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The proprotein convertase furin plays a crucial role in a variety of pathogenic processes such as can-
cer, bacterial and viral diseases, neurodegenerative disorders and diabetes. Thus, furin inhibitors are promi-
sing therapeutics for the treatment of many diseases. In this study we synthesized some new non-peptide of
furin inhibitors, with positively charged amidinohydrazone groups present in ortho-, meta- or para-positions
in the benzene rings relative to the linker. From the results of biological testing it followed that the position
of amidinohydrazone groups in aromatic rings was significant for the manifestation of antifurin activity. The
replacement of linkers containing a propoxy group by a “bridge” with a benzene ring was found to cause an
increase in the inhibitory effect of the compounds. The effect of synthesized bisamidinohydrazones on furin
also depended on the substitution of the hydrogen atom in the amidinohydrazone group by the methyl group.
These compounds were shown to block the enzyme activity mainly by the mechanism of mixed inhibition, and

their K, values were at the micromolar level.
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teins in eukaryotes are initially synthesized

in the form of large inactive precursors (pro-
proteins). They are then transformed into smaller
mature biologically active products: hormones,
neuropeptides, enzymes and proteins as a result of
controlled cleavage of the corresponding polypep-
tides by specialized enzymes known as proprotein
convertases (PCs) [1-5]. The most characterized
member of mammalian PCs is calcium-dependent
serine endoprotease furin, which recognizes in its
substrates a motif enriched with the residues of basic
amino acids: -(Lys/Arg)-(Xxx)n-(Lys/Arg)-|, where
n=20,2,4 or 6 and Xxx is any proteinogenic amino
acid other than Cys [1, 3, 5]. Furin cleaves the pep-

I t is well known that many intracellular pro-

tide bond (indicated by the arrow) typically after a
pair of basic amino acids Arg-Lys or Arg-Arg [1, 2].
This enzyme is important for embryogenesis and ho-
meostasis; it also participates in many pathological
processes, such as cancer and metastasizing, neuro-
degenerative pathologies, viral and bacterial infec-
tions [3-6]. In this regard, furin is considered as a
promising and important target for developing of
appropriate inhibitors, which could find clinical and
therapeutic applications [3-7]. In works published in
recent years, furin inhibitors of the protein, peptide,
pseudopeptide and non-peptide nature have been dis-
cussed [7-15]. It was concluded that new research is
needed to create non-peptidic low molecular weight
inhibitors that, in comparison to the endogenous and
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recombinant proteins would have advantages such
as increased stability, enhanced bioavailability and
easier production by synthetic methods [7, §].

To develop the strategy for creating non-pep-
tide inhibitors of furin, we drew attention to the ar-
ticle by Sielaff F. et al. [16] devoted to the synthesis
and investigation of the properties of compounds
containing an amidinohydrazone group. Encoura-
ges by this work, we synthesized previously non-
peptidic furin inhibitors with a general formula A
(Fig. 1) containing two aryl rings joined by a linker
X, differing in their chemical nature, length and hy-
drophobicity [17, 18]. Synthesis of similar bisamidi-
nohydrazones as extremely active compounds with
bactericidal activity were described in the US patent
[19]. In work by Borges M. N. et al. [20] some ana-
logs were synthesized and tested as anti-7rypanoso-
ma cruzi candidate.

The aim of this work was the synthesis of new
bisamidinohydrazones containing positively charged
groups in the ortho-, meta- or para-positions with
respect to the linker, and testing the resulting com-
pounds as novel furin inhibitors.

Materials and Methods

Analytical grade chemicals and solvents were
purchased from commercial suppliers and used
without further purification. When necessary, sol-
vents were dried by standard techniques and dis-
tilled. Melting points (uncorrected.) were determined
using Fisher Scientific apparatus IR spectra were
recorded on a Bruker Vertex 70 FT/IR spectrom-
eter. '"H NMR spectra were recorded in dimethyl
sulfoxide (DMSO)-d, using 400 MHz Varian Mer-
cury instrument with tetramethylsilane (TMS) as
the internal standard. Chemical shifts (5 scale) were
expressed in parts per million (ppm) and given as
s (singlet), bs (broad singlet), d (doublet), t (triplet),
m (multiplet) and q (quintet). Relative fluorescence
was measured using spectrofluorometer PTI Quanta
Master 40 (Canada) with excitation at 380 nm and
emission at 460 nm.

Chemical reagents and preparations. A
fluorogenic substrate t-butyl-oxycarbonyl-L-argi-
nyl-L-valyl-L-arginyl-L-arginine-4-methylcou-
maryl-7-amide (Boc-Arg-Val-Arg-Arg-AMC) was
purchased from Bachem (Switzerland). The re-
combinant truncated human furin (2000 units/ml)
was obtained from New England BioLabs (USA).
The commercial stock enzyme solution was di-
luted 20- to 80-fold with a buffer (pH 7.3; 100 mM

HN - = N NH
T T
NH, " NH,
A
R=H, CH,

Fig. 1. The general structure of bisamidinohydra-
zones

Hepes, 1 mM CaCl,, 0.5% Triton X-100 and 1 mM
B-mercaptoethanol) and used in enzymatic reactions.
One unit of furin activity was defined as the quantity
of an enzyme that under standard conditions cleaved
off 1 picamol of 7-amino-4-methylcoumarin (AMC)
in 1 min.

Bis(2-carboxyaldehydophenoxy)propane
(2a). A mixture of 2-hydroxybenzaldehyde (3.7 g,
30 mmol), 1,3-dibromopropane (1.5 ml, 15 mmol)
and anhydrous potassium carbonate (8.3 g, 60 mmol)
was refluxed in 30 ml anhydrous acetone for 18 h,
and then the solvent was removed in a vacuum of a
water jet pump. The residue was washed with dis-
tilled water (50 ml x 1) and extracted with chloro-
form (50 ml x 3). The combined organic layer was
dried over Na,SO, and, after filtration, the solvent
was removed in vacuum and the residue was crys-
tallized from 95% ethanol. Similarly, other bisalde-
hydes (2b, ¢) and bisketones (2d-f) were obtained.

4-[4 (4-Formylphenoxy)phenoxy|benzalde-
hyde (5b). 4.15 g (30 mmol) of anhydrous K CO,
was added to a solution of 11.0 g (10 mmol) of hydro-
quinone and 2.48 g (20 mmol) of 4-fluorobenzalde-
hyde in 20 ml of dimethylacetamide (DMAA). The
mixture was heated for 12 h at a temperature 90 °C.
DMAA was poured off from insoluble K,CO,, and
after cooling the product was precipitated with dis-
tilled water, filtered and crystallized from the mix-
ture of isopropyl alcohol-water.

A general procedure for synthesis of bis-
amidinohydrazones. A mixture of 2 mmol of the
corresponding dialdehyde (2a-¢, 5a-b) or diketone
(2d-f) and aminoguanidine hydrochloride (0.46 g,
4.1 mmol) was refluxed for 4 h in 20 ml of 95% etha-
nol containing several drops of concentrated HCI.
After cooling the mixture to room temperature, the
solvent was removed in vacuo and the residue was
triturated with chloroform. The solidified mass was
filtered off and purified by crystallization from a
suitable solvent.
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Assay of furin activity. An aliquot of the furin
solution containing 1 unit of enzyme activity was
incubated with Boc-Arg-Val-Arg-Arg-AMC (final
concentration 75-250 uM) in pH 7.3 buffer (100 mM
Hepes, 1 mM CaCl,, 0.5% Triton X-100 and 1 mM
-mercaptoethanol) for 1 hour at 37 °C in a total
volume of 150 pl. The reaction was stopped by the
addition of 2.0 ml of EDTA (initial concentration
5 mM). The relative fluorescence was measured on a
PTI Quanta Master 40 spectrofluorometer (Canada)
at an excitation wavelength of 380 nm and an emis-
sion of 460 nm. The values of the Michaelis constant
were determined from the Lineweaver-Burk plots of
three independent experiments.

Determination of the inhibitory effects of
bisamidinohydrazones. To prepare a stock solution
(concentration 10 mM), a sample of the correspon-
ding compound was dissolved in DMSO. Then the
stock solution was diluted to the required concen-
tration. The enzyme solution (1 unit of activity), a
pH 7.3 buffer and the studied inhibitor (concentra-
tion 5-10 uM) were incubated at room temperature
for 30 min. Then a solution of fluorogenic sub-
strate was added to reach its final concentration of
100 uM and the enzymatic reaction was run for
1 h at 37 °C. The total volume of the mixture was
150 pl. The reaction was terminated by adding 2 ml
of the EDTA solution and the quantity of the re-
leased AMC was assayed against the buffer solution
as described above. Enzyme activity in the absence
of the studied compounds was assumed to be 100%.
Inhibition constants K, were determined from Dixon
or Lineweaver-Burk plots. Data analysis and plotting
were carried out using Origin Professional 9.0 soft-
ware (OriginLab). At least two measurements were
used for each point. The experimental error did not
exceed 10% of the measured value.

Results and Discussion

Chemistry. Synthesis of the investigated bis-
amidinohydrazones was carried out according to
Scheme 1 [17-20]. The dialdehydes (2a-c) were easily
formed by boiling hydroxybenzaldehydes (1a-c) with
1,3-dibromopropane in dry acetone in the presence
of K,CO, with yields of about 60%. The reaction of
hydroxyacetophenones (1d-f) under similar condi-
tions gave bisacetophenones (2d-f) with practically
the same yields (Table 1). The reaction of 4-fluoro-
benzaldehyde with hydroquinone in dimethylaceta-
mide for 12 h resulted in dialdehydes (5a-b) with a
yield of about 70%. Bisamidinohydrazones (3a-f and

6a-b) were obtained by the reaction of bisaldehydes
(2a-c, 5a-b) or bisketones (2d-f) with aminoguani-
dine hydrochloride in 95% ethanol. Their yields
were, unfortunately, lower (Table 2). The purity of
the synthesized compounds was monitored by IR
and NMR spectroscopy.

1-({[2-(3-{2-[(carbamimidamidoimino)me-
thyl]phenoxy}propoxy)phenyljmethylidene}ami-
no) guanidine dihydrochloride (3a)

white solid; yeild 43%, m.p. 248-249 °C (dec.);
IR (KBr) cm™ v_ 3158, 1672, 1627, 1452, 1247, 'H-
NMR (DMSO-d,, 400 MHz), (5, ppm): 11.93 (bs,
10H), 7.92 (s, 2H), 7.57 (d, 2H), 7.29 (d, 4H), 6.93
(m, 2H) 4.15 (t, 4H), 2.13 (q, 2H)

1-({[3-(3-{3-[(carbamimidamidoimino)me-
thyl]phenoxy}propoxy)phenyl|methylidene}ami-
no) guanidine dihydrochloride (3b)

white solid; yeild 45%, m.p. 230-231 °C (dec.);
IR (KBr) em™ v 3394, 1658, 1602, 1247, 1176; 'H-
NMR (DMSO-d,, 400 MHz), (3, ppm): 11.91 (bs,
2H), 7.99 (s, 2H), 7.79 (d, 2H), 7.61 (bs, 8H), 7.25 (m,
4H), 6.89 (d, 2H), 4.05 (t, 4H), 2.10 (q, 2H)

1-({[4-(3-{4-[(carbamimidamidoimino)me-
thyl]phenoxy}propoxy)phenyljmethylidene}ami-
no) guanidine dihydrochloride (3¢)

white solid; yeild 40%, m.p. 298-300 °C (dec.),
Lit.[20] m.p. = 300-310 °C (dec.); IR (KBr) cm;
v 3150, 1670, 1641, 1513, 1254, 1180; "H-NMR
(DMSO-d,, 400 MHz), (3, ppm): 11.96 (bs, 2H), 8.08
(s, 2H), 7.82 (d, 4H), 7.55 (bs, 8H), 7.15 (d, 4H), 4.22
(t, 4H), 2.20 (q, 2H)

1-({1-[2-(3-{2-[1-(carbamimidamidoimino)
ethyl]phenoxy}propoxy)phenyljethylidene}amino)
guanidine dihydrochloride (3d)

white solid; yeild 36%, m.p. 267-268 °C (dec.);
IR (KBr) cm™ v 3154, 1673, 1625, 1490, 1237,
1124; '"H-NMR (DMSO-d,, 400 MHz), (5, ppm):
11.09 (bs, 10H), 7.58 (d, 2H), 7.27 (m, 4H), 7.07 (t,
2H), 4.16 (t, 4H), 2.16 (q, 2H); 2.10 (s, 6H)

1-({1-[3-(3-{3-[1-(carbamimidamidoimino)
ethyl]phenoxy}propoxy)phenyljethylidene}amino)
guanidine dihydrochloride (3e)

white solid; yeild 47%, m.p. 278-280 °C (dec.);
IR (KBr) cm™ v __ 3161, 1687, 1640, 1585, 1482,
1436, 1287, 1139; 'H-NMR (DMSO-d,, 400 MHz),
(6, ppm): 10.95 (bs, 2H), 9.71 (d, 8H), 7.90 (t, 4H),
7.27 (t, 2H), 7.22 (t, 4H), 6.89 (d, 2H), 4,06 (t , 4H);
2.15 (s, 6H); 2.09 (q, 2H)

1-({1-[4-(3-{4-[1-(carbamimidamidoimino)
ethyl]phenoxy}propoxy)phenyljethylidene}amino)
guanidine dihydrochloride (3f)
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white solid; yeild 37%, m.p. 281-282 °C (dec.);
IR (KBr) cm™ 3152, 1672, 1642, 1593, 1467, 1322,
1256, 1180.

1-({[3-(4-{3-[(carbamimidamidoimino)me-
thyl]phenoxy}phenoxy)phenyl]methylidene}ami-
no) guanidine dihydrochloride (6a)

Reaction of 3-fluorobenzaldehyde and hydro-
quinone in DMAA at 90 °C gave bisaldehyde 5a
(yield 55%, m.p. 153 °C), which was condensed with
aminoguanidine hydrochloride as described in the
Materials and Methods without further purifica-
tion. This gave bisamidinohydrazone 6a as white
solid; yeild 51%, m.p. 305 °C (dec.). According to
preliminary data, this compound inhibits furin with
K =107+0.23 uM.

1-({[4-(4-{4-|(carbamimidamidoimino)me-
thyl]phenoxy}phenoxy)phenyl]methylidene}ami-
no) guanidine dihydrochloride (6b)

white solid; yeild 43%, m.p. 252-253 °C (dec.)
This compound was synthesized in our work [18].

Biology. Inhibitory analysis. Table 2 presents
data on the antifurin activity of the synthesized
bisamidinohydrazones. Analysis of these data indi-
cated that the replacement of the linkers containing
the propoxy group (compounds 3b, K, = 1.70 uM
and 3¢, K, = 2.69 uM), on the “bridges” with the
phenyl ring (compounds 6a, K. = 1.07 uM and 6b,
K. =0.74 + 0.08 uM), led to an increase in the in-
hibitory effect of the compounds. This conclusion
coincides with the results of studies previously pub-

@ Br(OH B (}_Cko«mz)s@/ﬂj_<

1: R=H, (a-orto-isomer, 2: R=H,
b-meta-isomer, c-para-isomer); R=CH3 (d-f)
R=CH, (d-orto-isomer,
e-meta-isomer, f-para-isomer)
b R R
e /) N\ H
N O(CH,), N—N
>7NH2
NH 2 Hel HN
3: R=H, (a-c)
R=CH, (d-f)
: “F HO-C¢H,-OH O i b /©/
4: a-meta-isomer (a, b)
b-para-isomer
/©/O
/ : \
NH 2 HCI HN
6: (a, b)

Scheme 1. Synthesis of bisamidinohydrazones with 1,3-trimethylene linker (A) or hydroquinone linker (B).
Reagents and conditions: a) 1,3-dibromopropane, anhydrous K,CO, (CH),CO, reflux, 18 h; b,d) amino-
guanidine hydrochloride, EtOH, several drops HCI, reflux, 4 h; ¢) hydroquinone, anhydrous K ,CO,, DMAA,

heating at 90 °C, 12 h
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Table 1. Structure and physicochemical properties of synthesized bisaldehydes and bisketones

No Structure Yield, % M.p., °C | References
Compound
Bisaldehydes
2a 9\0/\/\(3)? 55 98-99 [21]
07 H o
2b H\”/©\o/\/\o©\’(H 57 57-58 [21, 22]
o} o}
O (@]
2¢ H)h dH 58 129-130 [20, 23]
o N
0
9y o}
5b /©/ 66 157-158 [24]
o}
o
Bisketones
2d o o)jij 57 103-104 [21]
O/\/\O
2e \[(©\O/\/\O©\H/ 62 91-92 [25]
o} o}
0 o}
of )m Q)k 56 126-127 | [20,26]
O/\/\o

lished by our group [17] and by other investigators of
guanidilated aromatic compounds [27].

Among the derivatives (3a-c¢) with the ami-
dinohydrazone group unsubstituted on the Me-
group, the most active inhibitor was compound 3b
(K. = 1.70 uM), which contains a positively charged
group in the meta-position relative to the linker.
The affinity to furin of ortho- and para-substituted
bisamidinohydrazones 3a and 3¢ were reduced by
approximately 1.6-fold in comparison with the me-

ta-isomer 3b. In a series of Me-substituted deriva-
tives (3d-f), the best inhibitor of the enzyme was the
para-isomer 3f (K. = 1.43 uM).

From the biological activity testing it was evi-
dent that the position of amidinohydrazone groups
in the aromatic rings was essential for the antifurin
activity. The effect of synthesized bisamidinohydra-
zones on furin depended also on the chemical nature
and hydrophobicity of the linker and on the substitu-
tion of the hydrogen atom for methyl in the amidino-
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Table 2. Structure and inhibition effects of synthesized bisamidinohydrazones

2 HCI

Iz

Compound Structure K, uM
O/\/\O
3a H H 286+ 0.76
HNYN\N/ 2 HCl \N,NYNH
NH, NH,
N
3b HN H/N\ 0r g z \mJ\NHz 170 £0.51
2 HCI
H H
3¢ NER s NH, 2.69 + 0.61
2 HCI
NH NH
HN" NH HN™ “NH,
N N
3d N 7 2.14
O~ ©
2 HCI
NH NH
3¢ HzNJ\N/N\ 0" "0 2 3.29 + 1.34
h H
2 HCl
HN H ~ = H NH
NN N
3t NH, o g NH, 1.43 £0.46
2 HCl
(@] X H NH
WSO NOROREY
’ NH
6a H,N ”/N\ o 1.07 +0.23
2 HCI
H_ N H (9)
2 \n/ \N¢\©\ /@/ \©\/ NH
6b* N o AN\ “NH 0.74 + 0.08

“The preliminary data are presented; *the data are taken from our work [18] and are given for comparison
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Fig. 2. Competitive (4), non-competitive (B) and mixed (C) mechanisms of furin inhibition by different bisami-

dinohydrazones

hydrazone group. These conclusions are supported
by Sielaff F. et al. [16] and our previous publications
[17, 18].

According to our data, most of the synthesized
bisamidinohydrazones inactivated furin by the
mechanism of mixed inhibition. Exceptions were
compounds 3a and 6a: the first was a non-competi-
tive inhibitor, and the second was a competitive in-
activator of furin (Fig. 2). Until recently, only single

examples of low-molecular non-competitive inhibi-
tors of furin were known. Now it became clear that
among bisamidinohydrazones there are many com-
pounds that are mixed inhibitors of furin. Additional
studies are needed to investigate the reasons for this
phenomenon.

A series of novel non-peptide inhibitors of furin
was designed and synthesized and their antifurin ac-
tivities were evaluated. From the results of the in-
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hibitory screening it was evident that the position
of the amidinohydrazone groups in the phenyl rings
was essential for the antifurin activity.

The inhibitory effect of synthesized bisamidi-
nohydrazones on the enzyme depended also on the
chemical nature and hydrophobicity of the linker and
on the substitution of the hydrogen atom for methyl
in the amidinohydrazone group.

It was shown that compound 3a is a non-com-
petitive inhibitor of furin, bisamidinohydrazone 6a
inactivates furin by the mechanism of competitive
inhibition, and the remaining compounds decrease
the activity of the enzyme in a mixed inhibition type.
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[MponporeinkonBepTaza GypuH BiAirpae Kio-
YOBY pOJIb y 0araThoX MaTOJIOTIYHUX IpoIiecax, Ta-
KX, HAPUKIIAM, K pak, OakTepiajbHi Ta BipycHI
3aXBOPIOBaHHS, HEWPOJETeHEPATUBHI MOPYLICHHS
ta niadber. ToMmy iHTiIOITOpH QypHHY MOXKYTH OyTH
0araTtooO0IIAIOUMMH TEPANCBTUYHUMHU 33ac00aMu
JUTS JTIKYBAHHSI [UX 3aXBOPIOBaHb. Hamu Oyi10 cuH-
TE30BaHO HU3KY HOBUX HENENTHIHUX 1HTI0ITOpIB
SH3UMY, SIKi MICTHJIM aMiJMHOTipa30BaHi TPYIIH,
10 3HAXOAMJINCS B OCH30IBbHUX KUIBLAX B Opmo-,
Mema- ab0 napa-TmoNIoKESHHSIX BIIHOCHO JIiHKepa. 13
pe3ynbratiB 0i0JOTIYHOTO TECTYBAaHHS BHILIWBAE,
110 MOJIOKEHHS aM1JIMHOT1APa30HOBUX IPYI B apo-
MAaTHYHUX KUIBLSIX ICTOTHO BIUIMBAJO Ha aHTH-
(ypUHOBY aKTHBHICTh CIIONYK. 3HaifjieHo, mI0
3aMiHa JIIHKEPIB, SIKI MICTHIIU MPOMOKCU-TPYITY, Ha
«MICTOK» 13 OCH30JIbHUM KiJIBLIEM, 00YMOBIIFOBajIa

10

picT iHriGITOPHOT AKTMBHOCTI IUX CMOJYK. [X BIIMB
Ha (YpHUH 3alie’)KaB TaKOX BiJ 3aMILICHHS aroma
BOJHIO B aMiJUHOTIIPa30HOBOMY YTpYINOBaHHI
Ha MeTWibHY rpyny. [lokazaHo, mo Imi cromy-
KH OJIOKYIOTh aKTHUBHICTh €H3UMY 32 MEXaHi3MOM
3MiNIaHOrO iHri0yBaHHs, a 3Hau4eHHs K. CHHTe-
30BaHMX 0iCaMiJIMHOTIIPA30HIB 3HAXOISATHCS Ha
MiKpOMOJISIPHOMY DiBHI.

KnwyoBi cmoBa: ¢ypuH, amiguHO-
rigpa3oHu, iHTiOiTOpH  QypuHY, MeEXaHi3M
1HTi0yBaHHSI.
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[MponporennkonBepraza  GypuH  Urpaer
KJIIOUEBYIO POJIb B Pa3BUTHU MHOTHX IaTOJIOTHU-
YEeCKHUX TMPOIECCOB, TAaKUX, HapuMep, Kak pak,
OakTepuaNbHble W BUPYCHbIC HMH(pEKINHU, HEUpOo-
JleTeHepaTHBHbBIC HapyIlleHus u quabet. B cBs3u ¢
3TUM UHTHOUTOPHI (pyprHA MOTYT OKa3aThCs MHO-
roo0eaIMi TePareBTHIECKUMH CPEJICTBAMHU
JUUIS JiedeHus 3TuX 3aboseBanuil. Hamu cuaTe3npo-
BaHO PsIJI HOBBIX HEMENTHJIHBIX WHTUOUTOPOB (y-
puHa, coAepKalluX aMUJIMHOTHUIPA30HOBBIE TPYII-
TIbI, HAXOAIIUECS B OCH30JIBHBIX KOJIBIIAX B OpMio-,
Mema- WA napa-nojI0KEHUSIX OTHOCUTENIBHO JIMH-
kepa. M3 maHHBIX OMOJIOTMYECKOTO TECTHPOBAHUS
CJIeZIyeT, 4TO TOJOXKEHHE aMHIMHOTHAPa30HOBBIX
TPYII B apOMaTHYECKHUX KOJIbLIAX CYIIECTBEHHO
BIIUSIJIO HAa aHTU(YPHUHOBYIO aKTUBHOCThH. Haiime-
HO, YTO 3aMeHa JJUHKEPOB, COACPKAIINX TPOMOKCHU-
TPYIIILY, HA «MOCTHK» C OEH30JbHBIM KOJIBIIOM TI0-
BbIIIIaJIa UHTHOUTOPHYIO aKTUBHOCTH COCTMHEHUH.
Wx BnustHue Ha QypuH 3aBUCHIIO TakKe OT 3aMe-
IIEHHUs] aTOMa BOAOPO/AA B aMHJIMHOTHIPA30HOBOM
TPYNIHUPOBKE HA METUIbHYIO Tpynny. IlokazaHo,
YTO 3TU COCTUHCHHUSI OJIOKUPYIOT aKTUBHOCTH DH3U-



T. V. Osadchuk, A. V. Semyroz, O. V. Shybyryn, V. K. Kibirev

Ma [0 MEXaHHU3My CMEIIAaHHOT'0 MHTMOUPOBaHMS, a
3Ha4YeHust K, HCCIIEIOBAHHBIX OrcaMHJIMHOTHIPA30-
HOB HaXOJSTCS HAa MUKPOMOJISIPHOM YPOBHE.

KnwoueBnie ciaoBa: (bypI/IH, AMHUJIHUHOI'U-

JIpa30Hbl, THTHOUTOPHI (pyprHA, MEXaHU3M HHTH-

OMpOBaHUS.
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