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Introduction
General anesthesia is known to potentiate parasympathetic activity 

and weaken sympathetic and baroreflex activity [1]. These effects should 
be avoided as much as possible because it limits a subject's ability to 
respond to physiological perturbations during surgery [2]. Therefore, 
the choice of anesthetic is very important and, no less important, is to 
know to what extent the tone of the autonomic nervous system (ANS) 
is affected under general anesthesia and the potential impact on the 
cardiovascular system, which is primarily under ANS control.

Heart rate (HR) is the result of mutual interactions between vagal 
and sympathetic activity. In this regard, the use of the HR variability 
(HRV) method can be an effective tool in evaluating autonomic heart 
control, in which changes in HRV are a useful indicator of tendencies 
of heart rhythm disorders.

However, there are currently relatively little data describing 
changes in ANS activity during general anesthesia as well as possible 
sex differences. A concept that sex-based variations should also be 
taken into account has been proposed because different cardiovascular 
regulation has been described in females [3]. Koresh et al. [4]  referred 
to this phenomenon, in which male rats exhibit significantly higher 
heart rhythm and lower HRV parameters than females in the both 
active as well as non-active periods of the rat regimen day. However, 
there is no supportive evidence of changes in HRV in rats over a 24 h 
period.

Zoletil anesthesia is used by veterinarians mainly in domestic 
animals and those living in the wild, but is not commonly used in 
experiments. It is reported that this type of anesthesia is suitable because 
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it does not affect vital functions. However, the unanswered question is 
whether there are sex differences depending on the time of day general 
anesthesia is administered. The primary objective of this study was to 
determine the impact of spectral powers of HRV on changes in HR, on 
total spectral power of HRV and on low-frequency (LF)/high-frequency 
(HF) ratio in healthy, sexually mature rats of both sexes, spontaneously 
breathing under zoletil anesthesia in the light (inactive) and the dark 
(active) period of their regimen day.

Materials and methods 
The present study conformed to the Guide for the Care and Use of 

Laboratory Animals published by the United States National Institutes 
of Health (publication number 85-23, revised 1996). The study protocol 
was approved by the Ethics Committee of the Medical Faculty of Safarik 
University (Kosice, Slovak Republic; permission number 2/05 and 
permission number ŠVPS SR: Ro-4234/15-221).

The experiments were performed using zoletil-anesthetized 
(Zoletil, 30 mg/kg, Virbac, France) Wistar rats (mean weight, 340 ± 40 
g, 3-4 months of age) and after adaptation to a light-dark (LD) cycle 
(12h light:12h dark) for four weeks. The rats were fed a standard pellet 
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diet, with ad libitum access to food and water. The depth of anesthesia 
was assessed according to whether a painful stimulus caused noticeable 
motor movements (minimal limb movement, muscle tension change) 
or cardiovascular responses, such as change in HR or onset of heart 
rhythm disorders. Animal handling was performed by professional 
staff at the menagerie. Animals were randomly divided into four 
experimental groups (n = 20 each) according to sex and light conditions. 

HRV was analyzed using the ID Instruments computer system for 
biopotential recording from an average of 220 heart cycles, 20 min after 
administration of anesthesia. The focus was on the assessment of the 
impact of the spectral powers of HRV on changes in HR, total spectral 
power of HRV, and LF/HF ratio.

Correlations were calculated as a correlation coefficients, in which 
the coefficient was statistically significant in the range of -0.4 to -1, and 
from +0.4 to +1. The experiments were conducted throughout the year 
and the results were averaged independent of season and, in females, 
independent of estral cycle. 

Results and discussion
HR

In the present study, we focused on sex differences in HR during 
the active and nonactive periods of the rat regimen day (what may be 
considered parallel to circadian rhythm). In females, LD differences 
in HR (light 441 ± 61 versus [vs.] dark 446 ± 29 beats/min) were 
eliminated, unlike in males (light 415 ± 24 vs. dark 482 ± 19 beats/
min), in which they differed significantly (p < 0.001). Significant sex 
differences (p < 0.001) were observed only in the dark period with 
higher values in males.

Because HR in non-anesthetized rats exhibits circadian variation; 
in the dark period, it varies from 347 to 363 beats/min and, in the 
light period from 309 to 321 beats/min. Molcan et al. [5] reported that 
recorded HR was increased in both sexes and in both light periods. In 
females, LD differences were eliminated (possibly modified) and, in 
males, LD differences were preserved. Based on this result, we speculate 
that males probably respond diffferently to general anesthesia than 
females with regard to maintenance of circadian rhythms in HR. 

Based on our results, however, the question emerged that if 
tachycardia in both sexes and both light periods of the regimen day 
was detected during a period dominated by parasympathetic activity, 
what is the impact of spectral powers and the total spectral power of 
HRV on changes in HR? To answer this question, we used correlation 
coefficients calculated for the spectral forces of VLF, LF, HF, and HR 
(Table 1), which revealed sex differences. In females, changes in HR 
were significantly dependent on ANS activity in both light periods, 
in which parasympathetic activity was more prominent. A negative 
correlation could, in part, explain the increase in HR. Similar results 
were also obtained for total spectral power of HRV and HR (Table 1). 
In males, changes in HR demonstrated no dependence on ANS activity 
in both light periods; therefore, we assume that it was predominantly 
determined by other factors.

Thus, a paradox emerges in which, on one hand, there is clear 
evidence of increased parasympathetic activity and, on the other, 
increased HR. This paradox has also been described in dogs under 
inhalation anesthesia, in which it is assumed that different anesthetics 
have a different impact on vagolytic activity [6]. Such an explanation is 
described in the review by Yuan and Silberstein [7] regarding the vagal 
nerve and its stimulation, which is currently undergoing many trials to 
investigate their potential for various clinical disorders. Although this 
is an example of bronchodilation after stimulation of the vagal nerve, 
the authors allude to experimental work in guinea pigs, in which low-
voltage stimulation of the vagal nerve caused a moderate increase in 
plasma levels of adrenaline and noradrenaline. 

Total power of HRV

Total spectral power of HRV reflects overall autonomic activity. The 
total spectral power of HRV demonstrated sex differences in both light 
periods. However, what is the proportion of VLF, LF and HF in the total 
power of HRV? The changes in HRV in both sexes depended on all 
spectral powers of HRV in both light periods. It appears that in females, 
the proportion of VLF and LF are more pronounced than HF, while in 
males, HF predominates in both light periods (Table 2). 

LF/HF ratio
The LF/HF ratio was originally based on 24 h recording, in 

which the aim was to estimate the ratio between sympathetic (LF) 
and parasympathetic (HF) activity; however, there is a disagreement 
with the LF component. Some studies have suggested that LF is a 
quantitative indicator of sympathetic modulations; in other studies, 
LF appears to reflect both sympathetic and parasympathetic activity. 
Thus, any changes in HR, such as tachycardia, may be result of the 
preservation of sympathetic and decreased parasympathetic activity, or 
increased sympathetic and preservation of parasympathetic activity or, 
simultaneously, increased sympathetic and decreased parasympathetic 
activity.

The question is to what extent is the LF/HF ratio influenced by the 
spectral powers LF and HF in our model, although parasympathetic 
activity is higher in both sexes and in both light periods? The results 
of our study show that dependence of the LF/HF ratio on LF and HF 
also depends on sex and on the light periods. LF significantly affected 
the LF/HF ratio in females but not in males, while the effect of HF on 
the LF/HF ratio was negligible in both sexes and in both light periods 
(Table 3). However, these conclusions, in the light of these doubts, 
should be interpreted with caution.

Conclusions
Zoletil has a tachycardic effect in both sexes and in both light 

periods of the rat regimen day. In females, ANS is involved in HR 
changes in both light periods, while in males, HR exhibited no 
dependence on ANS activity. Therefore, we speculate that it was 
predominantly determined by other factors. In females, HRV was 
determined by sympathetic and baroreflex activity in both light 
periods, while in males, HRV was determined by parasympathetic 

HR (beats/min – ms2) Female, light Female, dark Male, light Male, dark
HF - HR r=- 0.76 r=- 0.54 r=- 0.23 r=- 0.06
LF - HR r=- 0.72 r=- 0.51 r=- 0.27 r=  0.12

VLF - HR r=- 0.59 r=- 0.55 r=- 0.34 r=  0.13
Total power of HRV - HR r=- 0.83 r=- 0.54 r=- 0.29 r=- 0.06

Table 1. Correlation coefficients for spectral powers of HRV, total spectral power of HRV, and HR

Bolded values indicate a statistically significant correlation. HR: Heart rate; VLF: Very-low frequency; LF: Low-frequency; HF: High-frequency; HRV: Heart rate variability.
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Female Male
Light Dark Light Dark

LF (ms2), LF/HF r= 0.90 r= 0.99 r=  0.39 r=  0.19
HF (ms2), LF/HF r= 0.34 r= 0.29 r=- 0.08 r=- 0.11

Bolded values indicate a statistically significant correlation. LF: Low frequency; HF: High frequency; LF/HF: Ratio between LF and HF.

Table 3. Correlation coefficients for LF and HF, and LF/HF ratio

Females Males

Heart rate Tachycardia, loss of LD differences Tachycardia, maintenance of LD differences

Effect of HRV on HR
     Light
     Dark

Yes 
Yes

No 
No 

Impact of spectral powers on HRV  
     Light
     Dark

LF and VLF prevail 
LF and VLF prevail

HF prevails
HF prevails

Impact of LF, HF on the ratio LF/HF 
     Light
     
     Dark

LF prevails, HF without effect
LF prevails, HF without effect

LF and HF without effect

LF and HF without effect

HRV: Heart rate variability; LD: Light-dark; LF: Low frequency; HF: High frequency; VLF: Very low frequency; LF/HF: Ratio between LF and HF.

Table 4. Summarized results and conclusions

ms2 Female, light Female, dark Male, light Male, dark
HF, total power of HRV r=0.73 r=0.90 r=0.96 r=0.97
LF, total power of HRV r=0.97 r=0.99 r=0,59 r=0.95

VLF, total power of HRV r=0.92 r=0.98 r=0.58 r=0.95

Table 2. Correlation coefficients for spectral powers of HRV and total power of HRV

Bolded values indicate a statistically significant correlation.  VLF: Very-low frequency; LF: Low-frequency; HF: High-frequency; HRV: Heart rate variability.

activity. LF significantly influenced the LF/HF ratio in females, but not 
in males, while the effect of HF on the LF/HF ratio was negligible in 
both sexes and in both light periods. Our conclusions are summarized 
in the table below (Table 4). 
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