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Abstract

Polypropylene (PP), Polyethylene (PE) and polytetra-
fluoroethylene (fE) are high molecular materials in
medical use. they are also used as the negative control
materials for ISo 10993-6 international standard bio-
logical evaluation of  medical devices. We examined tis-
sue reactions to these materials embedded subcuta-
neously in the dorsal area of  male ddY mice. one
week and 12 weeks after embedding, the tissue sur-
rounding the embedding site was removed and then
histopathological examination was performed. our re-
sults demonstrate that the basic histopathological reac-
tion is the formation of  fibrous capsule consisting of
granulation tissue around the embedded materials.
based on our results, we believe that the high molecu-
lar materials such as, PP, PE and fE, can be consid-
ered for medical use as a biomaterials within the body.
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IntRoduCtIon

because high molecular polymer is used as a material
in vivo, it should be evaluated for safety according to
ISo standard 10993-6 [1, 2]. Polypropylene (PP), Poly-
ethylene (PE) and polytetrafluoroethylene (fE) are
high molecular materials in medical use, although the
tissue reaction in a single material is not examined.
they are also used as the negative control materials
for ISo 10993-6 international standard biological eval-
uation of  medical devices. In the present investigation,
we examine the local effects after implantation of  the
above-mentioned materials. the data led us to believe
that many researchers can know the tissue reactions to
these biomaterials itself. this means next step of  de-
veloping new biomaterials.

MatERIalS and MEtHodS

MatERIalS

the materials to be examined include 1) Polypropy-
lene (PP: Prime Polypro; Prime Polymer Co., ltd.,
tokyo), 2) Polyethylene (PE: HI-ZEx, Prime Polymer
Co., ltd., tokyo) and 3) Polytetrafluoroethylene (fE:
teflonRtfE; du Pont-Mitsui fluorochemicals Co.,
ltd., tokyo), in discoids 6mm in diameter.  Materials
were prepared in the following thickness: PP, 0.54mm;

PE, 0.79mm; and fE, 0.94mm. the materials were
then disinfected by autoclave treatment.

anIMalS

a total of  18 male 9-week-old ddY mice weighing
about 35g (30-40g) each were purchased from Japan
SlC Inc. (Hamamatsu, Japan). the animals were kept
in plastic cages with a floor mat (Paper Clean: Peparlet
Co., ltd., Shizuoka, Japan) under controlled air-condi-
tioned room with water and solid diet (Picolab Rodent
diet 20: Japan SlC Inc., Hamamatsu, Japan) during
the experimental periods.

the Matsumoto dental university Committee for
animal Experimentation approved the study.

MEtHodS

Prior to the examination, inhalation anesthesia was
used with isoflurane (Isoflu: dainippon Sumitomo
Pharma Co., osaka, Japan) and gas-air mixture (4.0%
concentration). Immediately after the dorsal areas of
the mice were disinfected with 70% ethanol, the inci-
sions were made, and the materials were injected sub-
cutaneously into the connective tissues. the skin sur-
face at the incision sites was sutured using suture
string. the site was marked every 2 weeks until the fi-
nal examination period at 12 weeks.

at 1 week and 12 weeks after the injection, 3 mice
from each group were anaesthetized with isoflurane
and gas-air mixture, and the tissues surrounding the
injection sites were excised. the excised tissues were
immediately fixed in 4% paraformaldehyde/0.5M
phosphate buffered solution, embedded in paraffin,
and sections prepared.

the tissue sections were stained with hematoxylin
and eosin and examined by light microscopy for
histopathological changes. We followed the Interna-
tional organization for Standardization (ISo) guide-
lines for evaluating the local effects of  injection mate-
rials [2].

RESultS

PolYPRoPYlEnE: PP

Histopathological examination of  the Polypropylene
group, 1-week-specimens, showed granulation tissue
proliferation around the embedded material (fig. 1,
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PP-1). the material attached to the surface area of  the
granulation tissue was stained well by eosin, showing
necrotic changes. Just under the region, inflammatory
cell-rich granulation tissue was observed. the enlarged
view showed there were some inflammatory cells and
a few fibroblasts in the surface eosin-stained region.

after 12 weeks, a thin fibrous tissue capsule tissue
was formed (fig.1,  PP-12). there was almost no in-

flammatory cell infiltration in the tissue; thus, the tis-
sue began to change to fibrous tissue.

PolYEtHYlEnE: PE

In 1-week specimens, proliferation of  scattered granu-
lation tissue was observed around the embedded mater-
ial (fig. 1, PE-1). In the scattered granulation tissues,
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Fig. 1. PP-1: granulation tissue formation surrounding the material PP. (PP, 1-wk-specimen, x100); PP-12: granulation tissue
with some necrotic tissue foci and inflammatory cell infiltration. (PP, 12-wk-specimen, x100); PE-1: Proliferation of scattered
granulation tissue around the embedded material PE. (PE, 1-wk-specimen, x100); PE-12: the granulation tissue changed to fi-
brous tissue. (PE, 12-wk-specime, x100); fE-1: thin layered fibrous capsule tissue around the material fE. (fE, 1-wk-specimen,
x100); fE-12: thin fibrous layered tissue. (fE, 12-wk-specimen, x100). M: Embedded material.



there was some lymphocyte-rich inflammatory cell infil-
tration as well as capillaries showing hyperemia. the
en larged view showed that there were some eosin uni-
formly-stained region, which suggested necrotic change.

In 12-week specimen observations, the inflammato-
ry cell infiltration had almost disappeared in the prolif-
erated granulation tissues. the granulation tissues
changed to fibrous tissues (fig. 1, PE-12). attached
the surface of  the determination edge of  the embed-
ded material was a thin fibrous tissue layer, which cov-
ered the scattered connective tissues. Some capillaries
showing hyperemia were observed in the tissues.

PolYtEtRafluoRoEtHYlEnE：fE

In histopathological observations of  1-week speci-
mens, we note that a thin layered fibrous capsule tissue
formed around the embedded material (fig. 1, fE-1).
the fibrous capsule was slightly thick at the determi-
nation edge of  the material. the thin fibrous capsule
tissue had almost no inflammatory cell infiltrations.

In 12-week histopathological specimens, the fibrous
tissue gradually changed to a thiner fibrous layered tis-
sue (fig. 1, fE-12). the enlarged view showed more
clearly the state of  the fibrous tissue.

dISCuSSIon

Regarding the high molecular materials, there are some
published basic data on the high molecular materials in
medical use, especially for use inside the body [3-7].
according to the data, their safety has been con-
firmed, although there are some associated inflamma-
tory reactions [4]. We have already examined some
biomaterials in this way, such as polyethylene glycol
[8], squalane [9] and calcium hydroxide paste [10], ac-
cording to the methods of  ISo’s biological Evaluation
of  Medical devices Standard [2]. for example, PE
tube was applied in the ISo-testing for newly devel-
oped dental material [11].

In this paper, we evaluate three high molecular ma-
terials, PP, PE and fE, using a similar method. among
the literatures, there are some related literatures on PP,
PE and fE [12-16]. In these published data, there are
some inflammatory reactions appeared attached sites
[12-16]. therefore, the knowledge of  regional tissue
responses to biomaterials is useful for diagnoses of
pathological conditions in clinical sites.

our results demonstrate that the basic histopatho-
logical reaction is formation of  fibrous capsule con-
sisting of  granulation tissue around the embedded ma-
terials. there were some tissue injury reactions, such
as inflammatory cell infiltration. We thought the
causative factor might be the low-molecular materials
included in the high-molecular materials PP, PE, and
fE. furthermore, inflammatory cell infiltration,
among the granulation tissue capsules of  PP, was more
severe compared with that of  PP and fE. there were
due to the additive component of  PP. furthermore,
the small amount of  inflammatory cell infiltration that
appeared in the fibrous capsule of  PE was also con-
sidered to be the same as that of  PE.

In conclusion, we believe that high molecular mate-
rials such as, PP, PE and fE can be considered for

medical use as biomaterials within the body. as our
study complied with the ISo’s biological Evaluation
of  Medical devices Standard Part 12, we have appro-
priately evaluated the histopathological safety of  using
PP, PE and fE subcutaneously.
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