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B.T. Mykyuasu', E.A. iBanoBckas', A.B. Jlurocraes?, C.B. TepenTreBa®?, H.B. Kanganuuiena,
M.II. ByxTosapos?

'PI'EOY BO «Hogocubupckuil 2ocydapcmeentblil meduyuHcKkuil ynusepcumem» Muwnadpasa Poccuu, Hosocubupck,
Poccus

2@I'bOY BO «Hogocubupckuil 2ocydapcmeetiblil nedazoauveckull yHusepcumem», Hogocubupck, Poccus

AHHOTAIIUA

BBepgewnue. [IpoBenenue bapMaKOKHHETHUECKUX (CKPUHUHTOBBIX) HCCJIEZIOBAHIH fABJISETCA KpaiiHe aKTyaJIbHbIM
JUIs1 pa3paboTKK HOBBIX CyOCTaHITUH U JieKapCcTBEHHBIX mpemnapaTos (JII1). B xo/ie aTUX MCC/IeZIOBaHUE M3yYalOTCs TaAKUe
0a30BbIe TIPOIIECCHI, KAK BCAChIBaHUE, pacipeziesieHue, Merabonnsm u BoiBesienre (ADME) jiekapcTBEHHOTO BEIeCTBa.
ITokazaTesnu HpapMaKOKUHETHKNA UMEIOT KJII0UEBOE 3HAUEHHE /IS KITMHUIUCTOB, MOCKOJIBKY IPECTABIISIOT HEOOXOH-
Mble JJaHHBIE /IJTsI OTIPEeZiesIEHUsT ONITUMAIBHBIX T03UPOBOK JIII.

Il e 1 b . V3yuuTh papMaKOKMHETUUECKHE XaPAKTEPUCTHUKNA HOBOU CYOCTAHIIMH BOZOPACTBOPUMOTO CEPOCOIEPIKAIIIETO
AHTHOKCH/IAHTA 3-(4-THAPOKCH-3,5-TUMETUIOEH3UITHO)IponinoHara kaus (TD-7).

MaTtepuaab U MeTO/bl. T®7 BBOAWIN KpbICAaM BHYTPHKEIYZOYHO B /103€ 500 MTI/KI B BU/IE PACTBOpA.
OG6pasibl KpOBY JKUBOTHBIX 3a0Upaju uepes 1,5, 3, 5, 8 ¥ 12 4 1ocJIe BBeAeHU cyOcTaHIun. Mi3aMepeHre KOHIIEHTPaIUu
T®-7 MpOBOAWIM C UCIOJB30BAHHEM METOJ[a WHBEPCUOHHOHN BOJIbTaMIIEPOMETPUM. PacueTsl (papMaKOKMHETHUECKUX
apaMeTpPOB IIPOBOIUIIN, UCIIOJIB3YST OTHOKAMEPHYIO MOe/h (apMAaKOKMHETUKH — KJIACCHYECKHUM METOZIOM 110 X0JIOIOBY
U C TOMOIIbIO TTporpaMMbl Borgia 1.03.

PesdyabTaThl. Bbulm paccuuTaHbl OCHOBHbIE (hapMaKOKWHETHUYECKHE MapaMeTpbl HOBOU cybcranmuu Td-7:
Hepuos moTyBbiBeienus (t, /2), koHcTaHTa saumMuHanuy (k ), oommit kupenc (Cl), apdexrunas konnenTpaus (C, o q)),
obwem pacnipeznenenus (V).

3aknoueHUe. McorenoBaHue MpoJIeMOHCTPUPOBAJIO OBICTPOE BbIBesieHUE (t
(Coppr
nostyBbiBeZieHus: T®-7 cocrapisieT OT 1 /10 1,5 4, YTO CBUJIETEJIBCTBYET KaK O ObICTPOM Hauasie (hapMaKOJIOTHYECKOTO

,/») 1 9Q(EKTHBHOE pacrpesieseHye
V,) T®-7 B opranusMe, 4To obecredrBaeT ero JOCTYIHOCTb I BeeX KJIeTOYHBIX M TKAHEeBHIX CTPYKTyp. Ilepuos

3¢ dexrTa, Tak U 0 JOCTATOYHO AKTUBHOM OOIIEM KJIMPEHCE.
Kmuouessle croea: 3-(4-ruipoKcu-3,5-AUMeTI0eH3uaTHO ) iporinoHat kanus (T®-7), papmakokuHeTHKa, papMako-
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Pharmacokinetic studies of a new substance
of the water-soluble sulfur-containing antioxidant potassium
3-(4-hydroxy-3,5-dimethylbenzylthio)propionate (TF-7)

W.T. Mukundwi', E.A. Ivanovskaya!, A.V. Ligostaev',S.V. Terentyeva®2,N.V. Kandalintseva?,
M.P. Bukhtoyarov?

‘Novosibirsk State Medical University, Novosibirsk, Russia

2Novosibirsk State Pedagogical University, Novosibirsk, Russia

ABSTRACT

Introduction. Pharmacokinetic (screening) studies are particularly relevant for the development of new sub-
stances and drugs. These studies investigate the basic processes such as absorption, distribution, metabolism and elimina-
tion (ADME) of a pharmaceutical substance. Pharmacokinetic parameters are of key importance to clinicians, as they
provide data necessary for determining optimal dosages.

A im . To study the pharmacokinetic characteristics of a new substance of the water-soluble sulfur-containing antioxi-
dant potassium 3-(4-hydroxy-3,5-dimethylbenzylthio)propionate (TF-7).

Materials and methods. A TF-7 solution was administered to rats intragastrically at a dose of
500 mg/kg. Blood samples were collected 1,5, 3, 5, 8, and 12 h after administration of the substance. The TF-7 concen-
tration was measured using stripping voltammetry. Calculations of pharmacokinetic parameters were performed
using the single-compartment pharmacokinetic model — by the classical method according to Kholodov and using the
Borgia 1.03 program.

Results. The main pharmacokinetic parameters of the new TF-7 substance were calculated including half-life (t, /2),
elimination rate constant (k_), total clearance (Cl), effective concentration (C,_), and volume of distribution (V).
Conclusion. Thestudyshowed rapid (t, /2) and effective distribution (C, V,) of TF-7 in the body, which ensures
its ability to interact with all cellular and tissue structures. The half-life of TF-7 ranges from 1 to 1,5 h, indicating both a
rapid onset of pharmacological effect and quite rapid elimination from the body.

Keywords: potassium 3-(4-hydroxy-3,5-dimethylbenzylthio)propionate (TF-7), pharmacokinetics, pharmacokinetic
model, voltammetry, antioxidant, sulfur-containing antioxidants.
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BBEJIEHUE

B c10KHOM B3aMMOJEHCTBUM KU3HU U CMEPTH
BHYTPH KJIETOYHBIX CTPYKTYP OKHCJIUTETbHBIA
CTpecC BBICTYIIAET B POJIM CKPBITOTO IPOTUBHUKA,
CIIOCOOCTBY# Pa3BUTHUIO IIIMPOKOTO CIIEKTPA MaTOJIO-
TUd, OT HeupojiereHepanuu 70 paka [1]. Cpenu
AHTHOKCHJIAHTOB 0c000€e 3HAUeHHEe UMEIOT BOZOpac-
TBOPUMBIE CEPOCOIEPIKAIINE aHTUOKCHIAHThI OJ1a-
roJiapsi yHUKaJIbHbIM XUMHYECKUM CBOKCTBAM CEPHI,
KOTOpbI€ TO3BOJISIOT UM HWHHUIIUUPOBATH MOIIHBIE
OKHCJINTEIbHO-BOCCTAHOBUTEILHBIE peaxknuu.
Takue MOJIEKYJIbI, KaK TJIyTaTUOH, OCHOBHOM aHTH-
OKCUJIAHT OPTaHM3Ma, U €ro CHUHTETHYECKHWe aHa-
JIOTH, Takue Kak N-alleTWIIHUCTENH, HCIOJIb3YIOT
PEaKTUBHYIO CIIOCOOHOCTHh THOJIOBBIX T'PYIII, YHUY-
TOKas OTACHBIE PAIMKAJIBI U BOCCTAHABJIUBAS Y-
rHue aHTHOKCHAAHTHI [2]. X pacTBOPUMOCTD B BOJIE

INTRODUCTION

In the complex interaction of life and death
within cellular structures, oxidative stress acts as a
hidden enemy, contributing to a wide range of
pathologies, from neurodegeneration to cancer [1].
Among antioxidants, water-soluble sulfur-contain-
ing antioxidants are of importance because of the
unique chemical reactivity of sulfur which allows
them to be a trigger for powerful redox reactions.
Molecules such as glutathione, the main antioxi-
dant of the human body, and its synthetic ana-
logues, such as N-acetylcysteine, use the reactivity
of thiol groups, destroying dangerous radicals and
restoring other antioxidants [2]. Their water solu-
bility provides an extremely wide access, facilitating
movement through the blood and cytoplasm and
penetration into tissues where fat-soluble agents
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obecrieurBaeT GecIiperne/IeHTHBIN JTOCTYI, obJierdast
repeMeIreHre Yepe3 KpoBb U ITUTOILIa3My U IIPO-
HUKHOBEHHE B TKAHU, Ky/la HE MOTYT IIPOHUKHYTh
JKHPOPACTBOPUMEIE areHThl. B (apmakosioruu sTu
JIBA CBOWMCTBA IIPEJICTABJISAIOT COOOH OTrPOMHBIH
TIOTEHIINAJI, SABJISIONINUCSI OCHOBOW TepareBThYe-
CKHX BMEIATEJIbCTB, HAIIPABJIEHHBIX HA CHIKEHIHE
TOKCHYHOCTH JIEKAPCTB M pAaCIIMPEHUE CTPATErvu
JleyeHusi 3a00JIeBaHUN, B OCHOBE KOTOPBIX JIEXKHUT
okucIuTENbHOE ToBpexAeHue [3]. I1o mepe mpo-
JIOJKEHUSI WCCIENOBAHUM, ITOCBAIIEHHBIX POJIH
CepocosiepsKaIuX AHTHOKCUJIAHTOB B MOZYJISIIUH
KJIETOUHBIX CUTHAJIOB U BOCIIAJIEHUS, OTKPBIBAIOTCS
HOBbIE TOPWBO0HTHI, JlaBas HAJEXKIy Ha JIeUeHHe
3ab0JIeBaHUI, KOTOPbIE PAHBIIE CYUTAIIUCH HE MO/I-
JTAIOIIIUMUCS JieueHuo. [1osBIeHre BOJIOpacTBOPH-
MBIX CEDHHCTBIX aHTHOKCHIAHTOB — 3TO HE IIPOCTO
Hay4YHOE JIOCTIIKEHHE, a CMeHa IapaJIuTMbl B 00J1a-
CTH JIeUeHu [4, 5].

[TpoBenenue GapMaKOKUHETUUECKUX (CKPHU-
HUHTOBBIX) UCCJIEJOBAHUN SIBJSIETCS aKTyaJlbHBIM
JUIT pa3pabOTKHU HOBBIX CyOCTAaHIIUH H JieKap-
CTBEHHBIX mpenapaTtoB. [lokazaTenu papMaKoOKu-
HETUKH MMEIOT KJIIUYeBOe 3HAaUeHHUEe /I KJIMHH-
[IHCTOB, ITOCKOJIbKY IPEJICTaBJSIOT HEOOXOIIMbIE
JIaHHBIE 7151 OTpPeieIeHUST OITUMAJIbHBIX I03UPO-
BOK JIEKAPCTBEHHBIX cpeacTB [6]. UToOBI ympo-
CTHUTB JIOCTATOYHO CJIOKHBIHN MpoIiecc hapMaKOKHU-
HETUYECKOTO HCCIe0BAHMs, UCIIOIb3YIOTCA MaTe-
MaTHYeCKHe MOJIeJIH, CPelu KOTOpPhIX Haubosiee
IPOCTOU sIBJISIeTCSl OJTHOKaMepHash MOjesib. JTa
MOjiesIb faeT 6a30Bble MPECTABIEHUS O BcachlBa-
HHUU, pacipeiesieHuH, MeTab0Iu3Me U BhIBEJIeHUH
(ADME) siekapCTBEHHBIX BEIIECTB B OpPraHU3ME,
YTO JIeJIaeT ee KpaliHe BocTpebOBaHHOM B hapMma-
xoJsioruu [7].

ITEJIb UCCJIE/IOBAHUSA

Wzyunth (HapMaKOKHHETHUYECKHE XapaKTepH-
CTUKH HOBOMU CyOCTaHIIMH BOJOPACTBOPHUMOIO CEPO-
COZIEPIKAIIET0 AHTUOKCHAAHTA 3-(4-TUIAPOKCU-3,5-
MUMeTIWI0eH3MITHO)IponunoHara Kamus (Td-7).

MATEPUAJIBI 1 METO/IbI

B HacrosIeM ucciieIoBaHUH UCIIOJIb30BAJIH CyO-
CTaHIUIO0  3-(4-TUAPOKCHU-3,5-TUMETHUIOEH3UIITHO)
npomnuonata kanus (T®-7) (cepus 160418), cunTe-
3UpOBaHHYIO Ha 6a3e kadenpol xumun HoBocubup-
CKOTO TOCY/IaPCTBEHHOI'O MEAATOrNYeCKOr0 YHUBED-
curera (HT'IIY) coBmectHo ¢ HUM XxuMun aHTHUOK-
cugaHToB (cTpyKTypHOe nozapaszesnenne HITIY), u
J1ab0PATOPHBIX KUBOTHBIX (KPBICHI-CAMKH), IIPEJ0-
CTaBJIEHHBIX BUBapueM HoBocuOUpPCKOTO Tocyaap-
CTBEHHOT'O METUITMHCKOTO YHUBEPCUTETA.

cannot penetrate. In pharmacology, these two pro-
perties represent enormous potential underlying
therapeutic interventions for reducing drug toxicity
and expanding treatment strategies for diseases
associated with oxidative damage [3]. As studies on
the role of the sulfur-containing antioxidants in
modulating cellular signals and inflammation con-
tinue, new horizons are opening, holding promise
of the treatment of diseases that were previously
considered untreatable. The appearance of water-
soluble sulfur antioxidants is not just a scientific
achievement, but a shift of the paradigm in the field
of therapy [4, 5].

Pharmacokinetic (screening) studies are relevant
for the development of new substances and drugs.
Pharmacokinetic parameters are of key importance
to clinicians, as they provide the necessary data to
determine optimal dosages [6]. To simplify the
rather complex process of pharmacokinetic research,
mathematical models are used, among which the
simplest is a single-compartment model. This model
provides basic insights into absorption, distribution,
metabolism, and elimination (ADME) of drugs in the
body, which makes it highly sought-after in pharma-
cology [7].

AIM OF THE RESEARCH

To study the pharmacokinetic characteristics of a
new substance of the water-soluble sulfur-contain-
ing antioxidant potassium 3-(4-hydroxy-3,5-dimeth-
ylbenzylthio)propionate (TF-7).

MATERIALS AND METHODS

We used potassium 3-(4-hydroxy-3,5-dimeth-
ylbenzylthio)propionate (TF-7) (batch 160418),
synthesized at the Department of Chemistry of
Novosibirsk State Pedagogical University (NSPU)
in collaboration with the Research Institute of
Antioxidant Chemistry (a structural subdivision of
NSPU), and laboratory animals (female rats) pro-
vided by the vivarium of Novosibirsk State Medical
University.

A TF-7 solution was administered intragastrically
to rats at a dose of 500 mg/kg [8, 9]. The dosage for
each animal was calculated per body weight. Blood
samples were collected 1,5, 3, 5, 8, and 12 h after
administration of the substance.

The TF-7 concentration was measured using
stripping voltammetry (SVA) method. To record
voltammograms, a semi-automatic TA-4 analyzer
was used (Tom-analit LLC, Tomsk) with VALabTx
software included. The analysis was performed by
recording polarization curves with the preliminary
electrochemical accumulation of TF-7 on the elec-
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Kppicam BHYTPIIKETYZOYHO BBOJWIN CyOCTaH-
nuio T®-7 B 103e 500 MI/KT B BUle pacTBopa [8, 9].
Jlo3upoBKa 71 KaXKJOr0 KUBOTHOTO PACCUUTHIBA-
J1ach UCXO/s1 13 Macchl Tesia. O6pasIbl KpOBH JKUBOT-
HBIX 3a0upasu uepes 1,5, 3, 5, 8 U 12 4 11ocJie BBeJe-
HUs CyOCTaHIINH.

N3mepenue koHneHTpanuu Td-7 mpoBoauiu ¢
HCIIOJIb30BAHNEM METO/Ia UHBEPCUOHHON BOJIbTaM-
nepomerpun (MBA). JIist ostyueHusi BOJIbTaAMIIEPO-
rpaMM IPHUMEHSJIN [10JIyaBTOMaTUUeCKUU aHaIn3a-
top TA-4 (OOO «HIIII «Tompanamut», T. ToMckK) ¢
nporpaMMHBIM obGecrieuennem VALabTx B koM-
IJIeKTe. AHAJIU3 OCYIIeCTBIIAIN IIyTeM PEerucTpaiuu
MIOJIIPU3ANMOHHBIX KPHUBBIX C IIPEIBAPUTETHHBIM
DJIEKTPOXUMHUYECKUM  HakorwieHuem T®d-7 Ha
IIOBEPXHOCTHU 3JIEKTPO/Ia B CTAHAAPTHHIX YCIIOBUAX B
JIBYX3JIEKTPOJTHOU sTUelKe. 32 OCHOBY B3sIJIM paHee
pa3paboTaHHYI0 METOJUKY BOJIbTaMIIEPOMETpPUYE-
ckoro ompezeneHusas T®-7 B MOAEJbHBIX PACTBO-
pax [10]. Bce npuMeHsieMble peaKTHBBI IMEJIH KBa-
JTUPUKAIII0 «XUMUUYECKHU YHUCTBIE» WJIN «UHCThIE
JULS aHAJIN3a».

[Ipumenenue merona MBA 1mo3BoMIIO € BBICO-
KOU TOYHOCTBIO OIIpe/IeINTh KoHIleHTparuu Td-7 B
OuosIoTHUeCcKUX 00pasIax, a TakKe MpoBecTu dap-
MaKOKMHETHYeCcKue wucciaenoBanua. Jlasa pacuera
(apMakOKHHETHYECKUX  IIapaMETPOB  aHAJIM3a
HCIIOJIb30BAJIaCh OJJHOKaMepHas MojeIb hapMako-
KUHETUKU. B Xoze uccienoBanusa ObLIa MpoBeeHa
IIPOBEPKAa METO/Ia HA CHIBOPOTKE KPOBU, UTO MO3BO-
JIWJIO OIIPEJIeJIUTD YCI0BU S, IPHU KOTOPBIX BO3MOKHO
obHapy’KeHHe HUCCIIeZyeEMOTO coefnHeHUs. B mpo-
Iiecce MCCIeI0BAHMs ObLTU BBISBJIEHBI IPYTHE Bellle-
CTBa, KOTOPble MOTYT HUCKa)KaThb pe3yJIbTaThl aHa-
JIN3a, II03TOMY HEOOXOTUMO ObLIO IPEeIBAPUTEIHHO
OYHMCTUTH CHIBOPOTKY KPOBH OT STHUX BEIIECTB IPHU
omnpezgeneHuu TO-7.

PE3YJIBTATDBI 1 OBCY KAEHUE

B mporiecce mpo6GOIOATOTOBKY CBIBOPOTKY KPOBHU
MBI HCIIOJIb30BATH METOJ OCAXKAEHUsI OeIKOB. DTO
BasKHAsI IPOLIEYPa, BJIUSIONAA HA TOYHOCTH IIPOBO-
JmMoro anaiausa. CylecTByeT PUCK, YTO 3HAUUTEITb-
HO€E KOJINUECTBO BEI[ECTBA MOXKET a/ICOPOUPOBATHCS
Ha KOaryJMpOBAaHHOM OeJIKe /I B3aUMOEHCTBO-
BaTh C areHTaMU, UCIOJIb3YEMBIMHU JJIT OCAKIEHUS
Oenka (HampuMep, paspylieHHe TIOJT JeHUCTBHEM
KHCJIOT, KOMILIEKCOOOpa3oBaHUe C COJIIMH MeTasl-
JIOB U T.JI.).

HauGosiee sddekTUBHBIMU peareHTaMu  JiJist
ocakieHus1 6eJIKOB ObLIH 0,375 M cepHas KHCJIOTa U
10% pactBop Bosb(dpamara HaTpus. OcaxkieHue
MIPOUBBOJIWJIN 110 METOAUKE: 4 MJI BOJbI OUHUIIEH-
HOU + 0,5 MJI CBIBOPOTKH KPOBH + 0,02 MJI KOHIIEH-

trode surface under standard conditions in a two-
electrode cell. The method of voltammetric determi-
nation of TF-7 in model solutions was used as a
basis [10]. All reagents used were qualified as “chem-
ically pure” or “pure for analysis”.

The use of SVA made it possible to precisely
determine the concentrations of TF-7 in biological
samples, as well as to conduct pharmacokinetic stud-
ies. A single-compartment pharmacokinetic model
was used to calculate the pharmacokinetic parame-
ters. Also, the method was tested on blood serum,
which allows determining the conditions under
which the test compound can be detected. During the
study, other substances were identified that could
invalidate the test results, so it was necessary to pre-
purify the blood serum from these substances when
determining TF-7.

RESULTS AND DISCUSSION

During sample procession, we used the protein
precipitation method. This is an important proce-
dure that affects the accuracy of analysis. There is
a risk that a significant amount of a substance may
be adsorbed on the coagulated protein or interact
with agents for protein precipitation (for example,
degradation by acids, complexation with metal
salts, etc.).

The most effective reagents for protein precipita-
tion were 0,375 M sulfuric acid and a 10% solution of
sodium tungstate. Precipitation was performed
according to the following technique: 4 ml of purified
water + 0,5 ml of blood serum + 0,02 ml of concen-
trated sulfuric acid + 0,5 ml of a 10% sodium tung-
state solution. The mixture obtained was placed in a
centrifuge for 5 min. The supernatant was used to
determine the blood concentration of the drug [11].
To confirm the correctness of the precipitation model
chosen, a comparative study was conducted with an
assessment by high-performance liquid chromatog-
raphy, i.e. the spike-recovery test (Table 1), was car-
ried out. It was found that the values obtained cor-
relate with each other.

Fig. 1 shows the voltammogram obtained during
the analysis of TF-7 in biological samples 1,5 h after
the substance administration.

To evaluate the pharmacokinetic parameters
obtained, a single-compartment mathematical
model for determination of adsorption was used.
Calculations were performed using Borgia version
1.03 software, designed for automated and semi-
automated analysis (Fig. 2, Table 2).

The advantage of the Borgia program is that it
allows to quickly perform computation, but cal-
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Ta6smmua 1. Pe3ynbraThl onpeseenus cogepxanusa TP-7 MeTo10M «BBeIeHO — HalIeHO» B MOZJIbHBIX pacTBOpPax

1 OGUOJIOTUYECKUX 06pasLax, Mr/ 1

Table 1. The results of the spike-recovery test for the TF-7 concentration in model solutions and biological samples, mg/1

WHBepCcHOHHAs BOJIbTAMIIEPOMETPHUSA

Bricok03¢deKTUBHAS }KUAKOCTHAS
xpoMaTtorpadus

061beKT S el g ) (R T High performance liquid chromatography
Object

BBeJIeHO HalJeHo BBeJIEHO HaliJeHo

spike recovery spike recovery
Mojie/IbHBIH pacTBOP 1,0-10° 1,1-10° 1,0-10* 1,2-10*
Model solution
Buosioruyeckuit o6pasers 4,2-107 43-1073 482107 48103

Biological sample

TPUPOBAHHON CEPHOU KHUCJIOTHI + 0,5 MJI 10% pac-
TBOpa BoJibdpamara HaTpus. [losyueHHyI0 cMech
moMeIaau B eHTpudyry Ha 5 muH. Hayrocaiounyio
JKHUJIKOCTh WCIOJIB30BATIN JJI1 ONpEJIeJIEHUs] KOH-
[leHTpaluy IIpenapara B KpoBH [11]. /I1a noaTBep:K-
JIeHUsI TTPaBUJIBHOCTH BHIOPAHHOU MOJIETN OCaK/e-
HUS IPOBEJIN CPABHUTEJIBHOE HCCIIEZIOBAHIE C OTIEH-
KOW METOJIOM BBICOKOA(DEKTUBHON KUIKOCTHOHU
xpoMmarorpauu Ha OCHOBE TeCTa «BBEJIEHO — HaM-
JleHo» (TabJ1. 1). BeIsABIIEHO, UTO ITOJTyYEHHbIE 3HAUe-
HUSA KOPPEJHPYIOT MEKY COOO0H.

Ha puc. 1 mpezcrapjieHa BOJIBTAMIIEPOTPAMMA,
MoJIyd4eHHas B xo7ie aHan3a Td-7 B 6royiornueckux
obpasinax j1abopaTOpHBIX KpBIC Yepe3 1,5 U II0cJIe
BBeJIeHU CyOCTAHITUN.

Il OIEHKU IOJIyYeHHBIX (apMaKOKHHETUJe-
CKUX IIapaMeTPOB HCIIOJIb30BAIH OJHOKAMEDPHYIO
MaTeMaTHYeCKYIO MOJIEJb C OIpe/ieJieHreM aicopo-
nun. PacueTs! IPOBOAMIIN C UCIIOJIB30BAHUEM IIPO-
rpaMMbl Borgia Bepcuu 1.03, IpefiHa3HAYeHHOU JIJIS
aBTOMATHU3UPOBAHHOTO U IOJyaBTOMATH3UPOBaH-
HOTO aHau3a (puc. 2, TabJ. 2).

[TpeumymiecTBo mporpamMmbl Borgia cocrout B
TOM, YTO OHa IO3BOJIAET OBICTPO MPOBOAUTH pPac-
YeThI, HO OIIPEJIEJISIET BCETO AT OCHOBHBIX ITapaMe-
TPOB papMaKOKNHETUKU.

Jlns mostydeHusi OOJIBIIIETO YMCJIA TTapaMeTpPOB
HaMu ObLa HCIIOJIb30BaHA KJIACCHYECKAs MOZETh
pacueta o XosiomoBy [7]. [l onrcaHus TUHAMUKU
U3MeHeHUsI KOHIIEHTPAIIUU B IIa3Me KPOBH TaKXKe
IIPUMEHSIach OJTHOKaMepHas MOZENb hapMaKOKU-
HETHKU IIPU BHECOCYIICTOM BBeJIeHUH JIEKAPCTBEH-
HOTO IIperapara ¢ y4eToM aicopOIiuu.

[Ipy wu3yyeHHUU KPUBOU «KOHIEHTpAIus —
BpeMs» (pHC. 3) UCIIOJIB3YIOT MOJIyJIoTapudMuye-
cKyio 3aBucumMocTh «1gC — t» (puc. 4). C ee momo-
B0 MOKHO paccuuTtarts B-dasy o popmye. st
BTOTO HYKHO 3HATh YToJI HAKJIOHA IPAMOH K OCH
abcruce. Jta UpsAMas ITOKA3bIBAET BEJIUYUHY
lgC — C_, koTopas sBjfgeTcA HauyaabHOH KOHIEH-

culates only five basic parameters of pharmacoki-
netics.

To obtain a larger number of parameters, we
used the classical calculation model according to
Kholodov [7]. To describe the dynamics of changes
in plasma concentrations, the single-compartment
pharmacokinetic model for extravascular drug
administration, taking into account adsorption, was
also used.

When analyzing the “concentration — time” curve
(Fig. 3), the semi-logarithmic “IgC — t” dependence is
used (Fig. 4). With its help, the f-phase can be calcu-
lated using the formula. To do this, you need to know
the slope angle of a line to the x-axis. This line shows
the value of IgC — C , which is the initial concentra-
tion. In the single-compartment model, C, depends
on drug dosage.

The use of the above mentioned findings made it
possible to apply a mathematical model to determine
the parameters that are important in drug develop-
ment. The volume of distribution V, (1) is calculated
using the following formula:

v,=D/C,

where D is drug dosage (mg); C_ is the initial plasma
concentration of the drug, determined based on the
“lgC_ - t” dependence.

The process of elimination involves biological
transformation and excretion of a drug from the
body. The elimination rate constant k  is a parame-
ter that characterizes the elimination rate of a drug
in the single-compartment model with a linear pro-
cess of elimination. The half-life t, , refers to the time
required for the plasma concentration of a drug to
decrease by 50% due to elimination. In linear mod-
els, the half-life is calculated using the following
formula:

k,=0,693/t,,.
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Fig. 1. The voltammogram of TF-7 in biological samples 1,5 hours after its administration
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Fig. 2. View of the pharmacokinetic curve of TF-7 plotted through the Borgia 1.03 program
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Ta6auna 2. PapmakokuHeTHYecKHe mapaMmeTpsbl TP-7, paccunTaHHbIE C UCIIOIb30BaHKMEM TporpamMMel Borgia 1.03
Table 2. Pharmacokinetic parameters of TF-7 calculated using the Borgia 1.03 program

Homep ’KMBOTHOTO m_ (r) t, (4) k, (47) V, (1) AUC Cl, (s1/9)
Number of the animal m_. (g) 57 (h) k, (h™) v, Cl, (1/h)
1 179,03 1,49 0,4651 20,56 2305 491

2 154,07 0,75 0,4164 27,98 1812 7,48

3 171,72 0,58 0,3193 25,58 1614 4,973

4 161,83 1,21 0,5706 29,61 1775 16,89

5 179,65 1,68 0,4112 24,67 4958 6,03

6 159,51 1,46 0,4764 29,38 2482 12,09

I pruMedaHue.m - Macca TejJa KUBOTHOIO; t1/2 — IepuoJ noJysiyBbIBEJeHHU; kE]— KOHCTAHTa CKOPOCTHU 3JIMMHUHALUU; Vd_ 06 beM

pacnpezenenus; AUC - nuiomazp nog kpugo#; Cl, - o6mui knupexc.
Note.m_ - body weight of the animal; t, , - half-life; kel— elimination constant; V- distribution volume; AUC - area under curve; Clt - total

1/2
clearance.

70 —— JKupornoe 1 / Animal 1
JKusornoe 2 / Animal 2
60 — —— JKupornoe 3 / Animal 3
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Fig. 3. The “concentration — time” curves obtained
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Fig. 4. The “IgC — t” dependence
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Ta6snpa 3. PapMakokrHeTHYecKUe napameTpbl TO-7, paccuuTaHHbIe 0 MeTOLY X0J1040Ba
Table 3. Pharmacokinetic parameters of TF-7 calculated by the Kholodov method

Home

munoguoro m__(r) D (mr) C t (v) C, b (mMr/n) V, (1) k,(«) Cl (n/9) D (mr) D, (mr)
Numberof m_ . (g) D (mg) g t, (h) C(mg/) V. () k,(h) Cl (1/h) D, (mg) D, _(mg)
the animal

1 179,03 90 2,72 1,53 10,0 33,088 0,4529 14,98 520,45 190

2 154,07 77 2,30 1,50 6,3 33,478 0,4620 15,47 332,11 123

3 171,72 85 2,30 1,33 8,8 36,957 0,5211 19,26 544,48 221

4 161,83 81 2,50 1,58 7,5 32,400 0,4386 14,21 376,78 134

5 179,65 90 2,78 1,33 10,0 32,374 05211 16,87 545,12 221

6 159,51 80 231 1,63 5,0 34,632 0,4252 14,72 264,91 92

[Ilpumevyanue. m_ - MaccaTesa KUBOTHOro; D - fo3a npenapara; C - HayaJbHask KOHLEHTpauus; t

12~ nepuon nosyBbIBEeAeHHUH;

C,,, ~ 2P dexTuBHAsA KOHIeHTpanus; V,~ 06beM pacnipe/ieieHus; k  — KOHCTaHTa CKOPOCTH 3iMMUHanuY; Cl - 061uii kivpeHc; D, - HavaabHas

b
A03a; D_ - mojsepxuBaroias 1o3a.

Note: m

anim

- body weight of the animal; D - dose of the drug; C, - initial concentration; t

- half-life; C; - effective concentration; V-

1/2 eff

volume of distribution; kel— elimination rate constant; Clt— total clearance; D, - initial dose; D_ - maintenance dose.

Tpanuen. B onHokamepHo# mozesnu C 3aBUCUT OT
JIO3BI IIpernapara.

Hcosb30BaHHE  BBINIEYKA3aHHBIX  JAHHBIX
MTO3BOJIJIO IIPUMEHHUTh MATEMATHUYECKYI0 MOJIETh
JUIsl OTIpeieIeHusI [apaMeTpPOB, UMEIOIUX 3Haue-
HHEe Tpu pPa3paboTKe JIeKapCTBEHHBIX CPEJICTB.
O6bem pacmpeziesnenusa V, (J1) pacCMThIBaeTCsA O
cenymwoleii bopmyIie:

vV,=D/C,

e D — nosa npenapara (mr); C, — Haua/JbHasl KOH-
I[eHTpAaIys [perapara B IJIa3Me KPOBH, OIIpe/iesisie-
Masg Ha OCHOBaHMHU rpaduka sasucumoctu 1gC, ot
BpeMeHU t.

ITporecc 3TMMIHALIMN BKJIIOYAET B cebs 6rosoru-
Jeckue TpaHCchOpPMAIUU U BbIBEJEHIE IIpelapara u3
opranusma. KoHCTaHTa CKOPOCTH SJIMMMHAIMU K
MIPeJICTaB/IIET COOOH TOKA3aTe b, XapaKTEPUIYIOIIHIA
CKOPOCTh BBIBEZIEHM: IIpellaparta B paMKax O/IHOKa-
MEPHOU MOJIEIH C JIMHEWHBIM IIPOIIECCOM DJIMMUHA-
uuy. [leproz nostyBbIBeneHus t,, OLpesesIseTcst Kak
BpeMsI, 32 KOTOPOE KOHIIEHTPAIIK [IpernapaTa B KpOBU
CHIDKaeTcs Ha 50 % BCJIEICTBUE BbIBe/IeHUA. B pamkax
JINHETHOW MOJIEJTN TIePUOJ] TIOTyBBIBEIEHUS PACCUH-
TBIBAETCS 110 CJIEyIoNel (hopMyJie:

k,=0,693/ t.

Ha ocHOBaHWU IPHUMEHEHHS COOTBETCTBYIOIIUX
dopmyn 6bLIH ompeseseHbl HeoOxoauMble (apma-
KOKWHETUYECKHe apaMeTpsl (Tabi. 3).

Hcmonp3ys KraccHuecKuil MeToz, 1o popmMyiam

DH = Ca‘b@ M Vd/f' ekEI n DH= CSCI)CI) . Vd/f. (ekel — 1)

ObUTH pacCYUTAHBI TaKUe IapaMeTpbl, Kak 3¢ dek-
THUBHAsl KOHIIEHTPAIUS (Ca¢¢)’ nHavanbHasg (D) u

Based on the application of the corresponding
formulas, the necessary pharmacokinetic parame-
ters were determined (Table 3).

Using the classical method, according to the for-
mulas

D _=C,-V/f-e<andD_=C_-V,/f- (e ~1),

such parameters as effective concentration (C ), ini-
tial (D,)) and maintenance (D_) doses were calcu-
lated, which allowed to determine the therapeutic
range for monitoring the concentrations of the future
TF-7-based drug.

During the study, the conditions for the substance
sample processing by co-precipitation were selected
for the subsequent determination of concentration
using electrochemical method.

Pharmacokinetic studies of the substance TF-7
were conducted. The data obtained were calculated
in two ways: using the Borgia 1.03 program and
according to Kholodov, which indicates the possibil-
ity of using the technique in both screening, as well
as preclinical and clinical studies. The results of the
study demonstrate rapid elimination (t, ) and effec-
tive (C, V) distribution of TF-7 in the body, which
ensures its availability to interact with all cellular
and tissue structures. The half-life of TF-7 ranges
from 1 to 1,5 h, which indicates both a rapid onset of
pharmacological effect and a fairly active total clear-
ance.
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noazaepxuparomas (D ) 703bl, 4TO IIO3BOIMIIO OIIpe-
JEJINTh TEpalleBTUYECKHUU KOPUJAOp IJId MOHHUTO-
pUHra KOHIleHTpaluil Oyayliero mpemnapara Ha
OCHOBe HcciieZlyeMor cyocraniuu Td-7.

3AKJIIOYEHUE

B X0/1e TPOBEIEHHOTO HUCCIIET0BAHUSA TTIOA00PaHbI
yCJIOBUS TTPOOOIIOATOTOBKH CYOCTAHITUHM CIIOCOOOM
COOCKJIEHUS JIJIs1 TAJIbHEHIIEro OmpeieyIeHns KOH-
LIeHTPalllH 3JIEKTPOXUMUUYECKUM METOZOM.

[IpoBenens! hapMaKOKMHETUUECKHE HCCIEI0BA-
Hus cyocranuu TO-7. [TosyueHHbIE JaHHBIE pac-
CUMTaHBl JIByMS CIIOCOOAMH: C IIOMOINBIO IIPO-
rpamMmbl Borgia 1.03 1 1o X0J10/10BY, YTO CBU/IETEb-
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CTBYET O BO3MOXKHOCTHU HCIIOJIb30BAHUS METOIAUKH
KaK B CKPHHUHTOBBIX, TAK U B JOKJIHMHUYECKUX U
KJIMHUYECKUX HCCIIEZ0BAHUSAX. Pe3ysibTaThl Hcciie-
JI0BaHUsA IEMOHCTPHPYIOT 6bICTpOE BhIBeAeHHUe (t, ,)
u s¢dexrusuoe (C,,, V,) pacnpenenenne TO-7 B
OopraHu3Me, YTO 00eCIIeYnBAET €ro JOCTYITHOCTD JIJIsk
BceX KJIETOUHBIX M TKAHEBBIX CTPYKTyp. Ilepuog
nostyBbiBefieHUsA T®-7 cocrasiser OT 1 10 1,5 4, 4TO
CBUJIETEIBCTBYET KaK O OBICTPOM Hauase dpapMako-
Jiorndeckoro 3¢ddeKTa, Tak U O IOCTATOYHO aKTHUB-
HOM OOIIleEM KJIUPEHCE.

KoH@uuKT HHTEPECOB. ABTOPHI 3aBJIAIOT 00
OTCYTCTBUU KOH(JINKTA UHTEPECOB.
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