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Summary
Objective
To investigate the change of spectral characteristics of heart rate variability of outbreed male rats under the in-
fluence of Class I antiarrhythmic drugs Ethmozine and Ethacizin.

Materials and methods
Heart rate variability was estimated using the method of spectral analysis assessed with the «Astrocard» equip-
ment (Russia).

Results
We demonstrated that Ethmozine administration decreased the percentage of very low frequency (VLF) and in-
creased the proportion of low (LF) and high (HF) frequency waves by 33 % and 37 %, respectively. Ethacizin de-
creased the total spectral power by 81 % and consequently led to reduction of all spectral parts’ amplitude: VLF, 
LF, HF oscillations were reduced by 83 %, 73 % and 87 %, respectively. Analysis of spectral structure revealed the 
decrease of HF oscillations number by 37 % and the increase of LF oscillations number by 17 %.

Conclusions
Ethmozine increased the role of vegetative nervous system in cardiac rhythm regulation versus humoral factors 
without changing the interrelation between sympathetic and parasympathetic influences. Ethacizin decreased 
cardiac rhythm variability in our animal model, when ethmozine did not change heart rhythm variability. Ethacizin 
increased the influence of sympathetic nervous system on myocardium.
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Introduction
Lately the spectral analysis of cardiac rhythm varia-
bility (CRV) allowing estimation of humoral and vege-
tative factors’ impact on chronotropic cardiac function 
attracts more and more attention of researchers due 
to its high informativity and relative simplicity [1, 2, 3, 
4]. Studies dedicated to effective choice of medication 
based on such modern techniques like CRV  analy-
sis and electrocardiogram (ECG) [4, 5, 6] dispersion 
marking are of high interest. The use of spectral pa-
rameters for the choice of treatment of arterial hy-
pertension, arrhythmias, myocardial infarction (MI), 
and other cardiovascular diseases (CVD) has been 
reported [6, 7, 8]. This method is being actively devel-
oped nowadays [1].

It is well-known that ischemia, MI, and stable ven-
tricular tachycardia are associated with increased 
impact of sympathetic nervous system on the heart 
[9]. At the same time, it has been found that action 
of several antiarrhythmic agents could be weakened 
in presence of increased sympathetic influence on 
heart function. Experimental and clinical evidences 
demonstrated that antiarrhythmic action of I  class 
antiarrhythmic agents [10, 11, 12] could be reduced 
or modified after isoproterenol infusion. It is known 
that CRV analysis may have an important role for the 
prognosis of CVD. Antiarrhythmic drugs are normal-
ly included into combined therapy of ischemia and 
MI and are used independently for treatment of vari-
ous arrhythmias.

Antiarrhythmic agents Ethmozine and Ethacizin 
belong to Class I  antiarrhythmics according to 
the Vaughan-Williams classification and repre-
sent ω-aminoacyl-derivatives of phenothiazine. 
Ethmozine has characteristics of Class IA and IB 
drugs, it does not influence myocardial contractivity 
and conductivity, does not decrease blood pressure 
[13, 14], and has moderate coronary-dilating effects, 
spasmolytic and M-cholinolytic action. Ethmozine is 
effective for treatment of extrasystoles, paroxysmal 
tachycardia, and atrial fibrillation [15]. Ethmozine 
has kinetic parameters of affinity to sodium chan-
nels similar with the Class IC drugs [16]. At the same 
thime Ethmozine blocks sodium channels in inactive 
condition like the drugs of IB class [13, 17]. Ethacizin 
reduces maximal reproducible frequency of atrial and 
ventricular contractions and is effective in aconitine 
model of arrhythmia [18]. It also reduces effectively 

the number of ectopic contractions in experimental 
model of MI  in dogs [19], decreases the dimensions 
of ischemic area and improves coronary circulation 
[17, 18]. Electrophysiological studies demonstrated 
that Ethacizin blocks effectively not only fast entrance 
of sodium, but also slow entrance of calcium [17, 19]. 
Ethacizin is being effectively used for treatment of su-
praventricular and ventricular arrhythmias in clinic.

The objective of this study was to investigate the 
change of spectral characteristics of heart rate 
variability of outbreed male rats under the influ-
ence of Class I antiarrhythmic drugs Ethmozine and 
Ethacizin.

Materials and methods
Experiments were performed on wild-type male rats 
(weight 170–200 g). Animals were kept in cages (10 
animals per cage) in vivarium at 12h light/dark cycle, 
22–24  °C  temperature, 60 % humidity, and standard 
diet.

Animals underwent ECG registration using elec-
trodes fixed on their chest with cuff. The «Poly-
Spectrum-Rhythm» equipment (Russia) was used for 
ECG registration. ECG was registered during 5 min-
utes. Ethmozine and Ethacizin were administered in-
traperitoneally in dose 2 mg/kg and 1 mg/kg, respec-
tively, in 0.2 mL volume 30 minutes before ECG reg-
istration. Control group animals were injected with 
0.2 mL of physiological saline solution. CRV spectral 
analysis was performed after ECG registration. The 
above-mentioned equipment is used for measure-
ment of major part of spectral analysis system [20]. 
We quantified the following parameters [20, 21]:

• RRNN, ms —  average duration of RR interval;
• TP, ms2 — total spectral power of RR interval os-

cillations;
• VLF, ms2 —  spectral power of RR intervals in 

very low frequency area;
• LF, ms2 —  spectral power of RR intervals in low 

frequency area;
• HF, ms2 —  spectral power of RR intervals in high 

frequency area;
• LFnorm, relative units (r.u.) —  spectral power of 

RR interval in low frequency area expressed in r.u.;
• HFnorm, r.u. —  spectral power of RR interval in 

high frequency area expressed in r.u. (relative values 
of each spectral component/(TP —  VLF component));

• %VLF —  % of VLF oscillations in TP;
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• %LF —  % of LF oscillations in TP;
• %HF —  % of HF oscillations in TP.
We studied CRV  characteristics in rats of control 

group (injected with physiological solution) and after 
Ethmozine or Ethacizin administration. Statistical 
analysis was done using one-factor dispersion analy-
sis. Newman-Keuls test was used for estimation of 
differences between groups.

Results and discussion

1. Ethmozine effects on CRV spectral 
parameters in rats
Ethmozine did not cause significant change of TP 
(Table 1).

Ethmozine administration decreased VLf spectral 
power by 22 % and increased Lf spectral power by 
64 % (Figure 1).

There was the trend of increased absolute values 
of HF spectral power. Analysis of spectral structure 

demonstrated the decrease of VLF proportion and the 
increase of LF and HF percentage by 33 % and 37 %, 
respectively. Thus, ethmozine decreased the role of 
humoral factors and increased the role of vegetative 
factors without changing TP characterizing CRV. The 
interplay between sympathetic and parasympathetic 
influences did not change significantly. Ethmozine 
administration did not result in significant change of 
the heart rate (HR).

2. Ethacizin effects on CRV spectral 
parameters in rats
Ethacizin decreased TP by 81 % and consequently re-
duced the power of VLF, LF, and HF spectral compo-
nents by 83 %, 73 %, and 87 %, respectively (Figure 1). 
Spectral structure analysis demonstrated the de-
crease of HF percentage by 39 % and the increase of 
LF percentage by 17 %. Similar changes were regis-
tered with analysis of normalized spectral powers. 
Characteristics expressed in r.u. demonstrated the 

Table 1. Change of statistical parameters and spectral characteristics of CRV in rats after Ethmozine  
(2 mg/kg, intraperitoneally) and Ethacizin (1 mg/kg, intraperitoneally) (n=10).

Parameters Control group Ethmozine Ethacizin
Statistical parameters

1. RRmin, ms 118.3±1.75 118.5±4.7 117.7±3.84
p* >0.05 >0.05
2. RRmax, ms 156.8±9.3 162.3±11.7 149.9±12.9
p* >0.05 >0.05
3. RRNN, ms 133.8±5.8 131.8±4.4 130.4±4.87
p* >0.05 >0.05
4. CV, % 4.3±1.8 5.3±1.33 3.9±1.05
p* >0.05 >0.05

Spectral characteristics
5. TP, ms2 277±15.5 277.4±79.3 53.19±10.9*
p* >0.05 0.0001
6. VLF, ms2 205.5±16.3 160.9±53* 35.1±8.07*
p* 0.02 0.0001
7. LF, ms2 59.8±9.25 97.9±35.7* 16.4±4.3*
p* 0.004 0.0001
8. HF, ms2 12.5±4.25 18.7±8.6 1.6±0.56*
p* >0.05 0.0001
9. LF norm, r.u. 82.8±1.8 83.9±4.8 89.9±4.9*
p* >0.05 0.0001
10. HF norm,r.u. 17.2±1.8 16.1±4.8 9.8±4.37*
Р* >0.05 0.0001
11. LF/HF 4.96±0.7 5.6±1.7 10.6±3.8*
p* >0.05 0.0001
12. %VLF 68.1±5.1 57.9±7.9* 65.9±5.9
p* 0.003 >0.05
13. %LF 26.4±4.1 35.1±7.3* 30.98±5.7
p* 0.004 >0.05
14. %HF 5.12±1.27 7±2.1* 3.1±0.98*
p* 0.026 0.0001

RRmin, ms —  minimal duration of RR interval;
RRmax, ms —  maximal duration of RR interval;
RRNN, ms –average duration of RR interval;
* significance of differences between Ethmozine and Ethacizin groups and control group.
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change of LF and HF spectral powers and did not 
consider changes of VLF component thus reflecting 
the interplay between sympathetic and parasympa-
thetic vegetative nervous system. Ethacizin increased 
Lf spectral power by 8.6 % and decreased Hf spectral 
power by 43 %. Ethacizin caused evident decrease of 
CRV, increased sympathetic influence on myocardi-
um and decreased the role of vagus nerve on cardiac 
rhythm regulation. Ethacizin did not change HR.

Ethacizin significantly reduced CRV  in rats, 
whereas Ethmozine had no effect on this parameter. 
Significant decrease of CRV after Ethacizin adminis-
tration comparing with Ethmozine is probably related 
to its ability to block calcium channels. There are 
evidences of strong negative modulation of CRV  by 
calcium channel blockers [6]. It is worth to point out 
that Ethacizin decreases vagus nerve effects on ani-
mal heart and incrases sympathetic activity. Ethacizin 
does not change the influence of humoral factors on 
cardiac rhythm. Ethmozine increases the role of veg-
etative nervous system on chronotropic cardiac func-
tion if the role of humoral factors is lowered. At the 
same time the interrelation between sympathetic and 
parasympathetic influences remains unchanged.

Conclusion
Ethacizin decreases CRV in rats, whereas Ethmozine 
does not change this parameter.

Ethacizin administration leads to increased sym-
pathetic activity of myocardium in experimental ani-
mals without significant change of humoral factors 
role in cardiac rhythm regulation.

Ethmozine administration decreased the influence 
of humoral regulation of cardiac rhythm. The role of 
vegetative nervous system increases, but the inter-

relation between sympathetic and parasympathetic 
effects remains unchanged.

Conflict of interest: None declared

References
1. Hedman A.E., Tahvanainejnen K.U. et al. Effects of sympa-

thetic modulation and sympato-vagal interaction on heart 

rate variability in anaesthetized dogs. Act. Phisiol. Scand., 

1995;151:205–214.

2. Silva L.E., Silva C.A., Salgado H.C., Fazan R. Jr. The role of 

sympathetic and vagal cardiac control on complexity of heart 

rate dynamics. Am.J.Physiol.Heart.Circ.Physiol. 2017;312 (3): 

469–477.

3. Joukar S., Dehesh M.M.  The safety assessment of saffron 

(Crocus sativus L.) on sympathovagal balance and heart rate 

variability; a comparison with amiodarone. Auton.Autacoid.

Pharmacol. 2015;35 (4): 46–50.

4. Vaile J.C., Fletcher J., Al-Ani et al. Use of opposing reflex stim-

uli and heart rate variability to examine the effects of lipophilic 

and hydrophilic b-blockers on human cardiac vagal control. 

Clin. Sci., 1999;97:585–593.

5. Ciesielczyk K., Furgała A., Dobrek Ł., Juszczak K., Thor P. 

Altered sympathovagal balance and pain hypersensitivity in 

TNBS-induced colitis. Arch.Med.Sci. 2017;13 (1): 246–255.

6. Goloshchapov, O. A., Martynenko T. V., Rud ‘ S. S., etc. 

Multidirectional action of the calcium antagonist nifedipine 

and the beta-blocker propranolol on heart rate variability in 

patients with arterial hypertension and its use in clinical prac-

tice. Vestnik of Arrhythmology. 2000;19:42–45. Russian

7. Ivanov G. G., Leszczynski, S. P., Bulanov N. The method of dis-

persion mapping of ECG in the evaluation of the electrical ac-

tivity of the Atria and ventricles. Sechenovskiy Vestnik. 2012; 4 

(10): 21–27. Russian.

Figure 1. Ethmozine (2 mg/kg, intraperitoneally) and ethacizin (1 mg/kg, intraperitoneally)  
effects on CRV spectral characteristics in rats (n=10). 

* —  p<0.05



40 Popova E.P.*

8. Fleishman A. N., Filimonov S. N., Klimina N. In. A new method 

of selection of drugs for the treatment of arterial hyperten-

sion on the basis of spectral analysis of heart rate variability. 

Therapeutic archive. 2001;12:33–39. Russian

9. Meredith J.T., Broughton A., Jennings G.L., Esler M.D. Evidence 

of selective increase in cardiac sympathetic activity in pa-

thients with sustained ventricalar arrhythmias. N.Engl.J.Med. 

1991;325:618–624.

10. Sager P.T., Follmer C., Uppal P., Pruitt C., Godfrey R. The ef-

fects of b-adrenergic stimulation on the frequency-dependent 

electrophysiologic action of amiodarone and sematilide in hu-

mens. Circulation. 1994;09:1811–1819.

11. Stramba-Badiale M., Lazzarotti M., Facchini M., Schwartz 

P.L. «Malignant arrhythmias and acute myocardial ischemia: 

Interaction between flecainide and autonomy nervous system. 

Am.Heart.J. 1994;128:973–82.

12. Sunguinetti M.C., Jurkiewiczh N.K., Scoff A., Siegl 

P.K.  Isoproterenol antogonises prolongation of refractery pe-

riod by class III antiarrhythmic agent E-4031 in quinea pig myo-

cytes. Mechanism of action. Circ. Res. 1991;68:77–84.

13. Jurevicius, I. A., rosenstrauch L. V., Undrovinas A. I. Chikharev, 

V. I., Yushmanova A. V. Action of a new antiarrhythmic drug of 

etmozin on the force of contraction, transmembrane action po-

tential and fast sodium current incoming atrial muscle of the 

frog. Cardiology. 1978;9:118–125. Russian

14. Lown B. A symposium on Ethmozine (Moricizine HCl): A new 

antiarrhythmic agent. An.J.Cardiol. 1987;60:1–89.

15. Bunin Yu. A. Role of antiarrhythmic drugs of class IC in mono —  

and combination drug therapy of supraventricular arrhyth-

mias. Consilium Medicum. 2012;(14): 81–87. Russian

16. Chen Y., Zhu JR., Li ZS.et al. Pharmacokinetics and clinical ef-

ficacy of ethmozine. Clin Cardiolvasc. 1987;15:34–36.

17. Rosenstrauch L. V., H. H. Results of Electrophysiological analy-

sis of the effect on the myocardium of etmozin and etazizina —  

first antiarrhythmic drugs phenothiazine series. In the book. 

Pharmacology of cardiotropic funds, Moscow;1984: 25–26. 

Russian

18. Kaverina N. V.  Senova Z. P., Lyskov V. V.  Etatsizin —  pharma-

cological properties and prospects of clinical application. 

Cardiology. 1984;24 (5): 52–57. Russian

19. Wang L., Sun L., Wang K., Jin Y., Liu Q., Xia Z. et al. Stimulation 

of Epicardial Sympathetic Nerves at Different Sites Induces 

Cardiac Electrical Instability to Various Degrees. Sci Rep. 

2018;17:994.

20. Heart rate variability. Standards of measurement, physiological 

interpretation, and clinical use. Working group of the European 

society of Cardiology and North American society of pacing and 

electrophysiology. Vestnik of Arrhythmology. 1999;11:53–78. 

Russian

21. Inagaki H., Kuwahara W., Tsubone H. Effects of Psychological 

stress on Autonomic Control of Heart in Rats.Exp.Anim. 

2004;53 (4): 373–378.


