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Resume. Objective. to study the content of reduced glutathione (GSH), activities of
glutathione peroxidase (GP) and glutathione-S-transferase enzymes (GST) in blood
and liver of rats exposed to subacute alcohol intoxication, its combination with
caffeine intake or constant light exposure, and the possibility of their correction with
melatonin.

Materials and methods. Experiments were performed on 42 male rats weighing 180-
200 g kept under standard conditions of the vivarium and artificial equinox. Alcohol
intoxication was induced by intragastric administration 40 % ethanol at a dose of 7
ml/kg of body weight for 7 days. Caffeine was administered by gavage at a dose of
30 mg/kg of body weight.

Results. Ethanol poisoning and its combination with caffeine intake or exposure to
constant light resulted in a decrease in GSH level and GP activity in RBCs and liver,
besides the combination of ethanol+light resulted in more pronounced depletion of
the parameters. The combination of ethanol with caffeine resulted in less reduction
of GSH level in the blood (by 25%) but more depletion of GSH in the liver (by 45%
vs. control) than in ethanol-treated rats. There was an elevation of GST activity in
the liver of all groups of alcoholized animals. Administration of 5 mg/kg melatonin
for 7 days limited depletion in GSH and prevented the changes in GP and GST
activities in the blood and liver of all groups of animals.

Conclusions. Melatonin administration prevented ethanol-induced toxicity in rats
exposed to ethanol and its combination with caffeine or constant light for 7 days by
limiting the depletion in GSH and preventing the changes in GP and GST activities
in the blood and liver of all groups of animals.
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Pe3zrome. Mema pobomu. oocrioumu emicm 6ionosenenozo erymamiony (I'SH),
akmusnicms 2nymamionunepokcuoasu (I'Tl) ma enymamion-S-mpancgepazu (I'ST) y
KpOGi ma neyinyi wypis 3a yMo8 ni02oCmpoi aiKo2oabHol iHMmoKCUKayii, NOEOHAHHS
i1 3 ysedennam xogheiny abo noCmitiHuM OCEIMACHHAM MA MOICIUBICMb iX KOpeKYii
MenamoHiHOM.

Mamepian i memoou. Excnepumenmu npogoounu na 42 camysx wypie macoio 180-
200 2, AKi ympumysanucs 3a CmaHOapmMHUux yMos 8i8apito i WmMyyH020 PIGHOOEHH.
ANKO20IbHY THMOKCUKAYIIO SUKTUKATU SHYMPIWHbOULTIYHKOBUM YeedenHam 40%
emanony 6 003i 7 mi/ke macu mina enpodosdc 7 0i0. Kogpein yeoounu
BHYMPIUHbOUTYHKOB0 6 0031 30 me/ke macu mina.

Pezynvmamu. Ompyenns emanoiom ma 1ioeo NOEOHAHHS 3 RPULOMOM KOPeiny abo
NOCMIUHUM OCBIMIEHHAM NPU3B00UNL0 00 3Hudicenns pisna I'SH ma axmuenocmi I'TI
6 epumpoyumax i newinyi, npuuomMy, KomoiHayisn emanoa+ceimio npussooura 0o
Oinbuwl BUPAdICEHO20 3HUNCEHHA NOKA3HUKI6. TlocOnanus emaHony 3 y8eoeHHAM
Kogeiny suknuxana meHu supasicene 3nudxcenns piens I'SH y kposi (na 25%), ane
Oinvbuwl  BuUpadicene 3HUNCEHHA Ub0O20 NOKA3HUKA 8 neyinyi (Ha 45% Huowcue
KOHmpOmo), Hixc y wypie, aki ompumysaru auwe emanor. Cnocmepieanocs
nioguwgenns axmuenocmi I'ST y neuinyi 6cCix epyn aako2oni306aHux mMeEaApuH.
Yeeoenns 5 me/xe menamoniny npomseom 7 OHI6 3an00icano 3HUNCEHHIO MICMY
I'SH i sminam axmusnocmi I'Tl i I'ST y kpogi ma neuinyi ycix epyn meapuH.
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Bucnoexu. Yeeoenns menamoniny 3meHuLye moKcuyHi epekmu y wypie 3a ymos
6NIUGY emaHONy ma U020 KomOiHayii 3 Kogeinom abo ROCMIUHUM CEIMIoM
npomsacom 7 OHI8, 3MEHULYIOUU GUCHAJICEHHSI BIOHOGIEHHS 2Aymamiony ma
3anobieaouu 3MiHAM AKMUBHOCMI 2IYMAMIOHNEPOKCUOA3U ma 21ymamion-S-
mpancgepasu y Kpoei ma neuinyi 6Cix epyn meapun.

Introduction. Enhancement of free radical oxidation
and the development of oxidative stress is the main
pathogenetic mechanism of ethanol toxicity [1]. Ethanol-
induced oxidative stress is the result of combined
impairment of antioxidant defense and the production of
reactive oxygen species by mitochondrial electron
transport chain, alcohol-inducible cytochrome P450 (CYP)
2E1 and activated phagocytes. The glutathione system
plays an important role in antiradical and antiperoxide
protection of cells [1,2]. The coordinated action of all its
components (reduced glutathione, glutathione peroxidase,
glutathione-S-transferase, glutathione reductase) helps to
maintain the optimal level of redox potential in cells [3].

In recent years, the consumption of caffeinated alcohol
drinks has considerably increased worldwide [4]. Besides
experimental studies evidencing the antioxidant effect of
caffeine [5,6], there is currently abundant evidence
pointing to its ability to stimulate apoptosis, mutagenic
action, and prooxidant effect at certain concentrations
[6,7].

Melatonin (N-acetyl-5-methoxytryptamine) is a pineal
gland hormone which has an extremely wide range of
physiological functions, one of which is potent antioxidant
action evidenced by numerous in vitro and in vivo studies
[8]. Melatonin secretion by the pineal gland is controlled
by an endogenous circadian rhythm, rising at night and
suppressed by light [9]. Some studies showed the impact of
evening caffeine intake on human circadian rhythms
resulting in decreased nighttime melatonin levels [10].
Furthermore, alcohol intake is usually combined with
circadian disruption. Disbalance in melatonin secretion
leads to a shift in the pro- and antioxidant balance in organs
and tissues and, therefore, decreases the body's
vulnerability to various toxins, including ethanol [8].

Objective. To study the content of reduced glutathione
(GSH), activities of glutathione peroxidase [EC 1.11.1.9]
(GP), and glutathione-S-transferase enzymes (GST) [EC
2.5.1.18] in blood and liver of rats exposed to subacute
alcohol intoxication, its combination with constant light or
caffeine intake and the possibility of their correction with
melatonin.

Material and methods. The study was performed in
compliance with the Rules of the work using experimental
animals (1977) and the Council of Europe Convention on
the Protection of Vertebrate Animals used in experiments
and other scientific purposes (Strasbourg, 1986). It was
conducted according to directions of the International
Committee of Medical Journals Editors (ICMJE), as well
as “Bioethical expertise of preclinical and other scientific
research performed on animals” (Kyiv, 2006).

Experiments were performed on 42 male Wistar rats
weighing 180-200 g which were randomly grouped and
kept in polycarbonate cages (3-4 rats per cage) in a room
under controlled environmental conditions (temperature

21£1 °C and 12:12 h light/dark cycle, with lights on
8:00 a.m.). Animals received food and water ad libitum.

Subacute alcohol intoxication was induced by
intragastric administration 40 % ethanol at a dose of
7ml/kg of body weight for 7 days. Caffeine was
administered intragastrically by gavage at a dose of
30 mg/kg of body weight which is equivalent to a dose of
6 mg/kg in humans and corresponded to moderate coffee
consumption (5 cups of coffee or about 400 mg of
caffeine). The light exposure was caused by a constant
fluorescent light of 1500 lux intensity for 24 hours a day.
Melatonin (“Vita-melatonin”, JSC “Kyiv Vitamin Plant”)
was given by gavage at a dose of 5 mg/kg of body weight
at 20% for 7 days along with alcohol intoxication. The
control group of animals received equivolume amount of
water.

Rats were randomly assigned into 7 groups: group 1-
untreated control; group 2 - induced subacute alcohol
intoxication; group 3- alcohol intoxication + melatonin
administration; group 4 - alcohol intoxication + caffeine
administration; group 5 - alcohol intoxication + caffeine +
melatonin; group 6 - alcohol intoxication + constant light
exposure; group 7 - alcohol intoxication + constant light
exposure + melatonin.

Animals were decapitated under light ether anesthesia
on the 7" day after the beginning of the experiment. Blood
samples were collected in presence of anticoagulant EDTA
(1 mg/ml of blood). Erythrocytes were washed three times
with five volumes of saline solution and centrifuged at
3000 rpm for 10 min. The liver samples were excised,
minced, rinsed with cold 50 mm Tris-HCI buffer (pH=7.4)
to remove the blood and homogenized in a glass
homogenizer with a motor-driven teflon pestle on ice to
prepare 5% homogenates. The homogenates were
centrifuged for 10 min at 900g.

The spectrophotometric assay method for GSH
involves oxidation of GSH by the 5.5’-dithio-bis (2-
nitrobenzoic acid) to form the yellow derivative 5’-thio-2-
nitrobenzoic acid, measured at 412 nm [11]. The activity
of GPx was determined by the amount of oxidized
glutathione measured spectrophotometrically at 262 nm
which is formed from reduced one during H-0;
detoxification by glutathione peroxidase [11]. The activity
of the enzyme was expressed in nanomol of oxidized
glutathione produced in 1 min per 1 mg of protein.

GST activity assay is based on spectrophotometric
measurement of reduced glutathione conjugate with 1-
chloro-2,4-dinitrobenzene, formed in the reaction under
the action of the enzyme. The activity of the enzyme was
expressed in nmoles of the conjugate formed in 1 min per
1 mg of protein [12].

Total protein content was assayed by Lowry using a
standard reagent kit for clinical diagnostics (“Filisit-
Diagnostics” Co., Ltd.).

47


http://e-bmv.bsmu.edu.ua/

ByKOBHHCHKHIA MeuuHui BicHUK. 2022. T. 26, Ne 2 (102)

OpuriHanbHI TOCITIHKCHHS

ISSN 1684-7903 http://e-bmv.bsmu.edu.ua

The results were statistically processed using the
STATISTICA 10 software (StatSoft Inc.). A Shapiro-Wilk
test was performed to verify normality of data distribution
and then Mann-Whitney test was used, which was
considered sufficient for valid conclusions to be made.
Data are illustrated as mean+SEM (n=6 animals per
group). P<0.05 was regarded as statistically significant
differences.

Results and their discussion. In this study, we
demonstrated that the model of subacute ethanol stress
caused a decrease in reduced glutathione content in
erythrocytes and liver by 42% and 37% below the control
group (Table). It could be due to the direct oxidation of
glutathione SH groups by acetaldehyde and its free radical
metabolites.

Table

The content of GSH, GP and GST activities in rats in terms of alcohol intoxication combined with light exposure,
caffeine, and melatonin intake (M+m, N=6)

Blood Liver

Groups/ GSH, GP, GSH , pMol/g | GP, GST,

Indices pMol/ml pMol/mine g | tissue nMol/mine nMol/mine
Hb mg protein mg protein

Control 0.875+£0.079 121.5£9.2 7.24+0.42 86.2+6.4 152.8+£8.8

Ethanol 0.506+0.046* 91.1+7.8* 4.49+0.62* 48.3+5.4% 197.1+11.2*

Ethanol —+1 ) 70410.064 130.549.1 6.82+0.59 88.6+8.3 175.7+7.8*

melatonin

Ethanol + 0.653%0.039%* 95.7+6.24* 4.01+0.39% 67.0+6.6%* 208.8+12.3%#

caffeine

Ethanol +

caffeine « 0.995+0.085 108.7+8.3 7.18+0.418 101.9+8.1* 178.1+£9.3*

melatonin

Ethanol + * * it " *

light 0.457+0.062 79.5+10.1 3.01+0.52 56.9+7.4 207.8£9.2

Ethanol +

light + 0.996+0.066* 121.8«¢11.0 6.98+0.46 74.24+6.3 181.1£11.4*

melatonin

Note: * — statistically significant difference compared to the control group (p<0,05);
# — statistically significant difference compared to ethanol treated group (p<0,05).

Combined ethanol and caffeine intake showed the
value of GSH in the blood decreased less (by 25.3% lower
vs. the control group), which could be the evidence of
caffeine antioxidant effect. However, in the liver of such
animals, GSH content was 55.4% below the control group,
which is much lower than in animals treated with ethanol
only. It could result from glutathione system depletion due
to more pronounced manifestations of oxidative stress
caused by activation of microsomal oxidative system in
hepatocytes, involved in both ethanol and caffeine
metabolism when combined in high concentrations.

A study of glutathione enzymes in alcohol intoxication
and its combination with caffeine showed a decrease in
glutathione peroxidase activity in the blood (by 25.1% and
21.2%, respectively) and liver (by 44% and 22% below
control). Such a decrease in the enzyme activity could be
caused by GSH deficiency in cells and the compensatory
increase in catalase activity in response to oxidative stress.

Glutathione-S-transferase activity, a sensitive marker
of endogenous intoxication in the body, in the liver of
alcoholic rats appeared to be by 29% higher than in control.
Caffeine administration caused an increase in GST activity
in the liver of alcoholized animals by 49% above the
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control which was statistically higher than in animals
treated with ethanol alone. These data are consistent with
the studies showing the ability of caffeine to stimulate the
synthesis of antitoxic enzymes (in particular, GST) in rats’
liver and kidneys [5, 6].

The combination of alcohol intoxication with constant
light exposure caused more pronounced changes in the
glutathione system compared to animals kept under normal
light conditions. Thus, the GSH level in the blood and liver
of such animals was 48% and 58% below the control value,
respectively, indicating depletion in reducing capacity of
the antioxidant system caused by decreased melatonin
synthesis under constant lighting. Moreover, decreased
levels of reduced glutathione could be caused by increased
GST activity in the liver, which exceeded the control by
36% and was higher than in the group of animals exposed
to ethanol alone. Combination of ethanol poisoning with
constant light resulted in a decrease in GP activity by 35%
and 34% below the control level.

In the study, we demonstrated (Table) that
administration of 5mg/kg melatonin during subacute
ethanol stress and its combination with caffeine intake or
constant light for 7 days limited the decrease in reduced
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glutathione level in the liver of all studied groups. In the
blood of rats exposed to combined ethanol and caffeine or
altered photoperiod, the content of GSH was even higher
than in the control group (by 13% and 24%, respectively).

Melatonin helped to restore the reduced glutathione
peroxidase activity in the blood and liver of all studied
groups of animals up to the control level. Moreover, in the
liver of rats treated with a combination of ethanol and
caffeine GP activity exceeded the control level by 19%.

Melatonin  administration caused glutathione-S-
transferase activity in the liver of animals treated with
ethanol and its combination with caffeine or constant light
exposure to be significantly lower than in untreated
animals, but it remained above the control level (by 15%,
17% and 18%, respectively). The normalizing impact of
melatonin on glutathione system activity could be due to
its direct antiradical effect, as secondary antioxidant
capacity, stimulating the activity of antioxidant enzymes
by affecting the expression of relevant genes [8].

Conclusions. Thus, ethanol poisoning and its
combination with caffeine intake or light exposure could
result in a significant dishbalance in the glutathione
antioxidant system resulting in decreased GSH level and
GP activity and increased GST activity in the blood and
liver. The combination of ethanol with caffeine or constant
light exposure potentiated the toxic effects of ethanol in the
liver. Melatonin administration at a dose of 5 mg/kg body
weight prevented ethanol-induced toxicity in rats exposed
to ethanol and its combination with caffeine or constant
light by limiting the depletion in GSH and preventing the
changes in GP and GST activities in the blood and liver of
all group of animals.

Prospects for further research. To study the state of
the antioxidant system in blood plasma, liver, and kidneys
of rats exposed to subacute alcohol intoxication, its
combination with constant light exposure, and caffeine
intake.
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