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High-throughput Toxicity Analysis System Using a Wearable Device
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Purpose of Research and Development

This research aims to construct a wearable device for rats that facilitates early-stage drug toxicity
information acquisition, focusing on cardiovascular, respiratory, and central nervous system effects.
The challenge lies in conducting high-throughput toxicity studies with undefined targets, unlike
clear-targeted drug efficacy studies.

Within this project, we plan to develop a rat-specific pulse oximeter, electrocardiograph,
thermometer, and a 6-axis acceleration sensor. The integration of this system during early-stage
drug screening will pave the way for a paradigm shift in drug development, expediting the screening
process for drug efficacy and toxicity.

Results of Research and Development

Pulse Oximeter Development: A miniaturized, optimized pulse oximeter was developed,
accompanied by noise cleansing and pulse wave value reliability evaluation methodologies. Real-
time vitals display software was also developed to accelerate the device development process. Using
the developed tools, we confirmed pharmacological effects by administering distilled water and
drugs A and B to 8-week-old SD rats, respectively, and recording pulse rate, respiratory rate, and
SpO2 over 24 hours.

Electrocardiograph Development: Rat-specific modifications were implemented in a commercially
available evaluation board for humans. These changes included fabricating a similar circuit on a
flexible substrate, adjusting frequency characteristics to eliminate noise, and repositioning the
electrode. We successfully recorded electrocardiograms from anesthetized rats, yet future
improvements in filter settings are necessary to optimize waveforms.

Thermometer Development: A compact, wireless thermometer was designed using BLE technology.
The device's application on awake SD rats following the oral administration of drug C consistently
measured surface body temperature, corroborating previous findings on drug C's temperature-
altering effects.

General Condition Measurement Device Development: A 6-axis acceleration sensor was fitted to
rats and compared with a behavior-recognition system based on video recordings, paving the way
for activity level and general condition evaluations. Machine learning algorithms were developed to

classify acceleration data into general condition Y and non-Y categories.

Conclusion

We successfully developed a rat-specific pulse oximeter, electrocardiograph, thermometer, and a
6-axis acceleration sensor within this research project. Other devices were integrated except for the
electrocardiograph, and a software displaying real-time vitals was also designed. These innovations
enabled the simultaneous acquisition of pulse rate, Sp0O2, respiration rate, body temperature, and
activity level measurements from unrestrained, awake rats. Using the systems, we recorded drug

effects on vital signs with various drugs. Machine learning algorithms were also developed to classify



acceleration data. Future research will extend the classifiable general states and evolve next-

generation toxicity testing methods using this system.



