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Abstract. The cytotoxicity test is one of the biological
evaluation and screening tests that use tissue cells in vitro
to observe the cell growth, reproduction and morphological
effects by medical devices. Cytotoxicity is preferred as a pilot
project test and an important indicator for toxicity evaluation
of medical devices as it is simple, fast, has a high sensitivity
and can save animals from toxicity. Three types of cyto-
toxicity test are stated in the International Organization for
Standardization 109993-5: Extract, direct contact and indirect
contact tests. The xCELLigence real-time cell analysis system
shows a significant potential in regards to cytotoxicity in
recent years. The present review provides a brief insight into
the in vitro cytotoxicity testing of medical devices.

Contents

1. Introduction
2. Detection methods
3. Outlook

1. Introduction

Biocompatibility is concerned with medical devices in a
specific environment and location of the host, their ability to
react with each other when directly or indirectly in contact
with the host, the biological properties of medical devices when
static, the dynamic process of change in vivo and the ability to
tolerate all the host systems while maintaining relative stability,
with no exclusion and destruction (1-3). Medical devices must
undergo rigorous testing to determine their biocompatibility
when they have contact with the body, regardless of their
mechanical, physical and chemical properties or how good
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they are until they are used in the human body, according
to the International Organization for Standardization (ISO)
and national standards (4,5). With the continuous develop-
ment of science and technology, a new medical device must
undergo biocompatibility tests of cytotoxicity, sensitization,
intradermal irritation, acute systemic toxicity and a series of
tests prior to entering a clinical environment to ensure safe and
effective use for humans.

Medical devices have been widely used in various clinical
disciplines (6). As these devices have direct contact with the
tissues and cells of the body, they not only require good physical
and chemical properties, but must also have good biocompat-
ibility (7). Security for medical devices has increased in value
by governments. A series of international standards for medical
devices (ISO 10993) have been published by ISO in 1992, and
scientists in China began studying methods for evaluation of
medical devices since the late 1970s, thus ensuring safety in
the research, production and clinical use, and promotion of the
development of medical devices (8,9). Among the biocompat-
ibility tests, cytotoxicity is preferred as a pilot project test and
as an important indicator for the evaluation of medical devices
as it is simple, fast, has a high sensitivity and can save animals
from toxicity (10,11).

The cytotoxicity test, one of the biological evaluation and
screening tests, uses tissue cells in vitro to observe the cell
growth, reproduction and morphological effects by the medical
devices (12). Cytotoxicity is one of the most important methods
for biological evaluation as it has a series of advantages, along
with the preferred and mandatory items (11). Part 5 of the
biological evaluation of medical devices in ISO 10993-5 is as
follows: Regulations of cytotoxicity in vitro, countries have
to make the relevant provisions of the corresponding cyto-
toxicity tests according to their actual situation (13). With the
continuous development of cytotoxicity tests, methods, such as
detection of cell damage by morphological changes, determi-
nation of cell damage, measuring cell growth and metabolic
properties, have appeared and have gradually been developed
from qualitative evaluation to quantitative (14-17). However,
the correlation remains to be further studied, as well as the
evaluation of the correlation results of these methods with
other biological evaluation. Due to the diversity of medical
devices, the variability of the environment of the body and the
complexity of the interaction between the body and medical
devices, a uniform evaluation method or cytotoxicity test
evaluation system has not been established thus far.
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Three types of cytotoxicity test are stated in ISO 10993-5:
Extract, direct contact and indirect contact tests (including
agar overlay assay and filter diffusion). In general, the extract
test is suitable for detecting the toxicity of soluble substances
of medical devices and is usually consistent with the results
of animal toxicity tests. The direct contact assay is the most
sensitive for testing the cytotoxicity of the medical devices;
the medical devices can be measured even with weak cyto-
toxicity (18). The agar overlay assay is suitable for the medical
devices that have large toxicity and bulk filtering (19) and the
molecular filtration method is suitable for the biocompatibility
evaluation of the toxic components of small molecular weight
medical devices (20). Gao et al (21) identified a good correla-
tion between the direct and indirect contact test and a lesser
association between the extract test and the other two trials.

2. Detection methods

Extract test. The mitochondrial dehydrogenase performance
measurement, also known as the 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (methyl thiazolyl tetra-
zolium; MTT) assay, is a rapid assessment of cell proliferation
and cytotoxicity colorimetric assay to measure cell metabo-
lism or function used (22). The main principle is as follows:
Mitochondrial dehydrogenase in the cytochrome b and c sites
of the living cells can cleave the tetrazole ring, and the yellow,
water-soluble MTT is reduced to produce a purple crystalline
formazan. This substance is soluble in dimethyl sulfoxide and
other organic solvents, but is insoluble in water. The amount of
crystals formed has a positive correlation to the number of
cells and their activity, and measuring the absorbance (optical
density) colorimetric value reflects the number of surviving
cells and metabolic activity.

The MTT assay is currently the most commonly used
method to test cell growth rate and toxicity of the culture.
Although the MTT assay has a sensitive response to the
proliferation of medical devices, it has numerous problems in
application. For example, the test results were not the same
when using different doses of extract from natural latex
rubber condoms. A previous study reported on 15 brands
from 6 batches of condoms (6 cm?/ml proportion extraction)
assessed by the MTT assay. When the extract doses were 50,
20 and 10%, the cell toxicity grades were 4, 2 and 1, respec-
tively. However, when these medical devices were detected by
the indirect method, all had a cell toxicity of grade 2. Similar
results occurred with assessment of disposable catheters and
medical gloves: When the doses of the extract tested were
50-100%, all the cytotoxicity results were grade 4; however,
when the dose was 25%, the test results were distributed in
grades 4, 3 and 2 (23). Cytotoxicity of an ultrasound-coupling
agent showed that the same method of extraction leads to
different results as the cell densities were not the same; this
was not the case with the indirect method. Certain investiga-
tors have studied the effects of concentration and time on
cell cytotoxicity and found that when the cell concentration
was not the same, the time that toxicity appears was not the
same. Within a certain range, toxicity increases with time
gradually (24). Thus, determining the appropriate time to
evaluate the toxic effect is also essential. However, the MTT
assay can easily reflect the dose-related toxicity, but requires a
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significant amount of time to determine the influence of time
on the testing of the medical devices. In summary, although
the MTT assay is more accurate than other detection methods,
it is relatively simple, but it is also cumbersome. There are
numerous steps in the course of the MTT assay, and it is
time-consuming, repetitive and has a slightly poor outcome.
Traditional cytotoxicity tests use artificial methods, such as
measuring platelets to count the number of surviving cells,
which can be affected by humans and environmental factors,
leading to errors and a long test cycle.

Test by indirect contact
Molecular filtration. Molecular filtration detects cytotoxicity
by evaluating the activity of the monolayer succinate dehy-
drogenase effect by the medical devices. Monolayer cells are
cultured on a cellulose ester filter first and the original culture
medium is subsequently replaced with medium containing
agar, allowing fresh medium gel on cells. Finally, the
single-cell membrane gel is separated and reversed to expose
the membrane upwards. Following exposure to the sample, the
filter is removed and the metabolic activity of cells affected
by the sample is measured (25). This method can observe the
primary and secondary cytotoxicity of medical devices, and is
simple, rapid, sensitive, reliable, easy to promote and suitable
for the evaluation of the short-term and mildly toxic medical
devices, but it has the shortcomings of impact force from the
medical devices deposited in the diffusion of the product.
Agar overlay assay. This method is used to evaluate the
biological medical devices that can leach toxic substances, and
it can be performed on medical devices or extracts. Prior to the
addition of 1% live cells containing dye (such as neutral red)
agar or agars (low melting point) to update the trial media,
the monolayer should be cultured first. Agar placed between
the cells and the medical devices on the agar forms a barrier.
Nutrients, gases and soluble toxic substances can penetrate and
diffuse the agar (26). This is a semi-quantitative test method,
and the degree of destruction of the membrane of cells are esti-
mated by electron microscopy or the radius of the dissolution
and bleaching zones is visualized. This method is simple, rapid,
inexpensive and easy to promote. As there is an agar isolation
layer between the medical devices and the cell, this method
is suitable for screening a wide range of medical devices and
large quantities of toxic medical devices. Motsoane et al (27)
used this method to evaluate 11 types of biological medical
devices, and the results were satisfactory and suggest that the
key to ensure the success of this experiment is the proper use
of neutral red dye and controlled temperature of agar medium.
However, the presence of agar cannot adequately represent the
barrier in vivo, and sensitivity is also vulnerable and can be
affected by the extent of leachables that can diffuse in the agar.
This method has high sensitivity for small molecular weight
and water-soluble extractables (low sensitivity and vice versa),
There is, however, susceptibility to subjective factors in the
results (area of fade and dissolve proportions).

Direct contact method. The direct contact method yields direct
contact of the solid medical devices with cultured mamma-
lian cells in vitro. The cytotoxic test occurs by observing
the morphological changes and detecting the changes in the
number of cells; it can directly reflect the impact of testing the
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medical devices on the cells. Although the method has high
sensitivity, it is more demanding for the medical devices, and
suitable medical devices are limited (28). For example, certain
less dense medical devices, such as condoms, float easily in the
medium, and as the cells are difficult to access, this law does
not apply for testing (29).

Other methods. Cell growth inhibition tests, the ultraviolet
spectrophotometer assay, cell rehabilitation method, the degree
of cell proliferation assays, cell morphology observation,
dentin barrier and high-pressure liquid chromatography are
used for the cytotoxicity analysis. In recent years, the evalu-
ation methods have been developed from the whole animal
and cellular level to the molecular level using molecular
biology techniques, such as the activation of proto-oncogenes
and tumor-suppressor gene inactivation studies. Investigators
have reported the restoration of the precipitated metal ions on
the oral mucosa cells and osteoblast-like cells, DNA damage
and induction of apoptosis at the molecular level (30,31).
Markey et al (32) reported an estrogen compound (bisphenol
propane) leaking from dental medical devices, and plastic
products can cause changes in DNA synthesis and induce
abnormal body morphology, function and behavior. Therefore,
more research is required to evaluate the biological proper-
ties of dental medical devices, including potential estrogenic
activity.

3. Outlook

The cytotoxicity test is one of the most important indicators
of the biological evaluation system in vitro, and with the
progress of modern cell biology, experimental methods to
evaluate cytotoxicity are also continuously being developed
and improved. However, there are no uniform cytotoxicity
test methods, and all these existing methods have particular
problems. The xCELLigence real-time cell analysis system
(RTCA) is an impedance detection sensor system, and through
a special process, the microelectronic sensor chip integrated
into the bottom of the cell detection plate allows for a real-time,
dynamic, quantitative assessment of tracking changes in cell
morphology, cell proliferation and differentiation. When the
electrode interface impedance changes due to cells grown on
the microelectrode surface, this change shows a correlation
with the real-time state, and relevant biological information
can be obtained via the real-time dynamic electrode imped-
ance detection, including cell growth, morphology and
death (33). Urcan et al (34) used RTCA technology to assay the
proliferative capacity of human gingival fibroblasts to investi-
gate cytotoxicity of the most common monomers/comonomers
in dental resin composites, showing that the technology has a
good prospect. We are trying to introduce RTCA technology
into cytotoxicity tests of medical devices in vitro, to establish
a more objective and accurate method for evaluating the cyto-
toxicity of medical devices in vitro.
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