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Abstract

BACKGROUND: Poly(trimethylene carbonate) has great potential in clinical applications due to the excellent biocompatibility and
biodegradability. Little is reported on the factors influencing the in vitro enzymatic degradation of poly(trimethylene carbonate) and the

underlying mechanism.

OBJECTIVE: To investigate the in vitro enzymatic degradation of poly(trimethylene carbonate), and to explore the influencing factors and

their effects on the poly(trimethylene carbonate) degradation.

METHODS: poly(trimethylene carbonate) homopolymers and copolymers were prepared by ring-opening polymerization. The molecular mass
of the two homopolymers was 135 and 256 kDa, respectively. The molecular mass of the copolymers was 238 kDa. The homopolymer of 256
kDa was made into two shapes (rods and films), and the other two samples were shaped into rods. The in vitro enzymatic degradation of
poly(trimethylene carbonate) was conducted in lipase solutions, the homopolymer samples were taken out at 1, 2, 4, 8, 10, and 12 weeks, and
the copolymer samples were taken at 3, 6, 9, 12, and 15 days. The mass loss and degradation rate constant were measured.

RESULTS AND CONCLUSION: The molecular mass and shape as well as molar ratio played important roles on the in vitro enzymatic
degradation behavior of poly(trimethylene carbonate). As the molecular mass increased from 135 to 256 kDa, the degradation rate constant of
poly(trimethylene carbonate) homopolymer increased from 1.46% to 3.81%, indicating that the higher the molecular mass, the higher
degradation rate of poly(trimethylene carbonate). The poly(trimethylene carbonate) film presented with higher degradation rate than the
cylinder one with the same molecular weight, and the degradation rate constant increased from 3.81% to 9.16% as the shape of
poly(trimethylene carbonate) with a molecular weight of 256 kDa changed from rods to films. The introduction of polycaprolactone segment
accelerated the degradation rate of poly(trimethylene carbonate). The degradation rate constant increased from 3.81% t014.49% as the 50
mol% caprolactone content was introduced into the structure of poly(trimethylene carbonate) (256 kDa). In summary, the order of factors
influencing the degradation rate of poly(trimethylene carbonate) is as follows: copolymer composition > shape > molecular mass.

Subject headings: Materials Testing; Lipase; Tissue Engineering
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molecular weights during in vitro enzymatic degradation as a
function of time
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KI5=700 545 T AN[F 4 7 e AN FJRIR B A R 5
R IPTMC R B R 5 [ i) ) il gt e Rl 2k, T8I %
PEZEMEFUA B AT #3281 84 5 AR MR Al 2 4, WLR2.
2 BEKREXRITERSA PTMC (RIMERRIRR

Table 2 Enzymatic degradation rate constant of poly(trimethylene
carbonate) in vitro determined based on the increase in mass loss

£ TR SRR e JBPIR EREH B34

(kDa) CL S R B R b k(%! J) R
PTMC135 135 100: 0 e 1.46 0.994
PTMC256 256 100: 0 e 3.81 0.997

256 100: 0 ik 9.16 0.997
PTMCL 238 50 : 50 B 14.49 0.993

M 20T 411, PTMC (144 &M g fift i 26 1 400 5 L4 1 i
L BIREILRAMAEVIRR . M5 F i H135 kDa
Bk 22256 kDaltf, PTMCIHE Wit B it o 2 3 44 &7
1.46% 19 K % 4 J13.81% ; 24 41 [7 4 T Jit = i PTMC
(Mn=256 kDa)RJ SRR B R AL A 58 I, G et okt
R HH BRI 381908 K B 41/49.16%;  thAh, MILEEHY
5| N50%¢— % A T 43 I, PTMC [ fift 3 2 3 5 i 45 )
3.81% K 5 57 /514.49%.

3 i1 Discussion

HHT, R n] A i S A Ol T B3 25 U 9
HAPTMCIHRLEA RUFHAEYIBEfE . DL M AEAA T
IR BHET, PTMCRAASNEARAT h C A RIE,
{EL ] Py 051 LR A A i ) 5% i DR 25 B LA A )
W SCRELL T TR IR o 5 52N 5%,
XFPTMC A S MG i AT A 04T 25 %%, I 0 By Lok DR # %t

P.O. Box 10002, Shenyang 110180 www.CRTER.org

PTMCHGAEPERE I sE ) SAE . 25K, 7T,
TEAR B LI A it PTMC I A S MIARAT g HLAT S 25 mi, Jf:
ATLIE I Lk K 2206 PTMC IR AR S sk 2 30E 1 T 48 o

PTMCIH A A1 i 6 B A 43 st (3G i 36 k. 4
2y 7 TR 1135 kDat K £ 256 kDall), PTMC ()i fift 4 %
A A 1.46% 19 N 2857 H13.81%, AR R 2 ik .
X Re 5PTMCIF SR B KM K. PTMCI i /K 1 B 43+
IR RTTEHT L Y. W SClkIRaE, IR I e K R
T LA SO ph, MG 0 R A 1 T AR v
THEMIPTMCYEIZEY), Ik 3 EPTMC ) i fif 3 5 %
B> TR A, B TFPTMCHIBFAELE A
P R, e R RO B ARAT A IR, &
THIAPUBR A 4 A i A Bt o A A3 7 I PTMC 75 5 K AR i AR
wah, TR R AT BRI D 3 SO SR TR
AR, AT TR PTMC B 08 B i %

PTMCIH B ARAT A AN 2 S5 T (W52, A B
AR IHAT B3R o S804 437 Uik 256 kDalfJPTMC
TH T AR R I 5 2 4 iR (1d=10 mm,  thk=0.5 mm),
W A5 P B 5 A ) 21 e PR AR PTMC — - B T A1
[ 4 At P REATIERE SE0G . &5 KW, 4> 1 it 4256 kDa
PTMCH 5% 1) i fiff 1 2 5 B0k 1508 3.81%, T AT ] 731
PTMCIEL 1) e fiff 18 2 5 B0k 55/ 9.16%, 1L it 1) e
T 2R B S K TR SR e S I B AR T R . Il TR S
HIRPTMC 1) 2 TH R A7 AE 2 35 22 R BT ity . PTMCIBE
FIHFZ 50 mm?, THARPTMCH) £ 127 430 mm?.
EH T PTMCTE i 177 W35 5 o 114 B At ALl 2 T e e i
DAL L A e ok 28 5 o 3 TR B DA O, 3R TP K B At ookt
R, Pk, M7 R PTMCER F 76 i 1 B v
M. RIS, R 1 TR b 256 kDa#stkPTMC
bty F i 135 kDaw ik PTMCTE JR Wi s v b A 11
BB, {H &4 TR 4 256 kDaltiPTMCHR - EL A [ 43 T it
TR PTMCTE G 17 B v B A (R il . iz Rk
WITEAR AR R b, AR TZAR B 23 7 i PTMC i
AT RS2 Bk 8 2

e CNFR R ARSI AWBENE. RIFMEYMHZE
B ARSI 32 PERE, BEAE 1A P A I LRI e P28, phy
Te— O Pl 2 B /K 1 2R S HL R AT T8 v 1 45 A (B0
609%), TEVk P BRI, ARIE A I KAk 25 2R
%, fnCapronor®®3Y, K, =W FEBRNE Se- A
B HE 2R T 25 PTMC R ) B B 5 T 4 LA Py AR i B
fippide & 13 2 st ok BT, PTMCHE IR 7 B
fiR14 dJ5 I 2 K K (9.15+0.10)%, i PTMCILZ W) 7
15 dify 2k R ik (32.1120.28)%;  [AFE, 2> TRE A
256 kDaffIPTMCHE 4% lfy fift 18 6 15 4k 555 /413.81%, 1M 713
SER PG| NEEEER LU e~ CON BRI I, PTMCLI) B
RHEHONEH14.49%. PTMCHLEEY LLPTMCH R A
BRI B AR %, BIZEPTMC 48 51 N e— T g 20 7T

949



FL AL, BRAM K, R, B0R. T P EGRIRIG R F EER 5 A 35 R AT D).

JUBHIH TS, 2019, 23(6):945-950. DOI:10.3969/j.issn.2095-4344.1556

B EMEPTMC AR o 32 o T i 00 o T P B 114 17 284
HA T M. sbsh, IR e sh P I
BEARAT o th AT — o Y, PTMCHLER Y he-C iR &
R I OB AR TR . BRI Tor] et R &
Yooy EEBLE Bl IORHAS 1 HE S B EE 5 1 S i A,
BET P BCE P R . RN, 5507 BUR SRS TR AR
LT =, LSRR PTMCREARAT A (1 56 M Je A 3
DRI, S v - D] 3500 PTMC R & A 328 24 1) 55 Wi 2 S I
7 R SR AL i TEAR> 7 1 it

L EPTIR, PTMCIASNEERAT h 52 2 Bl A 258 Wi
FEREPTMCIN I -1l PR AR I AT ARG S bt 00, e A1
(K170 3 i e AR B T I AR A A R R A R 3L 2R
PR T BOR IR IEPTMC I BEAR L E LA S g 33 A2 i PR 1N
FI Ko S50 B 6% b (2 HEPTMCHE AR W e 25455 1) )32 B
FHBE e ok 2 Bt R R S Hr

EZ R B E ST £, wE—. =, =.
FREE., FHHEBLF, BiEETR.

BESZH: X FHEZT “BRT=Z2FTEHALFRAB
(2016YFC1000902). H %K A A A3 &£ 47 B (51503093). il 74 & &ALt
%9 B (2018225079). LT 4 f RAF KA T A (20170540491). wfaF & A
KABFAF %] B (RC170359). k& [A T A5 3 K3t %57 B (F16-205-1-37)”
R B, FIAEFER, 2% LFEA #o0 L EINE TR AE BN 8y
Gt AT AR

FlaEmaE: LFQ LML F U, ERAFRAXFTRE LT RGEF
BAR,

BlE#ER: AR ETEREFHANABEER S (FAMALERHREF
E 3 87 %o i 5 % R e BFITED.

XELZE LFERITOEEH LRI G LRENALRITIREE,

XEHF: XFZ DTG ERUFHF, RATITFBOAA LFHEHF

EYFIFERE: G F TR ORI TR T AZARRHEL
tERFH.

XEMI: LFERATAE OSSR EEBBRALE T A X L.

TR X R — R AR FE, R (it ZFT ) “F 4%
Bk AE A AR 5 XKEFA.07 FR, ESEIAGKALT, AFeANE
Bk B R T RN R, BT &, B AFEMA P HiE. TR
PN, A, TR, Ak, RAREEIZ K, AT 5], ARt
ANFAE R CAEATAE AR,

A R %Ak

4 B#mk References

[1] Zhang Z,Kuijer R,Bulstra SK,et al.The in vivo and in vitro degradation
behavior of poly(trimethylene carbonate). Biomaterials. 2006;27(9):
1741-1748.

2] Zhu KJ,Hendren RW,Jensen K, et al.Synthesis, properties, and
degradation of poly(1, 3-trimethylene carbonate). Macromolecules.
1991;24(8):1736-1740.

[B1  AHOCHE, IR, R, A5 2R = 0 P BERR R I8 (B 00k S [J]. f 4 Tl AR,
2016,29(8):29-43.

[4] B IRELA AR AR FENE R FLRR IR IEBE A A IR RL 5 I RS e i
AR PE). T I A1 2L T RERIESY, 2016,20(12):1732-1737.

[5] IR, TR, A5 SR LR A SCI LR ) % R A v R [3]. b e
TR M (FAFHFR), 2004,31(1):51-56.

[6] A58, BUb ARSF RIALMR-RIE LML METR FS = 2 fL R TR
Bk 5k e []. T E 412 TR ST, 2016,20(47):6997-7005.

[7] Albertsson AC,Eklund M.In vitro degradation of poly(trimethylene
carbonate), poly(trimethylene carbonate-co-caprolactone), and
poly(adipic anhydride).J Appl Polym Sci.1995;57(1):87-103.

950

8l

[0

[10]

(11]

[12]

(23]

[14]

[15]

[16]

[17]

(18]

[29]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

F L, S0 R . 5 = 3 PP R R - P A TSR SR A Tk I i 2 A
FIBEFEL] T RIE 444K, 2008,16(4):219-222.

W o oREE, A5 2R = TP SRR R R 1K) S M S 3] w4 T 4R,
2016,29(11):23-38.

Bat E,Kothman BH,Higuera GA, et al.Ultraviolet light crosslinking of
poly(trimethylene carbonate) for elastomeric tissue engineering
scaffolds. Biomaterials. 2010;31(33):8696-8705.

S 5 4 A T AR O B SR T S S PRI ST [D]. B S EORE,
2011.

Papenburg BJ,Schiiller-Ravoo S,Bolhuis-Versteeg LA, et al.Designing
porosity and topography of poly(1, 3-trimethylene carbonate) scaffolds.
Acta Biomaterialia. 2009;5(9):3281-3294.

Pego AP,Poot AA,Grijpma DW,et al.Copolymers of trimethylene
carbonate and e-caprolactone for porous nerve guides: synthesis and
properties.J Biomater Sci Polym Ed. 2001;12(1):35-53.

AR o, R T R, 5 R SR - 2R = W TP R BRTR INE/GDINF 3 % KR
FHEITX GAP-43mRNA KA M52 [J]. H [F S2 46 12 W%, 2015,
19(2):198-201.

Fabre T,Schappacher M,Bareille R, et al.Study of a
(trimethylenecarbonate-co-e-caprolactone)polymer-Part 2: in vitro
cytocompatibility analysis and in vivo ED1 cell response of a new
nerve guide.Biomaterials.2001;22(22):2951-2958.

AT VD B SR TR - SR =0 P BT TR 18 £ 4% P M e A ATRE 25 1T 5 [ D).
2N H R AR KA, 2007.

SR T D, ST A% B 2, A8 A e B ] - = N BT T 24 M M S AR 2
WET[I]. BhhEA HE,2011,42(11):1954-1957.

Pego AP,Poot AA,Grijpma DW, et al.In vitro degradation of
trimethylene carbonate based (co)polymers. Macromol Biosci. 2002;
2(9):411-419.

JAREAE M SLRE, TR, A5 SR = R BRR T 1 AL AR A P 5[] w43 7
Ji##,2016,29(6):71-77.

Yang LQ,Yang D,Guan YM,et al.Random copolymers based on
trimethylene carbonate and € - caprolactone for implant applications:
Synthesis and properties.J Appl Polym Sci. 2012;124(5):3714-3720.
Yang L,Li J,Meng S,et al.The in vitro and in vivo degradation behavior
of poly (trimethylene carbonate-co-¢-caprolactone) implants. Polymer.
2014;55(20):5111-5124.

Yang L,Li J,Jin Y,et al. In vitro enzymatic degradation of the
cross-linked poly (e-caprolactone) implants.Polym Degrad Stab. 2015;
112:10-19.

Hou Z,Hu J,Li J,et al.The In Vitro Enzymatic Degradation of
Cross-Linked Poly (trimethylene carbonate) Networks. Polymers. 2017,
9(11):605.

Yang L,Li J,Zhang W,et al.The degradation of poly (trimethylene
carbonate) implants: the role of molecular weight and enzymes. Polym
Degrad Stab.2015;122:77-87.

Chen B,Yin C,Cheng Y,et al.Using silk woven fabric as support for
lipase immobilization: The effect of surface hydrophilicity/
hydrophobicity on enzymatic activity and stability. Biomass Bioenergy.
2012;39:59-66.

Chen GJ,Kuo CH,Chen Cl,et al.Effect of membranes with various
hydrophobic/hydrophilic properties on lipase immobilized activity and
stability.J Biosci Bioeng. 2012;113(2):166-172.

Sun H,Mei L,Song C,et al.The in vivo degradation, absorption and
excretion of PCL-based implant. Biomaterials. 2006;27(9):1735-1740.
RAFHG, LSS AE. I8 O PN BRTE M P IR AR, I ORI HE ). A s 2 TR
Z%7%,2000,17(1):25-28.

AR RO, R T, 58 2R e- CONBRINA R, PERE SN FHE R[], = 43
THRIEL 2 5 T RE,2004, 20(5):37-40.

TR, AR B, S AR R AR 2 B A e A R 2
FURI B OFF 5 R AR I). o E 48U TR ST, 2017,21(22):3595-3601.
KIUAEHE. ] AW T AR 2 0] Capronor (1 I RTIEE[3]. H 6 o Rl A=
2 5%i5,1996,4(3): 187-189.

Marten E,Muller RJ,Deckwer WD. Studies on the enzymatic hydrolysis
of polyesters I. Low molecular mass model esters and aliphatic
polyesters. Polym Degrad Stab. 2003;80(3):485-501.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



