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Aim. To the determine DNA interaction modes for a series of 1,4-dihydropyridines with dif-
ferent biological activities synthesized in the Latvian Institute of Organic Synthesis. Methods.
Affinity of the compounds to DNA was detected by UV/VIS spectrometry and re-proofed by
means of spectrofluorimetry, EBr extrusion assay, cyclic voltammetry and DNA melting.
Radical scavenging was tested by electron paramagnetic resonance spectroscopy, peroxynitrite
binding was monitored spectrophotometrically, protection of DNA against hydroxyl radical
was determined by gel electrophoresis. Results. In a series of water-soluble monocyclic de-
rivatives of 1,4-dihydropyridine with carboxylate groups in position-4 the different affinity to
DNA was determined mainly by substituents in positions 3 and 5. 1,4-DHP with ethoxycar-
bonyl groups in positions 3 and 5 (AV-153) manifested high affinity to DNA. Strong effects
were observed in the spectra of tricyclic fused derivatives (PP-150-Na and PP-544-NH,).
Unlike AV-153, J-4-96 did not extrude EtBr from the complex with DNA, this indicates bind-
ing to minor groove. Ability of PP-544-NH, to intercalate DNA molecule was proved electro-
chemically and by DNA melting. No correlation between affinity of a 1,4-DHP to DNA and
capabilities of the compound to bind peroxynitrite, to scavenge hydroxyl radical or to protect
DNA against the above radical were observed. Conclusions. DNA-binding activities of 1,4-DHP
are evidently determined by groups in positions 3 and 5. Tricyclic fused 1,4-DHP derivatives
are also good DNA binders. Ability to interact with DNA does not correlate with other effects
produced by the compounds.
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Introduction

Synthetic derivatives of 1,4-dihydropyridine
(1,4-DHP) possess important biochemical and
pharmacological properties. They show mod-
ulating effect on cardiovascular and neuronal
processes as well as anticancer, geroprotective
and radioprotective effects. Some 1,4-DHP
manifest antimutagenic activity and anticlas-
togenic effects and stimulate DNA repair [1-
4]. Lacidipine, ramipril and valsartan protect
DNA against oxidative damage in the heart
infarction zone [5]. 1,4 DHP can act also as
free radical scavengers [6, 7] and increase
bioavailability of nitric oxide [7]. Another
group of 1,4-DHP derivatives generates DNA
breaks, via radical or other mechanisms [8].
1,4-DHP with positively charged groups are
used as vectors for DNA delivery inside the
cells [9]. Most biological effects of this class
of the compounds are usually ascribed to
blocking calcium channels, this can lead to
multiple biological effects following different
intracellular pathways, resulting in weakening
of oxidative stress [10].

However, in the present investigation we
have focused our attention on a group of 1,4-
DHP derivatives considered to be “unusual”.
These are the water soluble molecules with no
or very weak blocking activity towards cal-
cium channels. Some of them manifest differ-
ent biological activities. Our recent results
revealed DNA binding capacity of another
water-soluble 1,4-DHP , the antimutagene
AV-153 [11] and some other 1,4-DHPs [12].
Aim of the present work was to reveal struc-
ture-functional relations of DNA-binding ca-
pacity of water-soluble1,4-DHPs, to study the
mode of the compound and DNA interactions
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of the most active compounds and to compare
DNA-binding capacity with other activities of
the compounds.

Materials and Methods

Chemicals

Water-soluble derivatives of 1,4-DHP were syn-
thesized in the Laboratory of Membrane Active
Compounds of the Latvian Institute of Organic
Synthesis. The compounds structures are given
in Table 1. Tris base, sucrose, ethidium bromide,
acridine orange, Triton-X-100, ethidium bro-
mide (EtBr), Na,EDTA, LiCl, NaCl, CaCl, and
other inorganic salts were purchased from
Sigma-Aldrich. 2-mercaptoethanol was obtained
from Ferak Berlin, sodium dodecyl sulphate was
supplied by Acros Organics, isoamylic alcohol
was obtained from Stanlab, and 6xOrange load-
ing solution, RNase A and Proteinase K were
purchased from Fermentas. Peroxynitrite was
synthesized as described [13].

Isolation of DNA

The pTZ57R plasmid was isolated from
Escherichia coli DH5alpha strain transformed
with this plasmid, sonicated and purified es-
sentially as described [11].

UV/VIS spectroscopic measurements

UV-VIS spectra were recorded with a Perkin
Elmer Lambda 25 UV/VIS spectrophotometer
in the absence of DNA and in the presence of
increasing amounts of DNA in 5 mM NaCl
and 5 mM Tris HCI at pH 7.4 or other buffer.
A 30 uM solution of the tested compound was
diluted out of a 1 mM stock solution in the
buffer in a quartz cell (2 ml). A reference cell
was filled with 1 ml of the buffer. The mixture
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was stirred thoroughly and titrated by 1.2 mM
DNA solution, 10 pM each time to both sam-
ple and reference cells. DNA molar concentra-
tion was calculated on the basis of absorbance
of the solution at 260 nm and molar extinction
coefficient for DNA. Spectra were recorded in
the 400-200 nm interval at room temperature.

Binding constants were calculated by
applying the formula

R 1
K x Ay x Cpna

Ag—A A,

according to [14], where A is absorption of the
free substance, A is absorption in [the] presence
of DNA, and cpy, 1s DNA concentration.

Fluorescence spectroscopic measurements

Spectrofluorimetric analyses were performed
on a Fluoromax-3 (Horiba JOBIN YVON).
Fluorescence spectra of a 25 uM solution of the
1,4-DHP in 5 mM Tris HCI; 5 mM NacCl at pH
7.4 or other buffer were recorded over a range
of 240—700 nm at an excitation wavelength of
350 nm. DNA was sequentially added up to 225
uM, 10 uM at each step until saturation. EtBr
displacement assay were carried out as de-
scribed [11], with minor modifications: fluores-
cence intensity of the DNA-EtBr complex was
recorded at 600 nm using an indirect excitation
wavelength of EtBr at 260 nm.

The melting temperature

The melting temperature (Tm) of DNA and
1,4-DNA complexes was determined by record-
ing absorbance values at 260 nm at different
temperatures on Unicam SP 1800 Ultraviolet
Spectrometer (USA) using SP 876 Series 2
Temperature Programme Controller device and

a 1 cm path length cell. Temperature was in-
creased for 0.5 °C per minute from the room
temperature up to 100 °C. The absorbance was
recorded at 1 min, 2 min or 5 min intervals
depending on intensity of changes in the given
temperature range. The 50 uM solutions of
DNA and the tested compounds were prepared
in 50 mM Tris-HCI, 50 mM NacCl pH 7.4.

Cyclic voltammetry

Voltammetric experiments were performed
using an EcoChemie Autolab PGSTAT 302T
potentiostat/galvanostat (Utrecht, The
Netherlands) with the electrochemical software
package Nova 2.0. A three-electrode system was
used: a 2 mm-sized Pt disk working electrode,
an Ag/AgCl reference electrode (3 M KCI) and
a Pt wire counter electrode. Electrodes were
purchased from Metrohm Co (Herisau,
Switzerland). 1,4-DHP solution was added to
0.1 M Tris-HCI (pH = 7.4) solution up to a final
concentration 5 mM, and voltammograms were
recorded. After that 10 uM of DNA was added
to solution and measurements were repeated.
The step was repeated at least twice. A scan rate
of 100 mV/s was used throughout the experi-
ments. All electrodes were washed with double
distilled water prior to each measurement.
Oxygen-free nitrogen was bubbled through the
solution for 5 min before each experiment. All
experiments were carried out at 25 °C.

The binding constant was determined
according to the following equation:

IOg (I/DNA) = log (K) + log [Ifree/ (Iﬁ'ee - Ibond)]a
where K — the apparent binding constant; I, —
the peak current of free compound; and Iy, ,,q —

the peak current of compound in the presence
of DNA (Feng ef al. 1997).
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The number of the binding sites was deter-
mined according to the equation:

(I — Ipna)Ipna = K [DNA]/2s

where I — the peak potential of compound in
the absence of DNA; A, Ipya — the peak po-
tential of compound in the presence of DNA;
A, K — the binding constant of compound-
DNA complex; [DNA] — concentration of
DNA, mol/L; s — number of binding sites
(Aslanoglu 2006; Carter et al. 1989).

The number of electrons (n) was calculated
using equation:

Ep — Ep/2 =47.7 mV/an

where Ep — peak potential of compound, mV;
Ep/2 — half wave potential of compound, mV;
o — the assuming value = 0,539; n — number
of electrons [10].

Fenton reaction — DNA protection assay

pTZ57R DNA was treated with 0.003% hy-
drogen peroxide and 0.01mM iron(II) sulphate
in PBS for 30 min at 37°C. Induction of single-
strand breaks was monitored by electrophore-
sis in agarose gels in neutral conditions fol-
lowing conventional protocols. Briefly, 0.2 ng
of DNA was incubated with hydrogen peroxide
and iron(II) sulphate in the presence or absence
of 1,4-DHP at room temperature. Following
incubation, the samples were mixed with
6xOrange loading solution and loaded onto
0.8% agarose gel containing 40 mM Tris,
20 mM sodium acetate and 2 mM EDTA and
electrophoresed in a horizontal slab gel ap-
paratus in Tris/acetate/EDTA gel buftfer at 30V.
Results were presented as percentage of super-
coiled and open circular DNA ([15]). Data
were normalized according Kolmogorov-
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Smirnov, statistical analysis was performed by
one direction ANOVA and Tuckey post-test.

Fenton reaction — ESR measurements

Trapping of hydroxyl radical was performed
by 5,5-dimethylpyrroline-N-oxide (DMPO)-
spin trap. Details were published before [16].

UV/VIS spectroscopic measurement
of peroxynitrite decomposition

The rate of peroxynitrite (0.38 mM) decom-
position, in the presence or in the absence of
the 1,4-DHP (0.16 mM) was followed at
302 nm (absorbance peak for the peroxynitrite
anionic form) in 10 mM Tris, pH 10, buffer on
Perkin Elmer Lambda 25 UV/VIS spectropho-
tometer [17]. The average rate of reactions was
calculated with V = = ((C, — C)) /
(t, — t;)) = £ (AC/ At) C; — concentration of
peroxynitrite in the beginning of reaction, C, —
concentration of peroxynitrite at the end of
reaction; At: 20 min.

Results and Disussion

Absorption studies

Absorption titration was carried out to monitor
the interaction of the compounds with soni-
cated plasmid DNA. In a series of water-solub-
le monocyclic derivatives of 1,4-dihydropyri-
dine with carboxylate groups in position 4 the
compounds manifested different affinity to
DNA determined mainly by substituents in
positions 3 and 5. The compounds with cyano
group or acetyl groups in position 3 and 5 (J-3-
183 and AV-154 correspondingly) did not inter-
act with DNA. Replacement of 3,5-acetyl
groups (AV-154) with methoxycarbonyl groups
(J-7-53-B) did not improve the DNA binding,
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however ethoxycarbonyl groups (AV-153 Na)
made the compound able to interact with DNA:
a pronounced hyperchromic and bathochromic
effects were observed as described previously
([11]; Table 1). Further modification of positions
3 and 5 decreased the DNA binding capacity of
the compounds, it decreased almost five-fold
when aromatic rings were added to ethoxycar-
bonyl groups (J-8-120; Table 1), and a drastic
30-fold difterence was observed between com-
pounds with ethoxycarbonyl (AV-153 Na) and
propoxycarbonyl groups (J-4-96) in positions 3
and 5. Interestingly, the ethoxycarbonyl groups
in positions 3 and 5 appear to determine the
DNA-binding capacity in the series of our com-
pounds with no cyclic side groups. At the same
time, the same ethoxycarbonyl groups in posi-
tions 3 and 5 determine antimicrobial activity
in another series of 1,4-DHP [18], thus antimi-
crobial activity might be due to the compound
capability of binding DNA.

Capacity of interactions with DNA was
strongly dependent also on substituents in

1.000

position 4. Addition of alanine in position-4 as
amide of 2,6-dimethyl-3,5-diethoxycarbon-
yl-1,4-dihydroisonicotinic acid (alapyrone)
abolished an ability to bind DNA, however
taurine in the same position (tauropyrone)
maintained the ability to interact with DNA
(Table 1).

The 1,4-DHP derivative carbatone [disodi-
um-2,6-dimethyl-1,4-dihydropyridine-3,5-bis
(carbonyloxyacetate)] unsubstituted in position
4 manifested hyperchromic effect in the pres-
ence of DNA without any spectral band posi-
tion shifts, the affinity to DNA was low.
However, addition of acetyl groups to posi-
tions 2 and 6 (J-3-131-Na) increased [the]
affinity to DNA. (Table 1).

Tricyclic fused 1,4-DHP derivatives — deca-
hydroacridine-1,8-diones (PP-150-Na and PP-
544-NH, B-5-Na) produced hyperchromic
effect without any shifts (Fig. 1). PP-544-NH,
was the most effective DNA binder, replace-
ment of carboxylic group in position 4 with an
aromatic ring and addition of aliphatic chains
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ending with a carboxylic group to nitrogen in
position 1 drastically decreased the effective-
ness of DNA binding (Fig. 2, Table 1). Binding
constant of the PP-544-NH, with DNA de-
pended on the ionic strength of the solution: it
increased when ionic strength raised from
10 mM to 50 mM and abruptly decreased at
150 and 300 mM NacCl (not shown).

Formerly it was shown that AV-153-Na
binds to DNA via intercalation ([11]). For
further studies we have chosen two com-
pounds — PP-544-NH,, as it turned out to be
the strongest binder among the studied and
J-4-96, differing from AV-153 by length of the
groups in positions 3 and 5, the latter modifica-
tion drastically decreased its affinity to DNA
(Table 1).

Fluorescence assay

Interactions with DNA of the PP-544-NH,,
the strong DNA binder revealed by UV/VIS
spectroscopy, was also confirmed by fluo-
rescence measurements. When irradiated
with excitation light at 255 nm, the com-
pound emitted fluorescent light at 462 nm,
intensity of the fluorescence increased when
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DNA was added to the solution (Fig. 24).
These results confirm again the fact of the
direct interaction between the compound and
DNA, indicating decrease of fluorescence
quenching effect of solvent molecules after
penetration of the molecule in hydrophobic
environment [19]. Interestingly, two other
tricyclic compounds B-5-Na and PP-150-Na
produced a different effect. Excitation max-
imum was at 400 nm, emission peak —at 515
nm. After DNA addition, the maximum
emission peak underwent a red shift to 520
nm, but without the fluorescence intensity
enhancement (Fig. 2B). Compound J-4-96
with longer propoxycarbonyl groups in posi-
tions 3 and 5 compared to AV-153 and much
lower affinity to DNA manifested similar
changes in fluorescence spectra after addi-
tion of DNA. Besides an increase of the
fluorescence intensity a red shift was ob-
served (Fig. 34). However unlike AV-153
the compound did not extrude EtBr out of
DNA, as intensity of fluorescence of EtBr
and DNA complex did not decrease signifi-
cantly in presence of the compound (Fig.
3C). Apparently, the 1,4-DHP can bind DNA

480 500 520 540 560 580 600
Wavelength, nm

Fig. 2. A — Fluorescence spectra of PP-544-NH, with excitation at A=250 in presence of different concentrations of
DNA; B — Fluorescence spectra of PP-150-Na with excitation at 400 nm, 12.5 uM DNA was added at each step until
saturation (125 pM). Concentration of the compound was 25 uM.
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by different modes — intercalation, as AV-153
and minor groove binding, as weaker binders
(J-4-96). Indeed, good binders could prob-
ably interact with DNA by both intercalation

and DNA minor groove binding, like the
berberine [20], modifications of the mole-
cules decreasing the affinity to DNA could
mainly abolish ability to intercalate.
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Fig. 3. 4 — Fluorescence spectra of com-
pound J-4-96 in presence of increasing
concentration of DNA, A ex. = 350 nm,
A em. = 440 nm. Concentration of the
compound was 25 uM, Three of 23 taken
spectra are presented, these correspond to
0, 187.5 uM and 275 uM DNA. B — cor-
responding Scatchard plot. C — EBr extru-
sion experiment. Fluorescence spectra of
EBr and DNA complex in the presence of
increasing concentrations of J-4-96, con-
centration of EBr was 12.6 uM, DNA —
74.8 uM, J-4-96 was added by 10 uM at
each step.
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DNA denaturation curves

We could not determine the mode of interac-
tion of PP-544-NH, with DNA using EBr ex-
trusion assay as the measured intensity of the
EBr and DNA complex increased when the
compound was added, probably due to overlap
of the wavelengths of the EBr-DNA and the
tested compound emitted light. Therefore, the
DNA melting experiments were performed to

establish the fact of intercalation. Results are
presented in Fig. 4A. In the presence of PP-
544-NH, DNA melting temperature increased
from 67.5°C to 69.5°C confirming intercala-
tion in the DNA molecule. The tricyclic
1,4-DHP could be “typical” intercalators pos-
sessing a rigid three cycle skeleton, whereas
judging of their structure monocyclic 1,4-DHP
could be “atypical” intercalators [21].
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Fig. 4. A — DNA melting curves in ab-
sence and presence of PP-544-NH, Con-
centration of both compounds was 50 uM;
B — Cyclic voltammograms of 5 mM
PP-544-NH, in 0.1 M Tris-HCI buffer

e

( 0.6 0.7

-1E-05

0.8
Potential, V versus Ag/AgCl

09 1.0 (pH 7.4) without DNA and in the pres-

ence of increasing DNA concentrations
(10 pM — 90 puM)

137



E. Leonova, E. Rostoka, L. Baumane et al.

Cyclic voltammetry

Interaction of the PP-544-NH, with DNA was
confirmed electrochemically. Figure 48 shows
cyclic voltammograms of 5 mM PP-544-NH,
alone and presence of increasing concentrations
of DNA in 0.1 M Tris-HCl buffer, pH = 7.4. The
peak current decreases upon the addition of in-
creasing concentrations of DNA, owing to the
binding of the 1,4-DHP. The compound exhib-
ited a single well defined anodic peak, which
corresponds to the oxidation of dihydropyridine
ring [22]. In reverse scan no one peak was ob-
served indicating that oxidation of the compound
is an irreversible process. The binding constant
of the compound calculated on the basis of elec-
trochemical experiments was equal to 1.11 x 104,
the compound should interact with 2 base pairs.

Other biological activities of DNA-bind-
ing 1,4-DHP

It was interesting to compare DNA-binding
capacities of the 1,4-DHP with other activities
of the compounds.

Decomposion of peroxynitrite in the
presence of 1,4-DHPs

It was revealed that the decomposition of per-
oxynitrite was slightly accelerated in [the]
presence of J-4-186, J-7-53-B and J-8-120
(Table 1). The strong DNA binder tricyclic
fused 1,4-DHP derivative PP-544-NH, pro-
duced a paradoxical kinetic curve — the optical
density of peroxynitrite and DHP mixture in-
creased with time. Apparently, the compound
interacts chemically with peroxynitrite, the
reaction product has absorbance peak in the
area of peroxynitrite absorbance maximum
(Fig. 5). However, we could not reveal any
correlation between DNA binding and per-
oxynitrite scavenging capacities.

Radical scavenging — EPR measure-
ments

The ability of the 1,4-DHP to scavenge other
free radicals, namely OH radical produced in
the Fenton reaction was tested by EPR method.
We have tested both strong (PP-150-Na) and
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weak DNA binders (AV-154-Na, J-7-53, J-8-
120) at 1000 uM concentration. The signals of
the second component of EPR spectra were
measured on the 3rd min (I3) and 5th min (I5)
and the difference between them I; — I5 was
calculated (Fig. 64). Scavengers of OH radi-
cals should increase the difference between I;
and I5 Representative kinetics of the decrease
of EPR signal intensity is shown in Fig. 65,
results are summarized in Table 1. As seen in
Figure 68 AV-154 does not interfere with the
rate of the reaction, an impact of PP-150-Na
is modest. Similar results were obtained for
most other compounds. Thus, a correlation
between radical scavenging and DNA-binding
capacities was not observed. Moreover, some
compounds, including one of the strongest
DNA binders PP-544-NH, increased intensity
of the hydroxyl radical signal, indicating their
pro-oxidant effect. It also turned out that J-4-
96 and J-3-131-Na react with FeSO, and form
the DMPO-OH radicals in the absence of
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thowm
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S

H,0,, B-5-Na and tauropyrone could not pro-
duce this reaction. Thus affinity to DNA of the
1,4-DHP does not correlate with radical scav-
enging capacity.

DNA protection in vitro against damage
by radical produced in Fenton reaction

Ability of the tested compounds to protect
plasmid DNA against induction of single-
strand breaks produced by radicals generated
in Fenton reaction was tested by means of
DNA electrophoresis in neutral conditions. The
reaction produced a significant DNA damage
(p < 0.0001 n = 35-91). Some of the tested
compounds produced a protecting effect. Some
weak binders (J-7-53 and J-4-96) even en-
hanced the level of DNA breakage to some
extent, however statistical significance was not
reached (not shown). Thus in these series of
experiments we could not detect a pronounced
correlation between DNA-binding capacity
and DNA protection.
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Fig. 6. A — EPR spectra of DMPO-OH radicals generated in Fenton reaction in presence of DMPO. 1 — EPR spectra
of DMPO-OH radicals 3 min after mixing the components for Fenton reaction. 2 — EPR spectra of DMPO-OH radicals
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Taken together, our data indicate that seve-
ral 1,4-DHP derivatives can bind efficiently to
DNA, affinity to DNA strongly depends on the
structure of the derivative. 1,4-dihydropyridine
with carboxylate groups in position-4 and with
ethoxycarbonyl groups in positions 3 and 5
(AV-153) and fused tricyclic molecules appear
to be the best DNA binders. Both intercalative
and minor grove binding mechanisms are pos-
sible. No evident correlations between DNA
binding and other activities of the compounds
could be revealed.
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Hocaipxenns B3aemonii 3 JIHK cepii HoBux
BOJOPO3YMHHMX NOXiAHMX 1,4-qurigponipuanny

E. Jleonosa, E. Poctoka, JI. baymane, I. bopucosc,
E. Cmenoge, 1. bicenieke, I. bpysepe, E. Biceniekc,
I'. dybypc, H. Cesixcre

Meta. [ocnimkennst ciocoOy B3aemoii 3 JIHK cepit cun-
Te30BaHMX B JlaTBIiCHKOMY YHIBEpCHTETI OpraHiyHOIO
cunresy 1,4-JII'T1 3 pi3HOIO GIONOTIYHOK aKTHBHICTIO.
Metomu. CropinHenicts peuoBud 10 JIHK BusHawanocs
CIIEKTPO(OTOMETPUYHO 1 OyJI0 MEepeBIpeHi IIe CIeKTPo-
(ITyopiMETPiYHO 3@ BUILITOBXYBaHHSIM OPOMUCTOTO CTHIIS,
LMKITIYHOT BoJIkTaMMeTpii 1 3a riaBnenssiM JIHK. 3narnicts
PCUOBHH 3B'SI3yBaTH MEPOKCHHITPUT BH3HAYAIN CIEKTPO-
(hoTOMEeTpUYHO, 37aTHICTh MOB'SI3yBaTH T1APOKCHIBHUX
paMKaJIiB - METOIOM EJIEKTPOHHOIO MapamMarHiTHOIo pe-
30HaHCY, 3MaTHicTh 3axumaru J{HK Bi yIIKOpKeHHS UM
pajmKaioM — MeTosioM enekrpodopesy. Pesyasrarn. Y ce-
pii Bomopo3unHHUX MoHolwkmdeckux 1,4-J1I'T1 3 kapOok-
CUJIATHOTO TPYTIO Y TIO3HIIii 4, pi3HA CIIOPITHEHICTH 110
JIHK BH3Ha4anocsi B OCHOBHOMY 3aMbICHUKAaMH Y TTO3HIIi-
sx 315, 1,4-AT'TI 3 eTokcikapOOHIJIBHUM IpyTaMH Y TO-
sumisx 3 1 5 (AV-153) edekrrBHO 3B's3yBaBcs 3 JTHK.
CuitbHi epeKTH CIIOCTEPIraiv B CIIEKTpax 3'€IHAHUX TPH-
ukmiaHX noxiguaux 1,4-JTT (PP-150-Na i PP-544-NH4).
Ha Bigminy Big AV-153, J-4-96 BUTICHSIOTE OpOMHUCTHIA
etnnii 3 xomruiekey 3 JIHK, mio Bkasye Ha 3B'si3yBaHHS
1poro 3'emHanHs 3 Manoi 6oposenkoro JIHK. 3a manumu
CJICKTPOXIMIUHMX JOCIIHKEHb 1 KpuBuX rwiaBieHHs JJHK
PP-544-NH4 noBunen inrepkamosaru B /IHK. Ham He
Brasiocst 3B'si3aru cropinHeHicts g0 JIHK 3i 3gatHicTiO
PEUOBHH 3B'SI3yBaTH NEPOKCHHITPUT, TJPOKCUIILHUM pajiy-
ka1 abo 3axuary JTHK Bint yIIKOIKEHHS 1M paiiKasioM.
BucnoBkn. Criopinsenicts 1,4-/I'TI no IHK Bu3HayaroTh-
cs1 3amMicHUKaMu y Tio3utii 3 1 5. Jfoope 38's3yrorhest 3 JIHK
Takok Tputtukiiudi 1,4-JI'T1. Cropigaenicts 1,4-1TTI no
JIHK He KopeIttoe 3 IHITUMU aKTUBHOCTSIMH 3'€THAHHSI

Hccnenosanue B3aumoaeiicteusa ¢ JTHK cepun
HOBBIX BO/IOPACTBOPHMBIX MPOU3BOIHBIX
1,4-quruaponupuanHa

9. JleonoBa, D. Poctoka, JI. baymane, B. bopucosc,
3. Cmenose, U. bucenneke, U. Bpysepe,
3. bucenuekc, I. Iyoypc, H. Cosikcte

Iesn. Ieabr0 HACTOSIIETO UCCICIOBAHMS OBLIO HCCIIe-
noBaHue oopasza Bzaumonericteus ¢ JJHK cepun cunTe3u-
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PpOBaHHBIX B JIaTBUIICKOM MHCTUTYTE OPraHUYECKOIO CHH-
te3a 1,4-/1T'TI ¢ pa3nuaHOi OHOIOTHYECKON aKTHBHOCTHIO.
Mertonp!. Cponctso Bemects k JIHK onpenensnocs crek-
TPO(OTOMETPUIECKH U OBIIO TIEPEIPOBEPEHO CIEKTPO-
(bryopumeTpHrueckH, 1Mo BHITAIKMBAHUIO OPOMHCTOTO
STHIUS, IUKIMYECKON BOIBTAMMETPHH | 110 TUTABICHHUIO
JHK. CrtocoOHOCTE BEIeCTB CBA3BIBATH TICPOKCHHUTPUT
OlpeessIA CEKTPO(OTOMETPUIECKH, CIIOCOOHOCTh CBS-
3bIBaTh THAPOKCHIIBHBIN paIMKaINII — METOZJOM JIEKTPOH-
HOTO TIapaMarHUTHOTO PE30HAHCA, CIIOCOOHOCTH 3alllu-
marek JIHK oT moBpexaeHus 3TuM pajiukaaioM — METOJIOM
anekTpodopesa. PesyabTarbl. B ceprit BomopacTBOpUMBIX
Mouonukmdeckux 1,4-J1I'TI ¢ kapOOKCHIIATHOM TPYTIITOi
B mo3urmu 4, pazmraHoe cponctso k JIHK ompenemnsimocs
B OCHOBHOM 3aMECTHUTENSIMU B no3uuusx 3 u 5. 1,4-AT°TI
C ITOKCHUKAapOOHMIBHBIM TPyNIIaMHA B TO3UIMSIX 3 U 5
(AV-153) a¢pdexruBro ces3pBaics ¢ JJHK. Cunpabie
3¢ ekt HaOIMIONAN B CHIEKTPaX COCMHEHHBIX TPHIIU-
xmrgeckux npou3BonHbeixX 1,4-I'TI (PP-150-Na u PP-544-
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NH4). B ommnune ot AV-153, J-4-96 He BbITECHsIT Opo-
MHUCTBIN aTHMH 13 koMiuiekea ¢ JJHK, uro yka3piBaer Ha
CBSI3BIBAHUE ATOTO COSAMHEHNS ¢ Manoi 6oposaxoit JJHK.
Ilo naHHBIM PNEKTPOXUMUYECKUX UCCIIEIOBAaHUN U KPH-
Bbix miasienus JJHK PP-544-NH, nomkeHn uHTepkaiu-
posars B JIHK. Ham He ynanocsk cBsizats cpoacto Kk JJHK
CO CIOCOOHOCTBIO BEIIECTB CBSI3bIBATH MEPOKCHHUTPUT.
TUJIPOKCUIIbHBIN pajukan wiu 3ammmars [JHK or no-
BpeXIeHHS 3TUM paaukaioM. Oocy:xkaenue. CpoacTBo
1,4-AI'TI k IHK onpenenstorcst 3aMeCTUTENSIMU B [IO3H-
mux 3 u 5. Xopouo ceszbiBatores ¢ JJIHK taxoke Tpuim-
xmmuaeckue 1,4-JII'TL. Cpoacrso 1,4-AT'TI k IHK ne xop-
penupyer ¢ APYruMH aKTUBHOCTSIMU COCTUHEHMSL.

KawueBsble caoBa: 1, 4-1uruaponupuanHbl, CBI3bI-
BaHue ¢ /IHK, cBsa3bIBaHNE MTEPOKCUHUTPUTA, CBA3bIBAHUE
C THJIPOKCHIJIBHOTO pajukaia, 3ammra JJTHK.
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