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Abstract

The objective of this study was to evaluate degradation behavior and the feasibility of biodegradable polymeric stents in common bile duct
(CBD) repair and reconstruction. Various molar ratios of lactide (LA) and glycolide (GA) in poly(L-lactide-co-glycolide) (PLGA) were synthe-
sized and processed into a circular tubing of ~ 10.0 mm outer diameter and a wall thickness of about 2.0 mm. This tubing was cut into 40.0 mm
length to form CBD stents. The stents were placed into human bile to determine the degradation behavior in vitro. The morphology, configu-
ration, mass loss, water uptake, molecular weight and composition changes were examined. The PLGA with LA/GA = 71/29 exhibited an ac-
ceptable degradation life and was chosen as an in vivo stent material. These PLGA stents were used in common bile duct exploration (CBDE)
and primary suturing for rats. Degradation status of the stents was examined and comparison was made between those before and after surgical
procedure. The results showed that the polymer stents exhibited the same biomedical functions as T tubes and spontaneously disappeared from
CBD in 4—5 weeks. Therefore, the PLGA stents fits the requirements in repair and reconstruction of CBD, to support the duct, guide bile drain-

age and reduce T-tube-related complications.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

The injuries of common bile duct (CBD) are seen fre-
quently in upper abdominal surgeries, i.e., common bile duct
exploration (CBDE), cholecystectomies and hepatic opera-
tions. In order to ensure biliary decompression and create
a track lined by granulation and fibrous tissue, “T tube”
made of silicon rubber has been used in clinical practice since
100 years ago [1,2]. However, the use of T tube also can result
in several complications, i.e., biliary leakage, CBD stenoses,
and bile peritonitis [3,4]. Various types of new stents were
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used to reduce such complications, for example, metal, plastic
or plastic-coated metal ones [5—8]. But they are usually non-
biodegradable and thus have to be withdrawn by a second
procedure.

Biodegradable aliphatic polyesters, such as poly(L-lactic
acid) (PLLA), poly(glycolide) (PGA) and their copolymer
poly(L-lactide-co-glycolide) (PLGA, Scheme 1), have been at-
tracting much attention because they have excellent mechani-
cal properties and are hydrolysable and can be used in
important biomedical applications approved by FDA, such as
surgical sutures, drug carriers, tissue-engineering scaffolds,
implants for interior bone fixation and other temporary medi-
cal devices [9,10].

Degradation is one of the crucial properties in biomaterials
design and selection. In this study, biodegradation behaviors of
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Scheme 1. Structure of PLGA.

PLGA stents were investigated both in vitro and in vivo to ex-
plore the usefulness of biodegradable polymeric stents in hu-
man CBD repair and reconstruction.

2. Materials and methods
2.1. Materials and synthesis

L-lactide (LA) and glycolide (GA) were purchased from
Purac, Holland. Stannous octoate (Sn(Oct),, 95%) was ob-
tained from Aldrich. PLGA copolymers (with various copoly-
merization ratios of LA/GA, LA/GA = 88/12, 80/20, 71/29,
60/40, 50/50, respectively) were synthesized by bulk ring-
opening copolymerization of LA and GA using Sn(Oct), as
catalyst.

2.2. Sample preparation

The PLGA was extruded into circular tubing with a Model
XSS-300 extruder (screw diameter 20 mm and length-to-
diameter ratio 25) at 155 °C. The tubing was cut into CBD
stents. They had an outer diameter of 10.0 mm, an inner diam-
eter of 6.0 mm, and a length of 40.0 mm.

2.3. In vitro degradation in bile

PLGA circular tubing stents with various molar ratios were
placed in glass bottles filled with 20 ml fresh bile (collected
and mixed from the T tube drained clinical patients) and the sam-
ples were incubated at 37 °C under oscillation of 70 r min'.
The bile was changed everyday and the samples were withdrawn
from the bile every 2 days. They were cleaned with distilled wa-
ter and dried at room temperature under vacuum to a constant

weight.
24. Measurements

Degradation of the specimens was monitored by determin-
ing morphological and dimensional changes, weight loss,
water uptake, molecular weight and LA/GA changes. Morpho-
logical changes of surface and cross-section were observed by
using scanning electron microscope (SEM, SS-550, Shi-
madzu) after gold-coating. The weight loss (AWyeign) of
the specimen was calculated according to Eq. (1).

AW yeignizs = 100 x (W, — W) /W, (1)

where W, and W, stood for the specimen’s original weight and
dry weight after degradation, respectively.

The water absorption (AWwater%) was calculated by the
following Eq. (2):

AWwater% =100 x (Wwel - Wo)/Wo (2)

where W, meant wet weight of the specimen after
degradation.

The molecular weight was evaluated by size exclusion chro-
matography (SEC). A Waters 410 high pressure liquid chro-
matograph (HPLC) pump combined with the columns of
HTS5, HT4 and HT3 in series was used for this purpose. The
measurement was carried out at 25 °C using chloroform as a mo-
bile phase at a flow rate of 1.0 mlmin~' and polystyrene as
a standard. Since PLGA (LA/GA = 50/50) could not be dis-
solved in chloroform, its molecular weight was not measured.

Compositions of the PLGA samples before and after degra-
dation were determined by '"H NMR spectrometry using an AV
300M Bruker spectrometer with d-chloroform (CDCl;) as
solvent at room temperature.

2.5. In vivo test

The copolymer PLGA (LA/GA = 71/29) displayed accept-
able duration and degradation behaviors. It was processed into
CBD stents by the above method, which had an outer diameter
of 0.98 £ 0.04 mm, an inner diameter of 0.66 mm, and a length
of 5.50 + 0.34 mm. The stents were sterilized with ®°Co radi-
ation and used for CBD implantation in rats.

Adult male Wistar rats were obtained from Jilin University
Research Resources Center. They had free access to rodent diet
and tap water. The University Animal Care and Use Committee
approved all animal procedures. Rats were anesthetized by intra-
peritoneal injection of ketamine (90 mg (kg body weight) ).
After standard laparotomy, the CBD was liberated and a longitu-
dinal incision was made on it under an operation microscope.
One hundred and sixty rats were randomly divided into two
groups. For the control group, the incision was directly sutured
with 11-0 nylon suture with a 0.4—0.5 mm interval and 0.2—
0.3 mm distance from the edge. For the experimental group,
a PLGA stent was inserted into the lumen of CBD through the in-
cision. Its position was properly adjusted to locate the incision in
the middle of the stent. Then the incision was sutured as the con-
trol group (Fig. 1). Biliary leakage was examined via dissection
at 3 days after operation. Five rats were sacrificed every week to
examine degradation state of the stents with a 9 weeks period.
Functions of biliary system were monitored by determination
of serum levels of alkaline phosphatase (ALP). Body weight
and outer diameter of CBD were measured when all rats were
sacrificed in the ninth week.

3. Results
3.1. In vitro degradation of PLGA stent in bile

3.1.1. Morphological change

Biodegradable polymeric materials were developed rapidly
in the late 20th century. The polymeric materials, such as
PLLA, PGA and poly(e-caprolactone) (PCL) have been widely
used in medical practices, e.g., suture thread, inner-fixation of
bone fractures, tissue engineering scaffolds, drug delivery and
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