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Abstract: Regeneration and functional recovery of nerves after peripheral nerve injury is the key to peripheral nerve
repair. One of the putative therapeutic strategies is to use anti-adhesion polymer films, made of polymeric biomateri-
als. Recently, a novel biodegradable poly (DL-lactic acid) (PDLLA) film has been prepared using a method of phase
transformation with biodegradable polylactic acid polymer as the substrate. This novel, anti-adhesion film has a
porous structure, which provides better mechanical properties, better flexibility, more complete diffusion through
the polymer of tissue biologic factors like growth factors, and more controllable degradation compared to traditional
non-porous films. Little is known, however, about the in vitro and in vivo biocompatibility and cytotoxicity of this type
of PDLLA film. Therefore, our aim was to evaluate the biocompatibility and cytotoxicity of this novel PDLLA film us-
ing various experimental methods, including a skin irritation test, MTT analysis, and the mouse bone marrow cell
micronucleus test, as well as hematology or clinical chemistry measurements in rats after receiving sciatic nerve
transection and anastomosis with wrapping of the anastomosis with DLLA films. We demonstrated that exposure
to PDLLA film extracts did not generate apparent erythema or edema in rabbit skin and had no effect on the prolif-
eration of Vero cells. Additionally, treatment with PDLLA film extracts did not alter the incidence of micronucleated
polychromatic erythrocytes as compared with saline Treated group. Furthermore, implantation of PDLLA film did not
alter liver or renal function as measured by serum levels of ALT, AST, TP, A/G, Cr, and BUN, and pathologic examina-
tions showed that implantation of PDLLA film did not cause pathologic changes to the rat liver, kidney, pancreas,
or spleen. Taken together, these results suggest that PDLLA films have excellent biocompatibility and no obvious
toxicity in vivo, and may be used to prevent nerve adhesion, thereby promoting nerve regeneration.
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Introduction als are used commonly in the diagnosis, treat-
ment, replacement or repair, and regenera-
tion of damaged tissues and organs [5].

Biodegradable biomedical polymers include

Regeneration and functional recovery of nerve
fibers after peripheral nerve injury is the key to

peripheral nerve repair, which is an important
yet unmet medical need which has attracted
extensive attention in the development to
enhance nerve regeneration. Adhesion of the
peripheral nerve to surrounding tissues results
in fibrosis of the nerve that contributes to
peripheral nerve dysfunction [1]. Therefore, the
development of a high performance, anti-adhe-
sion therapy would be of great importance clini-
cally in peripheral nerve repair.

One of the putative therapeutic strategies is to
use anti-adhesion polymer films, made of poly-
meric biomaterials [1-4]. Polymeric biomateri-

natural polymers, such as chitosan, chitin, and
cellulose, and synthetic polymers, such as poly-
lactic acid (PLA). Polylactic acid (PLA) is linear,
aliphatic polyester with good biodegradability
[6, 7]. PLA can be divided further into poly-L-
lactide (PLLA), poly-D-lactic acid (PDLA), and
poly-rac-lactide (polylactic-DL-acid, PDLLA),
based on molecular isomeric structure [8].
Furthermore, PLAs with different structures
and synthetic configurations have a large differ-
ence in the mechanical properties and degra-
dation profiles [9, 10]. For instance, PLLAs are
semi-crystalline polymers, with melting points
(Tm) as high as 175-178°C, and degradation
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times of up to 3-3.5 years. As a result, PLLAs
are suitable for orthopedic fixation. In contrast,
PDLLA polymer chains are not well structured,
so that PDLLA is an amorphous polymer, with a
Tm as low as 65°C and a degradation time as
rapid as 3-6 months [11-13]. Therefore, PDLLA
films seem more suitable for prevention of
adhesions in peripheral nerves in vivo during
their recovery after trauma.

Biodegradable films should serve their intend-
ed anti-adhesive function and the products of
their degradation should be biocompatible and
non-toxic, without interfering with tissue heal-
ing. Currently, commercially available, anti-
adhesion polymer films are made mostly of
polyester materials, which have poor flexibility,
uncontrolled degradation, and lack of permea-
bility that interfere with diffusion of nutrients,
growth factors, etc. These properties interfered
with the healing process and can cause tissue
edema/induration or even necrosis under the
films. In addition, PLA may produce toxic solu-
tions in vitro, presumably due to formation
of the acidic products of degradation [14].
Additionally, chronic inflammation (presence of
macrophages, fibroblasts, giant cells and lym-
phocytes) was observed in dogs with PLLA
used in meniscal reconstruction [15]. Fur-
thermore, subcutaneously implanted, pre-
degraded PLLA can elicit fibrous encapsulation,
with attraction of macrophages and giant cells
in response to the smaller particles [16]. Thus,
it is necessary to evaluate the biocompatibility
and cytotoxicity of any potential types of biode-
gradable films before clinical applications.

Recently, by using a method of phase transfor-
mation, a novel biodegradable PDLLA film has
been prepared composed of a biodegradable
polylactic acid polymer [8]. This novel, anti-
adhesion film has a porous structure, which
provides better mechanical properties, better
flexibility, and more controllable degradation
compared to traditional, non-porous films. The
presence of a porous structure may allow bet-
ter diffusion of tissue fluids, which is beneficial
to the nerve regeneration, on both sides of the
film without sacrificing the barrier function.
Little is known, however about the in vitro and
in vivo biocompatibility and cytotoxicity of this
type of PDLLA film. Therefore, in the present
study, our aim was to evaluate the biocompati-
bility and cytotoxicity of this novel PDLLA film
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using various in vivo and vitro methods, includ-
ing the skin irritation test, MTT analysis, and
the mouse bone marrow cell micronucleus test,
as well as measurements of hepatic and renal
function as well as histopathologic exam of vis-
ceral organs in rats after receiving sciatic nerve
transection and anastomosis wrapped with the
PDLLA film.

Materials and methods
Animals

All animals were provided by the Animal Center,
School of Basic Medicine, Jilin University, China
(license No. SCXK (Ji) 2003-001). Animals were
housed in a temperature- and humidity-con-
trolled vivarium under a 12 h light/dark cycle.
All animals had free access to food and water
continuously daily. In the skin irritation tests,
we used healthy, adult New Zealand rabbits (n
= 6), irrespective of sex, weighting 2.0-3.1 kg.
To determine the effects of biodegradable
PDLLA films on mouse bone marrow micronu-
cleus, we used healthy mice (n = 50), irrespec-
tive of sex, weighing 20+2 g, 7-12 weeks of age.
Finally, to examine the in vivo toxicity of biode-
gradable PDLLA films, Wistar rats (n = 18), irre-
spective of sex, weighing 200+20 g, for analy-
sis of hematology or clinical analyse and histo-
pathologic examination of visceral organs. All
animal experiments were approved by the local
Institutional Animal Care and Use Committee.
The housing and treatment of the animals fol-
lowed the Guidance Suggestions for the Care
and Use of Laboratory Animals, formulated by
the Ministry of Science and Technology of
China. All painful operations in animals were
performed under an anesthetic with sterile
conditions.

Preparation of extracts from PDLLA biomedical
film extracts

Biodegradable PDLLA films (production batch
number: 130601F; Changchun SinoBiomate-
rials, Jilin, China) were used to prepare a solu-
tion of PDLLA film extracts (PDLLA/saline = 0.2
g/ml) in accordance with Chinese National
Standard GB/T16886.12. All operations were
performed under sterile conditions. The PDLLA
films were dissolved in saline, and the solution
was placed in a water bath shaker (WS2-261-
79, Beijing Medical Instrument, Beijing, China)
for 72 h at 37°C. The solution was then dis-
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Table 1. Skin reaction signs with scoring value

Reaction

Score

Erythema and eschar formation
No erythema
Very slight erythema (barely perceptible)
Well defined erythema
Moderate to severe erythema

Severe erythema (Beet red) to slight eschar formation

Edema formation
No edema
Very slight edema (barely perceptible)

Slight edema (edges of area well defined by definite raising)

Moderate edema (raising approximately 1 mm)

Severe edema (raised more than 1 mm extending beyond the area of exposure)
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Table 2. Primary irritation index with irritation
reaction

Average index Reaction
0-0.4 Very slight
0.5-1.9 Slight
2.0-4.9 Moderate
5.0-8.0 Severe

pensed into sterile containers and stored at
4°C. For experiments on cell cultures, the solu-
tion of PDLLA film extracts was prepared with
FBS-containing RPMI-1640 cell culture medium
(Gibco, Grand lIsland, NY, USA), followed by
preparation of four concentrations of PDLLA
(i.e., 12.5%, 25%, 50%, and 100%). Negative
control extracts were prepared using high-den-
sity polyethylene with appropriate solvents.

Skin irritation test

The skin irritation test was conducted accord-
ing to the Chinese National Standard GB/
T16886.10-2000. Rabbits were divided ran-
domly into three groups (n = 2/group). Twenty
four hours prior to the test, rabbit hair around
the dorsal aspect of the back with an area of 5
x 8 cm was removed. Four layers of sterile
gauze (2.5 x 2.5 cm) were then used to cover
the skin area with a bandage, and the contact
area was marked. Saline, dinitrofluorobenzene
(@ known skin irritant and sensitizer), or PDLLA
extracts were applied onto the sterile gauze
such that the gauze was fully soaked. The gauze
were removed after 24 h, and the skin condi-
tions were observed and recorded after an
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additional 1, 24 , 48 , and 72 h under natural
light or full-spectrum light. Scoring criteria for
skin irritation were listed in Table 1. The prima-
ry scores of skin irritation of each animal were
calculated by subtracting the negative control
group (i.e., saline group). A Primary irritation
score index (Pll) was then calculated using the
primary skin irritation score for each animal
divided by the total number of animals. Finally,
the evaluation of the type of skin reactions was
conducted based on criteria list in Table 2.

Vero cell culture

Vero cells (School of Basic Medicine, lJilin
University, China) were cultured in RPMI-1640
culture medium containing 10% FBS at a tem-
perature of 37°C in an incubator (BB5060,
Heraeus, Hanau, Germany) for 24 h until cells
reached the end of the logarithmic growth. Vero
cells are a cell line derived from monkey renal
epithelial cells and have been used often for
toxicity studies. Cells were then dispersed with
0.25% trypsin. Cells suspensions (1 x 10* cells/
ml) were then prepared after re-suspending
cells in culture medium after spinning the dis-
persed cell medium for 5 min at 2000 rpm.

Cell viability assay

The cell viability assay was conducted in accor-
dance with the Chinese National Standard GB/
T16886.5-2003, using non-cancerous Vero
cells and the MTT ([3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide]) assay [17].
The prepared Vero cell suspension was seeded
in the wells of the 96-well plastic cell culture
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Table 3. Cell relative growth rate (RGR) with
cytotoxicity level

RGR value (%)

Cytotoxicity level

>100% 0
75%-99% 1
50%-74% 2
25%-49% 3
1%-24% 4
<1% 5

plate (Nest Scientific, USA). To each well, 100
uL of the cell suspension was added. After inoc-
ulation, the cells were observed under a phase
contrast microscope (Nikon TE300, Japan).
After discarding the original culture medium,
100 pL of different concentrations of testing
solutions were then added to each well, includ-
ing PDLLA films extracts, negative control solu-
tion (RPMI-1640 medium), or a positive control
solution (0.5% phenol solution). Each group
consisted of at least 8 wells. The 96-well cell
culture plate was then placed in an incubator
containing 95% oxygen, 5% carbon dioxide at
37°C. After 24, 48, or 72 h, 20 ul MTT solution
was added to each well, followed by additional
5 h incubation. After carefully discarding the
solutions in each well, 200 yl DMSO dimethyl
sulfoxide was added to each well, and the cell
culture plate was shaken for 10 min to form a
uniform color. The absorbance was measured
at a wavelength of 570 nm with a microplate
photometer (BPS0O, Biohit, Neptune City, USA).
The relative growth rate (RGR) was calculated
asRGR = (ODexp Mean/OD_, Mean) x 100%. The
evaluation of cytotoxicity was in accordance
with the 1S02109932-5 standard, using a
5-point grading scale, as shown in Table 3. The
RGR value for the negative control group should
be no more than grade 1, and the RGR value
for the positive control group should be no
less than grade 3. Grade O-1 represents no
cytotoxicity, Grade 2 represents mild cytotoxic-
ity, Grade 3-4 represents moderate cytotoxici-
ty, and Grade 5 represents substantial
cytotoxicity.

Mice bone marrow cell micronucleus test

Mice were divided randomly into five groups (n
= 10/group), and two doses of treatment were
given intraperitoneally. Mice received the first
dose of either saline (154 mM NaCl, 1 ml/kg),
PDLLA film extracts (50, 100, or 200 mi/kg), or
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cyclophosphamide (40 mg/kg), and the second
dose of the same treatment 24 h later. The 40
mg/kg dose of cyclophosphamide has been
used widely as a positive control in the bone
marrow cell micronucleus test [18]. After an
additional 6 h, the mice were killed by cervical
dislocation. The entire sternum was harvested
with excess muscles and blood removed. The
sternal bone marrow cells were flushed out with
1 ml of fetal bovine serum (Gibco, USA) into a
centrifuge tube. A uniform cell suspension was
made by pipet. For the microscopic analysis of
micronuclei, a few drops of the cell suspension
were placed on a glass slide, fixed, and dried,
followed by staining with 10% Giemsa stain
(Sigma, USA) for 10-15 min. Cell counting was
performed using an inverted microscope (Nikon
TE300, Tokyo, Japan). For each mouse, at least
1000 polychromatic erythrocytes (PCEs) were
counted, and the micronucleus rate was calcu-
lated as follows:

Micronucleus rate (%o0) = micronucleated PCEs/
total PCEs x 1000

Sciatic nerve transection and anastomosis

To determine the in vivo toxicity of biodegrad-
able PDLLA films, adult Wistar rats (n = 18)
were divided randomly into three groups (n = 6/
group). Rats were anesthetized by 10% chloral
hydrate (0.3 ml/kg; i.p.). After shaving the hair
from the mid back to hind limb area, rats were
then placed prone on the surgery table with a
heating pad underneath to maintain body tem-
perature of approximate 37°C. To allow the
exposure of the sciatic nerve, a 3 cm incision
was made starting 0.5 cm lateral to the rat mid-
line toward the tibiofemoral articulation, fol-
lowed by separation of the femoral biceps and
gluteus muscles. A microsurgical scissor was
used to transect the left side sciatic nerve. The
nerve was then repaired by epineural microsu-
tures using 9-O nylon sutures (Johnson &
Johnson medical equipment, Shanghai, China)
using binocular loupe maghnification. Group 1
received sciatic nerve transection and anasto-
mosis with no special treatment. Group 2
received sciatic nerve transection and anasto-
mosis with artificial nerve conduits (TianXinFu
Medical Appliance, Beijing, China). Group 3
received nerve transection and anastomosis
with wrapping of the nerve with biodegradable
PDLLA film.
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Table 4. Skin irritation test

Score (erythema score, edema score)

Rabbit No. Erythema and edema
1h 24 h 48 h 72 h Score

1 SALINE No erythema, no edema 0 0 0 0 0

2 SALINE No erythema, no edema 0 0 0 0 0

3 DNFB Erythema and edema 2(1,1) 3(2,1) 4(2,2) 2(1,1) 2.8
4 DNFB Erythema and edema 2(1,1) 3(2,1) 5(3,2) 2(1,1) 3.0
5 PDLLA No erythema, no edema 0 0 0 0 0

6 PDLLA No erythema, no edema 0 0 0 0 0

Figure 1. Representative images illustrate the results of skin irritation test. (A) saline-treated group, (B) dinitrofluo-
robenzene-treated group, and (C) PDLLA film extracts-treated group.

Table 5. Relative growth rate (RGR%)

Group 24 h (%) 48h (%) 72h (%)
PDLLA

100% extract 97.7 96.1 100.1
50% extract 96.9 99.1 100.6
25% extract 99.5 98.2 99.9
12.5% extract 100.1 971.7 101.6
Negative control 100.0 100.0 100.0
Positive control 12.0 4.7 0
Pathology

Blood samples for measurement of hematolo-
gy or clinical chemistry were collected from the
vena cava after 1, 4, or 12 weeks recovery from
the nerve transection/reanastomosis while the
rat was under isoflurane anesthesia. The fol-
lowing parameters were assessed with a
Bayer® Advia 120 hematology analyzer: white
blood cell count (WBC), hemoglobin (Hb), hema-
tocrit (HCT), and platelets (PLT). The following
serum parameters were assessed with an
Olympus® AU640 clinical chemistry analyzer:
aspartate aminotransferase activity (AST), ala-
nine aminotransferase activity (ALT), total pro-
tein (TP), albumin/globulin ratio (A/G), creati-
nine (CREA), and urea nitrogen (BUN). Liver,
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spleen, kidney, and pancreas from the rats
were harvested after 1, 4, or 12 weeks recov-
ery after the nerve transection/ reanastomosis
(n = 2 rates/time interval) and retained in an
appropriate fixative. Microscopic examination
of paraffin sections stained with hematoxylin
and eosin (H&E) were performed by a veteri-
nary pathologist on all tissues collected from
all groups of animals.

Data analysis

All values are presented as mean + standard
deviation (SD) when appropriate. Data were
analyzed using one-way analyses of variance
(ANOVA) or analyses of variance (ANOVAs) with
repeated measures, where appropriate.
Significant ANOVA main and interaction effects
were further investigated using Tukey post hoc
tests, when appropriate. Alpha was set at 0.05.

Results
Effects of PDLLA extracts on skin irritation

After dinitrofluorobenzene treatment, the rab-
bit skin showed moderate erythema and mild
edema. The final primary irritation scores for
the dinitrofluorobenzene Treated rabbits were
2.8 and 3.0, with a primary irritation index (PII)

Am J Transl Res 2015;7(8):1357-1370
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of 2.9 (Table 4). According to the standard list
in Table 2, this irritation was considered as
moderate (Figure 1B). In contrast, saline
Treated group had a primary irritation score of
zero and a primary irritation index (PIl) of zero
(Table 4), suggesting saline had no irritation on
rabbit skin (Figure 1A). Similarly, all rabbits in
the PDLLA extracts Treated group had a prima-
ry irritation score of zero and a primary irrita-
tion index (PIl) of zero (Table 4), suggesting that
PDLLA extracts had no irritation on rabbit skin
(Figure 1C).

Effects of PDLLA film extract on cell viability

In 0.5% phenol treated group, Vero cells shrank
with no apparent cell growth. The RGR value
was 12%, 4.7%, and 0% after 24 h, 48 h, and
72 h, respectively (Table 5). According to the
criteria listed in Table 3, the level of cytotoxicity
was grade 4-5. In contrast, in the Vero cells in
RPMI-1640 medium treated group as well as
the groups treated with PDLLA films extract,
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Figure 2. Cell viability after 24 h (A), 48 h (B),
and 72 h (C) incubation. Negative control
group represents RPMI-1640 medium treat-
ment. Positive control group represents 0.5%
phenol treatment.

showed adherent growth and normal shape
(Table 5) yielding a level of cytotoxicity of grade
0-1. After 24 h, 48 h, or 72 h of incubation, the
number of Vero cells increased gradually in
both the group treated with RPMI-1640 medi-
um treated group and in all groups treated with
PDLLA films extracts (Table 5). There was no
significant difference between the groups treat-
ed with PDLLA films extracts and RPMI-1640
medium , but there were significant differences
between all groups treated with PDLLA films
extracts and the 0.5% phenol treated group
(p<0.01). These experiments suggest that the
PDLLA film extracts were not cytotoxic.

Effects of PDLLA film extracts on the viability
and morphology of Vero cells

After 0.5% phenol treatment, cell viability
decreased to approximately 18, 8 and 4% after
24, 48, and 72 h of incubation, respectively
(Figure 2). In contrast, treatment with PDLLA
film extracts failed to alter Vero cell viability at

Am J Transl Res 2015;7(8):1357-1370
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-
-
Figure 3. Vero cell morphology under effects of 100% PDLLA film extracts (B1, B2) as compared to RPMI-1640
medium treated control group (A1, A2) after 24 h (A1, B1) and 48 h (A2, B2) In all cultures, the cells showed no

abnormal cell morphology, with clear structure, a clearly visible nucleolus, and the clear boundaries between the
nucleus and the cytoplasm (magnification x 200).

Table 6. Mouse micronucleus cell lar to RPMI-1640 medium

treated control group (Figure

Micronucleus cell

Group Mouse  PCE  Micronucleus percentage (%o) 3).
(F/M) Number cell number
Mean + SD ,
- Effects of PDLLA film ex-

Saline 5/5 10789 20 1.9+0.1 .

tracts on mice bone marrow
PDLLA low dose 5/5 10587 21 2.0+0.1 cell micronucleus
PDLLA medium dose  5/5 10237 22 2.2+0.1
PDLLA high dose 5/5 10564 24 2.3+0.2 Treatment by cyclophospha-
Cyclophosphamide 5/5 10008 497 49.7+4.0 mide increased markedly the

any of the concentrations tested as with the
RPMI-1640 medium treated control group
across time (Figure 2). Thus, PDLLA film
extracts did not affect Vero cell survival.
Furthermore, after 24 or 48 h of incubation
with the greatest concentration of PDLLA film
extracts, Vero cells showed no abnormal cell
morphology, with clear structure, a clearly visi-
ble nucleolus, and the clear boundaries
between the nucleus and the cytoplasm, simi-
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incidence of micronucleated

polychromatic erythrocytes
in mice bone marrow (49.7%o; Table 6), which
was approximately 20 times greater than in the
groups exposed to saline or any dose of PDLLA
film extracts groups. Specifically, the incidenc-
es of micronucleated polychromatic erythro-
cytes after the treatment with the low, medium,
or high dose of PDLLA were 2.0%o, 2.2%o,
and 2.3%o, respectively, which is similar to the
incidence in saline treated group (1.9%o; Table
6).
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Figure 4. Effects of PDLLA wrapping on hematology, including white blood cell count (A; WBC), hemoglobin (B; Hb),
hematocrit (C; HCT), and platelets (D; PLT). Group 1 represents direct suturing only after sciatic nerve transection.
Group 2 represents wrapping with artificial nerve conduits after sciatic nerve transection and anastomosis. Group
3 represents wrapping with PDLLA film after sciatic nerve transection and anastomosis.

Effects of PDLLA film wrapping on hematology

After the sciatic nerve transection and anasto-
mosis, wrapping of the nerve anastomosis with
PDLLA film (Group 3) did not alter the amount of
WBC, Hb, HCT, or PLT after either 1, 4, or 12
weeks (Figure 4), as compared with direct
suturing only (Group 1) or wrapping the nerve
anastomosis with artificial nerve conduits
wrapping (Group 2).

Effects of PDLLA film wrapping on clinical
chemistry

After the sciatic nerve transection and anasto-
mosis, PDLLA film wrapping (Group 3) did not
alter the hepatic function (ALT, AST, TP, and
A/QG) or renal function (Cr, BUN) after either 1,
4, or 12 weeks (Figure 5), as compared with
direct suturing only (Group 1) or artificial nerve
conduits wrapping (Group 2).

Anatomic pathology

Microscopic examination of hematoxylin and
eosin stained paraffin sections of liver, spleen,
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kidney, and pancreas tissues from Wistar rats
after 1 week (Figure 6), 4 weeks (Figure 7), or
12 weeks (Figure 8) recovery from the surgery
showed that PDLLA film wrapping did not cause
any pathologic damage to rat liver, kidneys,
pancreas, and spleen.

Discussion

In the present study, we evaluated the toxicity
of PDLLA films using in vitro cell experiments
and in vivo studies in rabbits, rats, and mice.
We demonstrated that exposure to PDLLA film
extracts did not generate apparent erythema or
edema on rabbit skin in a similar pattern as
exposure to saline, suggesting that PDLLA films
cause no skin irritation. Additionally, using an
MTT assay, we demonstrated that 12.5, 25, 50,
or 100% of PDLLA film extracts had no effect
on the proliferation of Vero cells, suggesting
that PDLLAfilm has no cytotoxicity. Furthermore,
to determine the potential genotoxicity of
PDLLA film, we conducted a micronucleus test
and showed that PDLLA film extracts did not
alter the incidence of micronucleated polychro-
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Figure 5. Effects of wrapping with PDLLA on hepatic and renal functions, which were assessed with an Olympus®
AUGB4O0 clinical chemistry analyzer: alanine aminotransferase (A; ALT) aspartate aminotransferase (B; AST), total
protein (C; TP), albumin/globulin ratio (D; A/G), creatinine (E; Cr), and urea nitrogen (F; BUN). Group 1 represents
direct suturing only after sciatic nerve transection. Group 2 represents wrapping with artificial nerve conduits after
sciatic nerve transection and anastomosis. Group 3 represents wrapping with PDLLA film after sciatic nerve transec-

tion and anastomosis.

matic erythrocytes suggesting that PDLLA film
has no genetic toxicity in mice. Taken together,
our results suggested that the biodegradable
PDLLA films have minimal biologic toxicity.
Future studies may be necessary to further
evaluate the long term toxic effects of this
biomaterial.

The PDLLA films are designed to prevent nerve
adhesion. Therefore, we evaluated the biocom-
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patibility of the PDLLA films in vivo after sciatic
nerve transaction in rats. According to litera-
ture, we implanted PDLLA films up to 12 weeks
[19], to fully evaluate the impact of the chronic
exposure of PDLLA biomaterials in the rat
model. Our results demonstrated that implan-
tation of PDLLA films between the muscle and
sciatic nerve tissue in rats after 1, 4 , or 12
weeks did not increase the white blood cell
count, nor change the hemoglobin or platelet
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Figure 6. Effects of wrapping with PDLLA on pathologic changes in liver (A), spleen (B), kidney (C), and pancreas (D)
after 1 week recovery from sciatic nerve transection and anastomosis. Group 1 represents direct suturing only after
sciatic nerve transection. Group 2 represents wrapping with artificial nerve conduits after sciatic nerve transection
and anastomosis. Group 3 represents wrapping with PDLLA film after sciatic nerve transection and anastomosis.

count, suggesting that the PDLLA film had no
effect on the immune system and the hemato-
poietic system in rats. Furthermore, PDLLA film
implantation did not alter various clinical
parameters including ALT, AST, TP, A/G, Cr, and
BUN, suggesting PDLLA film has no effect on
the hepatic function or renal function. To fur-
ther confirm the above results, subsequent his-
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topathologic examination showed that PDLLA
film implantation did not cause any pathologic
damage to rat liver, kidneys, pancreas, or
spleen.

In the present study, we evaluated the toxicity

of PDLLA films based on the degradation time
of PDLLA materials, since the degradation of
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Figure 7. Effects of wrapping with PDLLA on pathologic changes in liver (A), spleen (B), kidney (C), and pancreas (D)
after 4 week recovery from sciatic nerve transection and anastomosis. Group 1 represents direct suturing only after
sciatic nerve transection. Group 2 represents wrapping with artificial nerve conduits after sciatic nerve transection
and anastomosis. Group 3 represents wrapping with PDLLA film after sciatic nerve transection and anastomosis.

polymeric biomaterials may affect the tissue in
several ways [4, 8]. First, the implanted poly-
meric biomaterials will gradually release vari-
ous chemical products of degradation, includ-
ing common additives, impurities, monomers,
and oligomers. These chemical components
can result in different types of toxic reactions in
the tissues by slowly migrating from the interior
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to the surface and the surrounding tissue,
causing inflammation or pathologic changes in
the tissues of interest, as well as having sys-
temic reactions. Second, degradation of poly-
meric biomaterials can produce toxicity effects
in human tissues. If the degradation is slow
and the product is less toxic, the process of
degradation may not cause clinically relevant
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Figure 8. Effects of wrapping with PDLLA on the pathologic changes in liver (A), spleen (B), kidney (C), and pancreas
(D) after 12 week recovery from sciatic nerve transection and anastomosis. Group 1 represents direct suturing
only after sciatic nerve transection. Group 2 represents wrapping with artificial nerve conduits after sciatic nerve
transection and anastomosis. Group 3 represents wrapping with PDLLA film after sciatic nerve transection and
anastomosis.

toxicity in tissues, in contrast, if the degrada-
tion is fast and the degradation products are
relatively toxic severe acute or chronic inflam-
mation may result.

The physical form of the PDLLA films such as
porosity can greatly influence its biocompatibil-
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ity with tissue in vivo. Usually, biologic nerve
grafts made from acellular muscle or collagen
are revascularized within the first 4-5 days after
implantation by longitudinal ingrowth of ves-
sels from the distal and proximal nerve stump
and sprouting of collateral capillaries [20, 21].
This process requires diffusion of nutrients,
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growth factors and other biologically active
agents into the area of nerve regeneration.
Therefore, permeable anti-adhesive barriers
can allow the influx of externally generated
wound healing factors and the outward diffu-
sion of waste products. Impermeable barriers
may also positively affect nerve regeneration
by insulating the area of regeneration, prevent-
ing the ingrowth of scar tissue formation and by
keeping internally generated growth factors in
the local wound area; however, these imperme-
able barriers may also prevent diffusion of
growth factors and nutrients into the injured
area. In addition, semi-permeable barriers may
also facilitate the formation of a supportive
fibrin by allowing inward diffusion of local or
systemic healing factors [22]. Importantly,
semi-permeable barriers have better effects on
nerve regeneration [23-26].

The thickness of the PDLLA films may also con-
tribute to its tissue compatibility. Nerve con-
duits or barriers with thick walls are usually
more rigid leading to impaired handling and dif-
ficulty in suturing under the microscope.
Furthermore, the rigidity may cause poor in vivo
tissue compatibility and provoke local inflam-
mation reactions. It has been reported that
regenerated axons were significantly longer in
nerve conduits with an average wall thickness
of 0.81 mm compared to those in tubes with a
thicker wall of 1.1, 1.28 and 1.44 mm [27].
Less neuroma formatting occurs using thin-
walled nerve conduits due to the greater elas-
ticity of thin walls [28], however, very thin walls
can cause the nerve conduits to collapse in
vivo. For example, amorphous poly (D,L-lactide-
e-caprolactone) tubes with an average wall
thickness of 170 um collapsed 26 weeks post-
operatively [29]. Additionally, a substantially
portion of the nerve conduits made of electros-
pun PCL/PLGA fibers with a wall thickness
of 150 um collapsed by four months after sur-
gery [30]. Therefore, it will be necessary in
the future to evaluate the effects of various
wall thicknesses of the PDLLA films on the
biocompatibility.

In summary, we evaluated the in vitro and in
vivo biocompatibility and toxicity of PDLLA
films. Such polymeric films implanted after the
sciatic nerve transection and anastomosis
caused no inflammation or tissue damage in
various organs in rats. Given the good biocom-
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patibility and little toxicity of PDLLA films in vivo,
future studies will be applicable to investigate
the effects of PDLLA films on repairing injured
nerves.
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