Radiolysis of 2,6-ditert-butyl-4-methylphenol (ionol) in a lipid membrane in the
presence of oxygen
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Radiation-induced destruction of the ionol molecules in liposomes built of L-0-lecithin depends on the ionol concentration in the
lipids and on the concentration of the lipid in the dispersion.

lonol (2,6-ditert-butyl-4-methylphenol) has been used to studyconcentration with distilled water in a measuring flask. The
the action of a flux of active particles on the liposomes built ofaverage size of liposomes in the suspension was determined
egg yolk lecithin (-a-phosphatidylcholine). Decomposition of from the modified Rayleigh equatidhusing turbidity spectfa
ionol, which is a radical acceptor, incorporated in the lipidrecorded on a Specord M40 spectrophotometer at wavelengths
membrane of liposomes, has been investigated. The ionchnging from 440 to 900 nm. Using the Angstrom relation
present in a lipid membrane (ionol is readily soluble inD =const1™, whereD is the optical density of the liposome
hydrocarbons and lipids but is insoluble in water; accordinglispersion at the wavelength and n is the exponent, and

to direct experimental measurements, its concentration iexperimentaD(1) values, the andconstvalues were calculated.
water does not exceed 2x1fnhol dnT®) competes with the The resulting values were used to calculate the average radius
membrane lecithin for trapping the active species resulting frorof liposomes from the Rayleigh equation.

radiolysis. From the amount of ionol consumed, one can The consumption of ionol and the formation of radiolysis
estimate the flux of active particles falling on the membrane. Iproducts were monitored by HPLC (Millichrom chromato-
our experiments, the concentration of ionol in the lipidgraph, 64x4 mm column with SilasorlCacetonitrile—ethanol
membrane varied, while the lipid concentration in the aqueoumixture as eluent). The chromatograph permitted recording the
phase remained constant. The following lipid concentration®JV spectra of the products during the separation. The
were used: 2.4 and 4.8 mgthl The radiation yield of the concentration of ionol in the samples of the liposome
destruction of ionol was calculated using a standard procedusispension was determined by comparing the heights of the
from the experimental dependences of the consumption of ionchromatographic peaks for the solution under analysis and for
on the absorbed dose of radiation at low radiation doses. the standard solution.

The general approach to the preparation of aqueous dispersionsThe liposome suspensions were irradiated using an RC-100M
of liposomes is described in a monogrdpA. 10.0+0.5%  cobalt setup. Aqueous suspensions of liposomes were irradiated
ethanolic solution of the ‘lecithin standard’ (egg yolk lecithin under aerated conditions (air was bubbled through the cell) at a
was used. To remove the alcohol, the lecithin was kept in dose rate of 110 Gy nith
flask of a known weight on a rotary evaporator at 25-30 °C Dispersions ofL-a-lecithin liposomes with a concentration
until a constant weight was attained. The quantity of lecithirof 2.4 or 4.8 mg mft containing 2.1x10 to 2.5x10*mol g*
obtained was determined as the difference between the weighi§ ionol per gram of the lipid were exposed to radiation.
of the filled and empty flasks. An ethanolic solution of ionol The average radius of the liposome vesicles was 47+9 nm
was then introduced by an analytical syringe into the flasKTable 1). During irradiation, air was permanently bubbled
containing lecithin, so that the final concentration of ionol inthrough the suspensions.
the lecithin varied from 0.2x16 to 2.5x10%*mol dnT3. The They-irradiation resulted in a diminution of the concentration
resulting mixture was thoroughly stirred and dried on a rotaryf ionol, which followed a linear dependence on the absorbed
evaporator at 26—30 °C to a constant weight. After that, distilledlose, at least until the concentration halved. The radiation
water was added to the dried mixture of lecithin with ionol inyields for the decomposition of ionol were calculated from the
such a way that the lipid concentration in water was either 24 dinear sections of the ionol consumption plots; they are given in
48 mgmtl. The resulting suspension was sonicated (theTable 1. It is noteworthy that our study is the first in which the
absorbed ultrasound power varied from 1.8 to 2.4 WPgm radiation yields of the transformation of a radical acceptor
centrifuged for 15 min at 625 g and diluted to the requiredmplanted in a liposome membrane were directly determined.

It can be seen from Table 1 that the radiation yield of the
Table 1 Dependence of the radiation yield of the destruction of ionol onjgng| decompositiorG(—PhOH) increases with an increase in
the initial concentration of ionol in a lipid membrane for two concentrationsjtc  ~gncentration. The largess value attained was 1.7
of lecithin in an aqueous suspension. molecules of ionol per 100 eV. Since the flux of radicals from

Crecitni Cigne/ Mol G/molec per the solution bulk depends only slightly on the concentration of
mg mi?t per g of lipid 100 eV Ray/nm liposomes’ both series of experimental results can be regarded,
78 > 5x107 1320.02 56 within experimental accuracy, as a unified set of data, because
4.8 2 4x10% 144001 48 both series of experimental points fall satisfactorily on a
4.8 2.0x10% 1.7+0.03 42 common dependence. The resulting non-linear dependence
4.8 1.2x10% 1.1+0.03 40 implies the occurrence of a competition between ionol and
4.8 8.3x10° 1.0+0.04 45 lecithin for the radicals resulting from the radiolysis of the
4.8 3.4x10° 0.4+0.06 49 disperse system. Transformations of ionol caused by the direct
4.8 2.1x10° 0.5+0.01 43 action of radiation can be neglected, because its concentration
24 2.3x107 1.5£0.09 38 was small (the electron fraction of ionol in the whole system
g'i i'g:ig‘; ﬁfg'gg gg was less than 0.0003, that of lecithin was less than 0.005).
24 1.0x10% 0.8+0.02 9 _To describe the experimental dependence of the radiation
2.4 3.6x10° 0.5+0.03 52 yield of ionol destruction on its initial concentration in the
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lecithin membrane, two simplifying assumptions were made. It follows from the aboveK,/K; value that under the
Firstly, we assumed that ionol was uniformly distributed in theassumptions made, ionol is almost 20 times more efficient as a
liposome membrane and that it reacted with only one sort afadical acceptor than lecithin. This fact makes it possible to
radical present in the system. Then we may consider twtentatively identify the radical R. Radiolysis of the disperse

competing reactions: system under study yields OH and@4O; radicals, H atoms
K and hydrated electrons. The concentration of H atoms is very
R + PhOH —— products, @ small; hydrated electrons do not react with lecithimesides,
K ; =
R + Lec —2» products, @ both of these species are efficiently trapped by oxygen. The rate

constant for the reaction of OH with lecithin was repdrted
be 5x16 dm® morts™

Thus, it can be expected that the rate constant for the reaction
of OH with ionol would beca.10Ydm? mol!s?, which is
quite permissible in view of the fact that the rate of reaction of

lecithin with OH radicals is limited by the hydration shell of

where PhOH is ionol, Lec is lecithin aKd andK, are the rate
constants for the corresponding reactions.
Using the method of steady-state concentrations, we obtain

— (o]
[R] = GrP/(K,[PhOH] + K,lLec]) @) Jecithin. The HQ/O; radicals exhibit a low reactivity towards
and organic substances except for some radicals and compounds
containing charged groups; for example, the rate constants for
0 the reaction of HQO, with molecules containing polar
Cpnonf® = CRPKY[PROHI/K,[PhOH] + Kllec)) “) guaternary alkylammonium groups, similar to the choline group

of lecithin, areca.10’-10 dm® molts™8 It could hardly be
expected that the rate constant for the reaction of ®Owith
ionol would be an order of magnitude larger than that for the
reaction with lecithin. Therefore, as a first approximation, we
consider that the radicals R in our model are OH radicals.

where G2 is the overall yield of radicals participating in
reactions (1) and (2], is the dose rate and [PhOH] and [Lec]
are the concentrations of ionol and lecithin, respectively.

A simple expression for the dependenc&gion the lecithin
and ionol concentrations follows,

UG promy = (1/G9) (1 + K,[Lec)/K,[PhOH]) (5) T_his study was supported by the Russian Foundation for
Basic Research (grant no. 95-03-09162).
which is in good agreement with experimental data.
Solution of this equation for each series of lecithin References
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- - - - - - .5 V. T. Klenin, Kharakteristicheskie Funktsii Svetorasseyaniya Dispersnykh
This curve is described by the following differential equation Sistem (Characteristic Functions of Light Scattering by Disperse
Systemp lzdatel'stvo Saratovskogo Universiteta, Saratov, 1977 (in
—d[PhOH]/d = K,[PhOH][R] (6) Russian).

6 V.N. Byakov, L. T. Bugaenko and |. G. Bachtadikéim. Vys. Energ.
By substituting expression (5) into (6), we obtain the differential 1993,27, 19 High Energy Chem(Engl. Transl), 1993,27, 420].

equation 7 D.J.W. Barber and J. K. Thomd®ad. Res.1978,74, 51.
8 B. H. J. Bielski, D. E. Cabelli, R. L. Arudi and A. B. Ro$2hys. Chem.
(1 + K,lLec]/K,[PhOH])d[PhOH] =GgPdt @) Ref. Data 1985,14, 1041.

Under the boundary condition [PhOH] = [PhQHind att = 0,
the solution of this equation is

G2Pt = ([PhOH], — [PhOH]) + K,[Lec)/K,) In([PhOH]/[PhOH]) (8)

Within the parameters found from equation (5), equation (8)
holds within the accuracy of determination of the ionol
concentration and is described satisfactorily by a straight line
up to a 50-60% degree of destruction of ionol; after that, th‘?eeceived: Moscow, 20th February 1997

destruction of ionol is retarded. Cambridge, 21st October 1997; Com. 7/014428
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