
Arch. Biol. Sci., Belgrade, 67 (1), 173-186, 2015 DOI:10.2298/ABS140915020Z

173
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Abstract - We analyzed the influence of inflammatory macrophages on the osteogenic process in subcutaneous implants 
composed of mineral bone substitute. Thioglycollate-elicited peritoneal macrophages (TEPMs) were characterized as in-
flammatory. This was confirmed microscopically by the nitroblue tetrazolium (NBT) test and the production of tumor 
necrosis factor α (TNF-α). The implants (M-type) were made of mineral bone substitute (Bio-Oss®) mixed with TEPMs and blood 
clot. Implants without macrophages served as the control (C-type). Subcutaneous implantation in the interscapular area 
was performed on BALB/c mice. Implants were extracted after 2 and 8 weeks. In M-type implants, phagocytosis and an-
giogenesis were more pronounced, and osteoblast-like cells aligned onto granules of implanted material and osteoid struc-
tures can be seen. The observed higher osteocalcin and lower osteopontin immunoexpression in M-type implants when 
compared to the control after 8 weeks suggest a more advanced osteogenic process. Our results indicate that the presence 
of inflammatory macrophages in the composition of an implant may have a beneficial effect on the osteogenic process.
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INTRODUCTION

In clinical practice, there are often situations where 
major injuries, diseases or congenital malformations 
cause large bone defects (Khan et al., 2005). The re-
pair of large bone defects has always been a challenge 
for orthopedics and surgery in general. Fracture 
healing involves the coordination of migration, pro-
liferation, differentiation and activation of many cell 
types (Colnot et al., 2005).

The bone fracture healing process has three stag-
es: inflammation, renewal and remodeling (Einhorn, 
1998; Dimitriou et al., 2005). Therefore, bone frac-
ture reparation is preceded by initial inflammatory 
response whose main participants are macrophages 
(Andrew et al., 1994). They are known to release a 
variety of factors that affect bone, such as proinflam-
matory cytokines and reactive oxygen species (Chris-
tou et al., 1987; Forman and Torres, 2002; Kanczler 
et al., 2003; Schett, 2011). Opinions differ as to how 
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macrophages and their products affect bone and os-
teogenesis (Grundnes and Reikeraas, 2000; Cham-
pagne, 2002; Mountziaris and Mikos, 2008; Lacey et 
al., 2009; Soltan et al., 2012; Bhat et al., 2013).

Biomaterials that are commonly used as “help-
ers“ in regeneration and reparation processes are 
natural and synthetic hydroxyapatite-based miner-
al bone substitutes (Schwartz et al., 2000). We hy-
pothesized that the inclusion of inflammatory mac-
rophages in the composition of the implant based 
on mineral bone substitute could have an effect on 
osteogenic process, especially in initial phase. Since 
bone tissue is well vascularized, bone fractures often 
lead to bleeding. Therefore, it is of great importance 
to use blood as one of the components of experimen-
tal implant composition. In this way, the blood clot 
and macrophages affect the initiation of the osteo-
genic process, which could be a simulation of what 
happens in the healing of bone fractures. Nowadays 
there it believed that the molecules of the inflamma-
tory phase and the formation of blood clots are es-
sential for initiating the reparative process (Shapiro 
et al., 2008).

In this paper, we evaluated the role of inflamma-
tory macrophages in the initiation of osteogenic pro-
cesses on subcutaneous implantation model. To the 
best of our knowledge, there are no data describing 
the effects of inflammatory peritoneal macrophages 
obtained from elicited mouse peritoneum on ectopic 
osteogenic processes.

MATERIALS AND METHODS

Mineral bone substitute

The mineral bone substitute that has been used in this 
experiment is Bio-Oss®. Bio-Oss® (Geistlich-Pharma, 
Wolhusen, Switzerland) is a biocompatible biomate-
rial that is structurally most similar to hydroxyapa-
tite in bone.

Experimental animals

BALB/c mice were obtained from the Military Med-

ical Academy (Belgrade, Serbia). The study was 
performed according to the Animal Welfare Act 
(Republic of Serbia) and European Convention for 
the Protection of Vertebrate Animals used for Ex-
perimental and Other Scientific Purposes (ETS no. 
123), with the approval of the Institutional Ethics 
Committee (Medical Faculty, University of Niš). In 
our experiment, males weighing between 22 and 24 
g, at 10 to 12 weeks of age were used. Animals were 
kept in standard conditions and had access to food 
and water ad libitum. 

Peritoneal macrophage collection

Thioglycollate-elicited peritoneal macrophages 
(TEPMs) were obtained from 10- to 12-week-old 
male BALB/c mice, as described previously (Stewart 
et al., 1975), with some modifications. Briefly, five 
mice were injected intraperitoneally with 0.5 ml of 3% 
thioglycollate (Fluka, Munich, Germany) to induce 
aseptic peritonitis. After 4 days, the animals were 
anesthetized with 10% ketamidor (Richter Pharma, 
Wels, Austria) and peritoneal lavage was performed 
with cold, sterile RPMI 1640 medium (PAA Labora-
tories, Pasching, Austria) supplemented with 25 U/
ml heparin (Galenika, Belgrade, Serbia). The perito-
neal cavity was washed twice with 5 ml heparinized 
RPMI medium. Fluid recovery was approximately 3 
ml per mouse. Cells were centrifuged twice (1 200 
rpm, 4°C, 10 min) and diluted in RPMI without hep-
arin.  Resident peritoneal macrophages (RPMs) were 
obtained in the same manner without thioglycollate 
elicitation of macrophages. 

Preparation of macrophage conditioned medium 
(CM)

Macrophage-conditioned medium (CM) was pre-
pared according to previously published protocols, 
with some modifications (Sassa et al., 1983; McKen-
na et al., 1988). RPMs or TEPMs were centrifuged 
and density was adjusted to 2 x 106 cells/ml in RPMI 
supplemented with 2% fetal bovine serum (FBS; PAA 
Laboratories) and an antibiotic-antimycotic solution 
(PAA Laboratories). One milliliter of cell suspension 
per well was seeded into 12-well plates (Greiner Bio-
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One, Frickenhausen, Germany) and incubated for 3 
h to let the cells adhere to the wells in a humidified 
atmosphere containing 5% CO2 at 37oC. The non-
adherent cells were removed by washing with phos-
phate buffered saline (PBS). Two ml of fresh medium 
was added to each well and cells were incubated for 
additional 24 h. CM media were collected from wells 
and centrifuged (3000 rpm, room temperature, 10 
min) to remove particulate material. The CM were 
filtered through a 0.2-μm-pore sized filter (Minisart® 
Sartorius, Wien, Austria), aliquoted and stored on 
-20oC until further testing. 

Microscopic NBT test

After the CM was removed, cells were washed with 
fresh medium. The NBT (nitroblue tetrazolium) test 
is conventionally used to determine the intracellu-
lar production of reactive oxygen species in phago-
cytic cells through their ability to reduce the NBT 
substance (Choi et al., 2006). We performed a mi-
croscopic NBT test according to the principles of the 
Gifford and Malawista (1972) method, with some 
modifications. The NBT solution was prepared by 
dissolving the NBT powder (nitrotetrazolium blue 
chloride; Sigma-Aldrich, Munich, Germany) in PBS 
(pH 7.4), filtered through a 0.2-μm-pore sized filter 
and added to macrophages at concentration 0.1% 
(w/v). To stimulate the reduction of NBT we added 
phorbol myristate acetate (PMA; Sigma-Aldrich) 
at the final concentration of 10-6 M. Cells were in-
cubated with the NBT-PMA solution for 30 min at 
37oC. Macrophages reduced the yellow dye NBT to 
blue formazan crystals. After the incubation period, 
the cells were washed in PBS and fixed in methanol 
(Merck, Darmstadt, Germany) for 5 min at room 
temperature. Fixed cells were then washed in dis-
tilled water and air-dried. We observed the cells with 
an inverted light microscope (Observer Z1, Carl 
Zeiss, Jena, Germany), previously covered by a small 
volume of PBS, to see the granules clearly without 
counterstaining. Cell imaging was performed with 
the appropriate software (AxioVision, Carl Zeiss). 
For the semiquantitative analysis of the NBT test, 
we used an arbitrary scale, 0 through 3. With “0” are 
marked cells without formazan deposits, “1” are cells 

with a small amount of powdered formazan, “2” are 
cells with several dense formazan clusters and “3” are 
cell filled cells with formazan crystals. The percent-
age of each class of cells was calculated after counting 
at least 200 cells in quadruplicate. Class “0” presented 
NBT-negative cells, and other classes in the sum pre-
sented NBT-positive cells. 

L929 bioassay for TNF-α determination

The presence of TNF-α in the CM of TEPMs and 
RPMs was determined by a cytotoxicity evaluation 
on the L929 cell line (murine fibroblasts), the most 
common cell line used for the evaluation of TNF-α 
presence due to its high sensitivity to TNF-α (Shiau 
et al., 2001) and the ability of TNF-α to cause cell 
death in this cell line. L929 cells were cultured in Dul-
becco’s Modified Eagle Medium (DMEM; PAA Lab-
oratories) containing 10% FBS, 2 mM L-glutamine 
(PAA Laboratories) and the antibiotic-antimycotic 
solution at 37oC in a humidified atmosphere contain-
ing 5% CO2. Replacement of medium was carried 
out every 2-3 days. After reaching the appropriate 
confluence, cells were detached with Trypsin-EDTA 
solution (PAA Laboratories) and centrifuged at 4oC 
for 10 min at 1000 rpm. Cells were then washed and 
the appropriate density was adjusted. In this assay, 
2.5 x 104 cells per well were seeded in 96-well plates 
in DMEM containing supplements as above. After 24 
h of cultivation, the medium was removed and the 
CM, containing FBS at final concentration 10% and 2 
mM L-glutamine, was added to the cells. Fresh RPMI 
medium containing supplements as above (control 
medium) was added to the cells that were used as 
control. Cells were incubated in CM or control me-
dium for the next 24 h. Cells were microscopically 
analyzed at the end of incubation period and then 
the MTT cytotoxicity test was performed. 

MTT test

The MTT test is based on the reduction of yellow MTT 
(tetrazolium salt 3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide; Carl Roth, Karlsru-
he, Germany) by mitochondrial dehydrogenases of 
viable cells to purple formazan, which is insoluble in 
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water. This test was performed according to the basic 
principles of Mosmann’s method with modifications 
(Mosmann, 1983). After completion of the incuba-
tion period, cells were washed with PBS and then 100 
µl of MTT solution at a concentration of 1 mg/ml 
was added to each well. Cells were incubated in MTT 
solution for the next 3 h at 37oC. Formazan crystals 
were dissolved with 100 µl of 2-propanol (Fisher 
Chemical, Pittsburgh, PA, USA) and the absorbance 
values were measured on ELISA plate reader (Ther-
mo Labsystems, Milford, Massachusetts) at 540 nm. 
Results are presented as a percentage of cell viability 
calculated by the following formula: % of cell via-
bility = absorbance value of cells in CM * 100 / ab-
sorbance value of cells in control medium. Statistical 
analysis was performed using absorbance values and 
included standard deviation, coefficient of variation 
and Student’s t-test.

Animal experimental design 
Blood collection

Blood was used to form a clot to serve as natural 
“fibrin glue” which enables implant components 
to become homogeneous. In addition, a blood clot 
simulates natural injury. Blood was collected from a 
retro-orbital plexuses of three anesthetized BALB/c 
mice and pooled. For implant preparation, blood 
was diluted with prepared macrophage cell suspen-
sion or saline in 1:4 ratio, which we have previously 
found to have the ability to form a clot.

Implants preparation

Every single implant contained 10 mg of Bio-Oss® 
and 30 µl of diluted blood and was shaped in lumps 
after clotting. We made 2 types of implants: 1) 
M-type composed of Bio-Oss® mixed with blood di-
luted with TEPMs suspension, so the total number of 
macrophages was 2.5x105 per implant, and 2) C-type 
composed of Bio-Oss® mixed with blood diluted with 
saline which served as a control.

Implantation

For implantation, 24 BALB/c mice were divided 

randomly into two experimental groups with 12 an-
imals per group. Before the experiment, the animals 
were anesthetized with 10% ketamidor (0.1ml/10g 
b.w.). A surgical field was shaved and cleaned with 
foam and povidone-iodine solution. Implants were 
inserted in a subcutaneous pocket through a large, 
sterile biopsy needle, interscapularly. Each animal 
had four implants inserted of one type separated 
in four different places in the form of X in relation 
to the entry point. Two and 8 weeks after implan-
tation the implants were removed (from 6 animals 
per experimental group and per implantation time), 
providing 24 samples per implant type and implan-
tation time.

Histology

The removed implants were fixed in 10% neutral 
buffered formalin and decalcinated in 10% EDTA 
solution (pH 7.4), dehydrated in ascending con-
centrations of ethanol and embedded in paraffin. 
H&E (Hematoxylin and eosin) and MT (Masson tri-
chrome) staining were performed on 2.5-µm thick 
sample slices. Immunohistochemical staining was 
performed on 4-µm thick sample slices. Sections 
were then analyzed and photographed under a light 
microscope (Leica DMLS).

Immunohistochemistry

We examined osteocalcin (OC) and osteopontin 
(OP) as osteogenic markers using the antibodies an-
ti-osteocalcin (ab93876, Abcam, Burlingame, USA) 
and anti-osteopontin (ab8448, Abcam). For immu-
nohistochemical staining, an HRP/DAB detection 
IHC kit (ab64261 Abcam) was used according to the 
manufacturer’s protocol. Paraffin was removed with 
xylene and the sections were rehydrated in descend-
ing concentrations of ethanol. Sections were incubat-
ed with Hydrogen Peroxide Block for 10 min at room 
temperature to inactivate endogenous peroxidase, 
and Protein Block for 5 min at room temperature 
to prevent nonspecific background staining. Tissue 
sections were then incubated with the primary anti-
bodies anti-osteocalcin (1:200) and anti-osteopontin 
(1:100) for 1 h at 37oC, washed with PBS and incu-
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bated with biotinylated goat anti-rabbit IgG for 10 
min at room temperature. After this, streptavidin 
peroxidase was added for 10 min at room temper-
ature followed by incubation with DAB chromogen 
for 10 min at room temperature. Sections were coun-
terstained with Mayer’s hematoxylin, dehydrated and 
mounted with permount. As negative control, sec-
tions were treated in the same way with the excep-
tion of the primary antibodies.

RESULTS

Functional characterization of macrophages 
NBT reduction ability

Reactive oxygen species production in the PMA-stim-
ulated TEPMs was higher compared to RPMs. We 
used the microscopic NBT test for characterization 
of macrophages after 24 h incubation in cell culture 
medium. Among the TEPMs was a larger number 
of NBT-positive TEPMs, as well as a larger amount 
of formazan deposits per cell (Fig. 1A). Among the 
RPM, 5.34% NBT-negative cells were observed as 
compared to only 0.96% of TEPMs. In addition, 
there were more RPMs than TEMPs in class “1”, and 
in class “3”, the opposite relation between these two 
types of macrophages (Fig. 1B). 

TNF-α activity

TNF-α activity was measured by L929 bioassay. We 
measured cell viability using the MTT test and we 
presented the results as a percentage of cell viability 
in both conditioned media, TEPMs and RPMs, re-
spectively (Fig. 2A).

The CM of TEPMs reduced the viability of L929 
cells by 33.6% and was slightly cytotoxic, while the 
CM of RPMs was not cytotoxic on L929 cells and cell 
viability was reduced by only 3.3%, which means that 
the CM obtained from RPMs did not contain TNF-α 
in detectable levels according to this assay (Fig. 2A). 
Cell viability in the CM obtained from TEPMs was 
statistically significantly reduced (p<0.01) compared 
to the CM obtained from RPMs and the control me-
dium. 

In Fig. 2B, the reduced number of L929 cells in 
the CM of TEPMs can be seen, while cell density in 
the CM of RPMs is similar to the control culture. 
Cells that were incubated in the CM of TEPMs had 
needle-shaped extensions that presented a sign of the 
cytotoxic effect.

Histological analysis of implants

Two weeks after implantation, a connective capsule 
was observed over the M-type implants. Bio-Oss® 
particles are big, but the process of degradation 
could be noticed. In some places, large, very active 
multinuclear phagocytes were observed (Figs. 3A 
and B). Between the Bio-Oss® particles immature 
connective tissue could be seen, which contained 
whole cells, was and rich in collagen; the observed 
spindle-shaped cells were arranged in layers on the 
particles’ surfaces. Osteoblast-like cells were sporad-
ically observed (Fig. 3). The implant was permeated 
mainly by smaller blood vessels, located within im-
mature connective tissue (Fig. 3A).

Two weeks after implantation, a connective cap-
sule was observed over the C-type implants. The 
structure of Bio-Oss® particles was more compact 
than in the M-type implants. Multinucleated phago-
cytes were present on the implant particles, resorb-
ing them (Fig. 4A). Immature connective tissue be-
tween the particles of Bio-Oss® was characterized by 
high cell density. Collagen deposits were observed 
between particles. Some cells entered into the bio-
material (Fig. 4B). The implant was permeated most-
ly by small blood vessels whose number was smaller 
than in the M-type implants (Fig. 4A).

Eight weeks after implantation, biomateri-
al particles had not yet been fully resorbed in the 
M-type implants, but they were much reduced in 
size. Phagocytosis was very prominent, observed as 
increased numbers of giant multinuclear cells. The 
connective tissue between particles was present, but 
with reduced cellularity. Major blood vessels could 
be seen (Fig. 5, A) as well as osteoblast-like cells ar-
ranged as a palisade on the particle surface (Fig. 5, 
B). In addition, the forming osteoid tissue was seen 
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Fig. 1. Microscopic NBT test for characterization of peritoneal macrophages after 24 h incubation in cell culture medium; brightfield, 
400x (A). Percentage of different classes of macrophages in relation to the presence of formazan after 24 h incubation in cell culture 
medium.

Fig. 2. Percentage of viability of L929 cells in of CM obtained from TEPMs and RPMs,* p<0.01 (A). Morphology of L929 cells after 24 h 
incubation in different media; phase contrast, 200x (B).
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in the implant (Fig. 5, C). There was less collagen in 
the M-type implants (Fig. 5, D) than in the C-type 
implants (Fig. 6, A). 

Eight weeks after implantation in C-type im-
plants Bio-Oss® particles were still large and poorly 
resorbed. There were still some areas where the pro-
cess of phagocytosis was active, but it seemed less 
pronounced than in the M-type implant. Mostly 
smaller osteoclast-like cells could be seen. The con-
nective tissue between particles was more abundant 

compared with the M-type implants. The implants 
were permeated with a well-developed collagen ma-
trix (Fig. 6, A). Mononuclear osteoblast-like cells 
were sporadically distributed on biomaterial surfaces 
as well (Fig. 6, B).

Immunohistochemical analysis of implants

After both periods of observation, OP immunore-
activity seemed to be more expressed in the control 
implants. At eight weeks, small areas within the bone 

Fig. 3. M-type implants after 2 weeks of implantation. H&E, 400x (A); MT, 400x (B), (C), (D), respectively. Multinuclear phagocytes - 
thick white arrow; blood vessels - thin white arrow); collagen - white triangle; cell lining and attaching to Bio-Oss® particle - thin black 
arrows; osteoid formation - black triangle; Bio-Oss® particle - black star.
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matrix were immunolabeled for OP in the control 
implants, while in the M-type implants very light 
colored or no-colored fields could be found (Fig. 7). 
OC immunoreactivity could be seen in both types of 
implants in both analyzed periods, but it was more 
intense in the M-type implants (Fig. 7, F) compared 
to a control after eight weeks of implantation (Fig. 
7, H).

DISCUSSION

Of all three stages of bone reparation, the inflam-
matory one is probably the most critical for fracture 
healing, similar to that of wound healing in soft tis-
sues (Mizuno et al., 1990; Grundnes and Reikeras, 
1993). During this phase, the secretion of proinflam-
matory cytokines and growth factors occurs, and the 
levels of several inflammatory mediators (such as 
TNF-α) are markedly increased. Most of them are 
synthesized and secreted by macrophages (Gersten-
feld et al., 2003; Rundle et al., 2006). Thus, osteo-
genesis commonly occurs in the inflammatory en-
vironment, no matter how the bone was previously 
injured, and macrophages are a crucial component of 
this environment. The peritoneal cavity is the most 
appropriate source for obtaining large amounts of 
macrophages and is often used in the examination of 
the inflammatory reaction that involves macrophage 

cell lineage. In experiments on animals, thioglycol-
late is routinely used for macrophages elicitation 
(Spitalny, 1981; Chan et al., 1998).

Functional characterization of macrophage

The functional characterization of macrophages in-
cludes an analysis of oxygen reactive species pro-
duction and cytokine secretion. The NBT test is a 
conventional method used in assays of phagocytic 
cell activity and oxygen reactive species production. 
Reactive products of NADPH/oxidase reduce NBT 
(yellow-colored) to formazan crystals (blue-colored) 
(Choi et al., 2006). The total activity of this enzyme 
increases proportionally with an increased level of 
cellular metabolism that leads to an increased con-
version of tetrazolium salt to formazan, staining cells 
more intensely. One of the characteristics of inflam-
matory macrophages is the increased production of 
proinflammatory cytokines, including TNF-α. the 
L929 cell line is the most common cell line used for 
the evaluation of TNF-α cytotoxicity due to its high 
sensitivity to TNF-α (Shiau et al., 2001). Therefore, 
we decided to use this assay to evaluate the effect 
of TNF-α in macrophage CM. A relative number of 
NBT-positive cells and a larger amount of formazan 
deposits per cell in TEPMs, as well as a stronger cy-
totoxic effect of the CM of TEPMs compared to that 

Fig. 4. C-type implants after 2 weeks of implantation. H&E, 400x (A); MT, 200x (B). Blood vessels - thin white arrow; surface resorbing 
of Bio-Oss® particle - thick white arrow; collagen - white triangle; cells in Bio-Oss® particle - thick black arrows.
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of RPMs, indicate that TEPMs in our study had the 
characteristics of inflammatory cells.

Histological analysis of implants

The subcutaneous implantation model was chosen in 
our study because it allows the analysis of basic inter-
actions of implant components, such as macrophag-
es, blood clots and bone mineral substitute, without 
the impact of surrounding bone tissue. Induced ec-

topic osteogenesis can simply serve for examination 
of particular factors involved in the osteogenic pro-
cess. The period of two weeks was chosen because 
the inflammatory phase ends within it, and the peri-
od of eight weeks because within it a new bone tissue 
is expected to be formed (Shapiro, 2008). 

In both types of implants, after both analyzed 
periods, there was a connective capsule around the 
implants. The formation of a fibrous capsule is usu-

Fig. 5. M-type implants after 8 weeks of implantation. H&E, 200x (A); H&E, 400x (B); MT,
400x (C); MT, 200x (D), respectively. Bio-Oss® particle - black star; blood vessels - thin white arrow; multinuclear phagocytes - thick 
white arrow; osteoblast-like arrangement of cells - thick black arrows; osteoid formation - framed; collagen - white triangle.
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ally the final step in the reaction to implanted bio-
materials (Anderson and McNally, 2011). The reason 
for this is that macrophages and other phagocytes 
cannot completely degrade the implanted material, 
and the organism acts in order to isolate the foreign 
body. It is best achieved by forming a thin capsule 
that prevents further interaction of the implant and 
the host (Konttinen et al., 2005).

In the M-type implants, as well as in the control 
implants, even after eight weeks of implantation, Bio-
Oss® particles had not been fully resorbed, but there 
were visible signs of degradation. The presence of 
long-term phagocytosis, even after two months of im-
plantation, may be caused by the hardness of the bio-
material (Najman et al., 2004). Resorption of M-type 
implants seems to be constant and even eight weeks 

Fig. 7. OP and OC immunoexpression in implants. OP immunoexpression in: M-type implants after 2 weeks of implantation, 100x 
(A); M-type implants after 8 weeks of implantation, 100x (B); C-type implants after 2 weeks of implantation, 100x (C); C-type implants 
after 8 weeks of implantation, 100x (D). OC immunoexpression in: M-type implants after 2 weeks of implantation, 200x (E); M-type 
implants after 8 weeks of implantation, 200x (F); C-type implants after 2 weeks of implantation, 200x (G); C-type implants after 8 weeks 
of implantation, 100x (H).

Fig. 6. C-type implants after 8 weeks of implantation. MT, 200x (A); H&E, 400x (B). Blood vessels - thin white arrow; multinuclear 
phagocytes - thick white arrow; collagen - white triangle;, mononuclear cells on the material surface - black triangle.
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after implantation numerous, large osteoclast-like 
cells were detected, which means that the degrading 
process was still ongoing. The process of phagocytosis 
was “smoldering” all the time, in contrast to the con-
trol implants where phagocytosis seemed to be extin-
guished. This may be due to the macrophages’ ability 
to synthesize and release a number of cytokines that 
attract other new phagocytic cells. One such example 
is TNF-α (Heidenreich et al., 1988).

Vascularization and angiogenesis are essential for 
the maintenance and regeneration of bone tissue, be-
cause without them it quickly degenerates (Schmid 
et al., 1997). Angiogenesis is an important compo-
nent of the inflammatory response and reparative 
processes (Kajdaniuk et al., 2011). Inadequate blood 
supply of a fracture site may lead to pseudoarthrosis, 
a condition which is defined as the nonunion of a 
fracture when the bone repair process has stopped, 
resulting in fibrous tissue formation at the fracture 
site (Helfet et al., 2003). The process of angiogenesis 
was more pronounced in the M-type implants, es-
pecially after eight weeks compared to control im-
plants. The presence of numerous macrophage infil-
trations could be connected to a stronger angiogenic 
process as previously reported (Najman et al., 2004). 
In an organism, an inflammatory response with mac-
rophage influx is required stimulus for the wound 
healing (Leibovich and Ross, 1975). The angiogen-
ic activity of macrophages is associated with their 
secretory activity. Stimulated macrophages release 
not only a series of angiogenic cytokines and growth 
factors (Sunderkotter et al., 1991), but a number of 
proteolytic enzymes as well (Shapiro et al., 1991) that 
“dig” channels that are to be populated with endothe-
lial cells that form capillaries. In addition, it should 
be kept in mind that the implants in our study were 
formed by creating a blood clot, which is known to 
represent a rich source of angiogenic factors and oth-
er growth factors. Blood vessels that were seen in the 
C-type implants, especially after 2 weeks, could be 
attributed to the effect of blood clot. The abundance 
of blood vessels in the M-type implants certainly has 
to be attributed to the effect of macrophages whose 
activity can be further enhanced by components of 
blood clot (Davies, 2003).

The collagen matrix in both types of implants and 
after both examined periods was observed. However, 
in the later period of implantation, deposits of colla-
gen were much more intense in the C-type implants 
compared to those in the M-type implants. It has 
been shown that macrophages decompose collagen 
with collagenases (Werb and Cordon, 1975). On the 
other hand, the strong collagen deposits in the con-
trol implants somehow conserved the Bio-Oss® gran-
ules, thus preventing the cells to reach the implanted 
biomaterial and establish closer contact with them. 
In this way, present macrophages may play an im-
portant role in regulating the amount of collagen and 
prevent the development of fibrous tissue. 

The cellularity of both types of implants was re-
duced after eight weeks, which is probably due to 
their connective capsule isolation. However, there 
was obviously greater cellularity in the M-type im-
plants. The immature connective tissue between the 
biomaterial particles was better aligned with the 
granules within the M-type implants. Osteoblast-like 
cells on biomaterial granule surface as well as osteoid 
structures could also be seen. The bone mineral ma-
trix itself serves as a chemoattractant for cell recruit-
ment, which further helps proinflammatory signals. 
Cells that will initiate the osteogenic process need to 
come from the environment (Nair et al., 2011). Rifas 
and his co-workers showed that the peritoneal mac-
rophages of rats in vitro synthesize a mitogenic factor 
or factors influencing the osteoblast-like cell prolif-
eration (Rifas et al., 1984; Rifas et al., 1989). 

Immunohistochemical analysis of implants

OC and OP are non-collagenous bone matrix pro-
teins. It has been shown that during the development 
of the skeletal system increased OP expression and 
lack of OC expression is characteristic of immature 
osteoblasts (Nakase et al., 1994; Stein et al., 1996). 
From all of the above, the lower OP and higher OC 
immunoreactivity in the M-type implants compared 
to the controls may indicate a greater maturity de-
gree of the bone matrix in the M-type implants, and 
therefore point to the fact that the process of osteo-
genesis is more advanced. The osteogenic organic ex-
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tracellular matrix is a prerequisite for the later stages 
of osteogenesis, such as mineralization and ultimate-
ly the formation of mature bone.

CONCLUSIONS

Our results indicate that presence of inflammatory 
macrophages in the composition of an implant may 
have a beneficial effect on the process of angiogene-
sis and formation of an organic bone matrix, which 
is a crucial prerequisite for successful osteogenesis. 
We can conclude that managing the macrophage re-
sponse in an implant could be a tool for directing the 
process of bone regeneration. This may be of great 
importance for application in bone tissue engineer-
ing and clinical practice. 
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