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1. Introduction
The number of heart beats per minute is referred to as heart 
rate. The difference in the time intervals between adjacent 
heartbeats is defined as heart rate variability (HRV) 
[1]. Heart-brain interactions and complex nonlinear 
autonomic nervous system (ANS) processes produce HRV, 
which may be considered as a measure of neurocardiac 
activity. It is well known that the ANS persistently regulates 
and monitors almost every function of the body, and ANS 
disturbances occurring when the body is under stress or in 
a pathological state may alter HRV [2]. 

Animal studies have great importance for a better 
understanding of disease mechanisms and for the 
development of new therapeutic methods. Anesthesia and/

or analgesia are often used in animal experiments to achieve 
sufficient immobilization, and relieve stress or pain [3]. 
However, any given anesthetic may change the dynamics 
of the physiological system [4], which  may, in turn, falsify 
the results of the study. It has been reported that anesthetics 
may cause vagal withdrawal, which may be inappropriate 
for the studies that investigate the various aspects of ANS 
[5, 6]. Monitoring ANS via HRV analysis may be beneficial 
since this method is a relatively variable tool for evaluating 
ANS functions [7]. Therefore, in the studies monitoring 
ANS regulation via analysis of HRV, it is important to be 
aware of the effects of commonly used anesthetics.  

Three anesthetics, pentobarbital and ketamine/
xylazine, are commonly used in animal studies because 
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of their favorable recovery profile and the relatively 
lower incidence of side effects [8]. However, induction 
of anesthesia with pentobarbital is often associated with 
a significant decrease in mean arterial blood pressure 
(BP), body temperature (BT), and heart rate (HR) [9]. The 
hypotensive effect of pentobarbital may be attributed to a 
decrease in systemic vascular resistance or cardiac output, 
altered baroreflex mechanisms, and decreased myocardial 
contractility [10,11]. Inhibition of the sympathetic 
nervous system may explain the pentobarbital-induced 
hemodynamic alterations, however, the exact mechanism 
is still unknown [12]. These effects of pentobarbital, 
doses of which range from 30 to 100 mg/kg in studies, are 
reported to be dose-dependent [11]. While the therapeutic 
dose of 30 mg/kg pentobarbital is reportedly free of 
depressive affect, it is considered that larger doses cause 
antiadrenergic effects on the cardiac system [5].  

The sedative analgesic most used by veterinarians is 
xylazine, an alpha2-adrenoceptor agonist. Side effects 
include bradycardia, depression of the cardiopulmonary 
system, and cardiac dysrhythmia; xylazine works well 
with ketamine to provide muscle relaxation and analgesic 
effects [13].

Ketamine has several pharmacological characteristics, 
including its analgesic effects and cardiovascular 
stimulating effects, such as increasing BP, HR, and cardiac 
output at the normal doses [14].  Ketamine has a short 
anesthetic duration and muscular rigidity effect, for longer 
surgery durations, and its use alone may be ineffective; 
therefore, a combination of ketamine plus xylazine (K+X) 
is more appropriate. Also, this combination  allows the 
usage of reduced doses, so the unwanted effects of both 
agents can be avoided [15]. 

Fentanyl citrate (F) is an effective, short-acting 
narcotic analgesic; however, it has been reported to trigger 
extended and recurring respiratory depression [16]. The 
accumulation of fentanyl in plasma and the central nervous 
system following a single intravenous bolus injection 
has been related to persistent ventilatory depression in 
anesthetized dogs [17,18].

This study was performed to compare the possible 
effects of commonly used anesthetic agents on HRV 
parameters in mice by conducting both classical frequency 
and time domain analyses, as well as nonlinear analysis.  

2. Material and methods
2.1. Animals and anesthesia
The animal experiment of the present observational 
study was performed after obtaining the permission of 
the local Ethics Committee for Animal Experimentations 
(No:77.637.435-13) between May and June 2014. 16–20 
weeks-old male BALB/c mice weighing 26.19 ± 2.11 grams 
were purchased from the KOBAY Incorporated Company 
(Ankara, Turkey). Since it has been reported that the 

menstrual cycle affects HRV analysis, males were selected 
[19]. 

The animals were caged for at least five days before 
initiation of experiments in a special room in the animal 
care center of Manisa Celal Bayar University (DEHAM-
Manisa/Turkey) at a room temperature of 20–22 °C under 
12-h light/dark cycles. Drinking water and food were 
provided ad libitum. All experiments were performed at 
the same time under daylight.

Before the experiments, each mouse was weighed to 
calculate the anesthetic/analgesic doses. The mice were 
anesthetized with an intraperitoneal injection of three 
different anesthetics. Anesthetic doses were selected as 
follows [20]: Na-pentobarbital (90 mgkg–1, i.p., SIGMA 
Inc. Germany) for group P; Na-pentobarbital (90 mgkg–1, 
i.p.) plus fentanyl (0.2 mgkg–1, i.p., GENESIS Inc. İstanbul-
Turkey) for group P+F; and, finally, ketamine (100 mgkg–1, 
i.p., SIGMA Inc. Germany) plus xylazine (8 mgkg–1, i.p., 
SIGMA Inc. Germany) for group K+X. To assess the 
depth of anesthesia, both pedal withdrawal reflex and the 
breathing frequency were evaluated. Animals were placed 
on a heated thermal plate to avoid hypothermia due to the 
anesthesia. During experiments, the rectal temperature of 
the animals was observed and maintained around 36.5 ºC.
2.2. Experimental design
To evaluate the effects of different anesthetics and 
analgesics on the heart rate variability and complexity in 
BALB/c mice, we constructed three groups as illustrated 
in Figure 1: A total of 21 mice were divided into the three 
groups —each group was constructed with seven mice.  

After the optimal anesthesia level was achieved, the 
mice were placed on a heated thermal plate in the supine 
position to obtain ECG recordings.  For Lead II, the needle 
ECG electrodes were located under the skin of the right 
arm and the left leg (Figure 2) [21]. Surface ECG recordings 
were obtained using PowerLab/SP8 (ADInstruments, 
Australia) with an ECG sampling frequency of 4 kHz. No 
notch filter was required, and the high-pass and low-pass 
filter settings were 0.3 Hz and 1 kHz, respectively. For “R” 
wave detection LabChart 7 software (ADInstruments, 
Australia) was used. 
2.3. Heart rate variability analysis

The tachogram of RR intervals was obtained after R 
waves were detected using the Pan-Tompkins real-time 
QRS recognition algorithm [22]. Berger interpolation was 
used to convert these RR tachograms to time series. The 
same data sets were used for all the analyses; i.e. the same 
time series was used for the frequency domain and time 
domain analyses, as well as for nonlinear analyses.  
2.4.1. Time domain analysis

SDNN
The interval between consecutive heartbeats of normal 

sinus beats (SDNN) was calculated in milliseconds. 
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“Normal” denoted the absence of irregular beats, such as 
ectopic beats. For the SDNN analysis, the standard short-
term recording time was five minutes. SDNN is influenced 
by both parasympathetic nervous system (PNS) activity 
and sympathetic nervous system (SNS) activity, which is 
strongly correlated with very low frequency (VLF), and 
low frequency (LF) band power, and also total power [23]. 
The measurement conditions influence this relationship. 
These bands contribute more to SDNN because they have 
more influence than the high frequency (HF) band [24].

RMSSD
The root mean square of successive differences between 

regular heartbeats (RMSSD) was obtained by calculating 
each successive time difference between heartbeats in 
ms. Then, the square root of the sum was obtained after 
squaring each of the values and summing the result. The 
standard recording time for RMSSD is five minutes [24].

The RMSSD is the primary time-domain indicator 
used to estimate the vagal alterations observed in HRV. 
It represents the beat-to-beat variation in HR (12). The 

Figure 1. Study design.

Figure 2. Representative ECG electrodes placement according to Lead II configuration and HRV 
analyses performed. (-): Negative electrode, (+): Positive electrode, (G): Ground electrode.  
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RMSSD is the same as the nonlinear Poincaré plot standard 
deviation 1 (SD1) metric, which measures short-term 
HRV (37). RMSSD measurements over 24-h are highly 
correlated with the percentage of successive RR intervals 
that differ by more than 50 ms (pNN50) and HF power 
[25].

Although the RMSSD has a positive correlation with 
HF power [26], the impact of respiration rate on this 
index is unknown. Across many functions, the RMSSD 
is less affected by respiration than the respiratory sinus 
arrhythmia. The PNS has a greater effect on the RMSSD 
than the SDNN [24].

TINN
The TINN is the width of the baseline in a histogram of 

normal-to-normal (NN) intervals [27]. Contamination by 
only two objects within a five-minute segment can greatly 
distort its meaning, similar to SDNN and RMSSD [28].
2.4.2. Frequency domain analysis
For the frequency domain analysis, the Kubios HRV 
Software (University of Eastern Finland) was used. Each 
recording period was exemplified by four minutes of R-R 
tachogram and resampled with 10 Hz to convert to time 
series. 

The frequency bands of our frequency-domain analysis, 
which were selected as proposed by Thireau et al. (2008) 
[29], were as follows: VLF: 0.00–0.15 Hz; LF: 0.15–1.5 
Hz; HF: 1.5–5 Hz. LF/HF ratios were also evaluated. The 
relative powers of frequency bands, namely the percentage 
of power spectrum densities (PSD%), were reported. 
2.4.3. Nonlinear analysis

Detrended fluctuation analysis (DFA)
RR time series were analyzed using  Kubios HRV 

Software (University of Eastern, Finland) according to the 
DFA algorithm introduced by Peng et al. (1995) [30].  To 
further analyze the fluctuations in time series, this method 
employs the detrending technique. The correlation between 
the fluctuation function and the sample size is expressed in 
the scaling exponents obtained from this analysis. The self-
similarity of the time series is expressed by this relationship 
between them. There are several steps to this method: to 
begin, the sum of the differences between the average RR 
(RRa) and each RR value (RRi) in the time series yields the 
integrated time series y(k) (Eq. 1).
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The time series y(k) is divided into nonoverlapping 
(n) boxes of equal size. The local trend yn(k) for each box 
is determined for detrending integrated time series and 
then detrended by subtracting from the integrated time 
series y(k). The root-mean-square of the detrended time 
series obtained in the previous step is used to measure the 
fluctuation function F(n) (Eq. 2):
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where F(n) is the fluctuation function of box size n, N 
is the number of the value in the time series, y(k) is the 
integrated time series, and  yn(k) is the local trend series 
in each box. 

To determine the correlation properties of the time 
series, the logarithmic relationship between the fluctuation 
function F(n) and the box size n is scaled. Calculating 
the slope of this logarithmic relation yields the scaling 
exponents DFAα1 and DFAα2. 

Short-term (DFAα1) and long-term (DFAα2) scaling 
exponents were determined in both groups for different 
box sizes 4 < n < 11 and 12 < n < 64, respectively [31]. 

Poincaré plot analysis
The Poincaré plot was analyzed by drawing an 

ellipse around the plotted points using the Kubios 
HRV Program (University of Eastern, Finland). From 
the analysis viewpoint, the Poincaré plot is a statistical 
visual analysis method. Regardless of the time series’ 
longitude, the correlation spectrogram obtained by the 
Poincaré plot allows for accurate recognition of the time 
series. Each pair of RR intervals (previous and next) are 
located in the rectangular coordinate system according 
to their coordinates (x, y), where x represents the RRn 
interval value, and y represents the RRn+1 [32].  The graph’s 
dispersion generates a segment of points whose center is on 
the line known as the “line of identity”, which is the graph 
of the function x = y (RRn = RRn+1). RR intervals longer 
than the previous one are represented by points above the 
line of identity, and  intervals  shorter than the previous 
one, represented by points below the line of identity [33]. 
These coordinates are used to measure the following three 
parameters: (i) SD1, (ii) SD2, and (iii) SD2/SD1, all of 
which were included in the present study. 

(i) SD1, which determines the ellipse’s width, is the 
standard deviation of each point’s distance from the y = x 
axis. SD1 was considered to correlate with blood pressure 
changes, and power in the LF and HF bands, and total 
power of frequency domain analysis which is obtained 
from short-term recordings of five minutes [34]. 

(ii) SD2, which determines the ellipse’s length, is the 
standard deviation of each point from the y =  x + average 
R–R interval. SD2 is thought to be a reflection of LF band 
power and baroreflex sensitivity [35]. 

(iii) SD2/SD1 ratio was assumed to be the analog of the 
LF/HF ratio [36].

Entropy analysis
The entropy analysis was carried out with the 

Kubios HRV Program (University of Eastern, Finland). 
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Approximate entropy (ApEn) and sample entropy 
(SampEn) measure the probability in a given sequence of 
length N and runs of models that are close to m points 
remain close (less than a certain tolerance level r) to m 
+ 1 points. There is no fail-safe law for selecting r and 
m parameters. Generally, values of the standard HRV 
deviation between 10% and 25% (most often, 20%) can be 
used. Commonly, m = 2 is used for model length, and  m = 
1 for very short time series [37].

Estimated entropy is used to determine the regularity 
and complexity of a time series. ApEn is optimized for 
a short time series with possible noise, and provides no 
details about the dynamics of the underlying mechanism. 
When applied to HRV data, large ApEn values indicate 
poor predictability of fluctuations in successive RR 
intervals. Small ApEn values suggest that the signal is 
normal and predictable [24].

To calculate sample entropy, a less biased and more 
accurate measurement of signal accuracy and complexity 
has been developed. The values of SampEn are converted 
to ApEn and can be measured using fewer than 200 values 
in a much shorter time series [24].
2.4. Statistical analysis
Firstly, the Shapiro–Wilk test was used to determine 
whether the data were normally distributed. Since this 
seemed to be the case, we then used a parametric statistical 
approach to further analyze our data. The statistical 
significance between the two groups was analyzed using 
the independent sample t-test, and for the multiple 
comparisons, one-way ANOVA was used. The IBM SPSS 
Statistics Version 21.0 (IBM Corporation, Armonk, NY, 
USA) was used for statistical analyses, and the statistical 

significance level was adjusted to p < 0.05. The data were 
expressed as ‘mean ± SD (standard deviation)’.  

3. Results 
3.1. Time domain analysis
The time-domain analysis results were compared as shown 
in Figure 3: SDNN was calculated as 8.57 ± 3.69 ms in 
group K+X, 4.58 ± 2.78 ms in group P, and 2.498 ± 1.00 
ms in group P+N. RMSSD was measured as 9.27 ± 4.20 
ms in group K+X, 3.34 ± 3.19 ms in group P, and 1.87 ± 
0.58 ms in group P+N. TINN was calculated as 48.57 ± 
17.72 ms in group K+X, 26.42 ± 15.19 ms in group P, and 
12.14 ± 4.88 ms in group P+N. SDNN, RMSSD, and TINN 
were reduced significantly in group P (p < 0.01) and P+F 
(p < 0.001) compared to Group K+X. SDNN, RMSSD, and 
TINN did not differ significantly between group P and 
group P+F (p > 0.05). 

Mean HR was 253.81 ± 34.61 bpm, 376.39 ± 23.62 bpm 
and 377.99 ± 42.94 bpm in group K+X, group P, and group 
P+F, respectively. Note that the mean HR was significantly 
lower in group K+X in comparison to the others (p < 0.01) 
but did not differ significantly between group P and group 
P+F (p > 0.05) (Figure 4). 
3.2. Frequency domain analysis 
The mean relative VLF power was 63.69 ± 21.84, 67.61 ± 
12.54, and 20.43 ± 12.05 in group K+X, group P, and group 
P+F, respectively. Relative VLF power was significantly 
lower in group K+X compared to group P and group P+F 
(p < 0.01). Relative VLF power did not differ significantly 
between group P and group P+F (p > 0.05) (Figure 5). 
The mean relative LF power was 14.34 ± 9.65, 7.3 ± 3.74, 
and 67.96 ± 17.05 in group K+X, group P, and group P+F, 

Figure 3. Effects of ketamine+xlazine (K+X), pentobarbital (P), and pentobarbital+fentanyl 
(P+F) on time-domain parameters of HRV analysis.
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respectively. Relative LF power was significantly higher 
in group K+X compared to group P (p < 0.01) and group 
P+F (p < 0.001) (Figure 5). Relative LF power did not 
differ significantly between group P and group P+F (p 
> 0.05). The mean relative HF power was 21.96 ± 17.85, 
25.09 ± 13.54, and 11.60 ± 11.50 in group K+X, group P, 
and group P+F, respectively. The changes in relative HF 
power were not statistically significant between groups (p 
> 0.05). The LF/HF ratio was 14.47 ± 13.69, 1.03 ± 1.00, 
and 0.48 ± 0.43 in group K+X, group P, and group P+F, 
respectively. The LF/HF ratio was significantly higher in 
group K+X compared to group P (p < 0.05) and group P+F 
(p < 0.01) but did not significantly differ between group P 
and group P+F (p > 0.05) (Figure 5). Total power (TP) was 
22.42 ± 14.18, 2.86 ± 2.41, and 60.71 ± 23.074 in group 
K+X, group P, and group P+F, respectively (Figure 5). TP 
was significantly higher in group K+X compared to group 
P (p < 0.05) and group P+F (p < 0.001). TP did not differ 
significantly between group P and group P+F (p > 0.05) 
(Figure 5).
3.3. Detrended fluctuation analysis (DFA) 
Detrended fluctuation analysis results were compared 
between the groups. Mean DFAα1 was calculated as 0.28 
± 0.09, 0.77 ± 0.31 and 0.58 ± 0.25 in group K+X, group P, 
and group P+F, respectively. Mean DFAα2 was calculated 
as 1.19 ± 0.21, 0.76 ± 0.16 and 0.76 ± 0.36 in group K+X, 
group P, and group P+F, respectively. DFAα1 was higher 
in group K+X compared to group P+F (p < 0.05). DFAα1 
changes between group P and group P+F, and between 
group K+X and group P were not statistically significant 
(p > 0.05) (Figure 6).  DFAα2 was lower in group K+X 
compared to group P (p < 0.05). DFAα2 changes between 

group P and group P+F, and between group K+X and 
group P+F were not statistically significant (p > 0.05) 
(Figure 6).
3.4. Poincaré plot analysis
Poincaré plot parameters SD1, SD2, and SD2/SD1 ratio 
were compared between the groups. SD1 was 13.28 ± 7.60 
ms, 2.34 ± 1.25 ms, and 1.34 ± 0.42 ms in group K+X, group 
P, and group P+F, respectively. SD2 was 17.59 ± 6.23 ms, 
3.14 ± 1.60 ms, and 2.63 ± 1.82 ms in group K+X, group P, 
and group P+F, respectively. The SD2/SD1 ratio was 1.57 
± 0.39, 3.19 ± 1.27, and 2.63 ± 1.82 in group K+X, group 
P, and group P+F, respectively. Both SD1 and SD2 were 
significantly higher in group K+X compared to group P 
and group P+F (p < 0.001) but did not differ significantly 
between group P and group P+F (p > 0.05).  The SD2/SD1 
ratio was significantly lower in group K+X compared to 
group P and group P+F (p < 0.05), however, did not differ 
between group P and group P+F (p > 0.05) (Figure 7). 
3.5. Entropy analysis
In the entropy analysis, ApEn and SampEn were compared 
between the groups (Figure 8).  The calculated mean 
ApEn values were 1.46 ± 0.29, 1.26 ± 0.22 and 1.10 ± 0.13 
in group K+X, group P, and group P+F, respectively. The 
calculated mean SampEn values were 1.66 ± 0.48, 1.42 ± 
0.31, 1.25 ± 0.17 in group K+X, group P, and group P+F, 
respectively. Both mean ApEn and SampEn values did not 
differ significantly between groups (p > 0.05) (Figure 8).

4. Discussion
The major findings of this study may be summarized 
as follows: (i) the pentobarbital (in group P) and 
pentobarbital fentanyl (in group P+F), caused a 

Figure 4. Effects of ketamine+xlazine (K+X), pentobarbital (P), and pentobarbital+fentanyl 
(P+F) on the HR.
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more stable HR during general anesthesia than the 
kethamine+xlazine (in group K+X) combination; (ii) 
the greatest reduction in complexity parameters during 
general anesthesia was seen in the group P+N; (iii) 
the irregularity-reflecting parameters SampEn and 
ApEn did not differ between groups; (iv) time-domain 
parameters, SDNN, RMSSD and TINN, behaved in an 
opposite manner to the frequency domain and nonlinear 
parameters.

In cardiac research, importance is attached to the 
selection of anesthetic agents, because these vary in their 
effects on hemodynamics, and can increase the incidence 
of arrhythmias. In terms of cardiovascular study, no single 
ideal anesthetic agent has been identified, and the use of a 
combination of drugs is appropriate because it allows for 
the benefits of small doses without the drawbacks of large 

doses of any one medication [38]. Using large doses of 
these anesthetics, especially pentobarbital, causes cardiac 
depression [5]. 

The results of our study showed that the K+X 
combination for anesthesia created  more stable 
cardiovascular conditions than either the P+F 
combination or pentobarbital. Pentobarbital has been 
shown to induce hypotension and tachycardia [39], but 
in  lower concentrations (approximately 30 mgkg–1) it has 
been shown not have a depressive effect on the heart [14, 
39]. Under pentobarbital anesthesia in mice, Xiuying et al. 
(2002) and Yan et al. (2009) found persistence in  activity 
of autonomic nerves, including vagal efferents [40,41]. 
In the present study, using a high dose of pentobarbital 
(90 mgkg–1) decreased complexity, which may have been 
caused by the drug’s antivagal effect [5].

Figure 5. Effects of ketamine+xlazine (K+X), pentobarbital (P), and pentobarbital+fentanyl (P+F) 
on frequency-domain parameters of HRV analysis.

Figure 6. Effects of ketamine+xlazine (K+X), pentobarbital (P), and pentobarbital+fentanyl (P+F) on 
detrended fluctuation analysis.
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The effects of pentobarbital on myocardial function 
have been studied in dogs [42] and pigs [43]. Some authors 
have reported the depressive effects of pentobarbital on 
the myocardium [42,43]. The systemic vascular system 
is also considered to be impaired by pentobarbital 
anesthesia. Pentobarbital inhibits synaptic transmission 
in sympathetic ganglia and catecholamine release from 
the adrenal medulla, as well as depressing the carotid 
baroreceptor reflex function [4].

In our study, the bradycardia effect in the K+X 
combination group was more severe than in the other 
groups. However, during the general anesthesia periods, the 
mean DFAα1 in K+X anesthesia was closer to 1, compared 
to group P and group P+F. Peng et al. (1995) stated in 
the  article that first introduced the DFA algorithm that 
the DFAα exponent (box size: 4–16), which corresponds 
to DFAα1 in our study, is likely due to the physiological 
interbeat interval fluctuation that is dominated by the 

Figure 7. Effects of ketamine+xlazine (K+X), pentobarbital (P), and 
pentobarbital+fentanyl (P+F) on Poincaré plot analysis. 

Figure 8. Effects of ketamine+xlazine (K+X), pentobarbital (P), and pentobarbital+fentanyl 
(P+F) on entropy analysis.
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relatively smooth heartbeat oscillation associated with 
respiration on very short time scales [30]. Xylazine can 
cause severe cardiopulmonary depression. Respiratory rate 
and HR decrease after the administration of Xylazine [44]. 
Following xylazine administration, the respiratory rate 
and HR were found to be decreased [11]. Our findings of 
lower HR and HF power in the group K+X combination 
were in agreement with these findings [11, 44]. DFAα1was 
higher in group K+X, suggesting that, as expected, the 
combination of K+X did not affect respiratory-related 
complexity parameters. 

Another combination examined in the present study 
was the P+F combination. Fentanyl alone, according 
to Flacke et al., can cause hypotension by reducing 
sympathetic outflow [45]. They demonstrated the absence 
of hemodynamic effects of fentanyl in dogs deprived of 
the autonomic tone, suggesting that its effects are entirely 
mediated by the ANS. The results of the present study reveal 
that the addition of fentanyl to pentobarbital decreased 
the frequency-domain parameters compared to the sole 
administration of pentobarbital (Figure 5). Nevertheless, 
there was no difference in complexity and regularity 
measures between the group P and the group P+F (Figures 
6–8). With the P+F combination, the required dose of 
pentobarbital can be reduced, and, therefore, more stable 
hemodynamic parameters can be obtained during general 
anesthesia. In the present study, however, we deliberately 
avoided lowering the dose of pentobarbital in the P+F 
combination group to evaluate the combined effects. 
Compared to group P and group P+F, the K+X combination 
reduced HR more severely; nevertheless, this combination 
had minimal effects on linear and nonlinear parameters 
of HRV analysis. Thus, it can be concluded that the K+X 
combination may preserve cardiovascular function better 
compared to the sole application of pentobarbital and the 
P+F combination. A possible explanation is that the K+X 
combination inhibits adrenergic components without 
affecting vagal components, and that this inhibition is not 
sufficiently severe to change or alter HRV parameters. 

Because only a single dose of the drugs was administered, 
our study provides no evidence on the effect on ANS of 
the anesthetics at increasing doses and our results can only 
suggest the effects of anesthetics in higher doses.  Further 
studies are needed that evaluate dose-dependent effects of 
anesthetics on ANS. 

Before initiation of the study protocol, the depth of 
anesthesia was evaluated by the pedal withdrawal reflex 
as well as by the breathing frequency (2.1. Animals and 
anesthesia). When the animal remains calm and quiet, is 
insensitive to external stimuli, and has steady heart and 
breathing rates at around 60, the depth of  anesthesia is 
considered to be optimal [3]. Although the absence of the 
palpebral reflex in mice indicates a good anesthetic depth, 
the pedal withdrawal reflex cannot be used to provide 

quantitative data on the depth of anesthesia, which requires 
relatively new depth-of-anesthesia evaluation methods, 
such as epinephrine or norepinephrine measurements 
and bispectral index. A limitation of the current study 
that such methods were not employed. However, it should 
be noted that the HR itself is more sensitive than arterial 
blood pressure as a parameter for evaluating the anesthesia 
level [46]. For decades, in addition to HR measurements, 
several HRV analyses were performed to assess the effects 
of anesthesia on ANS [5–7, 45]. 

Also, a general limitation must be addressed. The value 
of HRV interpretation has often been questioned because 
HRV represents HR regulation by the parasympathetic and 
sympathetic nervous systems, rather than absolute levels 
of autonomic activity [47]. Recent studies have shown that 
HRV is a useful tool for assessing the impact of autonomic 
oscillations on heart rate, especially during anesthesia [48]. 
However, since certain physiological reflexes or nonneural 
mechanisms may be inadequately reflected in the HRV 
signal, some autonomic control mechanisms may not be 
fully explained by this study [49]. 

Animal experimentation is a long-standing practice in 
medicine, especially for testing new therapies in animal 
models before translating their findings to humans [46]. 
However, not all results achieved on animals can be directly 
translated to human, and of the many possible reasons for 
this, one may be the lack of data on the effects of anesthetics. 
We believe that, by shedding light on the effects of the most 
commonly used anesthetics in animal studies, our data will 
contribute to the literature on the translation of the results 
from animal studies into medical practices. 

Anesthetic side effects can affect the accuracy of 
experimental results and should be avoided as far 
as possible. The depressed cardiac variability caused 
by the pentobarbital combination means that this 
anesthetic should be excluded from the studies that 
focus on evaluating the ANS functions. K+X has fewer 
hemodynamic effects in rats compared to pentobarbital 
or the pentobarbital+fentanyl combination. When all our 
findings are considered together, it appears that the K+X 
combination caused more extensive bradycardia, yet this 
combination is the most effective anesthetic agent for 
evaluating cardiac autonomic effects interventions under 
the conditions of this study.

5. Conclusion
In conclusion, our study demonstrated that K+X 
administration in mice leads to sympathetic withdrawal, 
with a trend toward vagal activation; without, however, 
severely affecting ANS modulation. HRV analyses, 
including nonlinear methods, indicated that the K+X 
combination produces lower levels of imbalance and 
disorder in the regulation of the ANS, in comparison to 
both pentobarbital and the P+F combination. In the studies 
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focusing on the effects on ANS, K+X anesthesia may be 
preferred to pentobarbital and the P+F combination. 
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