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Purpose To study the effect of osteoplastic materials based on the extracellular xenomatrix of bovine and equine bone tissue on the
formation of neutrophil extracellular traps (NETs) in the peripheral blood of rabbits in the early post-operative period after implantation.
Materials and methods The study was carried out on 18 male rabbits of the Soviet Chinchilla breed, aged from 8 months to 1.2 years,
weighing from 3.0 to 4.5 kg. A perforated bone defect of a cylindrical shape measuring 2 x 6 mm in the distal metaphysis of the right
and left femurs was modeled in the animals. The rabbits were divided into three groups, six animals each. In group I, the bone defect
was left unfilled; in group II, the defect was filled with a bovine bone tissue xenomatrix, and an equine bone tissue xenomatrix was
implanted in group III animals. The implantation material had the appearance of a yellowish crumb with a particle size of 0.5-1 mm.
Blood smears stained according to Romanovsky-Giemsa were used for counting extracellular neutrophil traps (NETs). The percentage
of neutrophils that passed the stages of nuclear transformation and emitted free chromatin into the extracellular space in the form of
network-like structures was calculated. Results On days 3—7 of the experiment, the number of NETSs increased in the early stages of
NETosis in all groups. There were no significant differences between the groups. In group I, on days 7 and 14, the number of early
forms of NETS (stages 1a and 1b) returned to the values of the preoperative period. In groups II and III, normalization of NETSs (stage
1a) did not occur, and the content of NETS (stage 1b) returned to the initial level only by day 30 of the experiment. On days 3, 7, 14,
the number of mature NETs increased in all groups. The highest values were noted in group II, where the bovine xenogeneic matrix
was implanted. Conclusion Implantation materials based on the extracellular matrix of equine and bovine xenogeneic bone stimulate
excessive formation of early NETs on days 14-30 of the experimental period in response to xenotransplantation. Xenomaterials of
bovine bone tissue, in comparison with xenomaterials of equine bone tissue, induce a more pronounced inflammatory reaction in the
nearest time after defect filling, which is manifested by higher production of mature NETs on days 3—14 of the experiment.
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INTRODUCTION

Bone defects resulting from injuries, diseases,
surgical interventions or congenital disorders remain
challenging problems in contemporary orthopaedics
and traumatology [1].

There is an extremely high demand for bone grafts
currently. The use of autologous bone is limited due to the
complexity of obtaining large volumes of bone material
and additional invasiveness during the collection of
bone tissue [2]. An alternative to autoplasty is the use
of xenomaterials from bone tissue, which, in turn,
contain foreign antigens in their structure. It can cause
biological incompatibility, leading to the development
of an immune cell-mediated rejection, an acute humoral
response, initially mediated by the formation of IgM
antibodies, mainly to the gal epitope, with a subsequent

increase in the level of IgG, overproduction of cytokines
[3, 4]. The complex interactions between inflammation,
coagulation and the immune response are well known [5].
At the same time, the role of inflammation has not been
fully understood if bone tissue xenomatrix is applied.
Therefore, the study of immunological parameters may
be used to assess the course of the postoperative period
after implantation xenomaterials from bone tissue and
the "survival" of the implant.

The aim of the study was to investigate the effect
of bone plastic materials based on extracellular
xenomatrix of bovine and equine bone tissue on
the formation of extracellular neutrophil traps
(NETs) in the peripheral blood of rabbits in the early
postoperative period after their implantation.

MATERIAL AND METHODS

The experimentd was carried out on 18 male
rabbits of the Soviet Chinchilla breed, aged from
8 months to 1.2 years, weighing from 3.0 to 4.5 kg.
A non-through bone defect of a cylindrical shape
measuring 2 x 6 mm in the distal metaphysis of the

right and left femur was modeled in the animals. The
rabbits were divided into three groups of 6 animals
each. In group I (control), the bone defect was left
unfilled, in group II, the defect was filled with a
bovine bone tissue xenomatrix, and equine bone
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tissue xenomatrix was implanted in group III animals.
The implantation material had the appearance of a
yellowish crumb with a particle size of 0.5-1 mm.
Xenogenic implantation materials were produced
from the bovine and equine cancellous bone using
one and the same technology [6].

Maintanence of the animals and manipulations
were performed in compliance with the principles of
humane treatment of laboratory animals in accordance
with the requirements of regulatory documents and the
European Convention for the Protection of Vertebrate
Animals Used for Experiments or Other Scientific
Purposes, and Directive 2010/63 / EU of the European
Parliament and the Council of the European Union
on protection of animals used for scientific purposes
[7-9, 10]. The study was approved by the local ethical
committee (protocol No. 2/57 dated 05.17.2018).

Blood samples were collected from the animals of
all groups from the marginal ear vein at the following
time points: before implantation, on days 7, 14 and 30
of the experiment.

Neutrophilic extracellular traps (NETs) were
counted in blood smears stained according to
Romanovsky — Giemsa. The percentage of neutrophils
that passed the stages of nuclear transformation and
released free chromatin into the extracellular space

as network-like structures was calculated. The NETs
were counted using an Axio Lab.A 1 light microscope
(Karl Zeiss Microlmaging GmbH; objective 100 (MI),
eyepiece 12.5x) using immersion.

The AtteStat software which is a Microsoft Excel
application was used for statistical. The research results
are presented as median, first, third quartiles. To identify
group differences at each stage of the study, statistical
analysis of multiple comparisons was performed using
the Kruskal-Wallis test. To accept or reject the null
hypothesis, the initial level of a was taken equal to 0.05.
If there was a difference between the study groups (the
null hypothesis was rejected), then additionally, using
a posteriori pairwise comparisons with the Mann-
Whitney test, it was determined between which groups
there were significant differences (I-1I, I-III, TI-III).
The statistical significance of post hoc comparisons (for
p < 0.05), taking into account the number of groups (3),
was accepted as 0.05/3 =0.0167. In addition, using
the Kruskal-Wallis test, significant differences were
found between the period before the operation (b/o)
and each of the subsequent stages of the study (days
3, 7, 14, 30) in each of the groups. In this case, the
statistical significance of paired comparisons, taking
into account the number of groups (5), was taken as
0.05/5=10.010.

RESULTS

The general condition of the rabbits in all series of
the experiment was satisfactory on the first three post-
operative days. The animals moved little, sparing
their limbs. There was a slight increase in their body
temperature (by 0.2—0.3 °C), decreased appetite and
weight loss from 100 to 350 grams. From days 5—6
onwards, the general condition of the animals and
their appetite improved, the functions of the organs
and systems returned to normal. The rabbits moved
freely in the cage and stood on the hind limbs. They
also gained 150 to 380 gr of body weight.

Status localis On the first day after the operation, a
moderate postoperative soft-tissue edema in the areas
of surgical interventions developed. Tenderness of soft
tissues was insignificant. There was an abundant discharge
of serous exudate from the surgical wounds. By the
seventh day, these symptoms disappeared, the suture line
was covered with a 2-mm dry scab. The surgical wounds
in all animals healed after 10-11 post-operative days.

In the later time points of the experiment, the
skin in the implantation zones was smooth, mobile,
elastic, post-operative scars were pale and thread-
like. Soreness, swelling or deformities of the knee
joint were not observed.

Before the operation, there were no significant
differences in the number of neutrophil traps between
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the groups (Tables 1, 2, 3). The response to surgery in
all groups was activation of NETosis. In comparison
with the preoperative values, the content of both early
and mature neutrophil traps increased. On days 3 and
7 of the experiment, the number of NETs in their
early stages increased in all groups (1a and 1b). There
were no significant differences between the groups. In
group I, on days 7 and 14, the number of early forms
of NETs (stages la and 1b, respectively) returned to
preoperative values. In groups II and III, the content
of immature NETs (stage 1a) did not normalize in the
post-operative period, and the number of NETs in
stage 1b returned to the initial level only by the 30th
day of the experiment.

The development of mature neutrophil traps
looked somewhat different. On days 3, 7, 14, the
relative number of NETs increased in all groups.
Significant differences were found between groups [
and II. The highest values were revealed in the group
with the implantation of the bovine xenosis matrix.
By day 30 of the experiment, a decrease in the number
of mature NETs was observed in all groups; there
were no significant differences between the groups.
Thereby, by that time point the indicator reached pre-
operative values in groups I and III, and exceeded the
initial level in group II.

Original Article



Genij Oriopedii, Vol. 26, no 4, 2020

Number of early NETs (stage 1a)

Table 1

Kruskal-Wallis test

Study period Group I Group II Group III (differences between the
groups)
Before operation % 3.5(3.0-4.0) 3.5(3.0-4.75) 3.5(3.0-4.7) p>0.05
P 10°1 0.1 (0.075-0.15) 0.09 (0.07-0.16) 0.1 (0.072-0.16) p>0.05
Day 3 % 5,5 (5,0-6,75) 6,0 (5,0-7,0) 6,0 (5,25-6,0) p>0.05
Y 10°/1 0.18 (0.14-0.21) 0.23 (0.16-0.26) 0.22 (0.15-0.25) p>0.05
Day 7 % 4.0 (3.25-7.25) 6.0 (5.25-6.75) 5.0 (5.0-7.25) p>0.05
y 10°/1 0.15 (0.11-0.2) 0.2 (0.15-0.22) 0.17 (0.17-0.2) p>0.05
H=11.17, p = 0.0038
% 2.5(2.0-3.5) 7.5 (7.0-8.75) 7.0 (6.25-7.75) I-II: p = 0.0039;
Day 14 I-I1I: p = 0.0037
y H=10.98, p = 0.008
10°11 0.068 (0.055-0.082) 0.21 (0.19-0.3) 0.24 (0.22-0.26) I-1I: p = 0.0044;
I-III: p = 0.0038
HH=8.7, p=0.013
% 3.5(3.0-4.75) 7.5 (6.25-8.0) 8.0 (7.25-8.75) I-II: p = 0.012;
Day 30 I-I1I: p = 0.008
H=9.2,p=0.02
10°11 0.1 (0.088-0.139) 0.176 (0.146-0.188) 0.22 (0.17-0.31) I-IIT: p = 0.011

Kruskal-Wallis test (differences
between the period before operation
and subsequent terms, %)

H=10.32, p=0.035
b/o-3 days: p = 0.008

H=11.64, p = 0.02
b/0-3 days: p = 0.008
b/o-7 days: p =0.010
b/o—14 days: p = 0.002
b/0-30 days: p = 0.007

H =113, p=0.025
b/0-3 days: p = 0.0086
b/o-7 days: p =0.010
b/o-14 days: p =0.010
b/0-30 days: p = 0.004

Number of early NETs (stage 1b)

Table 2

Kruskal-Wallis test

Study period Group I Group II Group III (differences between the
groups)

Before operation % 2.5 (2.0-3.0) 2.0 (0.5-2.75) 2.5 (2.0-3.0) p>0.05

10°/1 0.075 (0.06-0.085) 0.051 (0.02-0.07) 0.073 (0.05-0.084) p>0.05
pay 3 % 5.0 (4.0-6.0) 8.5(5.75-9.75) 4.5 (3.255.75) p>0.05

10°/1 0.166 (0.14-0.198) 0.33 (0.23-0.38) 0.17 (0.13-0.22) p>0.05
pay 7 % 45 (4.0-7.25) 6.0 (5.25-7.5) 6.5 (6.0-8.5) p>0.05

10°1 0.17 (0.15-0.21) 0.2 (0.15-0.22) 0.2 (0.16-0.22) p>0.05
Day 14 % 3.5(2.25-4.75) 6.0 (4.25-10.0) 4.5 (4.0-5.0) p>0.05

10°1 0.1 (0.06-0.13) 0.16 (0.14-0.18) 0.14 (0.11-0.15) p>0.05
Day 30 % 2.0 (1.25-2.0) 2.5 (2.0-3.0) 2.5 (2.0-3.0) p>0.05

10°/1 0.06 (0.045-0.06) 0.065 (0.05-0.085) 0.08 (0.07-0.085) p>0.05

. . H=17.15,p=0.0018 H=17.39,p=0.0016 H=17.86, p=0.0013
22;‘;1'2:‘;2’;1‘:1.;;S;e(gfrzef;”:rfmﬂ blo3 dayerp=0.004 | bio-3days:p=0.003 | blo_3days: = 0.008
and subsequent terms, %) b/o-7 days: p = 0.004 b/o-7 days: p = _0.0019 b/o-7 days: p =_0.0019
b/0—14 days: p = 0.008 b/o-14 days: p = 0.002
Table 3
Number of mature NETs
Kruskal-Wallis test
Study period Group I Group II Group III (differences between the
groups)

Before operation % 1.0 (0.25-1.0) 0.5 (0.0-1.0) 0.5 (0.0-1.0) p>0.05

10°/1 0.03 (0.007-0.03) 0.012 (0.0-0.026) 0.015 (0.0-0.029) p>0.05
pay 3 % 9.5 (9.0-10.0) 14.5 (13.25-22.5) 12.0 (8.5-14.5) ﬁ;f;’:‘az;’g’“

10°1 0.31 (0.3-0.33) 0.35 (0.3-0.5) 0.4 (0.3-0.054) p>0.05
Day 7 % 7.5 (6.25-8.75) 11.0 (9.25-14.25) 7.5 (6.25-8.75) E;?["s’:‘:);&ms

10°/1 0.29 (0.25-0.34) 0.37 (0.31-0.49) 0.3(0.21-0.32) p>0.05

% 3.5 (3.0-5.5) 8.5 (8.0-9.0) 6.0 (5.25-7.5) EI;?:’O{’OTOO'OIS
oy 1071 0.096 (0.08-0.15) 0.23 (0.21-0.3) 0.21 (0.18-0.26) H=7.9,p=0018
- Hel R -2 (02870 I-II: p = 0.016

Day 30 % 1.0 (1.0-1.75) 2.0 (1.25-2.0) 1.5 (1.0-2.75) p>0.05

10°/1 0.029 (0.029-0.05) 0.046 (0.029-0.046) 0.05 (0.034-0.09) p>0.05

Kruskal-Wallis test (differences
between the period before operation
and subsequent terms, %)

H=25.8,p =0.0001
b/0-3 days: p =0.0019
b/o-7 days: p = 0.002
b/o-14 days: p = 0.002

H=23.5,p=10.0001
b/0-3 days: p =0.0019
b/o-7 days: p = 0.002
b/o-14 cyr: p = 0.002
b/0-30 days: p = 0.008

H=22.8,p=10.0001

b/0-3 days: p = 0.0011
b/o—7 days: p = 0.0011
b/0—14 days: p = 0.002
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DISCUSSION

The course of the inflammatory process has a
significant impact on the outcome of xenogenic
material implantation. Analysis of literature sources
showed that the following immunological parameters
and tests were used to assess the immune response
and inflammation activity in xenoimplantation: TNFa,
TNF, IFN-y, IL-2, IL-4, IL-6, IL-10, TGF, IL- 12P70,
1L-12, immunoglobulins, lymphocyte subpopulations,
C-reactive protein, lymphocyte transformation test
(LTT), memory lymphocyte immunostimulation assay
(MELISA), leukocyte migration inhibition test (LIF),
lymphocyte activation test (LAT) [11-15].

We did not find any data on the study of NETosis
to assess the course of the post-operative period by
implantation of xenografts for filling bone defects
in the available literature. The probable reason
may be the fact that the third protective strategy of
neutrophils (formation of neutrophilic extracellular
traps) was discovered quite recently (2004), and the
study of NETosis processes in various pathological
conditions and surgical interventions has been at the
stage of data accumulation [16].

At the initial stage of NETosis (1a), individual
vacuoles seen as light round spots were formed inside
the neutrophil against the background of chromatin,
which had a dense structure and was distributed over
the entire inner surface of the cell. The cell wall
remained dense; the cell volume increased by 1.5—
2 times (Fig. 1). At the next stage (1b), chromatin
occupied the entire inner surface of the cell and
acquired a reticular structure. The mesh became
threadlike and thinned; vacuoles were no longer
visible. The cell lost its rounded shape, the neutrophil
membrane became thinner and its thickness became
uneven, protrusions appeared on the surface of the
membrane. However, the release of DNA fibers did
not occur at this stage of NETosis. At the stage of
the mature trap, chromatin along with highly active
antimicrobial proteins and enzymes, was released
into the extracellular space as a mesh [17].
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In group I (defect without filling), the changes
reflected a direct response to the surgical intervention.
In groups II and III, a combined response to surgical
trauma and implanted bone tissue xenomatrix was
observed. According to the data obtained, activation
of NETosis in response to xenoimplantation was
noted in all groups. In group I without implantation,
the production of early neutrophil extracellular traps
returned to the preoperative level by 14 days, mature
ones by 30 days of the experiment. In the groups
where the materials based on the equine and bovine
extracellular bone matrix were used, the number of
mature NETs was also normalized by 30 days of the
post-operative period and indicated the absence of
an active inflammatory process in the implantation
zone at this stage. At the same time, the increased
formation of early neutrophil traps continued. Earlier,
we presented the data that not only bacterial agents
but also non-microbial factors were able to stimulate
NETtosis. In this case, neutrophil traps remain at
the stage of nuclear transformation, the release of
DNA network does not occur [18]. Consequently, the
xenomatrix of the equine or bovine bone tissue was
perceived by the rabbit's body as a foreign substance
and had a slight stimulating effect.

It is known that the xenomatrix of the bovine
bone tissue undergoes resorption and organotypic
rearrangement faster than the equine xenomatrix
[19]. It might be assumed that it is associated with
the development of a more pronounced inflammatory
response to the implantation of the bovine bone
matrix than to the equine material, to which the body
reacts more inertly.

Thus, xenogenic material implantation leaves
a large field for research and contains a number
of unsolved problems. The search for the ways to
ensure safe and effective integration of xenogenic
bone materials would deepen the understanding of
the mechanisms of postoperative complications and
develop ways to improve treatment results.

S

>
Stage 1b =

Mature NET

Fig. 1 Stage of neutrophil extracellular trap (NET)
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CONCLUSION

Implantation materials based on the extracellular
matrix of equine and bovine xenogenic bone
stimulate excessive formation of early NETs on days
14 to 30 of the experimental period in response to
xenotransplantation, in contrast to the control group
where the number of early NETs was normalized on
day 14 (at the stage of wound healing).

Xenomaterials based on bovine bone tissue,
in comparison with xenomaterials based on
equine bone tissue, cause a more pronounced
inflammatory response in the immediate term
after defect filling, which is manifested by the
highest production of mature NETs on days 3 to14
of the experiment.
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