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OF ETHYL 4-METHYL-2,2-DIOXO0-1H-2)%1-BENZOTHIAZINE-3-CARBOXYLATE

Introduction. The study investigated the relationship between crystal structure, pharmacokinetic parameters,
and pharmacodynamic activity of polymorphic modifications of ethyl 4-methyl-2,2-dioxo-1H-2).5,1-benzothiazine-
3-carboxylate. The relevance of the study is associated with the need to develop new non-steroidal anti-
inflammatory drugs with improved efficacy and safety profiles. In this regard, derivatives of 1H-2).%,1-benzothiazine
are of particular interest, as pronounced analgesic and anti-inflammatory properties have previously been
demonstrated for compounds of this class.

The aim of the study was to establish the relationship between crystal structure, pharmacokinetic parameters,
and pharmacodynamic activity of polymorphic modifications of ethyl 4-methyl-2,2-dioxo-1H-2).5,1-benzothiazine-
3-carboxylate.

Research Methods. The objects of the study were two polymorphic forms of ethyl 4-methyl-2,2-dioxo-1H-
2)\%,1-benzothiazine-3-carboxylate: the monoclinic form NI-75 and the orthorhombic form NI-77. Pharmacodynamic
studies were performed using a carrageenan-induced inflammatory hyperalgesia and exudative reaction model
in rats. Pharmacokinetic parameters were determined after single oral administration of the compounds to mice
at a dose of 10 mg/kg using HPLC-MS analysis. The main pharmacokinetic parameters were calculated from
concentration-time curves using non-compartmental analysis.

Results and Discussion. Itwas found that polymorphic modifications of the same compound differed significantly
in pharmacological activity. The monoclinic form NI-75 exhibited markedly higher anti-exudative and analgesic
activity compared with the orthorhombic form NI-77 and exceeded the efficacy of the reference drugs meloxicam
and piroxicam. Pharmacokinetic analysis demonstrated that the major differences between the polymorphic forms
were associated with the absorption stage. The monoclinic form was characterized by significantly higher absorption
rate constant values, maximum plasma concentration, area under the pharmacokinetic curve, and bioavailability.
At the same time, elimination and distribution parameters of both polymorphs did not differ significantly, indicating
similar behavior of the compound after entering the systemic circulation.

The pharmacokinetic features were shown to correlate with X-ray crystallographic data. The denser
molecular packing of the orthorhombic form probably complicates crystal lattice disruption and slows dissolution
and absorption of the compound. In contrast, weaker intermolecular interactions in the monoclinic form may
facilitate faster release and systemic absorption of the substance.

Conclusions. The obtained results demonstrate the important role of polymorphism in the formation
of pharmacokinetic and pharmacodynamic properties of 1H-2).%,1-benzothiazine derivatives and open prospects
for the targeted search for new biologically active polymorphic modifications with optimized pharmacological
characteristics.

KEY WORDS: pharmacokinetics; bioavailability; ethyl 4-methyl-2,2-dioxo-1H-2)¢,1-benzothiazine-3-
carboxylate; anti-inflammatory activity; analgesic activity; absorption; polymorphic modifications; non-
steroidal anti-inflammatory drugs.

INTRODUCTION. The search for new Despite the wide range of currently available
biologically active compounds with anti- non-steroidal anti-inflammatory drugs (NSAIDs),
inflammatory and analgesic properties remains  their clinical use is frequently associated with
oneofthekeychallengesofmodernpharmacology. gastrointestinal and cardiovascular adverse

effects. This stimulates the development
© N. I. Voloshchuk, O. M. Denysiuk, A. V. II'chenko, of novel heterocyclic systems capable of
A. V. Saienko, 2026 combining pronounced pharmacological
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activity with an improved safety profile [1; 2].
Among the promising areas of medicinal
chemistry, derivatives of 1H-2,1-benzothiazine-
3-carboxylic acids and their functionalized
analogs have attracted considerable attention.
Compounds of this class have been reported
to possess analgesic, anti-inflammatory,
antioxidant, and antimicrobial activities [3].
Further investigations demonstrated that one
of the most promising representatives, ethyl
4-methyl-2,2-dioxo-1H-2)%,1-benzothiazine-3-
carboxylate, may exist in several polymorphic
modifications differing in crystal packing
organization. It is well known that polymorphism
can significantly affect the physicochemical
properties of pharmaceutical substances,
including solubility, dissolution rate, and
bioavailability [4]. In many cases, these factors
determine  pharmacokinetic behavior and,
consequently, the intensity of pharmacological
effects [5].

Previous pharmacological studies
demonstrated that the monoclinic form of ethyl
4-methyl-2,2-dioxo-1H-2A%,1-benzothiazine-
3-carboxylate (NI-75) and its orthorhombic
form (NI-77), despite having identical
chemical structures, differ substantially in their
analgesic and anti-inflammatory activities.
X-ray crystallographic analysis also revealed
differences in intermolecular interactions and
molecular packing density within the crystal
lattice.

The aim of the article was to establish
the relationship between crystal structure,
pharmacokinetic parameters, and pharmaco-
dynamic activity of polymorphic modifications
of ethyl 4-methyl-2,2-dioxo-1H-2%,1-benzo-
thiazine-3-carboxylate.

RESEARCH METHODS. The objects of the
study were polymorphic modifications of ethyl
4-methyl-2,2-dioxo-1H-2A%,1-benzothiazine-
3-carboxylate synthesized at the Department
of Pharmaceutical Chemistry of the National
University of Pharmacy under the supervision of
Professor I. V. Ukrainets. The chemical structure
of the compound is presented in Figure 1.

The monoclinic polymorphic form (compound
NI-75) and the orthorhombic form (compound
NI-77) were obtained by crystallization from
ethanol. It was found that heterogeneous
crystallization from ethanol resulted in the
formation of the monoclinic polymorphic
form (M) of ethyl 4-methyl-2,2-dioxo-1H-2A8,
1-benzothiazine-3-carboxylate, whereas
homogeneous crystallization produced its
orthorhombic form (O). The molecular and
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Fig. 1. Chemical structure of ethyl 4-methyl-2,2-
dioxo-1H-2\%,1-benzothiazine-3-carboxylate

crystal structures of both forms were confirmed
by X-ray crystallographic analysis, while phase
purity was verified by powder X-ray diffraction.

Pharmacodynamic studies of the test
samples were carried out on 140 male
Wistar rats obtained from the vivarium of the
State Institution “Institute of Pharmacology
and Toxicology of the National Academy of
Medical Sciences of Ukraine” and housed
under standard vivarium conditions at Pirogov
National Medical University.

The experiments were conducted at the
certified “Research Laboratory for Preclinical
Investigation of Medicinal Products of the
Department of Pharmacology” (Technical
Competence Certificate Ne 171/23 dated
December 6, 2023; valid until December 5,
2028).

The test samples were administered
intragastrically to animals of the experimental
groups as aqueous suspensions stabilized
with 5 % aqueous Tween-80 solution (Sigma,
USA), whereas animals of the control groups
received equivalent volumes of water and
Tween-80. Diclofenac sodium (Voltaren®,
Novartis), meloxicam (Movalis®, Boehringer
Ingelheim, Ingelheim am Rhein, Germany),
and piroxicam (Sopharma AD, Bulgaria) were
used as reference drugs. In pharmacodynamic
studies, the compounds were administered at a
dose of 20 mg/kg.

Anti-inflammatory and analgesic activities
were evaluated using a model of inflammatory
hyperalgesia and exudative reaction induced
by subplantar injection of 0.1 mL of 1 %
carrageenan solution (Sigma, USA) into the
right hind paw of rats. Pain sensitivity was
assessed by measuring the pain threshold
using a Dolorimeter Baseline device (USA).
Anti-exudative activity was determined 3 h
after inflammation induction by measuring paw
edema volume with a Plethysmometer (Ugo
Basile, Italy). Both activities were compared
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with the control and reference drug groups and
expressed as percentages [6; 7].
Pharmacokinetic studies were performed
on 104 outbred male white mice maintained
under standard vivarium conditions with free
access to food and water. Polymorphic forms
NI-75 and NI-77 were administered orally at
a dose of 10 mg/kg as suspensions stabilized
with 0.5 % methylcellulose. Blood samples
were collected at 0.25, 0.5, 1.0, 1.5, 2.0, 2.5,
3.0, 4.0, 5.0, 6.0, 8.0, 10.0, and 12.0 h after
administration. The concentration of the studied
compound was determined by HPLC-MS using
an Agilent 1260 Infinity liquid chromatography
system coupled with a 6530 Accurate Mass
Q-TOF detector (Agilent Technologies, USA).
For protein precipitation, 300 pL of a mixture
of 7 % perchloric acid and acetonitrile (60:40)
was added to 200 pL of serum, followed
by centrifugation and filtration through a
microporous filter. The analysis was performed
using an injection volume of 20 pL.
Pharmacokinetic parameters were
calculated from concentration-time curves
obtained after a single oral administration
of the compounds. Pharmacokinetic
characteristics were evaluated using an
extravascular administration model with first-
order absorption and elimination kinetics.
The absorption (kabs) and elimination (kel)
rate constants were determined by nonlinear
approximation of the experimental data. Tmax
and Cmax values were obtained directly from
the concentration-time profiles. The area under
the pharmacokinetic curve (AUCO-x) and the
area under the first moment curve (AUMCO0—x)
were calculated using the trapezoidal method
with extrapolation to infinity. Mean residence
time (MRT) was determined as the AUMC/AUC
ratio. Pharmacokinetic analysis was performed
using a non-compartmental approach [8; 9].

Statistical analysis of the obtained results
was performed using nonparametric methods
with the STATISTICA 10.0 software package.
Data are presented as mean + standard error of
the mean (SEM). Differences were considered
statistically significant at p < 0.05.

RESULTS AND DISCUSSION. The results
of the evaluation of the anti-inflammatory and
analgesic activities of ethyl 4-methyl-2,2-dioxo-
1H-2)%,1-benzothiazine-3-carboxylate are
presented in Table 1.

The studied crystalline modifications of ethyl
4-methyl-2,2-dioxo-1H-2A%,1-benzothiazine-
3-carboxylate (compounds NI-75 and NI-77)
demonstrated markedly different biological
properties. Thus, the orthorhombic form
20 (compound NI-77) exhibited moderate
analgesic activity (66.0 %) and weak anti-
inflammatory activity (anti-exudative activity
of 30.7 %), whereas the monoclinic form 2M
(compound NI-75),administered underthe same
conditions and at the same dose, demonstrated
pronounced analgesic and anti-exudative
effects, with analgesic and anti-inflammatory
activities of 90.6 % and 85.8 %, respectively.
These effects significantly exceeded not
only those of piroxicam, but also those of
meloxicam, which is considered more active in
this regard (p < 0.05). These findings suggest
that the crystal structure of benzothiazine-3-
carboxylate esters plays an important role in
determining their pharmacodynamic properties.

These findings prompted further
investigation into the mechanisms underlying
these differences. As a working hypothesis, we
assumed that they could be associated with
pharmacokinetic features of the investigated
crystalline forms. To verify this assumption,
a pharmacokinetic study was subsequently
performed.

Table 1 - Anti-inflammatory activity of 4-methyl-2,2-dioxo-1H-2).5,1-benzothiazine-3-carboxylate
derivatives in comparison with reference drugs (M + m, n =7)

Compound, iy | Anti-ir?flar:matory activity - Alr:algtre‘silc‘zI activity
, form ncrease in edema ain thresho

laboratory code volume AEA (%) irr:crement (APT) AA, (%)
NI-75 H (2M) 58.8 + 5.81%22 85.8 30.0 + 4.47%23 90.6
NI-77 H (20) 286.7 + 8.64123 30.7 108.0 + 8.60%2° 66.0
Pyroxicam — 223.8 £ 6.13123 45.9 164.0 + 8.12%23 48.4
Meloxicam — 131.3 + 8.05%2 68.3 88.0 + 11.,6%2 72.3
Diclofenac — 91.05 + 5.5213 78.0 59.0 +9.27* 81.4
Control — 413.7+£32.2 0 318.0 + 34.9 0
Notes:

! — statistically significant differences (p < 0.05) vs control group;

2 — statistically significant differences (p < 0.05) vs diclofenac;
3 — statistically significant differences (p < 0.05) vs meloxicam.
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Fig. 2. Plasma concentration-time profiles of polymorphic forms of ethyl 4-methyl-2,2-dioxo-1H-2)5,1-
benzothiazine-3-carboxylate (NI-75 and NI-77) following single oral administration at a dose of 10 mg/kg in

mice. Data are presented as mean + SEM (n = 8)

Following oral administration, both
polymorphic forms produced typical
concentration-time profiles consistent with
one-compartment Kkinetics with first-order
absorption (Figure 2). At the same time, the
shapes of the curves and plasma concentration
levels of NI-75 and NI-77 differed considerably.

The calculated pharmacokinetic parameters
of polymorphic modifications of ethyl 4-methyl-
2,2-dioxo-1H-22.%,1-benzothiazine-3-carboxylate
indicate a significantinfluence of crystal structure
on the absorption and bioavailability of the
investigated compounds. The most pronounced
differences were observed at the absorption
stage, whereas elimination and distribution
parameters showed almost no differences
between the polymorphic forms (Table 2).

It was found that the monoclinic form M (NI-
75), which had previously demonstrated more
pronounced analgesic and anti-inflammatory
activity, was characterized by a significantly
higher absorption rate compared with the
orthorhombic form O (NI-77). The monoclinic
form NI-75 was absorbed considerably
faster than the orthorhombic form NI-77.
The absorption rate constant for form M
was more than twofold higher than that of
form O (2.241 + 0.077 vs. 0.967 + 0.067 h%;
p < 0.001). These findings were consistent
with the obtained Tabsl1/2 and Tmax values.
The maximum plasma concentration of NI-75
was reached within 0.9 h after administration,
whereas for NI-77 this parameter was observed
at1.8 h.

Table 2 - Main pharmacokinetic parameters of 4-methyl-2,2-dioxo-1H-2)5,1-benzothiazine-3-carboxylate

derivatives (M £+ m, n=8)

Pharmacokinetic parameter Form M (NI-75) Form O (NI-77) P
Absorption rate constant, k , , ht 2.241 + 0.077 0.967 + 0.067 p < 0.001
Absorption half-life, T _ ., h 0.348 + 0.212 0.865 + 0.093 p<0.01
Time to maximum concentration, 7, h 0.900 1.800 p <0.05
Maximum concentration, C,__ , ug/mL 6.724 +0.711 4,094 + 0,314 p <0.05
Area under the pharmacokinetic curve,

AUCO—0, ug - himL 55.70 £ 7.410 27.42 + 3.254 p<0.01
Bioavailability, f 0.850 + 0.063 0.465 +0.178 p <0.05
Elimination rate constant, kel, h™* 0.255 +0.210 0.255 +0.210 p >0.05
Elimination half-life, Tell1/2, h 3.121 +£0.210 3.121 +£0.210 p > 0.05
Total clearance, Cltot, L/kg - h 0.175 + 0.019 0.175+ 0.019 p >0.05
Steady-state volume of distribution, Vdss, L/kg 1.100 £ 0.131 1.100 £ 0.131 p > 0.05
Mean residence time, MRT, h 3.581 + 0.086 6.722 +0.119 p <0.001
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The faster absorption of the monoclinic form
was accompanied by higher systemic exposure
of the compound. The C__ value for NI-75
reached 6.724 + 0.711 yg/mL, whereas for the
orthorhombic form it was 4.094 + 0.314 ug/mL
(p < 0.05). A similar tendency was observed for
the area under the pharmacokinetic curve: the
AUCO- value for NI-75 was more than twofold
higher than that of NI-77 (55.70 + 7.410 vs.
27.42 + 3.254 ug-h/mL; p < 0.01).

The differences between the polymorphic
forms were also clearly reflected in their
bioavailability. The bioavailability value (f) for
the monoclinic form was 0.850 + 0.063, whereas
for the orthorhombic form it was approximately
83 % lower. These findings indicate that
the same administered dose of different
polymorphic forms provides substantially
different levels of active compound entering the
systemic circulation.

At the same time, the parameters
characterizing elimination and distribution of the
compound remained nearly identical for both
forms. The values of kel, T,,, total clearance
(Cltot), and steady-state volume of distribution
(V) did not differ significantly (p > 0.05),
indicating similar behavior of the compound
after entering the systemic circulation. This
suggests that polymorphism predominantly
affects the absorption stage of the drug.

Interestingly, the orthorhombic form was
characterized by a considerably longer mean
residence time in the body. The MRT value
for NI-77 was almost twofold higher than that
for NI-75 (6.722 + 0.119 vs. 3.581 + 0.086 h;
p < 0.001). This is probably associated with
slower disruption of the crystal lattice and more
gradual release of the compound [10].

The pharmacokinetic features of both
polymorphs are in good agreement with
the X-ray crystallographic data. Analysis of
the crystal structure demonstrated that in

the monoclinic crystals, ethyl 4-methyl-2,2-
dioxo-1H-2)% 1-benzothiazine-3-carboxylate
molecules (compound NI-75) form infinite
chains (Figure 3A) extending along the
crystallographic direction. Molecules within
each chain are interconnected, whereas no
intermolecular interactions with adjacent chains
were observed.

In contrast, in the orthorhombic form
(compound NI-77) (Figure 3B), the ester
molecules also form infinite chains along the
crystallographic direction; however, in this case
the molecules are linked not only within the
same chain but also with neighboring chains,
and these intermolecular interactions are
stronger compared with those observed in the
monoclinic form. In addition, the polymorphs
differ in the type of molecular packing within
the crystal lattice.

The denser molecular packing observed in
the orthorhombic form probably complicates
disruption of the crystal lattice and slows
dissolution of the compound. In contrast,
weaker interchain interactions in the monoclinic
form may facilitate compound release and
accelerate its absorption [11].

Thus, the results of the present study
demonstrate that polymorphism of ethyl
4-methyl-2,2-dioxo-1H-2A%,1-benzothiazine-
3-carboxylate significantly affects its
pharmacokinetic characteristics, primarily the
parameters of absorption and bioavailability.
These differences most likely underlie the
markedly different pharmacodynamic activities
of the investigated polymorphic modifications.

CONCLUSIONS. Despite having
identical chemical structures, polymorphic
modifications of ethyl 4-methyl-2,2-dioxo-1H-
2)8,1-benzothiazine-3-carboxylate differed
significantly in their anti-inflammatory and
The monoclinic form

analgesic activities.

Fig. 3. Crystal structures of the monoclinic (A) and orthorhombic (B) polymorphic forms of ethyl 4-methyl-

2,2-dioxo-1H-215,1-benzothiazine-3-carboxylate [3]
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NI-75 demonstrated more pronounced anti-
exudative and analgesic effects compared with
the orthorhombic form NI-77 and exceeded the
activity of meloxicam and piroxicam.

The major pharmacokinetic differences
between the polymorphic forms were
associated with the absorption stage. The
monoclinic form was characterized by a higher
absorption rate, greater systemic exposure,
and higher bioavailability, whereas elimination
and distribution parameters did not differ
significantly between the two forms.

A relationship between crystal packing
features of the polymorphic modifications and
their pharmacokinetic characteristics was
established. The denser molecular packing of
the orthorhombic form probably complicates
crystal lattice disruption and slows absorption
of the compound.

Further studies should focus on elucidating
the role of polymorphism in the formation
of pharmacokinetic and pharmacodynamic

properties of 1H-2).%,1-benzothiazine
derivatives. Particular attention should be
paid to the relationship between crystal

organization, absorption rate, and the
intensity of anti-inflammatory and analgesic
activities. Such studies may provide a basis
for predicting the biological activity of new
polymorphic modifications and optimizing their
pharmacological properties.
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H. I. Bonowyk, O. M. fleHuctok, O. B. InbyeHko, A. B. Ca€eHko
BIHHULIbKUW HALJIOHA/TbHUV MEANYHWN YHIBEPCUTET IMEHI M. I. MAIPOIOBA

®APMAKOKIHETUYHI MEXAHI3MHY BIIMIHHOCTEM BIO/JIOT TYHO{
AKTHUBHOCTI ITIOJIIMOP®HUNX ®OPM
ETNI-4-METWJI-2,2-JI0KCO-1H-2)51-BEH30TIA31UH-3-KAPBOKCIJIATY

AHoTauis

Bcmyn. Y po6omi 00C/iOXXeHO B3aEMO3B’I30K MK KPUCMAaJIIYHOK CMPYKMYyporo, hapMakoKiHEMUYHUMU
napamvempamu ma ¢hapMakoOUHaMIYHOK akmusHICMI0 NoiMOPhHUX Modudbikayili emus-4-memurs-2,2-0ioKco-
1H-2)\%,1-6eH30mia3uH-3-kapbokcunamy. AKmyasibHiCmb O0C/TIOKEHHS 3yMOB/IeHa HEOBXIOHICMIO MOWYKY HOBUX
HecmepoIioHUX npomu3anasibHux 3acobis (0asi — HIM33) i3 nokpaweHuM rnpoginem echekmusHocmi ma 6e3neku,
OCKI/IbKU 3acmocyBaHHs1 mpaouyitiHux HIMN33 HepiOKo cynpoBoOKyemMbCS PO3BUMKOM 2acmpPOiHMeCMUHa/IbHUX
i cepyeso-cyOuHHUX nob6ivHUX peakyit. Ocobnusull IHmMepec y UbOMy acrnekmi cmaHos/1simb noxioHi 1H-2°,1-
6eH30mia3uHy, 07151 IKUX paHiwe 6y/10 NoKa3aHo BUPaXXeHY aHaseemuyHy ma npomusanasibHy akmusHiCMb.

Mema  OocniOXeHHs1 —  BCMAHOB/IEHHS  B3AaEMO3B’SI3KY  MDK  KpUCMA/IYHOK  CMpPYKMyporo,
hapmakoKiHemuy4yHUMU napamMempamu ma hapMakoOUHaMiYHOK akmuBHICMIO MO/MIMOPGhHUX Modubikayil
emurn-4-memur-2,2-0iokco-1H-2).5,1-6eH30mia3uH-3-kapb6okcusaamy.

Memodu docnidxeHHs. O6’ekmamu 00C/iIOXKeHHS 6y/1u 08I MOAIMOPHHI ghopmu emus-4-memuri-2,2-0iokco-1H-
2\%,1-6eH30mia3uH-3-kapbokcuaamy: MOHOK/IiHHa chopma NI-75 i opmopombiyHa ghopma Ni-77. dapmakoOuHaMidHI

00C/1iOXKeHHs1 poBedeHo Ha MOOesli Kapa2eHiH-iHOyYKoBaHOI 3anasibHoI 2ifepasieesii ma ekcyoamusHOi peakyir

B8 Wypis. PapmMakoKiHemuyHi napamMmempu Bu3Ha4yasu nic/isi 0OHOPa30B020 NMepopPasibHO20 BBEOEHHS CIO/YK MUllam
y 003i 10 me/k2 i3 sukopucmaHHsIM BEPX-MC-aHasi3y. Po3paxyHOK OCHOBHUX napamempis thapMakoKiHemuku
30ilicHroBasIu Memooom non-compartmental analysis 3a pe3y/ibmamamu KOHYeHmpayitiHO-4aco8uUX KPUBUX.
Pe3ynibmamu Ui 062080peHHs. BcmaHo8/1eHo, Wo noaiMopghHi Modugbikayii miei camoi criosiyku cymmeso
PI3HSIMbCSI 3@ BUPAXeHicmio ¢hapmMakosioeiyHol akmusHocmi. MoHOK/liHHa gpopma NI-75 nposis/isiia 3Ha4Ho BULY
aHmuekcydamusHy U aHas2emuyHy akmusHICMb MOPIBHSIHO 3 OpMopomMbiuyHoto ¢ghopmoro NI-77 | nepesuwysana
3a eghekmusHicmio pecgpepeHc-nipenapamu Mesokcukam i [lipokcukam. PapmMakokiHemuyHe OOC/IIOXeHHS
oKasasno, WO OCHOBHI BIOMIHHOCMI MK MOAIMOPGYHUMU (hopMamu J10Kanilyrombcsi Ha cmaodil abcopbuyii.

[nsi MOHOK/IIHHOT ¢hopmu 6y/IU xapakmepHi 3Ha4yHO BUW| 3HAYEHHS KOHCMaHmu abcop6yii, MakcuMasibHOI

KOHYyeHmpauyii y nna3mi Kposi, rnaowji nio hapMakoKIHEMUYHOK Kpuso ma 6iodocmyrnHocmi. BodHovac
napamempu esniMiHayii ma posnodisny 0718 060x nosiMopghis NPakKmMuUyYyHO He BIOPI3HA/IUCS, WO CBI0YUMb PO
00HakoBy rosediHKy Cro/IyKU Mic/1sA If mrompari/isHHSI 8 CUCmMeMHUl KPpOBOMIK.

lNokazaHo, w0 0cob/1uBoCMI thapMakoKiHeMUKU y3200)KyHombCsl 3 0aHUMU PEHM2eHOCMPYKMYPHO20 aHasti3y.

BinbWw wislbHa ynakoska MOJIEKY/1 8 0OpMOpPOM6IYHIl ¢hopmi, IMOBIPHO, YCKIaOHIOE pyUHYBaHHSI KpUCMasiyHor
pewimku ma Criosi/IbHIOE PO3HUHEHHS | abCopbyito pevoBUHU. Hamomicmb c/iabwi MiXKMOIEKY/ISIPHI B3aEMOOIT

B8 MOHOK/IIHHIU ¢hopMi Cripusitomb WBUOWOMY BUBI/IbHEHHIO Ma Ha0X0KEHHHO Cro/lyKU 8 cUCMeMHUl KpOBOMIK.

BucHosku. OmpumaHi pesysibmamu csid4amb po BaX/Usy pPoO/ib  MOIMOPI3My Yy  (PopMyBaHHI
hapmakoKiHemu4HUX i thapMakoOuHaMiyHUX snacmusocmeti noxioHux 1H-2)8,1-6eH3o0mia3uHy ma sioKpusaomb
nepcrnekmusu  YisiecrpsiMosaHo20 owyKy HOBUX 6i0/102i4HO aKmuBHUX MO/MIMOPhHUX Mooucbikayil 3
0nNMuUMI30BaHUMU (hapMako/102iYHUMU Xapakmepucmukamu.

KMKOYOBI CJ/IOBA: chapmakokiHeTUKa; GiofOCTYMHICTb; eTun-4-metun-2,2-aiokco-1H-2)°%1-6eH30Ti-
asnH-3-kapOokcunaT; npoTMsanasibHa aKTUBHICTb; aHa/lIreTU4YHa akTUBHICTb; aGcopOuif; noniMmopdHi
mopgudpikauii; HM33.

Jama nepwoao Hadxo0xeHHs cmammi 00 BudaHHs: 23.06.2026
Jama npuliHamms cmammi 00 OpyKy nic/si peyeH3yBsaHHs: 26.08.2026
Jlama ny6nikayii (onpuntodHeHHss) cmammi: 30.09.2026
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