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Effect of progressive absence epilepsy and 
its treatment on hemodynamics and 

autonomic regulation of the heart rhythm

AbstrAct
Objective. To study hemodynamics and autonomic regulation of heart rhythm in patients with progressive non-con-
vulsive convulsive activity of the brain and its treatment in WAG/Rij rats with genetically determined absence epilep-
sy.
Methods. Studies were conducted on rats of different age groups of the WAG/Rij and Wistar lines. The following 
methods were used for the study: telemetric monitoring of EEG, ECG, aortic blood pressure, echocardiography. 
results. Progressive convulsive activity (CA) in WAG/Rij rats with absence epilepsy (AE) is accompanied by a vio-
lation of the autonomic regulation of the heart and an increase in repolarization intervals of the left ventricle. In 6- and 
9-month-old animals, anticonvulsant therapy with Convulex contributes to the improvement of the vegetative regula-
tion of the heart. However, in 12-month-old animals, a decrease in peak-wave activity by the Convulex does not im-
prove the impaired cardiac regulation and does not reduce the high risk of the occurrence of life-threatening arrhyth-
mias.
conclusions. The decrease in convulsive activity with Convulex makes it possible to improve the autonomic regula-
tion of the heart. However, this possibility persists as long as progressive AE does not exceed a certain threshold.
Thereafter, a decrease in brain SWD activity with Convulex does not improve impaired cardiac regulation.
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INtrODUctION

the main features characteristic of non-convul-
sive (absence) epilepsy were first recorded on an 
electroencephalogram and described by Gibbs, 
F.A. et al. back in 1935 (cited by 1). Since then, the 
study of the fundamental principles of this problem 
has not only not lost its relevance, but also signifi-
cantly expanded the areas of research. A character-
istic manifestation of absence epilepsy (ae) is 
spontaneous generalized spike-wave activity 
(spike-wave discharges – SWDs) of the brain, 
caused by pathological processes in the neuronal 
thalamocortical network (2,3). Although SWDs are 
not so long, however, they can be repeated hun-
dreds of times a day, which seriously disrupts the 
functional state of the central nervous system. the 

disorders caused by this are not limited to the brain. 
Frequently they cause autonomic dysfunctions, 
leading to imbalance of cardiovascular system reg-
ulation (4,5,6), accompanied by life-threatening ar-
rhythmias, which are one of the main causes of 
sudden death (7,8). According data of different au-
thors the risk of sudden cardiac death in people suf-
fering from epilepsy is 2 to 3 times higher than that 
of the general population (9,10). 

although the causal connection between the 
brain and the heart has long been an obvious fact, 
however, the interdependence of cerebral and cardi-
ac disorders in the process of AE progression, like 
other types of epilepsy, remains insufficiently stud-
ied. Opinions of the authors about the dysfunctions 
of the heart arising on the background of non-con-
vulsive epilepsy, and especially in the treatment of 
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convulsive states, often diverge (6,11,12,13,14). 
Most often, clinically severe dysfunction of the car-
diovascular system occurs after progressive convul-
sive activity (CA) of the brain reaches a sufficiently 
high level. The underestimation of cardiac changes 
in the early stages of epileptogenesis adversely af-
fects the prospects for recovery of patients with ae. 
The study of the fundamental mechanisms of inter-
dependent disorders in the brain and heart in neuro-
logical diseases involves not only clinical, but also 
preclinical experimental studies on adequate models 
of laboratory animals. 

study objective

To study the functional features of hemodynam-
ics and autonomic regulation of heart rhythm with 
the progression of non-convulsant convulsive ac-
tivity of the brain and its treatment in WAG/Rij rats 
with genetically determined absence epilepsy.

MAtErIALs AND MEtHODs

Object of study

Studies were conducted on male WAG/Rij rats of 
6, 9 and 12 months of age with genetically deter-
mined AE (1,15), as well as on Wistar rats of the 
same age without seizure activity. animals were 
kept in standard vivarium conditions under natural 
light conditions (approximately 8 hours a day), with 
free access to food and water. In animals of the three 
age groups, hemodynamics and heart rate variability 
(HRV) were investigated before and after treatment 
with the anticonvulsant conjunctival drug, which is 
used to treat AE. The drug was administered intra-
peritoneally, 2 times a day at 10 mg/kg, which corre-
sponds to a therapeutic dose. All studies were con-
ducted in strict accordance with the basic bioethical 
“rules of work with the use of experimental ani-
mals” and ARRIVE (Animal Research: Reporting of 
In Vivo Experiments) guidelines.

telemetry monitoring of electrocardiogram (EcG) 
and electroencephalogram (EEG)

Recording of the video ECG-EEG was per-
formed in free-moving animals online using the 
wireless telemetry system ML880B106 by ADIn-
struments (Australia), which allows to conduct 
multi-day monitoring without the slightest concern 

and stress of animals. The signal was transmitted 
by the transmitter (TR40BB) implanted into the ab-
dominal cavity of the rat. For ECG recording, one 
of the electrodes of the first pair of the transmitter 
was fixed to the xiphoid process, the other was 
fixed to the sternohyoid muscle, which corresponds 
to the III standard lead. To monitor the total electri-
cal activity of the neocortex (EEG), the registering 
electrode of the second pair was implanted epidur-
ally over the frontal area of the right hemisphere, 
where the most pronounced SWD activity is regis-
tered, and the reference one was implanted above 
the cerebellum. Only those spike-wave complexes, 
whose duration was at least 2 s, were taken into 
account. Telemetry sensors were implanted two 
weeks before studying the animals. Operations 
were performed under general anesthesia with a 
mixture of Zoletil, Romethar (intraperitoneally at a 
dose of 20 and 10 mg/kg, respectively), observing 
the rules of aseptics and antiseptics. After the oper-
ation, each animal was kept in a separate cage. Dur-
ing the first 7 days, Gentamicin and Ketonal were 
administered to the animals. 

telemonitoring of blood pressure in aorta

The study was performed using a transmitter 
(TR46SP), which recorded systolic and diastolic 
blood pressure (BPs, BPd) (Fig. 1). For this pur-
pose, during the operation, the descending part of 
the aorta was dissected for 1.5-2 cm. Aortic cathe-
terization was performed according to the Selding-
er method. Aortic puncture was performed with a 
cubital catheter with mandrin. Mandrin was taken 
out and a transmitter catheter was passed through 
the lumen of the cubital catheter. the catheter was 
stitched to the muscle and fixed to the aorta with a 
surgical mesh. The TR46SP transmitter was im-
planted into the abdominal cavity and it was su-
tured in layers. For hemostasis, a hemostatic sponge 
was used. The transmitter’s catheter is coated with 
an anti-platelet substance, so the procedure does 
not require the use of anticoagulants. surgical in-
terventions were performed under general anesthe-
sia described above.

Registration and processing of ECG, EEG and 
blood pressure parameters were performed using 
the LabChart 7 software for rats. In each research 
variant, registration was carried out for 5 hours, at 
night, when the epileptic activity in WAG/Rij rats is 
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maximal (16). The following was performed to test 
heart rate variability (HRV): 1) time analysis: heart 
rate (HR), standard deviation (SDNN), square root 
of the sum of squares of the difference between the 
values of consecutive pairs of r-r intervals 
(RMSSD); 2) spectral analysis: total spectrum pow-
er (TP), spectrum power of high frequency (HF), 
low frequency (LF) and very low frequency (VLF) 
components with a frequency range of 0.75-3 Hz, 
0.02-0.75 Hz, <0.02 Hz, respectively, spectrum 
power in the high frequency range in normalized 
units (HFnu), spectrum power in the low frequency 
range in normalized units (LFnu), as well as the 
sympathetic-vagal index (LF/HF). The accuracy of 
measuring the R-R intervals was 1 ms, the sampling 
frequency was 1024 Hz. In addition, the duration of 
left ventricular repolarization (QTc) was analyzed 
by ECG. EEG analysis allowed us to determine the 
average number of peak-wave discharges, their aver-
age duration, as well as the peak-wave activity in-
dex, which reflects the percentage of time taken by 
SWD during the entire recording period.

Echocardiography (EchocG)

Cardiac output (CO) and mean pulmonary arte-
rial pressure (mPAP) were determined by ultra-

sound examination of the heart using a Mindray 
M5 echocardiograph, 10 MHz sensor (Mindray, 
China). Hemodynamic parameters were calculated 
according to standard formulas (17). Total periph-
eral resistance (TPR) – according to the Wet-
zler-Boger formula 80 • (0.42 • BPs+ 0.58 • BPd) /
CO; pulmonary vascular resistance (PVR) – 80 • 
mPAP/CO.

statistical analysis

statistical analysis was carried out using the 
Statistica 10 software. Analysis of the differences 
between the experimental and control groups was 
carried out using a single-factor analysis of vari-
ance, followed by an evaluation of differences be-
tween groups using the Newman-Keyles and Dunn 
criteria. The verification of the belonging of the 
samples to the normal distribution was carried out 
using the Shapiro-Wilk test. In addition, the Pear-
son correlation coefficient was determined. The re-
sults of the study are presented in the form M ± 
SEM (mean ± standard error of mean). Differences 
with a confidence level of at least 95% were con-
sidered statistically significant. 

FIGURE 1. Telemetric online recording of blood pressure in the aorta of WAG/Rij rats (LabChart 7 program) 
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rEsULts AND DIscUssION

The main indicator of AE in humans and ani-
mals is spontaneously arising generalized SWD ac-
tivity, which serves as an EEG marker of absence 
epilepsy (Fig. 2). Numerous studies of the neuro-
physiological mechanisms that provoke the sponta-
neous emergence of SWD activity in WAG / Rij 
rats have found similarities to analogous mecha-
nisms in patients with non-convulsive epilepsy 
(1,2,15). However, spike-wave discharges in rats 
have frequency 7-10 Hz (15), which is higher than 
in humans, 3 Hz (2,18). In addition, SWD activity 
in rats appears after puberty and persists through-
out life (19), while in humans, spike-wave dis-
charges occur before puberty, and then disappear or 
transform into other forms of epilepsy (18). 

TABLE 1. Age-dependent change in seizure activity in 
WAG/Rij rats 
 Age
 (months)

Mean
SWD per hour

Total duration (с) 
SWD per hour

Peak-wave
index (%)

 6 (n = 10) 19.1±2.38  51.5±5.44 1.71±0.16
 9 (n = 10) 29.6±3.16*  94.7±10.89** 2.86±0.28**
 12 (n = 10) 41.8±3.91*  135 ±12.73* 3.95±0.35*
 14 (n = 10) 39.9±4.07  127 ± 11.17 3.67±0.29

Note. Comparison of average values in relation to the previous age 
group. * P <0.05, ** P <0.01.

as the results of the study showed, an increase 
in the age of animals with non-convulsive epilepsy 
is accompanied by an increase in epileptic status. 
Thus, in 9-month-old WAG/Rij rats, as compared 
with 6-month-old rats, the average number of 
SWDs per hour increases by 55% (Table 1). At 12 
months of age, this figure rises by another 41%. 
And with age, not only the number of SWDs in-
creases, but also their duration. In 9-month-old an-
imals, it is 84% higher (P <0.01) than in 6-month-
old animals, and in 12-month-old animals it is 43% 
higher than in 9-month-old ones. Age-dependent 
increase in seizure activity is also confirmed by an 
increase in the peak-wave index. So, in 9-month-
old animals peak-wave index is 67% higher  
(P <0.01) than in 6-month-old animals, and it con-
tinues to increase until the age of 12 months. a 
multiple increase in the number of epileptic dis-
charges and their duration in the period from 3 to 
12 months of life in WAG/Rij rats was also noted 
by other authors (15). the results of our research 
indicate that an increase in status epilepticus occurs 
up to 12 months of age. In 14-month-old animals, 
the indices reflecting convulsive activity of the 
brain were not statistically significantly different 
from those of 12-month-old rats. 

FIGURE 2. Telemetric online registration of ECG (A) and EEG (B) signals. On the EEG there is a typical spontaneous 
peak-wave discharge in WAG/Rij rats (LabChart 7 program)  
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to clarify the issue of the effect of non-convul-
sive seizure activity on the autonomic regulation of 
the heart, we conducted monitoring of heart rate 
variability in animals with different levels of spike-
wave brain activity. According to the results of the 
HRV analysis (Table 2), in 9-month-old animals, 
compared with 6-month-olds, the spectrum power 
is statistically significantly reduced, and the sym-
patho-vagal index and the proportion of the low-fre-
quency component in the total spectrum power are 
increased, which indicates an increase in sympa-
thetic regulation link activity. a further increase in 
SWD activity in 12-month-old animals is accompa-
nied by a simultaneous decrease (P <0.01) of both 
the high-frequency and low-frequency components 
of HRV, as well as an increase in the ultra-low fre-
quency component. All this reflects deep violations 
of the mechanisms of not only sympathetic, but 
also parasympathetic regulation of the functions of 
the heart. This is confirmed by an increase in the 
centralization index (IC). Moreover, in 12-month-
old animals, compared with 9-month-olds, pulmo-
nary vascular resistance and total peripheral resist-
ance increase by 43% and 40%, which is 
respectively 11.2 ± 1.07 103 din•s•cm-5 and 88.7 ± 
8.42 103 din•s•cm-5. In 6-month and 9-month-old 
animals, hemodynamic parameters did not statisti-
cally significantly differ. 

it is noteworthy that a high level of ca in all age 
groups of animals with AE is accompanied by a sta-

tistically significant increase (P <0.01) in left ven-
tricular repolarization intervals compared to rats of 
the corresponding age of the Wistar line without 
seizure activity. this suggests that the violation of 
the duration of left ventricular repolarization inter-
vals in WAG/Rij rats is associated with epileptic 
activity. The results obtained are consistent with 
studies on people with epilepsy, who also have an 
increase in the QTc interval (20,21). 

Thus, ECG monitoring in WAG/Rij animals of 
6-12 months of age with absence epilepsy revealed
an increase in seizure activity, which is accompa-
nied by an aggravation of changes in HRV. While
in Wistar rats of 6-12 months of age, without con-
vulsive pathology, HRV was not statistically signif-
icantly different. Comparison of the results of these
studies suggests that the level of spike-wave activ-
ity affects the nature of the neuro-autonomic regu-
lation of the heart. This is confirmed by the results
of studies by a number of authors who found am-
biguous changes in HrV in patients with epilepsy
(11,12,22). Such differences could be associated
with different levels of brain epileptic activity in
different patients, especially when they are treated
with different antiepileptic drugs.

The introduction of highly effective new-gener-
ation drugs into clinical practice has significantly 
expanded the possibilities of drug therapy for AE. 
However, some anticonvulsants can disrupt the 
mechanisms of the autonomic regulation of the 

TABLE 2. Changes in heart rate variability and duration of left ventricular repolarization intervals (QTc) in WAG/Rij 
rats of different age groups before and after Convulex treatment

 Parameter
6-month-old animals (n=10) 9-month-old animals (n=10) 12-month-old animals (n=10)
before 

treatment
after 

treatment
before 

treatment
after 

treatment
 before 

treatment
after 

treatment
HR 252±24,9 274±23,8 248±21,8  254±22,6 276±27,9  284±24,1
SDNN 10,8±0,99 15,2±1,33 * 12,8±1,27  14,1±1,06 6,8±0,63  7,2±0,62
RMSSD 4,7±0,34 6,2±0,50 * 5,7±0,52  6,2±0,49 3,4±0,27  3,8±0,28
TP, ms2 96,1±7,37 124±9,14 * 67,7±6,16 *  71,7±5,56 58±4,80  68,2±5,28
HF, ms2 13,5±1,04 15,8±1,29 9,5±0,81 *  15,6±1,43 ** 4,9±0,49 **  6,4±0,42 *

LF, ms2 41,1±3,74 35±2,71 38,5±3,27  44,8±4,01 24,6±1,91 **  28,6±2,18
VLF, ms2 42,1±4,29 72,9±6,70 ** 19,7±1,81 **  11,3±1,12 ** 28,5±2,72 *  33,2±2,58
HF, % 13,9±1,21 12,7±1,16 14,0±1,27  21,7±1,75 ** 8,44±0,64 **  9,38±0,72
LF, % 42,5±3,06 28,2±2,65 ** 56,8±4,99 *  62,4±5,35 42,4±3,47 *  41,9±3,17
VLF, % 43,5±3,52 58,9±4,53 * 29,1±2,67 *  15,7±1,49 ** 49,1±5,0 **  48,6±4,49
HF, nu 24,7±1,74 31,1±2,10 * 19,7±1,73  25,8±1,90 * 16,6±1,58  18,2±1,57
LF, nu 75,2±5,82 68,8±5,33 80,2±6,88 74,1±5,66 83,3±8,49  81,7±7,80
LF/HF 3,04±0,27 2,21±0,19 *  4,05±0,33 *  2,87±0,25 * 5,02±0,38  4,46±0,42
IC 6,16±0,55 6,82±0,72 6,12±0,55  3,59±0,33 ** 10,8±1,13 **  9,65±0,73
QTc, ms 167±12,9 117±10,6 * 172±15,8 112±11,5 * 187±16,3 148±12,1

Note. * P <0.05, ** P <0.01, compared with the previous age group before treatment. * P <0.05, ** P <0.01, compared with the respective age 
group before treatment. 

http://www.kardi.ru/ru/index/News?&ViewType=view&Id=85
http://www.kardi.ru/ru/index/News?&ViewType=view&Id=85
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heart, which also serves as a cause of life-threaten-
ing arrhythmias (14,23,24,25). 

In this regard, the legitimate question arises: is it 
possible, by reducing CA with the help of anti-con-
vulsive therapy, to prevent or reduce violations of 
the autonomic regulation of the heart? To solve it, 
the Convulex drug used to treat AE was used. The 
registration of HRV and echocardiography was car-
ried out after the total duration of SWD activity per 
hour was reduced (P <0.001) during treatment with 
Convulex and remained in each age group at 24.7 ± 
2.17 s (before treatment is indicated in Table 1). In 
6-month-old animals, this occurred after 6.52 ±
0.59 days of treatment, in 9-month – 8.71 ± 0.91
days, in 12-month – 10.32 ± 1.01 days.

Judging by the results of the analysis of HRV, a 
decrease in the СА of the brain improves the auto-
nomic regulation of the heart in 6- and 9-month-old 
animals (Table 2). So, after treatment of 6-month-
old animals, they increase the total power of the 
spectrum, the total effect of autonomic regulation 
(SDNN) and the activity of the parasympathetic 
link (RMSSD). In this case, there occurs a decrease 
in the share of the low-frequency component in the 
total power of the spectrum, as well as the sympa-
tho-vagal index, which reflects a decrease in the 
sympathetic effect on the heart. treatment of 
9-month-old animals does not increase the reduced
power of the spectrum, however, it increases
(Р<0.01) the activity of the parasympathetic regu-
lation (HF, ms2 and HF %). The resulting decrease
in the sympatho-vagal index reflects a decrease in
the sympathetic component of the autonomic regu-
lation of the heart rhythm, which improves the
functional state of the heart. The obtained data
agree with the clinical and experimental studies
that show that vagus stimulation increases coronary
perfusion, improves autonomic regulation of the
heart rate and weakens heart failure in seizure con-
ditions (22,24), while a decrease in vagal activity
correlates with an increased risk of sudden cardiac
death in epilepsy (26,27). Thus, the results of stud-
ies indicate that a decrease in brain CA contributes
to the improvement of impaired autonomic regula-
tion of the heart in 6- and 9-month-old animals with
AE, and the interval of repolarization of the left
ventricle decreases.

Similar improvement in HRV is found in people 
after their treatment with other anticonvulsants 
(13). However, the question remains whether the 
nature of changes in HRV depends on the level of 
ca of patients. the results of our research have 
shown that a decrease in brain SWD after treatment 
with Convulex does not always unambiguously af-
fect HRV in animals of different age groups with 
absence epilepsy. Thus, anticonvulsant therapy 
with Convulex reduces peak-wave activity in 
12-month-old animals, however, unlike 6-month
and 9-month-old rats, does not improve impaired
cardiac regulation (Table 2) and does not reduce the
increased repolarization interval of the left ventricle.

It is known that disorders of the cardiovascular 
system, found in animals with non-convulsive epi-
lepsy, are largely associated with impaired central 
mechanisms of regulation of autonomic functions 
(4,16,24). Moreover, these disorders are caused by 
chronic changes in the autonomic centers, which 
are supported by constantly repeated peak-wave 
discharges (28). In this regard, the results obtained 
suggest that treatment of ae with convulex im-
proves the central mechanisms of the autonomic 
regulation of the heart. However, if a long-term 
progressing brain CA exceeds a certain threshold, 
then the aggravating changes in the autonomic 
centers of regulation of the cardiovascular system 
are not restored even after therapeutic reduction of CA. 

cONcLUsIONs

An age-dependent increase in CA in WAG/Rij 
rats with genetically determined AE exacerbates 
changes in hemodynamics and autonomic regula-
tion of heart rhythm. this increases the repolariza-
tion interval of the left ventricle, which increases 
the risk of life-threatening arrhythmias. The de-
crease in convulsive activity with convulex makes 
it possible to improve the autonomic regulation of 
the heart. However, this possibility persists as long 
as progressive AE does not exceed a certain thresh-
old. Thereafter, a decrease in brain SWD activity 
with Convulex does not improve impaired cardiac 
regulation. 
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