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Abstract—The coenzymes Q and Vitamin K3, as well as their synthetic analogues, have been found to inhibit free-radical processes
of fragmentation of hydroxyl-containing organic compounds and oxidation of the latter by molecular oxygen. It has been estab-
lished that the observed effects are due to the ability of quinones to oxidize the a-hydroxyl-containing carbon-centered radicals

formed from the starting compounds.
© 2007 Elsevier Ltd. All rights reserved.

Ubiquinones and group K vitamins actively participate in
the most essential biochemical oxidation-reduction pro-
cesses.! Many of these reactions are accompanied by for-
mation of reactive oxygen species (ROS), and that is why
much attention was given to studying interactions of the
latter with quinones.? High reactivity of quinones toward
ROS accounts for the ability of the former to protect bio-
logically important substances from free-radical injury.
Quinones were also found to display antioxidant proper-
ties by inhibiting lipid peroxidation.> However, this can
be realized effectively only in those cases when quinone
reduction into the respective phenolic compounds is pos-
sible, the latter playing the role of antioxidants.*> The ef-
fects produced by quinones on oxidation of hydroxyl-
containing organic compounds have not been established
as yet.

In our studies a concept is being developed, according to
which ROS interaction with hydroxyl-containing organic
substances can cause not only oxidation, but also frag-
mentation that can be depicted by the following general
scheme®:
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Realization of the process (1) accounts for deamination of
amino alcohols and amino acids,’ as well as for destruc-
tion of peptides,’ di- and polysaccharides.®° We were first
to show that hydroxyl-containing glycerophospholipids,
cerebrosides and sphingolipids '*!! undergo fragmenta-
tion according to a mechanism similar to (1) to form sub-
stances of a lower molecular weight possessing properties
of the signaling molecules. The key stage of the process (1)
is decomposition of R'C(OH)CH(X)R? radicals, which
has been shown to proceed according to a concerted
mechanism via a cyclic transition state .!!-12

The fragmentation processes (1) of hydroxyl-containing
substances are inhibited by oxygen, because O, mole-
cules actively interact with carbon-centered radicals to
form oxidation products according to scheme'?:
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Being oxidants, quinones interact with RCHOH radi-
cals by oxidizing them also, and this, as shown in,"3
may result in blocking the fragmentation reactions of

type (1).

In this connection, the goal of the present study was to
find out the effects of coenzymes Qg and Q,, Vitamin K,
as well as their synthetic analogues, on free-radical pro-
cesses of oxidation and fragmentation for a number of
hydroxyl-containing organic compounds. Structures of
the starting compounds are shown in Figure 1.
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Figure 1. Structures of the starting compounds.

The most of the compounds used in the study were com-
mercially available. 2,3,5-Trimethyl-1,4-benzoquinone
(V) and 2,5-di-tert-butyl-1,4-benzoquinone (VI) were
synthesized using the procedures described in.!?

Ethanol (96% vol.) was purified by sorption on Wolfen
Zeosorb LA ceolites followed by twice repeated distilla-
tion using a 3 m high rectification column.

Twice-distilled water was used for preparing solutions of
all the hydroxyl-containing compounds listed above.
Adjustment of 2-aminoethanol solution pH values to
6.8-6.9 was performed by adding appropriate amounts
of perchloric acid. Into the solutions thus prepared,
weighed amounts of quinones under study were intro-
duced, to obtain concentratlons 5x 10~* M for glycerol-
1 phosphate solutions, 1 x 10~ M for maltose solutions,
and 1 x 107> M for solutlons of the rest of compounds.
Concentration of 2-methyl-1,4- naphtoqumone (Vitamin
K3) in aqueous solutions was 7.5 x 10~* M due to its lim-
ited solubility in water.

y-Radiation from a '*’Cs source was used for initiating
free-radical processes. To prepare deaerated ethanol solu-
tions of the compounds studied, the solvent was prelimi-
narily bubbled through with high purity argon (99.9%)
for 50 min. All the subsequent procedures, up to sealing
of ampoules with solutions, were performed under argon
atmosphere. To remove dissolved oxygen from aqueous
solutions, the ampoules with solutions were blown
through with argon for 45 min and then sealed. The dose
rate of y-radiation was (0.34 £ 0.03) Gy/s, and the ab-
sorbed dose range was 0.2-3.5 kGy. The absorbed dose
range for maltose solutions was 1-20 kGy. Radiation-
chemical yields of oxidation products were calculated
from relationships reflecting the respective product accu-
mulation as function of dose absorbed.

Analyses of radiolysis products (i.e. ethanal, methanol,
2-butanone, 2-hydroxyethanal, and 3-hydroxy-2-buta-
none) were performed using gas chromatographic tech-
niques according to procedures described in.!'3!4
Glucose concentration in maltose solutions was deter-
mined by HPLC as described in.” Concentration of
phosphate ions in glycerophosphate solutions was mea-

sured spectrophotometrically according to.!> Ammonia
analysis in solutions of 2-aminoethanol was made using
liquid chromatography technique described in.”

For determination of hydrogen peroxide formed during
oxidation of ethanol and glucose, the spectrophotometric
method, based on formation of a yellow complex of H,O,
with titanyl sulphate in sulphuric acid solutions, was
used.!?

Effects of quinones (I-VI) on oxidation processes taking
place with hydroxyl-containing compounds were studied
using ethanol and glucose as substrates. It is known that
radiolysis of ethanol in the presence of O, results in free-
radical oxidation of ethanol to form two main products,
acetaldehyde and hydrogen peroxide!'®
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In the absence of oxygen, radiolysis of ethanol leads to
formation of acetaldehyde and 2,3-butanediol (2,3-BD):
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The data obtained on product yields for radiolysis of air-

saturated and deaerated ethanol in the presence and in the
absence of the test compounds are presented in Table 1.

As seen from the data in Table 1, quinones (I-VI) inhibit
the process of ethanol oxidation. This inhibition is
manifested in a more effective suppression of hydrogen
peroxide formation as compared to acetaldehyde.

It has been shown earlier>!” that quinones are able to oxidize
a-hydroxyalkyl radicals effectively according to reaction:

RCHOH + Q —> RCHO + QH (7)

Q - compounds I-VI

Consequently, realization of the process (7) in the course
of radiolysis of aerated ethanol with quinones (I-VI) as
additives will result in inhibition of ethanol oxidation
according to reactions (3) and (4). This should lead to
a significant decrease in the yields of H,O,, and this
was indeed observed experimentally (see Table 1).

The conclusion that quinones effectively oxidize the
CH,"CHOH radicals follows from the data obtained
for radiolysis of deaerated ethanol in the presence of
quinones (see Table 1). The addition of quinones leads
to suppression of formation of 2,3-butanediol and in-
crease in yield of acetaldehyde, which is possible due
to realization of reaction (7).
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Table 1. Effects of quinones on yields (G) of products formed during
radiolysis of ethanol in the presence and in the absence of oxygen

Test G x 107, mol/J
compoun(ii, o, Ar
C=1-10"M

H,0, CH;CHO 2,3-BD CH;CHO

No additive ~ 4.82%£0.29 540+0.38 1.38+0.02 1.61%0.10
I 1.50 £0.14 3.10 £0.15 0.03 £0.005 4.35%0.30

m 2.12+0.27 3.50 £ 0.38 0.05£0.001 5.24 £0.18
111 1.75£0.18 3.62+0.38 0.04 £0.006 4.94 £0.16
v 0.98 £0.05 3.45+0.26 0.04 £0.001 5.15+0.44
\ 1.52£0.17 3.10£0.30 0.03+£0.01 3.64£0.41
VI 1.30+0.11 3.40£0.18 0.06 £0.02 3.14%0.32

"C=21x107*M.

3.0

0.0

0 200 400 600 800 1000 1200 1400
D, Gy

Figure 2. Effects of quinones (C=1-10">M) on accumulation of
H,0, during radiolysis of air-saturated aqueous 0.1 M glucose
solution. 1—without additives; 2, 3, 4, and 5—in the presence of
additives: compounds III, V, I, and IV, respectively.

During radiolysis of aqueous glucose solutions in the
presence of oxygen, accumulation of hydrogen peroxide
takes place due to oxidation of carbon-centered
a-hydroxyl-containing radicals formed from glucose
according to reactions analogous to (2-4). As seen from
Figure 2, the formation yields of H,O, decrease signifi-
cantly in the presence of quinone derivatives.

The data shown in Table 1 and in Figure 2 indicate that
biologically relevant quinones inhibit oxidation processes
of hydroxyl-containing organic compounds, mostly by
blocking the formation of hydrogen peroxide. This may
determine protective properties of quinones, because
H,O, hyperproduction is known to cause significant dam-
age to biosystems.?

Effects of quinones on the fragmentation process (1)
were assessed from the yields of products formed during
radiolysis of aqueous solutions of a-diols, 2-aminoetha-
nol, glycero-1-phosphate, a-methyl-p-glucopyranoside,
and maltose. The obtained data are shown in Table 2.

It has been shown earlier that both y-radiation and the
action of Fenton’s reagent induce processes of type (1),
which lead to dehydration of a-diols, deamination of
amino alcohols,'? or dephosphorylation of glycerides.®
As follows from the data presented in Table 2, quinones
inhibit the processes of homolytic fragmentation of the
above named compounds. This occurs in parallel
with increasing yields of oxidation products of the
starting compounds, as exemplified by radiolysis of
aqueous solutions of ethylene glycol and 2,3-butanediol
(see Table 2). This indicates that quinones inhibit the
fragmentation process (1) due to oxidation of
R,"CH(OH)CH(X)R radicals.

It has been established® that radiolysis of aqueous solu-
tions of a-methyl-D-glucopyranoside, di- and polysac-
charides is accompanied by an OH-induced reaction
leading to rupture of the O-glycoside bond according
to the following scheme:
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R - CH,, glycose residue

It follows from the data presented in Table 2 that qui-
nones block this process effectively.

Table 2. Effects of quinones on yields of products formed during radiolysis of deaerated aqueous solutions of a-diols, 2-aminoethanol, glycero-1-

phosphate, a-methyl-p-glucopyranoside, and maltose

Initial solutions Products G- 107, mol/J
Without additives 1 111 v v

Ethylene glycol 0.1 M CH;CHO 1.64 £0.34 0.04 £ 0.01 0.06+0.02 0.09+£0.03 0.04£0.02

HOCH,CHO 0.25+0.04 380%1.1 3.09+0.43 1.51 £0.11 1.67 £0.21
Ethylene glycol 3 M CH;CHO 17.00 + 0.90 0.06 + 0.01 0.16£0.02  0.08 £0.01 0.27 £ 0.09

HOCH,CHO 0.76 + 0.01 4.36 + 0.51 2.13+0.05 3.82%0.21 3.610.64
2,3-Butanediol 0.1 M CH;0C,H; 1.19£0.10 0.04 £ 0.01 026001 0 0.37£0.16

CH;COCH(OH)CH;  0.20 £0.02 330+0.14 3.61+£045 282%0.13 3.12+0.22
2-Aminoethanol 0.1 M NH; 3.44 +0.05 0.83 £ 0.07 1.05+0.10 0.96£0.03 1.08 + 0.08
Glycero-1-phosphate 0.1 M H,PO,~ 3.53+0.20 1.97 £ 0.81 2.20 +0.30 1.87+0.19  2.00+0.20
Methyl-a-p-glucopyranoside 0.1 M CH30H 1.71 £ 0.11 0.69 = 0.09 1.15+0.11 045%£0.05 —
Maltose 0.1 M Glucose 1.20 £ 0.10 0.11 £0.06 — 0.37+0.12  0.39%0.07
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The data obtained in this study indicate that biologically
active quinones inhibit free-radical fragmentation pro-
cesses of type (1) and decrease the yields of H,O, formed
on oxidation of hydroxyl-containing organic com-
pounds by molecular oxygen.

The facts established in our experiments point to
some new properties of quinones, manifestation of
which in biosystems may enhance stability of the lat-
ter towards the destructive action of reactive oxygen
species.
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