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ABSTRACT

BACKGROUND Commercialized synthetic bone grafts are commonly used to replace
the bone defect. Cuttlefish bone is naturally available and widely studied, but the
specific cytotoxicity test has not been conducted. This study aimed to evaluate the
cytotoxicity of the xenograft compared to commercial grafts.

METHODS We performed an in vitro test evaluating the viability of human mesenchymal
stem cells (hMSCs) when cultured for 48 hours with the tested materials (cuttlefish
bone graft and fabricated PerOssal®). The trypsinized mitochondrial activity of the
viable hMSC was assayed based on colorimetry of the formazan color change. The
tested material was considered nontoxic if >70% of the hMSCs were viable. The in vivo
cytotoxic effect was evaluated by implanting the graft material in the femoral muscle
of New Zealand (NZ) white rabbits. Nine rabbits were used in each test (cuttlefish
bone, PerOssal®, and NaCl 0.9%). The systemic acute pyrogenic effect was evaluated
based on 72 hours body weight changes and rectal temperature changes every 30 min
in the first 3 hours and 72 hours post-implantation.

RESULTS The mean percentage of hMSC viability when cultured with cuttlefish bone
graft and PerOssal® was comparable (93.47% and 105.37%, respectively, p = 0.240).
The in vivo cytotoxicity on NZ rabbit was similar between all tested materials, as
shown by the minor changes in body weight (<10% body weight, p = 0.391) and rectal
temperature (<0.5°C, p = 0.127).

CONCLUSIONS Cuttlefish bone xenograft and fabricated PerOssal® have a similar non-
cytotoxic effects on hMSCs and non-pyrogenic systemic effects on rabbits.

KEYWORDS bone substitute, cuttlefish bone, cytotoxicity tests, xenograft

Bone grafting is an operative procedure
performed to replace a bone defect.” This procedure
is the second most frequently performed procedure
after blood transfusion.? According to a previous
study, a bone graft may be an autograft, allograft,
and xenograft.? Currently, an autograft is still the
gold standard for repairing bone defects, as it has
osteoconductive, osteoinductive, and osteogenesis

properties and provides growth factors with a
relatively low risk of infection.! However, bone
grafting has several disadvantages, including
postoperative pain, hematoma formation, infection,
neurovascular trauma, and esthetic deformity, and
bone grafts are limited to small defects.* Moreover,
allograft and xenograft are developed because of the
limited availability of autograft. Allograft requires a
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rigorous preparation to reduce a possible transmission
of disease, thus losing most of its osteoconductive,
osteoinductive, and osteogenesis capabilities.>*

Bovine xenograft has been widely used.>¢ It plays a
roleinthe development of subsequent xenografts. One
of the origins of xenografts is cuttlefish bone; it has a
lower production cost, high worldwide availability, and
naturally procured. Cuttlefish bone xenograft acts as a
scaffold with a high degree of porosity, which is ideal
for bone grafting. It has appropriate interconnectivity,
suitable for the biologic activity of bone growth,
and revascularization.” Following the application of
cuttlefish extract, the callus grows thicker with higher
osteoblast proliferation, ultimately resulting in better
bone healing process.®® However, before the natural
xenograft could be introduced for a human clinical
trial, the toxicity of cuttlefish bone xenograft in vitro
and in vivo needs to be evaluated to prove the safety
of its application.

Synthetic bone grafts are currently used owing
to their availability and high reproducibility.>* The
bioavailability of synthetic bone graft is widely
investigated, which largely depends on the
architectural features of the composite material.*
PerOssal® is a synthetic bone replacement material
that consists of nanocrystalline hydroxyapatite and
calcium sulfate. It possesses osteostimulation and
osteoinductive properties, which may promote bone
healing. In addition, this material may be used to
administer antibiotics into a bone defect.

Several studies are evaluating the in vitro and in
vivo potency of cuttlefish bone xenograft as a bone
replacement or as a scaffold.® Nonetheless, before
a medical device is allowed for human application,
biocompatibility  safety
according to U.S. Food and Drug Administration,
Japanese guidelines, and International Organization
for Standardization should be met.* The in vitro
test would be assessed by the viability of human

several assessments

mesenchymal stem cells (hMSCs) after cultured with
the tested material. New Zealand (NZ) white rabbit
is commonly used as an animal in vivo cytotoxicity
test model because of its docility and easy-to-
maintain health." The systemic cytotoxic effect was
evaluated based on acute systemic responses such as
an alteration in body weight due to diarrhea and loss
of appetite and on the pyrogenicity of the implanted
material based on rectal temperature changes before
and after culture.™” The rabbit pyrogen test was
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used for biocompatibility because rabbits respond to
pyrogens regardless of their source.” Thus, this study
was aimed to compare the in vitro and in vivo toxicity
of cuttlefish bone xenograft with a commercially
available bone substitute (PerOssal®).

METHODS

This was an experimental study performed at the
Laboratory of Tropical Disease Center of Universitas
Airlangga, from February through August 2018.

Study design

The in vitro cell viability test was performed
using hMSC cell line incubated for 48 hours in 96-well
plates with the tested material.” Cell viability was
assayed by colorimetry which measured the optical
density (OD) of the cell suspension and compared
with the blank well as the control as described by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay."" This process was repeated in
triplicate.

The in vivo cytotoxic test was a controlled animal
laboratory experiment. The minimum number of
required samples was calculated using a sample
size formula.” In this study, 27 NZ white rabbits
(Oryctolagus cuniculus) were divided into three
groups, with nine rabbits for each group (cuttlefish
bone, PerOssal®, and control). This study was fully
compliant with animal research on the reporting of
in vivo experiments (ARRIVE) criteria.” The study
protocol was approved by the Animal Care and
Use Committee, Universitas Airlangga, Indonesia
(certificate number: 0326/KEPK/V/2018).

Handling of animals

All rabbits were housed in the animal care
laboratory and were well-taken care according to the
standards of the National Institute of Health.” The
inclusion criteria were as follows: male rabbits, age 6-9
months, healthy without any disability, ambulatory,
and body weight of 2,500-3,000 g. The exclusion
criteria were surgical wound infection and death. The
rabbits were housed individually in separate cages (100
x 60 x 75 cm) with following environmental conditions:
temperature of 21 *+ 2°C; humidity of 60 * 10%, and
lighting of 350 lux intensity with 12-hours dark and
light cycle. All rabbits were fed regularly and provided
with an unlimited supply of water.

Medical Journal of Indonesia



138 Med J Indones 2020;29(2)

Preparation of hMSCs

The human bone marrow was extracted from
the femoral shaft of a patient undergoing femoral
nailing. The patient has consented to have his/her
bone marrow tissue extracted for further research
purposes. The bone marrow was put into a 50-ml
conical tube, phosphate-buffered saline (PBS) 1:1
was added, suspended to be homogenous, and then
carefully layered on 5 ml of Ficoll in a conical tube. It
was then centrifuged for 30 min at 1,600 rpm, at 26°C
until separated into four layers. The second layer
was a buffy coat, which looked like a cloudy ring. The
buffy coat was put in a 15-ml conical tube, washed
with 10 ml of PBS, and centrifuged for 5 min at 1,600
rpm. The pellet was resuspended in culture media
until becoming homogenous, placed in a 10-cm plate,
labeled, and then incubated in a CO, incubator.”

Preparation of cuttlefish bone xenograft

Aragonite (CaCO;) was obtained from the lamellae
of cuttlefish bone powder, using high-energy milling
three-dimensional motion or mortar. It was heated
in a furnace at 350°C for 3 hours. The CaCO, content
was quantified using X-ray diffraction (XRD). Then,
100 g of CaCO, was added to 1 liter of distilled water
to acquire a 1 M solution. The 0.6 M NH,H,PO, solution
was prepared by dissolving 69 g of the compound in 1
liter of distilled water.”'® The hydrothermal reaction to
produce hydroxyapatite (HA) was as follows: 10 CaCO;
+ 6 NH,H,PO, + 2H,0 - Ca,(PO,) 6(OH), + 3 (NH,) 2CO,
+ 7 H,CO,. The reaction was carried out by mixing two

Figure 1. Crystal structure of the cuttlefish hydroxyapatite
under the scanning electron microscope
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previous solutions using a magnetic stirrer for 30 min.
The mixture was then heated at 200°C for 12 hours.
The mixture was then cooled at room temperature and
washed with a distilled water using a magnetic stirrer
until it was separated from the water and a neutral
pH was achieved. The final washing process contained
methanol to limit the agglomeration of HA during
the drying process.” The washed sample was filtered
through a filter paper and dried in an electric oven at
50°C until completely dry. The HA sample that was
formed during this process was labeled. The crystal
structures were characterized using XRD (Figure 1). The
morphology and the ratio Ca/PO, were quantified using
scanning electron microscope-energy dispersive X-ray
spectroscopy.”"”

The synthetic bone graft was PerOssal® (AAP
biomaterials GmbH, Germany; product number:
42000000-AKS-004699091). It is in powder form
and ready to use. Several other similar products are
available from different brands. However, this product
is already approved by the Indonesian Food and Drug
Regulator (registration number of AKL 21302802278).

Surgical procedure and animal sample preparation

The animals were anesthetized with ketamine
(40 mg/kg) and xylazine (5 mg/kg) intramuscularly
and placed prone on a warm pad. The right thigh
was disinfected and draped aseptically. The right
quadriceps muscle of the control group was injected
with NaCl 0.9% alone (0.5 cc), while the cuttlefish
bone group was injected with cuttlefish bone extract
+ Nacl 0.9% mixture (0.5 cc), and the Perossal® group
was injected with Perossal® + NaCl 0.9% mixture. The
bone graft material was injected in the muscle to
introduce the possible clinical cytotoxic effect (rectal
temperature and body weight changes to represent
the health status of the animal sample) as shown in
Figure 2. Given the aseptic process, within 72 hours
of evaluation, the injection site should not show
an inflammatory reaction and functional lesions.
If a wound infection is present, the sample will be
excluded.

A reduction in body weight is one of the
indicators of systemic health status in response to
cytotoxicity, which usually appears with diarrhea or
loss of appetite.”? Body weight was measured before
implantation and at 72 hours after implantation.
Rectal temperatures may signify immunological
systemic reaction in the in vivo models.” The rabbit
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Figure 2. Surgical procedure (sequential clockwise from the upper left). (a) Disinfection; (b) draping; and (c and d) injection of the
mixtures (NaCl 0.9% for the control group, cuttlefish bone extract + NaCl mixture for the cuttlefish bone group, and PerOssal® +

NaCl mixture for the PerOssal® group)

pyrogenicity test was conducted by recording the
rectal temperatures at baseline (30 min before
injection) and 30-min intervals up to 3 hours post-
implantation and 72 hours there after. The tested
material is not pyrogenic if no rabbit showed an
individual rise in temperature of 20.5°C above its
respective control temperature. The requirements
for the absence of pyrogenicity are met if not more
than three of the nine rabbits have an individual
rise in temperature of 20.5°C or if the sum of the
maximum rise in temperature of the nine rabbits
does not exceed 3.3°C."2 During housing, the health
status of the animals were monitored three times
daily. No adverse events should be observed in any
of the animals.™

Cytotoxicity test using MTT assay

The viability of hMSCs in vitro was evaluated by
MTT assay methods on each group. Cell viability was
measured based on formazan color change. The
cells at 80% confluent were trypsinized and plated
in 96-well culture plates (1 x 10* cells/well). Each well
contained 100 pl of cell suspension, and the plates
were incubated for 24 hours at 37°C in a 5% CO,
environment. The media was removed from each
well after 24 hours. Subsequently, 100 pl of eluent

from the 0.5, 1, 5, 25, 50, 100, or 200 pg/ml cuttlefish
bone powder, PerOssal® powder, positive/negative
control, and blank wells was placed into the 96-well
culture plates (3 x 8 wells/test material), as shown in
Figure 3.

Cell viability was assessed after the incubation.
The experiments were repeated three times. Then,
100% viability was determined by the mean OD of
the control group (hMSC with media). The OD of the
blank well was considered 0% cell viable. The results
for the experimental, positive, and negative control
groups were normalized to the blank. The relative
cell count ratio was calculated using the following
formula (Equation 1):"

optical density sample - optical density blank
x
optical density control - optical density blank

% Cell viability = 100% (1)

Statistical analysis

Acquired data were tested by normality test using
the Shapiro-Wilk test. If the data were distributed
normally, the one-way analysis of variance was used.
Otherwise, nonparametric Mann-Whitney test was
performed. For repeated measurements, we used
the general linear model. If data were not distributed
normally, Kruskal-Wallis test was performed. All

Medical Journal of Indonesia



140 Med J Indones 2020;29(2)

96-well culture plate

4
10 cell/well
(10 pl hMSC suspension)

.

Incubated for 24 hours at 37°C
in 5% COZenvironment

v

All media removed

v

Diluents:

and 200 pl

- Control negative without media
- Control positive media
- Cuttlefish bone graft
- PerOssal®
Put 100 pl diluent to each well (3 columns per diluent)
Each well will contain a volume of 0, 0.5 ul, 1 ul, 5 ul, 25 pl, 50 wl, 100 pl,

Figure 3. Flow chart of the cytotoxic test using
hMSCs and MTT assay. hMSCs=human mesenchymal
stem cells; MTT=3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide

statistical analysis was done using the SPSS software
version 18.0 (IBM Corp., USA).

RESULTS

As shown in Table 1, the mean percentage of
cell viability in the cuttlefish bone and PerOssal®
groups were similar. All nine tests of both materials
showed >70% viability which meant that cuttlefish
bone and PerOssal® grafts were considered nontoxic
for medical device assessment, mean (standard
deviation) cell viability: cuttlefish bone at 0.9347
(+0.09) and PerOssal®at 1.0573 (+0.32); p = 0.240 as
shown in Figure 4.’

Post-hoc analysis using Bonferroni indicated that
cuttlefish bone and PerOssal® bone grafts endured
similar acute systemic outcome (p = 0.864). Body
weights shifted less than 5% (100 g of 2,500 g).

The average rectal temperature of the nine
rabbits before implantation was within the healthy
normal range. Thus, the pyrogenicity test may be
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v

Incubated for 24 hours at 37°C in 5%
CO; environment

v

MTT assay
(To check % cell viability)

v

Replicated three times

performed. The average rectal temperatures were
done after implantation taken at 30-min interval
for the first 3 hours and 72 hours. The three tested
implant materials showed similar rectal temperature
changes before and after the implantation. Since the
temperature changes were within the range of 0.5°C,
all cuttlefish bone, PerOssal®, and control groups
(Nacl 0.9%) passed the pyrogenicity test (p = 0.127)
(Table 1).

DISCUSSION

In vivo cytotoxic test was conducted to ensure
the safety of the implant for human application. The
short-term in vitro study is not comparable to an in
vivo study since most measurements of the toxic
effects was only conducted within 12-24 hours after
exposure to a toxic substance.'*®® In vivo reactions
tend to be more complex and possibly performed
beyond 24 hours. Thus, it is imperative to use animal
samples to test bonegrafts before human clinical
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Table 1. Toxicity effect of cuttlefish bone and PerOssal®
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M Cuttlefish bone PerOssal®

In vitro hMSC

In vivo (9 NZ rabbits per test)*

Cell viability (%), Body weight (g),

Temperature before intervention (°C), Temperature after intervention (°C),

mean (SD) mean (SD) mean (SD) mean (SD)
Control 100 46.67 (10.00) 39.55 (0.31) 39.46 (0.25)
PerOssal® 105.73 (32) 45.55 (11.30) 39.36 (0.35) 39.21 (0.29)
Cuttlefish 93.47 (9) 40.00 (11.18) 39.48 (0.86) 39.43 (0.17)
p 0.240" 0.391 0.488* 0.127*

hMSC=human mesenchymal stem cell; NZ=New Zealand; SD=standard deviation

*Every rabbit weighted 2,500-3,000 g; 'Kruskal-Wallis test; fone-way

trials.® The animal selection criteria require using
animals with similar physiology and pathology with
humans.>™n this study, all NZ white rabbits survived
until the end of the study, which is in accordance with
the nature of NZ white rabbit.”

In this study, cuttlefish bonegraft as xenograft
has similar cytotoxicity with PerOssal® when
incubated with hMSC from human femoral bone
marrow. A similar result using osteoblast cell line
from rat calvaria was reported by Vajrabhaya et al*
where the decline in viability percentage of the cell
was similar in the cuttlefish bone powder group and
control group. In this study, the proliferative effect
of the cuttlefish bone also showed good results.
This fact may be explained by the properties of HA
from cuttlefish bone that is quite similar to those
found in calcium-based tissues in humans.” Other
studies found that the cuttlefish bonegraft has the
potency to induce osteoblast differentiation and
proliferation.”?>* This circumstance is postulated
because of the presence of Mg* on the material,
which was proven to promote osteogenesis.”»* Thus,
cuttlefish bone powder poses low toxicity and ability

analysis of variance

to promote osteogenesis, prompting its possible
application as bone graft material.'#*

The cytotoxic effect in vivo in laboratory animals
may present as diarrhea or severe loss of appetite
which are usually related to reduced body weight
or even death. The rectal temperature signifies
an immunological inflammatory reaction in in vivo
models. The acute systemic toxicity examination in
this study for PerOssal®, cuttlefish bone, and control
groups showed minor acute systemic toxicity reaction
and pyrogenicity, whichis consistent with the previous
experiment with rat fracture model.>7

Dogan and Okumus?® reported that cuttlefish
bone xenograft did not affect the physiological
measurement of the NZ rabbit after 24 weeks of
implantation, allowing the cuttlefish bone to become
bone xenograft potential material. They also showed
no increase in inflammatory cells histologically; thus,
the graft does not cause inflammatory reactions.>>
This is in agreement to the implantation of cuttlefish
bone extract into Rattus norvegicus with fractured
tibial bone that resulted in thicker callus formation
and higher proliferation of osteoblast without
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significant inflammatory reaction.® This information
signified that an accelerated bone healing process
may be affected by the application of cuttlefish bone
extract.>*?*

This study has several limitations. The authors
only examine the toxicity effect of cuttlefish bone
graft in the acute phase (72 hours). The only aspects
explored were the pyrogenicity and the effect of the
graft to the animals’ body weight, and the authors did
not evaluate chronic toxicity. Further bioavailability
tests need to be conducted to evaluate the effect of
cuttlefish bone xenograft in terms of its genotoxicity,
irritation, implant
rejection, and carcinogenicity. In conclusion, the

sensitization, chronic toxicity,

cuttlefish bone xenograft has similar nontoxic effect
on hMSCs from bone marrow to the fabricated
synthetic bone graft PerOssal®, and both passed the
pyrogenicity rabbit test.
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