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Biological and Physicochemical Study  
of the Implantation of a Modified Polyester 
Vascular Prosthesis
Abstract
Results are presented of an investigation into the susceptibility to hydrolytic and enzymatic 
degradation of poly(DL-lactide-co-glycolide) copolymers of varied composition. Assess-
ment of the degradation was based on two factors: measurement of the mass loss and 
estimation of the molecular mass by the GPC method. The examination made it possible 
to select copolymers for the temporary sealing of polyester vessel prostheses. The sealed 
vessel prostheses manifested full biocompatibility in the range of irritating action, systemic 
toxicity, haemolytic action, cytotoxicity and genotoxicity. The usefulness of the polymeric 
material applied was also confirmed by examination of the local reaction of implants in test 
animals. The impact of accelerated ageing and radiation sterilisation upon the physical-
mechanical properties of the vessel prostheses was also studied. The studies enabled to 
prepare tentative technology guidelines for the sealing of artificial blood vessels with a 
biocompatible and resorbable synthetic copolymer – lactide/glycolide. 

Key words: vessel prosthesis, poly(DL-lactide-co-glycolide), degradtion, sealing, biocom-
patibility, implantation.

DL-lactic acid, 25% residues of gly-
colic acid), inherent viscosity – 0.68, 
supplied by Boehringer Ingelheim; 

n	Polyester double – side veloured pros-
thesis DALLON H of 8 mm diameter, 
supplied by Tricomed Co.

 Methodology
Water permeability of the vessel 
prostheses
The water permeability of the modified 
prostheses was tested according to Stand-
ard ISO 7198 ’Cardiovascular implants – 
Tubular vascular prostheses”. A device 
was used to measure the volume in mil-
limeters of water permeating through a 
surface unit (1 cm2) of the prosthesis wall 
during 1 minute at a pressure of 164 hPa 
(120 mm Hg).

Susceptibility to degradation 
Testing of the susceptibility to hydrolytic 
and enzymatic degradation was carried 
out on films prepared from solutions with 
the same Resomers as those used for the 
sealing of prostheses. A 3% solution of 
the copolymers in 1.4-dioxane with a 
plasticiser (5% polyethylene glycol 600) 
was cast on a Teflon matrix to form the 
films. The films were next dried in the 
same way as with the modified prosthe-
ses. 

The degradation proceeded for 90 days at 
3°C in the following forms: hydrolytical-
ly in demineralised water at pH = 7.45, 
and enzymatically in a citric-phosphate 
buffer at pH 7.2-7.3 with a lysozyme 
concentration of 10-200 mg/cm3 and bath 

module of 1:250 w/w. The film samples 
were taken out of the bath at fixed time 
intervals, rinsed with demineralised wa-
ter at ambient temperature, and dried at 
25°C to constant weight. In the enzy-
matic degradation, the films were addi-
tionally submerged for 10 min in 70% 
ethanol to deactivate the enzymes. The 
proceeding degradation was assessed by 
the change in pH and mass loss as well as 
by GPC analysis.

Examination of the accelerated ageing
The dependence of useful properties of 
the prostheses on the shelf time was test-
ed according to Standard ATM F 1980 
Accelerated Ageing Testing, based on the 
Van’t Hoff theory, concerning the accel-
erated ageing of products at an elevated 
temperature.

 Analytical methods 
Samples (ca. 15 mg) of the material tested 
and 7 ml of chloroform HPLC (or 1.4 di-
oxane) were placed in a 10 ml measuring 
flask. On dissolving the sample, the flask 
was filled up to 10 ml with the solvent used, 
and the solution was filtered and injected 
into a chromatography column to carry out 
an analysis. The parameters of the chroma-
tography analysis were as below:
n	solvent (mobile phase): chloroform
n column: Plgel Mixed C, 300 mm, 

5μm (Polymer Laboratories Ltd.)
n	temperature of the column: 35°C,
n	flow speed: 0.7 ml/min,
n	injection volume: 100 ml,

n	calibration standards: polystyrenes 
with a molecular weight in the range 

Vessel prostheses, particularly those pre-
pared by knitting, reveal an insufficient 
tightness which can be remedied by sur-
face sealing to provide a temporary tight-
ness. In earlier works [1] the family of 
poly(DL-lactide-co-glycolides) of the 
Resomer type was selected for this pur-
pose. A sealing method was also prepared 
on a large laboratory scale, including the 
composition of the coating bath and coat-
ing conditions. The modification of the 
vessel prostheses provided the surgical 
tightness required (water permeabil-
ity below 30 ml/cm2/min) and adequate 
physical-mechanical features including 
an elasticity sufficient for specific medi-
cal devices.

The aim of this work was to finally select 
the ultimate copolymer for the sealing of 
vessel prostheses and to confirm the use-
fulness of the modified prostheses as im-
plants. The investigations were focused 
on the assessment of the susceptibility to 
hydrolytic and enzymatic degradation of 
films prepared from a selected group of 
copolymers. The biocompatibility of ex-
perimental vessel prostheses sealed with a 
selected copolymer was tested. Introduc-
tory implantation trials were also made.

 Materials
n	Resomer RG 504H, copolymer of 

DL-lactide/glycolide (51% residues of 
DL-lactic acid, 49% residues of gly-
colic acid), inherent viscosity – 0.52, 
supplied by Boehringer Ingelheim; 

n	Resomer RG 755S – copolymer of 
DL-lactide/glycolide (75% residues of 
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of 580 to 340 0000 and polydispersity 
– from 1.04 to 1.14 (Polymer Labora-
tories).

Testing of mechanical properties 
The mechanical properties of the film 
and modified prostheses were estimated 
according to the following standards:
Internal diameter : ISO 7198:1998 
Suture retention strength: ISO 7198:1998 
Bursting strength : ISO 7198:1998 
Displcement at burst ISO 7198:1998

 Research results  
and discussion

Susceptibility to degradation  
of poly(DL-lactide-co-glycolide) 
copolymers selected for the sealing  
of prostheses.
To better follow changes that occur in the 
course of the degradation of the polymer-
ic materials chosen as sealants of pros-
theses, films with a constant thickness 
equivalent to the sealing coating on the 
vessel prostheses were examined. Films 
cast onto a Teflon matrix from 3% solu-
tions of Resomer RG 755S and Resomer 
RG 504H in 1.4-dioxane with a plasti-
ciser (5% polyethylene glycol 600) were 
used in the testing. Photos were taken of 
all preparations. The conditions at which 
the degradation tests were carried out are 
shown in Table 1.

Results of the degradation testing are 
shown in the two tables below: Table 2 
– hydrolytic degradation, Table 3 – enzy-
matic degradation.

Films of Resomers RG 755S and RG 
504H degrade rather differently, marked 
by a loss of mass and pH change in the 
bath. More prone to degradation is Re-
somer RG 504H, having an equimolar 
content of glycolide and lactide residues. 
A complete disintegration of the film fol-
lowed after 30 days (Figure 1), and the 
mass loss exceeded 70 %; at the same 
time the pH of the bath dropped to about 
3, caused by the migration of hydrolysis 
products such as glycolic – and lactic 
acids to the solution [2, 3]. The lowered 
pH added to the acceleration of the hy-
drolysis rate. It must be mentioned that 
Resomers marked with index “H” are ad-
ditionally processed by the manufacturer 
to increase the susceptibility of the ma-
terial to degradation. The other Resomer 
marked RG 755S, with a higher content 
of lactide residues, is less susceptible 
to hydrolysis. A decrease in its mass of 

Table 3. Impact of the degradation time and enzyme concentration time upon the change in 
mass, and pH of the bath of Resomer RG 755S and Resomer RG 504H.

Degradation 
time, 
days

Enzyme 
concentration, 

μg/cm3

Resomer RG 755S Resomer RG 504H

pH Mass loss, % pH Mass loss, %

0 – 7.30 – 7.24 –

7

10 7.09 4.84 7.04 0.81

100 7.08 3.62 7.03 0.85

200 7.07 4.28 7.02 1.14

14

10 7.07 4.76 7.01 4.09

100 7.05 3.44 7.00 6.86

200 7.03 5.08 6.99 10.64

30

10 7.05 6.40 6.35 66.64

100 7.03 5.68 6.28 67.07

200 7.01 7.32 6.27 67.43

60

10 7.03 9.21 5.81 89.15

100 7.01 9.88 5.75 89.06

200 7.00 11.46 5.70 88.34

90

10 6.99 38.91 5.62 96.64

100 6.98 51.63 5.60 95.58

200 6.97 57.71 5.54 94.83

Table 2. Impact of the incubation time of films of Resomer RG 755S and Resomer RG 504H 
in water at 37°C upon the change in mass and pH of the bath.

Degradation time, days
Resomer RG 755S Resomer RG 504H

pH Mass loss, % pH Mass loss, %

0 7.42 – 7,32 –

7 7.33 4,68 7,00 6,12

14 7.22 5.10 4.12 26.57

30 7.15 5.45 3.55 77.80

60 4.68 11.30 2.95 99.64

90 3.91 43.73 2.87 99.72

Table 1. Conditions of the hydrolytic and enzymatic degradation of films of Resomers RG 
755S and RG 504H.

Parameter Hydrolytic degradation Enzymatic degradation

Time, days 0, 7,1 4, 30, 60, 90 0, 7, 14, 30, 60, 90

Temperature 37°C 37°C

Medium water pH = 7.45 Phosphate-citric buffer pH = 7.24 and 7.30

Enzyme – lysozyme (concentr. 10, 100, 200 μg/cm3)

Bath module 250:1 w/w 250:1 w/w

about 44% could be observed only after 
90 days. After 7 days of incubation the 
films became opaque, and their appear-
ance remained unchanged until the 30th 
day (Figure 2). Only after 60 days did 
they become brittle and undergo disinte-
gration, the pH of which was on the de-
crease, reaching 3.9 after 90 days.

As for hydrolytic degradation, films of 
Resomer RG 504H degrade faster than 
those of Resomer RG 755S, also in the 
presence of lysozyme. In Resomer RG 
504H, an extensive mass loss, C, in the 
range of 88-89% for all lysozyme con-
centrations could be seen as soon as after 

60 days, which is slightly lower than in 
the hydrolytic mode. The Resomer RG 
504H films had almost entirely degraded 
after 90 days; however, the change in pH 
in the buffer was not as distinct as in the 
bath of the hydrolytic process. A higher 
pH in the enzymatic process explains the 
lower degradation rate compared to that 
using the hydrolysis route. Figure 3 pre-
sents images of Resomer RG 504H films 
during degradation up to 30 days. 

In Resomer 755S, the mass loss after 
90 days, depending on the lysozyme con-
centration, was distinctly lower, amount-
ing to about 39-57% (Figure 4).
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The proceeding degradation, both hy-
drolytic and enzymatic, of the Resomer 
films was also assessed by the function 
of the molecular mass distribution (GPC 
analysis). Examples of molecular mass 
distribution curves for Resomer RG 
755S are shown in Figure 5 (hydrolytic 
degradation) and in Figure 6 (enzymatic 
degradation, lysozyme concentration:  
200 µg/cm3), starting with a curve pre-
senting the molecular mass distribution 
of the polymer after sterilisation. 

When the films were kept in the buffer, 
hydrolytic degradation proceeded very 
slowly, reflected by only an insignificant 
shift of the distribution curves towards de-
creasing values. Only after 60 days were 
the changes more pronounced, coinciding 
with the measurements of mass loss. 

Similarly, an inconsiderable change in 
molecular mass occurred up to the 14th 
day of enzymatic degradation with a ly-
sozyme concentration of 200 mg/cm3. The 
changes are more distinct after 30 days, 
and even more so after 60 days, showing 
a more intensive degradation than in the 
hydrolytic route; however, the mass loss 
is comparable for both processes (11.5%).

Considering the excessive susceptibility 
of Resomer RG 504H to degradation, 
Dallon H prostheses with Resomer RG 
755S were chosen for the assessment of 
biocompatibility.

Impact of sterilisation and ageing 
upon the properties of the modified 
vessel prostheses
Modified Dallon H prostheses were 
radiation-sterilised (fast electrons) and 
then subjected to accelerated ageing to 
define the impact of the treatment upon 
the physical-mechanical properties of the 
prostheses. 

The prostheses were prepared according 
to methodology described elsewhere [1], 
wrapped in a blister pack, and radiation-
sterilised. Sterilisation with fast electrons 
at a dose of 25 kGy was done at the In-
stitute of Nuclear Chemistry and Tech-
nique, Warsaw, by a high-energy electron 
bundle (10 MeV) generated in an Elekro-
nika 10/0 accelerator.

The impact of the radiation upon the struc-
ture of the seal coating of the prostheses 
was assessed by means of SEM inspection 
(Figure 7) as well as by testing of their 
physical-mechanical properties (Table 4).

Figure 2. Macroscopic image of Resomer RG 755S films during hydrolytic degradation 
(0-60 days).

0_H_755S 60_H_755S30_H_755S

0_E2_504H 30_E2_504H14_E2_504H

Figure 3. Macroscopic images of Resomer RG 504H films during degradation up to 30 days 
in dependence on the lysozyme concentration. (E2 = 100µg/cm3, E3 = 200 µg/cm3).

0_E3_504H 30_E3_504H14_E3_504H

0_E2_755S 60_E2_755S30_E2_755S

Figure 4. Macroscopic image of Resomer RG 755S films in dependence on the degradation 
time and lysozyme concentration (E2 = 100µg/cm3, E3 = 200 µg/cm3).

0_E3_755S 60_E3_755S30_E3_755S

Figure 1. Macroscopic image of Resomer RG 504H films during hydrolytic degradation 
(0-90 days). * residues of the film on filter paper.

0_H_504H 90_H_504H*30_H_504H*
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The examination proved that radiation 
at the dose applied does not significantly 
change the structure of the polymeric 
coating.

The ageing examination was aimed at de-
fining the time during which the modified 
prosthesis preserves its properties and re-
mains fit for its destination. It would take 
quite long to establish the time in real 
conditions, hence the method of acceler-
ated ageing was applied. Such products, 
according to the method, are stored at an 
elevated temperature for a given time de-
fined by the Arrhenius equation.

The storage time at an elevated tempera-
ture is calculated from the equation:

CT1 = CRT/AF
where:
CT1 – shelf time of the product at the age-

ing temperature
CRT – storage period to be simulated
AF – ageing coefficient AF = Q10

(TT1-TRT)/10

Q10 – constant of reaction rate; assumed 
as 2

TT1 – temperature at which the acceler-
ated ageing process is to be con-
ducted 

TRT – ambient temperature

Accelerated ageing was accomplished at 
the R&D Laboratory of Tricomed Co ac-
cording to guidelines contained in ASTM 
F 1980. To examine the influence of ac-
celerated ageing upon the properties of 
the prostheses, the quality parameters of 
Dallon H were analysed before and after 
ageing.

The examination was carried out in an 
ageing chamber at +55o C for 32.3 days, 
equivalent to 1 year of ageing at ambient 
temperature (20°C).

In Table 4 are compiled the basic prop-
erties of the modified prostheses before 
and after sterilisation, and after acceler-
ated ageing. 

The testing of the physical-mechanical 
properties after radiation sterilisation re-
vealed that undesired changes only occur 
in the bursting strength, which dropped 
by 17%. The 10% increase in the dis-
placement at burst evidences an increase 
in the elasticity of the prostheses. The 
suture retention strength remained un-
changed. It is quite important that the 
water permeability remained unchanged 
after the action of the 25 kGy sterilisa-
tion dose.

Figure 5. MWD differential curves for starting Resomer 755S/0 and its residues after 7, 14, 
30, and 60 days of hydrolytic degradation.

Figure 6. MWD differential curves for starting Resomer 755SS/0 and its residues after 7, 
14, 30, and 60 days of enzymatic degradation with a lysozyme concentration of 200 mg/cm3.

Figure 7. SEM micro-photographs of a polyester prosthesis modified with Resomer RG 755S: 
a) before and b) after radiation-sterilisation at a dose of 25 kGy.

a) b)

Table 4. Physical-mechanical properties of the modified vessel prostheses before and after 
sterilisation, and after accelerated ageing.

Parameter Before 
sterilisation After sterilisation After ageing

Inner diameter, mm 8.0 7.97 7.97

Bursting strength, N 270 222 242

Displacement at burst, mm 6.9 7.6 6.1

Suture retention strength, N 17.1 17.1 17.2

Water permeability, ml/cm2/min 28.0 27.9 2100
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Biocompatibility according to Stand-
ard PN-EN ISO 10993-1:2004
A number of vessel prostheses were pre-
pared to test their biocompatibility ac-
cording to Standard PN-EN ISO 10993-
1:2004. The examination was carried out 
in vitro and in vivo on animals at the spe-
cialised unit of the ‘National Institute of 
Drugs’, Warsaw:
n	irritation action after an intradermal 

injection of the extract according to 
ISO 10993-10:2007

n	sensibilisation action according to 
ISO 10993-10:2007

n	systemic toxicity according to Stand-
ard ISO 10993-11:2008 

n	cytotoxicity according to Standard 
ISO 10993-5: 2001

n	haemolytic action according to Stand-
ard 0993-4:2007

n	genotoxicity according to Stand-
ards ISO 10993-3:2008, ISO 10993-
12:2008 and BB/PM 5.4/002. The 
genotoxicity was examined by two 
methods : the Ames test and micronu-
clear test.

All these tests evidenced that Dallon H 
vessel prostheses modified with poly(D,L-
lactice-co-glycolide) do not exert any 
cytotoxicity-, irritation-, sensibiliation- 
haemolytic- nor genotoxic action.

In vivo examination with experimen-
tal animals according to Standard PN-
EN 30993-6:2000.
Testing was carried out on six rabbits of a 
New Zealand breed. Fragments of the pros-
theses sized 12 x 1.5 mm were implanted 
into subcutaneous tissue on both sides of 
the animal’s back: left- modified Dallon H, 
right- unmodified Dallon H as reference. 
The animals were killed after 30 days, and 
the locality of the implant was macroscopi-
cally assessed. Six implants along with the 
surrounding tissue were cut out and collect-
ed for histopathology inspection by means 
of confocal microscopy. 

It was found that the modified vessel pros-
theses tolerated well, and after implanta-
tion into subcutaneous tissue do not differ 
from the unmodified reference Dallon H. 
The medium in the implant locality found 
by microscopic observation is a typical 
cell response to a foreign body commonly 
appearing with medical devices.

Implantion and post-implantation exami-
nations were carried out at the National 
Institute of Drugs and Centre of Biostruc-
ture of the Medical University, Warsaw. 

Figures 8a and 9b present microscopic 
images of the implantation locality of the 
modified prostheses, and Figures 8c and 
8d show microphotos of the implant lo-
cality of the reference prosthesis (magni-
fication- x 100).

Preparation of technical outlines for 
the manufacture of partly resorbable 
vessel prostheses.
Based upon the R&D works presented, 
tentative technical outlines have been 
prepared for the manufacture of modified 
(sealed) vessel prostheses on a large labo-
ratory scale. The manufacture starts from 
DALLON H made by Tricomed Co as a 
half product, which is a double-side ve-
loured polyester prosthesis of 8 mm diam-
eter. The resorbable copolymer of DL lac-
tide and glycolide produced by Boehringer 
Ingelheim under the trade name of Re-
somer RG 755 S was chosen as the seal-
ing substance. Spraying with Resomer RG 
755 S in 1.4 dioxane is recommended for 
the sealing. The prostheses, after drying, 
can be packed in blister packs and radia-
tion-sterilised at a dose of 25 kGy.

 Conclusions
1. Based on the examination of selected 

poly(DL-lactide-co-glycolide) co-
polymers of varied composition (RG 

Changes in the main mechanical pa-
rameters after accelerated ageing do not 
exceed the 20% limit assumed in com-
parison with the after-sterilisation values. 
The bursting strength increased by 9%, 
and the displacement at burst and suture 
retention strength dropped by 19.8% and 
5%, respectively.

However, the most significant change 
occurred with respect to the water per-
meability, which, after accelerated age-
ing, decreased to about 2100 ml/cm2/
min (3500 ml/cm2/min for the unsealed 
Drallon H prosthesis), indicating sub-
stantial degradation of the polymer at 
the temperature of accelerated ageing 
(55°C).

The inference is that Dallon H prostheses 
modified with Resomer RG 755S need to 
be, as with some pharmaceuticals, kept at 
a low temperature (fridge).

It may be expected that the resistance 
of the prostheses to ageing could be im-
proved by the use of the earlier consid-
ered sterilisation with ethylene oxide, 
during which the degradation of seal 
coatings of poly(lactide-co glycolide) [4] 
does not occur. Further investigation is 
needed in this direction.

Figure 8. Macroscopic image of the implant locality (a & b – sealed prostheses, c & d – 
unsealed prostheses); a) Broad band of fibroblast tissue in the proximity of the implant with 
a rich deposit from polimorphonuclear cells, lymphfocytes and macrophages; b) Band of 
fibroblast tissue in the proximity of the implant with a cell deposit and visible proliferation 
of blood vessels; c) Site wall with infiltration of polymorpfonuclear cells and lymphocytes 
with the dominance of eosinophilic granulocytes; d) Numerous giant cells of the round – 
the foreign – body type and numerous fresh blood vessels in the band of fibroblast tissue 
around the implant.

a) b)

c) d)
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755S, RG 504H), it was found that the 
susceptibility to hydrolytic and enzy-
matic (lysozyme) degradation rises 
with an increase in the content of gly-
colide residues in the polymer chain

2. The sterilisation of modified DAL-
LON H prostheses with fast electrons 
at a 25 kGy dose does not cause an in-
crease in water permeability.

3. The modified prostheses do not exert 
any cytotoxicity-, irritation-, sensibilia-
tion- haemolytic- nor genotoxic action.

4. The modified DALLON H prosthe-
sis tolerate well.When implanted into 
the subcutaneous tissue of rabbits, it 
does not differ from the unmodified 
reference. The medium in the imlpant 
locality found by microscopic obser-
vation is a typical cell response to a 
foreign body commonly appearing 
with medical devices.

5. The modified DALLON H prostheses 
revealed unsatisfactory durability af-
ter radiation sterilisation and acceler-
ated ageing at 55°C. 

6. A complementary investigation is rec-
ommended for the ageing of modified 
DALLON H prostheses after sterilisa-
tion with ethylene oxide. The suscep-
tibility of the modified prostheses to 
ageing at low temperature is also to be 
assessed in further works.
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