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Abstract
Introduction. Allaforte® (JSC "Pharmcenter VILAR", Russia) is an antiarrhythmic long-acting drug. The dosage form of the drug Allaforte® provides 
a decrease in the frequency of taking the drug and also reduces the risk of side effects. It is relevant when taking antiarrhythmic drugs of the IC 
class. However, the pharmacokinetics of this drug has not been studied on humans. Therefore, it is important to fully study the pharmacokinetics to 
ensure the maximum efficacy and safety of arrhythmia therapy.
Aim. The aim is pharmacokinetics study of long-acting antiarrhythmic drug Allaforte® (JSC "Pharmcenter VILAR", Russia), 25 mg.
Materials and methods. Concentration of lappaconitine and its active metabolite N-desacetyllappaconitine in human plasma determinates by 
high performance liquid chromatography with tandem mass-spectrometry. Pharmacokinetic parameters calculated by R Project 3.5.1 software 
(package «bear», version 2.8.3-2), originally created by Hsin-ya Lee and Yung-jin Lee, Taiwan.
Results and discussion. Pharmacokinetic parameters of lappaconitine and N-desacetyllappaconitine were calculated. Averaged 
pharmacokinetic profiles (in linear and semi-log scale) of lappaconitine and N-desacetyllappaconitine after single administration under 
fasting were built. The means of the maximum concentrations (Cmax) determined in the blood plasma of volunteers after single administration 
Allaforte® are 5.09 ± 4.07  ng/ml for lappaconitine and 11.66 ± 6.21 ng/ml for N-deacetyllappaconitine (Mean ± SD). The peak time of the 
maximum concentrations (Tmax) is 4.43 ± 3.54 hours for lappaconitine and 4.04 ± 2.18 hours for N-deacetyllappaconitine. The means of the areas 
under the curve plasma concentration – time from 0 to 48 hours (AUC0-t) and under the curve plasma concentration–time from zero to infinity  
(AUC0-∞) of Allaforte® is 42.96 ± 34.48 ng ∙ h/ml and 71.24 ± 43.20 ng ∙ h/ml for lappaconitine; 167.42 ± 114.41 ng ∙ h/ml and 189.42 ± 115.20 ng ∙ h/ml 
for N-deacetyllappaconitine. Allaforte® was eliminated from blood plasma with means of terminal half-life (T1/2) 8.45 ± 5.10 hours for lappaconitine 
and 9.04 ± 2.57 hours for N-deacetyllappaconitine.
Conclusion. Pharmacokinetics study of long-acting antiarrhythmic drug Allaforte® (JSC "Pharmcenter VILAR", Russia) after single administration 
was researched. Results of the study allows to conduct an effective therapy of arrhythmia by study drug and minimize side effects.
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Резюме
Введение. Аллафорте® (АО «Фармцентр ВИЛАР») – отечественный антиаритмический лекарственный препарат, обладающий 
пролонгированным действием. По сравнению с аналогичными препаратами, зарегистрированными на территории Российской 
Федерации, лекарственная форма препарата Аллафорте® обеспечивает уменьшение кратности приема лекарственного препарата, а 
также снижает риск развития побочных эффектов, что является актуальным при приеме антиаритмических препаратов класса IC. Однако 
фармакокинетика данного препарата не была ранее изучена на людях, что привело к необходимости ее полноценного изучения для 
обеспечения максимальной эффективности и безопасности терапии аритмии.
Цель. Целью исследования является изучение фармакокинетики лекарственного препарата Аллафорте®, таблетки пролонгированного 
действия 25 мг (АО «Фармцентр ВИЛАР», Россия).
Материалы и методы. Концентрации лаппаконитина и его активного метаболита N-дезацетиллаппаконитина в плазме крови здоровых 
добровольцев определялись методом высокоэффективной жидкостной хроматографии с тандемным масс-спектрометрическим 
детектированием. Фармакокинетические параметры вычислены с помощью программного обеспечения R Project 3.5.1 (расширение 
«bear», версия 2.8.3-2), разработчики Hsin-ya Lee и Yung-jin Lee, Тайвань.
Результаты и обсуждение. Рассчитаны основные фармакокинетические параметры лаппаконитина и N-дезацетиллаппаконитина, а 
также построены усредненные фармакокинетические профили (в линейных и полулогарифмических координатах) лаппаконитина и 
его метаболита N-дезацетиллаппаконитина после однократного приема исследуемого препарата. Средние значения максимальных 
концентраций (Cmax), определяемых в плазме крови добровольцев после приема исследуемого препарата Аллафорте®, составляют 
5,09 ± 4,07 нг/мл для лаппаконитина и 11,66 ± 6,21 нг/мл для N-дезацетиллаппаконитина (Mean ± SD). Время достижения максимальных 
концентраций лаппаконитина и N-дезацетиллаппаконитина (Tmax) составляет 4,43 ± 3,54 часа и 4,04 ± 2,18 часа соответственно. Средние 
значения площадей под кривой «концентрация – время» с момента приема лекарственного препарата до последней определяемой 
концентрации во временной точке t (AUC0-t) и площади под кривой «концентрация – время» с момента приема лекарственного препарата 
до бесконечности (AUC0-∞) исследуемого препарата Аллафорте® составляют 42,96 ± 34,48 нг ∙ ч/мл и 71,24 ± 43,20 нг ∙ ч/мл соответственно 
(лаппаконитин); 167,42 ± 114,41 нг ∙ ч/мл и 189,42 ± 115,20 нг ∙ ч/мл, соответственно (N-дезацетиллаппаконитин). Исследуемый препарат 
элиминировался из плазмы крови со средним значениями периода полувыведения (T1/2) 8,45 ± 5,10 часа для лаппаконитина и 
9,04 ± 2,57 часа для N-дезацетиллаппаконитина.
Заключение. Проведено изучение фармакокинетики препарата Аллафорте®, таблетки пролонгированного действия 25 мг (АО «Фармцентр 
ВИЛАР») при однократном применении с участием здоровых добровольцев. Полученные данные позволяют обеспечить проведение 
эффективной терапии аритмии исследуемым препаратом, минимизировав вероятность возникновения побочных эффектов. 
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INTRODUCTION

Treatment and prevention of arrhythmias is one of 
the essential problems of modern cardiology. In most 
cases, the cause of death is atrial fibrillation (AF) that 
develops more often as complications of ischemic heart 
disease and myocardial infarction [1]. Atrial fibrillation 
is found in over 33 million people worldwide, with new 
cases registered in over 5 million people. The incidence 
of atrial fibrillation is expected to double over the next 20 
years which will amount to 120 000 to 215 000 new cases 
per year by the end of 2040 only in Europe [2, 3].

Despite surgical methods for treatment of arrhyth- 

mias actively implemented to medical practice, drug the- 

rapy remains in the first place [4]. However, during  

anti-arrhythmic therapy, severe cardiac and non-car- 

diac adverse effects are highly probable [2, 5, 6], the in-

cidence of which is proportional to dose and duration 

of drug therapy. In most cases, this leads to disconti- 

nuation of treatment of arrhythmias [2]. Therefore, no- 

wadays, the development of effective and safe drugs 

for treatment of cardiac arrhythmias is the challenge for  
public health [7].
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In the Russian Federation, lappaconitine agents have 
been used for many years for treatment of supraventicular 
and ventricular arrhythmias [8], anti-arrhythmic efficacy 
of which achieves 90 % during the first three months 
of observations, and by the end of the first year, they 
allow preserving cardiac rhythm in 57 % of cases with a 
relatively good tolerability [9]. In accordance with the 
statistics, for the control of cardiac rhythm, lappaconitine 
agents are administered in the following cases:
 • in 8.9 % of cases, as the 1st line drug in patients 

without an organic heart disease or with minimal 
structural changes;

 • in 19.07 % of cases, as the 2nd line drug in patients 
without an organic heart disease or with minimal 
structural changes;

 • in 1.8 % of cases, as the 1st line drug in treatment 
of paroxysmal and persistent atrial fibrillation in 
patients with an organic heart disease in the absence 
of a clinically significant chronic heart failure (CHF);

 • in 4.0 % of cases, as the 2nd line drug in treatment 
of paroxysmal and persistent AF in patients with an 
organic heart disease in the absence of a clinically 
significant CHF;

 • in 5.2 % of cases, after isolation of pulmonary vein 
ostia [10].
Despite their high efficacy, lappaconitine agents have 

some dosing limitations [8] due to their high toxicity [11] 
and risk of pro proarrythmogenic [9], and also non-cardiac 
adverse effects as dizziness, headache, coordination 
disorders and dyplopia [12–15]. All these adverse events 
are directly related to a drug dose becoming more 
prominent with its increase, which determines in some 
cases the impossibility of achieving a dose-dependent 
anti-arrhythmic drug effect [12].

Due to that, company JSC "Pharmcenter VILAR" re- 
gistered a drug product based on lappaconitine hyd-
robromide Allaforte®, a prolonged form of which con-
tributes to the decrease of risk of adverse events of  
lappaconitine hydrobromide and the decrease of do- 
sing frequency [12, 16]. As raw materials for produc-
tion of anti-arrhythmic drug Allaforte®, terrestrial part of 
the white wrestler (Aconitum leucostomum Worosch) and 
rhizomes and roots of the northern wrestler (Aconitum 
septentrionale Koelle) family of buttercaps (Ranuncula- 
ceae) [17–19] are used.

During pre-authorization studies of drug Allaforte®, 
the pharmacokinеtics was not investigated in humans 
which could result in dosing errors, adverse reactions. 

Therefore, the post-authorization study of Allaforte® 
on healthy volunteers has been carried out to  
ensure maximal efficacy and safety of anti-arrhythmic 
therapy.

MATERIALS AND METHODS

The clinical and analytical stages of the pharma-
cokinetic study of Allaforte®, prolonged action tablets  
25  mg (JSC "Pharmcenter VILAR", Russia), as well as, sta- 
tistical data processing were carried out within the com-
parative pharmacokinetic study of Allaforte®, prolonged 
action tablets 25 mg (JSC "Pharmcenter VILAR", Rus-
sia), and the analogous drug product of the national 
manufacturer.

Clinical stage of the study

Male and female healthy volunteers aged 18 to 
45 years inclusive took part in the study.

Volunteers had the cubital heparinized catheter 
installed for 12 hours. After the catheter installation, 5– 
10 minutes prior to the dosing, blood was withdrawn at 
baseline (0). Being supervised by specialists, volunteers 
took the study product once in dose 25 mg (1 tablet in 
the morning in fasted condition with 200 ml of drinking 
water (still). Blood was further sampled for the pharma-
cokinetic study in 15 minutes, 30 minutes, 45 minutes, 
1 h; 80 min; 1,5; 2; 2,5; 3; 4; 5; 7, 8; 12; 24 and 48 hours after 
administration of the study product.

Then blood samples taken were centrifuged, and 
plasma was subsequently withdrawn to separate labeled 
tubes containing K2EDTA as an anticoagulant. All plasma 
samples were frozen, kept and shipped to the analytical 
laboratory at temperature not above –20 °С.

Analytical stage of the study

Concentrations of lappaconitine and its active me-
tabolite N-deacetyllappaconitine in plasma of healthy 
volunteers were determined with the method of high 
performance liquid chromatography and tandem mass- 
spectrometry (HPLC/MS/MS) using the electrospray as  
an ionization source. As an internal standard, trimebu-
tine was used. Lappaconitine, N-deacetyllappaconitine 
and internal standard trimebutine were identified in 
the regime of multiple reaction monitoring. As a mobile 
phase, 0.1 % formic acid solution in water with the addi-
tion of 0.08 % ammonium (by volume) and 0.1 % formic 
acid solution in methanol with the addition of 0.08 %  
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ammonium were used. The analysis was made in the 
gradient elution mode using chromatographic column  
YMCPack Pro C18, 100 ± 2.0 mm, 3 µm. Analytical ran- 
ges were 0.50–50.00 ng/ml for lappaconitine and 0.50–
100.00 ng/ml for N-deacetyllappaconitine [20].

Statistical data processing

Pharmacokinetic profiles of changes in plasma 
concentrations of lappaconitine and its metabolite 
N-deacetyllappaconitine in humans over the time re-
corded following the administration of Allaforte®, were 
characterized with maximum drug concentration (Сmax) 
and time to maximum concentration (Tmax) under the 
"time-concentration" curve after the dosing up to the 
last measurable concentration at time point t (AUC0-t) 
calculated with the linear logarithmic trapezoidal rule, 
area under the "concentration-time" curve since the 
dosing to infinity (AUC0-∞). In addition, the following 
pharmacokinetic parameters were determined: half-life 
(T1/2), elimination rate constant (Kel) assessed by the slope 
of the regression line calculated with the least square 
method, natural logarithmic concentration in relation 
to the time of the last measurable concentration values 
(at least three) above the lower limit of the quantifi- 
cation.

Pharmacokinetic parameters were calculated with 
software R Project 3.5.1 (extension "bear", version 2.8.32), 
developers Hsinya Lee and Yungjin Lee, Taiwan. The  
distribution of pharmacokinetic parameters was descri- 
bed with the main measures of central tendency (mean 
arithmetic, mean geometric, median) and measure of  
data dispersion (standard deviation). 

RESULTS AND DISCUSSION

Pharmacokinetic parameters of lappaconitine. The 
mean value of maximum concentrations (Cmax) determined 
in plasma of volunteers after the administration of study 
product Allaforte® is 5.09 ± 4.07 ng/ml (Mean ± SD). 
Time to reach maximum concentration of lappaconitine 
(Tmax) is 4.43 ± 3.54 hours. Mean values of the area under 
the "concentration-time" curve since the drug dosing 
up to the last measurable concentration at time point 
t (AUC0-t) and area under the "concentration-time" 
after the dosing of study product Allaforte® to infinity  
(AUC0-∞) are 42.96 ± 34.48 ng ∙ h/ml and 71.24 ± 
43.20 ng ∙ h/ml, respectively. The study product was 
eliminated from plasma with the mean half-life value (T1/2) 
8.45 ± 5.10 hours (table 1).

Pharmacokinetic parameters of N-deacetyllappaco-
nitine. Mean values of maximum concentrations (Cmax) 
determined in plasma of volunteers following administ- 
ration of study product Allaforte®, is 11.66 ± 6.21  ng/ml  
(Mean ± SD). Time to maximum concentration of N-dea- 
cetyllappaconitine (Tmax) is 4.04 ± 2.18 hours. Mean values 
under the "concentration-time" curve since the drug do- 
sing up to the last measurable concentration at time 
point t (AUC0-t) and area under the "concentration-time" 
curve since the drug dosing up to infinity (AUC0-∞) of 
study product Allaforte® are 167.42 ± 114.41 ng ∙ h/ml 
and 189.42 ± 115.20 ng ∙ h/ml, respectively. The study 
product was eliminated from plasma with the mean half-
life value (T1/2) 9.04 ± 2.57 hours (table 1).

Table 1. Summary data of pharmacokinetic parameters  
of lappaconitine and N-desacetyllappaconitine after a single 
administration under fasting of Allaforte®
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Cmax, ng/ml

Number of volunteers 28 28

Mean 5.09 11.66

Geometric Mean 4.06 10.29

Median 3.60 9.88

SD 4.07 6.21

AUC0-t, ng ∙ h/ml

Number of volunteers 28 28

Mean 42.96 167.42

Geometric Mean 33.18 138.59

Median 26.64 133.28

SD 34.48 114.41

AUC0-∞, ng ∙ h/ml

Number of volunteers 22 26

Mean 71.24 189.42
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Geometric Mean 58.42 158.35

Median 57.98 154.35

SD 43.20 125.20

Tmax, h

Number of volunteers 28 28

Mean 4.43 4.04

Geometric Mean 3.37 3.62

Median 2.75 4.00

SD 3.54 2.18

Kel, h
-1

Number of volunteers 22 26

Mean 0.114 0.083

Geometric Mean 0.097 0.080

Median 0.085 0.079

SD 0.066 0.024

T1/2, h

Number of volunteers 22 26

Mean 8.45 9.04

Geometric Mean 7.17 8.70

Median 8.30 8.77

SD 5.10 2.57

Note. AUC – area under the pharmacokinetic curve; SD – stan- 
dard deviation.

The averaged pharmacokinetic profiles (in linear and 

semi-logarithmic coordinates) of lappaconitine and its 

metabolite N-deacetyllappaconitine after administration 

of the study product are given in figures 1 and 2.

In figures 1 and 2, we see that product Allaforte®  
allegedly has a two-phase elimination kinetics of lappa- 
conitine and N-deacetyllappaconitine, however, it can  
be related to a high variability of values Тmax of lap-
paconitine [сoefficient of variation (CV) = 79.84 %] and 
N-deacetyllappaconitine (CV = 53.94 %), as well as, 
a large dispersion of individual values (0.75 hours to 
12 hours for lappaconitine; 1.5 hours to 12 hours for 
N-deacetyllappaconitine).

It can be also stated that there are no significant dif-
ferences in Тmax of lappaconitine and Тmax of N-deace- 
tyllappaconitine following administration of Allaforte® 
(Wilcoxon test, p > 0.05). It may lead to the increase of  
the therapeutic effect when maximum concentrations of 
lappaconitine and N-deacetyllappaconitine are reached 
in plasma of patients.

The area under the pharmacokinetic curve of N- 
deacetyllappaconitine is higher in 3.9 times than the one 
of lappaconitine which allows assuming a low probabili-
ty of adverse events as N-deacetyllappaconitine has a low 
toxicity compared to lappaconitine [21].

As well, Allaforte®, compared to analogous drugs  
registered in the Russian Federation, has a longer time to 
maximum blood concentration (4.43 ± 3.54 hours) and 
half-life of lappaconitine (8.45 ± 5.10 hours). For com- 
parison, Tmax and Т1/2 of lappaconitine contained in Alla- 
pinin® are 1.5 hours and 1.17–2.4 hours, respectively [21]. 
Correspondingly, the administration of Allaforte® may re-
duce the dosing frequency.

The results of the pharmacokinetic study should be 
compared with pharmacodynamic studies, which will  
allow correcting the dosing regime for Allaforte®  [22]. 
However, the half life values of lappaconitine from 
the data obtained varied from 2.71 to 22.74 hours 
(CV = 60.39 %), therefore an individual approach to the 
selection of dosing regime should be provided, and when 
possible to perform a therapeutic drug monitoring du- 
ring Allaforte® administration to provide an effective and 
safe therapy of arrhythmias [23–26].

CONCLUSION

The pharmacokinetic study of Allaforte®, prolonged 
action tablets 25 mg (JSC "Pharmcenter VILAR") after a 
single dosing in healthy volunteers was carried out. Based 
on the concentrations of lappaconitine and its active  
metabolite N-deacetyllappaconitine obtained during the 
analytical stage of the study, the main pharmacokinetic 
parameters were calculated, and the averaged pharma-
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cokinetic profiles were plotted (in linear and semi-loga-
rithmic coordinates) of the study substances following 
the single administration of prolonged product Allaforte®. 
The data obtained allow providing effective therapy of  
arrhythmias with the study product, minimizing the pro- 
bability of adverse effects.
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