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Abstract

This study assessed pharmacokinetics and pharmacodynamics using low-frequency piezothromboelastography (LPTEG)
and a validated HPLC-MS/MS technique in healthy volunteers receiving apixaban as anticoagulant therapy. At the 1-hour
monitoring point, there was an increase in the concentration of 5 mg of apixaban taken to 97 [86;105] ng/ml. As described in
the instructions for use, concentrations reached maximum values 4 hours after administration and amounted to (130 [117;144]
ng/ml). The maximum concentration of the drug taken statistically significantly decreases to 120 [108;130] ng/ml on the 6th, to
97 [88;107] ng/ml on the 10th hour of observation, after 84 hours [75;93] ng/ ml at 12 hours and up to 19 [17;22] ng/ml at 24
hours. When studying using the LFPTEG method, we observe chronic and structural hypocoagulation in whole blood 2 hours
after taking the drug, while the concentration of this anticoagulant is within 110 [99;121] ng/ml. Next, a hypocoagulation shift
is formed, indicated by an increase in the “gelation” point at the three-hour monitoring point. At the same time, there is a
decrease in the thrombin activity constant in relation to the initial values before taking apixaban (p <0.05). At the 4-hour
monitoring point, there is an increase in the “gelation” time with a decrease in the maximum amplitude, thrombin activity
constant and coagulation activity index p<0.05), which allows us to judge the maximum expressed hypocoagulation state in the
study volunteers. Next comes a decrease in the effect of apixaban, indicated by moderate structural hypocoagulation, which
develops only into a tendency to control the effect of the drug for 10 hours. And after 12 hours, the indicators return to the
original data before taking the anticoagulant. The results obtained allow us to conclude that it is possible to use LFPTEG
technology to monitor the pharmacodynamics of apixaban, in contrast to standard control methods, in which efficacy results
are available in the range of working concentrations of the drug in blood plasma from ~110 ng/ml and above.

Keywords: low-frequency piezothromboelastography, hemostatic potential, antithrombotic therapy, personification,
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AHHOTaNMA

KouTtposnb 3¢ddexTrBHOCTH Ha3HaueHusi AmMKcabaHa B paMKax WCC/IeAOBaHUS (DapMaKOAWHAMUKU U (apMaKOKHMHETUKU
ObLT OCYILECTBIEH C TIOMOIIBIO HHM3KOYACTOTHOM mbe3oTpombosnactorpaduu (HITTOT') ans mepBoro v BalvMAUpPOBAHHOM
Mmetoguku BOXKX-MC/MC gyt Broporo. I[TosmydeHHble JaHHBIe ObIIM CpaBHEHBI B paMKaX BPEMEHHOTO acreKTa [eHCTBHS
nmanHoro HOAK y 370poBbIx 106poBosibIieB. MakciMasibHasi KOHLEHTPAL[Msi HA3HAYeHHOTO aHTHUKOAryJIsTHTA TIPY OZJHOKPaTHOM
rpremMe B JI03UPOBKe 5 Mr Oblia JOCTUrHYTa Ha 4-M uacy nocsie rprema (130 [117;144] Hr/mi), pu 3TOM pe3koe yBelnueHne
KOHIIEHTpalMu ObUIO AOCTUTHYTO Y)Ke Ha TiepBoM dacy Habmogenus no 97 [86;105] ur/mi. Ilocsie AOCTUTHYTOTO THKa
KOHIIEeHTpal[uM OTMeuaeTCsl TJIaHOMepHOe CHIKeHUe KOHIIeHTPaIJMOHHOW akTUBHOCTH B KpoBH oT 120 [108;130] Hr/ma Ha 6-M,
no 97 [88;107] ur/mn Ha 10-m uacy Habmomenus, uepe3 84 [75;93] ur/mn Ha 12-m u go 19 [17;22] ur/mn Ha 24-M uace.
ITo pe3yneratam rnobansHoro tecta HITTOI' Ha 2-X yacOBOM TOUKe MOHHUTOPHWHIA MPU €ro KOHL|eHTpaluu B mpegenax 110
[99;121] Hr/mn obo3HayaeTcsi KapTWHA XPOHOMETPUYECKOW M CTPYKTYPHOHM rumokoary/asuud. Yepe3 3 yaca mocsie mprema
nmaaHoro HOAK konreHTpatusi miperiapara gocturia 123 [110;135] ar/mim, 9To Ha JaHHOM BPEMEHHOM 3Tarie OTPa3wioch B
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BUZle (hOopMHPOBAHMS IMITOKOATY/ISILIMOHHOTO CABUra TeMOCTaTUYeCKOTO TOTeHIMana Mo /JaHHBIM CTaTUCTHUeCKW 3HAYMMOTO
MPUPOCTa BPEMEHU [JOCTVKEHHS] TOUKH «KETUPOBAaHUS» U CHDKEHUsI KOHCTAHThI TPOMOMHOBOM aKTHBHOCTH T10 OTHOLIEHUIO K
TaKOBbIM, OLleHeHHBbIM UcxofHOo (p<0,05). MakcrMabHble POSIBIEHUS] TUITOKOAry/siliii (CTaTUCTUYEeCKU 3HAUMMBbIN MTPUPOCT
BPEMEHU <«OKEJIUPOBAHMs» TPU CHWKEHWM MAaKCUMA/JbHOW aMIUIMTY/[bl, KOHCTAaHThI TPOMOWHOBON aKTMBHOCTH U HH/EKCa
KoaryysiuoHHoro fgpatia p<0,05) BbIsB/IeHbI Ha 4-X YaCOBOW TOUKe MOHUTOPHHTA, TZe Orpeje/ieHa W MaKCHMasbHast
KOHLIeHTpauus npernapara. [1o pesynsratam HITTOI yepe3 6 yacoB moc/ie mprveMa IperapaTra B KPOBU BbisIB/ieHa YMepeHHast
CTPYKTYpHasi TUIOKOAry/isiliyisi, KoTopast K 10-My uacy Hab/Tro/ieHus, 0 BhIPAXKeHHOCTH TIPOSIB/IEHUH, ONPe/eIieTCsl JIUIIIb KakK
TeHgeHLMs. Yepe3 12 yacoB 0TMeUaeTcs TIOBBIILIEHHe TPOMOMHOBOW aKTMBHOCTH M COKpallleHHe BPeMeHH «KeJTMPOBaHUS» I10
OTHOLIEHHI0 K MCXOOHBIM JaHHbIM. IlomydeHHble pe3y/nbTaThl TIO3BOJIIIOT CAe/aTh 3akK/IIOUueHWe O BO3MOKHOCTH
vcnosnb3oBaHus TexHonorun HITTOI asist MoHUTOpYHTA hapMakoguHaMKKu ArvkcabaHa B OT/IMUME OT CTaH/AAapPTHBIX METOIUK
KOHTPOJIsI, TIPX KOTOPBIX pPe3y/bTaThl 3 GeKTUBHOCTH JOCTYITHBI B ZiMaria30He pabounx Mia3MeHHBIX KOHLIEHTpALWH rperapara
oT ~110 Hr/mi U BbILLe.

K/roueBble €JI0Ba: HMU3KOYACTOTHAs Mbe30TPoMO031acTorpadusi, reMoCTaTiue CKUi TIOTeHLIMal, MPOTUBOTPOMOOTHYE CKast
Teparius, epcoHudukanus, anvkcaban, HOAK.

Introduction

In recent decades, a number of non-vitamin K antagonist anticoagulant (NOAC) have appeared, an action of which is
aimed at the prevention and treatment of thrombotic complications. But prompt diagnosis and monitoring of the effectiveness
of NOAC remains a fairly pressing task for practicing physicians [9], [15], [16]. In contrast to numerous instructions for
existing NOAC, which stipulate that it is not necessary to monitor the effect of these drugs, but there are instructions for
specific or modified laboratory tests to assess the effect of these drugs on the hemostatic system. Of the NOAC used in the
clinic, apixaban stands out, the effectiveness of which is recommended to be assessed by a chromogenic test using Rotachrom
Heparin, although in practice it has significant laboratory variability [1], [3], [7], [10], [11]. In solving the identified problem
of prompt diagnosis of disorders in hemostasis system and monitoring the effectiveness of their correction, a “global” test for
integrative assessment of the participation of plasma and cellular components of whole blood in the process of fibrinogenesis
was used [5], [6], [13], [17]. The method of low-frequency piezothromboelastography (LFPTEG), which makes it possible to
monitor in real time all changes in the viscoelastic properties of native blood, which directly depend on the viability of
fibrinogenesis, during its coagulation with a permanent assessment of the hemostasis system [12], [15], [17].

The purpose of the study was to evaluate the possibility of monitoring the anticoagulant effectiveness of 5 mg of Apixaban
after a single dose in healthy volunteers and determining its relationship with plasma concentrations of the drug.

Research methods and principles

There were 12 healthy volunteers took part in research, of which 7 men, 5 women, aged from 35 to 45 years, after signing
informed consent for the examination. The study was conducted in accordance with the requirements of the Declaration of
Helsinki, the study design was approved by the local ethics committee.

Before the start of the study, a catheter was installed in a vein of the forearm for 24 hours to collect blood into 6 ml
vacutainers containing K EDTA as an anticoagulant to assess the plasma concentration of the drug. Blood sampling was carried
out: initially (10-15 minutes before taking 5 mg of Apixaban "Bristol-Myers Squibb Company", USA and 1, 2, 3, 4, 6, 10, 12
and 24 hours after taking the drug). Blood plasma was separated by centrifugation at 300 rpm for 30 min while cooling, after
which it was transferred to a cryovial (the volume of the analytical aliquot was at least 1.5 ml) and immediately frozen on dry
ice. Next, the samples were sent to the laboratory to analyze the concentration of the drug. Determination of Apixaban
concentrations in samples was carried out by HPLC-MS/MS method validated in accordance with the guidelines [14].

The state of the blood aggregation regulation system was assessed initially, 2, 4, 6 and 12 hours after taking the drug using
the LFPTEG method using an ARP-01M Mednord thromboelastograph (Mednord-Technique LLC, Russia). Blood was taken
from the vein of the forearm of the free arm without applying a tourniquet in the amount of 0.45 ml of native venous blood. In
this case, the interval between taking blood and placing it in the cuvette of the device did not exceed 20 s [17].

The following parameters of the LFPTEG were analyzed: t; — reaction period (time in minutes from the start of the study
until the minimum amplitude of the LFPTEG was achieved — A,); t; — blood coagulation time (BCT) — point of gelation(PG) in
min; ts — time to reach the maximum amplitude of the LFPTEG (As), ICC — Intensity of contact coagulation, reflecting mainly
the suspension stability of blood cells (BCC); ICD — The intensity of the coagulation drive, which characterizes the
predominantly proteolytic stage of the third phase of hemocoagulation. TAC — Thrombin activity constant as a universal
criterion for assessing the intensity of the proteolytic stage of fibrin formation; MA — Maximum amplitude, characterizing the
maximum density of the clot.

Statistical processing of the obtained data was carried out using the IBM SPSS Statistics 22.0 program. To test the null
hypothesis, comparisons between the studied independent groups were carried out using the Mann-Whitney test; differences
were considered statistically significant at a significance level of p < 0.05. Quantitative indicators are presented in the form Me
[LQ; Uql, where Me is the median, LQ (Q25) is the lower quartile, UQ (Q75) is the upper quartile.

Main results

As can be seen from the results obtained, already at the 1st hour of observation, due to high bioavailability and high
absorption rate, the concentration of the drug in the blood plasma is determined within the range of 97 [86;105] ng/ml. By the
2nd hour, the concentration of the investigational anticoagulant increases to 110 [99;121] ng/ml, and at the 3rd hour it reaches
123 [110;135] ng/ml. Almost in accordance with the reference data, Cnmax is determined in the 4th hour after taking the drug,
reaching ~ 130 [117;144] ng/ml, with an initial “load” of 5 mg. By the 6th hour of monitoring, the plasma concentration of the
drug decreases to 120 [108;130] ng/ml, then, at the 10th hour, to 97 [88;107] ng/ml, and at the 12th to 84 [75;93] ng/ml. After
24 hours in healthy volunteers, the plasma concentration of the drug remains within 19 [17;22] ng/ml.
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The results of LFPTEG changes in the hemostatic system at the designated study points are presented in Table 1.
Indicators of the hemostatic system in healthy individuals were within normal limits, which is confirmed by LFPTEG data.
After some time, or rather 1 hour after administration, the plasma concentration of the test anticoagulant changed to ~97
[86;105] ng/ml. The data obtained could not allow us to judge statistically significant changes in the analyzed characteristics of
the LFPTEG. The concentration of apixaban in the blood plasma after 2 hours reaches 110 [99;121] ng/ml, while on LFPTEG
a pattern of hypocoagulation is formed, which is statistically significant (p<0.05). We achieve the most pronounced
hypocoagulation 3 hours after taking the drug, which is statistically significantly confirmed by an increase in the time to reach
the “gelation” point and a decrease in the thrombin activity constant in relation to the initial data (p<0.05). The plasma
concentration of apixaban 4 hours after taking the anticoagulant is ~ 123 [110;135] ng/ml. At this point, hypocoagulation is
observed, which is confirmed by a statistically significant increase in the “gelation” time on LFPTEG (p <0.05). The maximum
amplitude decreased, as did the thrombin activity constant and the coagulation activity index. Subsequently, moderate
structural hypocoagulation persists for up to 6 hours, which is confirmed by a statistically significant decrease in CBC and MA
(p <0.05). And by the 10-hour observation point, the severity of manifestations is noted as a trend. Already by 12 hours, a
compensatory increase in thrombin activity and a decrease in the “gelation” time (p < 0.05) in relation to the initial data are
observed throughout the entire osmium.

Table 1 - The values of the measured characteristics of NPTEG by observation “points” in healthy volunteers after a single
dose of 5 mg of Apixaban

DOTI: https://doi.org/10.60797/IRJ.2024.144.84.1

Indicators | originally 2 hours 3 hours 4 hours 6 hours 10 hours 12 hours
. . 1,3 1,8 1,6 1,2 1,1 0,9
b min) | HOBLEI T 1001 | 32 | (L5191 | 5311 | (081,71 | [0,7:2,0]
ICC (ru) | 16[11;22] | 13[11;18] | 14 [11;21] | 18[15;22] | 15[10;19] | 17 [11;20] | 16 [14;24]
GGminy | sziao) | OS] 130218] [ IS417) 1S UAI6] | o p 01 | g s
TAC (ru) | 30[25;34] | 26 [25;34] | 23 [20:241 | IS [12518] 1 20 [17:23] | 5 14 557 | 35 129:401
22 [19;28]
ICD (ru.) | 32[30;35] | 29 [27;32] | 29 [26;33] N 30 [28;35] | 30[27;34] | 31[27;35]
ts(min) | 31[29;33] | 403048 3731457 | 4614LS01 | 57 130.48) | 34(30,48] | 28(25;34]
430 450
560[490;6 530 550 : : 550[480;6 590
MA ) 701 | [500:630] | [490;600] | (40055301 | 142055001 |00 | 1500.650]

Note: * - statistically significant differences from the initial values (p<0.05 — changes in the hypocoagulation plan); * -
statistically significant differences from the initial values (p<0.05 — changes in the hypercoagulation plan)

Conclusion

The results obtained allow us to conclude that it is possible and necessary to use LFPTEG technology in real time to
monitor the pharmacodynamics of apixaban, in contrast to standard control methods that operate in the range of working
concentrations of the drug in plasma from ~110 ng/ml and above when assessing the effectiveness of anticoagulant therapy.
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