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Introduction. Chromatographic methods are often used in the study of pharmacokinetic parameters. Thus,
the aim of the study was to investigate the pharmacokinetic parameters and metabolism of sodium 2 -((4-amino-5-
(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate (ASP) as a potential active pharmaceutical ingredient with
high rates of proven acto- and stress-protective effects, which can be recommended for use in military and civilian
medicine.

The aim of the study is to investigate the pharmacokinetic parameters and metabolism of sodium 2-((4-
amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate (ASP) in the blood serum of rats by intragastric
administration.

Materials and methods. Blood sampling of experimental animals was carried out within 24 hours with intervals
0f0.25,0.75, 2.5, 7.5, 13.5 and 24 hours. Approval of the ethics committee Ne 6 of 08.06.2021. The obtained plasma was
used to determine the concentration of ASP (chromatographically) and identify possible metabolites (mass
spectrometrically). To evaluate the pharmacokinetic properties of ASP, the following data were calculated: area under
the pharmacokinetic curve "concentration-time" (AUC), total clearance (cl), the constant elimination (Kel), volume (Vd),
period elimination half-life (T1/2).

Results. The analysis of the main pharmacokinetic parameters of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-
4H-1,2,4-triazol-3-yl)thio)acetate (ASP) by intragastric introduction to rats was held. For oral use AUC is 3.7088 ugh/ml
The half-life (T12) is 6.06 hours. The following possible metabolic products were predicted for phase II
biotransformation. This is a reaction of O-glucuronation of an aliphatic acid, formation of a thioester through S-
methylation, and possible formation of a glycine conjugate. And also carnitine conjugation (based on a collection of
enzymes). Analysis of the pseudomolecular ion peak shows the possible formation of a glycine conjugate corresponding
to the structure predicted in BioTransformer. The presence of O-glucuronide as a metabolite was confirmed by PLS DA
VIP score and t-test analysis.

Conclusions. As a result, the main pharmacokinetic parameters (AUC, cl, Kel, Vd, T1/2) and metabolism
(formation of thioether, formation of conjugate of glycine and O-glucuronide) of sodium 2-((4-amino-5-(thiophene)-2-
ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate (ASP) in the blood serum of rats was studied.

Keywords: 1,2,4-triazole, HPLC-MS, metabolism, biotransformation prediction.

JOCIIIKEHHSA PAPMAKOKIHETUYHUX TIAPAMETPIB TA METABOJII3MY HATPIIO 2-((4-
AMIHO-5-(TIO®EH-2-I/IMETWJI)-4H-1,2,4-TPIA30J1-3-I)TIO)ALETATY AJ11 3ACTOCYBAHHA Y
BIMCbKOBIU TA DUBUVIBHIM MEAWLIUHI

A.J1. Ycenko?, B.0. BapuHcbkuiil, A.I'. Kamtaymenko?, A.A. Cagonog?, 0.1. [laHaceHko!,
JLIL. Mopo3ogaz, O.11. lllImaTenko3, A.M. Co1loOMeHHU 3

13anopizbkull depicasHull Meduko-gapmayesmuyHull yHisepcumem, M. 3anopixcics, Ykpaina
2BiHHUYybKUll HayioHabHUL aepapHull yHisepcumem, YkpaiHa
3YkpaiHcoka silicbkogo-meduyHa akademis, Ykpaina

Beryn. Ilpu docaidsxcenHi papmakoKiHemu4HUX napamempie 4acmo eukopucmosyrms XpomamozpagpiuHi
Mmemodu. Takum YUHOM, Memor pobomu 6y/10 00CAIONHCEHHA papmakoKiHemuyHuUx napamempie ma mMemaooaismy
Hampito  2-((4-amiHo-5-(miogen-2-iamemun)-4H-1,2,4-mpiason-3-in)mio)Jayemamy (ASP), Ak nomeHyitliHo20
akmueHoz2o gpapmayesmu1Ho20 iHzpedieHmy 3 BUCOKUMU NOKA3HUKamU dosedeHoi akmo- ma cmpecnpomeKmopHoi dii,
wWo Modxce 6ymu pekomeHJo8aHUM 0151 3ACMOCYB8AHHS Y 8ilICbKOBIT ma YUBiAbHIl MeduyuHi.

MeTo10 docsidiceHHs € 8UBYEHHS (PapMAKOKIHeMUYHUX hapamempie i Mema6oaizmy Hampiw 2-((4-amiHo-5-
(miogpen-2-iamemun)-4H-1,2,4-mpiazon-3-in)mio)ayemamy  (ASP) y cuposamyi kpogi wypie  W/ISIXOM
IHmpazacmpaibHo2o 88e0eHHsI.

Marepiaau i MeToau. 3a6ip kposi niddocaidHux meapuH npogoduiu hpomsizom 24 200uH 3 inmepeasamu 0,25,
0,75, 2,5, 7,5 13,5 i 24 200uHu. OmpumaHy n/aa3My eukopucmosysaau 051 BU3HA4eHHs1 KoHYyeHmpayii ASP
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(xpomamozpagiuno) ma idenmudpikayii Moxcausux memaboaimie (mac-cnekmpomempuuHo). [Jas  oyiHKu
dapmaxokiHemuuHux eaacmueocmeti ASP 6yu po3paxoeaHi maki daHi: niaowa nid apMaxKoKiHemMuuHow Kpueorw
«KoHYyeHmpayisi-yacy» (AUC), 3azanvHull kaipeHc (cl), nocmitina eaiminayis (Kel), 06’em (Vd), nepiod niseusedeHHs
(T12).

Pesyabratun. [IposedeHo  aHani3  OCHOBHUX  papmakokiHemuuHux  napamempie  (ASP)  npu
BHYyMPIWHLOWTYHKOBOMY 88e0eHHI wypam. PiwenHsa komicii 3 6ioemuku Ne 6 g8id 08.06.2021. []las nepopabHo20
3acmocysannsi AUC cmaHosumb 3,7088 mkz/ma. [lepiod HaniesusedenHs (T1/2) cmanosums 6,06 2o0unu. HacmynHi
MoxHcAUBI MemaboaiuHi npodykmu 6yau nepedbayeri 045 asu 1l 6Giomparcgpopmayii. Lje peakyist O-2410KypOHY8aHHS
anighamuuHoi kKucaomu, ymeopeHHsi mioepipy yepe3 S-mMemua08aHHs MA MOKCAUBE YMBOPEHHS KOH 1o2amy 2AiyuHy.

A makoi KoH tozayisi kapHimuHy (Ha ocHo8i Habopy gepmeHmig).

BuCHOBKWU. B pe3ys1smami po6omu 6ya0 docaidxiceHo ocHosHi papmakokinemuuHi napamempu (AUC, cl, Kel,
Vd, T1/2) ma mema6onaizm (ymeopeHHsi mioeghipy, ymeopeHHs KOH toeamy aaiyuHy ma O-2aoKypoHidy) Hampiro 2-((4-
amiHo-5-(miogen-2-inmemun)-4H-1,2,4-mpiazon-3-in)mio)ayemamy (ASP) y cupoeamyi kposi wjypis.

KimouoBi cioBa: 1,2,4-mpua3zos, BEPX-MC, Mema6oaiam, npozHo3 6iompaHcgopmayii.

Introduction. The creation of new drug
includes the study of its properties, such as
pharmacokinetics, pharmacodynamics, toxicity, etc.
The analysis of pharmacokinetic parameters is a very
important aspect and helps to correctly formulate the
drug dose and number of doses. Also, the study of
pharmacokinetics allows scientists to orient oneself
in the possible metabolites of the substance [1].

Today, 1,2,4-triazole derivatives are of wide
interest. Scientists all over the world [2-4] and
Ukrainian scientists [5-9] are engaged in the
synthesis and research of 1,2,4-triazole compounds.
But among the huge number of obtained substances,
only units are sold on the pharmaceutical market.
This is due to the complexity of introducing the
substance into the pharmaceutical industry and the
necessity of conducting many studies. Such study is
pharmacokinetic parameters research.
Chromatographic methods are often used in the study
of pharmacokinetic parameters [10], in particular the
HPLC-MS method [11, 12]. There are already data on
the pharmacokinetic study of 1,24-triazole
derivatives. Scientists have determined the main
pharmacokinetic properties and predicted possible
metabolites. It is well known that each substance is
individual. Therefore, it has special pharmacokinetic
properties and metabolites unique to it.

The studied substance has actoprotective and
stress-protective effects [13]. Compounds with
actoprotective and stress-protective actions are
extremely relevant for the Ukrainian military, as they
help maintain high performance, endurance, and
psychological resilience in the challenging conditions
of combat. Actoprotectors support physical activity
and reduce fatigue, while stress protectors help
counter stress factors associated with life-threatening
risks and heavy workloads. Such agents can
significantly enhance the overall resilience of military
personnel, improving their physical and mental well-
being in wartime conditions.

The aim of study is a research pharmacokinetic
parameters and metabolism of sodium 2-((4-amino-
5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-
yl)thio)acetate (ASP) in rats serum by intragastric
introduction.

Materials and Methods. A potential active
pharmaceutical ingredient (API) of stress- and
actoprotective  activity sodium  2-((4-amino-5-
(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-
yl)thio)acetate (ASP) ata dose of 100 mg/kg [13] was
used for pharmacokinetic research parameters and
possible metabolites in rats serum. It was
administered orally in the form of an 1% isotonic
aqueous solution using a rigid probe. 7 groups of
animals were used, 6 were injected with AP], 1 group
of animals was a control group. The number of rats in
each group was 4, in accordance with bioethical
standards [14]. All stages of the study were conducted
in agreement with the Directive of the European
Parliament and of the Council 2010/63 / EU of 22
September 2010 " On the protection of animals used
for scientific purposes” (Approval of the ethics
committee N¢ 6 of 08.06.2021) [15]. Blood sampling
from experimental animals was carried out within 24
hours at intervals of 0.25, 0.75, 2.5, 7.5, 13.5 and 24 h.
Preliminary time of API determination calculated
from the logarithm of 24 to the base 10 with an
interval of 0.5. Blood was collected from animals of
control group once. Blood samples were centrifuged
at 3000 rpm, the resulting plasma was used for
determination concentration ASP
(chromatographically) and identification of possible
metabolites (mass spectrometrically).

Chromatographic conditions. An Agilent
1260 Infinity HPLC system (Agilent Technologies,
Germany) was used. The Open LAB CDS program was
used to collect the received data. Column ZORBAX SB-
C18 (30x4.6, 1.8 pm). The column temperature is
400C. Mobile phase - 75% acetonitrile (0.1% HCOOH):
25% H:0 (0.1% HCOOH). The flow rate of the mobile
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phase is 0.400 ml/min. For pharmacokinetics study,
the injected volume was 2 pl.

Mass spectrometry conditions. An Agilent
6120 single-quadrupole electrospray ionization (ESI)
mass spectrometer was used for mass spectrometry
analysis. To identify metabolites, scans were
performed in the range of m/z 100-1000. The SIM
mode for the pharmacokinetic study was used at m/z
271. The voltage on the fragmentor was 10V. The gas
temperature of the dryer is 300°C. Spray pressure 40
psi. The gas flow rate is 10 1/min.

To evaluate the pharmacokinetic properties of
ASP, the following data were calculated: area under the
pharmacokinetic curve "concentration-time" (AUC),
total clearance (cl), (reflects the rate of release from the
drug per unit volume of biofluid, as the ratio of dose (D)
to AUC), the constant elimination (Kel) (characterizes
the decrease in drug concentration at the end of the
pharmacokinetic curve), volume (total volume of
distribution (Vd)), when distributed, the drug would
have the same concentration as in blood plasma),
period elimination half-life (T1) (the time during
which the concentration of the test substance in the
blood is halved) (table 2). A normal distribution of the

sample was obtained, therefore statistical data were
calculated using the Kruskal Wallis Test method [16].

Biotransformation prediction was performed
to search metabolites ASP using the BioTransformer
3.0 online service. As part of the prediction, a
chemometric  search  for  significant m/z
corresponding to the predicted metabolites in the
mass spectrometric data was carried out. First, the
mass spectrometric data of the pharmacokinetic
samples were compared with the calibration samples,
which were prepared on blood plasma, in which there
are no ASP metabolites, based on Partial Least Square
Discriminant Analysis (PLS DA).

Results and Discussion. An important
assessment of pharmacokinetic parameters is the
analysis substance concentration data in blood
plasma. In the course of the study, the arithmetic
mean values of ASP concentration were determined.
[t was established that the maximum concentration of
the injected substance was reached in the blood
serum in 15 minutes after administration. The
average value of the concentration after 15 minutes
was at the level of 0.469 pg/ml (table 1). It is quite
natural that the concentration of ASP in the blood
plasma of rats decreases over time.

Table 1

Concentration of ASP in blood, pg /ml

Time in hours 1g 10 (h) C, pg/ml, Mean+S
24 1.38 0.0371+0.00359
13.50 1.13 0.077%0.00294
7.5 0.88 0.225%0.0025
2,5 0.38 0.307+0.00258
0.75 -0.12 0.4160.00419
0.25 -0.62 0.469%0.00288

From the data given in the table. 1 and fig. 1,
it can be seen that the average arithmetic value of
the concentration during 24 hours decreases by
approximately 15 times. The concentration
decreases monoexponentially, which indicates
that distribution and elimination occur at the
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same rate. The lowest ASP concentration was
recorded after 24 hours. Further studies are
irrelevant based on the fact that the concentration
of API in plasma is more than 10 times lower than
the previously established effective concentration.
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Fig. 1. Meaning concentration ASP in blood depending on time
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The main pharmacokinetic parameters were
calculated using standard formulas (table 2). The
area under the pharmacokinetic curve (AUC) is
usually calculated to determine the bioavailability
of a medicinal product (the amount of a medicinal
substance that reaches the site of its activity in the
body). In our study, the substance was
administered to animals orally. This indicator can
be used to calculate the ratio between AUC (oral

administration) and AUC (intravenous
administration) and calculate the difference in
bioavailability. For oral use AUC=3.7088 pg-h / ml.

The elimination constant (Kel = 0.1143 h-1)
(the rate of elimination of the substance from the
body) is an important indicator for determining the
elimination half-life (T1,2). T12 = 6.06 h, which is
not a high value on average.

Table 2
Pharmacokinetic parameters when using ASP
Indicator Formula Value
AUC AUC =25 Aty + 222 5 Aty + 224 Aty +. +AU G, 3.7088 pg-h /ml
AUC 1o AUC pose =58 02711
In (Cmax /Clast) In (Cmax /Clast) 2.7166
nimex
p— as. -
Kel B Tiast—Tmax (h )'
Kel C maxand T maxis thg maxirpum d.ef.ir.led concentration and 0.1143 h 1
time of its definition;
Ciast and Tiast - the last one’s appointment concentration
and research time.
In2
T = 6.0624 hours
1/2 T, 2= Kel (h)
cl l b I/h 26.9629 ml/h
el = Jy¢ MM '
l
vd Vd = — (ml) 235.82231/kg
Kel

Chromatographic studies. A significant
aspect in the subsequent registration of the
original medicinal product is the determination of
active substance metabolism. This will help
determine the mechanisms of pharmacological
activity and predict side effects.

In order to establish possible metabolites of
ASP, a chromatographic study was carried out
using the method of liquid chromatography of
rat’s plasma.

The native compound (ASP) is a sodium salt of
a carboxylic acid containing an amino group. Upon
entering the body, ASP dissociates into sodium cation
and 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-
triazol-3-yl)thio)acetic acid anion. Then, the synthetic
amino acid can undergo both standard processes of
amino acid metabolism (deamination and
decarboxylation) and characteristic processes of
metabolism of nitrogen-containing compounds
(reduction or oxidation and acylation or methylation)
[17, 18]. The assessment of the presence of
metabolites was carried out in parallel with the
determination of pharmacokinetic parameters for all
groups of experimental animals. The obtained results
of the chromatographic-mass-spectrometric

determination were compared with the data obtained
from the control group (which was not administered
API).

No results were obtained for the first phase
of biotransformation. According to phase II of
biotransformation, the following possible products
of metabolism were predicted. The figures show
the monoisotopic mass of non-protonated
compounds. The first reaction is O-glucuronation of
aliphatic acid (Fig. 2). Thioester formation through
S-methylation (Fig. 3). Glycine conjugate formation
is possible (Fig. 4). Carnitine conjugation is then
formed based on a collection of enzymes (Fig. 5).

B
s
HoN—p \;\1
=\
s
HO o~<7
o
HO o]
HO OH
o

Monoisotopic Mass: 446.056604 Da

Fig. 2. O-glucuronide
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Monoisotopic Mass: 285.047442 Da
Fig. 3. Methylation product

HOTO

S /
Monoisotopic Mass: 327.045979 Da
Fig. 4. Glycine conjugate
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Monoisotopic Mass: 413.119144 Da
Fig. 5. Carnitine conjugation

In contrast to the control group, the presence
of a compound with a peak at 0.752 min (328.0
m/z) was recorded during the chromatographic
study of the blood plasma of rats administered API
(Fig. 6). Analysis of the pseudomolecular ion peak
with a mass of 328.0 m/z, which is fixed at 0.752
min. shows the possible formation of a glycine
conjugate corresponding to the structure predicted
in BioTransformer (Fig. 4).
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Fig. 6. Chromatogram and mass spectrum of animal plasma during ASP administration (retention
time 0.752 min)

The next step involved a chemometric
search for significant mass-to-charge ratios
corresponding to the predicted metabolites based
on the "Metabolism Prediction” data from the
BioTransformer 3.0 service. The deconvolution of
the m/z values obtained during pharmacokinetic
analysis was performed using MZmine 3.0
software. The summarized and processed mass
spectrometry data from the pharmacokinetic
samples were compared with calibration samples,
which were prepared using blood plasma without

ASP metabolites, based on Partial Least Square
Discriminant Analysis (PLS-DA) using conclusions
from the online metabolomics data analysis
service, MetaboAnalyst 6.0.

Analysis Fig. 7 shows a significant difference
between pharmacokinetic and calibration plasma
samples, due to the presence of metabolites of the
original substance, as well as the change in
metabolism in the body of rats under the influence
of the test substance.
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Fig. 7. 7a. PLS DA pharmacokinetic and calibration data groups.
7b. PLS DA model quality assessment.
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Fig. 8. 8a. Heatmap based on PLS DA VIP score, 8b. Heatmap based on t-test

The heatmap analysis from the MetaboAnalyst
6.0 conclusions shows in both cases (PLS DA VIP score
and t-test analysis) an important peak (m/z 446.84
with a retention time of 0.72). Within the error of the
mass spectrometer (0.2 m/z), this corresponds to 447
(M+H+). Thus, it confirms the presence of O-
glucuronide as a metabolite. The presence of a
difference in other m/z may be due to metabolic
changes in the body of rats.

As a result of the conducted research, the
main pharmacokinetic parameters were obtained,
and the presence of metabolites in the ASP
compound was predicted and confirmed. In the
future, these results will help to more accurately
determine the dosing regimen of the active
pharmaceutical ingredient, identify the main active
components, and facilitate further analysis of this
compound in biological material. Additionally, this
will expand the database of metabolites of new
1,2,4-triazole derivatives and assist scientists in
analyzing newly synthesized compounds.

Conclusions

1. The analysis of the main
pharmacokinetic parameters of sodium 2-((4-

amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-
3-yl)thio)acetate (ASP) by intragastric introduction
to rats was held. For oral use AUC s 3.7088 pgh/ml.
The half-life (T1/2) is 6.06 hours, which is not a high
value on average.

2. The following possible metabolic
products were predicted for phase I
biotransformation. This is a reaction of O-
glucuronation of an aliphatic acid, formation of a
thioester through S-methylation, and possible
formation of a glycine conjugate. And also carnitine
conjugation (based on a collection of enzymes).

3. Analysis of the pseudomolecular ion
peak with a mass of 328.0 m/z, which is fixed at
0.752 min. shows the possible formation of a
glycine conjugate corresponding to the structure
predicted in BioTransformer.

4. The presence of O-glucuronide as a
metabolite was confirmed (PLS DA VIP score and t-
test analysis, m/z 446.84 with a retention time of
0.72).

Prospects for further research. The
obtained research data is one of the stages on the
way to creating an original domestic
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actoprotective ~ drug  with  stress-reducing
properties that can be used by the military during
combat operations and by civilians, and will be
useful for overcoming physical and psychological
stress, including relieving the effects of post-
traumatic stress disorder.
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