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The present study was undertaken to assess the applicability of the novel trimethine cyanine dye AK3-5 as a competitive ligand for
the antitumor agents, Eu(Ill) coordination complexes (EC), in the DNA-containing systems, using the displacement assay as an
analytical instrument. The analysis of fluorescence spectra revealed a strong association of AK3-5 with nucleic acids, with the
strength of interaction being higher for the double stranded DNA, compared to the single-stranded RNA. The binding parameters of
the cyanine dye have been determined in terms of the McGhee & von Hippel neighbouring site-exclusion model and a classical
Langmuir model. The AK3-5 association constant in the presence of DNA was found to be equal to 5.1x10* M-!, which is consistent
to those of the well-known DNA intercalators. In turn, the binding of the cyanine to the RNA was characterized by a significantly
lower association constant ( ~ 3.4x103 M-') indicating either the external or “partially intercalated” binding mode. The addition of the
europium complexes to the AK3-5-DNA system was followed by the fluorescence intensity decrease, with a magnitude of this effect
being dependent on the EC structure. The observed fluorescence decrease of AK3-5 in the presence of europium complexes V7 and
VO points to the competition between the cyanine dye and antitumor drugs for the DNA binding sites. The dependencies of the AK3-
5-DNA fluorescence intensity decrease vs. europium complex concentration were analyzed in terms of the Langmuir adsorption
model, giving the values of the drug association constant equal to 5.4x10* M-!and 3.9x10° M! for the europium complexes V7 and
V9, respectively. A more pronounced decrease of the AK3-5 fluorescence in the presence of V5 and V10 was interpreted in terms of
the drug-induced quenching of the dye fluorescence, accompanying the competition between AK3-5 and Eu(IIl) complexes for the
DNA binding sites. Cumulatively, the results presented here strongly suggest that AK3-5 can be effectively used in the nucleic acid
studies and in the dye-drug displacement assays.
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Over the past decade significant research efforts have been devoted to the investigation of the interaction between
drugs and nucleic acids, since DNA was found to serve as a prime target for various anticancer drugs and antibiotics [1-
3]. A variety of powerful techniques, including an agarose gel based assay, circular dichroism, mass spectrometry,
differential scanning calorimetry, surface plasmon resonance, electrophoresis, high-performance or thin-layer
chromatography, Raman, fluorescence and absorption spectroscopy, are currently used to monitor the drug-nucleic acid
binding. Due to advantages of rapidity and sensitivity, the fluorescence drug displacement assay seems to be an
especially promising for the investigation of mechanisms underlying the interaction between nucleic acids and drugs.
This method is based on a strong enhancement in the dye emission upon its binding to DNA or RNA, followed by the
fluorescence drop upon the dye displacement by the drug [4-7]. Among a variety of commercially available dyes,
ethidium bromide is the most widely used in the displacement experiments [7,8]. However, the applicability of ethidium
bromide, which is considered as mutagenic and carcinogenic, is complicated by some environmental concerns [9].
Recent studies revealed that cyanine dyes can be effectively used for the high throughput screening of the drug-DNA
interactions [10,11]. The applicability of this class of fluorophores is based on the fact that they display a high affinity
for nucleic acid double strands and a huge emission enhancement upon DNA binding. A sharp fluorescence increase is
supposed to originate from the loss of mobility around the methane bridge between the two heterocyclic moieties as a
result of the cyanine-nucleic acid interaction [12]. Due to their excellent staining properties, cyanine dyes are
characterized by a wide scope of applications and have been extensively used for sizing and purification of DNA
fragments [13,14], fluorescent microscopy [15], DNA damage detection [12], DNA sequencing [16], as well as for the
DNA and RNA bioanalytical assays [17,18].

Our previous studies revealed that the novel mono- and pentamethine cyanine compounds can be effectively
employed as non-covalent labels for nucleic acids [17, 19, 20]. As a next logical step, herein we directed our efforts
towards evaluating the DNA- and RNA-binding ability of the novel trimethine cyanine dye with an emphasis on its use
in the drug-displacement studies. More specifically, the aims of the present study were: i) to investigate the sensitivity
of the novel trimethine cyanine, referred to here as AK3-5, to the double stranded DNA and single stranded RNA; ii) to
estimate the parameters of the cyanine association with nucleic acids; iii) to analyze the binding mode of the novel dye;
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iv) to assess the applicability of AK3-5 as a competitive ligand for pharmacological agents, represented here by the
novel antitumor compounds, europium coordination complexes.

EXPERIMENTAL SECTION
Materials
Calf thymus DNA and yeast RNA were from Sigma (Sigma, St. Louis, MO, USA). Trimethine cyanine dye AK3-
5 [21] and Eu(Ill) coordination complexes (Fig.1) referred to here as V7, V9 and V10 were synthesized in the
University of Sofia, Bulgaria, as described previously [2]. All other materials and solvents were commercial products of
analytical grade and were used without further purification.

Preparation of working solutions
The stock solutions of AK3-5 and Eu(IIl) coordination complexes were prepared in dimethyl sulfoxide. The
concentrations of the compounds were determined spectrophotometrically using their molar extinction coefficients (& )
at absorption maxima ( 4, ), which are presented in Table 1. The solutions of calf thymus DNA and yeast RNA were
prepared in 5 mM sodium phosphate buffer (pH 7.4) at room temperature with occasional stirring to ensure the
formation of a homogenous solution. The concentrations of DNA and RNA solutions were determined using their molar
absorptivities &,;, =6.6x10°M'em™and ¢, =6.9x10°M"'cm™, respectively.

Table 1
Chemical structures and photophysical properties of
europium coordination complexes and AK3-5

v,

compound Ri R, | &M'em” | 4,,nm
V5 CeHs | CH; | 2.6x10° 266
V7 CéHs | CF; 2.6x10°* 266
V9 CsH,0 | CF; | 3.4x10* 271
V10 CeHs | GHs | 3.4x10° 167
Fig.1. Structures of the AK3-5 and EC AK3-5 1.5x10° 631

Spectroscopic measurements

The steady-state fluorescence spectra were recorded with LS-55 spectrofluorimeter (Perkin-Elmer Ltd.,
Beaconsfield, UK) at 20°C using 10 mm path-length quartz cuvettes. To measure the fluorescence spectra of the AK3-
5-DNA/RNA complexes, the appropriate amounts of the nucleic acid stock solution were added to the dye in 5 mM
sodium phosphate buffer, pH 7.4. The fluorescence spectra of AK3-5 were recorded in the range 620 - 800 nm upon
excitation at 600 nm. The fluorimetric titrations were carried out by keeping the dye concentration constant at varying
the DNA and RNA concentrations. In the case of the dye displacement studies, a solution containing AK3-5 and DNA
was titrated with the Eu(III) complexes.

Quantitative analysis of the dye-nucleic acid interactions
The thermodynamic analysis of the cyanine-nucleic acid interactions was performed in terms of the McGhee &
von Hippel excluded site model allowing the calculation of the binding constant and stoichiometry [22]:

£=KHP(1—ﬁj{ 1=(nB/ P) } 0
F P ) 1-(n-1)nB/P)

where B and F are the concentrations of the bound and free dye, respectively, P is the DNA (RNA) phosphate
concentration, K, denotes the association constant, and n represents the site exclusion parameter (i.e. the number of
base pairs excluded by the binding of a single ligand molecule). The values of K, and n were estimated using the
nonlinear least-square fitting procedure.

Quantitative analysis of the AK3-5/ EC competitive binding

In order to analyse the competitive binding of AK3-5 and EC to the nucleic acids a simplified model based on the
one-site Langmuir adsorption model was employed [23,24]. Assuming that the AK3-5 fluorescence response is
proportional to the amount of the DNA-bound fluorophore, B, the DNA-induced change in the probe fluorescence
intensity AF at the fluorescence maximum can be written as:

AF =F - FO = abaundB + aﬁ‘ee (Z - B) - a/’reeZ = (abound - a_/'ree )B =F,,B > (2)

mol
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where F, and F are the fluorescence intensities of the dye in a buffer solution and in the presence of DNA,
respectively; F

mo

, 1s a coefficient proportional to the difference of the dye quantum yields in buffer and when bound to
a macromolecule; @,,,,, and « ., are the molar fluorescences of the bound and free dye, respectively.

Given that the number of phosphates bound to one dye molecule is 7, the association constant (K, ) can be
represented as:

K - B ~ B
“ (Z-B)P/n-B) F(P/n-B)’

3

where P and Z are total phosphate and total dye concentrations, respectively.
The F,_, parameter was calculated from the fluorimetric titration of the dye with the DNA or RNA. Specifically,

mol

at high DNA/RNA concentrations, when P/#n>> B, from the combination of eqns (2) and (3) one obtains:
BRI ! L1, (4)
AF Banl Ku PZEnu[ / n ZFmoI
E. . =laZ, &)

where a is the y-intercept of the linear fit of the plot 1/AF(1/P) [23].
The parameters K, and n were estimated from the fluorimetric titration of the DNA by the dye. In this case,
when Z>>B, a combination of the eqns (2) and (3) gives:

1 1 1 1

D = + s (6)
AF BF,, K,PZF,,/n PF,, /n
n=>bPF,,, (7
K,=-c, (®)

where b and ¢ are y- and x-intercepts of the linear fit of the plot 1/AF(1/Z). When the drug binds to the AK3-5-
DNA complexes, the dye fluorescence in the absence ( F;,) and presence ( F") of the drug can be written as:
Fy = Byay,,. +(Zy, — By)a,,, ©)

F”" =Ba,,,+(Z _B))qfiw’ (10)
where B, and B, are the concentrations of the DNA-bound dye in the absence and presence of a drug, respectively.
From the eqns. (9) and (10) one obtains:

AFcaI

c

=E =" =B =B Xt~ ) - (11)

The association constants of the dye (K,

) and drug (K,

rug

) binding to the DNA were recovered from the numerical

solution of the set of equations under the following conditions: B, , < Z,.; B, < Zosug > By >0 By >0

B,. <N -B,,, (the total number of binding sites N = P /n is greater than the sum of concentrations of bound dye
and drug):
B
K, = , (12)
(ZOdyﬁ - de@ )(N - dee - Bdrug)
B
K iy = Ao , (13)
(Z()drug - Bdrug )(N - dee - Bdrug)
where B,, and B, are the concentrations of the DNA-bound dye and drug, respectively.

Molecular docking

An interactive molecular graphics program, Hex 8.0.0 was used to study the interaction between the examined
europium complexes and the double stranded DNA. The program performs docking using the spherical polar Fourier
correlations with the inputs of ligand and receptor in PDB format. The structure of the B-DNA dodecamer
d(CGCGAATTCGCG), (PDB ID: 1BNA) was downloaded from the Protein Data Bank (http://www.rcsb.org./pdb).
The parameters used for molecular docking include: FFT mode — 3D, correlation type — shape only, grid dimension —
0.6, ligand range — 180, receptor range — 180, distance range — 40, and twist range — 360. The docked complexes were
visualized by the Visual Molecular Dynamics (VMD) software.
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RESULTS AND DISCUSSION

At the first step of the study the AK3-5-nucleic acid binding was characterized using the fluorescence
spectroscopy technique. The spectra of AK3-5 in the presence of the double stranded DNA or single stranded RNA are
presented in Fig.2. The AK3-5 was found to have a negligible fluorescence in a buffer solution with the emission
maximum at 640 nm. In turn, the fluorescence intensity drastically increased upon the dye transfer from the aqueous
phase to the dsDNA or RNA environment, with the magnitude of this effect being more pronounced for the dye-DNA
complex. Moreover, AK3-5 binding to the RNA caused a 10 nm bathochromic shift in the emission maxima position,
whereas no significant change of this parameter was observed in the dye-DNA system. The comparison of the extents of
fluorescence enhancement in the presence of the dsDNA (ca. ~42.3) and the RNA (ca. ~4.3) at the same experimental
conditions indicates that the affinity of the AK3-5 to double stranded nucleic acids is higher than that of single stranded
one. The difference in the position of the fluorescence maxima in the presence of nucleic acids, as well as different
affinities for the RNA and DNA were also reported previously for other dyes of cyanine family [25], and can be used to
distinguish between the double and single stranded nucleic acids in solution. Moreover, the 10 nm shift of the AK3-5
fluorescence maximum position in the presence of the RNA with respect to that in the DNA-containing system probably
reflects a more polar environment of the dye in a single stranded nucleic acid. This finding is suggestive of the different
binding modes of AK3-5 to the single and double stranded nucleic acids.

It is well-known that cyanine dyes can interact with the nucleic acids in the three basic modes: i) electrostatic
attraction between the cationic dyes and the anionic phosphodiester groups of DNA/RNA backbone; ii) intercalation
between adjacent base pairs, iii) minor groove binding. Intercalation is typically observed for the cationic molecules
(with the positive charge preferably located on the ring system) possessing a planar aromatic structure, while the minor
groove binders should have at least limited flexibility to be able to adjust to the groove [12]. The structural and
physicochemical properties of a fluorophore, a nucleic acid sequence, as well as the phosphate to dye ratio (P/D) were
found to determine the molecular mechanism of cyanine complexation with nucleic acid [26,27].
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Fig. 2. Fluorescence spectra of the cyanine dye AK3-5 in the presence of increasing concentration of the double stranded DNA (left)
and the single stranded RNA (right). Dye concentration was 0.25 uM. DNA concentrations from bottom to top were 0 uM, 4.9 uM,
9.8 uM, 14.7 uM, 19.6 uM, 24.4 uM, 29.3 uM, 34.2 uM, and 39.1 uM, respectively. RNA concentrations from bottom to top were 0
uM, 13.1 uM, 26.2 uM, 39.2 uM, 52.3 uM, 65.4 uM, 78.3 uM, 91.5 uM, and 104.6 uM, respectively. The insets show the isotherms
of the dye binding to the DNA or RNA. The experimental data were fitted with the McGhee-von Hippel model.

In order to gain further insight into the binding mode between the AK3-5 and nucleic acids, as well as to calculate
the parameters characterizing the stability of the cyanine-nucleic acid complexes, the experimental dependencies of the
dye fluorescence increase (A/) on the DNA/RNA concentration (insets in Fig. 2) were analyzed in terms of the non-
cooperative McGhee & von Hippel model (Eq. (1)) [22]. The results obtained are summarized in Table 2.

Table 2.
The thermodynamic parameters of the AK3-5 binding to nucleic acid
4 -1
Nucleic acid K, x100 M n F ,,uM
DNA 51+09 2 264.3+£52.8
RNA 0.34+0.06 2 142.6+29.6

The association constant for the AK3-5-DNA complex was found to be 5.1x10* M-!. This value is identical to the
association constant observed for the classical intercalating dye, acridine orange [28]. The association constants for
other fluorophores possessing intercalating binding mode such as ethidium bromide (~ 1.5x103 M!) [29], EvaGreen
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(~3.6x10° M) [30], asymmetric thiazole orange derivatives (0.7 — 7.6x10° M™!) [17] and monomethine cyanine dyes
[19] do not exceed 10° M. In view of this, we can suppose that AK3-5 also intercalates between the base pairs of the
double stranded DNA. An additional argument in favor of the above assumption comes from the fact that the site
exclusion parameter (number of DNA units excluded by the cyanine molecule, n) is equal to 2, that is in a good
agreement with the principle of the nearest neighbor exclusion, indicating that the binding of one intercalating molecule
between two base pairs hinders an access of the next binding site to another intercalator, so the highest possible dye-
base pair ratio for intercalation is 1:2 [12]. As seen in Table 2, the value of association constant for the AK3-5/RNA
complex was smaller by an order of magnitude, while the site exclusion parameter was also equal to two. These
parameters allowed us to rule out the possibility of AK3-5 binding to the minor groove of RNA and, therefore, we
supposed that the AK3-5 binding to the single stranded RNA is presumably driven by the electrostatic attraction
between the positively charged group of the dye and negatively charged phosphate backbone. Nevertheless, the
possibility of a “partial” intercalation of the AK3-5 between the RNA bases cannot be ruled out. Such a binding mode
was previously observed for acridine orange in the presence of ss-nucleic acids [28]. Similarly, the alkaloids berberine
and palmatine, which are capable of intercalating between the base pairs of dsDNA, changed their binding mode to the
partially intercalating in the presence of tRNA [31].

At the next step of the study an attempt has been made to assess the applicability of the trimethine cyanine dye
AK3-5 as a competitive ligand for the potential pharmacological agents Eu(IIl) tris-B-diketonato coordination
complexes. Notably, due to a significantly smaller binding affinity of the AK3-5 to the single stranded RNA, the dye
displacement data were quantitatively interpreted only for AK3-5-DNA systems. It is generally accepted that in the
competitive displacement assays drug molecules that displace the DNA-bound dye, interact with the DNA in a fashion
similar to that of the dye [32]. Such a competition between dye and drug usually manifests itself in a fluorescence
intensity decrease of the dye-DNA complex. Recently it has been demonstrated that a series of europium coordination
complexes are capable of exerting significant antineoplastic effect, with the abundance of DNA-intercalating motif
being the major determinant of cytotoxicity [2]. To confirm that Eu(III) compounds under investigation are capable of
intercalating within the DNA helix, the molecular docking studies were performed. A double-stranded DNA dodecamer
[PDB ID 1BNA] and the examined drugs were taken as the input structures. The molecular docking indicates that a
more energetically favorable binding mode for the EC is a “partial intercalation” (Fig. 3). The 1,10-phenanthroline or
2,2'bipyridine part of the Eu(III) molecule tends to reside between the DNA-bases, while the rest of the complex is
placed in the minor groove of the DNA.

Fig. 3. Schematic representation of the energetically most favourable EC complexes with the double stranded DNA.

Thus, it might be expected that EC as intercalating molecules would replace the AK3-5 from the DNA helix.
Fig. 4 shows the emission spectra of the DNA-bound AK3-5 in the absence and presence of europium coordination
complexes. As can be seen, increase of the EC concentration was followed by a gradual reduction in the AK3-5
fluorescence intensity, indicating that europium compounds are capable of displacing the AK3-5 from the DNA helix.
Notably, the magnitude of the fluorescence intensity decrease was more pronounced for V5 and V10 complexes in
comparison to V7 and V9. The most probable explanation for this observation is the different binding affinities of the
europium complexes. Similarly, the metal complexes of Cu, Zn and Ni have been reported to possess the distinct DNA
binding affinities [5]. Interestingly, V5 and V10 are more bulky in comparison to V7 and V9. So we cannot exclude the
possibility of the EC- induced conformational changes in the double stranded DNA. A good wealth of reports indicates
that the drug binding to the right-handed B-DNA can produce its conversion to the left-handed Z-DNA [11].

Pursuing a comprehensive picture of the competition between AK3-5 and Eu(IlI) compounds for the DNA binding
sites, our experimental strategy involved collecting the multiple data sets. More specifically, the AK3-5 fluorescence
intensity decrease was measured as a function of EC concentration upon simultaneous varying the DNA concentrations.
The plots of the fluorescence intensity decrease vs EC concentration are presented in Fig.5.

The above dependencies were analyzed in terms of the simplified competition model (Egs. 2-13) to calculate the
association constants of the drug (X, ) binding to the DNA in the presence of AK3-5. The calculated K, values

dru, g
were equal to 5.4x10* M 'and 3.9x10° M"! for V7 and V9, respectively. Moreover, the association constants of the drug
were found to be independent of the DNA concentration in the tested sample.
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Fig. 4. Competitive displacement assays between the AK3-5 and V5(A), V7(B), V9(C) and V10 (D) in the presence of DNA.
Dye concentration was 0.25 uM. DNA concentration was 9.3 uM.
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Fig.5. The fluorescence intensity decreases of AK3-5-DNA complexes in the presence of the increasing concentrations of V7
(A), V9 (B), V10 (C) and V5 (D). The concentrations of the DNA were (a) 9.3 uM, (b) 27.9 uM, (c) 37.6 uM, (d) 46.5 uM,
respectively.

However, we failed to obtain the realistic value of the association constant K,
and V10. Moreover, the theoretically calculated AF values (eq. 11) were significantly greater than those obtained from
the experiment. Most likely, the competition between AK3/5 and Eu(IIl) complexes for the DNA binding sites is not the
only reason for the observed fluorescence decrease in the presence of V5 and V10. In this respect, it seems of interest to
draw attention to the shapes of the dependencies of AF on the EC concentration: being linear for the V7 and V9, it is
almost hyperbolic for V5 and V10. The most probable reason for such a behavior is that besides the competition

for the europium complexes V5



69
Competitive Binding of Novel Cyanine Dye AK3-5 and Europium Coordination Complexes... EEJP. 3 (2019)

between AK3/5 and EC for the DNA binding sites, V5 and V10 are capable of quenching the AK3-5 fluorescence. A
more hydrophobic nature of V5 and V10 in comparison to V7 and V9 seems to account for a pronounced drop in the
AKS3-5 fluorescence intensity in the combined AK3-5/DNA/EC systems [33].

CONCLUSIONS

In conclusion, the present study was focused on the possible application of the novel trimethine cyanine dye AK3-
5 in the displacement assay using the potential antitumor agents, europium coordination complexes as competitive
ligands. The AK3-5-DNA/RNA binding studies provided evidence for the strong association of the fluorophore to
nucleic acids, with the binding affinity being higher for the double-stranded DNA, in comparison with the single-
stranded RNA. Upon addition of increasing concentrations of europium complexes, a gradual reduction in the
fluorescence intensity of the dye was observed, indicating that EC are capable of displacing the AK3-5 from the DNA
helix. The magnitude of the fluorescence intensity decrease was found to be more pronounced for V5 and V10
compared to V7 and V9. The observed effects were interpreted in terms of the different binding affinities of the
europium complexes to the DNA. The assumption was made, that a more pronounced fluorescence intensity decrease of
in the presence of V5 and V10 results from the EC ability to quench the AK3-5 fluorescence, along with the
competition between AK3/5 and Eu(Ill) complexes for the DNA binding sites. Cumulatively, the results presented here
strongly suggest that AK3-5 can be effectively used for the sensitive detection of the nucleic acids, as well as for the
drug displacement assays.
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KOHKYPEHTHE 3B’SI3YBAHHSI HOBOT'O IIIAHTHOBOT'O BAPBHUKA AK3-5 TA KOOPIMHALIMHUX
KOMIIJIEKCIB €BPOIIIIO 3 THK
O. Kurnskiscbkal, A. 3a6pyacekal, Y. Tapa6apal, K. Bycl, B. Tpycosal, I'. T'opoenko!, A. Kypyroc?, T. Jleaireoprics?
TKagheopa s0epnoi ma meduunoi izuxu, Xapxiecoxuii nayionansnuii ynisepcumem imeni B.H. Kapasina
M. Ceob0o0u 4, Xapxis, 61022, Ykpaina
2Inemumym opzaniunoi ximii ma Gioximii pociun, Borzapcvka akademis nayk
Coqia, 1113, boneapis
3®axynomem ximii i papmayii, Coghiticoruii ynicepcumem « Ceamuti Knimenm Oxpuocokutiy
Codghin, 1164, Foneapis
V naniii po60Ti MPOBEIECHO OLIHKY MOMIIMBOCTI BUKOPUCTaHHS HOBOTO TpUMeTHHOBOro GapBHHKa AK3-5 B SKOCTI KOHKYPEHTHOTO
Jirany Juisl OPOTHITYXJIMHHHX TIperapariB, koopauHariiaux komiuiekciB esporito (KKE), y cucremax, mo mictunu JJHK. Ananis
CHEKTPiB (UIyOpecIeHIil moka3aB BUCOKY cropinHeHicTh AK3-5 10 HyKkiIeiHOBUX KHCIIOT, IPUIOMY CTYMiHb B3a€MOIi 3 MTOABIHHOIO
crmipawmro JJHK OyB Bummit, Hixk 3 onnomaHmoroBoro PHK. 3a momomororo momemi Mak-I1 1 ¢on Ximmens Bu3HAu€HO
TEepPMOANHAMIYHI ITapaMeTpH 3B’s3yBaHHS IiaHIHOBOrO OapBHUKA 3 HykJIeiHOBHMH kucinotamu. Koncranra acomiamii AK3-5 3 THK
nopisioBana 5.1x10* M'! | w0 Bignosimae 3HaueHHIO 1BOro Tapametpy s Bimomux JIHK inTepkansTopis. 3B’s3yBaHHS
nianinosoro 3ou1a 3 PHK, y cBOI uepry, XapakTepu3yBajaoch 3Ha4HO MEHIIOKW KOHCTaHTO acouianii ~ 3.4x10° M, o Bkasye Ha
CJICKTPOCTAaTUYHE 3B’S3yBaHHS a00 «JacTKOBY IHTEPKAIALIIO» SK MOXJIMBUHM MEXaHi3M KOMIUIEKCOyTBOpeHHs. J[lojaBaHHS
KoMmIutekciB eBporito g0 cucremu AK3-5 — THK cynpoBomkyBanocs MaiHHIM iHTEHCHBHOCTI (IIyOpeCeHIIii, NPHYOMY BETHYHHA
uporo edekry 3anexana Bin crpykrypu KKE. 3menmenns dayopecuenuii AK3-5, mo crocrepiraiioch y IpHCyTHOCTI KOMIUIEKCIB
eBpomito V7 1 V9, HalliMOBipHilIe, BKa3ye Ha KOHKYPEHII0 MK I[iaHIHOBUM OapBHHKOM 1 NPOTUIYXJIMHHUMH TperapaTaMmy 3a
caiitu 3B’ s3yBanHs 3 JJHK. KoHneHTpaiifHi 3a1eXHOCTI 3MiH iHTEHCUBHOCTI (IyOpecIeH il Oyu mpoaHani3oBaHi B paMKaxX MOZeTi
JlenrMiopa, 10 JO3BOJNMJIO OTPMMATH KOHCTaHTH 3B’s3yBaHHs 5.4x10* M ta 3.9x10° M mns xommnekcis espomito V7 i V9,
BimoBigHO. Binbmn BupaxxeHe MamiHHS IHTEHCHBHOCTI (iryopecueHnii 6apBHUKa y npucyTHocTi V5 i V10, iMOBIpHO, CBITYUTE 1IpO
racinns QuyopecueHuii AK3-5 komruiekcamu eBpomniro, okpiM KOHKypeHuii Mix 6apBHukoMm ta KKE 3a caiitu 38’s13yBanns Ha JTHK,
B wminomy, oTpuMaHi pe3ysbTaTH CTBOPIOIOTH IepeayMoBH edekTrBHOro BHKopucTaHHs AK3-5 y nociikeHHSX HYKIETHOBHX
KHCIIOT Ta KOHKYPEHTHHUX B3aEMOJii (hapmakosoriuHux arenris i 0apsaukis 3 JTHK.
KJIIOUYOBI CJIOBA: TpuMeTnHOBH LiaHIHOBHI OapBHUK, KOOPAMHALIHHI KOMIUIEKCH €BPOIIiI0, IPOTUITYXJIMHHHHN Mpernapar,
JTHK, xoHcTaHTa acorarii

KOHKYPEHTHOE CBA3BIBAHUE HOBOT'O HUAHHHOBOI'O 30HJIA AK3-5 1 KOOPJJUHAIIMOHHBIX
KOMIIJIEKCOB EBPOIIHUA C JHK
0. Kurnsikopekas', A. 3a0pyuackasn', ¥. Tapa6éapal, K. Byc!, B. Tpycosa!, I. Fopoenxo’, A. Kypyroc?, T. leaureoprues?
Kageopa sidepnoii u meduyunckoii usuxu, Xapokosckuii nayuonanbuwiii yuueepcumem umenu B.H. Kapaszuna
ni. Ceoboowr 4, Xapwvros, 61022, Yrpauna
2Uncmumym opzanuueckoti xumuy u 6uoxumuu pacmenuii, Boreapckas akademus nayx
Cogpus, 1113, Boreapus
SDaxynomem xumuu u papmayuu, Copuiickuii ynusepcumem «Cesamoii Knumenm Oxpuockuii»
Coghusa, 1164, boreapus

B nmanHO# pabore mpoBeneHa OIEHKA BO3MOXHOCTH HCIIONB30BAHUS HOBOTO TpHMeTHHOBOro kpacurenst AK3-5 B kauectse
KOHKYpPEHTHOTO JIMTaHJa ISl NPOTHBOOITYXOJEBHIX IIPENapaToB, KOOpAMHAIMOHHBIX KomiurekcoB espomust (KKE), B JIHK-
coliepKaluX cucTeMax. AHanu3 (IIyOpecHeHTHBIX CIEKTPOB TOKa3an BhICOKOe cpoicTBO AK3-5 K HyKJICHHOBBIM KHCIOTaM,
MpUYEM CTENeHb B3aumoaeicTBus ¢ apyxienodeunoit JIHK Owina Boime, yem ¢ oxHorenoueuHoit PHK. C momormso Mogenu Mak-
I'm u ¢on Xunmens onpenesieHsl TEPMOANHAMHUYECKHE NApaMETPhl CBA3BIBAHMS LIMAHMHOBOTO KPACHTENs C HYKJICHHOBBIMU
kucnoramu. Koncranta accounanuu AK3-5 ¢ IHK Gbuta pasna 5.1x10* M1, 4T0 COOTBETCTBYET 3HAYEHHIO 3TOrO MapameTpa JUls
m3BecTHBIX JIHK mHTepKamaropoB. Cesa3piBanue muaHuHoBoro 30HAa ¢ PHK, B cBoio ouepenp, XapakTepu30BaIOCh 3HAYUTEIHEHO
MeHbLIEH KOHCTaHTOH accoumanuu (~ 3.4x10° M), ykaselBasg Ha 3JIEKTPOCTATHYECKOE CBS3bIBAHHE JIMOO «YAaCTHUHYIO
HMHTEPKASINIO» KaK BO3MOXHBIH MEXaHI3M KOMILIEKCooOpazoBaHus. JlobaBieHne koMIulekcoB eBponus k cucreme AK3-5 — THK
COIPOBOXKIAJIOCH CHIDKEHHEM HMHTCHCHBHOCTH (DIIyOpeCcIeHIUH, IpHIeM BelHunHa 3Toro dddekra 3aBucena ot crpykrypsl KKE.
Habnromaemoe ymenbiienue ¢ayopecuenuun AK3-5 B mpucyTcTBUH KOMIUIEKCOB eBpornus V7 u V9, Haubonee BEpOSITHO,
yKa3blBaeT Ha KOHKYPEHIMIO MEXIy KpacuTeleM M IPOTHBOOIYXOJEBBIMH IIperapatamu 3a caiitel cBs3siBanus ¢ JIHK.
KoHLeHTpalMOHHbIE 3aBUCUMOCTH HM3MEHEHWS WHTEHCUBHOCTH (IyOpecLeHLMH ObUIM INPOAaHANIU3MPOBAHbl B PaMKax MOJEIH
JleHrMIopa, YTO IO3BOJIMIIO MOIYy4YUTh KOHCTaHTHI CBs3biBanua 5.4x10* M u 3.9x10° M! mns xommekcos esporuss V7 u V9,
COOTBETCTBEHHO. boiee BbIpaskeHHOE MajieHHe MHTEHCUBHOCTH (DIyOpecleHIH TPUMETHHOBOTO KpacUTeNsl B MPHUCYTCTBHH V5 U
V10, mpeamonokuTenpHo, o0ycioBiaeHo TymieHueM ¢uryopecuennn AK3-5 komiuiekcamu eBpommus, Hapsigy C KOHKYPEHIHen
mexay kpacurenem u KKE 3a caiitel cBszbiBanust Ha JIHK. B nenom, npeacraBieHHble pe3ysbTaThl CO3AIOT MPEINOCHUIKH IS
s¢dexTuBHOrO Hcmonb3oBaHus AK3-5 Kak s nCclenoBaHMS HYKIEHHOBBIX KHCIOT M KOHKYPEHTHOTO — CBSI3BIBAHUS
(apmakonorndeckux areHToB u kpacureieii ¢ JJTHK.

KJ/IFOYEBBIE CJIOBA: TpuMEeTHHOBBIN IUAHUHOBBIN KpacuTesb, KOOPIUHALMOHHbBIE KOMIUICKCHI €BPOIIUS, IPOTUBOOILYXOJIEBBIN
npenapat, JJHK, koHCTaHTa CBsI3BIBaHUA





