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Aim. Synthesis of polymeric surfactants combininghydrophobic fluorine-containing and
hydrophilic synthetic and natural blocks via radical and non-radical reactions using peroxide,
epoxide and/or amino-terminal groups of the polymeric elementary blocks. Methods. Radical
and non-radical condensation reactions, polymerization, spectral (NMR- and luminescence
spectroscopy), gel-permeation chromatography and other analytical techniques. Results.
Primary poly(F-MA)-MP oligomers were synthesized via radical polymerization of fluorine-
alkyl methacrylate (F-MA) in the presence of peroxide-containing telogen (MP). This allows
to control the oligomer chain length and architecture as well as insert a terminal peroxide
group in the macromolecules. Radical polymerization of vinylpyrrolidone (NVP) initiated by
poly(F-MA)-MP as the macroinitiator in the presence of epoxide-containing derivative of
cumene (CGE) was used to obtain water soluble poly(F-MA)-block-poly(NVP)-CGE. Finally,
oligonucleotide (ONC) was attached by condensation reaction of ONC primary amino group
with the terminal epoxide group of the poly(F-MA)-block-poly(NVP)-CGE. Conclusions.
A series of novel block/comb-like copolymers with synthetic and natural parts was synthesized.
Obtained tri-block copolymers can be used as markers for labelling bacteria and pathological
cells including cancer cells.
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Introduction

Among functional surfactants used for bio-
medical purposes the water soluble polymers
of comb-like and block structures assume ever
greater importance as carriers of the drugs and
nucleic acids due to their ability to bind bioac-
tive substances including water insoluble
drugs, to form highly stable systems providing
their addressed delivery to organ-target, to
protect drugs from damage during transporta-
tion, prolong therapeutic efficiency, and reduce
their toxicity [1].

Such drug delivery systems are widely used
for immobilization of hydrophilic or hydro-
phobic drugs, peptides, vaccines, oligonucle-
otides via various mechanisms, solubiliza-
tion [2], and formation of hydrogen bonds [3],
electrostatic interactions [4] or covalent bind-
ing [5] with polymeric carriers.

Unique properties of fluorine-containing
polymers caused the rapid growth of their
studies in various areas. Fluorinated fragments
and chains of polymeric surfactants are more
hydrophobic in comparison with their hydro-
carbon counterparts [6]. Amphiphilic copoly-
mers containing fluorine-alkyl chains were
tested successfully as carriers for nucleic acid
delivery as well as for labeling cells and mi-
croorganisms [7, 8]. Amphiphilic fluorine-
containing copolymers are perspective as car-
riers for drug delivery systems [9] or contrast
agents for magnetic resonance imaging [8, 9].

Purposeful application of functional poly-
meric surfactants demands controlling their
structural, molecular-weight characteristics
and functionality that define their efficiency
for drug and nucleic acid delivery and release,
overcoming blood-brain barrier and acquired
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resistance to drug action. Thus, the tasks of
tailored architecture copolymers conscious
synthesis are still topical.

Novel route of the synthesis and properties
of fluorinated polyamphiphils of comb-like/
block structures including blocks of natural
origin via combination of radical and non-
radical condensation reactions of polymer
functional terminal groups are considered in
the paper.

Materials and Methods

Monomers. N-vinyl-2-pyrrolidone (NVP)
(Merck) was purified by vacuum distillation
or glass column rectification and its character-
istics coincided with the referred in [10].
2,2,3,3,4,4,5,5-octafluoropentylmethacrylate
(F8-MA) (Aldrich) was synthesized in the
Institute of Organic Chemistry of NAS of
Ukraine and used without further purification.

Initiator: 2,2'-Azobis(2-methylpropionitrile)
(AIBN) (Aldrich) was purified by recrystalliza-
tion from methanol. The melting point T, after
recrystallization was 378-379 K.

Chain transfer agents: 1- isopropyl-3(4)-[1-
(tert-butyl peroxy)-1-methylethyl] benzene
(MP) was synthesized from tert-butyl hydro-
peroxide and 2-(4-isopropylphenyl)-2-propa-
nol in acetic acid medium as described ear-
lier [11]. 2-{[(4-isopropyl benzyl)oxy]methyl}
oxirane (CGE) was synthesized from cumene
alcohol and described earlier (Fig. 1) [12].

Oligonucleotide C6-EUB338-Fam-6.
Universal bacterial probe Eub338 FITC, green
fluorescence, sequence - 5’- GCT GCC TCC
CGT AGG AGT -3’ (molecular mass-6000 Da)
was given from Biomers Pte Ltd. Probe EUB
338, which is complementary to a portion of
the 16S rRNA gene conserved in the domain
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4 CH,4 CH; CH;

CH, CH,
Fig. 1. The structures of MP (4) and CGE (B)

CH;

Bacteria, was used to visualize the entire bac-
terial population in the specimens [13]. With
the universal bacterial probe EUB 338-FITC,
bacteria could be detected by FISH technique
(Fluorescence In Situ Hybridization) [14].

Solvents were used after purifications ac-
cording to the techniques described [15].

Block/comb-like poly(F8-MA)-block-
poly(NVP)-CGE copolymers were synthesized
via three-stage polymerization, namely:

1) Telechelic oligoperoxide macroinitiators
poly(F-MA)-MP were obtained by polymeriza-
tion of macromer ([F-MA] = 1.5 mol/l) using
AIBN (JAIBN] = 0.03—-0,1 mol/l) as initiator
and MP ([MP] = 0.15-0,62 mol/l) as chain
transfer agent in dry dioxane at 343K.
Macromer conversion was measured using
dilatometric and gravimetric techniques [16].
After being cooled to room temperature, the
mixture was concentrated, dissolved in acetone
and several times purified by precipitation into
hexane. The polymer was dried under vacuum
at 323 K till a constant weight. After polym-
erization the resulting polymer samples were
fractionated via dialysis technique using semi-
penetrating membranes MILLIPORE (GSWP,
0.22mm) possessing capability 12 000 Da or
via technique of fractional precipitation.

2) For the synthesis of poly(F-MA)-block-
poly(NVP)-CGE macroinitiator poly(F-MA)-
MP ([-O:0-] = 1.6-7.8 mol/l) was dissolved
in dry dioxane, NVP ([NVP] = 1.5 mol/l) and

B

| . o
HC O—O—l—CH3 H?_O_/ _V
H, O

C

CGE ([CGE] = 0.18 mol/l) were added to the
solution. The reaction mixtures were charged
into calibrated dilatometers; dilatometers were
cooled, vacuumed, purged with argon and
heated for 6-8 h at 363K. Monomer conver-
sion was determined using dilatometric tech-
niques. After polymerization [the] reaction
mixtures were cooled, dried, dissolved in ac-
etone, multiply purified by precipitation into
hexane and dried again under the vacuum till
constant weight. Then [the] resulting block/
comb-like copolymers were purified from the
macroinitiator poly(F-MA)-MP.

3) The synthesis of poly(F-MA)-block-
poly(NVP)-CGE-block-oligonucleotide was car-
ried out in water at 293 K. 0.0025 g of poly(F8-
MA)-block-poly(NVP)-CGE copolymer was
dissolved in 0.5 ml of water. Then 0.05 ml of
aqueous solution of oligonucleotide C6-EUB338-
Fam-6 ([C6-EUB338-Fam-6] = 0.00015 mol/l)
was added dropwise to the polymer solution
under constant stirring. The system was kept for
48 h at 293 K for condensation reaction. The
obtained poly(F8-MA)-block-poly(NVP)-CGE/
C6-EUB338-Fam-6 conjugate was purified from
unreacted oligonucleotide by dialysis method.
Aqueous solution of [the] reaction product was
loaded to cellulose membrane (pore size —
14 kDa) and dialyzed for 48 h at 293 K.
Experiment was conducted without light access.
The molar ratio of epoxy-containing compounds
to substances with amino group was 10:1.
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Conversion of the monomers (S) was mea-
sured using dilatometric method [16]:
S = -(DV/(Vxk))x100 %, where V — initial
monomer volume at the defined temperature,
ml; DV — a volume change after the defined
period, ml; k — an average contraction con-
stant for the monomer at the defined tempera-
ture [17], and controlled using [of] gravimetric
technique. The rate of polymerization R, (mol/
(I's)) was determined on [the] stationary sec-
tion of kinetic curve of total change of mono-
mer conversion in time [16] in coordinates
S — 1. Effective rate constant of polymeriza-
tion (K,,,) was calculated from the equation:
R, = K, [I]{[M]®, where [I] is the concentra-
tion of MP fragments, [M] — the monomer
concentration [17].

The determination of relative constants of
chain transfer to telogen (Tn), MP (Cyp), was
carried out using equation 1/P, = 1/
(Pp)o + Crg ([Tn]/[M]) described in ref. [18],
where P, is polymerization degree at definite
content of Tn, (P,), is polymerization degree
of polymer synthesized without Tn. Thus Cr,
can be determined from inclination of the lin-
ear dependence 1/P, on [Tn]/[M]. The con-
stants of chain transfer to telogen (ky,) are
calculated using equation ki, = k" Cr,, where
k, is a constant of the propagation rate.

Analytical techniques

The content of terminal MP fragments in co-
polymer molecules was calculated from the
results of gas-liquid chromatography determi-
nation of the acetone and tert-butyl alcohol —
final products of the peroxide group decom-
position in isokinetic point at 473K [19]. The
content of terminal CGE fragments in copoly-
mer molecules was calculated from the results
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of determination of epoxide groups via back
titration of residual HCI with KOH.
Content of NVP links (A,%) was calculated

using equation 4 = (a-m,) A from results of

Nitrogen content determination by elementary
analysis [16], where a is Nitrogen content (%),
m; — molecular weight of NVP.

The determination of copolymer molecu-
lar weights

Molecular weights of copolymers were deter-
mined by gel-penetration chromatography [20]
using ,,Waters GPC/HPLC” equipped with
Styragel columns, tetrahydrofuran (TGF) was
used as eluent; elution rate was 0.5 ml/min.

IR-spectra of the copolymers were recorded
on the device Specord —M80 in tablets with
KBr, in petrolatum dispersions or in the films
deposited from THF solution [21]. NMR spec-
tra were recorded on spectrometer 'H and '3C
Varian-VXR-300 with working frequency
299,943 MHz in the solutions of deuterated
solvents.

Surface tension of the solutions was mea-
sured using device PPNL-1 (Ukraine) by the
measurement of maximum bubble pres-
sure [22].

Measurement of particle size

The hydrodynamic radii of the micelles were
studied by dynamic light scattering (DLS) on
DynaProNanoStar (Wyatt Technology, Santa
Barbara, USA) at 298 K.

Results and Discussion

The developed approach to the synthesis of
block-copolymers consists of consequent stag-
es of radical and condensation reactions of
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terminal functional groups according to the tion is obeyed to reverse dependences of the
presented scheme (Fig. 2). polymerization rate and molecular weight of

As evident from the scheme (Fig. 2) the resulting polymers on MP concentration
polymerization of F-MA macromers in the (Table 1) due to the transfer and linear termi-
presence of MP provides the formation of nation of growing chains due to the interaction
comb-like polymers containing side fluorine- with MP molecules. The values of polymeriza-
alkyl chains and terminal peroxide fragment tion orders rates in respect of initiator concen-
as it was shown earlier [23]. The polymeriza- tration (0.8-0.9) and high value of the chain

.0 SR Fragmentof MP "
CH; free radical 3 CH; CH: CHy i
I polymerization I : I :
H,C=C — C C C—0+0—C—CHy
L initiator - AIBN | s |
(IK_O chain transfer agent - MP I_O (’H3 CH; CHj
CH, 1.4-dioxane, 343 K CH,
| [ free radical
((I:Fz)m (%Fz m polymerization
H H monomer - NVP
chain transfer agent - CGE
1.4-dioxane, 363 K
(Block A, . Fragmentof MP _ __BlockB... .......... Fragment of CGE
i CH;iiCH; CHj i ii CHy 0
H2 17 | i ii] :
T oo |
(|?=O CH; CH; N_ _OCH; 0
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ﬂl Block A Block B H,0, 298 K
)
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H Rf: amino acid, oligonucleotide, peptide WO

Fig. 2. General scheme of the synthesis of block amphiphilic copolymers based on poly(fluoroalkyl methacrylate)s
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Table 1. Kinetics of F8-MA polymerization ([mon]=1.5 mol/l, initiator — AIBN, 343 K, dioxane) and
poly(F8-MA)-MP characteristics

[AIBN], f an average ki, l/molexs
[MP]’ I?Ol/l mol/l in R, 104, Koo' 103, . M™, MP c;)ntent functionality in chtain transfer
n rea;c ron reaction mol/l's 1/(mol-s) ¢ kDa 1n1po }llmeﬁ/ respect of MP to MP
system system molecules, 7 end fragment constant™*
0.03 3.83 7.1 4.2 -
0.06 5.81 6.7 4.5 1.12
0.15 6.20 0.81
0.08 7.55 - -
0.10 10.7 — -
0.03 1.25 7.4 4.03 — 49.8
0.06 2.31 5.9 5.1 1.18
0.38 3.24 0.93
0.08 3.00 5.4 5.55
0.10 3.92 4.7 6.27
0.62 0.06 2.07 - - 43 6.9 1.18

‘o — reaction order by initiator ™ GPC results; ""k,= 809 for butyl acrylate at 343K used for calculation

transfer constant (Table 1) confirm the transfer
of growing chains to MP. It is evident that the
amount of oligomer molecules containing ter-
minal peroxide group increases with an in-
crease in concentration of MP. An average
functionality in respect of MP fragments of the
polymers after fractioning confirms entering

one terminal peroxide group in accordance
with the scheme (Fig. 2).

On the second stage poly(F-MA)-MPs were
used for initiation of polymerization of NVP
to provide the formation of water soluble poly-
amphiphils of comb-like/block structures con-
sisting of hydrophobic poly(F-MA) and hy-

Table 2. Kinetic characteristics of NVP polymerization initiated by poly(F-MA)-MP ([NVP]=1.75 mol/l,
[CGE]=0.18 mol/l, 363K, dioxane) and poly(F-MA)-MP-block-poly(NVP)-CGE characteristics

M, of [CGE] in Content of Composition of the block-copolymers, % mole
3 i i 104
er)z(ilﬁ\il’, rsc;iitelr(r)ln gielfg:,ulig% m%ie}g"s) Block A Block B [ng]niintt)ﬁ)fck- My, kDar
kDa mole/l mol/l poly(NVP) copolymers

5.01 3.47 22.0 77.82 0.18 25.0
5,5 3.34 2.37 0.9 24.7 75.1 0.20 223
1.67 1.44 19.4 80.44 0.16 28.4
0.18 6.76 4.18 14.7 85.15 0.15 293
4.51 2.12 0.8 12.1 87.78 0.12 354
43 2.25 1.36 11.6 88.28 0.12 37.1
’ 0.35 1.84 14.7 85.11 0.19 29.3
0.53 4.51 1.70 - 19.2 80.6 0.20 22.4
0.88 1.20 22.7 77.07 0.23 18.9

*calculated from GPC data
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drophilic nonionic polymer blocks. The po-
lymerization carried out in the presence of
CGE causes entering terminal epoxide-con-
taining fragment (Tables 2).

It is evident (Table 2) that the results of po-
lymerization of NVP initiated by peroxide-ter-
minated poly(F-MA)-MP correspond to the
known regularities of radical polymerization, an
increase of the polymerization rate at increased
concentration of initiating terminal peroxide
groups. The concentrations of initiating MP
fragments and chain transfer agent are the main
factors defining the rate and degree of the po-
lymerization (Table 2). High value of the con-
stant of transfer of growing NVP chains to CGE
molecules (26.7 /moles) causes their predomi-
nant termination via growing chain transfer reac-
tion. Polymerization carried out in the presence
of chain transfer agent provides the controlling
rate and degree of the polymerization and
amount of copolymer molecules containing ter-
minal CGE fragments (Table 2). The values of
orders of polymerization rates in respect of con-
centration of initiating peroxide groups as well
as reverse dependences of molecular weights of
hydrophilic poly(NVP) blocks on CGE concen-
tration witness to the termination of the growing
chains due to their transfer to telogen molecules.

Elemental and functional analyses were
used also for determination of functional
groups in the attached block of poly(NVP) and
terminal epoxide fragment of CGE (Table 2).

The 'F (a) and 13C (b) NMR spectra of
resulting telechelic polymers contain charac-
teristic peaks confirming the formation of
oligomer molecules of poly(F-MA) with ter-
minal fragment of MP (Fig.3) as well as func-
tional structure of di-block-copolymers con-
taining terminal epoxide group.

The epoxide terminal group availability in
the molecules of poly(F-MA)-block-
poly(NVP)-CGE provides easy and convenient
route for the synthesis of hybrid block-copo-
lymers combining synthetic block and block
of oligonucleotide attached via condensation
reaction of terminal epoxide group of di-block-
copolymer with amino group of ONC linker
(the scheme in Fig. 2).

An excitation and emission bands in lumi-
nescent spectra (Fig.4) proper to FITC frag-
ment in the structure of ONC of tri-block-
copolymer confirm the successful attachment
of ONC via condensation reaction of ONC
amino group with terminal epoxide group of
di-block-copolymer.

It can be concluded that hybrid tri-block-
copolymer is of interest as a marker for label-
ing bacteria and pathological items including
cancer cells.

Conclusions

Polymeric surfactants consisting of branched
fluorine-containing and linear hydrophilic
poly(NVP) and biopolymer blocks were syn-
thesized via the consequent radical and con-
densation reactions of polymer terminal per-
oxide or epoxide groups included in a product
of polymerization in the presence of proper
functional derivatives of cumene.

The established dependences of polymer
chain length and structures as well as content
of functional terminal groups in oligomer mol-
ecules as a result of polymerizations occurred
in the presence of the cumene derivatives as
telogens witness to the convenient and simple
approach of the controlling structures, colloi-
dal-chemical characteristics and bioactivity of
the developed polymeric materials.
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Fig. 3. NMR-spectra of poly(F-MA)-MP ("°F and 13C — a, 'H — b, line I) and poly(F-MA)-block-poly(NVP)-CGE
("H — b, line II)
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absorbance, a.u.

400 500 600 700
A, nm

Fig. 4. Fluorescein excitation (440nm) (1) and emission spectra (550nm) (2) of fluorescein and tri-block-copolymer
poly(F-MA)-block-poly(NVP)-block-Eub338FITC (a) and images of bacteria Pseudomonas putida labelled with tri-

block-copolymer made on luminescent microscope (b)

Finally oligonucleotide (ONC) was attached
via the condensation reaction of ONC primary
amino group with terminal epoxide group of
di-block-copolymer.
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DTop-BMicHi mosiam@pidinu 6a04H0I OynoBI
CKJIaJleHi 3 CHHTeTHYHHUX Ta 0io- mosgiMepHuX
0s10KiB

O. JI. ITarok, H. €. Mitina, O. C. M’sarkora,
K. A. Bonsnrok, H. Mycar, I'. 3. Ctpuraniok,
O. B. Pemrernsik, H. I. Kinam, O. I. T'eBycs,
10. I. lllepmomoBuy, O. C. 3aideHKo

Mera. LlinecnpsiMoBaHe onep>kaHHsS MOJIIMEPHHUX I10-
BEPXHEBO-aKTMBHUX PEUOBHH, SIKi TTOETHIOIOTH TiIpodo0-
Hi (pTOpBMICHI Ta TiJPOdiIBLHI CHHTETHYHI Ta HaTypaJIbHi
0JI0KH, 32 JOTIOMOTOI0 PaJUKaIbHUX Ta HepaJUKaJIbHUX
KOH/ICHCAIIIHHNX PEaKIliif 3 BUKOPHCTAHHIM MTEPOKCHIHUX,
CIOKCHUIHUX, Ta/ab0 aMiHO- KIHIIEBUX IPYIl Y CKJIAIl MO-
JIMEpHUX eJIeMeHTapHUX OnokiB. Metommn. PamukampHi
Ta HepaauKaJIbHI PeaKIii, oJiMepu3altisi, CIieKTpabHi
(SIMP- Ta JrOMIHECIICHTHA CIIEKTPOCKOIIIs), I'elib-TIPO-
HHMKHa XpoMmatorpadist Ta iHIII aHAJTITHYHI TEXHIKH.
Pe3yasbratu. [lepsunni omiromepu nomi(F-MA)-MIT cun-
TE3yBaJIM IUISIXOM PaIlKaIbHOI oiMepu3arii (hrop-aikii
metakpuiary (F-MA) y nIpucyTHOCTI TEpOKCHIBMICHOTO
tenoreny (MII). Buxopucranas MI1 3abe3medye KOHTPOIHb
JIOBXKHHU Ta CTPYKTYPH OJIITOMEPHHX JIAHITFOTIB, & TAKOXK
BXOJDKEHHSI KIHIIEBOT TIEPOKCHIHOI TPYIH 10 CKJIATy Ma-
KpoMmonekyn. PamukanpHa monimepunsariis N-BiHUTITIpO-
ninony (NBII), ininifioana nomi(F-MA)-MIT sik makpo-
IHIIIaTOPOM, Y ITPUCYTHOCTI EIIOKCHBMICHOI ITOX1JTHOT
kymony (KT'E) Oyma BuKoprcTaHa Tt OTpAMAaHHS BOIO-
pozunnnoro noii(F-MA)-6nok-noni(NBIT)-KT'E. B kin-
LIeBOMY pe3yJIbTari, IpreHaHHs ojironykieoruay (OHK)
JT0 TIOJIIMEPHOTO HOCIs OyII0 3MIIICHEHO PeaKIli€to KOHICH-
caii nepuHHOT amiHorpyrnu OHK 3 KiHIIEBOIO €rOKCH/I-
Hoto rpynoro nomi(F-MA)-onok-nomi(NBIT) — KTE.
BucnoBku. CHHTE30BaHO CEpPit0 HOBHX OJIOK-KOTOIIIMEIB,
110 TIOETHIOIOTh CHHTETHYHI Ta Glonosimepu. OTprMai
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TPHUOIIOK-KOTIONIIMEPH MOXKYTh OYTH BUKOPHCTaHI B SIKOC-
Ti MapKepiB Il MideHHsT OakTepii Ta IMaToJIOTTIHUX,
BKJIFOYAIOYN PAKOBI, KITITHH.

KawuoBi caoBa: ¢proposani momiamdidisam, omiro-
HYKJICOTH /I, Pa/IMKAJIbHI Ta KOHJICHCALIHHI peakuil, riopui-
HUH OJI0K-KOTIOMiMep, MIYeHHST OaKTepii.

dTop-conep:kamue noJauaMpudpniibi 0JJ04UHOH
CTPYKTYPbI COOpPaHHbIE U3 CHHTETHYECKHX M OHO-
NMOJHMEPHBIX 0JI0KOB

O. JI. ITarok, H. €. Murtuna, O. C. Msrkora,
K. A. Bonsiaiox, H. Myecar, I. 3. CrpuraHiok,
A. B. Pemetnsik, H. 1. Kunam, O. 1. T'eBycs,

1O. T'. llepmonoBuy, A. C. 3andeHko

Ieas. LlenenanpasneHHOE NOMy4Y€HHE TOIMMEPHBIX MO-
BEPXHOCTHO-aKTUBHBIX BEILIECTB, COUETAIONINX (PTOPHPO-
BaHHbIE THAPO(OOHBIE ¥ THAPOPHUIbHBIC CHHTETUYECKUE
1 HaTypaJIbHbIC OJIOKH, METOaMH PaJUKaIbHBIX U HEepa-
JIMKAJIBHBIX KOHJIEHCALMOHHBIX PEaKLHi ¢ UCIOJIb30Ba-
HHUEM KOHIIEBBIX IEPOKCUJIHBIX, STIOKCUIHBIX W/HIIH aMU-
HO- TPYII MEPBUYHBIX IOJMMEPHBIX OJIOKOB. MeToasl.
PanykanbHble M HEPAaOUKAIbHBIE PEAKIUH, TIONAMEPU3a-
1y, cekrpanabHas (SIMP- u mroMHuHecCIieHTHast CIeKTPo-
CKOMMS), TeTb-IIPOHUKAIONIAsT XpoMarorpadust u apyrue
aHanuThyeckre Metonsl. Pesyabrarsl. [lepBrunbie onu-

romepsl momu(F-MA)-MII cuHTe3upoBay ImyTeM paiu-
KaJIbHOHM TionmuMepu3aiuu rop-ankmwiMverakpuiara (F-
MA) B mpUCYTCTBUU MEPOKCUJICOAEPIKAIIETO TEIOoTeHa
(MII). UcnonrszoBarnne MII obecrieanBaeT KOHTPOIIb
JUINHBI U @PXUTEKTYPbI OJTMTOMEPHOH 1IETIH, a TAKXKE BBE-
JIeHHEe KOHIIEBOI MEePOKCHIHON TPYIIBI B COCTaB MAaKpO-
MoJieKyll. PajmkanbHas nonmmepusanusi N-BUHIIIIHP-
pommmona (NBII) B mpuCyTCTBHM 3TOKCHIICOACPIKAIICH
niponsBoaHoN kymoda (KI'D), mHunmupyemast MakpouHH-
uaropoM momu(F-MA)-MI1, Obuta nprMeHeHa 1is 1o-
my4enus Bogopactsopumoro nomu(F-MA)-6mox-momm(N-
BIT)-KI'D. Haxonern, onuronykieorna (OHK) 6wt pu-
COE/IMHEH K IMOJIMMEPHOMY HOCHTEIIO MTOCPEACTBOM pe-
aKIMU KoHJeHcanuu nepBudHor amuHOrpymnmsl OHK ¢
KOHIIEBOW »riokcuHOoN Tpymmoi nomu(F-MA)-6mok-no-
mu(NBIT)-KI'D. BeiBoabl. CHHTE3UpOBaH sl HOBBIX
0JI0K-COTIONMMEPOB COYETAIOIINX CHHTETHIECKUE U OHO-
nosuMepsl. [TomydeHHbIe TPUOIOK-COTIOIMMEPBI MOTYT
OBITh UCIIOJIL30BAHBI KaK MAapKepPbI Il MEUEHHs OaKTepuii
1 TIaTOJIOTMYECKUX, B TOM YHCIIE PAKOBBIX, KJIETOK.

Knouesnie cioBa: GropupoBannsie nomampudu-
JIBI, OJITOHYKJICOTHT, PAIKAIIbHBIC ¥ KOHICHCAIOHHBIS
PpeaKLyu, THOPHIHBIN OJIOK-CONONIMMED, MEUCHHE OaKTEPHii.

Received 30.04.2018

217



	_GoBack

