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 Introduction. Considering the risks of cardiovascular events during all phases of spaceflight (SF), it is relevant to evaluate the levels of cardiac markers sST2 

and NT-proBNP in ground-based simulations of exposure to adverse SF factors.

Objective. To identify the levels of sST2 and NT-proBNP as risk criteria for the development of cardiovascular changes following end-to-end simulation of SF 

stages on the CF-18 centrifuge.

 Materials and methods. The levels of cardiac markers sST2 and NT-proBNP were assessed during exposure to chest-to-back overloads of up to 4.5 units 

and simulated vestibular sensory conflict on a CF-18 centrifuge for 60 min in six healthy male subjects. The sST2 levels were assessed by solid-phase enzyme-

linked immunosorbent assay (ELISA). NT-proBNP concentration was measured by immunofluorescence method on a Finecare TM FIA FS-113 analyzer (from 

Guangzhou Wondfo Biotech).

Results. During the end-to-end simulation of SF stages, the response of the subjects’ cardiovascular system was adequate to the loads imposed. The levels 

of the cardiac markers sST2 and NT-proBNP in venous blood of the subjects did not significantly increase after spinning on the centrifuge.

Conclusions. In the present study, no significant changes indicative of biochemical signs of pathologic overstretching or myocardial damage were observed 

during rotation on the CF-18. Assessment of individual sST2 levels prior to exposure and in dynamics can be used to probabilistically predict individual sensitiv-

ity and adaptation reserves of the heart to unfavorable CP factors.
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ОЦЕНКА УРОВНЯ КАРДИОМАРКЕРОВ РАСТВОРИМОГО sST2 И NT-proBNP ПРИ СКВОЗНОМ 
МОДЕЛИРОВАНИИ ЭТАПОВ КОСМИЧЕСКОГО ПОЛЕТА НА ЦЕНТРИФУГЕ ДЛИННОГО РАДИУСА
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Введение. Оценка уровня кардиомаркеров sST2 и NT-proBNP при наземном моделировании воздействия неблагоприятных факторов КП являет-

ся актуальной для учета рисков сердечно-сосудистых событий на всех этапах космического полета (КП).

Цель. Определение уровней sST2 и NT-proBNP как критериев риска развития сердечно-сосудистых изменений после сквозного моделирования 

этапов КП на центрифуге ЦФ-18. 

Материалы и методы. Проведена оценка уровней кардиомаркеров sST2 и NT-proBNP при воздействии перегрузок в направлении грудь–спина 

величиной до 4,5 ед. и моделированного вестибулосенсорного конфликта на центрифуге ЦФ-18 в течение 60 минут с участием 6 практически 

здоровых испытуемых. Оценку уровня sST2 проводили методом твердофазного иммуноферментного анализа (ELISA). Измерение концентрации 

NT-proBNP проводили иммунофлуоресцентным методом на анализаторе Finecare TM FIA FS-113 (от Guangzhou Wondfo Biotech).

Результаты. Во время сквозного моделирования этапов КП реакция сердечно-сосудистой системы испытуемых была адекватной предъявляемым 

нагрузкам. Уровень кардиомаркеров sST2 и NT-proBNP в венозной крови испытуемых достоверно не увеличивался после вращения на центрифуге.

Выводы. В данной работе не выявлено значимых изменений, свидетельствующих о биохимических признаках патологического перерастяжения 

или повреждения миокарда при вращении на ЦФ-18. Оценка индивидуального уровня sST2 до воздействия и в динамике может использоваться 

для вероятностного прогноза индивидуальной чувствительности и адаптационных резервов сердца к неблагоприятным факторам КП.
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INTRODUCTION

Ensuring the medical safety of space flights and medical 

control of health status is a priority task in space medicine. 

A comprehensive health status assessment for predicting 

the risks of acute and remote cardiovascular events in-

volves the application of highly informative clinical and lab-

oratory techniques. Soluble growth stimulators are known 

to be expressed by gene 2 (sST2) in cardiomyocytes in re-

sponse to their overstretching or damage [1]. Unlike other 

cardiac markers, sST2 levels change rapidly in response to 

the subject’s cardiovascular status but are independent of 

age, sex, body mass index, and renal function [2, 3]. SST2 

has been shown to be the most significant marker for pre-

dicting the development and outcome of heart failure [4].

sST2 levels were evaluated during parabolic flights in the 

context of aerospace physiology. Significantly decreased 

serum sST2 levels compared to values at baseline and 1  h 

after parabolic flight were observed to remain unchanged 

1 h after parabolic flight [5]. In earlier studies, we analyzed 

the effects of long-duration space flight (SF) and landing on 

sST2 protein levels. In the study of venous blood samples 

of nine astronauts before and after SF to the International 

Space Station, all subjects showed a significant increase in 

sST2 level on the first day after the flight. On the 7th day of 

the recovery period, the sST2 content in plasma decreased 

to approach the background value. The obtained results 

indicated transient myocardial overstretching during land-

ing and increased risk of cardiofibrosis over the long term 

following SF [6].

Another standard cardiac marker of cardiac volume 

overload and risk of heart failure and cardiac rhythm distur-

bances is the N-terminal propeptide of natriuretic hormone 

(B-type) NT-proBNP [7]. However, NT-proBNP is depend-

ent on age, sex, body mass index, daily hormone balance, 

renal status, and other factors [8]. Considering gravitational 

features of NT-proBNP regulation, we note that individual 

astronauts showed a decrease in natriuretic peptide sign-

aling while in space [9]. As shown in Frings-Meuthen P, et 

al. [10], NT-proBNP concentrations respond to changes in 

sodium intake under SF conditions, but have lower levels 

relative to preflight values. This appears to occur due to de-

creased blood volume in the thoracic cavity provided that 

impedance measurements are not distorted by changes in 

chest air content.

We were interested in whether short-term overload and 

vestibular sensory changes simulated on a CF-18 centri-

fuge would influence pathologic myocardial extensibility 

and increase the risk of cardiac fibrosis. Thus, the purpose 

of the present study was to determine the levels of sST2 

and NT-proBNP in relation to the risk of cardiovascular 

changes in vestibular sensory changes following end-to-

end simulation of SF stages on a CF-18 centrifuge.

MATERIALS AND METHODS

Experimental investigations (EI) were carried out at the 

Gagarin Research and Test Cosmonaut Training Center 

in 2023 according to the method described earlier [11]. 

The study involved six practically healthy male subjects 

aged 45 to 53 years (mean age 50.3 ± 3.3 years, height 

175.7 ± 4.7 cm, body mass 86.8 ± 6.7 kg). All subjects were 

medically cleared for EI and had a valid medical and flight 

commission report.

A medical examination of the subjects with registra-

tion of cardiovascular system functional parameters (blood 

pressure BP, heart rate HR) and body temperature was 

carried out by a physician before and after the EI. Prior to 

the study, the subjects had not been exposed to other in-

fluences that could affect their functional state and pos-

tural reactions (physical activity, acceleration, negative or 

excessive pressure on the lower half of the body, hypoxia). 

Studies were conducted no earlier than 1.5 h after a meal. 

All subjects received detailed instructions for all stages of 

the study.

The EIs were performed on a CF-18 centrifuge for phys-

iological studies with a cabin installed in a 3-stage con-

trolled gimbal. The radius of the centrifuge console from the 

rotation axis of the main engine to the center of intersec-

tion of the gimbal frames axes is 18 m. The studies were 

conducted using the standard seat of the centrifuge СF-

18. Under these conditions, the overload acts in the chest-

back direction. During the ascent and descent phases, 

the inclination angle of the seat back to the direction of the 

overload vector was +78°. Following simulation of the 3rd 

stage engine separation, the subject’s chair was moved to 

a position at 105° from the direction of the overload vec-

tor (anti-orthostasis –15°) and the orbital space flight stage 

was simulated. Rotations were performed without stopping 

the centrifuge.

During the rotation on the CF-18, a tacho-oscillographic 

method was used to monitor the electrocardiogram (ECG) 

in three standard leads, as well as HR and BP in the bra-

chial artery.

Figure 1 shows a typical profile of overloads influencing 

the cosmonaut during the Soyuz ascent into Earth orbit 

(“ascent schedule”), while Figure 2 shows a typical profile 

of overloads during the Soyuz descent to Earth (“descent 

schedule”). The overload is stated in multiple units of grav-

ity acceleration (g). The maximum overload during rotation 

according to the “descent schedule” is 4.0 units; the to-

tal rotation time is about 9 min. The overload during the 

“descent schedule” rotation includes two sections with a 

maximum overload of 4.5 units (peak 1) and 3.2 units (peak 

2) involving a total rotation time of about 6 min. Simulation 

of the orbital flight stage for 40 min was performed using a 

special program [11], which provides simultaneous chang-

es in hemodynamics and impact on the vestibular appara-

tus of the tester. The total duration of rotation was 60 min.

While ECG was recorded in three standard leads in the 

centrifuge cabin before, during and after rotation, brachial 

artery BP was performed using tacho-oscillographic meth-

od. During centrifuge rotation, ECG was recorded continu-

ously. At the same time, BP was recorded at the 10th, 20th, 

30th and 40th minutes of rotation.

To determine the concentration of sST2 and NT-

proBNP, venous blood was sampled from the ulnar vein of 

the subjects immediately before and after rotation. Blood 

samples of 3 mL were collected before and at the end of 

rotation into Vacuette® tubes containing K3 EDTA preserva-

tive. Following storage in blood tubes at +4°C for no more 

than 2 h, plasma was obtained by centrifugation at 2000 g 
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for 15 min on an MPW-350R centrifuge (Poland); plasma 

aliquots were sampled using the Eppendorf (Germany) in-

terchangeable volume pipettes. Plasma aliquots were fro-

zen at –80°C.

The sST2 level in blood plasma was assessed by solid-

phase enzyme-linked immunosorbent assay (ELISA) us-

ing commercial kits of “Critical Diagnostics Presage® ST2 

Assay” (USA) and ST2-reader “Critical Diagnostics Presage® 

ST2 Assay”. The results of sST2 level measurement were 

expressed in ng/mL. NT-proBNP concentration was meas-

ured according to the immunofluorescence method on a 

FinecareTM FIA FS-113 analyzer (from Guangzhou Wondfo 

Biotech). Statistical processing of the experimental data 

was carried out using the Statistica 13 software package 

based on Friedman’s analysis of variance criterion and the 

Wilcoxon test for nonparametric data (p-value < 0.05).

RESULTS

During the medical examination of the subjects before the EI, 

the mean values of systolic BP were 138.9 ± 11.2 mmHg, di-

astolic BP was 85.0 ± 9.9 mmHg, mean HR was 74.8 ± 16.9 

beats/min, body temperature in all subjects was within the 

physiologic norm. All subjects were admitted to the EI.

From the first min of orbital flight stage modeling and 

transfer to the anti-orthostatic position during periodic 

questioning while rotating, all six subjects subjectively not-

ed blood rush to the head, four reported the sensation of 

facial swelling and heaviness in the temporal region of the 

head, three mentioned nasal congestion, two described 

cold feet, and one reported heavy eyelids. During rotation 

under video observation, mild hyperemia of the facial skin 

and swelling of neck veins were objectively observed in all 

test subjects. The severity of all phenomena rose with in-

creasing duration of rotation to reach a maximum by 20 min 

and remained unchanged thereafter.

The dynamics of changes in cardiovascular system pa-

rameters are presented in Figure 3 and Figure 4.

The response of the cardiovascular system was ad-

equate to the loads imposed. The maximum registered 

values of HR and BP corresponded to the maximum over-

loads at each simulated stage of space flight.

When analyzing the ECG during the simulation of the 

orbital flight section, in most cases the subjects registered 

an increase in the end part of the ventricular QRS complex 

and in the amplitude of the T tooth; at the same time, the 

RST interval was slightly shortened. In isolated cases, a 

slowing of intraventricular conduction was detected, as ex-

pressed in “broadening” of the ventricular complex. These 

changes, which were functional in nature, disappeared 

after stopping the TF. Sinus tachycardia was noted dur-

ing rotations according to the “withdrawal schedule” and 

“descent schedule”; there were no rhythm or conduction 

disturbances.

A medical examination following the EI did not reveal 

any deviations in the state of health. No subjects had 

any complaints; their general well-being remained posi-

tive. Hemodynamic parameters did not significantly dif-

fer from background. Average values of systolic BP were 

143.2 ± 14.1 mmHg, diastolic BP was 82.6 ± 19.3 mmHg, 

mean values of HR were 71.7 ± 15.9 beats/min, while body 

temperature remained within normal limits.

As can be seen from Figure 5, sST2 levels did not ex-

ceed the reference values in any test subject. Variability 

of sST2 levels was noted in all subjects both prior to the 

modeling and following its completion. When analyzing the 

group-average sST2 levels, its increase following rotation 

on the TF was noted (Fig. 6). However, the level of group-

average values after exposure to overloads also fell within 

the reference values (variant of physiological norm up to 35 

ng/mL). The obtained data indicate the absence of risks of 
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Fig. 1. Typical overload profile during the Soyuz ascent
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heart failure and cardiofibrosis under the described study 

conditions.

As shown in Figure 7, the variability of NT-proBNP be-

fore and after modeling remains low. Individual variability 

is higher than the group average (Figures 7 and 8). NT-

proBNP levels remained within the normal range at all in-

vestigated points in all test subjects.

When comparing individual and mean group graphs of 

response of cardiac markers sST2 and NT-proBNP to this 

type of exposure, attention was paid to unidirectional in-

crease of sST2 and NT-proBNP levels after exposure in 4 

out of 6 subjects. However, the NT-proBNP level increased 

less than sST2.

DISCUSSION 

From the analysis of the obtained data, the dynamics of 

heart rate and blood pressure level was seen to corre-

spond to the applied loads. Maximal registered values of 

HR and BP observed at maximal impacting overloads at 

each simulated SF stage did not exceed physiological val-

ues of variability of responses of cardiovascular system of a 

healthy person to the impact of simulated extreme factors 

of SF. The in-depth study of cardiomyocyte response to 

the effect of moderate longitudinal overloads on the myo-

cardium of practically healthy subjects showed a unidirec-

tional increase in the levels of cardiac markers sST2 and 

NT-proBNP, which confirms the high diagnostic sensitivity 

of these proteins with respect to even short-term effects 

causing volumetric overstretching of myocardium. Analysis 

of individual data showed a more pronounced and variable 

response to overload exposure of the selective cardiac 

marker sST2 as compared with NT-proBNP. Multimarker 

models comprised of several biomarkers, including NT-

proBNP and sST2, have greater prognostic significance 

for risk stratification of cardiovascular events [12–14]. Thus, 

changes in sST2 and NT-proBNP can objectively charac-

terize the response of cardiomyocytes to the effect of over-

load both at active sites of SF according to ascent and de-

scent schedules and at modeling of redistribution of body 

fluid media in microgravity conditions. Based on estimation 

of individual background levels of sST2 and NT-proBNP, it 
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Fig. 3. Heart rate dynamics during simulation of the space flight stages: 

1  —  baseline before simulation; 2  —  beginning simulation; 3  —  1st stage 

separation; 4 — 2nd stage separation; 5 — 3d stage separation; 6 — 10th 

min of orbital flight; 7 — 20th min of orbital flight; 8 — 30th min of orbital flight; 

9 — 40th min of orbital flight; 10 — 1st overload peak during Soyuz landing; 

11 — 2nd overload peak during the Soyuz landing; 12 — end of simulation; 

13 — 5 min after end of simulation

Figure prepared by the authors using their own data

Fig. 5. Individual sST2 levels before and after simulation of the space flight 

stages. Note: sST2 levels below the sensitivity of the method (<12,5 ng/mL) are 

marked with a dash

Figure prepared by the authors using their own data

Fig. 6. Mean group sST2 levels before and after simulation of the space flight 

stages

Figure prepared by the authors using their own data

Fig. 4. Blood pressure dynamics during simulation of the space flight stages: 

1  —  baseline before simulation; 2  —  beginning simulation; 3  —  1st stage 

separation; 4 — 2nd stage separation; 5 — 3d stage separation; 6 — 10th min 

of orbital flight; 7 — 20th min of orbital flight; 8 — 30th min of orbital flight; 

9 — 40th min of orbital flight; 10 — 1st overloads peak during Soyuz landing; 

11 — 2nd overloads peak during the Soyuz landing; 12 — end of simulation; 

13 — 5 min after end of simulation
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is also possible to personalize probabilistic prognosis of the 

effect of the complex of SF factors at the stage of orbital 

insertion and descent in order to estimate the risk of cardi-

ofibrosis development in remote periods after SF.

In contrast to earlier studies of sST2 level after comple-

tion of prolonged SF [6], the present study did not reveal 

a clinically significant increase in the level of this cardiac 

marker following completion of space flight stage simula-

tion on a CF-18. The obtained data indicate that isolated 

exposure of the myocardium of practically healthy subjects 

to moderate longitudinal overload without prior exposure 

to prolonged microgravity does not cause pathologic over-

stretching of cardiomyocytes. The increase in sST2 level 

following prolonged SF can be explained by the effect of 

overloads during the descent vehicle return to the Earth on 

myocardia that are already adapted to the prolonged influ-

ence of extreme SF factors [15].

CONCLUSIONS

1. Isolated exposure of short-term moderate longitudinal 

overloads on the myocardium of practically healthy sub-

jects without prior exposure to prolonged microgravity did 

not cause pathologic overstretching of cardiomyocytes.

2. Dynamics of heart rate and blood pressure level, 

which corresponded to the applied loads, did not exceed 

physiological values of variability of responses of cardio-

vascular system of a healthy person to the impact of mod-

eled extreme factors of SF.

3. It is promising to continue studies on the influence of 

isolated unfavorable factors of SF on the levels of cardiac 

markers in healthy test subjects.
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