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The reaction products of selected organoselenium compounds, diphenyl selenide and
diphenyl selenoxide with model lipid hydroperoxide, cumene hydroperoxide, were studied using gas
chromatography-mass spectrometry and high-performance liquid chromatography methods, as well
as the release of free radicals was determined by the inhibitor method. It has been established, that
the reaction products of the studied organoselenium compounds and cumene hydroperoxide are
dimethylphenylcarbinol, acetophenone and a-methylstyrene, and the reaction sequentially continues
until the formation of diphenylselenone. It was also confirmed by the inhibitor method that these
reactions proceed without the formation of free radicals.

Ref. 6, fig. 3, tabl. 1
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Introduction

In living organisms natural and synthetic organoselenium compounds
exhibit antioxidant, anticancer, antimicrobial and antiviral properties [1-4].
They mainly act as two-electron reducing agents in reaction with toxic
hydroperoxides, which are the main lipid oxidation products by dioxygen,
converting them into relatively non-toxic alcohols. Synthetic selenic
compounds (e.g. Ebselen, which is widely used as a selenium containing
medical drug) structurally similar to the organoselenium compounds
considered in the current article are analogs of the enzyme glutathione
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peroxidase. They exhibit high bioactivity, haven't negative distinctive
properties, that are mainly associated with the presence of other heteroatoms
in the molecule (nitrogen, oxygen, etc.) and conjugated unsaturated
chemical bonds [5]. However, detailed information on the chemical
mechanisms of the antioxidant action of these organoselenium compounds is
insufficient.

The study of the reactions of organoselenium antioxidants with organic
hydroperoxides (reactive oxygen species formed during lipid oxidation) is
considered relevant.

Experimental

The organoselenium compound diphenyl selenoxide (DSeO) was
synthesized by the method described in [6], and diphenyl selenide (DSe)
was purchased from the chemical company Sigma-Aldrich (USA). Other
chemicals: cumene hydroperoxide (CgHsC(CH3),O0H), a-methylstyrene
(CsHsC(CH3)=CHy,), dimethyl phenyl carbinol ((CH3),C(OH)CsHs), acetop-
henone (CH3;COCgsHs), s-naphthylamine (C1oH;NH,), solvent chlorobenzene
were also purchased from the same company.

The reactions between organoselenium compounds (Fig. 1) with model
lipid hydroperoxide, cumene hydroperoxide (CHP), as well as the reaction
products’ analysis were studied by gas chromatography system coupled
with a mass spectrometry detector (GC-MS system CLARUS 680 GC-MS,
Perkin Elmer, USA) and high performance liquid chromatography system
coupled with UV spectrometry detector (LC 300 HPLC system, Perkin
Elmer, USA). The GC-MS system was equipped with a Thermo TR-5MS
fused silica capillary column (30 m x 0.25 mm) with 0.25 um film thickness
of coated material. Helium was used as the carrier gas, with a flow rate of 1
ml/min and a split flow of 25 ml/min. The transfer line temperature was set
at 250°C. In HPLC system C18 column (4.6 mm x 250 mm i.d., 5 pm) was
used for the separation and the mobile phase was consisted of water (A) and
acetonitrile (B) and the flow rate was 1 ml/min. The mobile phase was
programmed consecutively in a linear gradient as follows: 0 min (80% A);
20 min (20% A). The multi-wavelength detector was monitored at 230 and
254 nm, the injection volume was 1 ul for each sample solution. The oven
temperature was maintained at 35°C.
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Fig. 1. Structural formulas of the diphenyl selenide and diphenyl selenoxide.
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The experiments were carried out at T=37+0.1°C temperature for 3 h.
The studied antioxidants’ and cumene hydroperoxide concentation were
1.5%x10 mol/I.

The release of free radicals in the reaction of the studied
organoselenium compounds, DSe, DSeO with cumene hydroperoxide in the
presence of p-naphthylamine (neozone-D) was determined by inhibitors’
method using fluorescence spectrometer Perkin-Elmer MPF-44B (USA).
The S-naphthylamine concentration was 3x10°® mol/l, and a change in signal
intensity over time was recorded at 453 nm.

Results and Discussion

The study of the reactions between DSe, DSeO and model lipid
hydroperoxide, CHP, shows that the main product of the reactions
mentioned above is dimethyl phenyl carbinol. Acetophenone (APh) and o-
methylstyrene are also formed, but in relatively smaller quantities.

It follows from the table that in the case of diphenylselenide, the
consumption of cumene hydroperoxide is greater than in the case of
diphenyl selenoxide.

The CHP consumption in relation with consumption of studied
organoselenium compounds are given in Table 1.

Table 1
CHP consumption in relation with consumption of DSe and DSeO
compounds
Se-Org DSe DSeO
A[ROOH] . i
A[Se-Org] 0.8+£0.1 1.9+£0.05

From the data given in Table 1 it follows, that in the case of DSe, the
consumption of CHP is greater than in the case of DSeQ, that is the reaction
is sluggish.

The HPLC analysis results for reaction of DSeO with CHP are given in
Fig. 2.
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Fig. 2. HPLC chromatograms of reaction products of DSeO with CHP.

The detailed analysis of the given chromatogram shows, that along with
the reaction products mentioned above, the diphenyl selenone (DSeO,) is
also formed.

It is also clear from the obtained data that the signal intensity of g-
naphthylamine (neozone-D) did not decrease, which means that in the
reactions of the studied organoselenium compounds, DSe, DSeO with CHP
no free radicals are formed (within the accuracy of the used method). The
yield of radicals in the reaction is estimated as < 10°. The dominance of
reactive radical-free conversion of hydroperoxide is an important
characteristic of the antihydroperoxide activity of antioxidants.

Based on the results, the antihydroperoxide scheme of selected
organoselenium compounds can be presented as follows:

N N ROOH N N

_Se (/SeO) \—\ _SeO (/SeOZ)
ROH
Ph(CH;3)CO

Ph(CH3)C=CH, + H,0

/\Se —>/\SeO —>>Seoz

Fig. 3. Proposed scheme of chemical transformations of the antihydroperoxide action of
selected organoselenium compounds.
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Conclusion

Thus, it can be concluded that the studied organoselenium compounds,
have antihydroperoxide action in the reaction with CHP, turning them into
relatively non-toxic stable products without detecting the formation of free
radicals. The revealing of the mechanism of the antihydroperoxide action of
organoselenium compounds will make it possible to predict new selenium-
containing bioactive structures with a greater antioxidant potency, which
will have high bioavailability and will be non-toxic to living organisms.
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HccnenoBanbl MpOAyKThI peakIMK M30paHHBIX CEIEHOPTAaHMUECKUX COCTUHEHUN —
nudeHuwiceneHnaa U Au(GEeHWICETICHOKCHIAa C MOJCIbHBIM JIMITUAHBIM THIPOICPOK-
CHJIOM — THAPOIIEPOKCHIOM KyMOJIa METOJIaMH Ta30BOM XPOMATO-MAaCcC-CIIEKTPOMETPHH
U BBICOKOA((PEKTUBHOI KHUIKOCTHOW Xpomarorpaduu, U TaKKe ONpPEIENeH BBIXOI B
peakiu CBOOOMHBIX PAJUKAJIOB METOAOM HHICHOUTOPOB. YCTAaHOBJCHO, YTO IPO-
Z[yKTaMI/I peaKL[I/II/I H3y‘IeHHbIX CeHeHOpFaHH‘IeCKI/IX COGI[I/IHGHI/Iﬁ C FHZ[pOHepOKCI/II[OM
KyMOHa SABJIAKOTCA )II/IMeTI/IJ'l(peHI/IHKap6I/IHOH, aHeTO(beHOH nu a—MeTHHCTHpOJ’I, HpI/I 3TOM
peaxIms MOCIeI0BaTEIbHO MPOIOIDKACTCS 10 00pa3oBanus audeHmIceIeHOHa. TaKke
METOJIOM HMHTHOWTOPOB, YCTAaHOBIIEHO, YTO B YyKa3aHHBIC DPEAKIMH MPOTEKAlOT 0e3
o0pazoBaHusi CBOOOHBIX PAJUKAIIOB.
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