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A kinetic model of methyl linoleate peroxidation inhibited by a-tocopherol was constructed. Good accord was obtained
with experimental data at 40°C. Model was numerically analyzed by the value method based on Hamiltonian systematization of
kinetic equations. The extremal complex behavior of reaction induction period in relation to a-tocopherol initial concentration is
related to the increase in the ratios of [tocopheroxyl radical]l/[peroxyl radical] and the {tocopherol mediated peroxidation
rate}/{rate of termination by combination of tocopheroxyl and peroxyl radicals}. The prooxidant influence of autoinitiation
reaction with a-tocopherol and hydroperoxide are important too.

Fig. 4, table 1, references 26.

Introduction

a-Tocopherol (Fig.1) is recognized as the most irtgrrantioxidant with respect to protection against
oxidative damage of polyunsaturated fatty acid®aus and biological systems [1-4].

The mechanism of the antioxidant action ccgtocopherol relies on scavenging of chain-carryiipid
peroxyl radicals (LOQ that would otherwise cause oxidative damage @holgical membranes and other lipid-
containing structuresi-Tocopherol (TH) acts as a chain-breaking antioxidesy donating its phenolic hydrogen
to the chain-propagating LO@adical yielding a hydroperoxide and a less reaatitocopheroxyl radical ()

LOO" +TH - LOOH+T’
T reacts with another LO®r T forming non-radical products (NRP)

T +LOO" - NRP



T +T - NRP
The complex dependence of the induction periodligidi peroxidation rate during the induction period
the initial concentration af-tocopherol is connected with prooxidative effects.
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Fig.1. Structure ofi-tocopherol (5,7,8-trimethyl tocol) (TH).

This complexity leads to the observed inconsisteincyhe reported relative activities of the diffete
tocopherols in various in vitro experiments [3-The aims of this paper are: first — construct theded with
great predictive ability and second — numericalhalgized it to describe extremal complex effectrafuiction
period dependence aftocopherol.

Kinetic Model and Methods

The value method [8] was used for numerical modekmd analysis of methyl linoleate peroxidation
reaction in the presence oftocopherol. The experiment was a study on thebitibh of methyl linoleate
oxidation bya-tocopherol (12-68 mM) in the presence of initiathyl linoleate hydroperoxides at 40°C [3].

The mechanism of chain—breaking antioxidant agtiweit a-tocopherol in lipid peroxidation reactions is
thoroughly studied [1-7]. It allowed constructingiaetic model of peroxidation reaction of the mblijeid,
methyl linoleate, inhibited by-tocopherol (Table). When constructing the kinetiadel, particular interest was
paid to the existing data on the elementary reastiand on the autooxidation routescefocopherol in the
reaction products [3, 4].

Besides the traditional reactions usually descghiime chain process of methyl linoleate peroxidatio
reactions of hydroperoxyl radical and hydrogen giel® formation and their further reactions are udeld in
the kinetic model. Similarly, together with the cdans describing the chain-breaking antioxidanivig of o-
tocopherol, reactions responsible for the prooxiganperties ofi-tocopherol (i.e. chain propagation reaction
with the participation ofi-tocopheroxyl radicals, steps of autoinitiating ioHranching via the reactions of TH
with peroxide compounds and the decomposition ohalide peroxides being formed) are included in the
kinetic scheme. The possibilities of chain ternmiborareactions with the participation of variousefradicals are
also taken into consideration (table).

The rate constants of the reactions are calculiethe temperatures at 4D using Arrhenius equation
based on handbooks and other literature [9-24].

The kinetic significance of the individual reactiemdetermined by value magnitudej (t) which is a

response relation to the reaction target paranatarstant of time on the small disturbance of step rate at
the initial instant of time to



G [t

)= of[r, (t),....r. (t)]

rate:

. ]=12,...n (1)
o, /J =1 (t)

where rj (t) is the rate of j step
The value contribution of an individual step talkdso into consideration the magnitude of the reatdi

h,(t)=G,(t)r; (t)

(2)

The value magnitudes of the individual steps of réction mechanism are determined by Hamiltonian
systematization of kinetic equations. The calcatativas made by VALKIN computing software [8]. Ineth
given computing software, the systems of diffe@rgguations were integrated using of calculatigrpsogram

ROW-4A [25].

Table

The kinetic model of peroxidation reaction of the rodel lipid, methyl linoleate, inhibited by a-tocopherol

at 40°C
N The Chain Reaction’s Steps Rate Constants  Referen
1 LH+0, - L* +HOO' 2.24x10% | B
2 L" +0, — LOO’ g.75x10° | MY
3 LOO" +LH — L' +LOOH 76.3 [14. 21]
4 LO" +LH - LOH +L° 1.26x10" | (11°]
5 HOO"+LH - L* +H,0, 228 [12]
6 | HOO +LOOH - LOO® +H,0, | 6.71x102 | 11
7| LO" +LOOH - LOH+LOO" 3.79x108 | M
8 LOO" +H,0, - LOOH +HQOO' 1.14x10° [18]
9 LOO" - L(-H)+HOO 5.49x10° [21]
10| LOO" +LOO" - L(-H)O+LOH+0, | 2.01x10" | 424
11 LOOH — LO" +*OH 1.23x10° [22]
12 LOOH - L(-H)O+H,0 3.69%10° [26]
13 TH+LO" - T +LOH 10° )




14 TH +LOO" - T* +LOOH 1.85x10° | [
15 TH + HOO' - T* +H,0, 5.55x10° [12]
16 T +LH _ TH+L 3.97x10° | U7
17| T +LOOH - TH +LOO' 106 -
18 T +H,0, - TH + HOO' 10.6 "
19 T +0, - TMQ + HOO 116x102 | 1
20 T +T - TH+TMQ 1.28x10° [10]
21 T* +HOO' — TH+0, 0.75% 10° [20]
22 L' +TMQ - NRP 9.30x10° [10]
23 LOO" + TMQ - NRP 8.35x 107 [24]
24 LOOH+TH - LO" +T" +H,0 6.60x10° [10. 11]
25|  HOOH+TH - T"+ OH+H,0 6.60x10° "
26 "OH+LH - L' +H,0 10%
27 T"+LOO" - 0-T-00L 1.23x10° [20]
28 T +LOO - p-T-00L 0.27x10° [20]
29| 0-T-OOL-LO +0-TE | 554x10° | &
30| 0-TE' +LOO" - 0-TE-OOL | 1.50x10° [20]
31| 0-TE-OOL - 0-TE-O" +LO" | 6.34x10% | [
32| 0-TE-O +LH - 0-TEQ+L" | 1.26x10° |
33| 0-TE-O" +TH - 0-TEQ+T" 10°
34| p-T-OOL.LO +TQ-O 6.34x10%° | [
35| T +HOO' - 0-T-OOH 2.70x10° | 10
36| T +HOO - p-T-OOH 0.60x10° | [

1The values of rate constants of the reaction afengn the units oM, s.
2Some of reaction steps haven’t show because oftthiow rates’ constants and low significancerfmction mechanism.



*The rate constant of this reaction is acceptedi@se to the rate constant of diffusion—controlledction with
participation of polyatomic molecules.

**The rate constant is accepted as equal to théagistep 17.

*** The rate constant of this reaction is accepéesdclose to the rate constant of diffusion—coreblieaction
with participation of small molecules

**x|t's commonly assumed that this step’s rate stant is equal to the rate constant of hydrogemnato

abstraction from the molecules of methyl linoleate a-tocopherol by alkoxyl radicals.
*TMQ — tocopherol methylenquinone.
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Results and Discussions

Numerical description of the experimental kinetic data

One of the main criteria of the correctness of astmicted reaction kinetic model is its ability to
adequately describe experimental results. The enpatal data used in the work describes the kinebt
methyl linoleate peroxidation at 4D under a wide range of initial concentrations fef teaction speciesi-
tocopherol and hydroperoxide [3].

As is shown in fig. (2,3) the calculated data atetdi according to the kinetic model (table) desgilvéth
good precision, the experimental data. It can b&sobserved from data shown in fig. (3) that theekc model

precisely describes the complex character of tipewni@ence of the induction period on the initial gantrations
of a-tocopherol.

[LOOH], M

1 3 5
Time (day)

Fig. 2. Kinetic curves of hydroperoxide accumulatauring the peroxidation of methyl linoleate af@0Initial concentrations [LH}E 3
M, [LOOH], = 1072 M. 1 - calculation, 2 — experiment [3].



The kinetic model of the peroxidation reaction adthyl linoleate inhibited by-tocopherol was analyzed
by the numerical value method in order to reveal ihles; i.e. kinetic significances of individuaégs and
chemical species of the reaction. The dynamicsadtfies contributions change of most essential stégheo
kinetic model of methyl linoleate peroxidation ibhed by a-tocopherol are presented in fig. 4. The value
analysis allowed revealing the following peculigstof the course of the reaction.

The participation ofi-tocopherol, shown by the reactions (13)-(36) uisdivided into two reaction categories:
(I) steps for which the value contributions weresifige (set the right of the central axis in figy Were
responsible for the antioxidant propertiesosfocopherol, and (I) steps the value contributiofisvhich were
negative and (set to the left of the central anidig. 4) were responsible for the prooxidant pmips of a-
tocopherol.
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Fig. 3. Dependence of the induction period of tkeogidation reaction of methyl linoleate on thetiali concentration ofi-tocopherol
[TH]oat 40C. Initial concentrations [LH]= 3 M, [LOOH],, = 2x107 M. Induction period is measured as TH 99.99% comtion.

1 — calculation, 2 — experiment [3].

The reactions ofi-tocopherol with peroxyl radicals (step 14),ccfocopheroxyl radicals with the peroxyl
radicals (steps 27, 28), af-tocopheroxyl radicals with each other (step 20) &f peroxyl radicals with
tocopherylmethylenquinone (step 23) were reveateglay the most essential role in the manifestatén
antioxidant properties af-tocopherol.

The chain transfer steps, (16) and (17), i.e. th&traction reaction of hydrogen atom tytocopheroxyl
radical from the molecules of methyl linoleate drydroperoxide, have the most essential prooxidetntity. It
should be mentioned that the total rate of thespssis commensurable in magnitude with the ratheithain
propagation step (3) with the participation of pgtaadicals as lipid peroxidation reaction in fresence ofi-
tocopherol proceeds in tocopherol mediated per¢widdTMP) regime [1, 3, 4]. The inhibiting actiyiof a-
tocopherol is conditioned by the essentially highaentration in the reaction medium of tocopheraagical
compared with that of lipoperoxyl (on average bye¢horders of magnitude). This increases the pitissibf
the cross reactions of chain termination with thgipipation of T.

An essential contribution in the manifestation fd prooxidant properties of-tocopherol is made by the
reactions of free radicals as the result of honmigecomposition of quinolide peroxides (o—TOOLTEOL,
0—-TE-OOL) in the steps 29, 31 and 34. Moreovely tantribution at high [TH] is commensurable with the
contribution of the autoinitiation, chain-branchingieps, as a result of homolytic decomposition of
hydroperoxide.

The value analysis allowed revealing one of thennmaasons for the complex, non-linear dependence of
the length of the induction period)(and that of reaction rate on the initial concatitns of a-tocopherol,
presented in fig. 3. Value contribution of the bk tautoinitiation reaction involving the moleculet a-
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tocopherol and hydroperoxide (step 23) essentiallyeases with increasing [Ti]eventually increasing the
essentially of the contribution of reaction (11)tleé homolytic decomposing of hydroperoxide. THigves the
conclusion that reaction (24) essentially influentiee type of dependence oand the reaction rates of lipid
peroxidation on the initial concentrationaftocopherol.
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Fig. 4. The dynamics of the relative value conttiitms of the individual steps of the peroxidatieaction of methyl linoleate inhibited by

. ) I ' 4 -3 .
a-tocopherol at its’ various initial concentrations. — [TH]o = 3x10 M, b — [TH], = 3x10 M. Is shown steps with

*

-y
‘h_J‘ >107°. hj = —Gg‘h_j‘)_land N hj = (Ig‘h_j‘)_l, where h_J = hj (3261 hjzj 2.
=

—-10%[ ] -50%, ] —90% [TH] consumption.

It appears that non-linear and in some cases e&topendence afon [TH], [2, 5, 6] is the result of the
manifestation of prooxidant properties @ftocopherol at the expense of simultaneous auiaficin reaction
course with the participation of the molecules &f @and LOOH and the TMP reactions (16) and (17). The
changes of rates’ constants significances of stg&pys (17) and (24) 3,4 time are greatly affectirafuction
period dependence of initial concentratioraetocopherol, and that's means too of a great vafubese steps.

In summary, the kinetic model presented in tablegadtely describes the experimental results inctudi
simultaneous manifestation of the anti- and proidamt properties otx-tocopherol in the process of lipid
peroxidation.
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Yunnigws L o—unnlndbpnind wpgbjuljuws dbphphunbunh wkpopuhnugdwi nhwljghuygh
yhubnhyulwb  Unpkp:  Unpglp wpbljjun tqupugpmid £ 40C unwugdus  thnpduwljub
wpynibpubpp:  bPugnmijghnt  dwdwbwjwhwwndwsh pwpn, nsgduyhtt Juwpjwébnipmitp  o-
unlnptpnih ujqptwjutl Ynugktnpughuyhg puguinpijws E [nnyndtpopupy pwnhljwy)/[wbpopupy
npunhluy] Ynughtnpughwubtph bt bhwdwywnwupwbwpup  {nunndtipnh jupwtdwdp
wkpopuhnugdwl wpwgnipniu}/{innndptpopuh; b whpopuhy nwnhluwjubkph nkindphtughugh
wpwqnipnill} hwpwpbpmipnibibph wény, hyybku twb  o-nnlndtpnh hhppnybsopuhnh
UnjElnyitph dwutwlgnipjudp pipwugnn hipptwhwpnigdw nbwljghuwyny:

YUCJIEHHOE MOJEJIUPOBAHUE PEAKIIUU NEPEKMCHOT'O OKUCJIEHUA
METHUJLJIMHOJIEATA, UHT UBUPOBAHHOM
a-TOKO®PEPOJIOM

JI. ATABAJISIH, A. A. XAYOSAH, I'. A. MAPTOSH u A. KAMAJI-3JIIUH

ITocTpoeHa kuHETHUECKAs MOAEND PEAKINHU MEPEKUCHOTO OKUCIICHHS METHIUIMHOJIEaTa, MHIHOMPOBAaHHOM
o-tokodeponoM. Mozaenb afeKBaTHO OMKCBHIBAET SKCHEPHMEHTAIbHBIC KHHETHUECKHE NAaHHbIE, MOTyYCHHBIC
npu 40 C. Henuueiinas, CIOXKHAs 3aBHCHMOCTD TIEPHOA MHIYKIMH PEAKIMH OT HAYANBHOH KOHICHTPALMH 0
Tokoeposa OOBSCHEHAa  YBEAMYCHHEM  COOTHOIICHHS  KOHLCHTPAaUHUHd  [TOKO(QEPOKCUIBHBIA  paju-
Kau1]/[ TepOKCHITbHBINA PaJuKai] U COOTBETCTBEHHO POCTOM COOTHOILICHHUS CKOPOCTEil {CKOPOCTh MEPEKUCHOTO
OKHCIICHUsI € ydacTHeM o-Toko(epona}/{ ckopocTh peKOMOMHALMK TOKO(PEPOKCHUIIBHBIX W IMEPOKUCIBHBIX
pajIMKaNoB}, TaK )K€, KaK U IPOOKCHIAHTHBIM BIUSHUEM PEAaKIINH aBTOMHHULIMUPOBAHMS C yIACTHEM MOJICKYJT Ot
TOKO(EepOoIa U THAPOIIEPOKCUAA.
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