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Abstract. - OBJECTIVE: The physical and
physical chemistry is able to influence the in-
teraction of the scaffolds and bone substitutes
with the body fluid and blood. The aim of the
present investigation was to evaluate the wet-
tability properties of an Mg-HA Chitosan-based
Gel with blood vs. autologous platelet gel.

MATERIALS AND METHODS: A total of 6
study groups were evaluated according to the
Mg-HA Chitosan-based Gel thickness (1, 2 and 3
mm) and the fluids (blood vs. autologous platelet
gel). The biomaterial wettability was conducted
through the sessile drop technique.

RESULTS: The study findings showed a sig-
nificant difference in contact angles between
the APL and blood groups (p<0.05). The MG-Ha
Chitosan-based membrane thicknesses seem to
produce no significant effects on contact angles
measurement for all groups (p>0.05).

CONCLUSIONS: In the present investigation,
a similar MG/Ha gel membranes wettability was
reported between APL and blood groups. In ad-
dition, a high hydrophilicity of MG/Ha gel mem-
branes was reported with a potential advantage
in terms of a more effective osteogenic capabil-
ity in the clinical practice.
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Introduction

The first line of defense against any bacteri-
al-virus invasion in oral cavity is mucous mem-

branes'. Often, there are several wound in this
site but, in physiological condition, they should
completely recover in few days®. If the healing
requires a time greater than 12 weeks they are
defined as chronic wound sites. The increased
risk of bacterial invasion and tissues infection
could inficiate the wound healing??. Up to the
present day, the knowledge of intraoral healing
1s limited, which reduces the clinical translation
of treatment alternatives. Moreover, we have to
take into account that in case of impaired wound
healing, the oral cavity can be susceptible to
challenges that arise from trauma-related inju-
ry, prolonged inflammation, and postoperative
complications***. In this context, the regen-
erative-based approaches hold out promise to
enhance oral wound healing and require target-
ed treatment options to improve tissue re-epi-
thelialization and extracellular matrix (ECM)
remodeling??. Main of these technologies are
based on the use of biomaterials that are able to
release biological factors and to drive the cells
for tissue regeneration®. The material choice is
extremely important in establishing good tis-
sue synthesis and postoperative success. Scaf-
folds productions aim to accelerate the healing
process, prevent bleeding, and contribute to
forming and maintaining the blood clot, be bio-
compatible, not cytotoxic, and avoid infection
and inflammation at the site’. Moreover, they
require increased adhesive properties to be de-

Corresponding Author: Antonio Scarano, MD; e-mail: ascarano@unich.it 153



F. Lorusso, C. Mortellaro, A. Greco Lucchina, G. Falisi, et al

graded solving as space maintainers at the level
of the surgical site’. Using highly innovative
biotechnological approaches, the present work
aims to open up new and promising paths for the
treatment of difficult-to-heal and severely dis-
abling skin and mucosal lesions®. These serious
clinical problems may result from infections, di-
abetes, immune diseases, trauma, amputations,
or post-operative complications. In the first
place, they are one of the most serious and dis-
abling consequences of various neglected dis-
eases (e.g., leprosy, bullous diseases, zoonoses),
which have mostly disappeared in the West but
are still widespread in tropical and developing
countries, where healthcare systems are high-
ly inadequate in the prevention and treatment
of such diseases®!°. In this work, the authors
tested new-generation skin grafts made with
biomimetic implants, capable of reproducing
the various layers of the skin while completely
integrating until they reabsorb and disappear
entirely. The new grafts are mineralized with
bioactive and antibacterial nanocrystals so that
they exchange chemical signals with the dam-
aged skin or mucous membranes that promote
physiological cell metabolism, neo-vasculariza-
tion, and tissue regeneration®. In addition, the
new grafts are designed to absorb and release
autologous haemocomponents into the injured
part; these substances, constantly self-produced
by our organism, are rich in growth factors
and substances capable of promoting, support-
ing, and enhancing natural self-healing mecha-
nisms'"'2, In this preliminary works, in order to
evaluate the ability of the scaffold to be embed-
ded by growth factors, signals, and exosomes
present in haemocomponents, we tested in vitro
their wettability.

Materials and Methods

MgHa-Chitosan Hybrid Gel Patches

The materials are presented as beige-colored
porous patches. They consist of a biomaterial gel-
atin/chitosan-based hybrid biomaterial, in a ratio
of 70/30 wt%, added with 30 wt% of mineral
component with antimicrobial function repre-
sented by hydroxyapatite replaced with ion-min-
eralized magnesium on gelatin (MgHA- Chi-
tosan Gel). The samples underwent a process of
freeze-drying and cross-linking in a vacuum at
120°C for 24h in order to ensure good porosity
and stability in a physiological environment as
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well as optimal ability to swell and absorb medi-
um or haemocomponents. Samples size is about
2-3 mm and thinner by about 1 mm, in order to
be able to test both of them.

Preparation APL

Blood sampling was carried out from six
patients with average age 53 years, range 45-57,
non-smoker, with no history of hemorrhagic
diathesis, coagulopathies, medication intake, se-
rious systemic diseases and with physiological
blood parameters. The number of platelets of
the donor was 264,000 platelets/uL, (range from
150,000 to 351,000) taken from previous blood
tests. In oral implantology, blood is usually
used for mixed bone graft for achieving sticky
graft'’®, or to produce autologous platelet gel/
liquid and mixed with biomaterials. For various
cases of oral surgery, blood was used for our
in vitro study or to produce autologous platelet
liquid. The blood samples were obtained by ve-
nipuncture from the median cubital vein using
a 21-G butterfly needle and a pre-assembled
support with Luer Lock attachment. Blood was
collected in 9 ml blue vials with anticoagulant
test tubes, containing a solution of 3.8% sodium
citrate and one red vial. Blood fractionation was
performed with a GFONE centrifuge (Ubgen
Srl, Padua, Italy), with a 1.751 speed (RPM) and
relative centrifugal force (RCF) of 246 for 7
minutes at room temperature. After centrifuga-
tion, the blood samples were divided into three
layers: red blood cells on the bottom, plasma
in the upper part of the tube and the buffy coat
interposed (Figure 1 A-D). A 2.5 ml syringe
with a long needle (70 mm) was used to aspirate
the layer rich in platelets and fibrinogen, above
the buffy coat, obtaining approximately 0.5 ml
of APL per tube. The APL was activated with
500 uL of autologous thrombin aspirated from
the top layer of red vial and 50 pL of the cal-
cium chloride (CaCl2). The wettability of the
implant surfaces was assessed with the sessile
drop technique, using two different biological
fluids: whole human blood, without the addition
of anticoagulant on 5 samples for each type of
surface and APL on the same number. 5 microli-
ter drop was released perpendicularly with a few
mm distance onto the titanium sample surface.
High-magnification images were captured with-
in a few seconds of placement, when the drop
was in equilibrium, with a Nikon high resolution
camera (Nikon D90). The measurements were
made in the same environmental conditions, at
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APL Preparation

Figure 1. Detail of the Autologous Platelet Gel (AGP) preparation. A, Blood collected; (B), Vaquette in position in centrifuge;
(C), Emocomponent fractionized; (D), Autologous platelet liquid separation.

room temperature (T =23 +2°C) (Figures 2 A-D National Institute of Mental Health, Bethesda,
and Figure 3 A-D). A graphic image process- MD, USA) was used to calculate the CA angle
ing software (Image J 1.47 v Wayne Rasband, from the average of the right and left sides of

Figure 2. Frames details of the sessile drop technique experiment: MgHA-Chitosan-based gel and APL samples. A, Frame
1; (B), Frame 2; (C), Frame 3; (D), Frame 4.
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Figure 3. Frames details of the sessile drop technique experiment: MgHA-Chitosan-based gel and Blood samples. A, Frame

1; (B), Frame 2; (C), Frame 3; (D), Frame 4.

the drop, thus obtaining 1 value per sample. For
the qualitative evaluation of the clot and fibrin
structure, drops of both biological fluids were
homogeneously distributed on the surface of the
samples. After coagulation, the samples were
rinsed with 5% buffered glucose solution and
were fixed overnight in a buffered solution at pH
7.2 of 10% formalin. The samples were washed
again with buffered glucose solution, dehydrat-
ed in an ascending alcohol series (50%, 80%,
and 100%), dried and metallized in Emitech K
550 (Emitech Ltd) and observed with SEM. For
each sample microphotographs were taken at
different magnifications.

Study Design
The MgHA gel membranes were classified in a
total of 6 different groups:
1) Group I APL — 1 mm Membrane Gel MgHA.
2) Group II APL — 2 mm Membrane Gel MgHA.
3) Group III APL — 3mm Membrane Gel MgHA.
4) Group IV Blood — 1 mm Membrane Gel
MgHA.
5) Group V Blood — 2 mm Membrane Gel MgHA.
6) Group VI Blood — 3 mm Membrane Gel MgHA.
A total of 10 measurements for each study groups
were performed.
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Wettability Measurements

The membranes wettability was performed by
the sessile drop technique, using the fresh blood
and APL solution. A drop of 100 microliters was
obtained by a calibrated mechanical pipette and
dropped to the surface of the sample. High-mag-
nification images were captured when the drop
was at equilibrium at three different timepoints:
0 seconds (T,), 30 seconds (T,) and 60 seconds
(T,) using a high-resolution camera with mac-
ro-lens system (D90, Nikon, Tokyo, Japan). The
conditions were carried out in the same stabilized
environmental conditions (T = 23 + 2°C). The
high-resolution images were processed by a ded-
icated software package (Image J 1.47 v Wayne
Rasband, National Institute of Health, Bethesda,
MD, USA) in order to calculate the CA angle, as
the mean of the right side and that of the drop.
The mean value per sample was considered for
further statistical evaluation.

Statistical Analysis

The statistical analysis was carried out using a
statistical analysis software (Graphpad 6 Prism,
San Diego, CA, USA). The descriptive statistics
was performed considering the means and stan-
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Table I. Descriptive statistics of the CA of AP /Membrane Gel MgHA groups and Blood/Membrane Gel MgHA groups [p <
0.05; Welch and Brown-Forsythe followed by the Games-Howell’s post hoc test].

Group | Group 11 Group Il
APL APL/1T mm membrane APL/2 mm membrane APL 1T mm membrane
groups gel MgHA gel MgHA gel MgHA
Timepoints Mean SD Mean SD Mean SD
0Os 91.00 4.24 105.50 9.19 94.50 0.71
30s 90.00 4.12 104.00 11.31 93.50 0.71
60s 83.50 4.95 102.00 9.90 91.00 1.41
Group IV Group V Group VI
Blood blood/1 mm membrane blood/2 mm membrane blood/3 mm membrane
groups gel MgHA gel MgHA gel MgHA
Timepoints Mean SD Mean SD Mean SD
0Os 98.04 15.56 108.52 2.82 105.36 9.19
30s 96.53 16.26 107.55 2.90 105.23 4.24
60s 93.57 13.43 107.27 212 104.35 4.42

dard deviations of all study groups. The Welch and
Brown-Forsythe followed by the Games-Howell’s
post hoc test was performed. The level of signifi-
cance was considered for p<0.05.

Results

The contact angles (CA) of the MgHA gel
membranes with APL (groups I-II-III) or fresh
blood of (groups 1V-V-VI) was presented in Table
I. The APL/Membrane Gel MgHA membranes
showed lower contact angles if compared to the
Blood /Membrane Gel MgHA (p<0.05). Con-

sidering the membranes thickness, no signifi-
cant difference was present comparing the APL/
Membrane Gel MgHA groups at all timepoints
(p<0.05) (Table I, Figure 4). Moreover, no sig-
nificant difference was detected comparing the
Blood /Membrane Gel MgHA groups at all time-
points (p<0.05).

APL/Membrane CA Timepoint Variations

The APL/1 mm membrane showed a mean per-
centage variation of the 1.09% after 30s (p>0.05)
and 8.24% after 1 minute (p<0.05). Similar re-
sults were reported by APL/2 mm membrane
with an average variation of 1.42% (p<0.05) after

Wettability Contact Angle

5 GroupI Group II Group III Group IV Group V Group VI
_ 110
E‘oloo-
: b
O

40

07
Os 30s 60s O0s 30s 60s 0s 30s Os 30s 60s O0s 30s 60s Os 30s 60s
Autologous Platelet Liquid Blood Solution

Figure 4. Wettability contact angle (CA) of APL/membrane Gel and blood/membrane Gel groups. For all membranes
ticknesses, the APL/Membrane groups showed lower contact angle compared to Blood/ membrane groups (p < 0.05) [Welch

and Brown-Forsythe followed by the Games-Howell’s].

157



F. Lorusso, C. Mortellaro, A. Greco Lucchina, G. Falisi, et al

Figure 5. Detail of the group I contact angles at t0 (A), after 30s (B) and 1 minute (C).

30s and 3.31% after 30s (p<0.05). Conversely,
the APL/2 mm membrane group reported a mean
variation of the 1.05% (p>0.05) after 30s and
3.70% after 60s (p<0.05) (Figures 5-7).

Blood/Gel Mgha CA Membrane
Timepoint Variations

The Blood/l mm membrane showed a mean
percentage variation of the 1.54% (p>0.05) af-
ter 30s and 4.56% after 1 minute (p<0.05). The
group II of Blood/2 mm membrane showed an
average variation of 0.89% after 30s (p>0.05) and
1.15% after 30s (p>0.05). Conversely, the Blood/3
mm membrane group reported a mean variation
of the 0.12% (p>0.05) after 30s and 0.95% after
60s (p>0.05) (Figures 8-10).

Discussion
The physical and mechanical properties of

the biomaterials and bone substitutes represents
important key-points for the blood clot stabi-

lization and the effective sustain of the osse-
ointegration events'*'*. In fact, the scaffold’s
affinity to the body fluids is able to produce
a congruous fibro-cellular blastema and new
bone formation, which conceptually represent
the basic principles for a large part of the bone
regenerative procedures in maxillofacial and
orthopedics atrophies!®!”. The main findings of
the present investigation revealed a significant
difference in the contact angle between the
APL/membrane and Blood membrane for all
thicknesses subgroups (p<0.05). In addition,
the MG/Ha membrane thicknesses seems to
produce no significant differences on contact
angles measurement for both APL and blood
groups (p>0.05). The wetting and adsorption
of the fluid drops are determined by the bio-
material surface porosity, the scaffold surface
tension, and fluid surface tension. In literature
is still debated whether the blood surface ten-
sion represent a fluctuant parameter potentially
influenced by several donors’ variables (e.g.,
age, gender, hematocrit) and environmental

Figure 6. Detail of the group II contact angles at t0 (A), after 30s (B) and 1 minute (C).
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0s 30s

60s

Figure 8. Detail of the group IV contact angles at t0 (A), after 30s (B) and 1 minute (C).

conditions (e.g., temperature, pH, humidity)'8-2°.
Hrncir and Rosina? measured a blood surface
tension of 55.89 x 10° £3.57 x 103 N x m’, with
no statistical correlation with red cell sedimen-
tation rate, hemoglobin levels, erythrocytes, se-
rum cholesterol and triacylglycerols, creatinine

levels, ALT, and AST activity?.. In literature,
the blood serum plasma has been associated to
a very wide range surface tension due to envi-
ronmental temperature, donors’ variables, and
eventual pathological conditions**?. In fact,
Harkins®® reported a blood serum surface ten-

Figure 9. Detail of the group V contact angles at t0 (A), after 30s (B) and 1 minute (C).
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Figure 10. Detail of the group VI contact angles at t0 (A), after 30s (B) and 1 minute (C).

sion means range from 46.22 x 10° N x m! to
54.26 x 10° N x m™, respectively, at 10°C and
37°C. Consequently, it could be supposed that
also the difference in centrifugation protocols
as well as the eventual anticoagulant addition to
platelet-derived emocomponents could play an
important role on their viscoelastic properties.
Clinically, the platelet-derived emocomponents
and APL combined to the scaffold represent a
versatile tool to obtain an increase of the me-
chanical behavior and plasticity of the graft,
that is a remarkable advantage for the bone de-
fect adaptation®. In addition, Scarano et al® re-
ported that the autologous platelet liquid (APL)
mixed with bovine bone particles is able to
increase the Young elastic modulus by 117.2%
compared to blood in combination with bovine
bone particles'®. Moreover, this combination
could produce a biological advantage associated
to the generation of a local reservoir of growth
factor.

Conclusions

In conclusion, the static contact angles as-
sessed with the sessile drop technique revealed
similar wettability properties between APL and
blood for both of MG/Ha gel membranes thick-
nesses tested. As expected, the MG/Ha gel mem-
branes revealed a high hydrophilicity that could
produce an increase in the reparative potential
of the bone defect site, and an advantage in bone
regeneration procedures.
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