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Biological responses of novel high-toughness double
network hydrogels in muscle
and the subcutaneous tissues
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1. Introduction

Normal cartilage tissue is a kind of multi-functional hydrogel with high toughness. Recently, the
authors developed 4 types of unique double network (DN) hydrogels as potential materials for
artificial cartilage: The first gel is PAMPS/PDMAAm DN gel, which consists of poly
(2-acrylamide-2-metyl-propane sulfonic acid) and poly (N,N’-dimetyl acrylamide). The second gel
is PAMPS/PAAm DN gel, which consists of PAMPS and polyacrylamide. The third gel is
Cellulose/PDMAAmMm DN gel, which is composed of bacterial cellulose and PDMAAm. The fourth
gel is Cellulose/Gelatin DN gel, which consists of bacterial cellulose and gelatin. The purpose of this
study is to evaluate any biological reaction of these DN -gels implanted into the para-vertebral
muscle and the subcutaneous tissue, using the biomaterial implantation test with the rabbit.

2. Materials and Methods :

Pellet implantation test: A total of 90 pellets, rectangular parallelepiped specimens (1x1x10 mm),
were created with each DN gel material. As for negative and positive controls for histological
comparisons, high-density polyethylene and polyurethane containing 0.75% Zinc diethyldithiocarba-
mate were used, and the same shaped pellets were prepared. A total of 15 rabbits were used. Each
pellet specimen was pushed into the tip of a needle. In each rabbit, 6 kinds of pellet specimens were
randomly implanted in the 6 portions of the para-vertebral muscle. Five animals were sacrificed at 1,
4, and 6 weeks after implantation and the para-vertebral muscles were carefully harvested en block.
Each specimen was fixed in 10% neutral buffered formalin. After fixation, the specimen was
embedded in paraffin, and sliced with a microtome along the longitudinal axis of the implanted
pellet. The consecutive 10 sections were stained with hematoxylin and eosin, and observed with light
microscopy. To quantify the degree of inflammatory response of the muscle to the implanted
materials, we took a photograph that showed a cross-section of the muscle. We measured the width
of the reactive inflammatory zone against the pellet specimens. For statistical comparisons on the
biodegradation in each parameter of each DN gel materials, we used the one-way analysis of
variance. The significance limit was set at p=0.05.

Subcutaneous implantation test: A total of 20 rectangular parallelepiped specimens (10x10x5
mm) were prepared. Five mature rabbits were used. In each rabbit, 4 kinds of DN gel specimens
were randomly implanted in the 4 subcutaneous spaces. At 6 weeks after surgery, each animal was
sacrificed. Macroscopic situations of the implanted massive gel specimens in subcutaneous tissues
were observed in careful dissection.
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3. Results

Pellet implantation test: The implanted PAMPS/PDMAAmM, PAMPS/PAAm, and Cellulose/
PDMAAm DN gels induced various degrees of inflammation essentially similar to that around the
positive control at 1 week. The gel was surrounded by numerous neutrophils with necrotic cells, and
this zone was surrounded by fibrous tissues in which a number of macrophages including foreign
body giant cells and fibroblasts with some eosinophils. At 1 week, the width of the inflammatory
zone around the PAMPS/PDMAAm DN gel was significantly less than that around the positive
control. On the other hand, the width around the PAMPS/PAAm and Cellulose/PDMAAm DN gels:
was significantly greater than that around the positive control. At 4 and 6 weeks, the width around
the PAMPS/PDMAAm DN gel was the same as that of the negative control, while the width was the
same around the Cellulose/PDMAAm DN gel as that of the negative control and significantly greater
around the PAMPS/PAAm DN gel than that of the negative control. Specially around the
PAMPS/PDMAAmMm gel, neutrophils disappeared and a thin fibrous capsule was formed. In contrast,
around the PAMPS/PAAAm and Cellulose/PDMAAm DN gels, some neutrophils still remained with
necrosis and the inflammatory zone was surrounded by thick fibrous tissue with infiltration of
macrophages with some lymphocytes. The reactive inflammation around the implanted
Cellulose/Gelatin DN gel was different from the area surrounding the other 3 gels. At 1 week, the
inflammatory zone width around the gel was no significant difference from the negative control.
Neutrophil infiltration or cell necrosis was rarely seen around the pellet, which was surrounded by a
small amount of fibrous tissue with infiltration of many macrophages. At 4 and 6 weeks, the width
became thicker than that observed at 1 week. In this area, foreignbody reaction that involved
numerous lymphocytes, plasma cells, and macrophages including foreignbody macrophages, and
some eosinophils were observed. The inflammatory zone width around the Cellulose/Gelatin DN gel
was significantly less than the positive control at 1 week, while there was no significant difference
from the negative control. At 4 and 6 weeks, the width became significantly greater than the negative
control.
. Subcutaneous implantation test: The PAMPS/PDMAAm DN gel specimens were surrounded by

a thin fibrous capsule, while the PAMPS/PAAm and Cellulose/PDMAAm DN gel specimens were
surrounded by a fibrous capsule thicker than that around the PAMPS/PDMAAm DN gel specimens.
The Cellulose/Gelatin DN gel specimens were surrounded by the thickest fibrous capsule. When the
capsule was removed, a part of the specimens became absorbed.
4. Discussion

The histological reactions around the four DN gels examined in this study were essentially similar
to the foreign body reaction, although the degree of the reaction was different among the implanted
materials. The PAMPS/PDMAAm DN gel induced a mild inflammation the degree of which was
between the negative and positive controls only at 1 week, but showed the same degree of
inflammation as the negative control at 4 and 6 weeks. This DN gel is considered to be a potential
material to be applied as a clinical implant, such as artificial cartilage. Further evaluations from
various viewpoints should be performed in the near future. On the other hand, the implanted
PAMPS/PAAm and Cellulose/PDMAAm DN gels induced a strong inflammation at each period.
These materials are difficult to be applied as clinical implants in the current situation. Around the
Cellulose/Gelatin DN gel, which was composed of the two natural polymers, inflammation was very
mild at 1 week, but significantly increased at 4 and 6 weeks. In addition, the surface of the gel blocks
implanted into the subcutaneous tissue was obviously absorbed. This material may be applicable to
an absorbable implant, such as a material for drug-delivery system.
5. Conclusions

The implantation tests demonstrated that the PAMPS/PDMAAm DN gel has a possibility to be
applied as artificial cartilage in the future. The Cellulose/Gelatin DN gel has a potential to be applied
as an absorbable implant. The PAMPS/PAAm and Cellulose/PDMAAm DN gels are difficult to be
applied as clinical implants in the current situation.
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