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1 Summary

Heart rate variability (HRV) is a commonly assessed parameter of cardiovascular health in both clinical 
and non-clinical drug safety assessment. Reduction of HRV has been correlated to pathophysiological 
disease and mortality.  Quantifying changes in the spectral frequency of normal-to-normal heart beat 
intervals can help to determine drug related effects on autonomic regulation of the heart based on 
changes in sympathetic and parasympathetic balance.  Standardized power spectral density (PSD) 
bands of very low frequency (VLF), low frequency (LF), and high frequency (HF) were previously 
defined for humans by the Task Force of the European Society of Cardiology (Malik et al 1996).
Subsequent publications have supported the need to define the power spectral density of the 
commonly used mammalian research models due to the differences in normal heart beat intervals 
relative to humans (Uchiyama et al 2007, Behar et al 2018).  We profiled the power spectral density of 
the heart beat intervals of radiotelemetry implanted guinea pigs (cavia porcellus) under normal 
laboratory conditions using fast Fourier Transfer (FFT) algorithm software (emkaTECHNOLOGIES 
ecgAUTO) to observe the distribution of frequency in relation to spectral power.  These assessments 
demonstrate the need to define specific power spectral density frequency bands based on the unique 
heart beat interval ranges and cardiovascular regulation of each animal model.

2 Methods

Male Hartley guinea pigs (cavia porcellus) from Charles River Laboratories weighing between 300-600 

grams were surgically implanted with HD-S21 radiotelemetry devices (Data Sciences International) with 

electrocardiogram (ECG) biopotentials arranged in modified lead II configuration. Animals were dosed 

with deionized water by oral gavage (5 mL/kg) and signals were collected continuously for 24 hours in 

their respective home cages. Normal husbandry and observational procedures were conducted in this 

duration. All animal care and use procedures were approved by the Charles River Ashland Institutional 

Animal Care and Use Committee (IACUC). Telemetric data was collected with DSI PONEMAH 4.8 

software and then analyzed using emkaTECHNOLOGIES ecgAUTO V3.5.5.6. Inter-beat intervals for a 

single animal were measured to determine heart rate using pattern recognition to determine RR 

duration. Arrhythmias were excluded from the data.  The frequency of RR intervals were computed 

using fast Fourier Transfer (FFT) of 3 minute cycles using the Hamming windowing and linear 

interpolation. The power spectral density (PSD) is represented below of the same data set in multiple 

perspectives by the power over the frequency (Hz) of inter-beat intervals.  

PSD band limits were compared using frequency band limits defined for human (Malik et al 1996), and 

values proposed in the literature for guinea pig (Akita et al 2002), mouse and rabbit (Behar et al 2018), 

and novel modifications to these proposed limits based on observations of this specific data set to 

capture the greatest distribution spectral density.

3 Results

The various PSD band selection applied to the same data set resulted in expected variation of boundaries respective to density of frequencies (figures 1-5). Using the Akita published boundaries for guinea pig (Akita 
figure 1) we observed different peak distributions than reported in their model, specifically the bimodal distribution in the LF. In the modified guinea pig (Borders figure 5) we were able to use the allometric scaling 
properties reported by Behar (Behar figures 2-3) as guidance of the species size of guinea pig being between mouse and rabbit and then further quantify the lower end of the spectrum to increase the lower 
frequency detection. The human boundaries are represented in figure 4 as a comparison of the historical model that was used prior to the generation of species specific PSD bands.

4 Discussion
The guinea pig has great merit as a cardiovascular model for translation to humans in drug safety assessment but it also has unique characteristics that should be considered. The guinea pig has the steepest raw 
QT/RR slope and shortest RR range when compared to dog, cynomolgus, minipig, and human (Holzgrefe et al 2014) .  The characteristics of this range exemplify that using PSD band limits established for other species 
may not be appropriate due to incomparable dispersion of frequencies and may risk failure to adequately detect change. Behar (et al 2018) demonstrated the inherent difference in PSD for multiple laboratory species 
when using the standard human ranges as well as the relationship based on allometric scaling. Our data further supports this position on PSD species specific selection. Furthermore, previous investigations of 
rhythmicity of autonomic nervous system revealed that parasympathetic nervous system mediates both HF and LF where the sympathetic nervous system mediates only LF and unlike other lab species, diurnal patters 
were not detectable in guinea pigs using PSD of HRV (Akita et al 2002). By extending the frequency bands of the represented PSD to ultra-low frequency (ULF) and very-low frequency (VLF) we may be able to better 
evaluate the overall mediation of the autonomic nervous system as well as define a diurnal components when using species specific PSD bands.
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Human (Malik et al) Rabbit (Behar et al ) Mouse (Behar et al ) Guinea Pig (Akita et al) Modified Guinea Pig 

(Proposed)

ULF 0.0-0.003 NA NA NA 0.0-0.003

VLF 0.003-0.04 0.0033-0.088 0.0056-0.152 NA 0.003-0.05

LF 0.04-0.15 0.088-0.341 0.152-1.24 0.07-0.7 0.05-0.125

HF 0.15-0.4 0.341-1.155 1.24-3.471 0.7-3.0 0.125-0.4


