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Abstract
Introduction: Alcohol abuse is one of the grave social and medical problems in many countries, including Russia. 
Alcohol not only negatively affects health, social and family relationships, but also a person’s performance. Hangover, 
which is a one of the negative consequences of alcohol intake, is a complex of neurological and somatic symptoms that 
occur when ethanol is almost completely metabolized to acetaldehyde. This condition, despite the severity and potential 
economic damage, remains poorly understood, and there are no effective medicines to treat it.

Aim: to provide an experimental basis for the possibility of using N-acetylcysteine (NAC), a precursor of glutathione, 
as a medicine for prevention of the neurological and cognitive impairments due to alcohol intoxication.

Materials and Methods: The study used male Wistar rats, which were intraperitoneally injected with ethanol at a dose 
of 3 g/kg to simulate acute ethanol intoxication. Sixty minutes before the injection, the animals from the experimental 
groups were gavaged with NAC (1 g/kg) or with an equivalent volume of saline. Immediately after awakening and 
3 h after it, the animals were assessed for neurological deficits, motor skills, spontaneous motor activity, and cognitive 
functions. After the completion of the behavioral tests, the animals were euthanized to assess the level of glutathione, 
triglycerides (TGs), and malonic dialdehyde (MDA) in liver homogenates, and to determine the activity of enzymatic 
antioxidant systems and serum aminotransferases.

Results and Discussion: The ethanol intoxication in the animals from the control group was associated with pro-
nounced signs of neurological and cognitive impairments, including low spontaneous motor and exploratory activity, 
impaired fine motor skills in the adhesive test, and cognitive function decline in the Morris water maze test. The rats 
which had received NAC before ethanol injection demonstrated better fine motor skills in the adhesive test, a higher 
level of spontaneous motor activity and better performance in the Morris water maze test (in comparison to the animals 
treated with saline before alcohol intoxication). In the animals which had received NAC, the levels of glutathione, 
MDA, and TGs, as well as the activity of liver antioxidant enzymes, were closer to the values of the intact rats to a 
greater extent than in the animals that had been injected with ethanol and received saline.

Conclusion: Orally administered NAC before acute ethanol intoxication led to a decrease in the severity of neuro-
logical deficiency in rats and reduced the amnesic effect of ethanol. This could be due to an improvement of ethanol 
metabolism and a decrease in the severity of disorders associated with oxidative stress and liver dysfunction.
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Introduction
The abuse of alcoholic beverages is a grave medical and 
social problem. Alcohol affects almost all systems and or-
gans, increases the risk of liver cirrhosis, gastrointestinal 
bleeding, pancreatitis, cardiomyopathy, trauma, mental 
disorders (anxiety, depression, loss of consciousness, de-
mentia), various cancers, and shortens life expectancy. Se-
vere psycho-emotional and physical disturbances often oc-
cur after taking ethanol and can provoke its repeated use, 
leading to binge drinking. Mental and physical addictions 
to alcohol are formed over a certain period, the duration 
of which depends on many factors, but the patient almost 
always denies the addiction. Reducing the total amount of 
alcohol consumed or facilitating its metabolism reduces 
the negative impact on the body, improving physical con-
dition and improving the quality of human life (Verster and 
Penning 2010, Witkiewitz et al. 2018). Alcohol abuse is 
the second leading cause of cirrhosis in the USA after he-
patitis C (Setiawan et al. 2016). As a result of a long (over 
several years) period of alcohol consumption, scar tissue 
is formed, leading to impaired blood circulation. First, the 
liver parenchyma is damaged, further leading to nodal fi-
brosis. Further, resistance to portal blood flow increases, 
which can lead to hypertension, splenomegaly, transuda-
tive ascites, or gastrointestinal varicose veins (Boll and 
Merkle 2009). Daily intake of more than 60 g of alcohol 
causes morphological changes in the liver. An increase in 
the content of glycerol-3-phosphate increases the content 
of fatty acids and provokes the development of steatosis 
(Eaton et al. 1997). Liver steatosis is reversible upon ces-
sation of alcohol consumption. Otherwise, the likelihood 
of developing alcoholic hepatitis with subsequent cirrhosis 
is high (Eaton et al. 1997, Heuman et al. 2019).

After 10 years of chronic alcohol use, the risk of hepa-
tocellular carcinoma increases fivefold, with life expectan-
cy after diagnosis usually in the range of 6–20 months. In 
about 30% of cases, this disease occurs due to excessive 
alcohol consumption. The metabolism of ethanol and its 
products occurs in hepatocytes and is accompanied by a 
gradual depletion of glutathione, the main antioxidant 
agent in mitochondria, which leads to an increase in the 
concentration of reactive oxygen species damaging nucle-
ic acids (Mansoori and Jain 2015). The onset of oncolog-
ical diseases in chronic alcoholism may be a consequence 
of the toxic effect of the products of its metabolism, mainly 
acetaldehyde. Some variations of the gene for alcohol de-
hydrogenase (an enzyme that promotes the metabolism of 
alcohol) have a protective effect, which is obviously asso-
ciated with the accelerated metabolism of not only ethanol, 
but also its products (Hashibe et al. 2008). Alcohol use is 
one of the leading causes of esophageal cancer in the USA 
(the overall 5-year survival rate for all stages of esophageal 
cancer is approximately 20%, while survival for late stages 
is approximately 5%) (Prabhu et al. 2014). The risk ratio 
for squamous cell carcinoma among patients consuming 
more than 30 g of ethanol per day is 4.61. Pancreatic can-
cer often develops asymptomatically for a long time and is 

detected at advanced stages. Chronic inflammation associ-
ated with the toxic effects of alcohol and its metabolites is 
one of the main causes of this disease (Barone et al. 2016), 
which accounts for 3.2% of all cancers registered in the 
USA and 7.5% of all cancer-related deaths. With surgery 
(the highest chance of cure), relapses are common.

According to the Centers for Disease Control and Pre-
vention stroke is the fifth leading cause of death in the 
USA, affecting up to 800,000 people annually and the 
main source of disability among adults. Intake of alcohol 
in small to moderate amounts is accompanied by anti-
coagulant and secondary protective effects on the cardi-
ovascular system. The risk of ischemic and hemorrhag-
ic strokes increases when alcohol is consumed in large 
doses, regardless of the regularity (Rehm and Roerecke 
2017, Tadi and Lui 2020), which is obviously associated 
with its negative effect on hemodynamics. Hypertension, 
ischemic heart disease, stroke, angio- and cardiomyopa-
thies often occur on the background of prolonged use of 
large doses of alcohol. The toxic effect of alcohol and its 
metabolites directly weakens the myocardium, increases 
oxidative stress, and increases the risk of thrombus for-
mation, negatively affects the cardiac conduction system, 
causing arrhythmias. The classic consequence of long-
term alcohol consumption is the development of dilat-
ed cardiomyopathy, an irreversible process in which the 
ventricular chambers enlarge, whereas the muscle layer 
does not change, which is accompanied by systolic dys-
function, arrhythmias, risk of thromboembolism, holi-
day heart syndrome, Brugada syndrome (Achaiah and 
Andrews 2016), and sudden death (Carey et al. 2014). 
Chronic consumption of high doses of alcohol causes a 
decrease in immunity (Ratna and Mandrekar 2017). Brain 
damage during chronic alcohol use is associated with the 
direct neurotoxic effect of ethanol and its metabolites, as 
well as with the resulting thiamine deficiency, impaired 
cerebral hemodynamics, the development of hepatic en-
cephalopathy, and head injuries.

Thus, the direct toxic effect of ethyl alcohol and/or its 
metabolites causes severe diseases, which are linked path-
ogenically with the depletion of intracellular antioxidant 
enzymes, an increase of reactive oxygen species, nucleic 
acid damage, and other signs of oxidative stress. Hango-
ver is the most obvious consequence of the dysfunction of 
the ethanol metabolic pathway resulting from the use of 
high doses of ethanol. Acetaldehyde is a product of alco-
hol metabolism and causes most of the symptoms of hang-
over. An increase in the concentration of acetaldehyde is 
observed as a result of a slowdown in its biodegradation 
under the action of acetaldehyde dehydrogenase, which 
is largely associated with the depletion of reduced glu-
tathione in hepatocytes (Mackus et al. 2020). Glutathione 
is the most important regulator of redox reactions in cells; 
the depletion of its reserves causes a slowdown in metab-
olism, including the processes associated with the conver-
sion of acetaldehyde into less toxic acetic acid. Restoring 
glutathione content or preventing a significant decrease 
in its level can become a promising approach to facilitate 
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the metabolism of ethyl alcohol and reduce the toxic ef-
fect of its metabolic products, which will not only prevent 
hangover, but also possibly prevent the development of 
the above diseases. The use of N-acetylcysteine (NAC), 
which increases the content of reduced glutathione, may 
be promising in this regard (Green et al. 2013). The aim 
of this study was to provide an experimental basis for the 
possibility of use of NAC, a precursor of glutathione, as a 
medicine for prevention of the neurological and cognitive 
impairments, occurring after alcohol intoxication.

Materials and Methods
Animals

The study used male Wistar rats (body weight 300–
350 g), obtained from Rappolovo Breeding Nursery. The 
animals were acclimated at 20±2 °C and 40–60% humi-
dity in a standard 12/12-h light-dark cycle with food and 
tap water ad libitum for 14 days before the experiments. 
All manipulations were carried out in compliance with the 
Russian laws and the EAEU technical standards for Good 
laboratory practice (GOST R 53434-2009 and GOST R 
51000.4-2011). The study design and the protocol were 
reviewed and approved by the Department of the Ethical, 
Legal, and Sociological Expertise in Medicine of Volgo-
grad Medical Research Center [registration number: IRB 
00005839 IORG 0004900 (OHRP)] on May 20, 2019 
(protocol number 132).

Study design

A scheme of the study design is presented on Figure 1. 
Before alcohol intoxication was simulated, all the rats 
were trained to find a platform under the water in the 

Morris water maze for 4 days. The rats were randomly 
assigned to one of 3 study groups (n = 10 for each group):

1. Rats from the intact group (negative control) were 
gavaged with saline (5 mL/kg, Gematec, Russian 
Federation), and, 60 min after, were injected with 
saline intraperitoneally (15 mL/kg);

2. Rats from the positive control group were gavaged 
with saline (5 mL/kg), and, 60 min after, were in-
jected with ethanol (3 g/kg, as 20% solution);

3. Rats from the NAC group were gavaged with NAC 
(1 g/kg, Sandoz, Russian Federation), and, 60 min 
after, were injected with ethanol (3 g/kg).

4. After the injection of ethanol, the latent time of los-
ing the righting reflex (the ability to return to an up-
right position after staying on its back) (Morkovin et 
al. 2018), the time of onset and the duration of sleep 
were recorded in the animals.

Thirty minutes and 3 h after the animals woke up, the 
neurological and cognitive deficits were assessed using 
the Combs and D’Alecy scale (Combs and D’Alecy 
1987), and the following tests were performed: adhe-
sive test (a test with adhesive tape applied on the volar 
surface of the forelimbs) (Bouet et al. 2009), open field 
test (Prut and Belzung 2003), and Morris water maze test 
(Vorhees and Williams 2006). The rats that did not wake 
up 8 h 30 min after the ethanol injection were excluded 
from the experiment.

After euthanasia (decapitation under 450 mg/kg chlo-
ral hydrate anesthesia), liver tissue samples were taken 
from the animals for further analysis. All reactions were 
carried out in triplicates. The activity of aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT) 
in blood plasma of the animals was determined using ap-
propriate reagents (manufactured by Diacon-DS, Russian 

Figure 1. Study design.
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Federation). The content of triglycerides (TGs) in ho-
mogenates of liver tissue was determined after extraction 
with heptane and isopropanol followed by fractionation 
with sodium alcoholate photometrically (after incubation 
with 2,4-pentanedione at a wavelength of 410 nm) (Biggs 
et al. 1975, Lee et al. 2009). The concentration of malonic 
dialdehyde (MDA) in homogenates was determined using 
the reaction with thiobarbituric acid (Ohkawa et al. 1979, 
Shanmugam et al. 2011); the concentration of reduced 
glutathione was measured in the reaction of reduction of 
5,5-dithiobis-(2-nitrobenzoic acid) (Shaik and Mehvar 
2006). Superoxide dismutase (SOD) activity was deter-
mined by a photometric method based on the assessment 
of a degree of inhibition of the epinephrine oxidation reac-
tion (Misra and Fridovich 1972, Shanmugam et al. 2011).

Statistical analysis

The results of the study were statistically processed by 
descriptive and analytical statistics. The distribution of 
the quantitative indicators was assessed using the Sha-
piro-Wilk test. The intergroup differences were assessed 
using one-way analysis of variance (ANOVA) with New-
man-Keuls post-hoc test, and the numerical values were 
presented as the arithmetic mean and standard error of the 
arithmetic mean (SEM). To assess the differences in cate-
gorical data, the chi-square test (χ2) was used.

Results and discussion

After the intraperitoneal injection of ethanol, the rats fell 
asleep within several minutes, and their sleep lasted on 
average 8 h±30 min. All the animals selected for the ex-
periment were comparable in terms of the onset and du-
ration of sleep.

The post-intoxication state of the animals was char-
acterized by depressed behavior: they were lethargic and 
moved slowly, with evident signs of severe drowsiness 
(eyes closing , lying down, sluggish reaction to touch). In 
the open field test, the animals showed low exploratory 
and motor activities. Whereas the control group retained 
low indices in the open field test 3 hours after the thera-
py, the rats which had received NAC demonstrated higher 
activity (Fig. 3B, C). Thus, NAC provided a rapid recov-
ery of locomotor and exploratory activities after alcohol 
intoxication.

When assessing neurological deficit according to the 
Combs and D ‘Alecy scale, the animals from the positive 
control group demonstrated symptoms of severe neuro-
logical deficits at wake-up, but the severity of the deficits 
slightly decreased 3 hours later. In the rats which had re-
ceived NAC, the severity of neurological deficit 30 min 
after awakening was significantly lower than in the pos-
itive control group, and decreased even further 3 hours 
after awakening (Fig. 2A).

Thirty minutes after awakening, the animals from the 
control group did not notice the adhesive tape on the volar 
surface of forelimbs, and 3 hours later, the sensorimotor 
function of these animals was restored only partially: only 
4 out of 10 animals were able to detect and remove an 
adhesive tape, and the animals spent more time remov-
ing the adhesive tape than the rats from the other groups 
(Fig. 2B). Nine out of 10 rats which had received NAC 
before the injection of ethanol found and removed an ad-
hesive tape from at least one paw (p < 0.05), and upon 
repeated testing, all the animals of this group did this sig-
nificantly (p < 0.05 ) faster (Fig. 2B).

All the animals for 4 days before the intraperitoneal 
ethanol injection were trained to find the hidden plat-
form in the Morris water maze. The rats from the positive 
control group performed poorly in the test performance, 

Figure 2. The effect of acetylcysteine on the neurological deficits assessed with Combs and D’Alecy scale (A) and on the time 
needed to remove an adhesive tape from volar surface of forelimbs (B) in rats after acute ethanol intoxication. Note: * – p < 0.05 
(one-way ANOVA, Newman-Keuls post-hoc); the compared datasets are connected with horizontal lines; % – share of animals 
having removed an adhesive tape from any forelimb.

https://pubchem.ncbi.nlm.nih.gov/compound/Triglyceride
https://pubchem.ncbi.nlm.nih.gov/compound/Malonaldehyde
https://pubchem.ncbi.nlm.nih.gov/compound/Malonaldehyde
https://pubchem.ncbi.nlm.nih.gov/compound/Glutathione
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol


Research Results in Pharmacology 7(1): 75–83 79

whereas the rats which had received NAC demonstrat-
ed a higher rate of platform-finding with a shorter latent 
time (Fig. 3A). Thus, the preliminary administration of 
NAC reduced the severity of amnesia caused by ethanol 
in the animals.

At the end of the study, liver tissue samples were taken 
to determine the activities of SOD, TG and MDA con-
tent, and blood was sampled to assess the activities of 
AST and ALT. In the rats from the positive control group, 
the glutathione content in liver homogenates reached 
88.6±5.05 mg/g tissue (versus 116.6±3.13 mg/g tissue in 
intact animals; p < 0.05). In the rats which had received 
NAC, the glutathione content (110.8±7.34 mg/g tissue) 
was significantly higher than in the animals from the 
positive control group (p < 0.05; Fig. 4D), but the values 
were comparable to those observed in the intact animals. 
Thus, the prophylactic administration of NAC increased 
the content of reduced glutathione in the liver and, prob-
ably, contributed to a decrease in the severity of alcohol 
intoxication and the recovery of animals, apparently due 
to the facilitation of alcohol metabolism.

The levels of AST and ALT activities in blood plas-
ma of the rats from the negative control group were 
133.4±5.12 and 26.7±2.17 U/L, respectively. In the an-
imals from the positive control group, these indicators 
statistically significantly (p < 0.05) increased, reaching 
154.8±9.13 and 41.9±5.17 U/L, respectively, which indi-

cates an impaired metabolic function of hepatocytes as 
a result of the hepatotoxic effect of high doses of etha-
nol. In the rats which had received NAC, the levels of 
AST and ALT activities were not significantly increased 
(133.2±4.05 and 30.9±1.17 U/L, respectively; p > 0.05 
when compared with the values recorded in the animals 
from the negative control group; Fig. 4A, B).

In the rats from the positive control group, the SOD 
activity in liver homogenates was 39.5±3.14 U/mg pro-
tein (versus 54.6±1.52 U/mg protein in intact animals; 
p < 0.05), and the MDA content was 29.8±1.13 nmol/g of 
tissue (versus 22.7±1.15 nmol/g of tissue in intact animals; 
p < 0.05). In the rats that had been gavaged with NAC the 
listed parameters did not differ significantly from those 
recorded in the intact animals (p > 0.05 for all variables): 
SOD activity and MDA content were 40.5±1.18 U/mg 
protein and 27.8±1.15 nmol/g tissue, respectively (Fig. 
4E, F). Thus, a single administration of NAC prevented 
the development of signs of oxidative stress in rats caused 
by alcohol intoxication.

An increase in the content of TGs in hepatocytes is a 
characteristic sign of degenerative changes due to toxic 
liver damage (Boll and Merkle 2009). In the rats which 
had received saline and ethanol, the triglyceride content 
in liver homogenates was statistically significantly high-
er than in the animals from the negative control group 
(30.7±0.51 versus 20.5±0.91 mg/g tissue; p < 0.05). In the 

Figure 3. The effect of acetylcysteine on latent time of platform-finding in Morris water maze test (A), on motor activity (B) and 
exploratory activity (C) in open field test in rats after acute ethanol intoxication. Note: * – p < 0.05 (one-way ANOVA, New-
man-Keuls post-hoc); the compared datasets are connected with horizontal lines; motor activity was counted as the total number of 
lines crossed; exploratory activity was defined as the total number of verticalizations and nose-pokes.
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animals that had been gavaged with NAC before ethanol 
injection, the content of TGs in liver homogenates reached 
23.4±1.35 mg/g of tissue, which was comparable to that 
in the intact animals (p > 0.05; Fig. 4C). The changes in 
the activity of transaminases in blood plasma and in liver 
TG levels make it possible to conclude that NAC is able 
to prevent the development of toxic liver damage caused 
in rats by a single intraperitoneal injection of ethanol.

The prevalence of alcoholism is one of the central 
public health problems in medical, social and economic 
terms. According to the latest WHO data, alcoholism is 
one of the leading causes of health deterioration world-
wide, and the European Region has the highest premature 
mortality attributed to ethanol consumption (due to an 
increase in the number of somatic pathologies and death 
due to alcohol intoxication) (Kupchik et al. 2012, Kurkin 
et al. 2019, Morkovin et al. 2019a, b).

Alcohol abuse leads to the development of a hangover 
syndrome, which is determined by pronounced neurolog-
ical and somatic symptoms, occurring when alcohol is 
almost completely metabolized to acetaldehyde. In some 
cases, especially when alcohol is used to relieve hangover, 

this condition can be a critical factor in the formation of 
alcohol addiction. Since the severity of ethanol hangover 
can be exacerbated and prolonged by the depletion of liv-
er glutathione stores; NAC, which increases glutathione 
production, may be a promising and affordable treatment 
for hangover, which is consistent with several previous 
studies. At the same time, prophylactic administration of 
this drug may be promising (Green et al. 2013, Mackus 
et al. 2020).

In the framework of the present work, it was found 
that in the rats that had received NAC before acute eth-
anol intoxication a decrease in glutathione level in hepat-
ocytes was less pronounced than in the rats that had not 
received NAC on the background of ethanol intoxication. 
This is consistent with the results of our previous studies 
(Kupchik et al. 2012, Kurkin et al. 2019, Morkovin et al. 
2019a, b), in which the therapeutic effects of NAC were 
evaluated (with a single oral administration after alcohol 
intoxication). In both cases, the animals were injected in-
traperitoneally with ethanol, which excluded the pharma-
cokinetic interaction of NAC with ethanol, which could 
have contributed to a lower systemic absorption of the 

Figure 4. The effect of acetylcysteine on the liver glutathione levels in rats after acute ethanol intoxication. Note: A. AST – aspartate 
aminotransferase (U/L); B. ALT – alanine aminotransferase (U/L); C. TG – triglycerides (mg/g tissue); D. glutathione (mg/g tissue); 
E. SOD – superoxide dismutase (U/mg protein); F. MDA – malonic dialdehyde (nmol/g tissue); data shown as the mean ± SEM (n 
= 8–10 as a grand mean of triplicates); * – p < 0.05 (one-way ANOVA, Newman-Keuls post-hoc); compared datasets are connected 
with horizontal lines.
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latter. Thus, the observed effects should be considered as 
the primary pharmacodynamic effects of the study drug.

Oxidation of ethanol under the influence of alcohol de-
hydrogenase leads to the formation of acetaldehyde, which 
disrupts some of the functions of cells and may contribute 
to their death. This also occurs due to the depletion of the 
reserves of reduced glutathione, which leads to a decrease 
in the ability to utilize reactive oxygen species, to damage 
to mitochondria and other cell organelles. Furthermore, 
ethanol itself is also capable of inhibiting glutathione syn-
thesis (Cederbaum 2012, Rushworth and Megson 2014). 
The ratio of reduced and oxidized forms of glutathione in 
the cell is one of the most important parameters that deter-
mines the level of oxidative stress, which increases during 
alcohol consumption and hangover development (Green 
et al. 2013, Rushworth and Megson 2014).

NAC is a medicine with a well-established medical 
use, which has been used for a long time in clinical 
practice. This amino acid can not only act as a precur-
sor in the synthesis of glutathione, which is involved 
in the detoxification of reactive oxygen species and in 
the conjugation of xenobiotics metabolites of various 
classes, but also has its own antioxidant properties due 
to the presence of a sulfhydryl group in its structure. 
In addition, according to recent publications, NAC can 
act as an endogenous neuromodulator due to the ability 
to bind to γ-glutamyl fragments of NMDA- and AM-
PA-receptors (Aldini et al. 2018). Thus, NAC should 
be considered not only as an antioxidant and a source 
of cysteine for the synthesis of glutathione, but also as 
a medication capable to simulate neurotransmission 
through the glutamate system.

The described mechanisms can explain a decrease in 
neurological deficit noted in the rats that were gavaged 
with NAC before ethanol injection: the animals from this 
group (compared with the rats that had not received NAC 
before ethanol administration) demonstrated higher mo-
tor activity, less pronounced motor function impairment 
against better preserved cognitive functions. In particular, 
the rats from NAC group found a platform in the Morris 
water maze test much faster and in higher numbers than 
the animals from the positive control group, which indi-
cated the suppression of the amnestic effects of ethanol. 
This effect is possibly due to the modulation of glutama-
tergic transmission. Glutamate, an excitatory amino acid, 
acts as an antagonist of γ-aminobutyric acid, an inhibitory 
neurotransmitter of the nervous system, and the action 

on the GABA-receptors explains the amnestic effects of 
ethanol, barbiturates, and benzodiazepines. Furthermore, 
there is limited data on the ability of NAC to reduce the 
reinforcing properties of ethanol, which could be also 
considered as a beneficial effect (Morkovin et al. 2020).

Thus, as follows from the presented results, the 
prophylactic administration of NAC reduces the sever-
ity of the consequences of acute ethanol intoxication in 
rats due to a number of beneficial metabolic and neuro-
metabolic effects. This makes the further development 
of drugs containing NAC and/or other sulfur-containing 
amino acids promising for both correction and preven-
tion of post-intoxication conditions caused by high dose 
ethanol intake.

Conclusion

Preventive single oral administration of NAC at a dose of 
1 g/kg before an acute alcohol intoxication facilitates al-
cohol metabolism, restores glutathione content in the liver 
and leads to a decrease in the severity of neurological and 
cognitive deficits in experimental animals, and a decrease 
in oxidative stress. The results of the study indicate the 
prospects of using NAC for the prevention and reduction 
of the severity of hangover syndrome.

In the rats which had been given a single oral dose of 
NAC before ethanol intoxication, the severity of neuro-
logical deficit, manifesting in a decrease in motor activ-
ity and motor disorders, was lower than in the animals 
gavaged with saline before alcoholization. NAC also im-
proved the reproduction of the skill of platform-finding in 
the Morris water maze, which could be explained by the 
ability of NAC to suppress the amnestic effect of ethanol. 
This could be due to an improvement in ethanol metab-
olism and a decrease in the severity of disorders caused 
by either oxidative stress, or degenerative changes in the 
liver. Thus, the prophylactic administration of NAC be-
fore alcohol intoxication can reduce the severity of the 
post-intoxication state, which in rats is close to the hang-
over syndrome observed in humans.

Financial support

This work was supported by a grant of President of the 
Russian Federation # 075-15-2019-176 of 23.05.2019.

References
 � Achaiah A, Andrews N (2016) Intoxication with alcohol: An un-

derestimated trigger of Brugada syndrome? JRSM Open 7(5): 
2054270416640153. https://doi.org/10.1177/2054270416640153 
[PubMed] [PMC]

 � Aldini G, Altomare A, Baron G, Vistoli G, Carini M, Borsani L, Ser-
gio F (2018) N-Acetylcysteine as an antioxidant and disulphide break-
ing agent: the reasons why. Free Radical Research 52(7): 751–762. 
https://doi.org/10.1080/10715762.2018.1468564 [PubMed]

 � Barone E, Corrado A, Gemignani F, Landi S (2016) Environmental 
risk factors for pancreatic cancer: an update. Archives of Toxicol-
ogy 90(11): 2617–2642. https://doi.org/10.1007/s00204-016-1821-9 
[PubMed]

 � Biggs HG, Erikson JM, Moorehead WR (1975) A manual colori-
metric assay of triglycerides in serum. Clinical Chemistry 21(3): 
437–441. https://doi.org/10.1093/clinchem/21.3.437 [PubMed]

https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Acetaldehyde
https://pubchem.ncbi.nlm.nih.gov/compound/Glutathione
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Glutathione
https://pubchem.ncbi.nlm.nih.gov/compound/Glutathione
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Glutathione
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Glutathione
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Glutathione
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Sodium-chloride
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Ethanol
https://pubchem.ncbi.nlm.nih.gov/compound/Acetylcysteine
https://doi.org/10.1177/2054270416640153
https://pubmed.ncbi.nlm.nih.gov/27186380/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4858723/
https://doi.org/10.1080/10715762.2018.1468564
https://pubmed.ncbi.nlm.nih.gov/29742938/
https://doi.org/10.1007/s00204-016-1821-9
https://pubmed.ncbi.nlm.nih.gov/27538405/
https://doi.org/10.1093/clinchem/21.3.437
https://pubmed.ncbi.nlm.nih.gov/1112059/


Kurkin DV et al.: N-acetylcysteine relieves ethanol hangover82

 � Boll DT, Merkle EM (2009) Diffuse liver disease: Strategies for 
hepatic CT and MR imaging. RadioGraphics 29(6): 1591–1614. 
https://doi.org/10.1148/rg.296095513 [PubMed]

 � Bouet V, Boulouard M, Toutain J, Divoux D, Bernaudin M, 
Schumann-Bard P, Freret T (2009) The adhesive removal test: a sensi-
tive method to assess sensorimotor deficits in mice. Nature Protocols 
4(10): 1560–1564. https://doi.org/10.1038/nprot.2009.125 [PubMed]

 � Carey MG, Al-Zaiti SS, Kozik TM, Pelter M (2014) Holiday heart 
syndrome. American Journal of Critical Care 23(2): 171–172. 
https://doi.org/10.4037/ajcc2014800 [PubMed]

 � Cederbaum AI (2012) Alcohol metabolism. Clinics in liver dis-
ease 16(4): 667–685. https://doi.org/10.1016/j.cld.2012.08.002 
[PubMed] [PMC]

 � Combs DJ, D’Alecy LG (1987) Motor performance in rats exposed to 
severe forebrain ischemia: effect of fasting and 1,3-butanediol. Stroke 
18(2): 503–511. https://doi.org/10.1161/01.STR.18.2.503 [PubMed]

 � Eaton S, Record CO, Bartlett K (1997) Multiple biochemical effects 
in the pathogenesis of alcoholic fatty liver. European Journal of Clin-
ical Investigation 27(9): 719–722. https://doi.org/10.1046/j.1365-
2362.1997.1780727.x [PubMed]

 � Green JL, Heard KJ, Reynolds KM, Albert D (2013) Oral and in-
travenous acetylcysteine for treatment of acetaminophen toxicity: 
a systematic review and meta-analysis. The Western Journal of 
Emergency Medicine 14(3): 218–226. https://doi.org/10.5811/west-
jem.2012.4.6885 [PubMed] [PMC]

 � Hashibe M, McKay JD, Curado MP, Oliveira JC, Koifman S, 
Koifman R, Zaridze D, Shangina O, Wünsch-Filho V, Eluf-Neto J, 
Levi JE, Matos E, Lagiou P, Lagiou A, Benhamou S, Bouchardy C, 
Szeszenia-Dabrowska N, Menezes A, Dall’Agnol MM, Merletti F, 
Richiardi L, Fernandez L, Lence J, Talamini R, Barzan L, Mates D, 
Mates IN, Kjaerheim K, Macfarlane GJ, Macfarlane TV, Simona-
to L, Canova C, Holcátová I, Agudo A, Castellsagué X, Lowry R, 
Janout V, Kollarova H, Conway DI, McKinney PA, Znaor A, Fabi-
anova E, Bencko V, Lissowska J, Chabrier A, Hung RJ, Gaborieau 
V, Boffetta P, Brennan P (2008) Multiple ADH genes are associated 
with upper aerodigestive cancers. Nature Genetics 40(6): 707–709. 
https://doi.org/10.1038/ng.151 [PubMed]

 � Heuman DM, Mihas AA, Hung PD (2019) Alcoholic Hepatitis. 
https://emedicine.medscape.com/article/170539-overview

 � Kupchik YM, Moussawi K, Tang X-C, Wang X, Kalivas BC, 
Kolokithas R, Ogburn KB, Kalivas PW (2012) The effect of N-ace-
tylcysteine in the nucleus accumbens on neurotransmission and re-
lapse to cocaine. Biological Psychiatry 71(11): 978–986. https://doi.
org/10.1016/j.biopsych.2011.10.024 [PubMed] [PMC]

 � Kurkin DV, Morkovin EI, Osadchenko NA, Knyshova LP, Bakulin 
DA, Abrosimova EE, Gorbunova YuV, Tyurenkov IN (2019) Correc-
tion of psychological and neurological signs of alcohol hangover in 
rats with acetylcysteine. Pharmacy & Pharmacology 7(5): 291–299. 
https://doi.org/10.19163/2307-9266-2019-7-5-291-299

 � Lee HS, Song J, Kim TM, Joo SS, Park D, Jeon JH, Shin S, Park 
HK, Lee WK, Ly SY, Kim MR, Lee DI, Kim YB (2009) Effects 
of a preparation of combined glutathione-enriched yeast and rice 
embryo/soybean extracts on ethanol hangover. Journal of Medici-
nal Food 12(6): 1359–1367. https://doi.org/10.1089/jmf.2008.1367 
[PubMed]

 � Mackus M, Loo AJ van de, Garssen J, Kraneveld AD, Scholey A, 
Verster JC (2020) The role of alcohol metabolism in the pathology of 

alcohol hangover. Journal of Clinical Medicine 9(11): 3421. [14 pp.] 
https://doi.org/10.3390/jcm9113421 [PubMed] [PMC]

 � Mansoori AA, Jain SK (2015) Molecular links between alcohol and 
tobacco induced DNA damage, gene polymorphisms and patho-phys-
iological consequences: A systematic review of hepatic carcinogene-
sis. Asian Pacific Journal of Cancer Prevention: APJCP 16(12): 4803–
4812. https://doi.org/10.7314/APJCP.2015.16.12.4803 [PubMed]

 � Misra HP, Fridovich I (1972) The role of superoxide anion in the 
autoxidation of epinephrine and a simple assay for superoxide dis-
mutase. The Journal of Biological Chemistry 247(10): 3170–3175. 
https://doi.org/10.1016/S0021-9258(19)45228-9 [PubMed]

 � Morkovin E, Kurkin D, Knyshova L, Osadchenko N, Bakulin D 
(2020) N-acetylcysteine decreases reinforcing properties of ethanol 
and prevents glutathione depletion in a rat alcohol hangover model. 
European Neuropsychopharmacology 40: S349–S350. https://doi.
org/10.1016/j.euroneuro.2020.09.452 [in Russian]

 � Morkovin EI, Kurkin DV, Tyurenkov IN (2018) The assessment 
of the psychoneurological impairments in rodents: basic methods. 
Zhurnal Vysshei Nervnoi Deyatelnosti Imeni I.P. Pavlova [I.P.Pav-
lov Journal of Higher Nervous Function] 18(1): 101–109. https://doi.
org/10.7868/S004446771801001x [in Russian]

 � Morkovin EI, Osadchenko NA, Knyshova LP, Bakulin DA, Kur-
kin DV (2019a) The effect of acetylcysteine on neuropsychiat-
ric indicators of rats after acute ethanol intoxication. Journal of 
Volgograd State Medical University 71(3): 110–115. https://doi.
org/10.19163/1994-9480-2019-3(71)-110-115 [in Russian]

 � Morkovin EI, Osadchenko NA, Kurkin DV, Knyshova LP, Bakulin 
DA (2019b) Correction of ethanol toxicity in rats with oral acetyl-
cysteine administration. Volgograd Journal of Medical Research (4): 
43–46. [in Russian]

 � Ohkawa H, Ohishi N, Yagi K (1979) Assay for lipid peroxides in animal 
tissues by thiobarbituric acid reaction. Analytical Biochemistry 95(2): 
351–358. https://doi.org/10.1016/0003-2697(79)90738-3 [PubMed]

 � Prabhu A, Obi KO, Rubenstein JH (2014) The synergistic effects of 
alcohol and tobacco consumption on the risk of esophageal squamous 
cell carcinoma: a meta-analysis. The American Journal of Gastroenter-
ology 109(6): 822–827. https://doi.org/10.1038/ajg.2014.71 [PubMed]

 � Prut L, Belzung C (2003) The open field as a paradigm to measure 
the effects of drugs on anxiety-like behaviors: a review. European 
Journal of Pharmacology 463(1–3): 3–33. https://doi.org/10.1016/
S0014-2999(03)01272-X [PubMed]

 � Ratna A, Mandrekar P (2017) Alcohol and cancer: Mechanisms and 
therapies. Biomolecules 7(3): 61. [20 pp.] https://doi.org/10.3390/
biom7030061 [PubMed] [PMC]

 � Rehm J, Roerecke M (2017) Cardiovascular effects of alcohol 
consumption. Trends in Cardiovascular Medicine 27(8): 534–538. 
https://doi.org/10.1016/j.tcm.2017.06.002 [PubMed]

 � Rushworth GF, Megson IL (2014) Existing and potential therapeutic 
uses for N-acetylcysteine: the need for conversion to intracellular 
glutathione for antioxidant benefits. Pharmacology & Therapeutics 
141(2): 150–159. https://doi.org/10.1016/j.pharmthera.2013.09.006 
[PubMed]

 � Setiawan VW, Stram DO, Porcel J, Lu SC, Le Marchand L, Noured-
din M (2016) Prevalence of chronic liver disease and cirrhosis by 
underlying cause in understudied ethnic groups: The multiethnic 
cohort. Hepatology (Baltimore, Md.) 64(6): 1969–1977. https://doi.
org/10.1002/hep.28677 [PubMed] [PMC]

https://doi.org/10.1148/rg.296095513
https://pubmed.ncbi.nlm.nih.gov/19959510/
https://doi.org/10.1038/nprot.2009.125
https://pubmed.ncbi.nlm.nih.gov/19798088/
https://doi.org/10.4037/ajcc2014800
https://pubmed.ncbi.nlm.nih.gov/24585167/
https://doi.org/10.1016/j.cld.2012.08.002
https://pubmed.ncbi.nlm.nih.gov/23101976/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3484320/
https://doi.org/10.1161/01.STR.18.2.503
https://pubmed.ncbi.nlm.nih.gov/3564110/
https://doi.org/10.1046/j.1365-2362.1997.1780727.x
https://doi.org/10.1046/j.1365-2362.1997.1780727.x
https://pubmed.ncbi.nlm.nih.gov/9352240/
https://doi.org/10.5811/westjem.2012.4.6885
https://doi.org/10.5811/westjem.2012.4.6885
https://pubmed.ncbi.nlm.nih.gov/23687539/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3656701/
https://doi.org/10.1038/ng.151
https://pubmed.ncbi.nlm.nih.gov/18500343/
https://emedicine.medscape.com/article/170539-overview
https://doi.org/10.1016/j.biopsych.2011.10.024
https://doi.org/10.1016/j.biopsych.2011.10.024
https://pubmed.ncbi.nlm.nih.gov/22137594/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3340445/
https://doi.org/10.19163/2307-9266-2019-7-5-291-299
https://doi.org/10.1089/jmf.2008.1367
https://pubmed.ncbi.nlm.nih.gov/20041794/
https://doi.org/10.3390/jcm9113421
https://pubmed.ncbi.nlm.nih.gov/33113870/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7692803/
https://doi.org/10.7314/APJCP.2015.16.12.4803
https://pubmed.ncbi.nlm.nih.gov/26163595/
https://doi.org/10.1016/S0021-9258(19)45228-9
https://pubmed.ncbi.nlm.nih.gov/4623845/
https://doi.org/10.1016/j.euroneuro.2020.09.452
https://doi.org/10.1016/j.euroneuro.2020.09.452
https://doi.org/10.7868/s004446771801001x
https://doi.org/10.7868/s004446771801001x
https://doi.org/10.19163/1994-9480-2019-3(71)-110-115
https://doi.org/10.19163/1994-9480-2019-3(71)-110-115
https://doi.org/10.1016/0003-2697(79)90738-3
https://pubmed.ncbi.nlm.nih.gov/36810/
https://doi.org/10.1038/ajg.2014.71
https://pubmed.ncbi.nlm.nih.gov/24751582/
https://doi.org/10.1016/S0014-2999(03)01272-X
https://doi.org/10.1016/S0014-2999(03)01272-X
https://pubmed.ncbi.nlm.nih.gov/12600700/
https://doi.org/10.3390/biom7030061
https://doi.org/10.3390/biom7030061
https://pubmed.ncbi.nlm.nih.gov/28805741/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc5618242/
https://doi.org/10.1016/j.tcm.2017.06.002
https://pubmed.ncbi.nlm.nih.gov/28735784/
https://doi.org/10.1016/j.pharmthera.2013.09.006
https://pubmed.ncbi.nlm.nih.gov/24080471/
https://doi.org/10.1002/hep.28677
https://doi.org/10.1002/hep.28677
https://pubmed.ncbi.nlm.nih.gov/27301913/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5115980/


Research Results in Pharmacology 7(1): 75–83 83

 � Shaik IH, Mehvar R (2006) Rapid determination of reduced and 
oxidized glutathione levels using a new thiol-masking reagent and 
the enzymatic recycling method: Application to the rat liver and bile 
samples. Analytical and Bioanalytical Chemistry 385(1): 105–113. 
https://doi.org/10.1007/s00216-006-0375-8 [PubMed] [PMC]

 � Shanmugam KR, Mallikarjuna K, Reddy KS (2011) Effect of alco-
hol on blood glucose and antioxidant enzymes in the liver and kid-
ney of diabetic rats. Indian Journal of Pharmacology 43: 330–335. 
https://doi.org/10.4103/0253-7613.81504 [PubMed] [PMC]

 � Centers for Disease Control and Prevention (2020) Centers for Dis-
ease Control and Prevention: Stroke. https://www.cdc.gov/stroke/

 � Tadi P, Lui F (2020) Acute Stroke. In: StatPearls. StatPearls Pub-
lishing, Treasure Island (FL). http://www.ncbi.nlm.nih.gov/books/
NBK535369/ [December 29, 2020]

 � Verster JC, Penning R (2010) Treatment and prevention of alcohol 
hangover. Current Drug Abuse Reviews 3(2): 103–109. https://doi.
org/10.2174/1874473711003020103 [PubMed]

 � Vorhees CV, Williams MT (2006) Morris water maze: procedures for 
assessing spatial and related forms of learning and memory. Nature 
Protocols 1(2): 848–858. https://doi.org/10.1038/nprot.2006.116 
[PubMed] [PMC]

 � Witkiewitz K, Kranzler HR, Hallgren KA, O’Malley SS, Falk 
DE, Litten RZ, Hasin DS, Mann KF, Anton RF (2018) Drink-
ing risk level reductions associated with improvements in 
physical health and quality of life among individuals with al-
cohol use disorder. Alcoholism, Clinical and Experimental Re-
search 42(12): 2453–2465. https://doi.org/10.1111/acer.13897 
[PubMed] [PMC]

Author contributions
 � Denis V. Kurkin, Doctor of Pharmaceutical Sciences, PhD, senior researcher of Laboratory of Cardiovascular 

Medications, Scientific Center of Drug Research; head of Interdepartmental Center for Practical Skills Training and 
Research of the Faculty of Pharmacy, e-mail: strannik986@mail.ru, ORCID ID http://orcid.org/0000-0002-1116-
3425. The author developed the idea, concept and design of the study, and wrote the initial draft.

 � Evgeny I. Morkovin, PhD in Medicine, Associate Professor, head of Laboratory of Neuropsychotropic Drugs, Scien-
tific Center for Drug Research; senior researcher, e-mail: e.i.morkovin@gmail.com, ORCID ID http://orcid.org/0000-
0002-7119-3546. The author developed the idea, concept and design of the study, and conducted a statistical analysis.

 � Nazar A. Osadchenko, post-graduate student, Department of Clinical Pharmacology and Intensive Care, research 
technician of the Department of Fundamental Biology and Medicine, e-mail: n.a.osadchenko@gmail.com, ORCID 
ID https://orcid.org/0000-0002-7398-2186. The author has conducted biochemical research.

 � Dmitry A. Bakulin, PhD in Medicine, senior researcher of Laboratory of Cardiovascular Medications, Scientific 
Center for Drug Research, e-mail: mbfdoc@gmail.com, ORCID ID http://orcid.org/0000-0003-4694-3066. The 
author developed the idea, concept and design of the study, and prepared the final version of the article.

 � Marina A. Dubrovina, post-graduate student, Department of Pharmacology and Pharmacy, e-mail: dubrovina.vol-
gmed@gmail.com, ORCID ID http://orcid.org/0000-0003-4694-3066. The author took part in experimental work.

 � Yulia V. Gorbunova, PhD, Associate Professor, Department of Clinical Pharmacology and Intensive Care, e-mail: yvgor-
bunova@yandex.ru, ORCID ID http://orcid.org/0000-0002-1116-3425. The author took part in experimental work.

 � Elizaveta E. Abrosimova, post-graduate student, Department of Pharmacology and Pharmacy, e-mail: abrosimova.
volgmed@gmail.com, ORCID ID https://orcid.org/0000-0002-6472-6906. The author took part in experimental work.

 � Vladislav E. Pustynnikov, student researcher, Faculty Department of Pharmacy, e-mail: pustynnikov200122@
gmail.com, ORCID ID http://orcid.org/0000-0001-9561-5320. The author took part in experimental work.

 � Ivan N. Tyurenkov, Doctor Habil. of Medical Sciences, M.D., PhD, Professor, correspondent member of the 
Russian Academy of Sciences, head of Department of Pharmacology and Pharmacy, Volgograd State Medical Uni-
versity; head of Laboratory of Cardiovascular Medications, Scientific Center for Drug Research, e-mail: fibfuv@
mail.ru, ORCID ID http://orcid.org/0000-0001-7574-3923. The author supervised the planning and conducting 
research activities.

 � Vladimir I. Petrov, Doctor Habil. of Medical Sciences, M.D., PhD, Professor, full member of the Russian Acad-
emy of Sciences, head of Department of Clinical Pharmacology and Intensive Care, chief consultant specialist 
– clinical pharmacologist of the Ministry of Health of the Russian Federation, head of Scientific Center for Drug 
Research, e-mail: fibfuv@mail.ru, ORCID ID http://orcid.org/0000-0002-0258-4092. The author defined the idea 
of research. The author supervised the planning and conducting research activities.

https://doi.org/10.1007/s00216-006-0375-8
https://pubmed.ncbi.nlm.nih.gov/16547740/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1483140/
https://doi.org/10.4103/0253-7613.81504
https://pubmed.ncbi.nlm.nih.gov/21713042/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3113389/
https://www.cdc.gov/stroke/
http://www.ncbi.nlm.nih.gov/books/NBK535369/
http://www.ncbi.nlm.nih.gov/books/NBK535369/
https://doi.org/10.2174/1874473711003020103
https://doi.org/10.2174/1874473711003020103
https://pubmed.ncbi.nlm.nih.gov/20712594/
https://doi.org/10.1038/nprot.2006.116
https://pubmed.ncbi.nlm.nih.gov/17406317/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2895266/
https://doi.org/10.1111/acer.13897
https://pubmed.ncbi.nlm.nih.gov/30395350/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6286196/
mailto:strannik986@mail.ru
http://orcid.org/0000-0002-1116-3425
http://orcid.org/0000-0002-1116-3425
mailto:e.i.morkovin@gmail.com
http://orcid.org/0000-0002-7119-3546
http://orcid.org/0000-0002-7119-3546
mailto:n.a.osadchenko@gmail.com
https://orcid.org/0000-0002-7398-2186
mailto:mbfdoc@gmail.com
http://orcid.org/0000-0003-4694-3066
mailto:dubrovina.volgmed@gmail.com
mailto:dubrovina.volgmed@gmail.com
http://orcid.org/0000-0003-4694-3066
mailto:yvgorbunova@yandex.ru
mailto:yvgorbunova@yandex.ru
http://orcid.org/0000-0002-1116-3425
mailto:abrosimova.volgmed@gmail.com
mailto:abrosimova.volgmed@gmail.com
https://orcid.org/0000-0002-6472-6906
mailto:pustynnikov200122@gmail.com
mailto:pustynnikov200122@gmail.com
http://orcid.org/0000-0001-9561-5320
mailto:fibfuv@mail.ru
mailto:fibfuv@mail.ru
http://orcid.org/0000-0001-7574-3923
mailto:fibfuv@mail.ru
http://orcid.org/0000-0002-0258-4092

	N-acetylcysteine relieves neurologic signs of acute ethanol hangover in rats
	Abstract
	Introduction
	Materials and Methods
	Animals
	Study design
	Statistical analysis

	Results and discussion
	Conclusion
	Financial support
	References
	Author contributions

