7= B-TCP &4 PLGA
AT U UG YA, VS HFIP (2395 PLGA OFMEREIL 20 wit% TH VY, O EiH
PLGA JEJE CTIERL S U2 IR 3 wt%, 6 wt% D B-TCP ZiRIN4 5 Z L1 & - THEROssE, B X
OSHIARIESRRE I B W TN A VT L U RIS D 2 E R TH DH Z LRI S 7.

W98 1 DAL, ¥HE HFIP 1264 % PLGA #RJE 4 2k S H7-F, Electrospinning £ TER L 7=
PLGA A 7 L v OWBiRFrtEd L OB RE 2342 2 &, W98 2 o BAUIE, #F%E 11T &
S TRD BN PLGA OEWEIRETHRY ~—iR 2 L, i LRI R R 25 HED B-
TCP % #s/l &4 T Electrospinning £ TER L7z 2 7 L o O W BERYREME 3 K OSHERR ST BE % ZFAI
TAHZELEThoT.

BEZE 1 T, O%Qmum® RN OREHER 234 PLGA A v 7' L v O F il CRlEE S -,
Yongcong F & (19)IXEAE2Y 100 nm 2> 5 5 um OMRHMIREHE CIE S 7= BRMR AT, Minst~
N w27 2 (LLF, MM)@% ELHLIL TS L Lz, ARWFIED SEM, fAEEE DFE R Tl
Yongcong F H D L2 G-I Y TLE DRER DG O Z L7225 PLGA R 1L ECM OJZRE
P 2 123 BT B2 5. L LR 5 PLGA HEEEAMEW 10 wt%, 15 wt% D A > 7
LU TIEOED D E— X E BTN D 7 7 A N (LS T W ERROMIR S BIE S, RE
DR 30 W% D A 7 L 2 TIERWIRHED B B S IAE B Sz, B — X0 G kiE D58 4=
IEREND X T L OREMZ D S EMHEE RO L LS EL Z endlESNTE
D (20), B —XLCEAMHEZTER LaWE)—72 A T L U S DR E T 20 wt%ds X 08 25 wt% s
WL TWDHEBZLND.

PR RIE TIEE A V7 L O ICHEBERZITRO v hoTo. AR SIS OBl
f (40~70°) %A D RIENIMILEERE 5 T2 BEICRET 2 2 LN TEMEEEICTETED
EHELTHDN (21), AFEBRTITTXTOA LT L UATBWTEY 93~95° O#fiz /R L
7o THUIA T L REPHAETH D MlaHs LI WAL T LU OREECH -T2 L&
Z N5, BIERBROFETIE, 30wt%D AL T L AL 10wt%D A7 L S 13560
FIRTREEZ R L2, & HIZ 10 wt%)» BIEIZEEIEZ /2D & 10 wt% (9.34 + 0.44 MPa), 15 wt%
(10.23 + 0.79 MPa), 20 wt% (11.32 + 1.07 MPa), 25 wt% (11.85 + 0.60 MPa), 30 wt% (12.67 £ 1.38 MPa)



& PLGA JEEEMBENNT 5 L IREEMNIRS 70> TV T E3%59H %, Z4UE Chou SF 5(22)DiRA S
NIERY ~—i#EDSE, PLGA OEAENHEIMNT 2 &, PLGA OEWEIMEIZ LV SEE Y o 7R
DI U7z &) iy & RRROFE R 2R Lo, ARWFFETIIAR Y ~—1X PLGA DAHDFERTH L7
DEHIIC PLGA IREES NS 2 & 53RV R SITIRERICHAI L TR o T BN,
FT-IR OF5 B TIZPLGA Z# EHET S 865ecm ' DB —VlHNF A L T L TR S, SHIC
PLGA ODEMNHE X 5 L ZOE— 7 TN L7Z. Zhid Hiep NT 5(16)D FT-IR IZ L > TRD 5
72 PLGA O & — 7 [EOHAE & RO REZ R L2 Z 5, FTIR @ PLGA IZx7 5 B — 7 fA
XKD L E 2 b5, MIEEERIL | B % ORE R TIE 25 wt%, 30 wit%D A > 7 LY
TOHFEIRE A EIZIL < (P <0.05), 4 HH% T30 wt% 2 MiORE & G EICE» -7, L
L7 B%ORERE R THD L 20 wi%DMUORE & th% < HfaAHEHE L TV D Qg izt s
7z. Chung S H(11)IMEH &4 5 ORI BMR e < MIRHEARIE, FINE VAR & & B
ARSI 52 &, /7 7 A NN—HEEDMIEIR A (EE TE 5 2 &, S ORI M
DOEF LI THEBIZ NI EAETIIR NV E W) G L REEORRAZ R L2, ZHIC kvl
HEFFI TR BE ORI BB I T 720 25 wt%eS 30 wt%e D K 9 7R RS RN A v 7 L v Tl
HERRDSHIDN A U7 L L0 HfEREE LI WEB X BN, LLEDZ & B/ SUWRIEHER 134
foftE, &R, AR TH D EE X B, electrospinning {EIZ L > THONLL T/ 77 A
N3N v —IREDREEZ LS E DL Z LI L > Ttz = hr— L kD B2 60
%. X DHIZPLGA JBEENHEMT 2 &5V @\ SIXREZEICHFI L TR eo T B X HND
Z LD BIAE HFIP (253 % PLGA OREEIT 20 wt%e N EEEE TH D Z LNV S iz,

fF9E 2 @ SEM, HEHERE DAL CTIX4 B-TCP IRNME TDO A 7 L v OMHERICA B ZAITRD
N9, a2 be— L TILE LD TH iR O R mABIE S, B-TCPEZRM LA T L
TUE B-TCP KL FDIMAE A 7 L R ETCHEAEP IZ B-TCP AL 123852 S 4172, Smith 10 &
QNTT RZ A PRIFICE > THESB W T ) 7 7 A S—FRHIX, BIEAGROMEEESE, #
JE, BbERET S 2 ENRHRD LV oA LT A, AR Tl electrospinning 152 AU
52 ETBRTCPRI % AL T L ACIRINT 5 2 & CREM AN S EHlaEss, BEE1T5 e
EHNEELZENTEDA LT LV RADEEBEERT L ENARBTHL EEZBND. §
EREROAE R TlE, PLGA/9 wt% B-TCP, PLGA/12wt% B-TCP DA 7 Lk 2 ha—/L kb
ARABEICEWEZ /R L2 (P<0.05). & 512 B-TCP IFRMENHMNT 2 & SIHEMENME T LT
L ZENGMmoTz. ZIULEzatiM H(18)73, B-TCP BB EICH ERIRE L6 T LW
U R L ITR AR DRER L 2572, B-TCP 1 PLGA LA, SIS REERTH D
T2 JSTE L CREHEPICHRDIA N 5200, DO REITHAET 20O T, MRHEOTREE D MEFIT /2 v 5]
BRI Z MmO 2RIIE LN o7 B OND. HEAORERETIE, B-TCP ZiRMM L7z A v
TLrUFar e — L L L THREIDIRVWELZ R LT (P<0.05). 22> b —/LO#MA I
94°Tdh > 727, PLGA/ 12 wt% B-TCP Tl 64.5° L IRV MEZ /R L7=. B-TCP W& EW & Bk
D B-TCP ki - HHEREICHEH L, RESHIEICRY AT Lo OBhEN LR LB BN
5. AROQRDITIPHEEOEMA (40~70°) A3 5K ITHINERS 2 F 2B aiclE T 5 2
ENTE, MEEAICHES TELEHELTEY,B-TCP 2T 5 Z LIk » TiEE M E
UM 55 LT WREMEICEL L2 LB 205, FT-IR OFfER TIX PLGA OB —7 %R
T 865 em ! DE—I NENENDA LT L U THER I, SHIT6063FBLN552em! D/ K
1%, B-TCP R EENTNDZ & &R T POS MR S NT-. ZHULLinF(24) 5D FT-IRIZ L -
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TRO BT B-TCP DB — 7 Oty & FEROFER & 7p o7, ZHUZ XV B-TCP 1% PLGA <> HFIP
WZE o TEBIIZ T o lcbBEZ NS, MlabiER B R CTldkEE 4 01213 PLGA/9
wt%p-TCP, 7 H & TI% PLGA/ 9 wt% B-TCP, PLGA/ 12 wt% B-TCP 32> b r— /L X D L HEICH
VMEZE 7R L7z (P <0.05). PLGA/9 wt% B-TCP, PLGA/ 12 wt% B-TCP (X E #0552 i C o Hifu
OHEFHEE\C B2 R 2 b0 T REMERH D B2 b, S HIC Shim JH & (3) XM faEE 5
CiX PCL/ PLGA/ B-TCP & O S I K T 5 vlgetEn ® v, Milaohe, #5, HiEie o
NI BN B A 5.2 D ATREME N B D LG LTV 5203, ARFZET b RARICHIRRE D8 IAs 75
iz Z & D5 PLGA/ 9 wt% B-TCP, PLGA/ 12 wt% B-TCP % ¥ L 72354 XS Eh iz B4 7 2t
B ZBHZENRBINTZ. LLEDZ L electrospinning 5T A V7 L v EERIT B ES, B-
TCP Z RN % & Ml PN PRIHER 1 2 Bnm#ﬁbﬁih%ﬁﬂﬂL I 0  HICREAED
L, MfEEE, MEHGE Lo WERRICE LS D 2 E KD, L LAY S B-TCP OB
73 PLGA/ 9 wt%p-TCP, Pumnzm%mmp®x/7V/i%W%ﬁE#ﬁ<ﬁét@,m
AR DD ENLITITHWIZ K W, L7245 T Electro spinning % T PLGA/B-TCP A > 7 L v %
YERE L B-TCP ¥#MNT2 BE D % 5@ 1T PLGA/ 3 B LT 6 wt% B-TCP TH D Z & VR X jurz.

6. finmm

A BIOMFFEN G, electrospinning 5% HVT GBR # HJ & L7= B-TCP &4H PLGA A 7 L U %
TERT 256, BRI HFIP 1% 3 % PLGA OFRMEIREIL 20 wt% TH Y, TRV v —HIKIZ 3 %
721X 6 wt%® B-TCP ZIRINT 5 Z &IT X o TYBRYRHE, 36 X ONHIREAERE IC BV TN B-
TCP G A PLGA A 7 LU aFlS 5 Z LISARETH H 2 LR Sz

%1% invivo ICBWTEMICOZoTAV T LU 285, S HICEWEREZITVEKRNTD
pH DZALIZOWT IR T O MENRHLH L EZXD.
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8. Figure legends

Fibers jet drum
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Figure 1 Schematic illustration of the electrospinning apparatus.
The flow rate of the polymer solution was maintained at 1.5 mL/h. A high voltage of 15 kV was applied at
the tip of the needle, and a distance of 10 cm between the needle and ground electrode (d = 9 cm; a stainless

steel sheet on a drum whose rotation speed could be varied) was sustained.
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(a) PLGA 10 wt%

(¢) PLGA 20 wt%

(d) PLGA 25 wt% (e) PLGA 30 wt%

Figure 2 SEM images showing the morphology of respective PLGA concentrations.
The detailed structures of respective PLGA/B-TCP membranes were imaged by scanning electron

microscopy (SEM) (S-3400N; Hitachi, Tokyo, Japan) at an acceleration voltage of 15 kV.
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Figure 3 Comparison of Fiber diameter of different concentration of PLGA.

The electrospinning sheets were analyzed by measuring the fiber diameters of 10 randomly selected fibers.
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Figure 4 Comparison of Tensile strength of different concentration of PLGA. (n=6)
The PLGA/B-TCP membranes were prepared with a test specimen punching blade No.6 (Kobunshi Keiki
Co., Ltd., Kyoto, Japan). The tensile tests were performed on an EZ-Test (AGS-H; Shimadzu, Kyoto, Japan)

at a crosshead speed of 10.0 mm/min. All experiments were conducted at 25 °C.
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Figure 5 Comparison of Water contact angle of different concentration of PLGA.
Seven measurements were taken at different locations, and the average value and standard deviation were

calculated.
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Figure 6 FT-IR spectroscopy of respective PLGA concentartion. The spectrum of PLGA shows peaks at 865
cm!. And HFIP shows peaks at 1,722 cm™! .
(a) PLGA 30 wt% ;(b) PLGA 25 wt% ;(c) PLGA 20 wt% ;(d) PLGA 15 wt% ;(e) PLGA 10 wt%
The infrared spectra of the samples were measured over a wavelength range of 4,000-500 cm™'. All spectra

were collected in the spectral range by the accumulation of 64 scans with a resolution of 4 cm™!
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Figure 7 Alkaline phosphatase staining of respective PLGA concentrations Day 1,4 and 7 .

The PLGA membranes were first cleaned three times with phosphate-buffered solution followed by
isopropanol rinsing. Samples were then sterilized by ultraviolet irradiation for 20 minutes. Specimens
measuring 3 x 3 cm were placed into empty wells of a 6-well culture plate. MC3T3-E1 cells were then seeded
into the wells at a density of 10,000 cells per well. The plate was incubated at 37°C for up to 1 week. After
1, 4, and 7 days of incubation, ALP staining was performed using the TRAP/ALP Stain Kit (Wako).
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Figure 8 Number of adherent cells Day 1, 4 and 7 of culture on respective PLGA concentrations. (n=5)

After the staining, non-adherent cells were removed by washing three times with PBS.
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Figure 9 SEM images showing the morphology of respective p-TCP concentrations

(a) Control; (b) PLGA / 3wt% B-TCP; (c) PLGA / 6wt% B-TCP; (d) PLGA / 9wt% B-TCP; (¢) PLGA / 12wt%
B-TCP.

The detailed structures of respective PLGA/B-TCP membranes were imaged by scanning electron
microscopy (SEM) (S-3400N; Hitachi, Tokyo, Japan) at an acceleration voltage of 15 kV.



]
)

Eg_q L

: 1

520 |

o |

215 | |

= |

T 1.0

o P

=205 | P

» 7/
0 - - s

a b c d e

Figure 10 Comparison of Fiber diameter of different concentration of B-TCP.
(a) Control; (b) PLGA /3wt% B-TCP; (c) PLGA / 6wt% B-TCP; (d) PLGA/9wt% B-TCP; (e) PLGA / 12wt%
B-TCP.

The electrospinning sheets were analyzed by measuring the fiber diameters of 10 randomly selected fibers.
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Figure 11 Comparison of Tensile strength of different concentration of B-TCP. (n=6)
(a) Control; (b) PLGA /3wt% B-TCP; (c) PLGA / 6wt% B-TCP; (d) PLGA / 9wt% B-TCP; (e) PLGA / 12wt%
B-TCP.

The PLGA/B-TCP membranes were prepared with a test specimen punching blade No.6 (Kobunshi Keiki
Co., Ltd., Kyoto, Japan). The tensile tests were performed on an EZ-Test (AGS-H; Shimadzu, Kyoto, Japan)

at a crosshead speed of 10.0 mm/min. All experiments were conducted at 25 °C.
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Figure 12 Comparison of Water contact angle of different concentration of B-TCP.
(a) Control; (b) PLGA /3wt% B-TCP; (c) PLGA / 6wt% B-TCP; (d) PLGA / 9wt% B-TCP; (e) PLGA / 12wt%
B-TCP.

Seven measurements were taken at different locations, and the average value and standard deviation were

calculated.
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Figure 13 FT-IR spectroscopy of respective -TCP concentration. The spectrum of B-TCP shows peaks at
552 cm™! and 606 cm™'. And PLGA shows peaks at 865 cm™.
The infrared spectra of the samples were measured over a wavelength range of 4,000-500 cm™'. All spectra

were collected in the spectral range by the accumulation of 64 scans with a resolution of 4 cm™!
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Figure 14 Alkaline phosphatase staining of respective B-TCP concentrations Day 1, 4 and 7.

The PLGA membranes were first cleaned three times with phosphate-buffered solution followed by
isopropanol rinsing. Samples were then sterilized by ultraviolet irradiation for 20 minutes. Specimens
measuring 3 x 3 cm were placed into empty wells of a 6-well culture plate. MC3T3-E1 cells were then seeded
into the wells at a density of 10,000 cells per well. The plate was incubated at 37°C for up to 1 week. After
1, 4, and 7 days of incubation, ALP staining was performed using the TRAP/ALP Stain Kit (Wako).
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Figure 15 Number of adherent cells Day 1, 4 and 7 of culture on respective -TCP concentrations. (n=5)
(a) Control; (b) PLGA / 3wt% B-TCP; (c) PLGA / 6wt% B-TCP; (d) PLGA / 9wt% B-TCP; (e) PLGA /
12wt% B-TCP.

After the staining, non-adherent cells were removed by washing three times with PBS.



