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ASSESSMENT OF SOLUBLE sST2 AND NT-proBNP CARDIAC MARKERS DURING END-TO-END
STIMULATION OF SPACE FLIGHT STAGES ON A LONG RADIUS CENTRIFUGE
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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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OLEHKA YPOBHSA KAPONOMAPKEPOB PACTBOPUMOI'O sST2 U NT-proBNP NP CKBO3HOM
MOJOENIMPOBAHUN 3TAMNMOB KOCMU4YECKOI O MOJIETA HA LEHTPU®YTE OJINHHOIO PAJNYCA

Al Tonuaposa', K.C. Knupees?*, J1.X. MacTywkosa', [.H. KawwupuHa', 1.H. ToH4apos!, .M. JlapvHa'

'TocynapCTBeHHbIN Hay4HbI LeHTp Poccuiickon Gepepaumn, VIHCTUTYT Meanko-6uonormdeckmx npobnem Poccuitckon akagemum Hayk, Mocksa, Poccust
2Hay4Ho-1ccnefoBaTeNbCKMin UCMbITaTeNbHbIV LIEHTP NOArOTOBKN KOCMOHaBTOB MMeHu FO.A. TarapuHa, 3Be3aHbI ropoaok, Poccus

BBepeHue. OueHka ypoBHst kapanomapkepos sST2 1 NT-proBNP npv HazeMHOM MOAennpoBaHnmn BO3AeNCTBIUSA HebnaronpuaTHbix hakTopos KI senseT-
CH aKTyanbHON ANg y4eTa PUCKOB CEPAEHHO-COCYANCTbIX COObITUI Ha BCex aTanax kocMudeckoro noneta (KIM).

Llenb. Onpepnenexne ypoBHeit sST2 1 NT-proBNP kak KpuTepunes purcka passuTis CepaeyHHO-COCYANCTbIX U3MEHEHMIN MOCe CKBO3HOIO MOAENNPOBaHMSA
atanos Kl Ha ueHTpudyre LIP-18.

Matepuansl u meToabl. [IpoBefeHa oLeHka ypoBHen kapanomapkepos sST2 1 NT-proBNP npu Bo3aencTBuv neperpy3ok B HanpaeneHun rpyab—CnvHa
BeNMYMHON 10 4,5 efl. ¥ MOAENMPOBAHHOIO BECTMOYNOCEHCOPHOro KOHMNNKTa Ha LeHTpudyre LId-18 B TedeHne 60 MUHYT C ydacTvem 6 npakTu4eckm
300POBbIX UCMbITyeMbIX. OLeHKY YPOBHSA sST2 NPOBOAWAM METOAOM TBEPAO(MA3HOrO UMMYHOMEPMEHTHOrO aHanuaa (ELISA). 1amepeHne KoHUeHTpaumum
NT-proBNP nposoaunv nMmyHodhnyopecLeHTHbIM METOAOM Ha aHanuaatope Finecare TM FIA FS-113 (o1 Guangzhou Wondfo Biotech).

Pe3ynbratbl. Bo Bpemsi CKBO3HOMO MoaennpoBaHns aTanoB Ki peakums cepaeHHO-COCYAMCTOM CUCTEMbI UCTIbITYEMbIX Obla aAeKBaTHOW NpesbsaBAsSeMbIM
Harpyskam. YpoBeHb kaparomapkepoB sST2 1 NT-proBNP B BEHO3HOI KPOBUW UCTbITYEMbIX JOCTOBEPHO HE YBENMHMBASICS NMOCAe BpaLleHnst Ha LeHTpudyre.
BbiBoAbl. B faHHOM paboTte He BbIABNEHO 3HA4YMMbIX U3MEHEHWNI, CBUAETENbCTBYIOLLMX O BUOXUMUHECKIMX MPU3HAKaX NaToNorM4eckoro nepepacTaXeHns
AN NOBPEXAeHVs Mokapaa npu BpatleHun Ha Lid-18. OueHka nHavBuayanbHoro ypoBHsa sST2 [0 BO3AENCTBUS U B AMHAMUKE MOXKET MUCMONb30BaTLCS
0719 BEPOSTHOCTHOIO NPOrHo3a NHAVBUAYaNbHOM HYyBCTBUTENBHOCTY 1 afanTauMoHHbIX PE3ePBOB CepAaLa k HebnaronpusaTHeiM hakTopam K.
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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 (El) 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 El 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 El. 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 Els 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 CF-
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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Fig. 1. Typical overload profile during the Soyuz ascent
for 15 min on an MPW-350R centrifuge (Poland); plasma 5.0 7
aliquots were sampled using the Eppendorf (Germany) in- 45
terchangeable volume pipettes. Plasma aliquots were fro-
zen at —80°C. 407
The sST2 level in blood plasma was assessed by solid- ¢ 357
phase enzyme-linked immunosorbent assay (ELISA) us- £ 3.0
ing commercial kits of “Critical Diagnostics Presage® ST2 g , 5
Assay” (USA) and ST2-reader “Critical Diagnostics Presage® % 20 4
ST2 Assay”. The results of sST2 level measurement were 3~
expressed in ng/mL. NT-proBNP concentration was meas- 1.5
ured according to the immunofluorescence method on a 1.0
FinecareTM FIA FS-113 analyzer (from Guangzhou Wondfo 0.5 -
Biotech). Statistical processing of the experimental data 00 : : : : : : .

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 El,
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 El.

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
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Fig. 2. Typical overload profile during the Soyuz descent

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 El 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 + 141 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. 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
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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

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

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. 7. Individual NT-proBNP levels before and after simulation of the space
flight stages. Note: NT-proBNP levels below the sensitivity of the method (<18
pg/mL) are marked with a dash

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
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