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The development of medications to treat alcohol hangover is important for a large number of people, especially those, who 
perform responsible and dangerous types of work. The severity of the hangover syndrome is determined by the toxic effect 
of acetaldehyde and its metabolic rate, which decreases with the depletion of glutathione, worsening and prolonging the 
hangover.
The aim of the article is to provide an experimental basis for use of acetylcysteine as a precursor of glutathione in treatment 
of psychological, neurological and cognitive symptoms of ethanol hangover.
Materials and methods. The study was performed in male Wistar rats. The ethanol hangover was modeled via an acute 
ethanol injection (i.p., 3 g/kg). After awakening, the animals were divided into 2 groups, receiving acetylcysteine (p.o., 1 mg/
kg) or saline. The intact group of the animals received saline only. Before and after acetylcysteine or saline administration, the 
animals were assessed according to Combs and D’Alecy scale. The adhesive test, the open field test, the passive avoidance 
test and Morris water maze test were also performed twice. The liver glutathione level was assessed in sacrificed animals. 
Results. The control group animals showed signs of neurological deficits and cognitive impairment, including a decreased 
locomotion, motor deficits and a memory decline. The rats administered with acetylcysteine after the ethanol intoxication, 
had a less severe impairment associated with an improved performance in the adhesive test, Morris water maze test and the 
passive avoidance test, and demonstrated an increased locomotion in the open field test. The liver glutathione content in 
the animals treated with acetylcysteine, was comparable to the glutathione content in the liver of the animals not exposed 
to the ethanol intoxication.
Conclusion. Against the background of an acute ethanol intoxication, an oral administration of acetylcysteine in the rats, 
promoted an increase in liver glutathione levels and led to a decrease in severity of neurological and cognitive deficits in the 
animals.
Keywords: ethanol, post-toxic state, hangover, acetylcysteine, rat, preclinical study
Abbreviations: ATP – adenosine triphosphate; WHO – World Health Organization; NAD – nicotinamide adenine dinucleotide; 
OP – Open field. 
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Разработка средств для устранения алкогольного похмелья важна для большого числа людей, в том числе связанных 
с выполнением ответственных и опасных видов работ. Тяжесть похмельного синдрома определяется токсическим 
действием ацетальдегида и скоростью его метаболизма, которая снижается при истощении запасов глутатиона, что 
приводит к утяжелению и пролонгации похмелья.
Цель. Экспериментальное обоснование применения ацетилцистеина в качестве предшественника глутатиона для 
снижения выраженности психоневрологических и когнитивных нарушений, возникающих на фоне алкогольной ин-
токсикации. 
Материалы и методы. Исследование проведено на крысах-самцах линии Wistar. Состояние «похмелья» моделирова-
ли путем однократного введения этанола (3 г/кг, в/б). После пробуждения животных разделяли на 2 группы: опытной 
группе однократно перорально вводили раствор ацетилцистеина (1 мг/кг), контрольной группе – физ. р-р. Интактной 
группе вводили физ. р-р. До лечения и спустя 3 часа поочередно оценивали уровень неврологического дефицита по 
шкале «Combs and D’Alecy», а также проводили тесты: Адгезивный тест, Открытое поле (ОП), УРПИ и лабиринт Морри-
са. После эвтаназии определяли уровень глутатиона в гомогенатах печени. 
Результаты. У животных контрольной группы отмечались выраженные признаки психоневрологических и когнитив-
ных нарушений, проявляющихся в низкой двигательной активности, нарушении мелкой моторики и когнитивных 
функций. 
У животных, которым вводили ацетилцистеин, нарушения психоневрологических и когнитивной функций были ме-
нее выражены, что проявлялось в улучшении мелкой моторики в Адгезивном тесте, повышении двигательной актив-
ности в тесте ОП. В тестах лабиринт Морриса и УРПИ, в которых оценивают сохранность памятного следа, большее 
количество животных успешно решили задачу, а уровень глутатиона в печени отвечал физиологической норме.
Заключение. На фоне острой алкогольной интоксикации введение ацетилцистеина, способствует восстановлению 
содержания глутатиона в печени и приводит к снижению выраженности нарушений психоневрологических и когни-
тивной функций у экспериментальных животных.
Ключевые слова: этанол, постинтоксикационное состояние, похмелье, ацетилцистеин, крысы, доклинические иссле-
дования
Список сокращений: АТФ – аденозинтрифосфат; АЦЦ – ацетилцистеин; ВОЗ – Всемирная организация здравоохране-
ния; НАД – никотинамидадениндинуклеотид; ОП – Открытое поле; УРПИ – условная реакция пассивного избегания. 

INTRODUCTION
An acute consumption of large quantities of eth-

yl alcohol, causes profound negative socio-econom-
ic consequences. According to the CDC data for 2010, 
economic losses due to the reduced labor productivity 
because of the alcohol consumption, amounted to $ 179 
billion. Despite the large socio-economic costs and the 
costs of medical services spent on the treatment of the 
hangover syndrome and its consequences, this problem 
is of relatively little interest among the researchers. As 
a result, this extremely widespread symptom complex, 
still has many unexplained aspects in its pathogenesis. 
To improve the methods of its prevention or pharmaco-
therapy, a deeper understanding of the pathological pro-

cesses that occur in the body during the development of 
a similar condition is necessary [1, 2]. 

Currently, this syndrome is defined as a general 
discomfort that occurs after the complete metabolism 
of previously taken alcohol (i.e. in the situation where 
alcohol cannot be detected in the blood). Neuropsychi-
atric disorders that occur after drinking large doses of 
alcohol, are not a steady state of the body, but a devel-
oping and slowly running process, which is especially 
important to consider by the people whose profession-
al activities require attention and a high speed of deci-
sion-making at the risk of threatening situations (for ex-
ample, drivers and operators of complex mechanisms) 
[3]. For an outsider, the presence of a hangover is dif-
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ficult to detect and distinguish from the symptoms of 
certain diseases (a tension headache, food poisoning, 
arterial hypertension), which, under certain conditions, 
can pose a threat to others. In particular, professional 
drivers who are in a state of post-alcohol intoxication, 
make significantly more serious errors when driving in 
simulation conditions (on a car simulator). They more 
often and by a larger amount exceed speed, ignore traf-
fic signs, do not notice abrupt interference, take notice 
of emergency situations slower and/or inappropriately 
[4, 5]. It is important to note that in this state, irrita-
bility and aggressiveness often increase, which can be 
associated with a severe pain and/or increased levels 
of testosterone [6, 7]. Its metabolism occurs in the liver 
and can change with the depletion of intracellular sub-
strates caused by an intensive biotransformation, first 
of the alcohol, and then of its metabolites. A hangover 
is characterized by the development of a complex of 
negative symptoms, the most common of which are: 
a headache, nausea, vomiting, diarrhea, chills, fever, 
drowsiness, tremor, irritability, aggressiveness [8]. In 
the groups whose employees, on condition of anonym-
ity, reported performing their duties in the morning 
after drinking large doses of alcohol, interpersonal con-
flicts occurred more often, and the overall labor pro-
ductivity was low [9].

Ethanol intake is an example of a voluntary, largely 
uncontrolled, consuming of the most common and prob-
ably the most studied psychotropic drug [10]. With a lot 
of stressful factors in modern life, antidepressant, psy-
chostimulating, disinhibit and hedonic effects of ethyl al-
cohol, often become a cause of abuse. Although alcohol 
is often consumed in the doses that cause a hangover, 
there are no universal signs to determine a risk group. 
For this reason, negative phenomena associated with its 
use, can occur in absolutely any person (regardless of 
their social, financial or legal status, mental and physical 
level of development).

According to the results of some sociological stud-
ies, 75% of the people who had been consuming al-
coholic beverages to the state of intoxication, had a 
hangover at least once, 15% of the respondents noted 
that the latest episode of this kind had taken place a 
month before. About 50% of the people who regularly 
take ethanol (those who consume one or two drinks 
per day; one drink is an equivalent dose of 50 g of pure 
alcohol [11]) have a habitual hangover. 40% of the peo-
ple who openly report the fact of their frequent use 
of ethyl alcohol say, that they have neuropsychiatric 
post-toxic effects every month or more often. In pa-
tients with alcoholism, their prevalence is lower and 
amounts to 20–25%. Up to 87% of university students 
experience one or more hangover episodes during a 
year, while numerous studies have shown a negative 
impact of this symptom complex on their cognitive ac-
tivity [12].

Pharmacotherapy is the only effective way to elim-

inate the effects of an acute excessive consumption of 
alcoholic beverages, but the modern pharmaceutical 
market has a limited number of drugs for the preven-
tion and treatment of this state [13]. The situation is 
complicated not only by the lack of the general con-
sensus of the professional community regarding the 
pathogenesis of a hangover, but also by the difficulties 
encountered in initiating and conducting preclinical 
studies.

One of the promising directions in the treatment 
of hangover is the development of the agents that ac-
celerate the metabolism of acetaldehyde. Among the 
compounds with a similar effect, acetylcysteine, which 
is the precursor of glutathione, the most important reg-
ulator of the redox processes in cells, including hepato-
cytes, can be distinguished. Ethyl alcohol is metabolized 
to acetaldehyde, which has a general toxic effect, the 
manifestation of which is a hangover. Glutathione in-
activates free oxygen radicals formed in the mitochon-
dria of hepatocytes in the processes of their function-
ing, the formation of which depends on the intensity 
of the course of the redox reactions. Since the alcohol 
metabolism proceeds in several stages (alcohol – acet-
aldehyde – acetic acid), hepatocytes stay in conditions 
of intensification of metabolic processes for a long time 
when a large amount of them enters the human body, 
which is followed by the formation of a large number of 
reactive oxygen species and reactive metabolites inac-
tivated by glutathione. In such a situation, a slowdown 
in the metabolism of acetaldehyde due to the depletion 
of the reserves of reduced glutathione is not excluded. 
Therefore, the use of substances that can increase the 
content of the latter, can promote the activation of nat-
ural detoxification systems, accelerate the metabolism 
of acetaldehyde and alleviate the hangover syndrome. 
The use of acetylcysteine, able to increase the content 
of reduced glutathione, may become promising for this 
purpose [14].

This study was planned to provide an experimental 
basis for the use of acetylcysteine as a precursor of glu-
tathione in treatment of psychological, neurological and 
cognitive symptoms of ethanol hangover.

MATERIALS AND METHODS
Animals
All experiments were conducted in accordance 

with the animal research standards defined by the law 
of the Russian Federation and EASC technical standards 
for Good laboratory practice (GOST R 53434-2009 and 
GOST R 51000.4-2011). The study design and the proto-
col were reviewed and approved by the Department of 
the ethical, legal, and sociological expertise in medicine 
of the Volgograd Medical Research Center [registration 
number: IRB 00005839 IORG 0004900 (OHRP)] on May 
20, 2019 (protocol number: 132).

The experimental study was performed on 30 male 
Wistar rats (300–350 g, obtained from mouse bank of 
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“Rappolovo”). In the vivarium, the animals were accli-
mated for 14 days before starting the experiment where 
the rats were kept during the experiment. They were 
housed at 20 ± 2°C and 40–60% humidity in a standard 
12/12-h light–dark cycle with food and tap water ad li-
bitum.

Study design
Before the acute ethanol administration, all the an-

imals were trained in Morris water maze task and in the 
passive avoidance reflex conditioning test (for 4 and for 
2 days, respectively). The animals able to find a platform 
in Morris water maze task and showing avoidance of 
dark compartment in the passive avoidance test, were 
divided into 3 groups (n = 10 in each). The groups were 
the following:

1. Intact group – normal saline (15 ml/kg, i.p.) + sa-
line (5 ml/kg, p.o.);

2. Control group – ethanol (3 g/kg, i.p.) + saline (5 
ml/kg, p.o.);

3. Experimental group – ethanol (3 g/kg, i.p.) + ace-
tylcysteine (1 g/kg, p.o.).

The rats of the first (intact) group were admin-
istrated with saline (i.p. and p.o.). The rats of the 
control and experimental groups were given a single 
dose of 20% ethanol solution (3 g/kg, i.p.). Then (after 
awakening and fixing the initial parameters), a single 
dose of a physiological solution (LLC “Hematec”, Rus-
sia) or an aqueous solution of acetylcysteine (CJSC 
“Sandoz”, Russia) was administered (1 g/kg, per os). 
The volumes of the solutions for intraperitoneal and 
intragastric administration were 15 and 5 ml / kg, re-
spectively.

After the ethanol administration, the latent peri-
od of loss of the righting reflex (ability to stand up and 
lean on the limbs from the upside-down position) was 
recorded in the animals [15]. The duration of sleep in 
animals was 8 h ± 30 min.

Within 30 min after awakening the animals were as-
sessed. Combs and D’Alecy scale, the adhesive test, the 
open field test, the passive avoidance test and Morris 
water maze test were performed. Then the rats (in ac-
cordance with the group) were administered with ace-
tylcysteine or saline intragastrically. The animals, which 
did not wake up 8.5 hours after the ethanol administra-
tion, were excluded from the experiment.

3 hours later, all the tests were performed again: the 
signs of neurological deficits were assessed according 
to Combs and D’Alecy scale [16]. The adhesive test was 
used to assess the ability of the animals to feel and re-
move a duct tape applicated on the upper paws within 
3 min of the observation [17]. The open field test was 
used to study locomotor and exploratory activities of the 
animals [18]. Cognitive functions were assessed in the 
passive avoidance test [18] and in Morris water maze 
test [19].

After euthanasia (decapitation under anesthesia 

with zoetil / xylazine at the dose of 20/8 mg / kg), liv-
er tissue samples were taken from the animals for the 
subsequent analysis. The concentration of the reduced 
glutathione was assessed in the reaction with 5.5-dith-
iobis-(2-nitrobenzoic acid) [20]. All the reactions were 
performed in triplicates.

Statistical processing
The statistical processing was performed by meth-

ods of descriptive and analytical statistics. The distribu-
tion of quantitative values was evaluated using the Sha-
piro-Wilk test. The intergroup differences were assessed 
by a one-way analysis of variance using Newman-Keuls 
post hoc test. All the data were presented as the mean 
and standard error of the mean (unless otherwise indi-
cated). The differences in the categorical data were eval-
uated by χ2 test.

RESULTS
An intraperitoneal ethanol administration in rats 

resulted in the general anesthesia which lasted in 
average for 8 ± 0.5 hours. With regards to the latent 
period of anesthesia and to the total duration of this 
condition, the rats included in this study, were com-
parable.

The ethanol hangover in the rats was characterized 
by an inhibition of the total activity, a decrease of loco-
motion and somnolence (the animals spent more time 
with shut eyes, and their reactivity to mechanic stimuli 
was decreased). The results of the open field test reflect-
ed the general trends: the ethanol hangover significantly 
decreased the exploratory and motor activities in all the 
animals.

The decrease in the motor activity was also ob-
served in the control animals 3 hours afterwards, while 
in the acetylcysteine-treated rats their motor and ex-
ploratory activities in the open field test increased (Fig-
ure 1). Thus, acetylcysteine promoted a restoration of 
the total activity in the rats exposed to the acute ethanol 
intoxication.

The signs of neurological deficits, assessed accord-
ing to Combs and D’Alecy scale, were symptoms of se-
vere neuropsychiatric deficiency after awakening in both 
ethanol-treated groups. The severity of neurological 
deficits decreased in 3 hours after the oral administra-
tion of saline and decreased significantly after the admin-
istration of acetylcysteine (Figure 2A).

In the adhesive test, the animals neglected a duct 
tape applicated on the volar side of the upper limbs. In 3 
hours after the first testing and treatment of the animals 
undergoing acute alcohol poisoning (the oral administra-
tion of saline did not improve their sensory-motor func-
tion), only 2 of 10 animals were able to remove a duct 
tape (at least from one paw). In the group of acetylcys-
teine-treated rats, 7 of 10 animals were able to remove 
a duct tape (p < 0.05) using a shorter period of time (p < 
0.05; Figure 2B).
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Figure 1 – Effect of acetylcysteine on exploratory (A) and locomotor (B) activities in the open field test  
performed by the rats exposed to acute ethanol intoxication

Note: * – p < 0.05 (one-way ANOVA with Newman-Keuls post-test); the compared groups are connected with horizontal lines; 
the exploratory activity was defined as a sum of vertical postures and nose-poking acts; the locomotor activity was defined as a 
number of crossed sectors of the open field.

Figure 2 – Effect of acetylcysteine on neurological deficits assessed according to Combs and D’Alecy scale (A) and 
a latent period of the duct tape removal in the adhesive test (B) in the rats exposed to acute ethanol intoxication

Note: * – p < 0.05 (one-way ANOVA with Newman-Keuls post-test); # – p < 0.05 (χ2); % – a number of the animals in the group, 
which removed the duct tape from one paw; the compared groups are connected with horizontal lines.

Figure 3 – Effect of acetylcysteine on the latent period of platform finding in Morris water maze (A) and on the 
latent period in the passive avoidance test (B) in the rats exposed to acute ethanol intoxication

Note: * – p < 0.05 (one-way ANOVA with Newman-Keuls post-test); % – a number of the animals able to find a platform (A) 
or avoided a dark compartment of the passive avoidance test apparatus (B); the compared groups are connected with horizontal 
lines.
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Before the ethanol administration, all the animals 
were trained in Morris water maze for 4 days to find a 
platform, and 2 days before the ethanol administration 
they passed a fear conditioning procedure based on the 
passive avoidance reflex. All the rats exposed to the eth-
anol intoxication had increased the period of platform 
finding in Morris water maze (Figure 3A). In the passive 
avoidance test, the animals demonstrated decreased 
locomotion without any exploratory activity, thus the 
assessment of the avoidance reaction could not be per-
formed.

No changes in Morris water maze task and in the 
passive avoidance test performance were observed in 
the saline-treated animals within 3 hours after awaken-
ing. The rats treated with acetylcysteine, showed a bet-
ter performance in both tests (Figure 3A, 3B). The ob-
served results suggest that acute ethanol intoxication is 
associated with memory decline which could be partially 
rescued with the acetylcysteine administration.

At the end of study, the animals were sacrificed, and 
liver tissues were sampled for glutathione content de-
tection. In the animals administered with ethanol and 
saline, the liver glutathione content reached 96.5 ± 3.11 
mg/g tissue (vs 117.4 ± 2.95 mg/g tissue in intact rats; 
p < 0.0001). In the acetylcysteine-treated rats, the liv-
er glutathione content reached 111.4 ± 3.52 mg/g tis-
sue, which was higher than in the animals treated with 
ethanol and saline (p < 0.05; Figure 4). Thus, an oral ad-
ministration of acetylcysteine led to an increase in liver 
glutathione content, which could reduce the severity of 
ethanol intoxication.

DISCUSSION
In modern society, alcohol abuse is a widespread 

problem due to the increase in stress load and the avail-
ability of alcohol. Although a hangover is a frequent ad-
verse event of ethanol intake, this condition is not well 
understood in terms of current medical knowledge. 

Negative consequences of ethanol hangover include 
economic costs associated with inefficient work or study 
[1, 2].

An oxidation of ethanol by alcohol dehydrogenase 
leads to the formation of acetaldehyde, which turns into 
acetate. Both of these sequential and then parallel re-
actions could affect the balance between nicotinamide 
adenine dinucleotide (NAD) and NADH, indirectly de-
creasing the amount of reduced glutathione [21]. An in-
crease in NADH causes a number of metabolic disorders, 
including hyperlactacidemia, which promotes acidosis 
and reduces uric acid excretion. This leads to secondary 
hyperuricemia, which is aggravated by alcohol-induced 
ketosis and enhances the acetate-mediated breakdown 
of ATP. An increase in NADH also prevents gluconeo-
genesis, thereby promoting hypoglycemia, increase in 
α-glycerophosphate levels, inhibition of the Krebs cy-
cle. This is followed by inhibition of fatty acid oxidation, 
which   promotes steatosis and hyperlipidemia. Acetal-
dehyde is a cytotoxic substance which inhibits the recov-
ery of alkylated nucleoproteins, inhibits the activity of 
key enzymes and significantly decreases the efficiency 
of the oxygen metabolism in mitochondria. In addition, 
acetaldehyde contributes to cell death by depleting the 
level of reduced glutathione, causing lipid peroxidation, 
and an increase in the toxic effect of free oxygen species. 
By binding to microtubule tubulin, acetaldehyde blocks 
the secretion of proteins. The result of an increase in 
protein, lipids, water and electrolyte cell content is an 
increase in the size of hepatocytes. Acetaldehyde-pro-
tein adducts promote collagen production and can act 
as neoantigens that stimulate the immune response. 
The decrease in reduced glutathione, caused by ethanol, 
also contributes to damage to hepatocyte organelles 
and decreases the utilization of xenobiotics [21, 22].

Acetylcysteine was originally patented in 1960 and 
licensed for use in 1968. It is included in the WHO List of 
Essential Medicines, the most effective and safe medi-

Figure 4 – Effect of acetylcysteine on the liver glutathione content in the rats exposed  
to acute ethanol intoxication

Note: AC – acetylcysteine; data shown as means of triplicates, grand mean and standard error of mean; *, *** 
– p < 0.05, p < 0.0001 (one-way ANOVA with Newman-Keuls post-test); the compared groups are connected with 
horizontal lines.
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cines needed in the health system, as a drug used in case 
of paracetamol (acetaminophen) overdose and for muco-
lytic therapy [23]. This compound acts as the precursor 
of L-cysteine, from which the antioxidant glutathione is 
formed. Glutathione contains a peptide bond between 
the amino group of cysteine and the carboxyl group of 
the glutamate side chain. The value of glutathione in a 
cell is determined by its antioxidant properties. In fact, 
glutathione does not only protects the cell from toxic free 
radicals, but also generally determines the redox charac-
teristics of the intracellular environment. In the cell, thi-
ol groups are in a reduced state at the concentration of 
about 5 mmol/L. Such a high concentration of glutathione 
in the cell, leads to the fact that it restores any disulfide 
bond formed between the cysteine residues of intracellu-
lar proteins. In this case, the reduced form of glutathione 
turns into oxidized. Oxidized glutathione is restored under 
the action of the enzyme glutathione reductase, which 
is constantly in the cell in an active state and is induced 
by oxidative stress. The ratio of the reduced and oxidized 
forms of glutathione in the cell is one of the most import-
ant parameters that determines the level of oxidative 
stress, which increases during alcohol consumption and 
the development of an ethanol hangover [22, 24].

Acetylcysteine administration contributes to the re-
plenishment of glutathione, which plays an important 
role in neutralizing reactive oxygen species and, togeth-
er with oxidized glutathione and S-nitrosoglutathione, 
binds to the NMDA and AMPA receptors (through their 
γ-glutamyl fragments) and can be endogenous neuro-
modulator. At millimolar concentrations, they can also 
modulate the redox state of the NMDA receptor com-
plex [25].

Glutathione modulates the NMDA receptor by acting 
on the redox site. L-cysteine also serves as a precursor of 
cystine, which is a substrate for antiportheracin gluta-
mate on astrocytes. Therefore, cysteine could increase 

the release of glutamate into the extracellular space, 
where it acts on mGluR 2/3 receptors, and at higher dos-
es of acetylcysteine – on mGluR 5 [26]. With regards to 
this fact, that hangover is accompanied by depression of 
neurotransmitters, the restoration of neurotransmitter 
balance can contribute to a faster restoration of neuro-
cognitive functions. Acetylcysteine also exerts some an-
ti-inflammatory effects, which could be due to inhibition 
of NF-κB transcription factor and due to modulation of 
cytokines synthesis [27].

Available preclinical and limited clinical data sug-
gest that acetylcysteine is able to normalize glutamate 
neurotransmission to the nucleus accumbens and other 
brain structures, in part due to an increased expression 
of excitatory amino acid transporter 2, known as glu-
tamate transporter 1, in addicted individuals. In adults 
with cocaine dependence, acetylcysteine modulates 
the neurotransmission of glutamate, which is not ob-
served in people without dependence [28]. This study, 
in conjunction with the data presented, suggests that 
acetylcysteine could have a double effect related to the 
hangover symptoms: facilitation of the metabolism of 
xenobiotics and a neuroprotective effect, which helps 
to reduce alcohol craving. Acetylcysteine, acting as a 
modulator of glutamate and dopamine neurotransmis-
sion with a pronounced antioxidant effect, is a promising 
candidate for further development of a medication for 
correction of ethanol hangover.

CONCLUSION
An oral administration of acetylcysteine in rats suf-

fering from acute ethanol intoxication promoted an in-
crease in liver glutathione levels and led to a decrease in 
severity of neurological and cognitive deficits in animals. 
With regards to the obtained results, acetylcysteine 
could be used as a perspective medication for ethanol 
hangover treatment.

FINANCIAL SUPPORT
This work was supported by a grant of the President of the Russian Federation # 075-15-2019-176 dated 

23.05.2019.

AUTHOR CONTRIBUTIONS
All authors had equally contributed to the research work.

CONFLICT OF INTEREST
Authors declare no conflict of interest.

REFERENCES
1. Mackus M, Adams S, Barzilay A, Benson S, Blau L, Iversen J, 

Johnson SJ, Keshavarzian A, Scholey A, Smith GS, Trela C, Vatsa-
lya V, Verster JC. Proceeding of the 8th Alcohol Hangover Re-
search Group Meeting. Curr Drug Abuse Rev. 2016;9(2):106–
112. doi: 10.2174/1874473709666161229121527.

2. Penning R, McKinney A, Verster JC. Alcohol hangover 
symptoms and their contribution to the overall hang-
over severity. Alcohol Alcohol. 2012;47(3):248–252. doi: 
10.1093/alcalc/ags029. 

3. Devenney LE, Coyle KB, Verster JC. Memory and atten-
tion during an alcohol hangover. Hum Psychopharmacol. 
2019;34(4):e2701. doi: 10.1002/hup.2701.

4. Grange JA, Stephens R, Jones K, Owen L. The ef-
fect of alcohol hangover on choice response time. 
J Psychopharmacol. 2016;30(7):654–661. doi: 
10.1177/0269881116645299. 

5. Verster JC, Bervoets AC, de Klerk S, Vreman RA, Olivier B, 
Roth T, Brookhuis KA. Effects of alcohol hangover on simu-
lated highway driving performance. Psychopharmacology 

DOI: 10.19163/2307-9266-2019-7-5-291-299



298

ReseaRch aRticle

ISSN 2307-9266   e-ISSN 2413-2241

Volume VII, Issue 5, 2019

(Berl). 2014;231(15):2999–3008. doi: 10.1007/s00213-
014-3474-3479. 

6. Sarkola T, Eriksson CJ. Testosterone increases in men after a 
low dose of alcohol. Alcohol Clin Exp Res. 2003;27(4):682–
685. doi: 10.1097/01.alc.0000060526.43976.68

7. Alomary AA, Vallée M, O’Dell LE, Koob GF, Purdy RH, 
Fitzgerald RL. Acutely administered ethanol participates 
in testosterone synthesis and increases testosterone in 
rat brain. Alcohol Clin Exp Res. 2003;27(1):38–43. doi: 
10.1097/01.alc.0000047304.28550.4f

8. Penning R, McKinney A, Bus LD, Olivier B, Slot K, Verst-
er JC. Measurement of alcohol hangover severity: devel-
opment of the Alcohol Hangover Severity Scale (AHSS). 
Psychopharmacology (Berl). 2013;225(4):803–810. doi: 
10.1007/s00213-012-2866-y. 

9. Thørrisen MM, Bonsaksen T, Hashemi N, Kjeken I, van 
Mechelen W, Aas RW. Association between alcohol con-
sumption and impaired work performance (presentee-
ism): a systematic review. BMJ Open. 2019;9(7):e029184. 
doi: 10.1136/bmjopen-2019-029184.

10. Swift R, Davidson D. Alcohol hangover: mechanisms 
and mediators. Alcohol Health Res World. 1998;22(1): 
54–60.

11. Labhart F, Livingston M, Engels R, Kuntsche E. After how 
many drinks does someone experience acute consequenc-
es-determining thresholds for binge drinking based on 
two event-level studies. Addiction. 2018;113(12):2235–
2244. doi: 10.1111/add.14370. 

12. Lam T, Liang W, Chikritzhs T, Allsop S. Alcohol and other 
drug use at school leavers’ celebrations. J Public Health 
(Oxf). 2014;36(3):408–416. doi: 10.1093/pubmed/fdt087.

13. Verster JC, Penning R. Treatment and prevention of alco-
hol hangover. Curr Drug Abuse Rev. 2010;3(2):103-109. 
doi: 10.2174/1874473711003020103

14. Green JL, Heard KJ, Reynolds KM, Albert D. Oral and in-
travenous acetylcysteine for treatment of acetaminophen 
toxicity: a systematic review and meta-analysis. West J 
Emerg Med. 2013;14(3):218–226. doi: 10.5811/west-
jem.2012.4.6885.

15. Morkovin EI, Kurkin DV, Tyurenkov IN. The assessment 
of the psychoneurological impairments in rodents: 
Basic methods. Zhurnal Vysshei Nervnoi Deyatelnos-
ti Imeni I.P. Pavlova. 2018;68(1):3–15. doi: 10.7868/
s004446771801001x

16. Combs DJ, D’Alecy LG. Motor performance in rats exposed 
to severe forebrain ischemia: effect of fasting and 1,3-bu-
tanediol. Stroke. 1987;18(2):503–511.

17. Bouet V, Boulouard M, Toutain J, Divoux D, Bernaudin M, 
Schumann-Bard P, Freret T. The adhesive removal test: 
a sensitive method to assess sensorimotor deficits in 

mice. Nat Protoc. 2009;4(10):1560–1564. doi: 10.1038/
nprot.2009.125

18. Guidance on preclinical studies of medicines: ed. A.N. 
Mironov. V.1. Moscow, Grif i K, 2012: 944 pp.

19. Vorhees CV, Williams MT. Morris water maze: procedures 
for assessing spatial and related forms of learning and 
memory. Nat Protoc. 2006;1(2):848–858. doi: 10.1038/
nprot.2006.116.

20. Shaik IH, Mehvar R. Rapid determination of reduced and 
oxidized glutathione levels using a new thiol-masking re-
agent and the enzymatic recycling method: Application 
to the rat liver and bile samples. Anal Bioanal Chem. 
2006;385(1):105-113. doi: 10.1007/s00216-006-0375-8.

21. Cederbaum AI. Alcohol metabolism. Clin Liver Dis. 
2012;16(4):667–685. doi: 10.1016/j.cld.2012.08.002.

22. Rushworth GF, Megson IL. Existing and potential ther-
apeutic uses for N-acetylcysteine: the need for conver-
sion to intracellular glutathione for antioxidant benefits. 
PharmacolTher. 2014;141(2):150–159. doi: 10.1016/j.
pharmthera.2013.09.006. 

23. Green JL, Heard KJ, Reynolds KM, Albert D. Oral and in-
travenous acetylcysteine for treatment of acetaminophen 
toxicity: a systematic review and meta-analysis. West J 
Emerg Med. 2013;14(3):218–226. doi: 10.5811/west-
jem.2012.4.6885.

24. Aldini G, Altomare A, Baron G, Vistoli G, Carini M, 
Borsani L, Sergio F. N-Acetylcysteine as an anti-
oxidant and disulphide breaking agent: the rea-
sons why. Free Radic Res. 2018;52(7):751–762. doi: 
10.1080/10715762.2018.1468564. 

25. Oja SS, Janáky R, Varga V, Saransaari P. Modulation of 
glutamate receptor functions by glutathione. Neuro-
chem Int. 2000;37(2–3):299–306. doi: 10.1016/s0197-
0186(00)00031-0

26. Chen HH, Stoker A, Markou A. The glutamatergic com-
pounds sarcosine and N-acetylcysteine ameliorate pre-
pulse inhibition deficits in metabotropic glutamate 5 
receptor knockout mice. Psychopharmacology (Berl). 
2010;209(4):343–350. doi: 10.1007/s00213-010-1802-2. 

27. Paterson RL, Galley HF, Webster NR. The effect of N-ace-
tylcysteine on nuclear factor-kappa B activation, in-
terleukin-6, interleukin-8, and intercellular adhesion 
molecule-1 expression in patients with sepsis. Crit 
Care Med. 2003;31(11):2574–2578. doi: 10.1097/01.
ccm.0000089945.69588.18

28. Kupchik YM, Moussawi K, Tang XC, Wang X, Kalivas BC, 
Kolokithas R, Ogburn KB, Kalivas PW. The effect of N-acetyl-
cysteine in the nucleus accumbens on neurotransmission 
and relapse to cocaine. Biol Psychiatry. 2012;71(11):978–
986. doi: 10.1016/j.biopsych.2011.10.024.

AUTHORS
Kurkin Denis V. – Doctor of Sciences (Pharmacy), se-

nior researcher of the laboratory of cardiovascular med-
ications, Scientific Center of Drug Research, Volgograd 
State Medical University; Head of interdepartmental cen-
ter of practical and scientific work of Faculty of Pharmacy, 
Volgograd State Medical University. ORCID: http://orcid.
org/0000-0002-1116-3425. E-mail: strannik986@mail.ru

Morkovin Evgeny I. – Candidate of Sciences (Medi-
cine), docent, head of the laboratory of neuropsychotro-
pic drugs, Scientific Center of Drug Research, Volgograd 

State Medical University; senior researcher of laborato-
ry of genomic and proteomic researches of Volgograd 
Medical Scientific Centre. ORCID: http://orcid.org/0000-
0002-7119-3546. E-mail: e.i.morkovin@gmail.com

Osadchenko Nazar A. – student-researcher, 6th 
year, Faculty of Medical Biology, Volgograd State Medical 
University. ORCID: https://orcid.org/0000-0002-7398-
2186. E-mail: n.a.osadchenko@gmail.com

Knyshova Lilia P. – Candidate of Sciences (Medicine), 
senior researcher of the laboratory of neuropsychotropic 



299

оригинальная статья

Том 7, Выпуск 5, 2019

drugs, Scientific Center of Drug Research, Volgograd State 
Medical University; junior researcher of the laboratory of 
genomic and proteomic researches, Volgograd Medical 
Scientific Centre. E-mail: knyshova-liliya@inbox.ru.

Bakulin Dmitry A. – Candidate of Sciences (Medi-
cine), senior researcher of the laboratory of cardiovas-
cular medications, Scientific Center of Drug Research, 
Volgograd State Medical University. ORCID: http://or-
cid.org/0000-0003-4694-3066. E-mail: mbfdoc@gmail.
com

Abrosimova Elizaveta E. – student-researcher, 6th 
year, Faculty of Medical Biology, Volgograd State Medical 
University. ORCID: https://orcid.org/0000-0002-6472-
6906. E-mail: abrosimiva.volgmed@gmail.com

Gorbunova Yulia V. – record manager, Department 
of Pharmacology and Biopharmaceutics, Faculty of Ad-
vanced Medical Studies, Volgograd State Medical Uni-
versity. ORCID: http://orcid.org/0000-0002-1116-3425. 
E-mail: yvgorbunova@yandex.ru

Tyurenkov Ivan N. – Doctor of Sciences (Medicine), 
professor, Correspondent Member of the Russian Acad-
emy of Sciences, Head of the Department of Pharmacol-
ogy and Biopharmaceutics, Faculty of Advanced Medi-
cal Studies, Volgograd State Medical University; Head 
of laboratory of cardiovascular medications, Scientific 
Center of Drug Research, Volgograd State Medical Uni-
versity. ORCID: http://orcid.org/0000-0001-7574-3923. 
E-mail: fibfuv@mail.ru

DOI: 10.19163/2307-9266-2019-7-5-291-299


	_GoBack
	_Hlk25533209
	_GoBack

