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It has been shown that intercalating (mitoxantone, doxorubicin) and non-intercalating
(netropsin, Hoechst 33258) ligands form more strong complex with nucleic acids irradiated by
resonant frequencies (64,5 and 50.3 GHz) for oscillations of water structures. Under the effect of
the mentioned non-thermal millimeter waves a dehydration of nucleotides occurs, which results in
increasing of the binding constant of ligands with irradiated double-stranded nucleic acids (NA).
Calculations showed that as a result of irradiation, the enthalpy (AH) and entropy (AS) of the
binding of ligands to NA has been changed. However the value of AH is mainly being changed for
intercalators, and the value of AS - for non-intercalators.

DNA — synthetic polyribonucleotide — mitoxantrone — doxorubicin — netropsin — Hoechst 33258

8nyg £ wnyb, np hunbGpywiwgdnn (Uhwnnpuwuwnpnl, nneunnniphghl) W shunbBpywiwgynn
(UGwnpnwuhl, Hoechst 33258) hgqwunutpp onh Ywnnigwépubph  wnwwnwunidubph  nGgnuwluwjhu
hwédwfunientuutpny (64.5 W 50.3 Q3g) dwnwaqwjeywd Untythuwpeniubnh htwn wnwewgunwd Bu
wybh wdnip Yndyteu: Laywsé ng sbpdwihu JhihdGinpwiht wiheUbph wgnbgniejwl Ubppn wnknh £
nluGunwd - uncytninhnutph  nGhhnpwwnwghw, hugsp hwugbgunud £ dwnwgwjprwhwpywéd  Gpuypnew
uny Ghuwpepeniubnh (LE) htwn |hquunutph Yuwwdwl hwunwwnniuh Jedwgdwup: Iwpdwnlutpp gnug
GU wnybl, np dwnwawjrUwlu wpryniupnd thnfudnid BU UE-h hGwn [hquunUbph Yuwwdwl Eupwiwhwl
(AH) W Eupnpnwhw (AS), uwywju hunGnpywywnnputnh juwdwl wpnyniupnid hhduwywuncd thnpugned
E AH-p, huy ng huinBpywywwnnputnph hwdwp® AS-p:

I3 — uhlptwnply wnihnhpnuncy Gninhn — dhinnpuwlwnpnl — nnpunnniphghl —
UGwnnpnwupl —Hoechst 33258

INokazaHo, 94TO MHTEPKAIHpPYIOMHUe (MUTOKCAaHTPOH, JOKCOPYOUIIMH) U HEMHTEPKAINPYIO-
mue (HerporicuH, Hoechst 33258) nuranas! ¢ HyKJICMHOBBIMH KHCIIOTaMH, OONyYeHHBIMH Pe30-
HaHCHBIMHU yactoTamu (64.5 u 50.3 I'Tu) xoneGanuii BOAHBIX CTPYKTYp, 00pa3yroT Ooiee mpou-
HbII KoMIuteke. [lon melicTBueM yka3aHHBIX HETEIJIOBBIX MHJUIMMETPOBBIX BOJH MPOUCXOIUT Jie-
rUApaTalysl HyKJI€OTHAOB, YTO M NMPHUBOAUT K YBEIMYEHUIO KOHCTAHTHI CBSI3bIBAHMS JIMTaHJIOB C
00JyYeHHBIMH JIByCIIMPAIbHBIMA HYKJIenHOBbIMU Kuciioramu (HK). Pacdersl mokasanu, 4to
BCJIeACTBUE 00IyueHHus u3MeHsAoTcs sHTanbnus (AH) u sHTponus (AS) CBSI3bIBaHMS JIUTAHAOB C
HK, onHako i MHTEpKaIATOPOB BCIEICTBHUE CBA3BIBAHUS B OCHOBHOM MeHseTcs AH, a mis He-
HUHTEPKAISITOPOB — AS.

JHK — cunmemuueckuti nOIUpUOOHYKICOMUO — MUMOKCAHMPOH — OOKCOPY OUYUH —
nemponcun — Hoechst 33258
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Numerous physical factors of environment, playing a key role in vital processes
of biological systems, have an electromagnetic nature. Electromagnetic waves of the
artificial origin and various frequency ranges have a significant effect on the living
organisms and possess a wide application [1, 2]. The topics connected to the possible
negative impacts of electromagnetic waves on living organisms as well as medico-
biological aspects of their application as therapeutic agents are actual directions of
contemporary science [3-6]. It was shown in [7-9] that non-thermal millimeter
electromagnetic waves (MM EMW) certainly affect the water-saline solutions of DNA
in vitro. At the irradiation of DNA solutions by resonant frequencies for oscillations of
water molecular structures, MM EMW penetrate deeper in water solutions [7], due to
which the thermostability of DNA increases, which in turn is conditioned by dehydration
of DNA molecules and Na* ions in the solution. It is known that many biologically
active compounds (particularly, drugs) penetrating into a cell, bind to nucleic acids (NA)
mainly [10, 11]. Taking into consideration that the hydrate layer of NA plays an
important role at the complex-formation of biologically active compounds with NA, in
this paper the binding of several low-molecular compounds with NA earlier irradiated by
MM EMW has been studied.

Materials and methods. Calf thymus DNA, synthetic double-stranded polyribonucleotides
poly(A)-poly(U) and poly(G)-poly(C), mitoxantrone (MTX), netropsin (Nt), doxorubicin (DX) and
Hoechst 33258 (H33258) were used in experiments. All preparations were purchased from
“Sigma” and used without further purification. Measurements were carried out in water solution,
containing 0.01M Tris buffer and 0.1 M NaCl, pH 7.4.

Concentration of the preparations was determined using the following extinction
coefficients (M™-cm™-L): ,60(p)=6550 for calf thymus DNA, &,60(p)=7140 for poly(A)-poly(U),
€260(P)=7900 for poly(G)-poly(C), €g50=25090 for MTX, €,95=21500 for Nt, €480=11500 for DX
and &343=42000 for H33258.

Spectrophotometric  titration was carried out using PYE Unicam SP-8-100
spectrophotometer (England). Measurements were carried out in thermostating cells using quartz
cuvettes with hermetically closing caps. For spectrophotometric titration the concentration of
MTX was approximately equal to Ce=3-10° M; Cy=7-10° M for DX; Cg=2-10° M for Nit;
Cy=3-10° M for H33258. It was shown that at the mentioned concentrations the self-arbitrary
associates of the ligand molecules can be neglected [12,13].

For the irradiation of the solutions G4-141 and G4-142 generators were used. Irradiation
was carried out in the glassy dishes. Solutions were covered by transparent for irradiation thin
chloride-vinilic layer as described in details [7, 13].

Results and Discussion. It was shown [7, 9] that under the effect of MM EMW
the density of DNA water-saline solutions and DNA thermostability increase, though the
change is the biggest at the irradiation with 90 min duration and 64.5 and 50.3 GHz
frequencies that coincide with resonant ones of oscillations of water structures. That is
why the binding of ligands with NA previously irradiated by resonant (64.5 and 50.3
GHz) and non-resonant (48.3 GHz) frequencies and 90 min duration was studied.

Interaction of ligands with NA is reflected in alteration of the absorption spectra
in visible and UV regions of the spectrum. The interaction of ligands with NA via the
absorption spectra change character in visible (for MTX and DX) and distant UV (for Nt
and H33258) regions at the complex-formation was studied. NA do not absorb in distant
UV (A>320 nm) and visible regions that is why (at complex-formation of NA-ligand) the
character of ligand binding to NA can be studied by the absorption spectra change in the
mentioned regions and the binding thermodynamic parameters can be determined.

The absorption spectra of non-irradiated and irradiated calf thymus DNA and
polyribonucleotides were obtained at some concentrations of ligands. Experiments show
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that the absorption spectra of the complexes and the character of their alteration at
titration are almost similar for non-irradiated and irradiated NA. From the absorption
spectra the concentration of free and bound ligand in the solution was determined and
the binding isotherms in Scatchard’s coordinates by the early described method were
constructed [12, 13]. The binding isotherms were described by non-linear formula,
provided by McGhee and von-Hippel [14], which more precisely describes the
adsorption of ligands on NA. It was shown [12,13,15] that in the studying conditions
MTX and DX interact with non-irradiated and irradiated NA by one intercalating mode;
Nt and H33258 interact with NA by non-intercalating mode, localizing in the minor
groove of NA and forming the ordered complex. It should be mentioned that the double-
stranded polyribonucleotides poly(A)-poly(U) and poly(G)-poly(C) are in A-form at
approximate physiological conditions [16]; the double helix parameters, hydration of
nucleotides and charge density along the chain strongly differ from those of DNA in
analogous conditions (B-form).

Table 1. Values of the binding constant (K) and saturation stoichiometry (n)
determined for the complexes of ligands with non-irradiated and irradiated NA

. N Irradiated, frequenc
Ligand | | Non-irradiated 503GHz | 645 ng y| 48.3 GHz
type Binding constant, M* n
DNA
298.15 | (5.1+0.1)-10° | (10.0+0.2)-10° (8.7£0.2)-10° (5.240.1)-10° | 2.440.2
MTX | 303.15 | (4.1+0.1)-10° (7.5+0.1)-10° (6.9£0.3)-10° (4.240.2)-10° | 2.540.2
308.15 | (3.35+0.05)-10° | (5.1+0.2)-10° (4.8£0.2)-10° (3.440.1)-10° | 2.340.2
290.15 | (6.24£0.1)-10° | (64.5+0.2)-10° (62.0£0.2)-10° | (6.9+0.1)-10° | 4.0+0.1
DX 300.15 | (5.1#0.1)-10° | (50.2+0.2)-10° (48.1£0.2)-10° | (5.940.1)-10° | 4.1+0.2
310.15 | (4.5£0.2)-10° | (39.4+0.2)-10° (38.2£0.1)-10° | (5.1#0.1)-10° | 4.0+0.1
293.15 | (5.040.2)-10° | (36.1+0.3)-10° (38.4£0.2)-10° | (6.9+0.2)-10° | 5.9+0.2
Nt 303.15 | (3.040.1)-10° | (21.1+0.2)-10° (22.3£0.3)-10° | (4.1+0.2)-10° | 6.0+0.2
313.15 | (1.940.2)-10° | (12.8+0.2)-10° (13.0£0.2)-10° | (4.1+0.2)-10° | 6.0+0.2
H332 298.15 | (5.540.5)-10" | (23.1£0.5)-10’ (24.2£0.4)-10" | (6.1+0.5)-10" | 6.0+0.1
58 303.15 | (8.5+0.5)-10" | (40.3+0.4)-10’ (50.5+0.5)-10" | (9.240.3)-10" | 6.0+0.2
308.15 | (10.5+0.2)-10" | (72.1£0.5)-10’ (81.7£0.5)-10" | (12.8+0.5)-10" | 6.0+0.2
poly(G)-poly(C)
308.15 | (9.5+0.3)-10" (1.840.1)-10° (2.1£0.1)-10° (9.640.4)-10* | 6.0+0.3
MTX | 323.15 | (5.7+0.2)-10* (1.1£0.1)-10° (1.2540.1)-10° | (5.9+0.3)-10* | 5.8+0.4
333.15 | (4.240.2)-10° | (0.75+£0.08)-10° | (0.8140.1)-10° | (4.240.3)-10° | 5.9+0.3
290.15 | (4.4+0.1)-10° (9.3£0.2)-10° (8.84£0.2)-10° (4.940.1)-10° | 6.040.2
DX 300.15 | (2.240.1)-10° (4.840.2)-10° (3.3£0.1)-10° (2.330.1)-10° | 5.940.2
310.15 | (1.740.1)-10° (3.4+0.1)-10° (2.8+0.1)-10° (1.840.2)-10° | 6.0+0.1
poly(A)-poly(U)
293.15 | (1.240.02)-10° | (3.9+0.1)-10° (4.240.1)-10° | (1.71+0.1)-10° | 8.0+0.2
Nt 303.15 | (0.7240.03)-10° | (2.3+0.1)-10° (2.540.1)-10° | (1.02+0.1)-10° | 8.1+0.2
313.15 | (0.44+0.02)-10° | (1.4+0.1)-10° (1.540.2)-10° | (0.63+0.1)-10° | 8.0+0.2
H332 298.15 | (2.1#0.3)-10" | (11.0+0.4)-10’ (11.3£0.5)-10" | (2.840.3)-10" | 6.240.2
53 303.15 | (3.330.4)-10" | (15.2%0.5)-10’ (16.8£0.4)-10" | (3.440.2)-10" | 6.5+0.2
308.15 | (5.04£0.5)-10" | (23.1+0.5)-10 (23.0£0.5)-10" | (4.940.4)-10" | 7.1%0.2

Calculations show that the studied ligands with more hydrated B-form form more
solid complex, than with less hydrated A-form (tabl. 1). It should be mentioned that the
value of the binding parameters (binding constant (K) and parameter n which
characterizes a stoichiometry of NA-ligand complex at the saturation and is equal to
number of base pairs occupied by one bound ligand molecule) correlate with the data for
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the binding of ligands with DNA obtained by the other authors [17, 18]. The value of the
binding constant of the ligands (DX and Nt) with polynucleotide in A-form is almost an
order higher at the irradiation of the latter by resonant frequencies of water structures —
64.5 and 50.3 GHz; in the case of MTX and H33258 it is higher several times, while at
binding to A-form it is higher several times as well (tabl. 1). At the irradiation of the
solutions of DNA and polyribonucleotides by non-resonant frequency (for example, 48.3
GHz), the thermodynamic parameters, characterizing the complex-formation of double-
stranded NA with ligands in the error frameworks are unchangeable [tabl. 1 and 2]. In
the work [7] at the explanation of the obtained experimental data it was assumed that at
the irradiation by resonant frequencies for water structures, the hydration of both Na*
ions existing in the solution and base pairs of double-stranded DNA decreases.
Consequently, it is probable that at the irradiation of NA by 50.3 and 64.5 GHz the
stronger dehydration in more hydrated B-form (DNA) occurs due to which the binding
of ligands with NA becomes possible to be more solid, which in turn leads to the
enhancement of the binding constant at unchanged n.

Table 2. Thermodynamic parameters of the binding of ligands with
non-irradiated and irradiated double-stranded nucleic acids

Thermodynamic N Irradiated, frequency (GHz
param)t/eter Non-irradiated 503 | G | A 4)8.3
DNA-mitoxantrone
-AG, kcal/mol 7.8 8.0 8.1 7.8
-AH, kcal/mol 7.6 8.4 8.5 7.7
AS, cal/mol-K 0.8 1.2 1.4 1.2
poly(G)-poly(C)-mitoxantrone
-AG, kcal/mol 7.1 7.5 7.6 7.1
-AH, kcal/mol 6.7 7.3 7.4 6.8
AS, cal/mol-K 1.3 2.2 2.1 1.2
DNA-doxorubicin
-AG, kcal/mol 7.8 11.3 10.8 7.9
-AH, kcal/mol 2.8 4.3 4.1 2.9
AS, cal/mol-K 16.6 20.0 18.3 16.7
poly(G)-poly(C)-doxorubicin
-AG, kcal/mol 7.7 6.9 7.7 7.7
-AH, kcal/mol 2.6 2.7 2.8 2.6
AS, cal/mol-K 15.1 15.3 15.2 15.1
DNA-netropsin
-AG, kcal/mol 11.8 12.9 13.0 11.9
-AH, kcal/mol 9.1 9.5 9.6 9.2
AS, cal/mol-K 8.6 11.2 11.2 8.9
poly(A)-poly(U)-netropsin
-AG, kcal/mol 10.9 11.6 11.6 111
-AH, kcal/mol 9.1 9.3 9.3 9.1
AS, cal/mol-K 5.9 7.6 7.6 6.2
DNA-Hoechst 33258
-AG, kcal/mol 11.0 115 115 111
AH, kcal/mol 6.0 6.5 6.4 5.9
7| AS, cal/mol-K 56 61 63 58
poly(A)-poly(U)-Hoechst 33258

-AG, kcal/mol 10.5 11.0 11.1 10.2
AH, kcal/mol 8.5 9.2 9.3 8.6
AS, cal/mol-K 62 71 72 64
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Thermodynamic parameters of the binding: changes in Gibbs free energy (AG),
enthalpy (AH) and entropy (AS) were determined from analysis of Want-Hoff
dependence of K on temperature. For this aim the adsorption isotherms were obtained at
three temperatures, where it becomes known from the melting curves of NA-ligand
complexes that NA is in double-stranded state. For non-irradiated and irradiated
complexes the dependence of InK on 1/T was constructed. In each plot through three
experimental points a direct line was passed using the least square method and from this
curve the values of AH and AS were determined [12, 13]. Values of the binding
thermodynamic parameters for the investigating systems are presented in tabl. 2.

As it follows from tabl. 2, at complex-formation of intercalating and non-
intercalating ligands with double-stranded NA irradiated by resonant frequencies, the
enhancement of absolute value of the thermodynamic parameters of the binding (AG, AH
and AS) is observed as compared to non-irradiated complexes: the ligands form stronger
complex with irradiated NA. Despite the fact that at the binding to irradiated NA the
absolute values of AH and AS are being increased, the value of AH is mainly being
changed for intercalators (MTX and DX), and the value of AS - for non-intercalators.

The obtained results indicate the perspective of elaboration of new optimal
regimes of the application of anti-tumorous preparations in combination with millimeter
waves.
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