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EFFECT OF A 3-HYDROXYPYRIDINE ANTIOXIDANT ON LEARNING IMPAIRMENT
AND LIPOFUSCIN ACCUMULATION INDUCED BY ETHANOL

0. A. Kutepova, T. A. Voronina, UDC 615.272.014.425.015.4:612.821.44].076.9
and N. N. Zolotov
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In the modern view the cell membrane is an important component of the primary process
of aging {3], and activation of lipid peroxidation (LPO), observed during aging when antiox-
idant protection is weakend, is a universal mechanism of biomembrane modification and damage.
Disturbance of structural and functional regulation of neuron membranes may lead to irrever-
sible brain damage and to intracellular lipofuscin formation. Most investigators consider
that the principal role in the genesis of lipofuscin is played by LPO processes, followed
{or accompanied} by polymerization of low-molecular-weight aldehydes with primary amino groups
of proteins. As a result of polymerization, compounds of the Schiff base type are formed,
thanks to the presence of which lipofuscin possesses the property of autofluorescence [6].

On the other hand we know that under the influence of chronic ethanol consumption by rats and
mice the content of saturated fatty acids is increased in their brain phospholipids; the cho-
lesterol concentration also is increased, leading to a change in the structural organization of
the membranes [7]. It has also been shown that prolonged alcoholization leads to persistent

impairment of learning ability in mice [10]. The parameters of behavior under these circum-

stances approximate to those in old animals, and long-term alcoholization can thus be regard-
ed as a model of rapid aging [11].

The ability of natural and synthetic antioxidants (tocophercl, ionol, etc.) to delay
the development of aging processes is well known [4]. The aim of this investigation was to
assess the protective action of the antioxidant 2-ethyl-6-methyl-3-hydroxypyridine (3-HP) on
impairment of learning ability and lipofuscin accumulation in the brain tissues of animals
induced by ethanol. It was shown previously that 3-HP can lengthen the survival of animals
{4] and improve learning capacity in old rats [1].

EXPERIMENTAL METHOD

Experiments were carried out on noninbred female albino mice aged initially 3 months,
and exposed to ethanol for 5 months by Freund's method [10] in our own modification. The
animals were divided into three groups: 1) mice receiving 15% ethanol solution instead of
drinking water for 5 months; 2) mice receiving 15% ethanol solution together with 3-HP instead
of drinking water; 3) intact mice receiving water. Mice initially aged 15 months also were
used. All the animals were kept on a standard diet. In the course of the experiments it was
found that both control and experimental animals, weighing 32-37 g, consumed on average 4-5
ml per mouse per day throughout the experiment, but the volume of alcohol consumed by one
mouse daily, calculated as absolute ethanol, was 0.56-0.75 ml, and the amount of 3-HP consumed
simultaneously with ethanol was 0.60-0.75 mg/day per mouse (or 20-25 mg/kg body weight/day).
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314-317, March, 1989. Original article submitted April 5, 1988.

0007-4888/89/0003-0343$12.5C ©1989 Plenum Publishing Corporation 343



L 30 i #
J -
V&
| 20
2 3 & b 5 &

0
A
RN

I S

Fig. 1. Effect of 3-HP on defensive avoidance conditioning in al-
coholized mice. a) Changes in latent period of reflex during its
formation. Abscissa, time of learning (in days); ordinate, latent
period of reflex (in conventicnal timer units). I) latent period
of unconditiocned reflex; II) latent period of conditioned reflex.
Broken line indicates time of foot shock. Empty triangles — eth-
anol; filled triangles — ethanol + 3-HP; circles — control (3
months); squares — control (15 months); *p < 0.05, *%p < 0.01 com-
pared with mice receiving ethanocl. %p < 0.05; °%p < 0.0l compared
with control; b) relative learning speed of animals. Abscissa,
time of training (in days); ordinate, ratio of difference in la-
tent period of reflex (in conventinal timer units) to latent period
of reflex on previous day of training (in %). 1) Control (3 months),
2) ethanol; 3) ethanol + 3-HP, 4) control (15 months).

The animals' behavior was recorded 2 weeks after the end of alcoholization in a shuttle
box ("Ugo Basile,’ Italy). A conditioned reflex was formed in the mice to simultaneous pres-
entation of photic and acoustic stimuli (3 sec or 32 conventional timer units), under the in-~
fluence of which the animal had to run into the same compartment of the box. Mice which did
not run received a painful electric foot shock (5 sec or 46 conventional timer units). The
interval between training exercises was 20 sec. Fach mouse received 40 training exercises per
session daily. The animals were trained for & days. the latent period of aveidance of foot
shock by the animals from the time of presentation of the conditioned stimulus was recorded
in conventional timer units.

The animals were decapitated 10 days after the end of training. The brain was removed,
weighed, and homogenized, then extracted with a mixture of chloroform and ethanol (2:1) as
described in [10]. The lipofuscin content was determined by the method in [8] on an "Opton"
spectrofluorometer on the basis of the intensity of fluorescence of extracts from mouse brain
homogenates at 436 nm, the wavelength of excitation being 360 nm. The experimental results
were subjected to statistical analysis by the Student and Wilcoxon—Mann—Whitney method on an
Apple-ITe computer using the "Biostatistics-III" program.

EXPERTMENTAL RESULTS

The study of the behavior of the alcoholized mice in the shuttle box 2 weeks after with-
drawal of ethanol revealed marked delay in learning compared with control animals of the same
sex and age (Fig. la). The difference was statistically significant on the 3rd, 4th, S5th, and
6th days of training. Mature mice aged 15 months also demonstrated reduced learning ability
in a shuttle box and did not reach the fully trained level by the 6th day of testing. Addi-
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TABLE 1. Effect of 3-HP on Intensity of
Fluorescence of Mouse Brain Extracts after
Chronic Alcoholization

) . Intensity of
Experimental gi;%gt gf fluorescence,
conditions s Mg lconventional
units
Control — 3 months (13) 465,0-+9.8 34,3+1,5
Control = 15 months (8) 462,1413,5| 121,5%+5,3
Ethanol (10) 470,8-8,3 | 114.8*+7,5
Ethanol + 3-HP (11) 469,9:x11,1 47,5+4,5

Legend. *p < 0.001 compared with control.
Number of animals given in parentheses.

tional administation of 3-HP preserved this learning ability in mice subjected to chronic al-
coholization. This group of animals completed the learning process 3, 5, and 6 days earlier
than mice receiving ethanol alone. The differnce between the different experimental groups
of animals was seen even more demonstratively on analysis of the relative learning speed
(Fig. 1b). In control animals, this was linear in character. Mice receiving ethanol alone
had a slower learning speed than animals of the control group. Mice receiving 3-HP together
with ethanol approximated in the character of their learning to control animals. Training
mature {15 months) mice did not follow a uniform pattern, evidence of their reduced learning
ability.

Investigation of extracts from brain homogenates revealed a higher intensity of fluo-
rescence in material from mice aged 15 months than from the control animals (3 months). The
weight of the brain was the same in the mice of all experimental groups. The intensity of
fluorescence also was considerably increased in the chronically alcoholized mice. Meanwhile
in mice taking 3-HP together with ethanol, fluorescence of the brain extracts was virtually
identical in intensity throughout the period of alcoholization to that observed in control
animals (Table 1).

The increase in the intensity of fluorescence in extracts of brain homogenates could
reflect the more rapid formation of lipofuscin in the mouse brain tissues during chronic al-
cohol consumption. Thus 3-HP, when given together with ethanol, reduced lipofuscin accumula-
tion in the brain during chronic alcoholization and also preserved the learning ability of
the mice.

According to some investigators [2, 6, 12] accumulation of lipofuscin (or aging pig-
ment) is regarded as the final stage of LPO processes in vivo and is used as an indicator of
the free radical nature of cell damage during aging, and can be used as a parameter of chro-
nological age. Our results showing increased fluorescence of extracts from mouse brain ho-
mogenates at the age of 15 months are in agreement with existing views according te which ag-
ing is accompanied by lipofuscin accumulation in the brain [12]. Long-term exposure to eth-
anol also leads to activation of LPO in animal tissue [9]). The absence of antioxidants, such
as a-tocophercl, from the diet also leads to more rapid deposition of lipofuscin in the cells
of various tissues [13] and on the other hand, supplementing of the diet with vitamin E and
other antioxidants, such as meclofenoxate, inhibits lipofuscin accumulation in the mouse brain
{10, 12]. However, there is also evidence that although supplementing the diet with vitamin
E reduces lipofuscin accumulation, it has no significant effect on learning deficiency either
in mice subjected to chronic alcoholization or in old animals [10]. Lipefuscin accumulation
in the brain tissues by itself probably, therefore, has no direct relationship to impairment
of learning in animals whether during natural aging or during chronic alcoholization.

The ability of 3-HP to reduce lipofuscin formation in the mouse brain during chronic
alcholization may therefore be connected with the antioxidative activity of this compound {51},
whereas preservaticon of ability to form conditioned reflexes in mice is probably largely re-
alized through its ability to increase the resistance of the animal to the action of extremal
factors.
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REDUCTION OF ACUTE ETHANOL TOXICITY BY ZINC SULFATE
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Chronic alcoholization of man and animals leads to the development of symptoms of zinc
deficiency, associated with lowering of the Zntt concentration in the blood, liver, and brain
[5, 9, 10]. Experimental [5, 6] and clinical [5, 10] investigations have demonstrated positive
results from the use of zinc salts to correct disorders induced by chronic alcohol intoxica-
tion. The therapeutic effect of zinc salts is usually associated with its effect on activity
of certin enzymes (alcohol dehydrogenase, alkaline phosphatase; aminotransferases, etc.), on
neurotransmitter metabolism, and on 1lipid peroxidation. The use of small (from 5 to 50 pg/kg)
doses of zinc sulfate and chloride may also antagonize the acute toxic effects of ethanol and
increase the survival rate of mice receiving lethal doses of alcohol [6, 8, 13].

The strongest protective effect against acute alcohol intoxication (AAI) has been ob-
served after preliminary administration of fractional doses of zinc preparations {6, 81.

‘However, although the spectrum of action of zinc preparations includes a marked antial-
coholic effect, the possibility that they may have a soberlng effect has not hitherto been stud-
ied.

The aim of this investigation was to study the possibility of reducing the narcotic and
acute toxic action of ethanol by administering zinc sulfate to animals with alcohol intoxica-
tion.

EXPERIMENTAL METHOD

Experiments were carried out on 260 noninbred male albino mice weighing 18-24 g, divided
into groups with 17-32 animals in each group. The investigations were carried out in accordance
with the technical recommendations of the Pharmacological Committee of the USSR [1]. The acute
toxicity of ethanol (LD;,) was studied first and was shown to be 9.9 g/kg for this population
of mice. In the experiments of series I, 30 min after intraperitoneal injection of 25% ethanol
solution in a dose of 9.9 g/kg, a solution of analytically pure ZnSO,:7H,0 in doses of 100, 50,
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