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ENDEOECOLOGICAL ASPECTS OF GLUTATHIONE INTERACTING WITH FREE
RADICALS OF OXYGEN
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Following the analysis of the results of quantum chemical simulation of interaction between a GSH molecule and oxy-
gen radicals *OH and *O0", it was found that it takes place through the acid-base mechanism, where GSH acts as a base
towards *OH, and as an acid towards «O0O".
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Kpemenuynpkuii HallioHaTbHUN yHIBepcuTeT iMeHi Muxaiiina OctporpaichKoro
Ha ocHOBI aHasi3y pe3y/bTaTiB KBAHTOBOXIMIYHOI'O MOJENIIOBaHHS B3aemoii mosiekynu GSH 3 pamukaniamMu KUCHIO
*OH i OO BcTaHOBIIEHO, 1110 BOHA BiIOYBAa€THCS 32 KMCIOTHO-OCHOBHHM MeXaHi3MoM, ripuuomy GSH 1o BiHOLIEHHIO
1o *OH BucTtynae sik 0CHOBa, a Mo BigHOMIEHHIO 10 *O0 ™ — K KHCIIOTA.
Kunro4ogi cjioBa: riyTaTioH, riipOKCHII-pajMKal, CyepoKCHI-aHiOH-paanKal, KBaHTOBOXimMiuHa mporpama Firefly.

THE RELEVANCE OF THE WORK. To decrease the negative effect of free oxygen radicals on a living organism
practical medicine widely uses endogenous oxidants since they take part in the system of human organism protection
from the aggressive action of free radicals, for example [1-2]. The lack of systematic investigations, especially at the
molecular level, of antiradical activity of various antioxidants under their interaction with free radicals in biological
systems not only determines availability of contradictory estimates in interpretation of the results of experimental regu-
larities [3-5] but also creates difficulties in development of general ideas concerning the mechanisms of interaction of
antioxidants with free radicals and purposeful approach to the control of these processes which are applied to medical
practice [6, 7]. The above said actualizes studying the antiradical activity of various antioxidants.

Interaction of antioxidants with free radicals is determined by the influence of the great number of various interre-
lated kinetic processes which stabilization is rather problematic even in the experiment conditions. Thus, it seem urgent
to study efficiency of the influence of endogenous antioxidants by simulating the mechanism of their interaction with
free radicals by the methods of quantum chemistry in combination with experimental ones, in particular, with electro-
chemical method that allows not only obtaining the substantiation of the positive effect of using the antioxidants but
also establishing potential significance of these substances as medical remedies.

The work objective was investigation of antiradical properties of endogenous antioxidant glutathione (C1oH17N30sS)
by simulation of the mechanism of its interaction with free radicals (hydroxyl radical (*OH) and superoxide-anion-
radical (¢<OO").

MATERIALS AND RESULTS OF RESEARCH. Human organism contains a nonenzymatic antioxidant system of
cells protection from the influence of free radicals. The compounds with various properties appear as the system com-
ponents. One of such compounds is glutathione (GSH) [8] synthesized in each organism cell, but antiradical mechanism
of its interaction with active oxygen forms at the microscopic level is not completely understood, except for certain re-
sults of macroscopic medical [9] and electrochemical [10] investigations which are unfortunately of phenomenological
character and do not give a purposeful approach to such processes control.

One of the key active forms of oxygen is *OO" , which is formed when adding one electron to oxygen molecule in
the basic state and can be a source of *OH formation in human organism; it may be the strongest oxidizer among free
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Fig. 1 — Scheme of interaction of GSH molecule with «OO" (ar-
rows point to charges on atoms according to Lyovdin)

oxygen radicals [11], thus *OH and *OO" can
exist simultaneously and be used for studying
their interaction with glutathione for simula-
tion of its antioxidant activity. The above said
has determined the choice of investigation
objects.

Theoretical study of the mechanism of
GSH interaction with OO and *OH is per-
formed with the help of the program module
GAMESS (version of March 27, 2007) and
program module Firefly 8 by the most modern
unempirical quantum chemical method in the
basis 6-31G** [12].

When GSH molecules interact with one
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*00" at the point of global minimum of full
interaction energy there occurs redistribution
of the charge of 702¢ with OO to glutathione

Fig. 2 — Scheme of interaction of GSH molecule with *OH (ar-
rows point to charges on atoms according to Lyovdin)
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Fig. 3 — Scheme of redistribution of elec-
tron density of GSH molecule as a result of
interaction with radicals

molecule through the atom of hydrogen
H(23), indicating a possibility of efficient
interaction of OO0 with GSH, with probable
formation of stable complexes (Fig. 1). Under
analogous interaction with one *OH, on the

o LE"Y contrary, there occurs an increase of electron
. ;&’.r.fg‘@ d® density on oxygen atom of hydroxyl radical

e @' by 0.208e, as a result the bond length S(22) -
H(23) increases in glutathione molecule from
0.132 to 0.317 nm that points to the possibil-
ity of this atom breaking off GSH molecule
and its further attachment to *OH with formation of water molecule
(Fig. 2).

Thus, the interaction of a molecule of studied antioxidant with
free oxygen radicals initiates redistribution of electron density in the
glutathione molecule in different directions (Fig. 3) [13].

To bring the results of quantum-chemical modeling closer to real
conditions of interaction of the antioxidant molecule with *OH and
*0O0" in human organism the authors performed simulation of water
medium influence on the mechanism of GSH molecule interaction
with free oxygen radicals in terms of Firefly 8 program. An analysis
of results obtained has shown that the mechanism of electron density
redistribution with allowance for water medium influence with die-
lectric constant e = 78.355 at T = 298 K within the continual model of
the solvent PCM for these interactions remains almost unchanged,

-« e O
G0 T

that is confirmed by comparison of charges distribution according to Lyovdin, corresponding distances in GSH, *OH,
*00’, as well as the values of activation energy of the reactions of GSH molecule interaction with *OH and *OO" (Ta-

ble).

Table 1 — Comparative distribution of charges g according to Lyovdin and activation energies E, under
GSH molecule interaction with free oxygen radicals at a point of global minimum

Interaction g.2.90. E. , kd/mol
S(22) H(23) o*
OH Without PCM 0.045 0.215 -0.449 101
PCM 0.036 0.222 -0.465 100
GSH - -
00 Without PCM -0.660 0.216 -0.206 17
PCM -0.731 0.211 -0.187 7

~ *Indicated atom of radical which directly interacts with atom H(23) of GSH molecule.

CONCLUSIONS. Thus, the quantum chemical simulation of glutathione molecule interaction with *OH and *OO"
has shown that, allowance for the influence of water medium do not practically influence redistribution of electron den-
sity of glutathione molecule and permit concluding that the studied reaction proceeds following the acid-base mecha-
nism, under these conditions GSH appears as acid in respect of *OH in accordance with the set scheme (Fig. 3).

Thus, the mechanism of glutathione molecule interaction with *OH and *OO™ has been investigated.
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E®EKTUBHICTDH IPOI'PAMM ®I3UYHOI PEABLIJIITALIIE XBOPUXHA XPOHIYHUI
XOJIEHACTUT Y JIKAPHSIHAI NEPIOJ PEABLTITAIIT
Anrtonona O.1., Isxo }0.B.
KpemeHnuyipkuii HallioHaIbHUIN yHIBepcuTeT iMeHi Muxaiina OcTporpaichbkoro
ByiL. IlepmorpaBHeBa, 20, M. Kpemenuyk, Ykpaina, 39600. E-mail: antonovaei @ukr.net
ExcniepuMeHTaNbHO JOBEACHO €(PEKTHBHICTH BIDIMBY po3po0ieHoi mporpaMu (i3mdHOI pealimiTarii, sska crpusiia Bij-
HOBJICHHIO (DYHKIT NITYHKOBO-KHIIKOBOTO TPAKTy, CEPLEBO-CYIHMHHOI, LEHTPaJIbHOI Ta mepudepiiHoi HepBOBOI CcHC-
TeM XBOPUX HA XPOHIYHHUI1 XOJICHUCTHT.
Kiro4oBi cjioBa: XpoHIYHHAN XONEIUCTHUT, (i3WIHA peadiTiTamis, IKIiCTh KHUTTS.

EFFECTIVENESS OF PHYSICAL REHABILITATION PROGRAM PATIENT CHRONIC
CHOLECYSTITIS IN THE HOSPITAL PERIOD OF REHABILITATION
Antonova O., Ivko Y.
Kremenchuk Mykhaylo Ostrogradskiy National University
vul. Pershotravneva, 20, 39600, Kremenchuk, Ukraine. E-mail: antonovaei@ukr.net
The effectiveness of the developed physical rehabilitation program, which helped to restore the function of the gastroin-
testinal tract, cardiovascular, central and peripheral nervous systems of patients with chronic cholecystitis, has been ex-
perimentally proven.
Key words: chronic cholecystitis, physical rehabilitation, quality of life.

AKTYAJIBHICTb POBOTMU. 3axBopioBaHHSI CHCTEMH OPraHiB TPaBJIEHHs HaJeXaTh 10 HAHOUIBII MOUIMPEHUX SK
y Hamiii KpaiHi, Tak i y cBiTi 3arasioM. Ha cporozHi B iHIyCTpiaJIbHO pO3BMHEHHX KpaiHaX Ha XPOHIYHHUH XOJEUUCTHUT i
YKOBUOKaM sTHY XBopoOy xBopitoTh Big 10 mo 50 % mopocioro HaceneHHs, 1 iX yacToTa Ma€e TEHACHIIIO O 3pOCTaHHS.
OcTaHHIM 9acoM MOPIYHO B YKpaiHi rOCHITai3yI0Th OM3bKO MiJbOHA XBOPUX HA XPOHIYHUH XOJICIUCTHT, a 3arajb-
Ha KUTBKICTh JIIXKKO-JIHIB Yy CTaIlioHapi CTAHOBUTH MOHAJ 15 MiNbHOHIB, O CBIAYUTH MPO MOMANbIIE 301IbIICHHS 3a-
XBOPIOBAHOCTI Ha II0 maToJiorio [1; 2].

MATEPIAJIN 1 PE3YJIBTATU JOCIHIAXEHDb. Mema oocnioscenns: HaykoBO OOTpYHTYBATH, pO3pOOUTH 1 anpo-
OyBatu mporpamy (Hi3udHOI Teparii B KOMITIEKCHIN peabiiTallii XBOpHUX 3 XpPOHIYHUMH XOJICIUCTUTAMU Ha CTallioHap-
HOMY eTarli JiKyBaHHs. Memoou 00cniodcenHs . aHaNi3 1 BUBYCHHS CYYaCHHUX JDKEPEN HAYKOBOI JIITepaTypu Ta JOKyMe-
HTAJIFHUX MaTepialliB; KIIHIYHI METOIM MOCIIKCHHS (OMMTYBAHHS, OTJIS, MANbIAIis); OI[IHKA SKOCTI XHUTTs; MaTeMa-
TUYHO-CTATHCTHUYHI METOJIU TOCIIIKCHHSL.
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