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BiOdegradati0n and mechanical characteristics of poly 

(1actic—co-glycolic acid)biliary stents in vitro冰☆ 

Han Bing，Yu Liang，Miao Shan，Liu Xue。rain 

A DstraCt 

BACKGRoUND：The biliary stents commonly used in elinic are made of plastics and meta1．both of which have some 

irresolvable defects．New type of material characterizing by great biocompatibility and degradation for the making of biliary 

stents needs to be found and studied． 

oBJECTIVE：To evaluate the biodegradation law and the change in radica1 force of five different mole—ratios of biliary 

stents made of poly(1actic．co—glycolic acid)(PLGA)in human bile in vitro． 
DESIGN．TIM E AND SETTING：A Completely random design was performed at the Laboratory ofHepat0biliary 

Surgery,the First A币liated Hospital ofMedical College．Xi’an Jiaotong University between July and December 2006． 

MATERIALS：Five different mole—ratios of PLGA biliary stents(90L／t0G，80L／20G，7OL，30G，60L／40G，and 50L／50G1 
were provided by Daigang Biological Science and Technology Co．，Ltd．．Jinan；Human fresh bile was obtained from the 

patients who underwent extemal drainage of bile in the Department of Hepatobiliary Surgery．the First Affiliated Hospital of 

M ed ical College．Xi’an Jiaotong Uhiversity． 

M ETHoDS：Thimy—two PLGA biliary stents of each proportion were respectively divided into eight groups．with four 

stents in each group．Al1 of them were independently submerged into test tubes with 10 mL flesh human bile which were 

then placed in constant temperature oscillator．The temperature was set at 37 ℃．The bile was changed every day．After 

incubated for one week to eight weeks，the PLGA biliary stents were respectively taken out of test tubes from the first to 

the eighth group each week．They were washed with distilled water and dried in calorstat for 24 hours． 

MAIN OUTCOME MEASURES：① Gross morphology，color and integrality of PLGA stents； Scanning electron 

microscope；⑨ the mass and the radical force of PLGA stents． 

RESULTS： 103 Five different mole—ratios ofPLGA stents followed a similar changing 1aw as to gross morphology：stents 
remained intact— stents b~ame soft — the surface of stents became coarse and cracked — stents collapsed — stents 

were degraded into pieces— stents were completely degraded．(2j Before degradation：1impid stereo reticular structure of 

PLGA：0ne week after degradation：PLGA was corroded and the reticular structure was decr~sed；Three weeks after 

degradation：airspace was gradually disappeared and the reticular structure was further decreased；Five weeks after 

degradation：airspace and the reticular structure were completely damaged，which was in an indefinite form ． Th e mass 

lOSS of each proportion of PLGA stents gradually speeded up along with the time extension．Furtherm ore．with the content of 

PGAincreasing．thelIlasslOSS ofthe stentsbecamefaster．Th einitial radicalforcewas different amongfive different 

mole—ratios of biliary stents．W ith the content of PLA increasing．the radical force of the stents becam e stronger． 

C0NCLUSIoN：The ma teria1 of PLGA possesses adiustable biodegradation and good mechanical feature．so it is suitable 
for preparation of biliary stents． 

INTR0DUCTl0N 

Bifiap~stents are now widely used in the operations 

Of bile duct．reliering obstruction and retaining the 

fme drainage of bile．They have played an 

important part in the prevention and cure of benign 

or malignant biliary stricture-lJ_The biliary stents 

commonly used in clinic are made of plastics an d 

meta1．However,both of them have some defects 

caused by the material itself lZ-4／
． Poly 

(1actic—co—glycolic acid)(PLGA)is a new type of 

high polymer material which consists of PLA and 

PGA copolymerized in certain proportionpj．It is a 

biodegradable material and possesses good 

compatibility． 

Reportedly,PLGA has an extensive application 

prospect in the areas of orthopedics，stomatology 

and urinary surgery【。一 ul and it can also be made into 

microparficles ornanoparticlestobethe carderof 

delivering drugs[ 一 
．

Chepurov t dZ[14】USed 

biodegradable SR—PLGA ureteral stents in treating 

patients with infravesical obstruction．Introduction 

of this kind of stents provided adequate spontaneous 

urination，allowed avoiding extemal drainage and 

lowered the number of inflammatory complications． 

1ssN 1673—8225 CN 21 1539fR CoDEN：ZLKHAH 

It has also been confirmed by domestic scholar that 

PLGA ureteral stents possess good biocompatibility 

and ideal support performance ．However．the 

research on PLGA stents in the treatment of biliary 

diseases is still less at present．In this studN self-made 

PLGA biliary stents of different proportions were put 

in human bile duct in vitro and the biodegradation law 

and the change in radical force were measured， 

aiming at investigating the feasibility of clinical use． 

MATERlALS AND METHODS 

Design 

A randomized study 

Time and setting 

Th is studywasperformed attheLaboratoryof 

Hepatobiliary Surgery,the First Affiliated Hospital of 

Medical College，Xi’an Jiaotong University between 

July and December 2006． 

Materials 

Human flesh bile was obtained from the patients who 

underwent external drainage of bile in the Department 

of Hepatobiliary Surgery,the First Affiliated Hospital 

of Medical College，Xi’an Jiaotong University．All the 
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p a t ie n t s h a v e s i g n e d th e in f o r m e d c o n s e n t f o r m fo r t h e

r e s e a r c h ．

M a i n m a t e r i a I

F i v e d i fi e r e n t m o l e — r a t i o s o f P L G A

b i l i a r y s t e m s (9 0 L ／10 G 8 0 1／ 2 0 Ca

7 0 1／ 3 0 G 6 0 1J 4 0 G
, 5 0 L ／5 0 G )

C o n s t a n t t e m p e r a t u r e s h a k e r

A s e p s i s d ryin g o v e n

T jvI C 一 2 e l e c t r o n i c b a l a n c e

S 一 4 5 0 s c a n n i n g e l e c t r o n m i c r o s c o p e

S o u r c e

D a ig a n g B i o l o g i c a l S c i e n c e a n d

T e c h n o l o g y C o ． ，
L t d ．

，
J i n a n

L K B C o m p a n y , S w e d e n

N o ． 4 M e d i c a l E a u i p m e n t

F a c t o r y ,
S h an g h a i

W e s t e r n S u b u r b s M e d ic a l

E q u i p m e n t F a c t o r y ,
B e ij i n g

O l y m p u s C o r p o r a t i o n
，

J a p a n

F i v e d i fi e r e n t m o l e — r a t i o s (9 0 L ／1 0 G 8 0 L ／2 0 G 7 0 L ／3 0 G

6 0 L ／4 0 G a n d 5 0 L ／5 0 G ) o f P L G A m a t e r i a l s (m o l e c u l ar w e i g h t

1 0 0 0 0 0 ) w e r e d i s s o l v e d i n d i c h l o r m e t h a n e ． a n d th e n th e

s o l u t i o n w a s c a s t in t o a r i n g
— s h a p e d m o u ld ． A f t e r v o l a t i l i z in g

a t r o o m t e m p e r a t u r e ， P L G A b i h a r y s t e n t s w e r e m a d e f 1 ． 2 c m

l e n g t h ． 0 ． 6 c m e x t e r n a l d i a m e t e r
, a n d 0 ． 1 c m t h i c k n e s s ) ．

T h i r t y
— t w o P L G A b i fi a r y s t e n t s o f e a c h p r o p o rt i o n w e r e

r e s p e c t i v e l y d i v id e d i n t o e i g h t g r o u p s ， w i t h f o u r s t e n t s in e a c h

g r o u p ． A U o f t h e m w e r e in d e p e n d e n t l y s u b m e r g e d i n t o t e s t

tu b e s w i t h 10 m L fl e s h h u m a n b il e w h i c h w e r e t h e n p l a c e d i n

c o n s t a n t t e m p e r a t u r e o s c il l a t o r ． T h e t e m p e r a t u r e w a s s e t a t

3 7 ℃ ． T h e b i l e w a s c h a n g e d e v e r y d a y ． A ft e r in c u b a t e d fo r

o n e w e e k t o e i g h t w e e k s
， t h e P L G A b i fi a r y s t e n t s w e r e

r e s p e c t i v e l y t a k e n o u t o f t e s t t u b e s f r o m t h e f Ir s t t o th e e i g h th

g r o u p e a c h w e e k ． T h e v w e r e w a s h e d w i t h d i s t i l le d w a t e r a n d

d ri e d i n c a lo r s t a t fo r 2 4 h o u r s ．

① G r o s s m o r p h o l o g y , c o l o r a n d i n t e g r a fi t y o f P L G A s t e n t s ；

(2j S c a n n i n g e l e c t r o n m i c r o s c o p e ：t h e s u rf a c e o f f o u r

9 0 【√1 0 G P L G A s t e n t s (u n t r e a t e d a n d t r e a t e d fo r 1 w e e k ． 3

w e e ks ， a n d 5 w e e ks ) w a s o b s e r v e d b y s c a n n i n g e l e c tr o n

m i c r o s c o p e ； (3 ) T o m e a s u r e th e m a s s o f P L G A s t e n t s a n d

c a l c u l a t e t h e r e m a i n i n g m a s s r a t e ：in i t i a l m a s s w a s t h e o r i g in a l

m a s s o f P L G A s t e n t s w hi c h w e r e u n t r e a t e d ；r e m a l

。

n i n g m a s s

w a s t h e m a s s o f P L G A s t e n t s w hi c h w e r e in c u b a t e d in h u m a n

b i l e fo r d i fi e r e n t t im e ；r e m a i n i n g m a s s r a t e f ％ ) = in i t i a l

m a s s ／r e m a i n i n g m a s s × l 0 0 ％ ； (缈 T 0 m e a s u r e th e r a d i c a l

f o r c e o f P L G A s t e n t s ：A f t e r d i l a t e d s u ~ c i e n t l y ,
P L G A s t e n t s

w e r e p l a c e d i n t w o b l o c k s fo r m e a s u r e m e n t ． E a c h b l o c k h a d

a n a r c u a t e d g r o o v e w h o s e d i a m e t e r w a s s a m e t o t h e s t e n t ．

W e ig h t s w e r e p u t o n t h e b l o c k g r a d u a ll y a n d t h e r a d i c a l f o r c e

c o u ld b e r e a d w h e n t h e t w o b l o c k s iu s t t o u c h e d ．

T h i s s t u d y w a s d e s i g n e d a n d c o n d u c t e d b y t h e f i r s t a n d t h i r d

a u t h o r s a n d e v a l u a t e d b y t h e s e c o n d a n d f o u r t h a u t h o r s ．

S P S S 1 3 ． 0 s o ft w a r e w a s u s e d b y t h e f ir s t a u t h o r in t h i s s t u d y

T h e r e m a i n i n g m a s s r a t e a n d r a d i c a l f o r c e o f P L G A s t e n t s

w e r e p r e s e n t e d a s M e a n ±S D ．

8 9 4 0

；r o s s IT I o r p h o l o g y o t P L G A s t e n t s

F i v e d i f f e r e n t m o l e — r a t i o s o f P L G A s t e n t s f o l l o w e d a s im i l a r

c h a n g in g l a w a s t o g r o s s m o rp h o l o g y ：s t e n t s r e m a i n e d i n t a c t

— 一

s t e n t s b e c a m e s o f t
— 一 th e s u rf a c e o f s t e n t s b e c a m e c o ar s e

a n d c r a c k e d — 一
s t e n t s c o l l a p s e d

— 。 +
s t e n t s w e r e d e g r a d e d

i n t o p i e c e s
— -

s t e n t s w e r e c o m p l e t e l y d e g r a d e d ．

W i t h t h e c o n t e n t o f P L A d e c r e a s i n g ， t h e d e g r a d a t i o n t i m e o f

t h e s t e n t s b e c a m e s h o r t e r ． T h e c o l l a p s e t im e o f fi v e d i fi e r e n t

m o l e — r a t i o s o f b i l i a r y s t e n t s w a s w e e k s 6 ， 5 ， 4 ， 3 a n d 2 ， w h i c h

w e r e d e g r a d e d i n t o s m a l l p i e c e s t w o w e e k s t h e r e a ft e r ． T h e

d e g r a d a t i o n p e a k t i m e o f fi v e d i ff e r e n t m o l e — r a t i o s o f b i fi ar y

s t e n t s w a s 3 5 _ 4 2 d a y s ， 2 8 — 3 5 d a y s ， 2 1 — 2 8 d a y s ， 14 — 1 8 d a y s ，

a n d 8 — 1 5 d a y s ． r e s p e c t i v e l y ．
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B e f o r e d e g r a d a t i o n ：l i m p i d s t e r e o r e t i c u l a r s t r u c t u r e o f

P L G A ． O n e w e e k a f t e r d e g r a d a t i o n ：P L G A w a s c o r r o d e d a n d

t h e r e t i c u l a r s t r u c t u r e w a s d e c r e a s e d ． T h r e e w e e k s a ft e r

d e g r a d a t i o n ：A i r s p a c e w a s g r a d u a l l y d i s a p p e a r e d a n d t h e

r e t i c u l a r s t r u c t u r e w a s f u r t h e r d e c r e a s e d ． F i v e w e e k s a ft e r

d e g r a d a t i o n ：A i r s p a c e a n d t h e r e t i c u l a r s t r u c t u r e w e r e

c o m p l e t e l y d a m a g e d ， w h i c h w a s i n a n i n d e f n i t e fo r m

(F i g u r e 1 ) ．

c ：T h r e e w e e k s a f t e r d e g r a d a t i o n

F i g u r e l S c an n i n g e l e c t r o n m i c r o s c o p y r e s u l ~ o f p o l y

g l y c o Uc a c i d ) (9 0 1 ／10 G , x l 0 0 0 )

T h e m a s s l o s s o f e a c h p r o p o r t i o n o f P L G A s t e n t s g r a d u a ll y

s p e e d e d u p a l o n g w i t h t h e t im e e x t e n s i o n ． F u rt h e rm o r e ， w i t h

t h e c o n t e n t o f P G A in c r e a s in g ． t h e m a s s l O S S o f t h e s t e n t s

b e c a m e f a s t e r ． A s fo r 9 0 L ／10 G 8 0 L ／2 0 G a n d 7 0 L ／3 0 G P L G A

s t e n t s ． t h e m a s s l O S S w a s n o t s i g ni fi c a n t in w e e k 1 a ft e r

d e g r a d a t i o n ． I t s p e e d e d u p g r a d u a l l y s in c e w e e k t w o a n d t h e

m a s s d e c r e a s e d b y 5 0 ％ in w e e k s 6 。 5 ， an d 4 ， r e s p e c t i v e l y ． A s

f o r 6 0 L ／4 0 G a n d 5 0 L ／5 0 G P L G A s t e n t s ． t h e m a s s l o s s w a s
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霉死 疋⋯ 。 伸 ，朋 。 ，

s i g n i fi c a n t in w e e k 1 a f t e r d e g r a d a t i o n ( ≥ 1 0 ％ ) ． i t d e c r e a s e d

b y 5 0 ％ i n w e e k 3 (F ig u r e 2 ) ．

1 2 3 4 5 6 7 8

f (D e g r a d a t i o n t im e )／w k

F i g u r e 2 C h a n g e o f r e m a i n in g m a s s r a t e i n fi v e g r o u p s

0
。

' 8 f i 一乏弓 0
。 。

a 。』h ：焉 ． f c) ’ I ：e

T h e in i t i a l r a d i c a l f o r c e w a s d i ff e r e n t a m o n g fi v e d i ff e r e n t

m o l e — r a t i o s o f b i l i a r y s t e n t s ． W i t h t h e c o n t e n t o f P L A

in c r e a s i n g ． th e r a d i c a l f o r c e o f th e s t e n t s b e c a m e s t r o n g e r ． T h e

r a d i c a l f o r c e o f e a c h p r o p o r t i o n o f P L G A s t e n t s g r a d u a ll y f e U

d o w n a l o n g w i t h t h e t im e e x t e n s i o n ． W h e n th e s t e n t s

c o ll a p s e d ，
th e r a d ic a l f o r c e b e c a m e z e r o a t o n c e (F ig u r e 3 ) ．

1 2 3 4 5 6 7 8

r (D e g r a d a ti o n t i m e )／w k

F i g u r e 3 C h a n g e o f r a d i c a l f o r c e i n 丘v e g r o u p s

D lS C US S l O N

T h e b i O d e g r a d a t i O n o f P L G A i s a ff e c t e d b y m a n y f a c t o r s
，

in c l u d in g t h e p r o p o r t i o n o f P L A a n d P G A ， m o l e c u l a r m a s s ．

i n t e r v a l p o r o s i t y , t e m p e r a t u r e ， P H ， a n d s o o n ． a m o n g w h i c h

t h e p r o p o r t i o n o f P L A a n d P G A i s t h e m o s t i m p o r t an t

f a c t o r
“ t - l ~ 1

． L a c t i c a c i d i s p o o r e r i n h y d r o p h i l i c i t y th a n

g l y c o l i c a c id ， s o th e h y d r o p h i l i c i t y o f P L G A a b u n d a n t i n P L A

i s p o o r e r th a n th a t o f P L G A a b u n d a n t i n P G A ． w h i c h r e s u l t s

in a hi g h e r c r y s t a m n it y a n d a l o n g e r d e g r a d a t i o n t im e o f t h e

f o r m e r ． T h e d e g r a d a ti o n t im e o f P L G A c o u l d b e e ff e c t i v e l y

r e g u l a t e d b y a d ju s t in g t h e p r o p o rt io n o f P L A a n d P G A ． In t hi s

s t u d y , w i th t h e c o n t e n t o f P L A d e c r e a s i n g ， t h e d e g r a d a t i o n

t im e o f th e s t e n t b e c a m e s h o rt e r ． T h e d e g r a d a t i o n p e a k t i m e o f

fi v e d i f f le r e n t m o l e — r a t i o s o f b il i a r y s t e n t s w a s 3 5 — 4 2 d a y s ．

2 8 — 3 5 d a y s ， 2 l
一 2 8 d a y s ， 14 — 1 8 d a y s 。 a n d 8 —

1 5 d a y s ，

r e s p e c t i v e ly , w h ic h w a s c o n s i s t e n t w i t h t h e l a w a b o v e ．

A l t h o u g h th e d e g r a d a t i o n t i m e o f fi v e d i ff e r e n t m o l e — r a t io s o f

P L G A s t e n t s w a s d i ff e r e n t ， t h e y f o l l o w e d a s i m i l a r c h a n g i n g

l a w i n g r o s s m o r p h o l o g y r d e s c r i b e d in r e s u l t s )． I t w a s s h o w n

c l e ar l y b y s c a n n i n g e l e c t r o n m i c r o s c o p e t h a t P L G A w i t h a

s t e r e o r e t i c u l ar s t r u c t u r e w a s g r a d u a l l y c o r r o d e d b y h u m a n

b i l e ．

I t w a s f o u n d in t hi s s t u d y t h a t w i t h t h e c o n t e n t o f P L A

d e c r e a s i n g ， t h e m a s s l o s s o f t h e s t e n t s b e c a m e f a s t e r
,

w hi c h

w a s i n a c c o r d a n c e w i t h t h e c h a n g i n g l a w in g r o s s m o r p h o l o g y

T h e t i m e w h e n t h e m a s s o f fi v e d i ff e r e n t m o l e — r a t i o s o f b i l i a r y

s t e n t s d e c r e a s e d b y 5 0 ％ w a s w e e k s 6 ， 5 ， 4 ， 3 ， a n d 2 ，

r e s p e c t i v e l y ． T h e r e w a s a l s o s o m e r e g u l a t i o n i n m a s s c h a n g e

in e a c h p r o p o rt i o n o f s t e n t s ． T h e m a s s l o s s s p e e d e d u p

g r a d u a l l y al o n g w i t h t h e t im e e x t e n s i o n ． T h e c h a in o f P L G A

w a s c u t o ff r a n d o m l y b y m e a n s o f h y d r o l y z a t i o n w hi c h fi r s t l y

c a u s e d t h e d e c r e a s e o f m o l e c u l ar m a s s (n o t m a s s ) ． 0 n l y w h e n
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聚丙交酯／乙交酯胆道支架的体外降解规律及力学特性术☆ 
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摘要 

背景：临床上使用的胆道塑料支架和金属支 

架存在胆泥形成、支架嵌入胆道壁等难以克 

服的缺陷。生物可降解胆道支架因其良好的 

生物相容性和可降解性逐渐受到重视，但 目 

前的研究尚处于初级阶段，缺乏系统的研究 

结果。 

目的：评价 5种不同摩尔比例的聚丙交酯一 

乙交酯共聚物 【Poly(1 actide—co-glycolide)， 

PLGA]胆道支架在体外人胆汁中的降解规律 

及其径向支撑力的变化规律。 

设计 、时 间和地点 ：完全随机设计，于 

2006—07／12在西安交通大学医学院第一附属 

医院肝胆外科实验室完成。 

材料：5种比例的 PLGA支架为济南岱罡生 

物科技有限公司产品；人体新鲜胆汁取自实 

验期间于西安交通大学医学院第一附属医院 

8942 

肝胆外科行胆汁外引流的患者。 

方法：取 5种比例 (丙交酯和乙交酯的摩尔 

比分别为90：10，80：20，70：3O，60：40， 

5O：50)的 PLGA支架各 32个，将各支架 

独立浸泡于装有 10 mL新鲜人体胆汁的平底 

试管内，并置于恒温振荡器中，调节温度至 

37℃，摇动速度恒定，胆汁每天更换 1次。 

浸泡 l，2，3，4，5，6，7，8周后各比例支 

架分别取出试件各4个，蒸馏水洗涤后25℃ 

恒温箱干燥24h。 

主要观察指标：①大体形态、色泽及完整性。 

②扫描电镜观察降解前，降解 1，3，5周 

PLGA(丙交酯和乙交酯的摩尔比为 90：lO) 

支架的表面形态。③PLGA支架的质量变化 

及径向支撑力变化。 

结果：①5种比例 PLGA支架的大体形态变 

化遵循同一规律：外形保持完整一质地变软 
一 支架表面粗糙，出现裂痕一管壁塌陷一支 

架破碎为大块，并进一步解离为小碎片一支 

架完全降解。②降解前 PLGA(丙交酯和乙交 

酯的摩尔比为 90：10)支架材料呈清晰的三 

维立体网状空隙结构；降解 1周后，材料表 

ourstudy,PLGAbiliary stentshadthe 

potentialtobeusedin pailentswho needed 

short-term drainage ofbile． 毫
。 

Subjectconcept：Radicalforce which 
determineswhether stents canattachbile 

duct wall firmly and ∞瞳 函 t 
holdingpower,is oneofthemostimporta酏 

technicall1indexes thataffecttheir c1jj【lical 

application, 一 | 一 

面受侵蚀，网状结构减少，孔洞局灶性连接 

呈片状；3周时材料表面受侵蚀现象加重， 

空隙逐渐消失，网状结构进一步减少，聚合 

物融合呈火片状；5周后材料空隙、网状结 

构完全消失，呈不定型均质状。③各种比例 

PLGA支架的质量损失随时间的延长逐渐加 

快，且乙交酯所占比例越大，支架的质量损 

失速度越快。初始径向支撑力随丙交酯含量 

的增多，支撑性能逐渐增强。 

结论：PLGA材料具有可调节的生物降解性 

和 良好的力学特性，适宜制成胆道支架。 

关键词：聚丙交酯／乙交酯：生物降解：力学 

特性；胆道支架 
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