
Abstract. Spongostan®, a gelatinous haemostatic sponge, is used
in surgery. Moreover, Spongostan® may serve as a scaffold for
proteins or cells implanted into defects. At the site of biomaterial
implantation, foreign body giant cells (FBGCs) may develop which
are responsible for Spongostan® degradation. The purpose of the
present study was to examine whether Spongostan®may serve as a
scaffold in allogenic grafting of chondrocytes developed from rabbit
auricular cartilage. The obtained results indicate that Spongostan®

fulfils its function as a cell scaffold, induces no inflammatory
reaction and involves development of foreign body giant cells
which participate in the process of its degradation. Microscopic
observation showed that FBGCs manifest presence of cytoplasmic
projections and lysosomes, which participate in phagocytosis of the
applied scaffold.

Spongostan®, a gelatinous haemostatic sponge, is used in
surgery. Moreover, Spongostan® may serve as a scaffold for
proteins or cells implanted into defects (1, 2). Implantation
of foreign bodies into living organisms involves tissue
reactions. In the reactions, bone marrow macrophages take
part, recruited to implantation sites by signals originating
from granulocytes and lymphocytes (3). Macrophages
recognize proteins adsorbed on the surface of implanted
materials (fibronectin, vitronectin, IgG, IgM), adhere to the
surface and fuse, forming foreign body giant cells (FBGCs).
The principal function of giant cells is the final removal of
the implanted material by secretion of pro-inflammatory
cytokines, synthesis of lysosomal enzymes and formation of

free oxygen radicals (4, 5). Moreover, the capacity to form
cytoplasmic projections and contact with the extensive surface
of implants accelerates the process of biomaterial
degradation (6). The molecular mechanism of giant cell
formation is complex and remains to be clarified. The
mechanism may involve macrophage receptor DC-STAMP,
cytokines and growth factors: CCL2/MCP1, GM-CSF and IL-
4 (3, 4, 7). Our study aimed at determining whether
Spongostan® may serve as a scaffold in allogenic grafting of
chondrocytes developed from rabbit auricular cartilage.

Materials and Methods

Animals. The study was performed on eight female White
Californian rabbits (4.5 kg body weight). All animals were
purchased from a Licensed Rabbit Breeder approved by the
Veterinary Inspectorate. The protocol of the experiment was
approved by the Local Bioethics Committee (No. 41/2006) in
Wroclaw. The study groups of recipient and donors of
chondrocytes were composed of four rabbits, respectively.

Cell preparation. The animals were operated on under general
anaesthesia. At the mid-point of the auricle, a dermo-perichondral
flap 1.5x1.5 cm2 was isolated and a piece of denuded cartilage
(0.5x0.5 cm2) was removed in a sterile manner. The site of excision
was covered with the dermo-perichondral flap which was affixed
using four single-layered knots (Mersilen 4.0). Post-operative
wounds healed properly and any complications were recorded.

Tissues sampled in a sterile manner served to establish four
primary cell cultures. Chondrocytes were isolated enzymatically
from cartilage in a solution of collagenase type II (2 mg/ml) and
DNAse II (0.1 mg/ml) (Sigma, Poznan, Poland). The isolated cells
were incubated in culture flasks, in the culture medium consisting
of Chondrocyte Growth Medium (Cambrex, Panalytica, Warszawa,
Poland) supplemented with L-glutamine (1 mM/ml), penicillin (100
U/ml) and streptomycin (0.1 mg/ml) (Sigma, Poznan, Poland). The
cultures were maintained in an incubator under standard
conditions of 5% CO2, at 37˚C. Cells were harvested when cell
cultures reached 70-80% confluence. Cell viability was assessed by
trypan blue exclusion.
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Preparation of implants. The chondrocyte suspensions, with a cell
density of 3x105 cells/ml, were seeded onto pieces of
Spongostan® (Johnson & Johnson Medical Ltd., Warszawa,
Poland) by delicate centrifugation and used for the preparation
of implants. Control pieces of the material were soaked with
physiological saline solution.

Implantation. Four rabbits were used in the experiment. The
animals were operated on under general anaesthesia using
intramuscular injections of bioketan and xylazine (0.15 ml/kg).
Bilaterally, at the mid-point of the auricle, a dermo-perichondral
flap 1.5x1.5 cm2 was isolated, a piece of denuded cartilage (0.5x0.5
cm2) was removed and replaced with the Spongostan® scaffold
(0.5x0.5 cm2). Spongostan® with chondrocytes was placed into the
cartilage defect of the right ear whereas the defect in the left ear
was filled with Spongostan® soaked with physiological saline
solution. The site of implantation was covered with the dermo-
perichondral flap which was affixed using four single-layered knots.
Wounds were cleaned thoroughly and left uncovered without
dressing. The immunosuppressive, long-acting antibiotic Duplocylin
LA was administered intramuscularly at a volume of 0.5 ml per
animal every third day for one week to minimalize any immune
reaction. Following the procedure, the animals were placed in
individual cages in standard conditions with free access to a
balanced chow for rabbits and water. Post-operative wounds healed
properly and any complications were observed.

Six weeks after from the surgery, samples containing implant
were taken. The material sampled for studies under optical
microscopy was fixed in 4% formalin, dehydrated and embedded
in paraffin blocks. Paraffin sections were stained with hematoxylin
and eosin and examined under an Olympus BX 41 microscope. The
material for ultrastructural studies was fixed in 2.5%
glutaraldehyde in a cacodylic buffer (0.1 M, pH 7.4), dehydrated
and embedded in Epon 812. Semi-thin sections were stained with
toluidine blue. The material was examined in a JEM-1011
transmission electron microscope.

Results

Light microscopy. In our study, we noted that six weeks after
implantation of Spongostan® seeded with chondrocytes or
Spongostan® alone, the cartilage of the right ear regained
full thickness whereas the cartilage of the left ear remained
very thin. We observed that Spongostan® fragments were
present in the same amount in both ears. However, after
implantation of Spongostan® with chondrocytes, fragments
of the scaffold were present throughout thickness of
regeneration site whereas in the left ear only cluster of
remnants were present in thin layer of cartilage. Fragments
of scaffold were surrounded by bands of collagen fibres
which penetrated the porous structure of Spongostan® and
filled the spaces left following its resorption. The number of
collagen fibres was greater after implantation of scaffold
with cells than of scaffold alone. Osseous trabeculae were
present in all explanted specimens taken from the right ears
(Figure 1). We did not find evidence of regeneration after
implantation of Spongostan® soaked with saline. Moreover,
six weeks after implantation of Spongostan® loaded with

chondrocytes, or Spongostan® alone, giant, multinuclear
cells were present on the scaffold surface and in the
surrounding tissues (Figure 2). The immune response to the
surgery was negligible and manifested only by small local
lymphocyte infiltration.

Transmission electron microscopy. Numerous mononuclear
macrophages and giant cells were present on the scaffold
(Figure 3). The typical features of giant cells included the
presence of thin and long cytoplasmic projections which
directly adhered to and surrounded the Spongostan®
(Figure 4). The cytoplasm contained numerous lysosomes
and cytoplasmic vacuoles, rough endoplasmic reticulum with
frequently distended cisternae, and also numerous
mitochondria with homogenous matrix and an unclear
outline of cristae (Figure 5). Moreover, a variable number
of cell nuclei with a typical margin of peripherally
condensed chromatin were observed (Figure 6).

Discussion

Spongostan® exhibits an exceptional biocompatibility, as
manifested by the formation of vascularised, thin connective
tissue capsules with weak inflammatory reaction (2). In our
study, we noted that six weeks after implantation of
Spongostan® with chondrocytes, or Spongostan® alone
small fragments of the scaffold remained in the rabbit
auricle cartilage. Implanted chondrocytes appeared to be
involved in the process of osseous trabeculae formation.
Negligible inflammatory response confirmed the
biocompatibility of the gelatinous scaffold with the host
body. An interesting element of the rabbit reaction to
Spongostan® involved the presence of FBGCs both in cell-
loaded implants and implants without cells. At the sites of
contact of giant cells with Spongostan®, torn fragments of
the latter were observed, which might have developed due
to action of enzymes released from the cells. Numerous
cytoplasmic projections, lysosomes and cytoplasmic vacuoles
in FBGCs could suggest their involvement in the process of
Spongostan® degradation and resorption. Additionally, the
presence of mononuclear macrophages on the scaffold
suggest that they are precursors of giant cells.

Our observations are consistent with results obtained in
investigations on the response of rat muscle tissue to
hydroxyapatites and polylactic acid which involved FBGC
formation (8, 9). On the other hand, in studies on body
reactions to Spongostan® implantation, no FBGCs were
detected (1, 10). Other authors showed that only in the
immediate post-implantation period may a weak
inflammatory reaction develop, in the form of leukocyte
infiltratation, which vanished after three weeks. In our study
the degradation of Spongostan® was incomplete, since
fragments of the material, surrounded by fibrous tissue were
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noted at the site of implantation. No presence of giant cells
were noticed (11). Our observations showed that after six
weeks, remnants of undegraded Spongostan® may be
removed from the body by FBGCs. An absence of any

inflammatory reaction and a complete degradation of
material represent desirable characteristics of natural
scaffolds which, after fulfilment of their function, should
disappear from the body. Spongostan®, which is used not
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Figure 1. Presence of foreign body giant cells ( ) on Spongostan® (S).
Osseous trabecula (B). Hematoxylin and eosin (H+E) (x200).

↓ Figure 2. Presence of foreign body giant cells (G) on Spongostan® (S).
Blood vessel (V), collagen fibres (F), fragment of Spongostan® in
cytoplasm of giant cell ( ). Toluidine blue (x200).

↓

Figure 3. Macrophages (M) and giant cell (G) adsorbed on the surface
of Spongostan® (S). Transmission electron microscopy (TEM) (x8,000).

Figure 4. Projections participating in phagocytosis of detached
Spongostan® fragments. Projections and fragments of Spongostan® ( ).
Nucleus (N), Spongostan® (S), mitochondria (M). TEM (x9,000).

↓



only in surgery but also as a scaffold for proteins (e.g. bone
morphogenetic protein) and of various other cell types,
might represent such material. Spongostan® adequately
fulfils its function since it does not affect differentiation of
cells (2). In consequence, the cells may participate in
regeneration, which we have documented in our
experiments and which was confirmed by other authors.
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Figure 5. Lysosomes and vacuoles (L) participating in digestion of
Spongostan® (S). Cytoplasmic projections ( ), nucleus (N), mitochondria
and cisternae of rough endoplasmic reticulum (M). TEM (x10,000).

↓

Figure 6. Nuclei of giant cells (G) with nuclear margins; note dark
heterochromatin ( ). Spongostan® (S). TEM (x7,000).↓


