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We studied pharmacokinetics and bioavailability of verapamil, propranolol, and ethacizine in 
healthy volunteers after single oral administration under normal conditions and on the second 
day of simulated antiorthostatic hypokinesia modeling some effects of microgravity. Under 
conditions of antiorthostatic hypokinesia, a tendency to a decrease in half-elimination period, 
mean retention time, and volume of distribution and an increase in the rate of absorption, ratio 
of maximum concentrations, and relative rate of absorption of verapamil and propranolol were 
revealed. For ethacizine, a statistically significant increase in the time of attaining maximum 
concentration and volume of distribution and a decrease in the maximum concentration, rate 
of absorption, ratio of maximum concentrations, and relative rate of absorption under condi-
tions of antiorthostatic hypokinesia were found.
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Prolonged exposure to microgravity is associated with 
changes in the function of many body systems, includ-
ing the cardiovascular system. Among possible car-
diac disorders, a special place is occupied by various 
cardiac rhythm disorders, hypertensive reactions, and 
changes in the terminal part of the ventricular complex 
recorded by ECG. These changes can increase medical 
risks and threaten the health and life of the astronauts 
during space flights [4]. In this context, the search 
for optimal pharmacological means (from the point 
of view of space medicine) for the treatment of acute 

cardiological diseases during space flight is extremely 
important.

The choice of cardiovascular drugs most appropri-
ate for use during real space flight is difficult because 
their pharmacodynamics and pharmacokinetics can un-
dergo significant changes under conditions of micro-
gravity, which can require correction of the therapeutic 
schemes. The results of few pharmacokinetic studies 
performed under conditions of short-term space flights 
[6,14] and during model experiments [12,13] confirm 
this assumption.

As various cardiovascular disorders can develop 
during space flight, analysis of pharmacokinetics and 
relative bioavailability of cardiovascular drugs under 
conditions simulating the effects of some space flight 
factors are extremely relevant.

In the present study we compared the pharmaco-
kinetics and relative bioavailability of verapamil, pro-
pranolol, and ethacizine under normal conditions and 
during antiorthostatic hypokinesia simulating some 
effects of microgravity.
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MATERIALS AND METHODS

The pharmacokinetic study included 25 healthy vol-
unteers (men aged 23-48 years with similar anthro-
pometric parameters). Group 1 (8 subjects) received 
80 mg verapamil (finoptin, Orion Pharma), group 2 
(8 subjects) received 80 mg propranolol (anaprilin, 
Tatkhimfarmpreparaty), group (9 people) received 100 
mg ethacizine (Atts-Farm).

Seven-day anti-orthostatic hypokinesia (ANOH) 
with an angle of 8° was used as the model reproduc-
ing some effects of microgravity. All volunteers were 
familiarized with the research methodology; informed 
consent was obtained from each participant.

Two successive series were performed: series 1 
(background; normal values) unrestricted motion prior 
to the start of ANOH; series 2 — on day 2 of ANOH; 
a 7-day break was made between the end of the first 
and the beginning of second series.

The volunteers received no medication, vitamins, 
and dietary supplements (except the test drug) 5 days 
before the start and throughout the study.

In all series, the study was carried out according 
to the standard protocol: in the morning, after instal
ling B. Braun Teflon cannula into the cubital vein, the 
initial blood sample was taken. Then, the volunteers 
received the drug (verapamil, propranolol, or etha-
cizine) on an empty stomach at the same time with 
100 ml boiled water at room temperature. Standard 
breakfast was given 1 h after drug intake.

The blood for analysis was taken from the cubital 
vein into heparinized tubes before taking the drugs and 
then at discrete time intervals: 1, 2, 3, 4, 5, 6, and 8 h 
after taking verapamil; 0.33, 0.75, 1, 2, 3, 5, 8 h after 
taking propranolol and 1, 2, 3, 4, 6 h after taking etha-
cizine. Blood plasma was separated by centrifugation 
and stored at 20°C until analysis.

Plasma concentration of verapamil and proprano-
lol was measured by HPLC with fluorometric detec-
tion [7,10] at λex of 203 and 276 nm and λem of 320 and 
340 nm, respectively. Isolation of drugs from blood 
plasma was carried out by the method of liquid-phase 
extraction using heptane for verapamil and a mix-
ture of diethyl ether and dichloromethane (4:1 v/v) 
for propranolol as the extractant; diluted sulfuric acid 
solution was used as the re-extractant. Quantitative 
analysis of verapamil and propranolol was performed 
by the method of absolute calibration and by the meth-
od of internal standard using prazosin hydrochloride, 
respectively. The detection limit was 2 and 5 ng/ml 
plasma, and regression coefficient r2 was 0.9954 and 
0.9978 for verapamil and propranolol, respectively.

The concentration of ethacizine in the blood plas-
ma was measured by HPLC with UV spectrophotomet-
ric detection at 254 nm. Ethacizine from the plasma 

was extracted with chloroform. The obtained chloro-
form extract was evaporated to dryness on a rotary 
evaporator under vacuum. The dry residue was dis-
solved in 200 μl mobile phase (acetonitrile and 0.1 M 
acetate buffer, 75:25 v/v, pH 8.0), an aliquot (100 μl) 
was injected into a chromatograph with a Spherisorb 
ODS column (5 μ, 250×4.6 mm); the elution rate was 
maintained at 1.5 ml/min. Quantitative determination 
was performed by the method of absolute calibration. 
The detection limit for ethacizine was 5 ng/ml plasma; 
regression coefficient r2=0.9981.

The used methods met the basic requirements for 
analytical methods used for analysis of drug pharma-
cokinetics and relative bioavailability [8,9].

A total of 364 plasma samples were analyzed: 
verapamil content was measured in 128 samples, pro-
pranolol in 128 samples, and ethacizine in 108 sam-
ples.

The data were analyzed using M-IND software 
[2,3] for a personal computer, calculating model-in-
dependent parameters: maximum concentration (Cmax), 
time of attaining maximum concentration (Tmax), area 
under pharmacokinetic curve (AUC0-t and AUC0-∞), 
total clearance (Clt), mean time of drug retention in 
the body (MRT), half-elimination period (T1/2), and 
volume of distribution (Vz).

The ratio Cmax/AUC0-∞ (rate of absorption), rela-
tive bioavailability (f), ratio of maximum concentra-
tions (fII), and the relative rate of drug absorption un-
der conditions of ANOH in comparison with normal 
conditions (for individual values of AUC0-∞, Cmax and 
Cmax/AUC0-∞ respectively) [9,11].

The maximum bioavailability of drugs was calcu-
lated using the formula F̅=Q/(Q+Clt)×100%, where Q 
is blood flow rate through the liver (in humans, Q=1.5 
liter/min) [15].

The obtained results were processed using the 
InStat program. The differences were significant at 
p<0.05.

RESULTS
The profiles of averaged pharmacokinetic curves for 
verapamil under normal conditions and during ANOH 
(Fig. 1, a) were identical, but after taking the drug 
under conditions of ANOH, the concentration of vera-
pamil in 2 h and during the time interval of 5-8 h 
slightly surpassed the background values. Individual 
maximum plasma levels of verapamil under normal 
conditions and during ANOH were observed within 
time intervals of 1-4 and 1-5 h after drug intake, re-
spectively, and varied between 10-130 and 26-121 ng/
ml, respectively.

The profiles of the averaged pharmacokinetic 
curves of propranolol under normal conditions and 
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during ANOH (Fig. 1, b) were identical, but higher 
maximum concentration of propranolol in the plasma 
was achieved under normal conditions. Individual maxi-
mum plasma concentrations of propranolol were record-
ed within the time interval 0.75-2 h (background) and 
0.33-2 h (ANOH) after drug administration and varied 
within 31-164 and 38-89 ng/ml, respectively.

The profiles of averaged pharmacokinetic curves 
of ethacizine under normal conditions and during 
ANOH (Fig. 1, c) differed significantly: under condi-
tions of ANOH, ethacizine concentration in the plasma 
was significantly lower than under normal conditions 
within the time interval of 2-4 h. Under normal condi-
tions, individual maximum levels of ethacizine (39-110 
ng/ml) were achieved in 1-2 h after drug intake; dur-
ing ANOH, individual maximum levels (34-74 ng/ml)  
were achieved in 1-3 h.

Under conditions of ANOH, a tendency to a de-
crease in T1/2, MRT, and Vz and an increase in Cmax/
AUC0-∞ was revealed. The differences in the pharma-
cokinetic parameters of verapamil and propranolol 
under normal conditions and during ANOH were 
statistically insignificant. For ethacizine, statistically 
significant decrease in Cmax, AUC0-t, and Cmax/AUC0-∞ 
and an increase in Tmax and Vz were observed during 

ANOH in comparison with normal conditions. For 
ethacizine, the changes in T1/2, MRT, Vz, and Cmax/
AUC0-∞ during ANOH were opposite to those observed 
for verapamil and propranolol.

Under conditions of ANOH, the relative bioavail-
ability of verapamil (122.9±17.5%) and ethacizine 
(139.9±26.6%) was significantly higher than under 
normal conditions, while that of propranolol practi-
cally did not change during ANOH (95.2±13.1%). The 
obtained data agree with the dynamics of changes in 
the maximum possible bioavailability of verapamil, 
propranolol, and ethacizine under conditions of ANOH 
expresses in Δ% (+24.7Δ%, -8.4Δ% and, +18.6Δ%, 
respectively). The ratio of the maximum concentra-
tions of verapamil (170.21±40.11%) and propranolol 
(124.9±22.9%) during ANOH significantly surpassed 
the values observed under normal conditions, while 
for ethacizine, a trend towards a decrease in this pa-
rameter was revealed (83.3±7.7%). The relative rate 
of absorption of verapamil and propranolol during 
ANOH increased significantly in comparison with 
normal (141.6±28.6 and 157.9±47.5%, respectively), 
while relative absorption rate of ethacizine decreased 
(80.7±19.7%).

The pharmacokinetic parameters of verapamil, 

Fig. 1. Averaged pharmacokinetic curves of verapamil (a), 
propranolol (b), and ethacizine (c) under normal conditions (1) 
and during ANOH (2).
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propranolol, and ethacizine under normal conditions 
are consistent with published data [1-3,8], and the ob-
served changes in the pharmacokinetics of verapamil 
and propranolol under the conditions of ANOH agree 
with previous data for acetaminophen [5].

Thus, we studied pharmacokinetics and relative 
bioavailability of verapamil, propranolol, and ethaci-
zine under normal conditions and on day 2 of ANOH. 
A tendency to a decrease the half-elimination period, 
mean retention time, volume of distribution and to an 
increase in the rate of absorption, ratio of maximum 
concentrations, and relative rate of absorption under 
conditions of ANOH were found for verapamil and 
propranolol; for ethacizine, a significant increase in 

the time to reach the maximum concentration and 
volume of distribution and a decrease in the maxi-
mum concentration, rate of absorption, ratio of maxi-
mum concentrations, and relative rate of absorption 
were revealed.

These findings suggest that pharmacokinetics and 
bioavailability of verapamil and propranolol do not 
significantly change under conditions of microgra
vity, which allows us to recommend them for rational 
pharmacotherapy of cardiovascular diseases in manned 
space flight.

Some changes in the pharmacokinetic parameters 
and bioavailability of ethacizine under conditions of 
ANOH do not exclude the possibility of its use under 

Fig. 2. Dynamics of changes in pharmacokinetic parameters of verapamil, propranolol, and ethacizine under conditions of ANOH.

TABLE 1. Pharmacokinetic Parameters of Verapamil, Propranolol, and Ethacizine after Single Oral Dose (M±m)

Parameter
Verapamil, 80 mg (N=8) Propranolol, 80 mg (N=8) Ethacizine, 100 mg (N=9)

normal ANOH normal ANOH normal ANOH

Cmax, ng/ml 50.9±14.8 57.9±11.5 70.9±15.4 67.0±6.20 63.7±7.6 49.9±4.2*

Tmax, h 2.38±0.35 2.63±0.42 0.91±0.16 0.92±0.17 1.56±0.20 1.89±0.30*

AUC0-t, ng×h/ml 199.6±53.6 195.0±33.8 268.1±37.7 254.5±28.2 255.3±28.3 206.3±17.0*

AUC0-∞, ng×h/ml 263.4±64.2 267.0±55.3 448,9±64.8 392.9±51.3 571.6±84.6 663.3±81.4

Clt, liter/h 504.4±123.3 386.6±64.6 206.4±30.2 233.7±35.6 212.6±36.0 165.1±15.7

T1/2, h 4.0±0.5 3.26±1.10 5.9±0.6 5.0±0.6 6.7±1.6 10.0±.1.0

MRT, h 6.3±0.7 6.0±1.4 8.6±0.9 7.2±0.8 10.3±2.3 15.5±1.8

Vz, liter 3018.4±993.4 1409.8±347.2 1630.6±197.6 1498.4±146.8 1627.9±177.4 2263.2±204.7*

Cmax/AUC0-∞, 1/h 0.1872±0.0144 0.2379±0.0311 0.1600±0.0296 0.2024±0.0459 0.1264±0.0157 0.0791±0.0065*

DTmax, h — 0.25±0.41 — 0.01±0.22 — 0.33±0.17

F, % 15.14 18.88 30.36 27.80 29.76 35.29

f, % — 122.91±17.50 — 95.21±13.10 — 139.90±26.62

fII, % — 170.21±40.11 — 124.92±22.85 — 83.34±7.70

RAR, % — 141.55±28.62 — 157.85±47.52 — 80.70±19.67

Note. RSA: relative absorption rate. *p<0.05 in comparison with normal values.
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space flight conditions, but the identified features of 
this drug should be considered.

REFERENCES
	 1.	Abyshev AZ, Agaev EM, Semenov EV. New-Generation Cal-

cium Ion Antagonists. Baku, 2003. Russian.
	 2.	Arzamastsev AP, Kondratenko SN, Starodubtsev AK, Blinkov 

IL, Svetyi LI. Peculiarities of the pharmacokinetics of some 
cardiovascular drugs in patients with inflammatory disturbanc-
es of the large intestine. Pharm. Chem. J. 2003;37(2):60-62.

	 3.	Beloborodov VL, Zalesskaya MA, Tyukavkina NA, Bugrii 
EM, Kaverina NN. Clinical pharmacokinetics of ethmozine 
and ethacizine in the course of combined administration. 
Pharm. Chem. J. 2004;38(2):59-62.

	 4.	Goncharov IB, Kovalevich IV. The System of Medical Treat-
ment for Cosmonauts. Orbital Station Mir. Vol. 1. Medical Care 
in Long Term Space Flight. Moscow, 2001. P. 432-454. Russian.

	 5.	Goncharov IB, Kovachevich IV, Repenkova LG, Kondratenko 
SN, Starodubtsev AK. Effect of antiorthostatic hypokinesia on 
acetaminophen pharmacokinetics and its distribution in saliva 
of healthy volunteers. Pharm. Chem. J. 2009;43(5):235-238. 
doi:10.1007/s11094-009-0288-x

	 6.	Kovachevich IV, Repenkova LG, Kondratenko SN, Starodubt-
sev AK. Pharmacokinetics of acetaminophen administered in 
tablets and capsules under long-term space flight conditions. 
Pharm. Chem. J. 2009;43(3):130-133.

	 7.	Kukes VG, Grachev SV, Suchev DA, Ramenskaya GV. The 
Metabolism of Drugs. Scientific Bases of Personalized Medi-
cine. Moscow, 2008. P. 269. Russian.

	 8.	Miroshnichenko II, Tyulaev II, Zyev AP. Biocompatibility of 
Drugs. Moscow, 2003. Russian.

	 9.	Assessment of the Bioequivalence of Medicinal Products: 
Guidelines. Moscow, 2008. P. 18-21.

10.	Ramenskaya GV, Kondratenko SN, Krasnykh LM. Quantita-
tive assay of the drugs in the blood plasma of patients by 
high-performance liquid chromatography. Clinical Pharmaco-
kinetics: Theoretical, Applied, and Analytical Aspects. Kukes 
VG, ed. Moscow, 2009. P. 396-397. Russian.

11.	Sergienko VI, Jelliffe RW, Bondareva IB. Applied Pharma-
cokinetics: Basic Foundations and Clinical Implementations. 
Moscow, 2003. Russian.

12.	Gandia P, Saivin S, Le-Traon AP, Guell A, Houin G. Influence 
of simulated weightlessness on the intramuscular and oral 
pharmacokinetics of promethazine in 12 human volunteers. J. 
Clin. Pharmacol. 2006;46(9):1008-1016.

13.	Idkaidek N, Arafat T. Effect of microgravity on the phar-
macokinetics of ibuprofen in humans. J. Clin. Pharmacol. 
2011;51(12):1685-1689.

14.	Kast J, Yu Y, Seubert CN, Wotring VE, Derendorf H. Drugs in 
space: Pharmacokinetics and pharmacodynamics in astronauts. 
Eur. J. Pharm. Sci. 2017;109S:S2-S8.

15.	Lutz RJ, Dedrick RL, Matthews HB, Eling TE, Anderson MW. 
A preliminary pharmacokinetic model for several chlorinated 
bipherel in the rat. Drug Metab. Dispos.1977;5(4):386-396.

A. V. Polyakov, A. A. Svistunov, et al. 


	ABSTRACT
	MATERIALS AND METHODS
	RESULTS
	REFERENCES



