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Hydroxyapatite-induced Phagocytic Activity by Murine Macrophages in vitro
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Abstract: The aim of the present study was to assess phagocytic activities of murine macrophages
(RAW264.7 cell line) to hydroxyapatite (HA) particles. Transmission electron microscope (TEM) was
used to assess localization of HA particles in the cells at 7, 15, 30 and 60 min. The HA particles and
latex beads, as a control, were also incubated with the cells pretreated with various concentration of
cytochalasin B or colchicine. Phagocytic index (PI) was used to determine the phagocytic activity at
one hr of incubation. TEM analysis showed that HA particles were in direct contact with the cells at 7
min with a few particles located within cell vacuoles. The cells increasingly phagocytosed the particles
up to 60 min. Cytochalasin B or colchicine significantly inhibited phagocytic activity of the cells to
both HA particles and latex beads in a dose-dependent fashion. Therefore, the results of the present
study suggest that HA particles may induce phagocytic activity of RAW264.7cells in an actin and
microtubule polymerization-dependent mechanism.
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INTRODUCTION
Hydroxyapatite (HA) is used as a bone-replacing
biomaterial in reconstructive surgery in view of its
encouraging biological properties[1]. For example, HA
is used as an augmentation material in craniofacial
surgery[2] and in the treatment of periodontal defects 3].
Following contact between HA and the
surrounding tissues, it may initiate several and complex
biological reactions such as inflammatory reaction at
the implant site[4]. Previous studies in animals indicated
activation and ingestion of HA particles by the
macrophages following HA dental implant placement[5],
suggesting that contact between HA-macrophages may
induce phagocytic activity of these cells to these
particles. However, the exact mechanism by which
macrophages engulf implanted HA particles, remains to
be further investigated. Our previous study showed that
HA-induced phagocytosis by RAW264.7 cells may be
regulated by nitric oxide[6]. Hence the aim of the
present study was to assess HA-induced phagocytosis
by RAW264.7 cells under Transmission Electron
Microscopy (TEM) and to determine the role of actin
and microtubule polymerization.
MATERIALS AND METHODS
Hydroxyapatite (HA) powder (3.5 to 8 m) was
suspended in sterile saline. Latex beads (3 m) (Sigma,
USA) were used as a control. HA particles were stained
with crystal violet prior to use for phagocytic assay.
Murine macrophages (5x106 cells) (RAW 264.7)
were incubated with 1 x 105 particles of stained HA or

latex beads in 1ml of culture medium in a sterile tube
for one hr. In other experiments, the cells were pretreated with different concentration (0, 1, 10 and 100
M) of cytochalasin B to inhibit actin polymerization,
for 30 min or colchicine (0, 1, 10, 20, 30 and 40 g
mL 1), a microtubule-disrupting agent, for 15 min prior
to incubation with the particles. Cytochalasin B and
colchicine were dissolved in sterile saline.
Subsequently the cells were washed and then incubated
with HA or latex bead. Phagocytic index (PI) was
calculated as previously described[6]. All materials were
purchased from Sigma, USA.
HA-treated cells at all time points with untreated
cells as a control were studied under TEM. The samples
were prepares as previously described[7]. Ultra thin
sections were examined by transmission electron
microscope (Zeiss, Germany).
Data was analyzed by one–way analysis of
variance followed by Fisher’s least squared difference
were used in the experiments of Cytochalasin B and
colchicine treated cells using a statistical package
(SPSS, Chicago, IL, USA).
RESULTS
The cells treated with HA when examined
under TEM at 7, 15, 30 and 60 min with
untreated cells as control (Fig. 1A). Macrophages
showed close direct contact with HA particles at 7
min of incubation (Fig.1B). Few HA particles were
seen in the cell cytosol, particularly in phagosome
vacuoles.
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Fig.1:

TEM photomicrographs of macrophages incubated with HA powder (arrow heads) for 7 min (B), 15 min
(C), 30 min (D) 60 min (E) and macrophage only (A)

Fig. 3: The role of microtubule-disrupting agent in
phagocytosis of HA particles and latex bead
by RAW264.7 cells. The bar represents
standard deviation. Asterisk (*) indicates
significance (p<0.05)

Fig. 2: The role of actin-filament polymerization in
phagocytosis of HA particles and latex bead
by RAW264.7 cells. The bar represents
standard deviation. Asterisk (*) indicates
significance (p<0.05)
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by macrophages, suggesting that HA particles may
induce phagocytic activities of macrophages in
humans[13]. Therefore, the possibility of the dependence
of phagocytic activities of macrophages to HA based
implant materials in vivo on both actin and microtubule
polymerization cannot be ruled out. However, further
studies are needed to delineate this notion.

Most of the cells showed a high phagocytic activity at
15 min of incubation (Fig. 1C). The cells appeared with
many HA particles with some cells showed exocytosis.
Furthermore, HA-treated cells at 30 min appeared with
multiple phagosome vacuoles showing homogenous
distribution of HA particles (Fig.1D). Many vacuoles
containing HA microcrystal precipitation were
observed at 60 min (Fig. 1E).
Following pre-treatment of the cells with 1 M of
Cytochalasin B or 1 g of colchicine, the numbers of
ingested cells were considerably reduced as compared
with untreated cells (p<0.05). Increased doses of
Cytochalasin B or colchicine led to further reduction in
the number of HA or latex bead ingested cells (p<0.05)
(Fig. 2 and 3).

CONCLUSION
Murine macrophages ingested HA particles that
were located in the vacuoles as observed under TEM.
HA-induced phagocytic activities by murine
macrophages were reduced by Cytochalasin B and
colchicine, suggesting that HA induced phagocytosis by
murine macrophages may be mediated by actincontaining microfilament system and microtubulebased motility systems.

DISCUSSION
The results of the present study showed that murine
macrophages phagocytosed HA particles at various
incubation times under TEM as reveled by the presence
of the particles in the cytoplasm and in the phagosome
vacuoles. These results are in accordance with previous
study showing that under TEM, HA particles were
actively ingested by mice peritoneal macrophages[4].
Furthermore the HA particles were observed in side the
phagolysosome as microcrystal. The reasons for this
appearance might be due to the dissolution of the
particles by the acidic environment in the cells[8].
Animal studies on dense HA implants in spongy bone
showed the involvement of macrophages in
phagocytosis of loose HA particles when examined
under TEM[9], thus confirming the above findings.
The present study demonstrated that the
macrophage phagocytosis to HA was reduced in the
presence of cytochalasin B, suggesting an actin
polymerization-dependent
phenomenon.
During
phagocytosis, the requirement of actin polymerization
has also been shown when macrophages engulf
particles such as bacteria[10].
During
macrophage
phagocytic
activities,
microtubules are a key component of phagosome
maturation[11]. In this context, preincubation of
RAW264.7 cells with microtubule disrupting agents,
such as colchicine, decreased phagocytic activity of
these cells to HA, suggesting a microtubule
polymerization-dependent
phenomenon.
That
microtubule disrupting agents inhibited polystyrene
bead-stimulated murine macrophage phagocytosis[12]
highlights the results of the present study.
The extrapolation of the present study in humans
implanted with HA remains speculative. Previous
studies in animal models showed the presence of
inflammatory cells such as macrophages adjacent to the
implant materials and these cells ingested this
material[5]. Rokkum et.al demonstrated that 14 out of 20
hip arthroplasties with HA-coated materials showed
bone resorptive areas with some HA particles ingested
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