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Analysis of the propertiesof polylactic acid/chitosan/

gelatin composite filaments
YAO Jing®, XU Guoping*, WANG Yue*, LIU Tao*"
(a.College of Textile Science and Engineering(International Institute of Silk) ;
b.Keyi College, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to prepare composite filaments with good biological activity and mechanical
properties for the usage of tissue engineering scaffolds, polylactic acid (PLLA) filaments were used as raw
materials and compounded with chitosan (CS)/gelatin (Gel) hydrogel solution after alkali reduction, and
PLLA/CS/Gel composite filaments were obtained by freeze-drying. The morphological structure,
mechanical properties and biological activity of the specimens were characterized using scanning electron
microscopy, infrared spectroscopy, universal material testing machine, and immersing in simulated body
fluids. The results showed that the hydrogel was successfully coated on the surface of PLLA filament and it
partially penetrated inside, and the surface of the composite filament showed a three-dimensional porous
structure; compared with pure PLLA filament, the mechanical properties of the composite filament were
reduced, while the water absorption rate was improved; the mass of the composite filament remained
basically unchanged after repeated tensile stress tests, indicating a firm bonding between the hydrogel and
PLA filament; the formation of hydroxyapatite on the surface of composite filament was significantly
better than that of pure PLLA filament after being immersed in simulated body fluids, exhibiting better

biological activity. The research results provide a practical basis for the application of composite filaments
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in tissue engineering scaffolds.

Key words: chitosan; gelatin; hydrogel; composite filament; tissue engineering scaffold

0 35l

21 T F2 (Tissue engineering, TE) 2HWF5EH %
TR i B bt s 52 P 2 2L sl 2 1 D RE I AR )
BRYE L HE TR AR
1) 32 A AR e 2R 1 S 4 G e AR A R SR O
W 1 e e e b T B R A AR 7 A |
B AW SOOI B R A A YRR AR A W
A W 5 it M S R oA 240 M A K AR B OR B % )
SR AN A BN Z LI = iS5, DL 4 i
FhOR AR FOB BRAR . KB B SRS
YL 25 ) . B 5 KR 40 i A0 56 5T AH AL A ik
PR, K Y K X IR W T AR
WA HAG S B aE M, AT DL 40 B AR K gl 41
A e B LR Z2 LGSR T LUE SR T RS B SR
Yo o mR AR 0 HE B O A R T R A
Pl SR R SR A, KB B2 1 F
FHA TP EY S,

H T RARA TR EAT R0 2E D AR A G
R BT RE TR 2T AR SR MR T T 32 31z
M E. 7 BB (Chitosan, CS) F1 8] B ( Gelatin,
GeD) J& il 28 A= ¥ S H2 T K B8 Jee 10 PR 288 6 T R AR b
B, sERBEH SR OBH LT AEY . BA BRI
(I LE A S AR B AR PR PR M NS S A S UR I
(RTS8 R e RS DR 58 0 7K ik S L B s
TREE TR A B Arg-Gly-Asp (RGD) J7 1], 7] LA
(s Tok T RS R 2 1 A AR Lt |
WY ARSS G ) 45 52 A K B R b kR B A
W LRl O T TR BT O . SR,
FCIRMERN I 20 B 52 G K B8 e b1 ) 0 27 Pk T 3
25, BRI T HAEAY) SRS . BT R
ARSNGB B T 5 AN B R 52 5 7K B
AL A kY RELIR (PLA) K B Ay
S BB I BE R 47 0 26 0 AR 25 1 R A A i
P i 3 0 2 S RS A AT R R, W LU R 4R TR
SRIKBEIEHI R} 1 2 PERE I ARG TR 2, BRIk, AR
SR HEE PLA K225 CS/Gel /KB HITE A VU
il N TAS TR R 4,

ASCLLRFLR (PLA) K 225 J5URL, 28 ek 12t f
B H ST M (CS) /WA (GeD) 7K BE RS IR W AT B
B B R RTRE AT BA Z21L458 1 PLA/CS/

T

Gel 52228 . IR T BB L0 e
T RERA R AL 35 9 AU A 12 55 XA R 30
LEH 1AV RE S AR WS PR AT RAE . AR ST ST
BRI G 22 AR A TR S i R SR
W SCHE

1 SEIGEH

1.1 #RFEs

TR B K 22 (PLA, 150 dtex/96 4R,
TR R AR A R FD 52 B (CS, i
W =952 , g e kA AL BLE A FRA RD L B i
(Gel, s3Hral, KB Kb 2= R A R A |, &
BTKCEER=EAHD .

FEALRS : CFA1004 B HL - RKSF C7 3 17 #1H
AEFALERT ) DF-101S R4 A I s /1 1 b
i UM BB BRI B AT BR A | L S82-1 AVRE J1 4
FEas (R R AR A R A FD ,FD-1A-50 B VR 1
PRALC LV Lo AR ) 35 A PR 2 6D, Ultrabs A4
L Wi (R E 22 R] 3 |]D L JSM-5610LV « EDS
HLFRETE (X (H AL TRk 241D » Nicolet5700 HIfd
HLn AR 4 21 AF O 3% L (38 B Nicolet A #])
Instron3369 J7 fig #4 B} ik 55 ML (35 B 1TW 4 A
ANTIDR
1.2 ZLWAH*E
1.2.1 CS/GEL /KEERE 4%

FREL 98 g JRH 0 50h 500 B BE PR VA T R T
WETIPEFERS L R IB A 2 g RPN A  BEFE R
TERV A RIS TR B0k 29011 CS WK 4 g
W A AR AE 96 g 25 B T 7K, 40 “C K fin #4
PP 2 S8 VAR AT RO 4201 Gel
A CS WA Gel L 9:1.7:3.5:5.3:7,
LA IR L TIR & 50 5 IR AR TR
EHI5IH CS/Gel K BRI .

1.2.2 HEAH#ZZLWNH &

XF 150 dtex/96 MR PLA K 22 47 ok 2 b 11
(NaOH Fii iR 5 g/ L A BB R 90 °C, 4b 2R
B TE A 20 min) J& . 20 Al — e K PLA K#25%¢ 4
Bt T UL E A RRF L CS/Gel 7K #E 1%
W IRIG ST AE G K 22, B WG 22 B AT R T
PEALPE (A RIELEE S —51 °C L ¥ FRms ]y 48 h) , |
A3 PLA/CS/Gel A 2248,



% 2 Wk A IR/ STRME/ R G 4 LI R AT 161

1.3 Mk 53R
1.3.1 REIEH KICE 5 Hr

W8 248 K 2 3k AS ) I 1) B LA 7 (SBF) 12
ALl PLA K22 FE & 2 R R R
FI T A gL ol PLA K2 fE & 24 6T
SAUA BRI A B . RIS, 38 5 L RE T (SO0
2T IR T MEE Ca P e RIS 24k
1.3.2  S5kg5rHr

FIFHLT AN EREA T 4l PLA K 22 Fi i 4 22 4530F
T 250 40 7. T ATR ARSI, 't 18 )
I ES 4000~675 cm ™ !,
1.3.3  Frfirli

FIFH T Re A R IS AL AT AP . 25 bR
(2= 27 4 & 22 S fd vk Ak 35 7 %) (GB/T
14344-—2008) , Je FFHE B A 15 mm, Fi 3 K Hy
100 mm/min, $7fH B2 W ZLaF 22 11
1.3.4 MoKk

FREL—E Tt (WOR VR TG 2 & 2226 8%
JEHG B A e 88 TR+ 22 v (PBS) L £ 10,
20.30.,40.50,60 min I 431K 5 A 22 B, FHUE
YRR BRF MK AT RE ISR (W) . oK Fed
H (DA

W, —W,

W/ % = W,

1.3.5 S5 G EEREINIA

W Je FFBE B A 15 mm, A R
100 mm/min, B — @& K B2 A £ L7 HRE
(W), 7RI 2 52 B 223K B85 00 5 K 7 Be A Ak
R A HIE 2 mm Al 4 mm, X &2 &
224 HHEAT R il 100,200.,300,400 YR AT 500
W I RIFRE A L AW 2L, EATRREE (W), W
S PR BT 1 2200
1.3.6 HA LRI IE T RAE

A3 ARE—E i PLA K2ZME A 244, E T
iR ML, I A — %€ & SBF 7R (B A %44
Jitt (mg) $UEH 5 SBF %W AR (mL) BU{E 8] (1) L
H 1.5 78 37 CHZM T HER 7 d, & 24 h B #H
() SBE ¥ . FFiR IS5 305 BOH AR R B oK
THUEE R R T 1

2 #ER51TR

2.1 REFEHESH
ali PLA K22 fiAN[E] CS/Gel (R L il 25 Ar 15
BN SEM B2 1 . B 1(b)—

X 100 @y

(DAL CS/Gel KBS I M TR BIAE PLA K22
N I H G KL P I L s o B A 22
LRARTH Y /K BEE A AL BRI L . 4l PLA K220 CS/

Gel IRFRLE 52 57T il # B 1 52 5 22 2 i Bt 4 T ]
Wk 2 Pras . MIEL 2 H T LUE L 8 K BEGE A
222 AT S 22 R A TR R £ 4 HE S B 4l
PLA K22 N R 2T AEHES VB RABL

(€)3:7 H1:9

1 4 PLA KRR CS/Gel FALLT
FIEMBESLLMN SEME

(a)4iPLA K2 (H B2tk

2 4 PLA 450 CS/Gel R FREL A 5: 5Tl &

iR E &£ & EEEM SEM E

2.2 WEEAHSH

4 PLA K 22 FIAN R CS/Gel KFALLINE & 2
LML EEEIE 3 Frox. WE 3 g E),
4fi PLA K247F 2920 cm ' #l 2850 em ! IARAF I %
NS C—H By A BRI FRBr A, #E1755 em !
FRRAE I & C = O MM 4a PR 3, 78 1450 cm ' Al
1380 cm ™' (YRHEIEYT T C—H A9 XTFR AN RS
i, 7E 1180 em 'AbRYFHEIEE C—O—C MHEXSFR
PO, 7E 1085 em AL YRR IR C—O Hiff, AH
FoFal PLA K22, 58 522783310 e "I BL T 37



162 o oM T Kk ¥

W CHSRPBL2ERD 2022 4F AT %

) O—H. N—H $L{f £F 1E I, 75 2920 cm ™' Al
2850 cm ™' AbAYIEE AT TSR, 4E 1650 cm ™ YRR
U S pERE T C = O iy 56, 1M 1540 em ™' (4
fEUEE S R R 19 N—H & sy,

A 1
i

N ! PLA W‘N

ESH %

1 1 LN 1
2500 2000 1500 1000

P/em!
B 3 4 PLAKZINARE CS/Gel EFRLL T Hl R

g E & LB M T EE

2.3 WRIKMERESHR

ali PLA KZFUR[R CS/Gel (AR I E & 244k
KR I 4 FrR. hE 4 vT LRI, 22415
PBS H1i2ifd 40 min J5 5L 35 8 WK F- 5. 2l PLA
KWK RIE 1L A A e K R e R
R L o T . CS/ Gel K BERGARFR L A 921,
7:3.5:5.3: 7. 1: 90, A 22 WK XTI 4156
36%6.27%.20% .16 %0, 43 il & 4l PLA K221 3.7,
3.3.2.5.1.8.1. 5%, MItbF4l PLA K22, 8 G242k
(MR 7K A7 B S 45 157 =P CS AT Gel #5 C
(SRR A ) T WS 7K 3 o () sk 7K R HE 1) = 4 Do) 4%
ZALEERBA R TR T T R KR

50

1
3000

L
3500

4000

—a—PLA
—*—9:1
40 F * * * —— 7:3
—v—35:5
1;40/’ —a—3:7
c\\° 30 F */ —e— 1:9
e v v v
% * —
= 20 */ ) N
r A
/ | :
* /
10 o ——u—"
0 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
i 1E)/min
B 4 4 PLA KZMAR CS/Gel AL T HI &
iR E & L&k E %

2.4 fIfRiEgEsS MR

4li PLA K 22 F1 28 38 AN [7) B 4 Bk sk 2t Ak 381 71
PLA K2z ffth Zen &l 5 frox. MK 5 dia] L
F i S s b P S PLA K 2208 1A Frfi 4%
Hrhzeit 40 min 4558 1R 3K, 20 min 5
30 min 3R S8R A ZZ 8N BT IR R Y 2
NaOH % HA Mk, %t PLA K22 Rk i &4k
2P H oAb 3 S I TA) A — o B A R TR B

PLA K22 8 SPERE. R . AR SR FH Bl it A B
20 min ) PLA K2 75225050,
600 -
500 |- 1
R 300 oo
o8 i
------- PLA
200 | - —— 20 min
------ 30 min
wory 7 e 40 min
0 (’«III{ 1 1 1 1
0 10 20 30 40
K2R /%
5 4 PLA K£FFEEZE40E 20,30.40 min Ay
PLA 1K 22 ffy i {i i 2%

Bl = AL B 20 min B9 PLA K22 HiATH CS/
Gel (AR LLINE A 222 hifh i Zean &l 6 PR, M
6 HOEE R, & A 22 4 1 i I AH LE T B ek 2 Ak #E
20 min [ PLA & 22 3547 /D s BEAIG, 1 AP 2 G 22
22 )5 25 JIAS K, Horboag 0 5 8 i 02 CS/Gel
R 5: 5 T RIS E G444k, mMTEAG
AR TV R T A B S R A7 hr Ak, 70K 2%
P4 BRE LR AL B ) PLA K220, S 8058 )
WA TR
2.5 ER4ZKESFEMEEIN

CS/Gel (AR R 5: 5B ALz R
fiff 2 mm Fl 4 mm JFEELINER 1 s, IR
1 iR DUE 1 Y KIS 2 mm B, B 5 2248
JE T AR e K E R 4 mm B, /224
R 400 R &L E R SABRMBEmHK . XRkY
G 2 L POKBE N G55 A FE . TERL v
BN 5 G 22 L T0 W I B P 2K 5 o A R 31 K
I AIGE R RO PR BG I R HARI R
2.6 BERLEZMEINT DT

T H5E PLA/CS/Gel B & 222 0IKRINE W)
T B4l PLA K22F1 CS/Gel {KFH I N 5: 50958



% 2 4 Bk A BILER/CRNE/ I E A LR BT 163
500 | 500 |
400 | 400
% %
5 300 ¢ = 300
bl b
200 200
100 t 100
() L L L 1 () I 1 1 |
0 10 20 30 40 0 10 20 30 40
/% K%
()RR R AL 20 minfPLAK £ (5)9:1
500 | 500 -
400 | 400 -
% 300 % 300 |
= =
=200 | = 200 |
100 + 100 L
0 1 L 1 () I 1 1 |
0 10 20 30 40 0 10 20 30 40
K% HKER%
(c)7:3 (d)5:5
500 500 -
400 | 400
% 300 % 300
R R |
B =
200 | 200 -
100 100 -
0 : : : 0 : : : ;
0 10 20 30 40 10 20 30 40
K% K%
(e)3:7 H1:9
B 6 iR ELE 20 min B PLA KZMARE CS/Gel AL THIFMBEE S L& MM
Fz1 CS/Gel hfRLL A S:5THIZBMBESLLERERM 2 mm 1 4 mm FHIREFE R
M/ mm ERARREL/ K JR iR/ g REFNEE/g AR EH 43/ Y
100 0. 0470 0. 0470 0
200 0. 0474 0. 0474 0
300 0. 0474 0. 0474 0
400 0. 0479 0. 0479 0
500 0. 0468 0. 0468 0
100 0. 0471 0.0471 0
200 0. 0464 0. 0464 0
4 300 0. 0468 0. 0468 0
400 0. 0482 0. 0480 0.4
500 0. 0476 0.0473 0.6




164 o oM T Kk ¥

e CHARBRA RO

2022 4F AT %

o223t 4T SBE 12 A . B 5 #2482 SBF J5
() SEM N 7 . BB 7 al AL =i SBF 5
ali PLA K22 FE G s8R my L ik, B2 &
25k R £ Tl PLA K 22, EDS 45 JLiF I 35
T A B ) o2 P2 B IR A . 2l PLA K 22F1 CS/
Gel (RFLHLh 5: 5 A 2248121 SBF J5 1 EDS
& 8 frzn. MIE 8 HrTLAE B, 2422k L A7 7F
Ca.PICRHE GX& S ®E T4l PLA K2, 5424

A

C

R (a.u.)

XS REE/keV
(a)4iPLAK 2

3 &% it

ARICH PLA K 2212 3% T CS/Gel K BRI ¥
WL SR R AR A T IR EDK BRI E G222k, 2
YRR RAF I WOK PR RE L J1 A PR RE AR i
Ve FEH ST RE SRR i BAT — % 1 NI A3
REE e (I

) CS/Gel KB 2] R BEAE PLA K 223K 1M
HH#BE AN TR PLA/CS/Gel 2 & 22283 Hi 1 B
= ZLEH

b)Y PLA K 22 3 11 £ 1 B0 2 21 1k 77 27 PR BE
FEA . TR RS G 222 1A RE WA PR (B T
PLA K 22 3R PHURE KK BRI B TR B S5 22 20K
PERESE

O A 2 P AR ST FEL A, 285 S SR L i
Ja 525 22 28 0 W] I oA A Ok L AF S AR (6 A% i
ST R 2 0 2K HE R O I B A AR
T CS/Gel KRS PLA K2 B A B 454
B,

i S R AL S L 2 G 22 20 3R T
WYL BRE W1 A T4 PLA K223 EDS IEH]
G222k PAFAE Ca P U R A A W) B 72
FEWE AT A YA ] R

i Ca/P A 1. 39,45 PLA 22115 Ca/P HH 1. 37,

()5 £ 20

T (a)sliPLAK 2
7 4 PLA K270 CS/Gel KFREL A 5:5F
HEMBE SR #4128 SBF 5/ SEM B4

R (a.u)

X5tk R E/keV
bEELL

8 4 PLA K270 CS/Gel AL A 5: 5T HIBISE A £4i%18 SBF /5 EDS &

S 30k

(1] Zefmy, 20T4e, 200, . BT 2 MK B A
SUTFRAP R T A LT ). h B2 . 2021, 40
(1) 79-89.

[2] Zhu W, Ma X Y, Gou M L, et al. 3D printing of
functional biomaterials for tissue engineering [ ] ].
Current Opinion in Biotechnology, 2016, 40: 103-112.

[3] Thariga S, Subashini R, Pavithra S, et al. In vitro
evaluation of biodegradable nHAP-Chitosan-Gelatin-
based scaffold for tissue engineering application[ J]. IET
Nanobiotechnology, 2019, 13(3): 301-306.

[4] Chen F M, Liu X H. Advancing biomaterials of human
origin for tissue engineering[ J]. Progress in Polymer
Science, 2016, 53 86-168.

[5] Berthiaume F, Maguire T J, Yarmush M L. Tissue
engineering and regenerative medicine; History, progress,
and challenges [ J . Annual Review of Chemical and
Biomolecular Engineering, 2011, 2: 403-430.

[6] Hassanzadeh P, Atyabi F,
engineering: Still facing a long way ahead[]]. Journal of
Controlled Release, 2018, 279. 181-197.

[7] Jana S, Levengood S K L, Zhang M Q. Anisotropic

Dinarvand R. Tissue

materials for skeletal-muscle-tissue engineering [ ] ].

Advanced Materials, 2016, 28(48): 10588-10612.



%24 Wk

s RILRR/ TR MR & 2Lk Re A 165

[8] Asadi N, Alizadeh E, Salehi R, et al. Nanocomposite
hydrogels for cartilage tissue engineering; A review[ ] ].
Artificial Cells, Nanomedicine, and Biotechnology,
2018, 46(3): 465-471.

[9] Wei W, Ma Y Z, Yao X D, et al. Advanced hydrogels
for the repair of cartilage defects and regeneration[ ] ].
Bioactive Materials, 2021, 6(4). 998-1011.

[10] XIE ., #HET, #4ER. PLA/PVA/SA 84240
FHFRMELT]. Wil TR (A ARFED » 2019,
41(6) . 723-729.

[11] Huang Q, Zou Y, Arno M C, et al. Hydrogel scaffolds
for differentiation of adipose-derived stem cells [ ]].
Chemical Society Reviews, 2017, 46(20): 6255-6275.

[12] Sharma S, Tiwari S. A review on biomacromolecular
hydrogel classification and its applications [ ] J.
International Journal of Biological Macromolecules,
2020, 162, 737-747.

[13] Khan S A, Shah L A, Shah M, et al. Engineering of 3D
polymer network hydrogels for biomedical applications: a
review] ] ]. Polymer Bulletin, 2021: 1-21.

[14] 2%, %%, . ZTRE7C M KEER = MR
DIfetERrsE )], AL AR, 2021,49(2): 240-243.

[15] Shariatinia Z. Carboxymethyl chitosan; Properties and
biomedical applications [ ] ]. International Journal of
Biological Macromolecules, 2018, 120: 1406-1419.

[16] Georgopoulou A, Papadogiannis F, Batsali A, et al.
Chitosan/gelatin scaffolds support bone regeneration
[J]. Journal of Materials Science: Materials in
Medicine, 2018, 29(5). 1-13.

[17] Ahmadi S, Hivechi A, Bahrami S H, et al. Cinnamon
extract loaded electrospun chitosan/gelatin membrane

with antibacterial activity[ J]. International Journal of

Biological Macromolecules, 2021, 173; 580-590.

[18] Altuntas S, Dhaliwal H K., Bassous N J, et al
Nanopillared chitosan/gelatin films: A biomimetic
approach for improved osteogenesis [ J ]. ACS
Biomaterials Science &. Engineering, 2019, 5 (9).
4311-4322.

[19] Chen P, Liu L Y, Pan ] Q, et al. Biomimetic
composite scaffold of hydroxyapatite/gelatin-chitosan
core-shell nanofibers for bone tissue engineering[ ] .
Materials Science and Engineering: C, 2019, 97.: 325-
335.

[20] Re F, Sartore L., Moulisova V, et al. 3D gelatin-chitosan
hybrid hydrogels combined with human platelet lysate
highly support human mesenchymal stem cell proliferation
and osteogenic differentiation [ ] |. Journal of Tissue
Engineering, 2019, 10. 2041731419845852.

[21] Radhika Rajasree S R, Gobalakrishnan M, Aranganathan
L, et al. Fabrication and characterization of chitosan based
collagen/ gelatin composite scaffolds from big eye snapper
Priacanthus hamrur skin for antimicrobial and anti oxidant
applications[ J ]. Materials Science and Engineering: C,
2020, 107, 110270.

[22] Singhvi M S, Zinjarde S S, Gokhale D V. Polylactic
acid: Synthesis and biomedical applications J]. Journal
of Applied Microbiology, 2019, 127(6): 1612-1626.

[23] Li G, Zhao M H, Xu F, et al. Synthesis and biological
application of polylactic acid[ ] ]. Molecules, 2020, 25
(21). 5023.

[24] Haghbin M, Esmaeilzadeh J, Kahrobaee S. Freeze
dried biodegradable polycaprolactone/chitosan/gelatin
porous scaffolds for bone substitute applications[ ] ].
Macromolecular Research, 2020, 28(1): 1232-1240.

(REHE:XEE)



