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We developed new evaluation methods for color contact lenses (CLs) and sensor—embedded CLs to
improve their quality and safety and to promote their development, including a CL-specific
cytotoxicity test method, a physical safety evaluation method for CLs with sensors, and a
leachate test method using chemical analysis. In addition, we developed a friction test method
using CL-type standard materials that could serve as a quality evaluation method for CLs, and an
in vitro ocular irritation test method using a reconstructed human corneal-like epithelial (RhCE)
model to replace the house rabbit eye wear test for CLs

A novel CL specific cytotoxicity assessment method using a reconstructed human cornea model was
investigated. the feasibility of a cytotoxicity assessment method of the LabCyte CORNEA-MODEL
RhCE model with zinc diethyldithiocarb amate (ZDEC) and zinc dibutyldithiocarbamate (ZDBC) as
standard positive control substances, using inflammation—inducing cytokines as indicators, was
confirmed. The feasibility of the cytotoxicity assay using ethylene propylene rubber as a

standard positive control was also confirmed.

Because it is anticipated that the physical irritation on cornea associated with pigments or
sensor exposure of CL surface may cause ocular damage to the wearer, we evaluated friction property
of CL as one possible factor to induce the irritation using a pendulum—type apparatus which enables
to mimic its actual usage condition. In this study, we developed a novel pendulum—type apparatus
with an inclinometer, and optimized apparatus features and measurement condition to simulate actual
usage condition of CL. Although we evaluated exposure of pigments on various CLs surface by TOF-
SIMS, their friction coefficients measured by our apparatus did not show relationship with the
exposure. On the other hand, surface protuberance was observed by white interference microscopy on
some CLs which showed relatively high friction coefficient, irrespective of pigment exposure on CL
surface, suggesting relationship between presence of protuberance and high friction coefficient of
CL. Therefore, measurement of its friction coefficient can be used to evaluate quality, especially

surface quality of CL.

In recent years, the development of CL-type wearable medical devices has accelerated with the
development of information technology. Due to their characteristics, these medical devices use
materials that are different from traditional CLs, and the variety of compounds that are eluted
makes ensuring their safety a concern. Genotoxicity tests, which are required as part of the
biological safety testing package for CLs, are performed in vivo as needed. In this study, we
developed an analytical test method for genotoxic substances based on the concept of a

‘threshold of toxicological concern’

We have developed a test method to comprehensively detect N-nitroso and azoxy compounds that are
excluded from the ’threshold of toxicological concern’ concept. Since direct and comprehensive
detection by mass spectrometry is difficult for both groups of compounds, we aimed to establish
an analysis method for detection with derivatization. The usefulness of two candidate chemical
probes were verified using a large number of target compounds. Both chemical probes showed the

potential to detect both groups of compounds



Conventionally, the ocular irritation properties of medical devices have been evaluated by the
Draize test using rabbits. Recently, however, from the viewpoint of animal welfare, there is an
urgent need to develop an in vitro method to replace this method. In this study, we developed an
in vitro ocular irritation test method using a RhCE model.

We validated whether the eye irritation test protocol using the RhCE model developed for
medical devices is appropriate for evaluating Genapol-containing silicone lenses (test model
lenses), commercially available color CLs, and CLs with built-in sensors. The results showed that
all lenses were reproducibly determined to be as expected with respect to irritancy. In addition,
comparison of the using RhCE model in vitro test judgments and animal test results for silicone
lenses containing different concentrations of Genapol showed that in vitro test has higher detection
sensitivity than in vivo test, suggesting that in vitro test using RhCE model is a promising

alternative to animal testing for ocular irritation.

To evaluate the correlation between the rabbit eye wear test and in vitro evaluation methods, we
aimed to construct an alternative animal test method for the rabbit eye wear test by combining the
friction test and the in vitro eye irritation test. Considering the results of the evaluation of
the friction coefficient and pigment exposure of colored CLs, the number of blinks of rabbits,
etc., it was judged that it would be desirable for the research group to proceed with the evaluation
of reproducibility and robustness as an evaluation system to verify the performance and quality of
the CLs. The correlation between the in vitro ocular sting test and the in vivo rabbit ocular
irritation test was investigated. The correlation between the in vitro ocular irritation test using
the RhCE model and the in vivo rabbit ocular irritation test was evaluated. The results showed

that the sensitivity of the RhCE model was higher in this standard material with lower irritation.

Furthermore, we investigated a physical safety evaluation method for sensor—embedded CLs.
Assuming a compressive load applied to the sensor—embedded CLs when rubbing the eyes, a method to
evaluate the relationship between the load and the number of cycles of repeated loading until
malfunction occurs when repeated loading is applied. The S—-N curve was developed and evaluated. It
was confirmed that there was a correlation between the load and the number of repeated loadings,
and it was clarified that the original function could not be demonstrated by repeatedly applying
a physical load, and that different performance criteria and evaluation methods from those for
normal CLs were necessary.

In addition, the imaging conditions of X-ray CT were examined for the CLs with built—in sensors
that malfunctioned, in order to confirm the details of the destruction situation. The destruction
of the internal sensor and the exposure of metal and other sensor structures on the surface of the
contact lens were confirmed, but no exposure of the sensor structures was observed and it was found
that even if the contact lens malfunctioned due to the load of eye rubbing, it was highly likely

that it would not cause significant harm to the patient

CL-type materials with different physical properties, and CL with or without pigments were
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prepared and subjected to tests performed in the studies. CL-type standard materials with different

irritation intensity were also prepared and used to verify the performance of the in vitro eye

irritation test method and for rabbit eye—wear tests. The obtained results are expected to

contribute to the development of an alternative method for rabbit eye wear test



