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INTRODUCTION 
 
Most cardiovascular functions and electrophysiological 
parameters oscillate over the course of a 24
exhibit circadian rhythms (Portaluppi and Hermida, 2007; 
Zhang et al., 2014). These functions are influenced by various 
external stimuli, as well as by endogenous homeostatic
mechanisms, resulting in changes in myocardial 
electrophysiological properties during the day, and enable the 
cardiovascular system to adapt to rest-activity cycles.
compelling evidence obtained from animal models and 
epidemiological studies involving human subjects 
demonstrating that disruption of circadian rhythms is an 
important risk factor for several cardiovascular diseases, and 
that medical intervention may have a time
(Muller et al., 1985; Culic, 2015; Chen and Yang, 2015).
Because heart rhythm disorders can be predicted by alterations 
in electrocardiographic (ECG) parameters, knowledge of their 
initial state can significantly affect the interpretation of final
experimental results. From this perspective, the development
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ABSTRACT 

This investigation aimed to review the initial state of electrophysiological parameters that may predict 
the development of heart rhythm disorders in spontaneously-breathing pentobarbital
xylazine- and zoletil-anesthetized rats. These data will contribute to building a wider framework for a 
chronobiological perspective on the dependence of these parameters on the light

in vivo conditions. The study was performed using female Wistar rats, which were adapted to a 
12 h LD cycle. Parameters evaluated included RR, PQ, QT, QTc intervals, the QRS complex and the 
amplitudes of P, R and T waves. The longest RR and QT interval duration occurred after the 
administration of ketamine-xylazine anesthesia in both the light period and the da
longest PQ and QTc interval durations occurred under zoletil anesthesia in the light period. It is 
concluded that from a chronobiological perspective, the most significant electrophysiological 
myocardial susceptibility toward the potential risk for developing ventricular arrhythmias occurred 
under ketamine-xylazine anesthesia. The most important predisposition toward the development of 
ventricular arrhythmias related to disorders of impulse production and conduction

l anesthesia only in the light period. Ventricular arrhythmias 
dispersion of refractory periods occurred under ketamine-xylazine anesthesia in both the lighted 
periods. 
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electrophysiological 
parameters oscillate over the course of a 24-hour period and 
exhibit circadian rhythms (Portaluppi and Hermida, 2007; 

., 2014). These functions are influenced by various 
external stimuli, as well as by endogenous homeostatic 
mechanisms, resulting in changes in myocardial 
electrophysiological properties during the day, and enable the 

activity cycles. There is 
compelling evidence obtained from animal models and 

lving human subjects 
demonstrating that disruption of circadian rhythms is an 
important risk factor for several cardiovascular diseases, and 
that medical intervention may have a time-dependent effect 
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Because heart rhythm disorders can be predicted by alterations 
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of in vivo chronobiological animal models may uncover some 
of the relationships between circadian rhythms and biological 
functions, which can be exceedingly difficult to study in 
human subjects. Performing ethically acceptable 
cardiovascular research in animals often necessitates th
general anesthesia. Anesthetic agents used for general 
anesthesia, however, exert a variety of effects on the 
cardiovascular system, which may significantly impact 
cardiomyocytes, conduction systems of the heart, 
incidence of arrhythmias (Blake and Korner, 1981, Grund 
al,. 2004). General anesthesia appears to disrupt cardiovascular 
stability by altering cardiac function, vascular reactivity and 
cardiovascular reflexes, which can significantly modify the
distribution of cardiac output to selected organs (Akata, 2007).
The small number of chronobiological 
examined interactions between general anesthesia and 
circadian rhythms report that general anesthesiahas a 
significant effect on vital functions (Dispersyn 
date, however, there are no published investigations that have 
evaluated the effect of general anesthesia on basic 
electrophysiological myocardial parameters and their 
dependence on circadian rhythms or the light
Nearly all evaluable ECG parameters are used to identify 
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animal models may uncover some 
of the relationships between circadian rhythms and biological 
functions, which can be exceedingly difficult to study in 

Performing ethically acceptable 
cardiovascular research in animals often necessitates the use of 
general anesthesia. Anesthetic agents used for general 
anesthesia, however, exert a variety of effects on the 
cardiovascular system, which may significantly impact 
cardiomyocytes, conduction systems of the heart, and/or the 
incidence of arrhythmias (Blake and Korner, 1981, Grund et 

,. 2004). General anesthesia appears to disrupt cardiovascular 
stability by altering cardiac function, vascular reactivity and 

flexes, which can significantly modify the 
distribution of cardiac output to selected organs (Akata, 2007). 
The small number of chronobiological studies that have 
examined interactions between general anesthesia and 
circadian rhythms report that general anesthesiahas a 

functions (Dispersyn et al., 2008). To 
date, however, there are no published investigations that have 
evaluated the effect of general anesthesia on basic 
electrophysiological myocardial parameters and their 
dependence on circadian rhythms or the light-dark (LD) cycle. 
Nearly all evaluable ECG parameters are used to identify 
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cardiac abnormalities in rats; however, some studies have 
investigated the reliability of this tool (De Oliveira et al., 
2012). The time when the experiments were performed and the 
synchronization of the animals to the LD cycle were not, 
however, accounted for in the methodologies of these studies. 
From a chronobiological perspective, this is of concern, 
because all functions of the cardiovascular system exhibit 
circadian variations, which makes inter-study comparisons 
very problematic. 
 
Accordingly, the specific objective of the present in vivo study 
was to assess which type of anesthesia would lead to the most 
significant electrophysiological myocardial predisposition 
toward the potential risk for developing ventricular 
arrhythmias in spontaneously-breathing pentobarbital-, 
ketamine-xylazine and zoletil-anesthetized rats. This 
information will contribute to a framework for a 
chronobiological perspective on the dependence of these 
parameters on the LD cycle under in vivo conditions. 
 

MATERIAL AND METHODS 
 
The study protocol adhered to the Guide for the Care and Use 
of Laboratory Animals, published by the United States 
National Institutes of Health (NIH publication number 85-23, 
revised 1996), and was approved by the Ethics Committee of 
the Medical Faculty of Safarik University (Kosice, Slovak 
Republic) (permission number 2/05). The present study was 
performed using female Wistar rats (mean [±SD] weight 310±20 g, 3 
to 4 months of age)after they were adapted to an LD cycle (12h light: 
12h dark [intensity of artificial illumination 80 Lux]; ad libitum 
access to food and water; cage temperature 24°C; humidity 40% to 
60%; two animals/cage) for 4 weeks. The influence of the light 
period on the selected parameters was examined after the animals 
were adapted to an LD cycle (light period from 06:00 h to 18:00 h). 
The effect of the dark period was monitored after adaptation to the 
inverse setting of the LD cycle (i.e., light period from 18:00 h to 
06:00 h). The animals were divided into three experimental 
groups according to the anesthetic agent used. Group 1 – 
pentobarbital intraperitoneal anesthesia (40 mg/kg, Spofa, 
Prague), light period n = 16, dark period n = 27, group 2 - 
ketamine (100 mg/kg, Narkamon, Spofa, Prague) + 
xylazine(15 mg/kg, Rometar, Spofa, Prague) intramuscular 
anesthesia, light period n = 11, dark period n = 13 and group 3 
– zoletil (30 mg/kg, Virbac, France) intraperitoneal anesthesia, 
light period n = 10, dark period n = 12. Animals were fixed to 
a preheated table and, after 5 min of rest and spontaneous-
breathing in the supine position, ECG data for RR, PQ, QT and 
QTc intervals, the QRS complex, and the amplitude of P, R, 
and T waves were recorded and analyzed from bipolar lead II 
connected to a computer system (ECG Practic Veterinary, 
Prague). Anesthesia was maintained at a level at which painful 
stimuli did not evoke conspicuous motor or cardiovascular 
responses. 
 
Statistical analysis 
 
Data are presented as means ± SD, and were analyzed using 
GraphPadInStat (GraphPad Software, USA). Analysis of 
variance (ANOVA) was applied to detect significant 
differences within a single end-point. The Tukey-Kramer test 
was used to identify significant differences between groups; 
p<0.05 was considered to be statistically significant. 
Experiments were performed throughout the course of an 

entire year, and mean results were calculated independent of 
season. 
 

RESULTS 
 
RR interval 
 
Unlike pentobarbital-anesthetized rats, a significant LD 
difference in RR interval duration was found in ketamine-
xylazine-anesthetized rats (p<0.001) and zoletil-anesthetized 
rats (p<0.01). Rats under ketamine-xylazine anesthesia 
exhibited the longest RR interval duration in both the light and 
the dark periods of the regimen day compared with animals 
under pentobarbital and zoletil anesthesia (p<0.001) (Table 1, 
Figure 1). 
 

 
 
Figure 1. RR interval duration (ms) during light (white columns) 
and dark(black columns) periods in pentobarbital-(P), ketamine-
xylazine-(K/X) and zoletil-(Z)anesthetized rats. Data are 
presented as means ± SD; *** p<0.001 and * p<0.05 were 
considered to be statistically significant differences 

 
PQ interval and amplitude of P wave 
 
No significant LD-dependent differences were found in PQ 
interval duration in pentobarbital-anesthetized animals 
compared with the ketamine-xylazine and zoletil groups. 
Significant (p<0.001) differences in PQ interval duration were 
found between the zoletil and pentobarbital groups, and 
ketamine-xylazine and zoletil in the light, as well as 
pentobarbital groups in the dark period (Table 1, Figure 2). 
In the light period and the dark period, significant (p<0.001) 
differences in P wave amplitude were found between 
pentobarbital and ketamine-xylazine anesthesia, and between 
zoletil and ketamine-xylazine anesthesia. The lowest P wave 
amplitudes occurred under ketamine-xylazine anesthesia 
(Table 1, Figure 2). 
 
QRS complex, QT interval, QTc interval and amplitudes of 
R and T waves 
 
The duration of the QRS complex was not dependent on the 
LD cycle or on the type of anesthesia, demonstrated by no 
significant differences between the pentobarbital and the 
zoletil groups (Table 1). No significant LD differences were 
found in QT interval duration in the pentobarbital- and 
ketamine-xylazine-anesthetized animals compared with the 
zoletil group. In the light period, significant differences 
(p<0.01) in the duration of the QT interval were only observed 
between the pentobarbital and ketamine-xylazine groups.  
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Table 1. Electrophysiological myocardial parameters under selected types of anesthesia during the light and dark periods of the rat regimen day 
 

 Pentobarbital  Ketamine/ xylazine  Zoletil  

 Light Dark Light Dark Light Dark 
RR interval (ms) 169 ± 16 178 ± 34 242 ± 41 220 ± 20*** 172 ± 25 219 ± 57** 

PQ interval (ms) 44.16±7.7 45.29±4.65 46.82±12.31 36.35±6.97*** 51.75±5.43 46.00±3.44*** 

QT interval (ms) 73.47±15.35 76.02±9.66 84.32±14.94 90.69±7.38 79.36±12.27 70.66±10.37*** 

QTc interval (ms) 197.7±40.9 190.7±26.6 176.1±25.8 197.5±17*** 200.7±28 160.7±33.2*** 

QRScomplex (ms) 28.47±2.74 28.56±2.56 28,64±2,48 28,89±2,35 28.56±3.54 29.17±3.23 
P wave (mA) 0.109±0.04 0.125±0.03* 0.053±0.02 0.059±0.02 0.119±0.03 0.118±0.03 
R wave (mA) 0.572±0.18 0.575±0.14 0.593±0.18 0.634±0.12 0.442±0.13 0.631±0.17 
T wave (mA) 0.120±0.04 0.123±0.04 0.138±0.03 0.135±0.04 0.126±0.05 0.115±0.03 

         Data are presented as means ± SD. *** p<0.001; ** p<0.01; * p<0.05 were considered to be statistically significant LD differences. 

 

 
 
Figure 2. PQ interval duration (ms) and amplitude of P wave (mV) during light (white columns) and dark(black columns) periods in 
pentobarbital-(P), ketamine-xylazine-(K-X) and zoletil-(Z)anesthetized rats. Data are presented as means ± SD; *** p<0.001; ** 
p<0.01 and * p<0.05 were considered to be statistically significant differences 

 

 
 
Figure 3. QT and QTc interval duration (ms) during light (white columns) and dark (black columns) periods in pentobarbital-(P), 
ketamine-xylazine-(K-X) and zoletil-(Z)anesthetized rats. Data are presented as means ± SD. *** p<0.001; ** p<0.01 and                      
* p<0.05 were considered to be statistically significant differences 

 

 
 
Figure 4. Amplitudes of R and T waves (mV) during light (white columns) and dark (black columns) periods in pentobarbital-(P), 
ketamine-xylazine-(K-X) and zoletil-(Z) anesthetized rats. Data are presented as means ± SD. *** p<0.001 and * p<0.05 were 
considered to be  statistically significant differences 
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Significant differences were found between all groups in the 
dark period of the regimen (Table 1, Figure 3). The shortest 
duration of QTc interval was under zoletil anesthesia in the 
dark period, and the longest duration was under pentobarbital 
anesthesia in the light period. In the light period, significant 
differences were found between ketamine-xylazine and zoletil 
anesthesia (p<0.001). In the dark period, QTc interval duration 
was significantly longer under pentobarbital and ketamine-
xylazine anesthesia (p<0.001) compared with zoletil anesthesia 
(Table 1, Figure 3). Significantly (p<0.001) higher R wave 
amplitudes occurred under pentobarbital and ketamine-
xylazine anesthesia compared with zoletil anesthesia in the 
light period only. In the dark period, no differences were 
found. T wave amplitudes exhibited no statistically significant 
differences between the selected types of anesthesia (Table 1, 
Figure 4). 

  
DISCUSSION 
 
Analysis of ECG parameters in humans have been shown to 
exhibit a circadian rhythmicity. P wave duration and area, P-R 
interval, QRS duration, and QT interval have all demonstrated 
diurnal changes (Molnar et al. 1996, DiLaveris et al., 2001). 
This circadian variation in cardiac functions, which is 
dependent on the activity of the autonomic nervous system, is 
not only exhibited in human subjects, but also in small 
experimental animals. Therefore, the design and development 
of in vivo myocardial experimental models can be used to 
demonstrate the presence, or at least possible influence, of 
circadian rhythms. However, in in vivo experiments, general 
anesthesia must be administered for ethical reasons, which can, 
to some extent, influence initial measurements and in turn, 
affect the final results. Therefore, the objective of the present 
studywas to determine which type of general anesthesia 
(pentobarbital, ketamine-xylazine and zoletil) would lead to 
the most significant electrophysiological myocardial 
predisposition toward the potential risk for developing 
ventricular arrhythmias in rat models; and to highlight the 
importance of the initial state of electrophysiological 
myocardial parameters from a chronobiological perspective. 
 
RR interval 
 
Heart rate (HR) is an easily measurable parameter of heart 
activity, and can be readily calculated with the duration of RR 
intervals. Changes in HR may directly impact the 
cardiovascular system. Caetano and Alves (2015) reported that 
an elevated resting HR is an independent predictor of 
cardiovascular and overall mortality in the general population. 
HR appears to be strongly affected by the type of anesthesia 
used. Although Konopelski and Ufnal (2016) refer to HR 
differences in rats under some types of anesthesia, there is 
a limitation suggesting that the presented results are probably 
from the light (inactive) period of the regimen day, or from 
experiments in which the circadian rhythm of HR was not 
considered. Regrettably, there are no available published data 
reporting daytime dependence or synchronization of animals to 
an LD cycle (i.e., 12 h light: 12 h dark), largely because most 
in vivo experiments involving rats or other similar small 
animals are usually performed during the non-active (i.e., 
light) part of the day. In non-anesthetized rats, HR fluctuates as 
a function of circadian rhythms. Using telemetric studies, 
Molcan et al. (2013, 2014) reported significantly higher HR 
values during the dark (active) period (355 ± 8 beats/min.; RR 

interval: 169 ± 7.5 ms) compared with the light (inactive) 
period of the rat regimen day (315 ± 6 beats/min; RR interval: 
190 ± 10 ms). Our results suggest that the effects of selected 
types of anesthesia on RR interval duration are proportional in 
both the light and the dark periods of the rat regimen day, 
given that LD differences were preserved. Based on these 
findings, assessing the effect of anesthesia on HR, and 
chronobiologically-dependent electrophysiological myocardial 
parameters, can be interesting and important. In humans, as 
well as in larger laboratory animals, increases in HR 
(shortening of RR intervals) cause a greater predisposition 
toward ventricular arrhythmias. In small laboratory animals, it 
appears that the opposite is true. In relation to the electrical 
stability of the heart in rat models, it has been shown that 
increasing HR decreases myocardialvulner ability to 
ventricular arrhythmias (Svorc et al., 2003). Decreased HR 
under ketamine-xylazine anesthesiamay also reflect a greater 
myocardial predisposition toward ventricular arrhythmia in rats 
in both the lightperiod and the dark period of the regimen 
compared with pentobarbitalandzoletil anesthesia. Finally, 
zoletil anesthesia does not appear to affect cardiovascular 
function (Tárraga et al., 2000; Guarda et al., 2007, Musk et al., 
2014). However, the circadian rhythm of the RR interval (in 
our experiments presented by the LD cycle) was maintained in 
all the different types of anesthesia evaluated (Svorc et al., 
2014; 2015; 2016). 
 
Because LD differences in RR interval duration (or circadian 
rhythm) are maintained under ketamine-xylazine and zoletil 
anesthesia (Svorc et al., 2014; 2015), these agents likely have a 
significant influence on K+, Ca2+, Na+ channels and the 
Na+/K+ exchanger in pacemaker tissues (Di Francesco, 2006; 
Bucchi et al., 2007), or inhibit sympathetic nervous system 
activity, which is modulated by the LD cycle, in a similar 
manner. Based on this finding, our results suggest that 
prolonged RR intervals may reflect the most significant 
myocardial predisposition toward ventricular arrhythmia in rats 
in both the light period and the dark period of the regimen day, 
mainly under ketamine-xylazineanesthesia. 
 
PQ interval and P wave amplitude 
 
Myocardial susceptibilityto ventricular arrhythmias caused by 
disorders of impulse production and conduction depends on the 
velocity of impulse conduction, i.e., on action potential 
amplitude, which reflects the active role of Na+ channels 
(Carmeliet, 1986; Amitzur et al., 2000). In pentobarbital-
anesthetized rats, we found an LD loss and, based on our 
results, this may mean that pentobarbital anesthesia 
significantly affects Na+ channel dynamics. Na+ channel 
dynamics in pentobarbital-anesthetized rats, however, are not 
directly dependent on alternating light and dark cycles, as they 
are in ketamine-xylazine-and zoletil-anesthetized rats, although 
ketamine has been reported to slow ventricular conduction in 
the rabbit myocardium (Aya et al., 1997). In the present study, 
the longest duration of PQ interval occurred under zoletil 
anesthesia in both the light period and the dark period of the rat 
regimen day. The magnitude of the P wave reflects the initial 
deflection of the cardiac cycle and represents atrial excitation 
in an electrocardiogram. Atrial excitability in ketamine-
xylazine anesthesia was significantly reduced compared with 
pentobarbital and zoletil anesthesia during both the light and 
the dark portions of the rat regimen day, which suggests 
greater susceptibility to heart rhythm disorders. 
 

56558                                                           Pavol Svorc et al. Rat ECG and general anesthesia: A chronobiological study 



QRS complex, QT interval, QTc interval, R and T wave 
amplitudes 
 
It appears that the duration of ventricular depolarization is not 
affected by specific anesthetics, and is independent of the LD 
cycle. The wide duration range of QRS complexes (from 12.3 
to 57 ms in ketamine-xylazine anesthesia (Regan et al.; 2005; 
Miranda et al., 2007; Regan et al., 2007) and from 18 to 44 ms 
in pentobarbital anesthesia (Sugiyama et al., 2005; Kumar et 
al., 2009; Ahmad et al., 2015)is reported by several authors. 
The reasoning, therefore, about the increase or decrease in the 
duration of the QRS complex observed in our experiments may 
be controversial. If our results are only compared with 
measurements in the pentobarbital anesthesia group, the QRS 
complex duration was slightly reduced. Unfortunately, we do 
not have any comparative values for the QRS complex with 
regard to ketamine-xylazine and zoletil anesthesia. 
Prolongation of the QT interval occurs as a result of a defect in 
ion channels, resulting in an excess of intracellular cations 
(Viskin, 1999). This occurs due to the leakage of K+ from cells 
or excessive Na+ influx into the cell for the duration of the 
action potential. Excess intracellular cation concentrations 
prolong the repolarization of ventricles and cause early 
afterdepolarization. Prolongation of repolarization further 
extends the inactivation of Ca2+ channels, which also 
contributes to the formation of early afterdepolarization 
(Kaluzaj and Pontuch, 2004). The emergence of ventricular 
arrhythmias resulting from disorders in the dispersion of 
refractory periods is mainly determined by the duration of QT 
intervals; QT length therefore appears to be affected by the 
type of anesthesia. The longest QT interval duration was 
measured under ketamine-xylazine anesthesia in both the light 
period and the dark period. This confirms previous results from 
ketamine studies. Ketamine prolonged the refractory period 
without changing anisotropy or increasing its dispersion in the 
rabbit heart (Aya et al., 1997), and suppressed norepinephrine-
induced inositol trisphosphate (IP3) production, and inhibition 
of protein kinase C pathways and a decrease in intracellular 
Ca2+ concentration (Kudoh et al., 2002). The duration of the 
QT interval is mainly influenced by increases in K+ ion current 
(Amitzur et al., 2000), and it depends primarily on the 
intracellular concentration of K+ ions (Froldi et al., 1994). 
Delayed and inwardly rectifying K+ currents are the primary 
elements of heart cell electrophysiology that regulate resting 
potential and repolarization (Baum, 1993; Ko et al., 1997; Han 
et al., 2002). Unlike zoletil anesthesia, circadian fluctuations in 
K+ currents are probably eliminated under pentobarbital and 
ketamine-xylazine anesthesia. 
 
Both short and long QTc intervals are associated with an 
increased risk for disease, and both can lead to death. 
Ketamine-xylazine anesthesia affected the duration of the QTc 
interval (in our experiments calculated using Bazett’s formula) 
in an LD cycle-dependent manner. It appears that QTc interval 
duration is probably independent of the LD cycle under 
pentobarbital anesthesia. Any prolongation of the QTc interval 
(pharmacological intervention or other manipulations) are most 
likely to result in cardiac arrhythmias under ketamine-xylazine 
anesthesia in the dark (active) period of the rat day. The 
shortest duration of the QTc interval was observed under 
zoletil anesthesia, also in the dark (active) period. The 
amplitudes of the R and T waves are, approximately, a result 
of an altered state of the myocardium or changed conditions in 
the body. While the magnitude of the R wave represents early 
depolarization of the ventricles, our results show that under 

zoletil anesthesia the rate of depolarization was significantly 
higher than under pentobarbital and ketamine-xylazine 
anesthesia, but only in the light portion of the rat regimen day. 
Because the rats in our experiments did not undergo any 
procedures, the administration of general anesthesia produced 
no immediate changes in T wave amplitude, or in the 
repolarization of the ventricles. Differences in T wave 
amplitude between the different types of anesthesia, and also 
LD differences under selected type of anesthesia, were not 
found. 
 
Conclusion 
 
If prolongation of the RR interval decreases the electrical 
stability of the rat heart, the most significant myocardial 
vulnerability to ventricular arrhythmias probably occurs under 
ketamine-xylazine anesthesia, independent of the alternating 
light and dark cycles. The most significant predisposition 
toward the development of ventricular arrhythmias caused by 
disorders of impulse production and conduction (longest PQ 
interval) occurred under zoletil anesthesia in the light (non-
active) period; ventricular arrhythmias caused by disorders in 
the dispersion of refractory periods (the longest QT interval) 
occurred under ketamine-xylazine anesthesia in both the light 
period and the dark period. From the discussion and 
conclusions, it is clear that knowledge of the baseline 
electrophysiological parameters of the healthy heart, as well as 
their circadian variations, are essential because this 
information can directly affect the final interpretation of 
results, especially in in vivo experiments in rat models. 
Findings of the present assert that LD-related differences are 
not simply transient or procedure dependent, but involve a 
systemic response initiated by distinct neurohumoral regulation 
during the light and dark periods of the day and, importantly, 
also transpire under anesthesia. 
 
Conflicts of Interest 
 
The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as conflicts of interest. The author(s) have no 
financial disclosures. 
 
Acknowledgment 
 
The work was supported by VEGA grant, number 1/0423/11. 
 

REFERENCES 
 
Ahmad, A., Sattar, M.Z., Rathore, H.A., Khan, S.A., Lazhari, 

M.A., Hashmi, F., Abdullah, N.A., and Johns, E.J. 2015. 
Impact of Isoprenaline and Caffeine on development of left 
ventricular hypertrophy and renal hemodynamic in Wistar 
Kyoto rats. Acta PoloniaePharmaceutica - Drug Research, 
72: 1015-1026. 

Akata, T. 2007.General anesthetics and vascular 
smoothmuscle: Directactions of generalanesthetics on 
cellular mechanisms regulating vascular tone  (Review). 
Anesthesiology, 106: 365-391. 

Amitzur, G., Schoels, W., Visokovsky, A., Lev-ran, V., 
Novikov, I., Mueller, M., Kraft, P., Kaplinsky, E., and 
Eldar, M. 2000. Role of sodium channels in ventricular 
fibrillation: A study in nonischemic isolated hearts. Journal 
of Cardiovascular Pharmacology, 36: 785-793. 

56559                                             International Journal of Current Research, Vol. 9, Issue, 08, pp.56555-56561, August, 2017 

 



Aya, A.G., Robert, E., Bruelle, P., Lefrant, J.Y., Juan, J.M., 
Peray, P., Eledjam, J.J., and De la Coussaye, J.E. 
1997.Effects of ketamine on ventricular conduction, 
refractoriness, and wavelength: Potential antiarrhythmic 
effects: A high-resolution epicardial mapping in rabbit 
hearts. Anesthesiology,87: 1417-1427. 

Baum, V.C. 1993. Distinctive effects of three intravenous 
anesthetics on the inward rectifier (I(K1)) and the delayed 
rectifier (I(K)) potassium currents in myocardium: 
Implications for the mechanism of action. Anesthesia & 
Analgesia, 76: 18-23. 

Blake, D.W., and Korner, P.I. 1981.Role of 
baroreceptorreflexes in thehemodynamic and heart rate 
responses to althesin, ketamine and thiopentoneanesthesia. 
Journal of the Autonomic Nervous System,3: 55-70. 

Bucchi, A., Baruscotti, M., Robinson, R.B., and DiFrancesco, 
D. 2007. Modulation of rate by autonomic agonists in SAN 
cells involves changes in diastolic depolarization and the 
pacemaker current. Journal of Molecular and Cellular 
Cardiology, 43: 39-48. 

Caetano, J. and Alves, J.D. 2015. Heart rate and cardiovascular 
protection. European Journal of Internal Medicine, 26: 
217-222. 

Carmeliet, E. 1986. The slow inward current: non-voltage-
clamp studies. In: The slow invard current and cardiac 
arrhythmias. ed. D.P. Zipes, J.C. Bailey, V. Elharrar 
(Elsevier Science Publishers BV, Hague/Boston/London),  
97-110. 

Chen, L., and Yang, G. 2015. Recentadvances in 
circadianrhythms in cardiovascularsystem. Frontiers in 
Pharmacology, 6: 1-7. 

Culic, V. 2015. Chronobiological rhythms of acute 
cardiovascular events and underlying mechanisms. 
International Journal of Cardiology, 174: 417–419. 

De Oliveira, R.B., De Macedo, D.V., Santos, G.B., and 
Arcanjo, A.M. 2012. Reliability of the electrocardiogram in 
normal rats. International Journal of Exercise Science: 
Conference Proceedings:1(1): Article 63. 

DiFrancesco, D. 2006. Funnychannels in thecontrol of 
cardiacrhythm and mode of action of selectiveblockers. 
PharmacologicalResearch, 53: 399-406. 

DiLaveris, P.E., Farbom, P., Batchvarov, V., Ghuran, A., and 
Malik, M. 2001. Circadian behavior of P-wave duration, P-
wave area, and PR interval in healthy subjects. Annals of 
NoninvasiveElectrocardiology, 6: 92–97. 

Dispersyn, G., Pain, L., Challet, E., and Touitou, Y. 2008. 
General anesthetics effects on circadian temporal structure: 
An Update. Chronobiology International, 25: 835-850. 

Froldi, G., Pandolfo, L., Chinellato, A., Ragazzi, E., 
Caparrotta, L., and Fassina, G. 1994. Protection of atrial 
function in hypoxia by high potassium concentration. 
General Pharmacology, 25: 401-407. 

Grund, F., Tjomsland, O., Sjaastad, I., Ilebekk, A., and 
Kirkebøen, K.A. 2004. Pentobarbitalversusmedetomidine–
ketamine–fentanylanaesthesia: effects on haemodynamics 
and theincidence of ischaemia-induced ventricular 
fibrillation in swine. Laboratory Animals, 38: 70-78. 

Guarda, I.F.M.S., Saad. W.A., and DeArruda, L.A. 2007.Nitric 
oxide and anglotensin II receptorsmediatethepressoreffect 
of angiotensin II: A study in conscious and zoletil-
anesthetizedrats. Anesthesia&Analgesia, 105: 1293-1297. 

Han, J., Kim, N., Joo, H., and Kim, E. 2002. Ketamine 
abolishes ischemic preconditioning through inhibition of 
KATP channels in rabbit hearts. American Journal of 

Physiology -Heart and Circulatory Physiology, 283: H13-
H21. 

Kaluzaj, J., and Pontuch, P. 2004. QT interval – measuring 
methods ank clinical implications: tradition from the 
perspective of new facts. Cardiology, 13: 93-99. 

Ko, S.H., Lee, S.K., Han, Y.J., Choe, H., Kwak, Y.G., Chae, 
S.W., Cho, K.P., and Song, H.S. 1997.Blockade of 
myocardial ATP-sensitive potassium channels by ketamine. 
Anesthesiology,87: 68-74. 

Konopelski, P., Ufnal, M. 2016. Electrocardiography in rats: a 
comparison to human. Physiological Research, [Epubahead 
of print] 

Kudoh, A., Kudoh, E., Katagai, H., and Takazawa, T. 
2002.Ketamine suppresses norepinephrine-induced inositol 
1,4,5-trisphosphate formation via pathways involving 
protein kinase C. Anesthesia & Analgesia,94: 552-557 

Kumar, R., Kela, A., and Tayal, G. 2009. Effect of acute stress 
on rat ECG.The Internet Journal ofPharmacoogy, 8. 

Miranda, A., Costa-E-Sousa, R.H., Werneck-De-Castro, J.P., 
Mattos, E.C., Olivares, E.L., Ribeiro, V.P., Silva, M.G., 
Goldenberg, R.C., and Campos-De-Carvalho, A.C. 2007. 
Time course of echocardiographic and electrocardiographic 
parameters in myocardial infarct in rats. Anais da 
AcademiaBrasileira deCiencias,79: 639-648. 

Molcan, L., Teplan, M., Vesela, A. and Zeman, M. 2013. 
Thelong-term effects of phaseadvanceshifts of photoperiod 
on cardiovascularparameters as measured by radiotelemetry 
in rats. PhysiologicalMeasurement, 34: 1623–1632. 

Molcan, L., Vesela, A., and Zeman, M. 2014. 
Repeatedphaseshifts in thelightingregimen change 
thebloodpressureresponse to norepinephrinestimulation in 
rats. Physiological Research, 63: 567–575. 

Molnar, J., Zhang, F., Weiss, J., Ehlert, F.A., and Rosenthal, 
J.E. 1996. Diurnal pattern of QTc interval: How long is 
prolonged? Possible relation to circadian triggers of 
cardiovascular events. Journal of the American College of 
Cardiology, 27: 76–83. 

Muller, J.E., Stone, P.H., Turi, Z.G., Rutherford, J.D., Czeisler, 
C.A., Parker, C., Poole, W.K., Passamani, E., Robert, S.R., 
Robertson, T., Sobel, B.E., Willerson, J.T., Braunwald, E., 
and Milis Study Group. 1985. Circadianvariation in 
thefrequency of onset of acutemyocardialinfarction. The 
New England Journal of Medicine, 313: 1315–1322. 

Musk, G.C., Costa, R.S., and Tuke, J. 2014. Dopplerblood 
pressure measurement in pigsduringanaesthesia. Research 
inVeterinaryScience,97: 129-1312. 

Portaluppi, F., and Hermida, R.C. 2007. Circadianrhythms in 
cardiacarrhythmias and opportunitiesfortheirchronotherapy. 
Advanced Drug Delivery Reviews, 59: 940-951. 

Regan, C.P., Cresswell, H.K., Zhang, R., and Lynch, J.J. 2005. 
Novel method to assess cardiac electrophysiology in the 
rat: characterization of standard ion channel blockers. 
Journal of Cardiovascular Pharmacology,46: 68-75. 

Regan, C.P., Stump, G.L., Wallace, A.A., Anderson, K.D., 
McIntyre, C.J., Liverton, N.J., and Lynch, Jr. J.J. 2007. In 
vivo cardiac electrophysiologic and antiarrhythmic effects 
of an isoquinolineIKur blocker, ISQ-1, in rat, dog, and 
nonhuman primate. Journal of Cardiovascular 
Pharmacology,49: 236-245. 

Sugiyama, A., Takahara, A., Honsho, S., Nakamura, Y., and 
Hashimoto, K. 2005. A simple in vivo atrial fibrillation 
model of rat induced by transesophageal atrial burst pacing. 
Journal of Pharmacological Science,98: 315-318. 

56560                                                           Pavol Svorc et al. Rat ECG and general anesthesia: A chronobiological study 



Svorc, P. Jr., Svorc, P., Bacova, I., Gresova, S. 2015. 
Pentobarbital anaesthesia in the chronobiological studies. 
Biological Rhythm Research,46: 445-452. 

Svorc, P., Bacova, I., Svorc, P. Jr., Novakova, M., Gresova, S. 
2016. Zoletilanaesthesia in chronobiological studies. 
Biological Rhythm Research, 47: 103-110. 

Svorc, P., Svorc, P. Jr., Novakova, M., Bacova, I., Jurasova, 
Z., and Marossy, A. 2014. Ketamine/xylazine anaesthesia 
in the chronobiological studies. Biological Rhythm 
Research, 45: 633-642. 

Svorc, P., Tomori, Z., Bracokova, I., and Marossy, A. 2003. 
Effet of pentobarbital and ketamine/xylazine anaesthesia on  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  the electrical stability of the heart and heart rate in rat 
hypoventilation/reoxygenation model. Biologia, 58: 379-
386. 

Tárraga, K.M., Spinosa, H.S., and Camacho, A.A. 2000.
Electrocardiographicevaluation of 
twoanestheticcombinations in dogs. ArquivoBrasileiro de 
MedicinaVeterinaria e Zootecnia 52: 138-143. 

Viskin, S. 1999. Long Q-T syndromes and torsade de pointes. 
Lancet, 354, 1625-1633. 

Zhang, L., Sabeh, M.K., and Jain, M.K. 2014. 
Circadianrhythm and cardiovasculardisorders. Chrono 
Physiology and Therapy, 4: 27-40. 

 

******* 

56561                                             International Journal of Current Research, Vol. 9, Issue, 08, pp.56555-56561, August, 2017 

 

******* 


