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Abstract

HA - PMMA nanocomposites can be used as a potential biomaterial
for orthopedic applications. The wear NPs would be prone to bind with
proteins to form protein-particle complexes and to interact with visible
components in the blood. Therefore, this study was focused to determine
the effects of HA - PMMA nanocomposites (10% HA) on human red
cell indices and serum proteins by in vitro method. Blood samples and
serum samples of healthy adults were mixed with the nanocomposites
and incubated. Red cell indices were calculated using hemoglobin level,
packed cell volume and red blood cell counts which were determined by
cyanomethemoglobin, microhematocrit and counting chamber methods
respectively and serum total protein and serum albumin were analyzed
by using Biuret method and colorimetric Bromocresol green methods
respectively. Descriptive statistical method and t paired test ware used
to analyze data. The study shows HAP-PMMA nanocomposites interact
with RBCs, hemoglobin (Hb) and serum proteins. There was a significant
decrease in the values of MCV, MCH, MCHC, serum total proteins and
serum albumin due to the effect of the nanocomposite. In addition, shape
and size of red cells were changed. Therefore, there can be an effect on
hemocompatibity by releasing particles of nanocomposites to the blood
stream. Within the study, importance of in vitro tests for evaluation
of the compatibility of nanocomposites with human blood could be
demonstrated.

Keywords: Hydroxyapatite (HA), Polymethyl Methacrylate (PMMA),
Nanocomposites, Nanoparticles (NPs), Red Blood Cells (RBCs), Serum
proteins, Hemocompatibility.

Introduction

Bone has a complex hierarchical structure. The basic building blocks
are the extremely small plate-shaped crystals of carbonate apatite,
just hundreds of angstroms long and wide and some 20-30 A thick.
They are arranged in parallel layers within the collagenous framework
[1]. Engineered nanoparticles show remarkable structural diversity,
each structure exhibiting their own individual characteristics, such as
tubes, dots, wires, fibers and capsules [2]. Nanomaterials have unique
physicochemical properties, such as ultra-small size(1-100nm), large
surfaceareatomassratio,and highreactivity,whicharedifferentfrombulk
materials of the same composition [3]. Hydroxyapatite (Ca,,(PO,) (OH),)
is the main inorganic component of natural bone, constituting 70%
of the mass of the bone matrix. Synthetic hydroxyapatite prepared by
sintering processes also exhibits bioactivity, and was commercialized in
the late 1980s as bone substitutes in the form of dense and porous body
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implants and granules [4]. In a comparison study between
Nano size HAP filler and micro size HAP filler using a rat
calvarial defect model, histological analysis and mechanical
evaluation showed a more advanced bone formation and a
more rapid increase in stiffness in the defects with the Nano
size HAP augmented poly (propylene glycol fumaric acid),
suggesting an improved biological response to the Nano-
HAP particles [4]. Nowadays, numerous synthetic bone graft
materials, both single- and multi-phase, are available, which
are capable of alleviating some of the practical complications
associated with the natural bone grafting materials. A single-
phase material (monolithic) does not always provide all
the essential features required for bone growth, which
leads to continual investigation in search of an ideal bone
graft. There is a great need for engineering multi-phase
materials (composites) with structure and composition
similar to natural bone. Since bone is a typical example
of a nanocomposite, designing bone graft in the form of
nanocomposite is perceived to be beneficial over monolithic
and micro composite materials [4,5].

Polymethyl Methacrylate (PMMA) was the first synthetic
polymer to be used in clinical practice in 1937. Since then,
numerous polymers were developed and used in a variety
of orthopedic and other medical applications. To simulate
physiological characteristics (stiffness,bending, compressive,
and tensile strengths) for load-bearing circumstances, it
may be advantageous to use polymers in the composites
[4,6]. Particle reinforcement has been used to improve the
properties of bone cement. For example, inclusion of bone
particles in PMMA cement somewhat improves the stiffness
and improves the fatigue life considerably.

Even though advanced research has been carried out on
many different types of nanocomposites, their use in medical
devices is very much less than expected as there is not
enough reliable experimental and clinical data supporting
the long-term performance of nanocomposites with respect
to monolithic traditional materials. This problem can be
avoided by using clinically well-known constituents in the
preparation of nanocomposites. Nano-scale HA has received
much attention owing to its superior functional properties
overits microscale counterpart. PMMA is another constituent
that can be used in the preparation of nanocomposites
along with Nano-HA. Since the composition of acrylic bone
cements has primarily remained unchanged over the last 50
years, and the fixation of THRs with PMMA bone cements is
currently regarded as the gold standard and it is approved
by the FDA of USA for specific human clinical applications
such as a bone cement [4,7].

There have been some concerns expressed that the
small polymeric particles produced by degradation of these
type of polymers may stimulate an inflammatory reaction,
although this remains an area of debate and investigation
[4,8,9]. NPs have toxicity effect on physiological systems of
animals and human [10]. There are research studies focus
on toxicological effect of HAP NPs used in bone replacement
and therapy. NPs can be released in to blood circulation and
potential nanoparticles can effect to alter normal physiology
by interacting with biomolecules in living cells [11]. Specific
areas of concern include carcinogenicity, teratogenicity,

developmental toxicity, acute toxicity and interaction with
components of the immune system [12].

NPs,when entered into the body, will interactinitially with
proteins presentinblood. Binding to plasma components and
forming a nanoparticle-protein corona potentially determine
the fate of NPs in the systemic circulation and influence their
biological activity. In human plasma, a typical protein corona
formed on NPs consists of proteins such as serum albumin,
immunoglobulins, fibrinogen, and apolipoproteins, etc. NPs
can enter the vascular system intentionally and can interact
with blood. In vitro, NPs’ sol did not cause hemolysis but did
induce the aggregation of rabbit red blood cells [13]. HAP
nanoparticles exhibited Nano size and surface charge effects
on the aggregation of RBCs in RBC suspensions [2,14].

Fractures of bone often occur in the world. According to
the National Institutes of Health, approximately 1.5 million
hip fractures occur worldwide each year, and this number
might increase to 2.6 million by 2025 and 4.5 million by
2050 [13]. Therefore, bone grafting is very important for the
repair and replacement of bone. Many circumstances call for
bone grafting owing to bone defects either from traumatic
or from non-traumatic destruction. Nanophase HAP is a
class of bio ceramic material that mimic the bone mineral in
composition and structure and possess unique capabilities
for surface interactions with biological entities than
conventional HAP; therefore, it can be used as a scaffolding
system in engineering bone tissue. Although preliminary
investigations seem to support the impact of nanophase
HAP in bone tissue engineering, significant advancement
are still necessary to realize their full potential in clinical
use. This is exciting time to be involved in nanophase HAP
in order to formulate them as a clinically ideal system for
bone tissue engineering, with great challenges and also great
expectation ahead. For the application of HAP nanoparticles
in biological systems as carriers or fluorescent labels, there
is a significant chance that the nanoparticles will interact
with the complicated components of blood such as blood
cells on account of their size [2]. In addition, small polymeric
particles may cause adverse effects. Therefore, a study of
HAP-PMMA nanocomposite to determine whether they will
exhibit specific properties toward such blood components is
of major importance before going for a clinical application.
The current study will be carried out to determine effects of
HAP-PMMA nanocomposite on blood components. In in vitro
methods HAP-PMMA nanocomposite will be introduced to
blood and blood will be analyzed to determine the effects.
Therefore, by carrying out this study, influence on red cell
indices, serum total protein and serum albumin by HAP-
PMMA nanocomposite may be identified. In addition,
there are no evidences of previous studies to evaluate the
compatibility of HAP-PMMA nanocomposite with human
blood using red cell indices and serum proteins. Therefore,
this study focuses on determine the effects of hydroxyapatite
- polymer (polymethyl methacrylate) nanocomposites
on human red cell indices and serum proteins by in vitro
method.

Methodology

60 blood samples were collected from healthy students
of the Faculty of Allied Health Sciences. Self-administered
questionnaire was used to collect information regarding the
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health status of students. Ethical clearance was obtained
from the ethical review committee, Faculty of Allied Health
Sciences, University of Peradeniya. Blood samples and
serum samples were mixed with 50% (mg/dL) HAP-PMMA
nanocomposite which was previously prepared [4] and it
was incubated for one hour at room temperature. Red cell
indices were calculated using hemoglobin level, packed cell
volume and red blood cell counts which were determined by
using cyanmethemoglobin, microhematocrit and counting
chamber methods respectively and serum total protein and
serum albumin were analyzed by using Biuret method and
colorimetric Bromocresol green (BCG) methods respectively.
Descriptive statistical method and t paired test ware used to
analyze the data.

Red cell indices determination

50% (mg/dL) of HAP-PMMA nanocomposite suspension
was prepared using concentrated phosphate buffered
solution (PBS) (pH 7). Two tubes were taken; One for
normal test and one for HAP test. 1 mL of EDTA blood was
mixed with 20 pL of 50% suspension in HAP tube and at the
same time 1 mL of EDTA blood was mixed with 20 pL of PBS
(pH 7) normal tubes. Both tubes were placed for one hour
at room temperature (24 °C). After that following tests were
done for both normal and HAP tubes to collect the data.

Haemoglobin estimation

Hb value was determined by cyanmethemoglobin
method. Test tubes were labeled as test, 20 pL of test sample
blood was mixed with 5.0 mL of Drabkin’s reagent and was
kept at room temperature for 5 minutes. The absorbance of
this mixture was measured by using a spectrophotometer
(Tomos Biotools, Shanghai Co. Ltd. Shanghai, China) at 540
nm wavelength. The absorbance of the standard blood was
measured by the same procedure. This absorbance values
were used to find the haemoglobin concentration.

Red blood cell count

Red blood cell count was measured manually. 20 pL
of blood was mixed with 4 mL of RBC diluting fluid and
counting chamber was charged with mixed fluid. After that,
the red cells of this fluid were counted by using microscope
at a magnification of x40 objectives. This counted red cell
number was used to calculate the total RBC.

Number of red cells counted x Dilution

Total red blood cells count/ pL = -
Area counted x Depth of Fluid

Packed cell volume determination

Microhaematocrit method was used to measure packed
cell volume. 3/4 of length capillary tubes were filled with
blood and the capillary tubes were centrifuged by micro
centrifugation (HERMLE Labortechnik. GmbH, Siemenstrass
25, Wehingen, Germany) at 12000 rpm for 5 minutes.
Following this procedure, the length of red cell column was
measured by using a hematocrit meter. This red cell column
length was used to calculate the packed cell volume (Figure
1).

Red cellindices were calculated using Hb value, RBC count
and PCV measurement. All laboratory tests were conducted
according to the WHO standard operating procedure.

Red cell indices calculation formula

PCV % x 10

Mean corpuscular volume MCV (fL) = 7 Tlolz\
RBC [X Lj

One femtoliter is 10° L

Hb (g/dl) x10

Mean corpuscular haemoglobin (pg) = o2
RBC (X L)

One picogram is 102g

Hb (g/dl)x 100

Mean corpuscular Hb concentration (%) =
PCV%

Serum proteins determination

Blood was collected to plain tube. It was allowed for
30 minutes to complete clotting. Then blood sample was
centrifuge for 3000 rpm for 10 minutes to separate serum.
Two tubes were taken. One for normal test and one for HAP
test. 0.4 mL of was mixed with 40 pL of 50% suspension in
HAP tube and at the same time 0.4 mL of serum was mixed
with 40 pL of PBS (pH 7) normal tubes. Both tubes were
placed for one hour at room temperature (24 °C). After that
following serum protein tests were done for both normal
and HAP tubes to collect the data.

4.7 Serum total protein determination

Serum total protein value was determined by Biuret
method. 60 pL of serum was mixed with 5.0mL of Total
protein reagent and it was kept at room temperature (25 °C)
for 10 minutes. After that, absorbance of this mixture was
measured by using a spectrophotometer (Tomos Biotools,
Shanghai Co. Ltd. Shanghai, China at 546 nm wavelength.
This absorbance value was used to find the serum total
protein concentration.

Absorbance of test

Serum total protein (g/dL) =
Absorbance of standard

— Plasma

&— Buffy coat

100%

Packed RBCs

PVC%

Clay seal

Figure 1: Picture of blood separation in PCV measurement
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Table 1: Statistical data of normal samples and samples with nanocomposites in
red cell indices and serum proteins values.

Normal With nanocomposites Pval
Mean Std. Deviation Mean Std. Deviation g

MCV (1) 88.94 6.30 88.14 8.91 0.877

MCH (pg) 28.81 2.45 26.16 3.59 0.000

MCHC (%) 32.23 1.84 29.45 2.22 0.000

Serum total

protein (¢/dL) 5.87 0.97 4.03 0.91 0.000
Serum albumin

(2/dL) 3.53 0.30 3.20 0.38 0.000

(T -test was used to compare the proportions and 95% confidence intervals
(95% Cl) between normal and abnormal.

Serum albumin determination

Serum total protein value was determined by colorimetric
Bromo cresol green BCG method. Serum albumin value was
determined by 30 pL of serum was mixed with 3.0 mL of
albumin reagent and was kept at room temperature (25
9C) for 5 minutes. After that, absorbance of this mixture
was measured using a spectrophotometer (Tomos Biotools,
Shanghai Co. Ltd. Shanghai, China at 547 nm wavelength.
This absorbance value was used to find the serum albumin
concentration.

Absorbance of test

Serum albumin (g/dL) =
Absorbance of standard

All laboratory tests were conducted according to the
WHO standard operating procedures.

Statistical analysis

Analysis of red cell indices values and serum proteins
were done using SPSS (version 16) statistical software.
Descriptive statistical method was used to identify deviations
from normal values. The paired t test was used to determine
the significant difference between normal samples and
HAP-PMMA nanocomposite introduced samples in red cell
indices and serum proteins. T-test was used to compare the
proportion of abnormal conditions in Hb values and red
cell indices values (p < 0.05 is considered to be statistically
significant, 95% CI was used).

Results and Discussion

A total of 60 undergraduate students of Faculty of Allied
Health Sciences participated in this study. 30 individual for
red cell indices and 30 individuals for serum protein. Five

students were excluded considering the exclusion criteria.
Three of these students had red cell indices were not within
the range of normal level. The age of the Participant’s ranged
between 20 to 28 years and the mean age was 23.76 (*
1.78) years. Table 1 shows the statistical data of normal
samples and samples with nanocomposites in red cell
indices and serum proteins values. There were differences
in MCH and MCHC after introduction of the nanocomposite.
There was effect on red blood cells, hematocrit (PCV) and
hemoglobin levels after introduction of the nanocomposite.
However, there was no difference in MCV mean value after
introduction of the nanocomposite. There were differences
in serum total protein and serum albumin after introduction
of the nanocomposite and there was an effect on serum
protein after introduction of the nanocomposite.

Figure 2 shows the morphology of red cells after one-
hour incubation with the nanocomposite. Images (a), (b) and
(c) shows the obvious RBC irregular membrane without RBC
aggregation. Therefore, lifetime of RBC is decreased causing
breakdown of RBC. Shape and size of red cells was changed
due to the effect of the nanocomposite. In this image, RBC
showed Burr cell appearance and irregularity in middle part.

Figure 3 shows the RBC morphological characteristics
without the nanocomposite. Images (c) and (d) shows the
regular cell membrane with clear cell margin.

In the research findings of RBCs with HAP particles,
hemolysis was not observed. However, obvious RBC
aggregations were observed as rounded and compressed
clumps, and it has been reported in various previous
studies. However, in vitro hemolysis assay has been
investigated with Nano HAPs and results showed no obvious
hemolysis phenomenon was observed after exposure of
nanohydroxyapatite.

22% samples’ MCH value was decreased. 3.7% samples’
MCH value was increased than the normal range and the
rest of the samples MCV value was within the normal range
due to the nanocomposite. 55% of samples’ MCHC value was
decreased than the normal range and the rest of samples’
MCHC value was within the normal range. There was no
increased MCHC value due the effect of the nanocomposite
indicating average volume of RBC was not changed by the
nanocomposite.

40% of individuals’ Hb concentrations were lower than
the cut off value due to the presence of the nanocomposite.

Figure 2: Light microscopic images ( x 40) of RBCs (a, b) after 1 h incubation with the nanocomposite.

)
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Figure 3: Light microscopic images ( x 40) of RBCs (c, d) after 1 h incubation without nanocomposite.

Therefore, 40% of sample had normocytic normochromic
condition. However, microcytic hypochromic conditions and
macrocytic normochromic condition were not observed
due to the effect of HAP-PMMA nanocomposite. There was
significant decrease in MCH and MCHC after introduction of
the nanocomposite and there was no significant difference
in MCV after introduction of the nanocomposite (p<0.05).

There was no evidence of a previous study to check the
effect of the HAP-PMMA nanocomposites on red cell indices.
However, hemolysis study was done to determine the effect
of HAP nanomaterials. The hemolysis was obtained in our
study may be due to the effect of the nanocomposite. Because
previous studies used only nanomaterial (1-100 nm) to
check the interaction. In my study, nanocomposite was
used to check the interaction with red cells. Nanocomposite
consists of 10% HAP NPs and 90% PMMA (~200 nm) [4].
Therefore, hemolysis can be due to the interactions with
PMMA. PMMA can attach to the red cell membrane. Protein
corona formed due to HAP and this protein corona can
attach to the membrane of red cells. Large nanocomposite
corona can attach to the red cell membrane. It can change
the irregular margin of the cell membrane.

22% samples’ serum total value was decreased than the
normal range and the rest of the samples’ serum total value
was within the normal range due to the nanocomposite. 20%
of samples albumin value was decreased than the normal
range and rest of the samples’ albumin value was within the
normal range. There was no increased serum total protein
and albumin value due the effect of the nanocomposite.
There was a significant decrease in the serum proteins after
introduction of the nanocomposite (p<0.05).

In a study of investigating adverse effects of Nano-
hydroxyapatite and TiO, Nanoparticles (NPs) with proteins
has been shown that a typical protein corona formed on NPs
consistsofproteinssuchas serumalbumin,immunoglobulins,
fibrinogen, and apolipoproteins in the human plasma [13].
If nanoparticle enters the blood, it is immediately enclosed
by thin layer of biomolecules called as a protein corona.
Formation of protein corona may cause to the lower albumin
level. Previous study showed protein corona formed due to
NPs. According to my study, there was obvious significant
decrease in total protein and albumin between normal
samples and samples with nanocomposites. Therefore,
there can be an interaction of proteins with particles of

nanocomposites. Whole blood behavior and plasma protein
adsorption on Nano-structured polymer material under
flow conditions using microfluid setup were investigated
and showed surface nano-topography of polymer films
influences primarily plasma protein adsorption, which in
the control of platelet adhesion and thrombus formation
[3]- In a study, protein adsorption on Polystyrene (PS)- and
Polymethyl Methacrylate (PMMA)- based microspheres and
their modified forms were treated with blood components to
evaluate their biocompatibility and showed activated PMMA
surfaces show a great capacity for protein adsorption and
are phagocytosed as much as PS microspheres. The same
trend was observed on the surfaces modified with albumin.
According to the results of my study, protein interaction is
similar as in the previous study. Therefore, PMMA surfaces
may have great capacity for protein adsorption [15,16].

Therefore, this study shows that there can be an effect on
hemocompatibity by releasing particles of nanocomposites
in the bone graft, etc. to the blood stream. However,
sample size can be increased to improve the reliability
of the results. In this study, HAP-PMMA nanocomposite
was used and interaction with blood components may be
due to HAP NPs, PMMA or HAP-PMMA combined effect.
Therefore, it is important to investigate the effect of HAP
NPs and PMMA individually to check which is responsible
mainly for the interactions. The finding can be used in the
optimization of the composition of the nanocomposite
with better hemocompatibity considering the individual
hemocompatibility as well. In my study, nanocomposite
concentration used was 50% (mg/dL) which is a compatible
concentration of inorganic salts of blood plasma. Therefore,
itis important to see the effect of different concentrations of
nanocomposite on hemocompatibility. However, within the
current study, the importance of in vitro tests for evaluation
of the compatibility of nanocomposites with human blood
could be demonstrated. In addition, biocompatibility has
to be evaluated by in vitro studies using osteoblast cell line
before use in a biomedical application.

Conclusion

Within the current study, the importance of in vitro
tests for evaluation of the compatibility of nanocomposites
with human blood could be demonstrated. This study
shows that there can be an effect on hemocompatibity by
releasing particles of nanocomposites to the blood stream.
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According to the study HAP-PMMA interact with blood cells,
hemoglobin and other blood proteins. Therefore, there is
hemolysis of red cells and significant decrease in MCH, MCHC
and blood proteins. 40% of the samples show normochromic
normocytic anemic state due to the effect of the
nanocomposite. However, there is no significant difference
in the MCV values due the effect of the nanocomposite.
Moreover, it is important to investigate the effect of HAP NPs
and PMMA individually to optimize the composition of the
nanocomposite with better hemocompatibity.
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