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Objectives This study aimed to assess and compare the results of sterility and residual solvent testing in a newly developed antler-
derived xenograft versus a bovine-derived xenograft.

Methods First, test and control samples were prepared using thermal and chemical procedures, involving immersion in deionized
water for 24 hours, drying, boiling in sterile water, chemical treatment with chloroform and methanol, and heating at 650°C in a
furnace. Next, they were sterilized via gamma radiation at 25 kGy. The sterility test was then performed based on the 1ISO 11737-
2:2019 standard, using the direct inoculation method. Finally, residual solvent testing was carried out via gas chromatography-
mass spectrometry.

Results The sterility test showed no evidence of bacterial or fungal growth in any of the samples during 14 days of incubation.
Also, residual solvent testing indicated no sign of residual solvents in the samples.

Conclusion Antler-derived xenograft was safe to use in terms of the sterility and removal of residual solvents. Further studies

should be carried out regarding other important laboratory tests as well as the animal and clinical studies.
Keywords Xenograft; Bone substitute; Deer antler; Sterility testing; Residual solvent testing

Introduction

Considering the recent advances in bone regeneration,
alveolar bone defects can be managed with the aim of
reconstructing the natural anatomy, improving aesthetic
outcomes, and placing dental implants. Bone grafting
substitutes are widely used for bone reconstruction.
Currently, several bone replacement materials with variable
properties are available. * Autogenous bone is considered
the gold standard for bone defect reconstruction due to its
osteoinductive, osteoconductive, and osteogenic properties
with predictable outcomes. However, owing to the
drawbacks of autografts, such as possible harvesting
morbidity, unpredictable resorption, and limited available
bone volume for intraoral donor sites, other sources of
grafting material have been also introduced to the market. 2
Allografts obtained from the cadaveric tissue have several
advantages over autogenous bone, while the possibility of
disease transmission and immunological reaction are their
disadvantages. 34

Due to problems associated with allografts and autografts,
there is a tendency toward using xenogeneic grafts.
Biocompatibility, porous structure, reasonable cost, and
mechanical strength are the advantages of xenografts.
Although xenografts have been widely accepted, they have
some disadvantages. Two of the most important
disadvantages of available xenografts are the transmission
of common diseases of cattle and humans, and ethical

issues associated with animal sacrifice. Consequently,
introduction of a safe, effective, and ethically acceptable
xenograft is warranted. 5 ©

The deer antler is the only organ in mammals which grows
quickly and can regenerate on its own. The remarkable
growth rate of this organ and its similar structural features
to the human bone make it an interesting xenograft for
bone regeneration. ™® To confirm the efficiency of
xenografts, manufacturing factories perform various tests,
including cytotoxicity tests and animal studies. Since
xenografts are obtained from different species, it is
important to evaluate the quality of these materials,
including the assessment of organic solvent residues and
sterilization process. 1 ™ Organic solvents are applied
during the synthesis of some medical product formulations.
Various manufacturing processes and techniques are used
to remove them. Nonetheless, after such processes, some
solvents may remain, even in small quantities. '? 1°
Additionally, sterilization of grafting materials is crucial
for the prevention of disease transmission.

Although deer antler has potential applications as efficient
xenografts, it has not been produced commercially.
Therefore, the Technology Unit of the Dental Sciences
Research Center of Shahid Beheshti University of Medical
Sciences produced an antler-derived xenograft, which is
safe, efficient, and in accordance with international
standards. Considering the lack of laboratory tests on
antlers, the present study aimed to assess the sterilization
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and organic solvent residuals of a novel Persian gazelle
antler-derived xenogeneic graft.

Methods and Materials

This experimental study was conducted at Nikoo Farmed
Aria Laboratory, Hesgar Saba Laboratory, Technology
Unit of the Dental Sciences Research Center of Shahid
Beheshti University of Medical Sciences, and the
Department of Periodontics at the School of Dentistry,
Shahid Beheshti University of Medical Sciences (Tehran,
Iran). It was also registered with the ethics code,
IR.SBMU.DRC.REC.1400.127.

Sample preparation

The test sample was extracted from a deer antler (Lotus
Biomaterials®, PZMI Co., Iran), whereas the control
sample was bovine bone (Bone*B®, NovaTeb, Iran),
extracted from the femoral region. Both samples were
prepared using chemical and thermal techniques. First, both
test and control samples were immersed in 4°C deionized
water for 24 hours. This process was extended to 48 hours
due to the color change of water. Second, the samples were
dried in an oven at a temperature of 100°C for six hours to
completely remove moisture and then boiled in sterile
water for six hours.

The samples were dried again in an oven, and then,
chemical treatment with chloroform and methanol (1:1)
was performed to remove waste products from digestion of
bone blocks. To remove any remaining organic solvents,
the final washing was performed 10 times. Subsequently,
the thermal process was conducted in a furnace heated to
650°C at a rate of 10°C per minute for three hours (Azar
Furnace, Iran). Finally, sterilization was carried out using
gamma irradiation at a radiation dose of 25 kGy.

Sterility testing

The sterility test was performed based on the standard 1SO
11737-2:2019 method (https://www.iso.org/standard/70801.html).
In detail, the culture medium was incubated directly (using
the direct inoculation technique) for both deer antler and
bovine bone samples in sterility testing. In this technique, a
small volume of the sample was removed aseptically from
the sample unit and inoculated directly into a suitable
volume of growth medium before incubation. Tryptic soy
broth (TSB) and fluid thioglycollate media (FTM) culture
media were used to assess the presence of fungal and
bacterial microorganisms in the samples, respectively. The
volume of the used broth medium was 400 mL. Next, the
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samples were transferred to the culture medium, incubated,
and controlled for the bacterial growth at the temperature of
30-35°C and for the fungal growth at the temperature of
20-25°C for 14 days. Finally, the incubated media were
observed for the presence (turbidity) or absence (clearness)
of microbial growth daily. The procedure was repeated five
times for both control and test samples to ensure the
accuracy of the results.

The minimum number of items to be tested from each
batch of solid medical devices was 10% of the batch or four
units (whichever was greater) if the number of items in the
batch did not exceed 100. If the number of items in the
batch was more than 500, 2% of the batch or 20 units
(whichever was less) were tested. The minimum number of
items to be tested for each medium was 10 units if the
number of items in the batch was between 101 and 500.
Additionally, a negative control assessment was performed
using the same culture media and incubation periods.
Besides, environmental control was performed using a
settle plate and viable counting.

Residual solvent testing

Gas chromatography/mass spectrometry (GC/MS) was
employed to evaluate the remaining organic solvents. This
method is the process of separating compounds in a
mixture by injecting a gaseous or liquid sample into a
mobile phase and passing the gas through a stationary
phase. A capillary column and helium as the carrier gas
were employed. The inlet line temperature was 270°C, and
the source temperature was 210°C. The temperature
program for the column was set at 25°C for five minutes,
which was increased to 250°C at a rate of 7.5°C/min and
maintained for five minutes. The MS scan was performed
at 30-310 m/z. Acetonitrile (C2HsN, M=41) was used as a
solvent for the GC/MS analysis of both test and control
samples.

Results

Sterility testing

In both the test and control samples, no evidence of
bacterial or fungal growth was found on any of the
incubation days (Table 1). Besides, no evidence of bacterial
or fungal growth was found in five repetitions of the
procedure. The same result was obtained for the negative
control (Table 2).

Table 1- Results of sterility testing of antler xenograft and bovine xenograft

Culture Incubation days Microorganisms
Medium 1 2 3 4 5 6 7 8 9 10 11 12 13 14
TSB + + + + + + + + + + + + + + Fungal
+ 0+ o+ o+ o+ o+ o+ o+ o+ + + + + + Aerobic
FTM + 0+ o+ o+ o+ o+ o+ o+ o+ + + + + + Anaerobic

+: Pass; TSB: Tryptic Soy broth; FTM: Fluid Thioglycollate media
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Table 2- Results of negative control assessment for sterility testing of both samples

Culture Incubation days Microorganisms
Medium 1 2 3 4 5 6 7 8 9 10 11 12 13 14
TSB + + + + + + + + + + + + + + Fungal
+ o+ + 0+ o+ o+ o+ o+ o+ + + + + + Aerobic
FTM + + + + + + + + + + + + + + Anaerobic

+: Pass; TSB: Tryptic Soy broth; FTM: Fluid Thioglycollate media

Residual solvents testing

The results of GC/MS revealed that the test and control
samples had no detectable levels of residual organic
solvents (Figure 1).

.....................................................................
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Figure 1: Results of residual solvents testing of a) Antler
xenograft b) Bovine xenograft: The peak in the chromatograms is
related to acetonitrile that was used as the GC solvent during GC

procedure.
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Discussion

There are various techniques for the management of
localized bone loss. Both autogenous and allogeneic bones
have been successfully employed for this purpose. It is
known that autogenous bone graft harvesting is risky and
that the amount of available bone is constrained. 1> On the
other hand, allografts are associated with the possible risk
of post-operative infection and disease transmission. 16
Alloplastic materials and xenografts are two other bone
replacement grafts, which have been developed to aid in
bone formation and defect filling. 7 Because of the
similarity of the inorganic type to deproteinized human
bone in terms of porous architecture and composition,
xenografts are appealing to clinicians. > However, the need
for animal sacrifice is the main problem of most available
xenografts. Therefore, it is crucial to introduce a xenograft
that can be made from the regeneratable parts of an animal.
Antler is a remarkable model for xenografts due to its
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ability to regenerate, as well as material characteristics. 8
Xenografts need to be sterilized as they are derived from
different animal species. Additionally, chemical treatment
is carried out for most xenografts while they are being
prepared. These chemicals should not be present in the
xenografts at any amount, as they are toxic and non-
biocompatible. In the current study, an antler-derived
xenograft was compared with a bovine-derived xenograft,
and sterilization and removal of organic solvent residues
were evaluated. The present findings revealed that
sterilization and elimination of organic solvent residues
were successfully achieved in the test and control samples.
Biomaterials can be sterilized using various methods,
including dry heat, ethylene oxide, high-pressure steam,
gamma irradiation, and gas plasma; meanwhile, gamma
irradiation is the most popular one. Almost all available
xenografts were sterilized with gamma irradiation,
including Bio-Oss®, Cerabone®, Bone Plus®, and OCB-X®.
Generally, gamma sterilization is characterized by better
penetration, greater sterility assurance, and higher
effectiveness, regardless of temperature and pressure. 8
Therefore, gamma irradiation was selected in the current
study to sterilize the antler-derived xenograft.

The two recommended techniques for sterility testing of
biomaterials are membrane filtration and direct inoculation.
Membrane filtration sterility testing is used for filterable
products. Consequently, the direct inoculation technique
was used in the current study. ** This technique was also
employed in studies by Nguyen et al. 2° and Hilmy et al. 2
to validate the sterilization of allografts. While direct
inoculation is a straightforward procedure, it has some
limitations. The sensitivity of this test is constrained by the
fact that only small amounts of the product can be
inoculated into the culture medium. It may be difficult to
identify turbidity caused by microbial growth at the end of
the incubation period if the sample initially appears cloudy
or turbid after inoculation. Additionally, the sample needs
to be neutralized if the product has antimicrobial qualities
to prevent the inhibition of microbial growth. 2

One important factor in direct inoculation is environmental
contamination. Therefore, air and surface of the working
desk need to be monitored ??; otherwise, it may yield
erroneous results. Accordingly, a negative control test was
also carried out in this study to make sure that there were
no false positive results and to guarantee the environment
sterility for sterility testing. Solvents that are used in the
production of materials but are not entirely eliminated after
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processing are known as residual solvents. To make sure
that solvents are not present at levels posing a threat to
human health, residual solvent testing is essential. Any
organization that uses solvents in manufacturing and
production procedures is required to conduct residual
solvent testing. Additionally, residual solvent testing can
help prevent contamination and product failure and
guarantee suitable products for human consumption. 2
Testing for residual solvents in biomaterials is typically
performed using one of the following three techniques: thin
layer chromatography (TLC), high-performance liquid
chromatography (HPLC), and gas chromatography (GC).
However, due to its advantages, GC/MS analysis is the
technique of choice. The advantages of GC/MS include
improved sample identification, increased sensitivity, use
of small samples, strong separation capability, good
selectivity, broad applications, and quicker results. 24
However, there are two significant drawbacks to GC/MS
analysis. First, the range of volatile, thermally stable
compounds that can be analyzed is relatively small, and
second, molecular ions are frequently absent or weak in the
mass spectra. 2

Additionally, almost all GC separations use GC solvents
for the analysis of low-volatile substances. Acetonitrile was
used as the GC solvent in this study due to its low chemical
reactivity, high miscibility with water mixtures, and low
viscosity. % Acetonitrile, with a retention time of 1.572
minutes, was the only visible peak in the chromatograms of
both samples used in this study, suggesting that there were
no solvents remaining in the samples. Moreover, any newly
developed xenograft needs to meet certain requirements as
a bone substitute (e.g., biocompatibility, non-toxicity,
immunity to disease and antigens, and similarity to the
human bone structure). Each of these requirements should
be verified using multiple tests.
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To confirm the non-toxicity and absence of
microorganisms in the antler-derived xenograft, the sterility
and residual solvent tests were performed for the antler-
derived xenografts in this study. However, there are other
important tests that need to be performed to confirm
xenografts in terms of biocompatibility, absence of
antigens, and similarity to the natural structure of the
human bone, namely, assessment of morphology, porosity,
Ca/P  ratio, cytotoxicity, and immunogenicity,
thermogravimetric analysis, X-ray diffraction analysis, and
Fourier-transform infrared spectroscopy.

Limitations

In this study, only two tests were selected from a group of
tests that should be performed to confirm the use of
xenografts commercially. Another limitation was that in
this in vitro study, the effects of preparation methods on the
clinical outcomes were not examined. Finally, the effects of
preparation methods on the stimulation of osteogenic
factors (e.g., differences in cell response to bone graft
substitutes prepared by different methods) were not
investigated.

Conclusion

The results of the current study showed that the sterilized
antler-derived xenograft was appropriate in terms of the
removal of residual solvents, and there was no evidence of
microorganisms or residual solvents in either the study or
control samples. Further animal and clinical assessments in
future studies, as well as in vitro research using other
laboratory tests, are suggested.
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