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In drug development, non-clinical safety pharmacology studies are conducted under GLP in the preliminary
stages of first-in-human clinical trials, securing pharmacological effects on the respiratory, circulatory, and central
nervous system (CNS) are not critical. Among these, effects on the CNS are often determined from behavioral
observations, which are relatively subjective. In addition, there are few opportunities to confirm effects on the CNS
during the subsequent development phase, and it would be very meaningful if an objective indicator could be detected
without the use of advanced medical equipment such as MRI.

The autonomic nervous system regulates respiration and circulation through sympathetic and parasympathetic
nervous activity and their balance, which is modulated by neuronal inputs and hormones from various sites, including the
limbic system, hippocampus, hypothalamus, etc. Therefore, the index of the autonomic nervous system activity may
reflect not only central control over cardio-respiration, but also some adverse effects of developmental drugs on the CNS.
Thus, we thought the index of the autonomic nervous system activity can provide an objective measure of
pharmacological effects on the CNS. For the autonomic nervous system activity, we have succeeded in quantifying it by
analyzing the power spectrum of heart rate variability (HRV) obtained from the long-term electrocardiographic
recordings using a telemetry system in rodents. In this context, we hypothesized that the low frequency-to-high
frequency ratio (LF/HF) derived from the HRV power spectrum, which is considered as an autonomic balance, would be
a candidate index to detect the effects of drugs on the CNS.

Rats were implanted with ECG telemetry transmitter for continuously recording of ECG. The R wave of the ECG
was detected, and a power spectrum analysis was performed to obtain the HRV index. Oral administration of a low
and/or a high dose of drugs or their vehicle was given at least one week apart or to other animals. Time-course changes
were analyzed every 60 minutes based on frequency typically used in pharmacokinetic studies. The maximum responses
from baseline in LF, HF, or LF/HF up to 5 hours after oral administration were used for analysis, however only LF/HF
seemed to respond to drug administration in a dose-dependent manner and therefore results below will be limited to
LF/HF.

Drugs administered in this study were categorized into three groups: 1) drugs therapeutically targeting the CNS
including triazolam, aripiprazole, valproic acid, carbamazepine, and talipexole; 2) drugs exhibiting CNS-related adverse
effects including polaramine, diphenhydramine, and caffeine; and 3) drugs with minimal CNS effects including
acetaminophen, acetylsalicylic acid, indomethacin, and oseltamivir. Drugs targeting the CNS increased LF/HF
60.3£29.0 % in low dose and 145.6+73.5 % in high dose, while drugs exhibiting CNS-related adverse effects also
increased 55.2 + 10.6 % in low dose and 131.1 £ 38.4 % in high dose with statistically significant difference. In contrast,
drugs with minimal CNS effects showed 35.4+15.1% increase in low dose and 72.6+26.9 % increase in high dose
without statistically significant difference. Since changes in LF/HF in response to vehicle solution was 9.2 + 35.6 %
(mean £ SD), a 100 % increase in LF/HF could be set as a sufficient threshold for detecting CNS adverse effects for non-
CNS targeting drug development.

In conclusion, although the number of drugs used in this project is not sufficient compared to the number of drugs
available on the market, these results suggest that LF/HF obtained from HRV analysis can be an objective index of CNS
effects in safety pharmacology studies in the development of orally administered drug. In the future, it is expected that
LF/HF will be examined not by analyzing heart rate variability using telemetry but by analyzing heart rate variability

using a non-invasive method such as tail cuff method with pulse wave.



