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Abstract: � A no vel kind of amphiphilic and bio deg radable films wer e dev elo ped. T he f ilm ma inly is com�
posed o f three components: a no vel bio deg radable cro sslinking ag ent, which is used to adjust the degr ad�

able r ate of the film; a hy dr ophilic monomer N�v inyl pyr ro lidone ( N V P ) , w hich is used to impr ov e the

mat erial�s hy drophilicity , and ultimately improv e the interactio n between mater ial and cells; a macro mono�
mer 2�hydro xy ethyl methacr ylat e�t erminated po ly lactide acid ( H EM A�P LA ) , w hich is used to contro l the

f ilm�s mechanical strength. T hese films hopefully will hav e pr actical applications in t issue engineering .
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Tissue engineering is a new appr oach to r econst ruct ion and/ or regenerat ion of lost or dam ag ed

tissue and organ. One of the key technolog ies in t issue eng ineering is the preparat ion of scaf fo ld m ate�
r ial fo r cell culture and t issue repair. At pr esent , a variety of biomater ials, including natural and syn�
thetic ones, hav e been w idely studied as scaffold materials for t issue engineering. A mong these m ate�
r ials, poly lact ic acid ( PLA) has become one of the mo st w idely used bio materials due to it s bio com pat�
ibility , biodeg radability, bioreso rpt ion and suf ficient mechanical properties[ 1�4] . But they have poo r

hy dro philicity and lack the ability to interact biospecifically w ith cells
[ 2]

. Under phy siolog ical condi�
t ions, unco ntrol led st rong interact ions ex ist between the surface of the mater ial and the proteins. Fur�
thermor e, deg radable rate and dynam at tenuatio n to match tissue regenerat ion are also problems[ 4] .

To overcome the sho rtcom ings o f PLA based scaffolds, in this study, w e synthesized a series of

no vel bio degradable cro sslinking agents, and then pr epar ed f ilms using this crosslinking agent with

hy dro philic monomer N�vinyl py rrolidone and ano ther m acrom onomer.

1 � Experimental Part

1. 1 � Materials

Co mmercially available D , L�lact ide ( D, L�LA ) w as obtained fr om Beijing Conan Po lymer R& D

Center. T he received pr oduct w as r ecrystal lizat ion tw ice fro m ethy l acetate and then filt rated to elim i�
nate the im purities. Af ter filt rat ion, the pr oduct w as dehydrated at 40  under vacuum fo r 24 ho urs

before used. Diethylene g lycol ( DEG) w as purchased fro m Guangzhou Chemical Reag ent Faco t ry. It

w as dist illed and collected under decompression ( < 1. 33 kPa) at 106  for purif icat io n. Stanno us o c�
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to ate ( Sn( Oct) 2 ) w as prov ided by Shang hai Shuangx iang Aux iliary Agent Factor y. It w as also dis�
t illed and collected under decom pression ( < 1. 33 kPa) at 220~ 240  . The col lected pro duct w as dis�
solved in n�hex ane. 2�hydrox yethy l methacrylate ( H EMA) was kindly pr ovided by Fluka and w as pu�
r if ied by vacuum dist illation just befo re use. T riethylamine w as obtained from T ianjin Bodi Chemicals

Co . L td. . Acry loyl chloride and N�v inyl pyrro lidone ( NVP) w ere bo th provided from Acro s Organ�
ics. Azo bisisobutyr onit rile ( A IBN) w as purchased from Shang hai Sihew ei Chemicals Co. L td. . A ll

other chemicals w ere of analy t ical pur ity and w ere used as receiv ed.

1. 2 � Methods

1. 2. 1 � Synthesis of Biodegradable Intermediate � Biodeg radable PLA�DEG�PLA interm ediate w as syn�
thesized by bulk r ing�o pening copolym er izat ion of D, L�LA and DEG using Sn( Oct ) 2 as a catalyst.

Synthesis of biodegr adable interm ediate:
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Brief ly, D, L�LA and DEG w ere enclosed in an ampoule ( x ( D, L�LA ) ∀ x ( DEG) = 10∀ 1) . Sn( Oct) 2

w as added w ith the amount of 0. 03% of to tal m ass of D, L�LA and DEG. T hen w e vacuumized and

sealed the ampo ule, and put it in vacuum oven to react for 24 ho urs at 130  . Co llected product w as

dissolved in t richlor omethane and then w as precipitated by n�hex ane. T he sediment w as dehy drated

and stor ed in a desiccato r. T he final product w as char acterized by Fourier t ransfo rm inf rar ed ( FTIR,

EQ UINOX 55, Bruker, Germ any) and
1
H nuclear m ag net ic resonance (

1
H NM R, UX�400, Bruker,

Germ any) .

1. 2. 2 � Synthesis of Biodegradable Crosslinking Agent � PLA�DEG�PLA inter mediate w as dissolved by

dichlor omethane and then poured into a round�bot tom ed f lask. Acry loyl chlo ride w as added dropw ise

to the so lut ion at 0  under nit rogen in the presence of t riethylam ine. The r eaction mix ture w as

st irred fo r 6 hours at 0  and addit ional 12 hours at r oom temperature. Synthesis of biodegradable

cro sslinking agent:
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After f ilt ratio n to remo ve the tr iethylamine hy drochloribe sediment , ethyl ether w as added to precipi�
tate the for med crosslinking ag ent ( CA) . The precipitate w as separ ated and dehydrated overnig ht in a

vacuum ov en at 45  . The f inal product w as characterized by FT IR.

1. 2. 3 � SynthesisofHEMA�PLAMacromonomer � T he synthesiso fm ethacry late�term inated po lyD , L�

LA macromo nom er s ( MCs) has been studied by sev eral g roups
[ 5�6]

. In this paper, M C ( x ( H EM A) ∀

x ( D, L�LA ) = 1 ∀ 80) w as prepared by bulk r ing�opening polym er izat ion of D, L�LA using H EM A

and Sn( Oct ) 2 as the init iato r sy stem. T he react ion w as allow ed to proceed at 130  fo r 12 hours. Af�
ter the react ion, the resulting crude product w as disso lved in tet rahydr ofuran ( TH F) and then w as

precipitated in dist illed water. The sedim ent w as dehydrated under vacuum for several hours. T he f i�
nal product w as character ized by FT IR.
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1. 2. 4 � Preparation of Amphiphilic, Biodegradable Films � T he pro cedure fo r the synthesis o f poly mer

netw orks by crosslinking ag ent , hydrophilic mo no mer NVP and macr omonom er H EMA�PLA is giv en

here. Cr osslinking ag ent w as mix ed w ith NVP and H EM A�PLA ( differ ent mass rat io) . AIBN w as

dissolved in dichlor omethane and then added to the mixture as initiator. Af ter thorough mix ing , the

mixture w as cast on a T eflo n mold and to form a film at 70  under vacuum . Put the f ilm in dist illed

w ater to remo ve the NVP hom opo lymers. The received f ilm w as characterized by co ntact angle meters

( TAN TEC CAM�PLU S, U SA) and an univ ersal m echanical test ing m achine ( load cel l: 1 kN, cr oss�
head speed: 2 mm # min- 1 , Shimadzu AG�I, Japan) .

2 � Results and Discussion

2. 1 � Synthesis of the Intermediate and the Biodegradable Crosslinking Agent

D, L�LA was ring�opening po lymerized using DEG as the init iator to yield biodeg radable PLA�
DEG�PLA intermediate. T his biodegradable copolym er co ntains a hydrox y group on each side, w hich

can react w ith acr yloy l chloride to yield functional bio degradable crosslinking ag ent w ith a double bo nd

at each term inal. The result ing crosslinking ag ent can be used to pr epar e a novel bio degradable net�
w o rk w ith other alkene monom ers w hen subjected to lig ht or other init iators.

Figure 1 sho ws the FT IR spect ra of the interm ediate and the biodegr adable crosslinking agent.

The str ong absor pt ion band at 316 cm- 1 at tributable to hydrox y gro ups in the spect rum of the inter�
m ediate ( F igure1, curve a) disappears in the spect rum o f the cr osslinking ag ent ( F ig ur e1, curve b) .

And, a new abso rpt ion band appear s at 1 631 cm
- 1

in curv e b,

w hich cor respo nds to the ter minal double bo nds of the copoly mer. Further more, both curve a and b

have a str ong absorption band at 1 756 cm- 1 w hich is at t ributed to the ester g roups of the PLA chains.

All the data indicate the acry loyl ox ide g roups w ere successfully graf ted to the terminals o f the PLA�
DEG�PLA intermediate.

1
H NMR spectrum of the PLA�DEG�PLA intermediate also g ives details a�

bout the interm ediate st ructure ( F igure 2) . Brief ly, 1 H NMR ( recor ded in CDCl3 ) of m aterials a, b, c,

d, e, f , g, ther e �� v alue is 1. 4, 1. 6, 3. 6, 4. 3, 4. 4, 5. 2 and 7. 3.

� � � � � F ig . 1 � FT I R spectra o f biodegr adable � � � � � � � � F ig . 2 � 1 H N M R spect rum � � � � �

� � � � � � int ermediate and crosslinking agent � � � � � � � � � � � o f the int ermediate � � � � � � �

图 1� 生物降解中间体及交联剂的红外光谱图 � � � � � � 图 2� 中间体的核磁共振光谱图 �

2. 2 � Synthesis of HEMA�PLA Macromonomer

According to the mechanism of Sn( Oct ) 2�init iated ring�o pening polym er izat ion of D, L�LA
[ 7]

, if

w e use H EM A as a co�init iator, w hich is biodegr adable, hy dro philic, and has a terminal hydr oxy

gro up, w e w ill undoubtedly pr epare a H EMA�PLA m acrom onomer w ith a r eact ive terminal double

bo nd.
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Figure 3 show s the FT IR spect rum o f the M C, which is similar to the FT IR spect rum of PLA.

Tw o bands at 2 996 cm
- 1

and 2 948 cm
- 1

correspond to the st retching vibr at ion of C- H , w hile the

st rong absorption band at 1 756 cm- 1 is at t ributed to the ester gro ups of the PLA chains. But the mo st

obvious difference is that, in f ig ure 3, a new C= C vibr at ion bond appear s at 1 640 cm- 1 w hich indi�
cates the successful synthesis of H EM A�PLA.

The 1H NMR spectrum of the MC is show n in Fig ure 4. 1 H NMR ( r ecorded in CDCl3 ) of m a�
terids �� v alua is 1. 6( CH 3 , lact ide) , 1. 9( 3H , CH 3 , m ethacry late) , 4. 35( 4H , CH 2CH 2 , ethyl m eth�
acrylate) , 4. 38( 1H , CH , terminal lactide) , 5. 2( CH , lactide) , 5. 6 and 6. 1( 2H , CH 2 , m ethacry�
late) [ 5�6, 8] . The m olecular w eig ht o f the MC is calculated f rom the integrals of the characterist ic 1 H

NMR sig nals, w hich indicates that the experimental average molecular w eight ( M n, exp ) is rather clo se

to the theoret ical one ( M n, t ) . For ex am ple, w hen the feed molar rat io of H EMA to D , L�LA is 1 ∀80,

Mn, t is 11 650, w hile Mn, exp is 12 522.

� � � Fig . 3 � FT IR spectr um o f � � � � � � � � � � � � Fig. 4� 1 H NM R spectr um o f

� � H EM A�P LA macro monomer � � � � � � � � � � � H EM A�P LA macro monomer

� � 图 3 � H EM A�P LA 红外光谱图 图 4 � HEM A�PL A 核磁共振光谱图

2. 3 � Preparation of Amphiphilic, Biodegradable Films

To o ver com e the shortco ming s o f PLA scaf fo ld, in our study, w e synthesized a ser ies o f novel bi�
o degradable crosslinking ag ents, and then prepared f ilms using this crosslinking agent w ith hy dro phil�
ic NVP and another macromo nom er H EM A�PLA to adjust the material�s hydrophilicity and mechani�

T ab. 1 � Pr operties o f the bio deg radable cro sslinking

films with differ ent co mpo sitions

表 1 � 不同组成生物降解交联膜的性能

Run x ( N V P) ∀ x ( CA ) ∀ x ( M C) F/ M Pa E / M Pa �/ (∃)

a 85∀ 10∀ 5 1. 4 6. 6 53. 0

b 80 ∀ 10 ∀ 10 2. 3 23. 2 58. 7

c 75 ∀ 10 ∀ 15 3. 1 56. 2 60. 0

d 45 ∀ 10 ∀ 45 4. 0 79. 5 62. 5

cal st reng th.

Data on tensile str ength ( F) ,

tensile mo dulus ( E ) and contact

ang le ( �) are l isted in T able 1.

We can see fr om the table that

w hen mo lar ratio o f NV P/ M C de�
creases, the f ilm tensile str ength

and tensil modulus both increase,

and so does the co ntact angle. It is w ell know n that the contact ang le is related to the m aterial hydro�
philicity. The smaller the contact angle is, the better the material hydrophilicity . So the increasing

contact angle data w ill lead to the decrease of the hydro philicity of the crosslinking f ilms at the same

tim e. T his is because when y ou increase the amount of MC, the r elat ive am ount of PLA chains also

increases, w hich com ponent is hydropho bic and has ex cellent st rength property, w hile the relativ e a�
m ount of hydr ophilic PVP chains decreases. T herefo re, w ith the m olar ratio o f NVP/ MC decr eases,

the f ilm st reng th improves, w hile the f ilm hy dro philicity falls.
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3 � Conclusions

In this study, w e dev elo ped a novel kind of amphiphilic and biodeg radable film s. F irst , w e syn�
thesized a series of no vel biodeg radable crosslinking agents, w hich have double bo nds on the terminal.

Then, w e prepared f ilms using this crosslinking ag ent w ith hydrophilic N VP and another m acrom ono�
m er H EMA�PLA to adjust the material�s hydrophilicity and mechanical st reng th. F inally , the inf lu�
ence o f different feed m olar r at ios on the f ilm m echanical st rength and hy dro philicity w ere discussed.

Results show ed w hen the molar rat io of NVP/ MC decreases, the film st reng th im pro ves, w hile the

film hydrophilicity falls . Further study w ill fo cus on the biodeg radat io n and biocompatibility tests as

w ell as it s pract ical applicat ion in t issue engineering.
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新型生物降解交联剂的合成及应用

刘源岗1 , 罗丙红2 , 周长忍2

( 1. 华侨大学 材料科学与工程学院, 福建泉州 362021; 2. 暨南大学生物材料研究室, 广东广州 510632)

摘要: � 制备出新型两亲性可生物降解聚合物膜 .膜由 3 种成分组成, 其一为新型的可生物降解交联剂,用以

调节膜的降解速率;其二为亲水单体乙烯基吡咯烷酮,用以提高材料的亲水性, 并最终提高材料与细胞的相互

作用;其三为羟乙基甲基丙烯酸酯封端聚乳酸, 用以调节膜的机械强度, 通过傅里叶红外光谱( F T IR)和核磁

共振( N M R)分析,结果表明, 成功合成可生物降解的交联剂及大分子单体 H EM A�P L A, 并制备出可应用于

组织工程的新型膜材料.

关键词: � 交联剂; 乙烯基吡咯烷酮; 羟乙基甲基丙烯酸酯封端聚乳酸; 膜; 两亲性; 生物降解
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