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Abstract

An acute ethanol icad(50mmol/kg, 1.p.) resulted in an increase in lipid peroxidation and a decrease in the
levels of a-tocopherol and ascorbate in rat cerebellum. Pretreatment with allopurinol{146pmol/ke, ip.)
prevented the ethancl-induced increment in lipid peroxidation and decrease in d—tocophercl content. However,
the decrease of ascorbate was of greater magnitude when allopurinol was associated with ethanol. These
results suggested that allopurinel, besides its action as a radical scavenger and xanthine oxidase inhibitor,
might favor the regeneration of a—tocopherol by ascorbate. Therefore, the influence of allopurine! on the
monoelectrenic exchanges involved in a-tocopherol antioxidani activity was studied using Y-radiolysis in
aerated ethanclic solutions. Even theugh allopurinol did mot react by itself with e-hydroxyethyi-peroxyl
radicals [HaC-CH{OH)OO ], it enhanced the a-hydroxyethyl-peroxyl radical scavenging properties of a-
tecopherol. The regeneration of ¢~tocopherc! from the 2-tocopherol radical by ascorbate remained as efficient
in the presence of allopurinol as in its absence. The effects of allopurinc! or the vitamin E oxidation-reduction
mechanisms could be involved in the beneficial effect of allopuring! on the biological cellular damages linked

to free radical reactions.
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INTRCDUCTION

itis generally assumed that an oxidative stress resulting
from generation of free radicals i an amount exceeding
the capacity of the cellular defense systems plays an impor—
tant role In the pathogenesis of ethanol-induced liver
injury(1). Recent studies have reported that ethanol admin-
istration to rats can alsc cause free radical-mediated
oxidative cellular damage In extrahepatic tissues, such
as the brain{2-4). Chronic ethanol treatment induced oxi~
dative DNA. damage in the hipocampus and cerebellum
of rats(2). Dietary administration of ethancl to rats for
2 weeks depressed levels of glutathion and Cu/Zn supes-
oxide dismutase in several brain regions(3). Our previous
studies have also shown that an acute ethanol load to
rats increased lipid peroxidation in the cerebellum and
decreased the concentrations of vitamin E, the major
antioxidant against perexidative degradation of membrane
lipid, and vitamin C which regenerates vitamin E from
oxidation product(4).

Allopurinol{4-hydroxypyrazol(34)-pyrimidine), an in-
hibitor of xanthine oxidase(XO}, has been extensively
used for the treatment of hyperuricemia, both of gout and
secondary to hematological disorders or antineoplastic

therapy(5). Additionally, it has been suggested that the
inhibiticn of XO by allopurinol can reduce the formation
of free radicals, and thereby may prevent or ameliorate
cellular injuries(6-3). However, some reports have sug-
gested that the beneficial effects of allopurinol during
ischemia/reperfusion(8) or whole body v-irradiation(10)
are due to the direct free radical scavenging properties
of the drug rather than to its ability to inhibit XO. As a
matter of fact allopurinol and its metabolite, oxvpurinol,
are powerful scavengers of hydroxy! radical(” OH)(11)
and free radicals generated by activated leucocytes
(9,12). It has alsc been demonstrated that allopurinol can
facilitate electron transport occurring during the oxidation
-reduction mechanisms of cytochrome c{13).

These reports suggest that beneficial effects of
allopurine! may be not related only to XO inhibition. It
appears that allopurinol can also provide protection
against oxidative cellular damage by scavenging free
radicals or by other mechanisms.

Therefore, the present study was undertaken first to
assess the possible protective effect of allopurinol on the
ethanoi-induced alterations in lipid peroxidation and
contents of vitamin E and vitamin C in cerebellum, a
brain region known to be particularly vulnerable to
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alcohol intoxication(2). The results obtained from first
experiments allowed to hypothesize that allopurinol could
act on the oxidation-reduction mechanisms of vitamin
E(a-tecopherol) and/or vitamin Clascorbate). Thus, this
possibility was chserved in vitro in the second part of
the experiments.

1t is known(14,15) that @-tocopherol(TH) reacts with
peroxyl radicals{ROQ ) according to the following reac-
tion:

TH + ROO® T + ROOH

a-Tocopherol may be regenerated from the toco-
pheroxyl radical{T ") by ascorbate(AH ¥15,16) accord-
ing to the following reaction:

T + AH TH + A

d-Tocophero! and ascorbate oxidation-reduction radi-
cal mechanisms have been studied previousty by means
of T-radiolysis in ethanolic solution(17,18). This useful
method was used in this study to characterize the possible
influence of ailopurinol on these mechanisms.

Y-Irradiation of ethanol provides in the nanosecond
time scale homogeneous solutions of a~hydroxyethyl
radicals(H;C- " CH-OH) which are represented by R and
of solvated electrons e sawe With known yields:

GR) = 48 molec/100eV
Gle sqy) = 1.7 molec/100eV

When y-irradiation is performed in the presence of air,
it provides superoxide anion radicals{QO: ) and the -
hydroxyethyl-peroxyl radicals [F.C-CH(OHIOO ] as
model peroxyl radical species RO» through the following
reactions:

RO k=46 10°mol ' 1 s !
k=15%10%mol* 1 s

R+ O
elsalv + Qg —— O

MATERIALS AND METHODS

Chemicals

a-Tocopherol, a-tocopherol acetate and ascorbic acid
{AHy) were obtained from Merck(Damstradt, Germany).
Allopurinol(All) and 2-thiobarbituric acid were purchased
from Sigma Chemical Co.(St. Louis, MO, USA). The
ahsolute ethanol and solvents used for high performance
liquid chromatography{HPLC) analysis were obtained
from Prolabo(Paris, France).

Animals and treatments

Male Sprague-Dawley rats were ohtained from the
Laboratory Animal Center of Seoul National University.
They were housed in ordinary cages anc allowed free
access 1o water and standard diet pellets. The rats were
maintained in a temperature(22+ 2T), hurmidity{relative
humidity, 35£1084), and light(12 h light, 12 h dark)
controlled room. After one week of adaptation period the
rats(average welght 180g) were divided into four groups:
control, ethanol, allopurinol and ethanol + allopurinol treated
group. Ethanol(B0mmol/kg bow.) as a 20%{v/v} solution
was administered by intraperitoneal(1.p.) injection to over-
night-fasted rats. Pretreatment with allopurinol{146u
mol/kg b.w., Lp.} was conducted 16 h and 20 min prior
to the ethano! treatment. Control animals were injected
with the same volume of saline. The rats were killed
by decapitation 4 h after ethanol treatment, and the brain
was removed and placed on an iced plate. The cerebeilum
was rapidly dissected, cleaned of adhering blood, frozen
and kept in liquid nitrogen. Cerebellum was used for
determination of the lipid peroxidation and the a-tocopherol
and ascorbate contents,

Determination of hipid peroxidation

The cerebellum was homogenized(1:40) in phosphate
buffer(20 mM, pH 7.4), centrifuged{1000 X g, 10 min, 4°C),
and incubated for 30 min under air at 377 in a shaking
water bath. Aliquots of incubated mixture were taken
every b min to determine the rate of lipid peroxidation,
lipid peroxides being quantified by the thicharbituric acid
test(19),

Determination of a-tocopherol

Cerebellar concentration of d-tecopherol was determined
hy HPLC method(20) with a-tocopherol acetate as internal
standard.

Determination of ascorbate

Cerehellar concentration of ascorbate was determined
according to Cooper et al.(21).

Determination of protein

Protein was determined according to Lowry et al.(22},

Statistical analysis

All results obtained from in vivo studies are given as
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Fig. 1. Absorption spectra: d~tocopberol{spectrum a; A
=202, &20=3,150mol ' em ), allopurino! {spec—
trom B A wa=250, € 9s0=7,660mol ™ | cm’’) and
ascorbate(spectram ¢ A mn=245, & pp= 8500mol |
{ em Y} in ethanol.

mean ST Statistical analysis was performed using a
Statview 512" package program(Brainpower Inc., Ca-
labasas, CA, U.S.A), an analysis of variance. For the
differences among the grouns, Scheffe F-test was used.
A p value less than 0.05 was considered statistically
significant.

Analytical methods for Y-radiolysis studies

Aerated ethanol solutions of a-tocopherol, ascorbate
and allopurinol were made by vigorous stirting under
air. All the titrations were made wsing a Uviken 820
spectrophotometer with a lem optical pathway: A mud TH)
=202nm; £ 99=3.15X10°mol ™ 1 em ™ A ma(AHz)=245nm;
£ 2:2=85%10°mot ™ 1 cm {all titrations of ascorbic acid
were rmade after acidification of the medium, H2SG4=8 X
107mol 1) and 2 mex{ AID=250nm; & 250=7.66 X 10°mol * |
cm '(Fig. 1). v-Trradiations were made in a *Co irradiator.
The dosimetry was determined according to Jore et al.(23):
racicoxidation of acidic(F:SO,, 0.4mol 1°} ferrous sulfate
solutions (Mohr salt, 10™mol 1) under air atmosphere,
taking A mx(Fe™)=304nm, € 0=220mal 1 em™ at 25°C
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and with a yield G(Fe®)=15.6molec/100eV. The doses
were provided at a rate of 1.1 % 10%eVem h™? and used
for yield calculations without solvent corrections(23).
The glassware used for irradiations was heated at 400°C
for 4h after washing to bum out impurities.

RESULTS

Effects of pretreatment with zllopurinol

The rate of lipid peroxidation was determind by mea-
suring thiobarbitutic acid reactive substances(TBARS)
during incubation of tissue homogenates. The rate of
TBARS formation was increased significantly 4 h after
ethanol administration(Table 1). However, pretreatment
with allopurinel prevented this increase.

t-Tocopherol and ascorbate contents of cerebellum
decreased significantly 4 h after ethanol administration
(Table 2). Whereas allopurinol alone had no effect on
these levels, pretreatment with allopurinol prevented the
decrease in d-tocopherol but potentiated the decrease in
ascorbte induced by ethancl.

Table 1. Effect of allopurinol on the cerebellar lipid
peroxidation following an acute ethanol load

Treatments TBARS{nmol/mir/g protein)
Control 728 (77
Ethanol 94+9 (7)°
Allopurinel 7710060
Fthanel + Allopurinel 639 (9)°

Ethanol (50mmol/ke, ip.) was injected into rats 4 h before
sacrifice. Allopurinol{146pmol/kg, ip.) was {reated 16 h and
20 min prior to the ethanol load. Values are mean®SD,
with the number of amimls indicated in parentheses, Statis—
tical significance: values with the different superscripts
are significantly different{p<0.05)

Table 2. Effects of allopurine]l on the cerebellar & —to-
cophercl and ascorbate contents following an
acute ethanol load

& -Tocopherol Ascorbate
Treatments (nmol/g tissue) (Umol/g tissue)
Control 334113 8)*° 2.09+0.07(21)°
Ethanol 30940910 1.93+0.07(16)°
Allopurinel 3255150 7¥  208%0.14( 9¥°

Ethanol + Allopurino! ~ 33.4£0.7(10)" 159+0.16( 7

Ethanol(50mmol/kg, ip.) was injected into rats 4 h before
sacrifice. Allopurinol(146umol/kg, ip.) was treated 16 h and
20 min prior to the ethanol load. Values are mean®5D.,
with the number of antmls indicated in parentheses. Statis—
tical significance: values with the different superscripts
are significantly different{p<0.05}
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Influence of allopurinol on the radical mechanisms
involved in the vitamin £ antioxidant activity

Y-Radiolysis of aerated ethanolic solutions of

allopurinol

In order to observe a possible influence of allepurinel
on the oxidation-reduction mechanisms of a-tocopherol
and/or ascorbate it was necessary to examine first the
reaction of O:" and RO;" with allopurinol in the absence
of d~tocopherol.

When irradiation with doses between 1.2 x 10 and 4.8
X 10"V cm™® ethanolic soultions of allopurinol ([Allle=
107 mol™) in aerobic conditions, no evolution of the ab-
sorption spectrum of allopurinol could be observed
(results not shown), This indicated that Oz and ROz’
did not react with allopurinol in the considered concen-
tration and dose range.
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Fig. 2. Differential absorption spectra of TH+ All eth--
anolic solutioins Y—-irradiated in aerobic conditions.
[THL=5%10"mol 17, [All};=10*mol 1", Reference:
initial solution. Dose expressed in 10%eVem ® (a)
0,17, {b) 0.35, (c) 054, {d) 0.71, (e} L0. (Dose rate

11%x10%Vem ™). Inset: Differential optical
density 40D plotted versus dose:
-(2-: without All, -#@— with AlL
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Fig. 3. Molecular structures: @—tocopherol(TH), o-
tocopherol oxidation product(P), ascorbic acid

{AXL) and allopurinol{All).

Y-Irradiations of aerated ethanolic solutions of

allopurinol ané a-tocopherof

y-Trradiations of mixtures of TH + All were performed
in aerated ethanolic solutions. All experiments have been
performed with a constant initial allepuringl concentration
([A1=10"*mol 1Hand different a~tocopherol concen-
trations (ranging from [TH],=25% 107 to 5% 10 *mol 17).

Fig. 2 showed as an example the evolution of the
differential absorption spectra obtained when irradiation
TH+Al mixtures{{Alilly=10"mol 1" and [TH]=5x
10°mot 1] with doses between 1.8% 10" and 1.1 x 10"V
cm™, It can be observed that the optical density at A
=292nm decreased according to the dose, while a new
absorption maximum appeared at A =242nm. The presence
of 1scbestic points indicated that a-tocopherol was converted
into a single product P which appears to be identical to
the ¢-tocopherol oxidation product previously obtained
by radiooxidation of g—tocopherol in aerated ethanolic
medium(16}( A max=2420m, € 2=8.5X10%mol ™ 1 ¢m™) see
structure on Fig. 3). The inset of Fig. 2 indicated that
the differential optical density A0Dag: increased linearly
as a function of the dose.

As at A=292nm, only e-tocopherol and its oxidized
product P exhibited a significant absorption, the radiolytic
vield of a-tocopherol disappearance can therefore be
calculated:
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Fig. 4. Dilution curve G(-TH) ploitted versus [THl,.
-0 D without All, -@- @ with All. The data represent
mean values of at least three separate experiments,
| This experimental point was also obtained with

[AlL=2% 10" mal 17

with 4 € 20:= & 9ol TH) ~ £ 20(P)
N=6.02x 10%

The dose was expressed in eVem 5 0.1 corresponds
to a unit correcting factor. G{~TH) in this case was
equat to 2.1molec/100eV. It could also be seen{inset of
Fig. 3) that this value was above the one obtained when
d-tocopherol was irradiated in the absence of allopurinol
» G{-TH)=1.6molec/100eV.

Analogous experiments were performed for other
{TH) concentrations chosen in the above range. The
experimental results showed that G(-TH} values were
highey than the yields obtained when o-tocopherol was
irradiated in the absence of allopurinol as can be seen
on Fig, 4. Furthermore the plateau of this dilution curve
was the same, but it was reached for concentrations of
a-tocopherol above 107'mol I in the presence of
allopurinol (above 2%10 *mol 17 in its absence).
Irradiations of aerated ethanolic solutions of alio-
purinol and ascorbate
These experiments have been performed in the same
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way as reported when studying the radiooxidation of
ascorbate({represented here by AH ) in aerated ethanclic
solution. This radicoxidation led to the formation of
dehvdroascorbic acid (A)18).

As an example, the resulis obtained after irradiation
of a AH + All mixture in an aerated ethanolic sclution
([AH 1o=10""mol 17, [Alll,=10"* mol 1I") were presented
on Fig. 5. It can be observed that the optical density at
245nm decreased according to the dose. The inset of this
figure indicates that the optical density ODes decrease
linearly as a function of the dose in the same way in
the presence of allopurinol and in its absence. The yield
G{-AH") was calculated and still equal to 3.Zmolec/
100eV=1/2(GRO "2+ GOz ). These results suggested that
allopurinol did not influence the yield of ascorbate
oxidation by RO "2 and 07 free radicals in the considered
concentration and dose ranges.
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Fig. 5. Absorption spectra of All+AH aerated ethanclic
solutions.
[Al=10 *mol 1Y [AHL=10"mol 1", Reference :
solution containing only All. Titrations of ascorbate
were made after acidification of the medium with
H2S048% 10 °mol 1), Dose(10%eVem ™): (a) initial
soltion (b} 0.09, (c) 0.18, (d) 0.35, (e) 0.52, (f) 0.68,
(g) 0.85. Inset : Optical density ODug plotted versus
dose:
@B (AH +AlD, -—- AH
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Irradiations of aerated ethanolic solutions of allo-

purinol, d-tocopherol and ascorbate

Y-Irradiations of Al+TH+AH mixtures have been
performed in aerobic conditions with: {Alll;=1% 10™*mot
I [AH1=5% 10" mol 1" and [TH}=5% 10" mol 1"\ The
measurement of the differential optical density at 292nm
allowed to follow the evolution of a-tocopherol.

It can he seen on Fig. 6 that a-tocopherol disappeared
according to the absorbed dose between 0.18 and
1.10%Vem™®. The inset of this figure indicated that the
differential optical density 40Dz increased linearly as
a function of the dose, and allowed the calculation of the
vield G(-TH). G{-TH) was equal to 1.0molec/100eV
either in the presence or the absence of All. This value
was identical to the one obtained when ¢-tocopherol and
ascorbate were irradiated in the same conditions of dose
and concentration in the absence of allopurinol(17,18).

radical-mediated damage through its inhibitory effect on
XO. Since the activity of xanthine oxidase is very low
in the central nervous system(8,24), it appears unlikely
that the inhibition of XO represents the main mechanism
responsible for the protective effect of allopurinol on the
oxidative stress caused by an acute ethanol.

1) Interactions between allopurinel and a-tocopherol

Upon irradiation with %Co Y-rays in an acrated ethanolic
medinm, d-tocopherol was oxidized into its product P
with a yield G{-TH) which increased with [TH}, concen—
tration and reached a constant value equal to G(RO:z" Y
2=2.4molec/100eV (Fig. 4). The following mechanisms
have been established to fit the experimental data(17):

(1) RG:" + TH > T + ROOH,
k=01 10mol ™t 1 7

(2) RO;" + T T" + ROOH,
ke=25%10°mol* 1 87

3»T + T — S TH + T

(4) RO:" + RO’

k=12 10°mol ™ | 5!

non radical products

DISCUSSION
It is generally assumed that allopurinol prevents free
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Fig. 6. Differential absorption spectra of All4+TH+AH™
aerated cthanolic solutions.
[Alll=10"mol 17, [THL=5%0"mol I}, (AH J=5%
10”°mol 1. Reference: initial solution. Dose (10"
eVem ™) (2) 0.17, (b) 0.35, (¢} 052, (d) 068, (&) 1.1.
Inset: Differential optical density 40D plotted
versus dose:
-A- All+TH+HAH, -A- THHAH

ke=3x10°mol™* 1 s 1

&) T + CH:0H P + H (P=TOC:Hs)

Reaction (4) competes with reaction (1) and (2) only
when [THL is below 2% 10™mol I’ and lowers G(-TH).

In the presence of allopurinol, the oxidation of d-
tocopheral by peroxyl radicals RO: ™ generated the same
product P as that observed previcusly in the absence of
allopurinel. The value G{-TH) obtained when the platean
of the dilution curve was reached stays equal to G(ROz ")
/2=2 4molec/100eV. These results lead to conclusion that
two ROz radicals were used for the oxidation of one
a—tocopherol molecule affording first the T species which
reacts with the solvent to provide the firnal product P.

However the fact that the constant value G{-TH) was
reached more rapidly In the presence of allopurinol,
suggested that reaction (4) competed with reactions
different from reactions (1) and (2}, As allepurinol did not
react directly with RO:", such an effect could be linked
to the possible interaction of allopurinol with either o-
tocopherol or its oxidized radical

Two hypotheses may therefore be proposed:

Hypothesis 1.
Allopurinot is capable of providing a complex with d-
tocopherol according tor

6) TH + Al TH-Al
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The monoelectronic oxidation of TH-All would
provide a T  radical according to:

(7) {TH-Al) + RO — T + All + ROCH

T would then lead to the final product P through
reactions (2), (3) and (5). In this case G- TH) =GP hmax
is equal to GIRO:")/2. For concentrations of [TH], below
10 mol 1" the ohserved competition concerns reactions
(7) and {4) in favor of reaction {7).

Hynothesis 2:

Allopuringt 15 able to react with the d~tocopherol oxi-

dized radical(T ") according to:
8 7T + Al — (T-Al)°

Then (T-All)" would evolve preferentially by a second
oxidation by RO2™ according to:

B

9y (T-Al)" + ROy T+ All + ROOH

Competition between reactions (9) ang {4) in favor of
{9) would increase the yield G{-TH) compared to the
values obtained in the absence of allopurinol with the
competition between reactions (1), (29 and {4) for [THY,
< 2x310™ mol 17,

Any other mechanism involving a consumption of T
by All, such as (101

a0 T° + Ay

Al 4+ T

is 1o be excluded due to the fact that GU-TH)ne=24
molec/100eV. '

In fact reactions (1), (10} and (5) would lead o G
-THrax=4.8Bmolec/100eV.

It can therefore be concluded that allopurinol enhanced
the scavenging properties of a-tocopherol on the ROz’
radicals in our experimental conditions of doses and
concentrations,

2} Interactions between aflopurinol, ¢~-tocophero! and
ascorhate

It hag been shown previcusiy(18) that the results of
irradiations of TH+AH mixtures in aerated ethanolic
solution depended only on the ratio [TH]/TAH J,. This
study pointed out the reaction (11) of TH regeneration
by Al from its oxidized radical T :

AT + AH ——— TH + A

kn=6Xx10° mo!™" 1 s~

as well as an oxidation of T~ by dehydroascorbic acid(A)
arising from reaction {12} according to reaction (13):

(2} A" + A" ——— A + AH
(T + A ——— T + A
kie=12Xx10" mol™ 187

In order to suggest an interpretation of the results
obtained when irradiating All+TH+AH mixtures, 2
facts are to be considered:

1) For a ratic [TH]/[AM); equal to 1, the vyield
G(-TH) stays equal to Imolec/100eV in the absence of
All or in its presence ([Alll=10" mol 1.

2) In the absence of AH, G(~TH) in the presence of
All is above the G{-TH) value obtained without All(for
[THJ, < 2x10™ mol 1™"). These results indicate that, in
the presence of All, the regeneration of TH by AW
remains as efficient as in the absence of All It seems
therefore reasonable to suggest that:

- According to hypothesis 1{presented above), the
regeneration of TH results still from the competition
hetween reactions {11} and (13) which is the same with
or without All

- According to hypothesis 2, the regeneration of TH
might involve either a reaction as (14):

(14y (T-AD" + AH A+ TH + All

which would compete with reaction {(15) :

(15) (T-AID" + A > A+ T+ Al

or a commpetition between reactions (3), {11) and (13)
favorahle towards reactions (11) and (13} which would
almost suppress any interaction of allopurincl in this
radical mechanisms.

This study indicated that allopurinol enhanced the
scavenging properties of d-tocopherol on a-hydroxyethyl-
peroxyl radicals, and that the regeneration of TH from
T by AH stayed as efficient as in the absence of
allopurinol for the considered iradiation dose and concen~
tration ranges.

The relevance of the reported results ohtained i vitro
to biological systemns is uncertain. However atlopurinot
administration prevented the increase in cerebellar lipid
peroxidation induced in rats by an acute ethanol load.
This effect could be linked to the enhancement of peroxy!
radical scavenging activity of vitamin E in the presence
of aflopurinol. In addition, allopurinol prevented the decrease
in the vitamin E cerebellar content, whereas it enhanced
the decrease in vitamin C level. This couid be related
to the regeneration of vitamin E at the expenses of
vitarnin C level.



