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Abstract  

The effects of high dose captopril, within the therapeutic range, on autonomic activity 

are unknown in those with normal cardiovascular function. Thus the study aims were to 

assess the effects of high dose captopril on autonomic function in mice. Autonomic 

activity was measured using heart rate variability (HRV). ECG recordings were 

obtained from 18 Male C57BL/6J mice (20-25g) subdivided into control (N=8) or mice 

receiving oral captopril (0.688mg/ml captopril in the drinking water for 6 weeks, 

N=10). HRV results for linear and non-linear parameters were attenuated following 

chronic captopril for 6 weeks compared to control. Captopril was associated with a 

trend for an increase in average heart rate and approximate entropy (ApEn), a nonlinear 

measure of HRV decreased significantly compared to control (p<0.05). In conclusion 

high dose captopril reduces total HRV and increases heart rate in normotensive mice 

with normal cardiac function.  
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Captopril is a commonly used ACE inhibitor to treat various stages of heart failure and 

hypertension (1). At therapeutic doses, captopril acutely enhances autonomic 

parasympathetic (PNS) activity and reduces sympathetic nervous system (SNS) activity 

(2). An increase in PNS activity and SNS reduction confers a mortality benefit, for 

example a reduction in lethal arrhythmias in both heart failure and myocardial infarction 

patients (3).  On the other hand a reduction in total HRV (sympathetic and 

parasympathetic) has been shown to be a risk factor for increased cardiac mortality (4).  

 

Heart rate variability is a common research biomarker for assessing sympathetic and 

parasympathetic activity in patients with hypertension, myocardial infarction and heart 

failure (4; 5; 6). Recently, there has been renewed interest in examining heart rate 

variability, cardiac mortality and varying levels of clinical depression. These studies 

have shown that depression increases heart rate and decreases total heart rate variability 

and these biomarkers are a risk factor for increased cardiac mortality (7). However, a 

significant number of these patients will also be on low to high dose captopril. Whether 

captopril per se influences autonomic activity with preserved cardiovascular function 

remains unknown.  Thus the aims of the present study were to investigate the chronic 

effects of high dose captopril for 6 weeks on linear and non-linear HRV derived ECG 

parameters in normal mice.   

 

These experiments conform to the international guiding principals for the care and use 

of laboratory animals and the ethics committee of the National University of Singapore 

has approved the experimental protocol detailed below.  

 

Male C57BL/6J mice (20-25g), were randomly divided into 2 groups, control (N=8) and 

captopril introduced into the drinking water (0.688mg/ml) (n=10) for 6 weeks. This 

captopril dose is 140% of the maximal therapeutic dose used in previous studies (8). At 

6 weeks following treatments ECG measurements were performed using a MacLab data 

acquisition system (ADInstruments) and Chart® Software Package (Version 5). ECG 

electrodes were attached to right foreleg and left thigh via 30G subcutaneous stainless 

steel needles so as to record standard Lead II ECGs. All recordings were performed 
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under gaseous anesthesia i.e. 1% Sevoflurane (Abbott Laboratories) supplemented with 

oxygen at a flow rate of 2L per minute.  

 

 ECG traces were edited using the Chart® software package. The MLS310 extension 

(Version 1.0, ADInstruments) program was used to perform time- and frequency- 

domain analysis of HRV. The non-linear analysis was performed using SoftECG® 

(Version 1.2, Copyright Dr H Jelinek).  High frequency noise from the ECG was 

removed using a 45 Hz low-pass filter to enable detection of the R-waves. A threshold 

electrical potential value was set for each trace and the post-threshold maximum was 

taken as the R-wave. The traces were then visually inspected for any undetected R-

waves and these were manually inserted and incorrectly detected R-waves were deleted. 

The last 1360 beats of each ECG were selected and the remaining beats were removed 

in order to keep the number of beats constant.   
 

Time domain parameters, standard deviation of all normal R-R intervals (SDNN) and 

square root mean of squared differences between adjacent normal R-R intervals 

(RMSSD), were calculated directly from the sequence of interval times. The mean HR 

was calculated as the mean sequence of reciprocals of the interval times. The different 

frequency-domain measures of HRV were computed using cut-off frequencies for 

power in the low-frequency range (LF) and high-frequency range (HF) based on human 

studies multiplied by a factor of ten for HR adjustment (the approximate ratio between 

murine and human HR) (9). These cutoff frequencies were defined as 0.4–1.5 Hz and 

1.5–4 Hz, respectively; total power was defined as 0.00–4 Hz. Detrended fluctuation 

analysis (DFA α1) and approximate entropy (ApEn) were calculated for every 

recording.  
 

T-tests were used to compare captopril versus control groups. All averaged data are 

expressed as mean ± standard deviation. Results that were considered to be statistically 

significant if  p < 0.05.  

 

Our results for HRV indicated that chronic captropril dosing was associated with a 

reduction in most HRV parameters measured compared to control (Table 1). ApEn was 

significantly lower in the chronically treated captopril group when compared to control 
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(P<0.05; Table 1). ApEn describes the complexity and predictability of the heart rate. 

The higher the ApEn value, the more complex and less predictable the heart rate, 

indicating increased HRV. This result supports the time-domain analysis results that 

showed a trend for reduced HRV at high captopril doses. 

 

Specifically, captopril treatment resulted in a trend for lower SDNN and a lower 

RMSSD when compared to control. SDNN and total spectral power reflects all the 

cyclic components responsible for variability and serves as a global marker of HRV and 

reflects both parasympathetic and sympathetic influences on the ANS (10). Likewise 

frequency-domain measures showed a trend for reduced power in all the spectral 

parameters including total power, LF and HF following chronic captopril compared to 

controls. These frequency domain trends in our study suggest that there was an overall 

reduction in HRV following treatment with captopril.  

 

Paradoxically, there was a trend for heart rate to be higher in the chronically treated 

captopril group, compared to control (Table 1). Human studies have shown that average 

HR is not affected at high therapeutic doses of captopril in heart failure (11) or in 

healthy volunteers (12).  

 

The clinical implications of our study are that high dose captopril increases HR and 

decreases HRV biomarkers – these same biomarkers are associated with increased 

mortality in depressed cardiac patients. This therefore begs the question: is it clinical 

depression causing these autonomic biomarker changes or could it be drug induced, 

such as with an ACE inhibitor?  Indeed a large proportion of cardiovascular patients 

will be prescribed an ACE inhibitor.  
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Table 1:  Mean Heart rate and HRV parameters for Control and Chronic High Dose 

Captopril fed mice.  

 
 
 Controls Captopril 
 
 Group Details 
 

  

      Number of mice  8 10 
      Mean heart rate 409.69 ± 76.19 501.05 ± 129.95 
 
 HRV Parameters 
 

  

 
  Linear Analysis 
 

  

      SDNN 6.01 ± 3.55 4.38 ± 3.22 
      RMSSD 5.21 ± 4.82 3.75 ± 2.73 
      Total Power (ms2) 25.48 ± 27.81 12.31± 14.01 

      VLF (ms2) 9.25 ± 8.79 5.21 ± 5.31 
 

      LF (ms2) 3.70 ± 6.41 3.35 ±  5.34 
 

      LF (nu) 22.58 ± 20.08 9.37 ± 7.39 
      HF (ms2) 12.54  ± 19.18 

 
3.54 ± 4.70 

 
      HF (nu) 77.55 ± 20.16 67.08 ± 19.87 
      LF/HF 0.41 ± 0.55 

 
0.50 ± 0.65 

 
 
  Non-linear analyses 
 

  

      DFA α1 0.44 ± 0.20 0.41 ± 0.13 
      ApEn #  0.86 ± 0.391 0.48 ± 0.37 

 

 
 
 
# p<0.05 
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