3 5 52 %, 56 2 30 T & @ B W H Vol.52, No.2
2024 4F 2 ENGINEERING PLASTICS APPLICATION Feb. 2024

doi:10.3969/j.issn.1001-3539.2024.02.006

BEEXEMFLEI3D FTEN PCL M L 22104 & M 1 RE

I, BiE, X7, HW, BALLE, NESE
(PO BB L S B B A i A U SRR ol P4 710021)

TE: A& AT LA MILEN HRE T A FRaES0 AR TR LR, XA KRB AL A4 244 NaOH
AR 7 A BRI E R T A BS(PCL) MK 3 22 69 & @ 75 5%, Aok 3D 3797 PCL MUK 3L 2 ) R KM 2 i RA) T s il 24 ¥ 44 19
A, NaOH 4 22 B A4 484 6146 NaOH i YR Ao 4L S AT 1), R E 4 0.5,1,5,10,15 mol/L, &L 226t 18] % 1,6,12,24,
48 h, KAt & T R AT AL G XA AL A ik A 0 2 AL b iR JE A IR K AL S F B AT NaOH 48 22
B X RBITTRIE, BREAV REBIREIZTETIAEAGEOHR: — 2B LM T HROBEET,
ZRBRAETY A AR, R AR — T R i TR WA ILR G AR A EERAY B EE
Ak, Bl B R 45 5% B T M5, /2 NaOH 4 22 5482844 5 mol/L-24 h, 10 mol/L-6 h #4947 % 28, R 45 7% L 15 R 4L 32 ¥ 22 &)
Yo, ZFEAAGTFEL, A IR EMOHMA S I AmOHR TR, BHmEip ey RiE 5. LB AN
4~ 10 mol/L-6 h 9 NaOH 4t #2 3D 47 ¥ PCL Mk 3R 7T A 2L & X R A\ R Ae 20 SR , A A T3 e i 8 b A 2
G

KEER: BT B ;3D ATHR ; MK 222 ;NaOH ; 3 /K% ; 4m AL AE Y

FE S S: TQ323.4,R318.08  HiFRIZAG: A XEHS:1001-3539(2024)02-0032-07

Preparation and properties of 3D printed polycaprolactone mesh scaffolds with surface micropores
GUO Fang,ZENG Hui, LIU Ning, HUANG Shuo, GUO Yayuan, LIU Changkui

(Research Center of Tooth and Maxillofacial Tissue Regeneration and Restoration, School of Stomatology , Xi'an Medical University, Xi'an 710021, China)

Abstract : To prepare a bone tissue engineering scaffold with a surface microporous structure, controllable roughness, and
high mechanical properties, NaOH etching treatment with different reaction parameter combinations was used to improve the surface
micro morphology of polycaprolactone (PCL) mesh scaffold, solving the problems of unfavorable cell growth due to the poor hydro-
philicity of 3D printed PCL mesh scaffold. The NaOH treating reaction parameter combination include concentration of NaOH solu-
tion and processing time, with concentrations of 0.5,1,5, 10, 15 mol/L, and treating times of 1,6, 12,24,48 h. The NaOH treated
scaffolds were characterized using scanning electron microscopy, energy dispersive X-ray spectrometer, contact angle measuring
instrument, and electric hydraulic servo mechanical testing machine. The results show that the treated scaffolds mainly produce three
types of surface morphology: first, wrinkled surfaces are formed under mild treatment conditions, second, rough surfaces are formed
under strong treatment, and third, pits and holes are formed when the treatment intensity is further increased. After etching, the
contact angle on the surface of the scaffold significantly decreases, meanwhile, the compression strength also decreases, but the
compression strength of the etched scaffold with NaOH treatment parameter combination of 5 mol/L-24 h or 10 mol/L-6 h is not
statistically significant compared to the untreated scaffold. The number of cells on the etched scaffold increases, with a larger spread-
ing area of individual cells and more synapses extending from adherent cells. NaOH treatment with 10 mol/L-6 h can effectively
improve the surface morphology and cell response of 3D printed PCL mesh scaffolds, which is beneficial for increasing wettability
and cell adhesion.

Keywords : polycaprolactone ; 3D printing ; mesh scaffold ; NaOH ; hydrophilicity ; cell adhesion
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Fig. 1 3D printed PCL mesh scaffold appearance and SEM surface microstructure

(b) Surface microstructure:300 pm  (c) Surface microstructure:3 pm
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(a) 0.5 mol/L-24 h

(g) 15 mol/L-6 h

(h) 15 mol/L-12 h

N

(i) 15 mol/L-24 h

B2 [ NaOH ¥ e BE ANAL FRIRS (R F) 3D HT B PCL AR S AR 4t 20 5 SR 25
Fig.2 Surface morphology formed after etching of the 3D printed PCL mesh scaffolds with different NaOH solution concentrations and treating times

(b) EDX displays electronic images
of Na, C, and O

(a) SEM shows NaOH crystals are
distribute on surface of scaffold

(c) NaOH crystals contain Na and O elements

3 3DFTENPCL MMARSZALA) SEM Al EDX 43 #t
Fig. 3 SEM and EDX analysis of 3D printed PCL mesh scaffold
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(a) 0 mol/L-0 h (b) 5 mol/L-24 h

(c) 10 mol/L-6 h

(d) 10 mol/L-12 h

(f) 15 mol/L-24 h

(e) 10 mol/L-24 h
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Fig. 4 Changes in surface contact angle of PCL mesh scaffolds without

treatment and after NaOH treatment with five parameter combinations
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Tab.1 Surface contact angle data of PCL mesh scaffolds without
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Fig. 5 Changes in compressive strength of PCL mesh scaffolds after

NaOH treatment with different reaction parameter combinations
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(c) Untreated group at 12 h (d) Treated group at 12 h
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Fig. 6 Cell adhesion on material surface of untreated and treated PCL

mesh scaffolds after 6,12 h of cell inoculation with rat BMSCs cells

3 g
(1) NaOH J v Z %4 & 40 31 3D 4T B PCL
IR S B AT A Rk R TR AN, F2 42T 3
PSR R ADESRRAE . — 2R AL B 25 T I AL
PR R A0 9 T 5 — R A i A BT B R RS R 1 —
NaOH Ab 358 B i — 2548 I istHE s Ay M5 L IR
(2)/N[F] NaOH J i Z 5041 A A B, ST 486K
PEAREE T A A B 8 25 10, (H S50 e 4 o P B
NaOH 43558 B (1) 38 i FEAI
(3) NaOH b # 3D 4T EJ PCL R 32 28 ] A7 50k
ALY . NaOH feidi B AN B W S8 A5
10 mol/L-6 h,, 342 b 7 A% 1) 2Kk Pk HL R it B 4
B /N AT RGBT 2 L A5, AR T 26 B 4
A .
I
[1] GONZALEZ DIAZ E C, SINHA S, AVEDIAN R S, et al. Tissue-
engineered 3D models for elucidating primary and metastatic bone
cancer progression[J]. Acta Biomaterialia,2019,99:18-32.
[2] QIAN Y Z,ZHOU X F, ZHANG F M, et al. Triple PLGA/PCL
scaffold modification including silver impregnation, collagen
coating, and electrospinning significantly improve biocompatibil-

ity, antimicrobial, and osteogenic properties for orofacial tissue

regeneration[J]. ACS Applied Materials & Interfaces, 2019, 11(41):
37 381-37 396.

[3] PARK S A,LEE HJ,KIM SY, et al. Three-dimensionally printed
polycaprolactone/beta-tricalcium phosphate scaffold was more
effective as anrhBMP-2 carrier for new bone formation than poly-
caprolactone alone[J]. Journal of Biomedical Materials Research:
Part A,2021,109(6):840-848.

[4] SR77, WA, B, 45 3D AT ENSRIA 2 AL BRARJE R e IR 1 A= 4

SEMPTE0]. B AR 152, 2021,36(1):85-91.
GUO Fang, HUANG Shuo, HU Min, et al. Biomechanical study of
three-dimensional printed titanium root-analogue implant with
porous surface[J]. Journal of Medical Biomechanics, 2021, 36(1):
85-91.

[5] LIYF,LIUH W, WANG C, et al. 3D printing titanium grid scaf-
fold facilitates osteogenesis in mandibular segmental defects[J].
NPJ Regenerative Medicine, 2023 ,8(1). DOI:10.1038/s41536-023—
00308-0.

[6] SEDDIGHIAN A, GANJI F, BAGHABAN-ESLAMINEJAD M, et
al. Electrospun PCL scaffold modified with chitosan nanoparticles
for enhanced bone regeneration[J]. Progress in Biomaterials, 2021,
10(1):65-76.

[7] PADALHIN A R,LINH N T B,MIN Y K, et al. Evaluation of the
cytocompatibility hemocompatibility in vivo bone tissue regenerat-
ing capability of different PCL blends[J]. Journal of Biomaterials
Science:Polymer Edition, 2014,25(5):487-503.

[8] NATARAJAN A, SIVADAS V P, NAIR P D. 3D-printed biphasic
scaffolds for the simultaneous regeneration of osteochondral tissues
[J]. Biomedical Materials, 2021, 16(5). DOI: 10.1088/1748-605X/
acl4cb.

[9] CHENG A, HUMAYUN A, COHEN D J, et al. Additively manu-
factured 3D porous Ti-6Al-4V constructs mimic trabecular bone
structure and regulate osteoblast proliferation, differentiation and
local factor production in a porosity and surface roughness depen-
dent manner[J]. Biofabrication, 2014, 6(4). DOI: 10.1088/1758-
5082/6/4/045007.

[10] WEI X H, ZHOU W H, TANG Z, et al. Magnesium surface-
activated 3D printed porous PEEK scaffolds for in vivo osseointe-
gration by promoting angiogenesis and osteogenesis[J]. Bioactive
Materials, 2022,20:16-28.

[11] PARK G E,PATTISON M A,PARK K, et al. Accelerated chondro-
cyte functions on NaOH-treated PLGA scaffolds[J]. Biomaterials,
2005,26(16):3 075-3 082.

[12] GAO J,NIKLASON L, LANGER R. Surface hydrolysis of poly
(glycolic acid) meshes increases the seeding density of vascular
smooth muscle cells[J]. Journal of Biomedical Materials
Research, 1998,42(3):417-424.

[13]  HMypfEAs , & PE, FR B, 55 BRAL BIXS 2R e-C N PRGN K 2T i 5



38

AR

2024 4E 45 52 4 45 2 1

[14]

[15]

[16]

[17]

[18]

RS BEAYSE M [T]. PR T4, 2021 ,49(4):21-27.

MEI Qiangian, ZENG Yujia, WANG Junshuo, et al. Influence of
alkali treatment on protein absorption properties of polycaprolac-
tone nanofibrous membrane[J]. Melliand China, 2021, 49(4):
21-27.

WANG Y J, YANG C R, ZHENG H D, et al. Bone-like apatite
formation on modified PCL surfaces under different conditions[J].
Key Engineering Materials,2007,330-332:671-674.

ZHU S S,ZHANG B,MAN C, et al. Combined effects of connec-
tive tissue growth factor-modified bone marrow-derived mesen-
chymal stem cells and NaOH-treated PLGA scaffolds on the
repair of articular cartilage defect in rabbits[J]. Cell Transplanta-
tion,2014,23(6):715-727.

MENDONCA G, MENDONCA D B, ARAGAO F J, et al.
Advancing dental implant surface technology—from micron-to
nanotopography[J]. Biomaterials,2008,29(28):3 8223 835.

WA SCHE . B30 A0 M 285 5 20 ) U2 SR T iy — IRk e
SFFED].) I AR B T RS, 2021,

CHEN Wenxiang. A double-layer scaffold with improved cell
adhesion and distribution for integrated osteochondral repair[D].
Guangzhou:South China Unicersity of Technology,2021.

XMEE, B R, A E R . B BRI AA k428 I 240 i e 2 A1
DY P BERR BT ST BE FE (). o [ S R 245, 2023, 16(6):

[19]

[20]

(21]

[22]

742-747.

LIU Xiuyu, LYU Huixin, ZHOU Yanmin. Research progress of
modified titanium-based material in regulating macrophage pheno-
type and promoting immune osteogenesis[J]. Chinese Journal of
Practical Stomatology,2023, 16(6):742-747.

PAXTON N C,HO S W K, TUTEN B T, et al. Degradation of
melt electrowritten PCL scaffolds following melt processing and
plasma surface treatment[J]. Macromol Rapid Commun, 2021, 42
(23). DOI:10.1002/marc.202100433.

B , B A AR SN , A5 SURA AR IR S/ 3R Tk P ) P RE A
ST, B BE2ERESE, 2023,39(11):1 012—1 017.

GU Teng, LUO Guisheng, XU Xianzhi, et al. Osteogenic proper-
ties of polyetheretherketone biocomposited by biphasic calcium
phosphate[J]. Journal of Oral Science Research, 2023, 39(11):
1012-1017.

ARDHAOUI M, NACIRI M, MULLEN T, et al. Evaluation of
cell behaviour on atmospheric plasma deposited siloxane and fluo-
rosiloxane coatings[J]. Journal of Adhesion Science And Technol-
ogy,2010,24(5):889-903.

VOISIN M, BALL M, O'CONNELL C, et al. Osteoblasts
response to microstructured and nanostructured polyimide film,
processed by the use of silica bead microlenses[J]. Nanomedicine:

Nanotechnology , Biology ,and Medicine, 2010, 6(1):35-43.



