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Summary

Ethanol (ET), together with caffeine and nicotine is exten-
sively used trough the world. It is documented that as many
as 80% of men and 60% of women in developed countries
drink at some time during their lives. The dangerous and
destructive use of alcohol is a fundamental pivotal factor to
death, disease and injury. Although its anxiolytic, euphoric,
analgesic and in some cases antidepressant effects must be
foreseen, and it is for this reason that people begin to con-
sume of alcohol that leads to abuse and alcoholism at last.
In the submitted review paper some aspects of ET effects
on the neurotransmitter systems and correlated behavior
alternation are discussed. The effectiveness of the methods
used in experimental conditions is specifically discussed.
Key words: Ethanol, Dopaminergic, GABA-ergic, Opi-
oidergic, Serotoninergic systems, addiction, mesolimbic
rewarding system

20 Noah, a man of the soil, proceeded to plant a vineyard.

21 When he drank some of its wine, he became drunk and lay
uncovered inside his tent. 22 Ham, the father of Canaan, saw his
father naked and told his two brothers outside.

23 But Shem and Japheth took a garment and laid it across their
shoulders, then they walked in backward and covered their fa-
ther’s naked body. Their faces were turned the other way so that
they would not see their father naked. Old Testament | LDS.
org.https://www.lds.org/scriptures/ot?lang=eng New Internation-
al Version NIV Book of Genesis, ch.9

For the present time ethanol (ET), which is known as alco-
hol, together with caffeine and nicotine is extensively used
trough the world. It is documented that as many as 80% of
men and 60% of women in developed countries drink at
some time during their lives (Teesson et.al 2006).

The dangerous and destructive use of alcohol is a funda-
mental pivotal factor to death, disease and injury: to the
alcohol addict through health impacts, such as alcohol de-
pendence, liver cirrhosis, cancers and injuries; and to others
through the dangerous actions of intoxicated people, such
as drink— driving and violence or through the impact of
drinking on fetus and child development. Alcohol-use dis-
orders are common in all developed countries, and are more
prevalent in men than women, with lower, but still substan-
tial rates in developing countries.Excessive alcohol con-
sumption in developing countries and not only leads to sig-
nificant negative effects on the health and also on the quali-
ty of life of the drinking individuals and their families. It
also causes massive direct and indirect costs to these coun-
tries that they can ill[Jafford. European countries have
played a major facilitator role for alcohol consumption
(see: Saxena 1997) and unfortunately this statement is not
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hanged till first decade of the XXI century (WHO Library
Cataloguing-in-Publication Data Global status report on
alcohol and health, 2011). Statistically worldwide, 6.2% of
all male deaths are induced by alcohol impact, compared to
1.1% of female deaths. (World Health Organization,
2011).This problem is more important in the developing
countries with low social level as more than 80% of men
and 60% of women consume different kinds of alcohol
(Teesson et al., 20006).

For 2010 according the research of risk-factors of noninfec-
tious diseases alcohol consumption in Georgia reaches to
78.5%. Regarding of the different regions most drinkers are
in Kakheti 51.7% and less in South Georgia 28 - 32%
(Resolution of the Sixty-third World Health Assembly
(2010). WHA®63.13 Global strategy to reduce the harmful
use of alcohol); http://www.who.int/substance abuse/
alcstratenglishfinal.pdf). These are common and potentially
lethal disorders that mimic and exacerbate a wide range of
additional medical and psychiatric conditions, and thereby
shorten the lifespans of afected people by more than a dec-
ade.

By the way in ancient Greek sources vine was mentioned
as therapeutic and dietary agent (Schuckit 2009).In Georgia
from the old times vine also was used for energy recovery
and treatment of wounded soldiers and seriously ill pa-
tients.

Epidemiologically it is obtained, that low doses of alcohol
(20-30 gr/day, no more than 60gr/day) is not dangerous for
life and moreover somewhat useful (https://
www.telegraph.co.uk/science/2018/08/01/middle-aged-
drinking-may-reduce-dementia-risk-new-study-finds|1.

Is alcohol a food production? After oxidation of 1 gr 7.1
cal. of energy released in the form of acetate. It can reserve
some amount of carbohydrates and proteins, but it is not
enough for normal metabolism of the body. There is strong
deficiency nutrients in alcoholics. Even more there is no
possibility to deposit vitamins, especially, B12 (Martin
et.,al.,2003).

Some of the studies showed the particular depressive effec-
tof alcohol on the CNS (Getachew et., al.2010; Sqiers et
al.,1978).

The development of alcoholism is characterized by fre-
quent episodes of intoxication, obsession with alcohol and
the use of alcohol despite hard side effects compulsive al-
cohol-seeking behavior, loss of control limiting intake, and
a negative emotional state in the absence of alcohol, a pat-
tern of heavy episodic drinking increases risk for some dis-
ease and all injury outcomes (American Psychiatric Associ-
ation. Diagnostic and Statistical Manual of Mental Disor-
ders. American Psychiatric Press; Washington, D.C.: 1998.
National Institute on Alcohol Abuse and Alcoholism. Five-
year strategic plan FY08-13. National Institute on Alcohol
Abuse and Alcoholism; Washington, D.C.: 2007; Rehm et., al.,
M., 2010).
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Although its anxiolytic, euphoric, analgesic and in some
cases antidepressant effects must be foreseen, and it is for
this reason that people begin to consume of alcohol that
leads to abuse and alcoholism at last.

Why does alcohol act on human organisms in different
ways? Or which kinds of mechanism are underling heavy

drinking? The answers on this questions are not yet satisfy-
ing. That’s why clinical toxicologists as matter of fact are
based mainly on symptoms of this condition.

Thereby alcoholism, or alcohol dependence, is a progres-
sive and chronically relapsing disorder, as it is demarcated
in the enormous scientific and clinical researches.

First physiological experiment was carried out on an ani-
mal in the seventeenth century by mean of intravenous in-
jection of filtered spiritus vini. The animal was drunk and
sobered up after several hours. Forward experiments
showed: injection of alcohol in blood induced intoxication
and killed the animal without the convulsions; intravenous
injection was more effective than intrperitoneal; blood co-
agulation was the reason of animal’s death.

Subsequent experiments exhibited raped decreasing of ex-
citation of muscular and nervous systems after alcohol im-
pact (Fontan and Gumgoldt, 1780). Gumgoldt was the
first’s investigator who mentioned about increasing of pre-
vious excitation after alcohol administration and conse-
quence decreasing of this process.

From the beginning of XX century interest of effects of
alcohol on the CNS elevated.

The clinical data, that discuses memory processing disturb-
ances in the chronic alcoholic, first of all we have to men-
tion Korsakoff - Vewrnike syndrome. This syndrome was
identified in the patients with long terming alcohol con-
sumption in the 80-th of the 19" century (Remy M. 1942;
Caine, et al., 1997; Martin et., al., 2003). Disorientation in
time and space were main symptoms. At the same time,
memory disorders were associated with difficulties of reg-
istration and fixation of events that reflected in anterograde
amnesia. Possible this effects don’t relate only with alco-
hol chronic consumption, but on the toxic influence of al-
cohol metabolic product — acetaldehyde. This product in-
duces lot of pathological processes, including different vis-
ceral pathologies and psychometric and encephalographic
abnormalities (Rabin, 1985;Ron, 1983).

Among of the pharmacological effects of alcohol opioid
and GABA- systems are most important. The first one is
leading for rewarding as it was shown in works of Volpi-
celli, (1987) Swift (1995),Froehlich, (1997), Froehlich et
al.,(1998). Using different technical methods for studying
of mesolimbic dopaminergic system and some of the struc-
tures of the limbic system, the dopamine - opioid rewarding
(positive reinforcement) hypothesis was confirmed (Koob,
1992; Rossetti et al., 1992; Diana et al., 1996). Main symp-
toms of opioid addiction — tolerance, abusing, withdrawal,
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terizing by disturbances of the SWC structure (Gillin et al.,
1989; Brower 2000; Schreckenberger et al., 2004; Soder-
lund et al., 2007). The same effects have been observed in
the researches connected to the animals (Gogichadze et al.,
1988; Ehlers, Slaweski, 2000; Gogichadze et al., 2000,
2002, 2004; Kubota et al., 2002). Among them the problem
of correlation of sleep disorders and cognitive deficit in the
alcoholics is very interesting, as to a greater extent addic-
tion is followed by cognitive deficit (Liapas et al., 2007;
Nowakowska et al., 2008). Study of influence of different
neurotropic and psychotropic substances on the CNS gener-
ally and the sleep-wakefulness structure particularly, has
important significance for understandings of neurobiologi-
cal mechanisms. This view point comes from the position
that some medications (including caffeine, alcohol, nico-
tine), are used without medical prescriptions.

(American Psychiatric Association. Diagnostic and Statis-
tical Manual of Mental Disorders. American Psychiatric
Press; Washington, D.C.: 1998. National Institute on Al-
cohol Abuse and Alcoholism. Five-year strategic plan
FY08-13. National Institute on Alcohol Abuse and Alco-
holism; Washington, D.C.: 2007; Rehmet., al., M., 2010 ).
are common for alcohol using, that depends on the pres-
ence opioid targets (Froehlich, 1997; Herz, 1997).

Alcohol induces euphoria, relaxation, and disinhibition
while reducing stress and anxiety increasing of pain thresh-
old (Gilman et al. 2008), and this is common for animal
models. Mainly it is the reason of its popularity in different
levels of human populations. In his elegant review Brust
(2010) discussed different effects of ethanol on cognitive
functions, particularly neuron-protectant properties of etha-
nol. He pointed on low-to-moderate dosage reduces the risk
of dementia (Brust,2010). Even more, in some researches,
in experiments conducted on the rats, was shown facilita-
tion of learning and memory processing at low doses of ET
administration (0.5-1 ml/kg), compared with control intact
group, and while increasing of dose produced impairment
of this process (Tsagareli, Gogichadze et.al.,
2004;.Gogichadze, et. al., 2018).

Recording of electrical activity of the different areas of the
brain during ethanol acute and chronic administration in the
experiments conducted on the animals showed, that low
doses (in blood 20-40 mg/100 sm® of ethanol induces low
amplitude spindles on the back ground of desynchronisa-
tion. Rising of the dose (70-90 mg/100 sm®) produced de-
celeration of spontaneous EEG activity (Horsey, Akert
1953; Hadgi-Dimo et al., 1968). After high dose impact
(300 mg/100 sm’blood concentration) in the cats EEG de-
pression was observed (Horsey, Akert 1953; Hadgi-Dimo
et al., 1968) and 4.25 g/kg at intra peritoneal injection in
rats EEG depression was observed (Gogichadze et.al.
2018). The visible sleep patterns did not detect. It is inter-
esting that on the following day (hangover) implementation
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of previously well learned active avoidance was completely
blocked (Gogichadze et.al. 2018)or hangover was causally
related to performance impairment (Howland,et.al. 2010).

From early 60-th of the last century interest in the functions
of sleep and its diagnostic value for some psycho-
neurological diseases, including chronic alcoholism in-
creased. Sleep is a highly evolved global behavioral state in
homoeothermic vertebrates. Sleep in mammals can be de-
fined by specific characteristic changes in EEG

(Jouvet 1965; Hobson, Pace-Schott. 2002), neurotransmis-
sion, and subsequence posture (Jouvet, 1965; Datta, 1997;
Hobson, Pace-Schott, 2002; Datta et. al., 2004).

On the basis of long-term investigation of the SWC neuro-
biological mechanisms and survey of scientific literature a
view has been formulated according to the SWC as a valid
physiological model. In the pointed cycle the ratio of the
stages, their homeostatic nature, reciprocal interdepend-
ence, a delicate, regular and consecutive pattern of the
phases alteration, make it possible to apply this model as
the natural test for studying the pharmacological and non-
pharmacological impacts (Oniani et al., 2001; Gogichadze
et al., 2000, 2002; Maisuradze et al., 2003; Gvilia et. al.,
2006; Campbell et al., 2007). At the same time a number of
psycho-nervous diseases including alcoholism are charac
Above mentioned substances can change central transmis-
sion and are related with many behavioral, including SWC,
disorders (Roehrs, et al., 1999, 2003).

In the earlier works it was documented that in the alcohol-
ics structure of the sleep is fragmented with frequent
arousals, movement, and numerous transients from one
stage to another, decreasing of the Rem-sleep duration,
deceleration of spontaneous EEG activity especially in the
delta activity spectra (Johson, 1970; Gross et al, 1966;
1971; Johnson et al, 1971).In summarizing of these evi-
dences it may be concluded that alcohol has strong influ-
ence on the somnological mechanisms. depressive. More
resent investigations confirm this position (Stein and Fried-
mann, 2006;Brower, 2009; Brower and Perron, 2010; An-
garita, et. al., 2016; Ebrahim et.,al. 2013).Recognition of
alcohol problems among insomniacs might also lead clini-
cians to alter their treatment of sleep complaints (Stein, et.,
al., 2005).

It is clear that insufficient sleep can affect multiple aspects
of a person’s health and well-being, thus making it a major
“quality of life” concern( Brooks and ‘Wallen, 2014).
Among sleep related/supported mechanisms the problem of
the circadian rhythm is very important. The impact of a
relatively low dose of alcohol on performance, for exam-
ple, is notable when alcohol is given at the start of the
“biological night” and with a high homeostatic load (Rupp
et.,al., 2007; Van Reen et. al., 2011).

At all dosages, alcohol causes a reduction in sleep onset
latency, a more consolidated first half sleep and an increase
in sleep disruption in the second half of sleep. The effects
on rapid eye movement (REM) sleep in the first half of
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(Koob, 1992; Rossetti et al., 1992; Diana et al., 1996;).
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sleep appear to be dose related with low and moderate dos-
es showing no clear trend on REM sleep in the first half of
the night whereas at high doses, REM sleep reduction in
the first part of sleep is significant. Total night REM sleep
percentage is decreased in the majority of studies at moder-
ate and high doses with no clear trend apparent at low dos-
es ( Ebrahim et., al., 2013).

Despite alcohol molecule is very small and is able to pass
most membrane channels via lipid barrier, damage it and
has diffusion- non specific action (Tabakoff, 1979;
Tabakoff and Hoffman, 2013), this substance influences on
the different neurotransmitter systems and by activation/
inactivation of specific neural mechanisms induces differ-
ent behavioral activity.

Special attention should be paid on the effects of alcohol
on the neurotransmission systems involved in regulation of
SWC mechanisms. There some very interesting and im-
portant works for understanding neurobiology of alcohol
influence on the neurotransmission. We mentioned the opi-
oid and GABA systems.

The first one, as it was described, is the main in terms of its
importance in the organization and manifestation of posi-
tive reinforcement for drugs consumption (Koob et.
al.,1998) and euphoria. This suggestion mostly shown in
correlation with agonistical effect of alcohol, as antagonists
of opioid receptors naloxone and naltrexone in some cases
inhibit/ reduce alcohol effects and even use for treatment of
dependence (Volpicelli et al., 1992; Volpicelly et at. al.,

1994; Froehlich et al.,1998;Badia-Elder et al.,
1999;Gianoulakis, 2001;Nutt, 2013; Berrettini, 2016;),
even diminish effects of alcohol on the structure of SWC
(Gogichadze, et.al.,2009).

GABA, the main inhibitory transmitter of the brain
mainly associated with depressive effect of alcohol (Topel,
1985; Zoethout et., al., 2011) and participation in regula-
tion of NREM-sleep patterns (Saper et. al., 2010). Earlier
Larrabee and Posternak (1952) suggested that main reason
of the depressive effect of ethanol exposure like other ac-
tion of anestheticsis inducing of mono and polysynaptic
reflexes via inhibition of mechanism of the spinal cord.
The GABA systems in the brain are altered in situations of
chronic alcohol exposure (Banerjee, 2014). The consump-
tion of alcohol is suppressed by compounds that interfere
with the actions of the GABA-A receptor (i.e., GABAA
receptor antagonists) as well as compounds that stimulate
the GABA-B receptor (i.e., GABAB agonists) in the nucle-
us accumbens, ventral pallidum, bed nucleus of the stria
terminalis and amygdala (Koob, 2004).

In the Boris Tabakoff’s and Paula L. Hoffman’s review
(Tabakoff and Hoffman,2013) different effects (excitatory/
inhibitory) of alcohol consumption in the human and ani-
mals are discussed. Using animal models for studying ef-
fects of drugs is common approach for researches (Kalueff,
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ichadze et.al., 2004;.Gogichadze, et. al., 2018).
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Tuohimaa, 2004). In the above mentioned review the au-
thors discussed alcohol metabolism in different viewpoints,
beginning from Acetaldehyde and Condensation Products,
components of the membrane, continuous GABA-ergic
mechanism, including numerous subtypes of receptors that
are responsible for GABA action. “What Does Ethanol’s
Action at the GABA-A Receptor Have to Do with Drink-
ing?” — Question pointed in front of researchers. And we
can find possible answer to it in the mentioned paper: “If
one accepts the premise that particular subunits of the
GABA-A receptor are determinant in the ethanol sensitivity
of the GABA-A receptor (potentiation of its inhibitory ac-
tions), then one can hypothesize that brain areas containing
the 6 subunits as part of the GABA-A receptor may be
more sensitive to ethanol. The properties of GABA-A &
subunits were studied by other researchers as well. Expres-
sion of 6 subunits shown in the brain structure that are re-
sponsible for emotions, memory and movement particularly
the nucleus accumbens (NAc), as well as thalamus, cortex,
hippocampus and cerebellum(Pirker et al., 2000; Schwarzer
et al., 2001). ”Ethanol potentiating of the GABA effect in a
very circumscribed area of brain may be critical for main-
taining ethanol consumption”. First of all it is considers to
limbic system and NAc, that have to crucial for sedative
effects of alcohol and involves in the brain reinforcement
circuit. They postulate: “The lack of the 6 subunit would
reduce the disinhibition of appetitive behavior by GABA in
combination with ethanol”. This passage of the mentioned
review promotes participation of GABA-A receptors’ 6
subunits in drinking behavior (Tabakoff and Hoffman,
2013). Possible here it is suitable to mention dose-
dependence effects of alcohol, as in different doses alcohol
produces contradictory effects — sedation to euphoria, anal-
gesia to aggression. As it was shown above GABA system
has essential role in anxiety disorders and mediates some
aspects of alcohol drinking behavior, but there was obscuri-
ty in the literature with respect to the directions of these
effects. Experiments conducted in rats showed that system-
ic administration of GABAAR agonists increased voluntary
alcohol drinking, whereas GABAAR antagonists and ben-
zodiazepine inverse agonists decreased alcohol drinking
(Boyle et al. 1993; Rassnick et al., 1993). Infusion of both
GABAAR agonists and antagonists into the nucleus accum-
bens (NAcc) suppressed alcohol drinking by alcohol-
nondependent rats (Hodge et.al. 1995).

Acute alcohol facilitates GABAergic transmission in hip-
pocampus (Ariwodola ,Weiner, 2004) and nucleus accum-
bens (Nie et al. 2011) only if GABAB receptors are
blocked. Considerable evidence supports that glutamatergic
component is also critical in the development of addic-
tion (Gass and Olive, 2008; Kalivas and Volkow, 2011).
Participation of dopaminergic system in the reward—
motivation behavior, in due of drug consumption that leads
to drug abuse, and relapse of AD after withdrawal, has
highly interest in variety of researches (Koob, 2011).

0960350y gbL FooErMmMA60BYdMW Dmas©

900 M3s6gMdly 3mIM0Mmm )M bgdbgderosbgddo.
dmdmafmgzmgdol doerol 0©gbEH0B3035(300 30639
M0ydo OHmamO3 993 3563690 qd00 (Jouvet 1965; Oni-
ani, 1969, 1980; Hobson, Pace-Schott. 2002), 51939
690OMEHEOLIOLOMOO BobolosmMYdEgdOLs s 3mDols
33wogdoom (Jouvet, 1965; Datta, 1997; Hobson, Pace-
Schott, 2002; Datta et. al., 2004) 560l dglodergdgero
MmO 50d05690d0, 5939 (3bM39gwgddo.

do-030d0¢0l (3030l (dna) Bgodmdomemyom™o
9995603900l bobgMderogo 33w93900Ls o
L5393609MM WoBHYMoGIMOL dglfogwols
Lo93v)d39e By 99985390 0dbs ImMbsBEOGds 0ol
05M35DY, M3 Jo-03030¢0bL (3030L LEAHGMIGIOS
§om3M509bL 39¢r0EEH BobBoMEMY0© ImOYb.
50 3030L BoBGOOLS @ LEIOYdOL IMbS(33egMdOL
353966930, 350 3mTgMLESHBYOO 3969d,

0930300 3MNE0 MONOJONETMIO0WIOVIETOS
03935 Lsdw95¢9dsly J0g0RboMm™m 0y0, Gmymes
06906030 30 IO RoMTI3MPMYOYIMHO
Q5 505935603530 MP0YMH0 BYYo3gbgd0ols
d9gLsbfogers (Oniani et al., 2001; Gogichadze et al.,
2000, 2002; Maisuradze et al., 2003; Gvilia et. al., 2006;
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Deficiency of this neuromediator, together with serotonin
and epinephrine, connects with depression. Among the lit-
erature data assembly with depression and drugs consump-
tion experimentally is documented and indicate significant
co-morbid appearance of alcoholism, anxiety, and depres-
sion, even more the results confirm a phenotypic associa-
tion between abnormal DA and 5-HT systems projecting of
the rats’ brain (Getachew,et.al., 2008,). Thus after animals’
selection on “depressive” and “non-depressive” groups by
mean of Porsolt-Test (Porsolt et al., 1977)and after retest-
ing in the alcohol free-choice paradigm the correlation in
behavioral properties of alcohol drinkers and “depressive”
animals was shown experimentally (Rezvani et.al, 1990.
McBride et.al.1995; Belmer,et.al, 2016; Ballesta,
et.al,2016; Burov et. al,1983; Burov andVedernikova,
1985).

“A principle focus of research on the neurobiology of the
positive reinforcing effects of drugs with addiction poten-
tial has been the origins and terminal areas of the mesocor-
ticolimbic dopamine system, and there is compelling evi-
dence for the importance of this system in drug re-

ward” (Koob, 2011). For example, a particularly sensitive
site for blockade of the acute reinforcing effects of alcohol
with opioid and GABA-ergic antagonists appears to be the
central nucleus of the amygdala (Koob, 2003).

Alcohol as well as other elements of abuse have reinforcing
effects and manifest their possessions through activation of
the mesolimbic dopaminergic reward pathways of the brain
and specific patterns of motivational behavior. Numerous
experiments in the scientific literature have established that
the brain’s major reward neurotransmitter pathway —the
road to Rome—is indeed dopamine (Blum et., al., 2012;
Kirsch et. al., 2006.).

Dopamine receptor agonists reduce alcohol consumption,
whereas antagonists, in general, show the opposite effect;
Human studies provide additional support for connection
between alcohol dependence and CNS dopaminergic func-
tion. In endocrinological studies, using dopamine receptor
agonists, reduced dopaminergic activity has been found in
more severe and more genetic types of alcoholics. Brain
imaging studies are similarly revealing a diminished dopa-
minergic tone in alcoholics. Treatment of alcoholics with
dopamine receptor agonists shows reducing of alcohol con-
sumption and enhancements in other consequence events
(Noble. 1996).

Effects of alcohol on the dopaminergic system might be
direct (Boileau, et.al. 2003) or mediated by the opioid sys-
tem (Di Ciara and Imperato, 1988 cit., from Verheul et.al.,
1998). As it was shown “the afferent projections to the
NACc (that is the main target for opioids) from the ventral
tegmental area (VTA) provide potential substrate by which
endogenous opioids may modulate the dopaminergic re-
warding effects of ethanol”’(Yong-Kyu et al., 2005).
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In the Verheul et.,al. (1998) paper different pathways
(reward craving, relief craving, obsessive craving)of alco-
hol influence on the brain are discussed. At once with phe-
nomenology, pathogenesis (affective and motivational fac-
tors), psychophysiological effects of craving, they con-
versed about neurochemical evidence of alcohol impact on
opioidergic/dopaminergic system in regard to NAc partici-
pation in positive reinforcement via increasing of DA re-
leasing. They appealed to the “opioid deficiency hypothe-
sis”’by which family prediction is connected with suscepti-
ble of the offspring for alcoholism (Volpicelli et al., 1992).
Another pathway -relief craving — depends on the GABA/
glutamatergic dysregulation and connect with anxiety dis-
orders. The III pathway- obsessive craving is expressed by
serotonin deficiency (neurobiological component)or per-
sonal disinhibition (psychological component). They sug-
gested that like DA (in some cases) and serotoninergic sys-
tems indirectly involves in craving, possible by means of
mood dysregulation (depression? M.G.). Although since
those times a lot of data has been obtained these conclu-
sions remain valid and interesting.

It is well known that limbic system (that involves various
brain structures) plays crucial role in regulation numerous
emotions, SWC and participate in processing of memory
(Oniani, 1980). Among these structures, the amygdala,
with its different nuclei, is an important brain region in-
volved in the regulation of emotional states (LeDoux, 2000.
Mgaloblishvili — Nemsadze et al., 2013; 2018). This subdi-
vision (especially central amygdala) is particularly sensi-
tive to suppression of alcohol drinking. As it is pointed by
Roberto et al., (2012) “Central Amygdala is a hub for nega-
tive emotional circuitry”. In this work the authors consider
thattheeffects of alcohol depend on the physiological con-
ditions (especially anxiety) of GABA, Glutamat- ergic,the
stress regulating systems (including neoromediators and
peptides). According of discussed papers they conclude the
CeA is a critical locus of neuroadaptation during the transi-
tion to alcohol dependence and alcohol has strong and per-
sistent effects, particularly on inhibitory transmission, in
the CeA of alcohol-dependent animals (Roberto et
al.2012).

Studying of the CeA showed that this structure is responsi-
ble to transform sensory information into behavioral re-
sponses, and by this physiological pathways can be in-
volved in the stress regulation and possibly related to drugs
abuse including alcohol (Sakanaka et., al. 1986; Gog-
ichadze et .al. 1999).

This suggestion was developed in other experimental re-
searches. Many of the long-term emotional disturbances
associated with alcohol abuse and dependence are attribut-
ed to neurotransmission within a conceptual macrostructure
in the basal forebrain called the “extended amygda-

la” (Koob, 2008).The outputs of the extended amygdala
project largely to effector regions, including lateral hypo-
thalamus and various brain stem regions, that produce
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(Volpicelli et al., 1992; Volpicelly et al., 1994;Froehlich
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(Gogichadze, et.al., 2009).
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This consideration confirmed in the review -article by Mur-
phy, et. al., (2012). The authors concluded that “drugs of
abuse effectively trick the brain's emotional systems into
thinking that they have survival significance, resulting in
their high valuation and overvaluing of actions that lead to
drug use”. The same time they underlined importance of
cognition for drug consumption behavior and proposed
“treatment strategies based on emotion regulation and
strengthening cognitive control processes in high-risk indi-
viduals could potentially prevent the cycle developing, and
therefore holds enormous promise in preventing addiction
and its many associated harms” (Murphy, et. al., 2012).

Evaluation of methods using for research of alcohol im-
pact

As leading specialists in research of neurobiological mech-
anisms of addiction Edwards S. and Koob G.F. noted
“Issues of reliability and validity are critical in developing
and utilizing animal models of complex neuropsychiatric
disorders and must always be considered ““ (Edwards, Koob
2012).Animal modeling of the psycho-neurological disor-
ders, including alcohol craving, in the experimental condi-
tions is generally used to study the neurobiological basis of
impairments. First of all this have respect to ethical issues
as methods using in the experiments can’t be apply on the
humans.

Different and mostly informative methods were developed
during last decades. Mostly a “two-bottle choice” proce-
dure was used, in which the animals have to show prefer-
ence to water and ethanol. During this selection the alcohol
-preferring (P) or non-preferring (nP) rats might be picked
for further experiments. The P and nP rats have been the
most comprehensively categorized behaviorally and neuro-
chemically (McBride, Li 1998; Colombo, 1997;Colombo et
al., 2006; Lobina et al.1997; Overstreet et al.1999). P-rats
demonstrated anxiety and depression-like behavior and ac-
cording the obtained data comorbidity of alcoholism and
depression (Rezvani et al., 2002), alcoholism and anxiety
symptoms have high level of correlation in humans (see for
reviews Schry, White 2013; Morris et al, 2005). By mean
of using elevated plus maze test the anxiety symptoms were
observed in the particular strain of the Wistar-Harlan and
the Wistar-BgV'V rats drank more alcohol

(Langen, Fink, 2004). The anxiety symptoms manifested
during withdrawal after chronic administration of alcohol
and these anxiety signs decreased after repeated administra-
tion of ethanol (Overstreet et al., 2004). More over the P-
rats exhibited low level of serotoninergic activity
(Overstreet, Rezvani, 1996).

According to our consideration these approaches are rele-
vant and important for clinicians for use in clinical practice.
However, the question “Can animal laboratory behavioral
paradigms identify clinically effective medications for al-
coholism? is pointed by Egli (2005) in his review. But evi-
dence of applying of experimental results in preventing of
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heavy consumption of alcohol, especially in the relapse, by
using of naltrexone (opioid receptors non selective antago-
nist) and acamprosate (NMDA receptors antago-

nist and modulator of GABA, receptors) was previously
researched in the experiments conducted on the animals
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39bB53MMM9dME0o IAOHABMBG MDY, gloderms oo
390M930535HMb 303Mm09bs, 0dob MoMdsBY, Mrnd
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behaviors related to fear and anxiety (Walker et al., 2010 ;
Sakanaka et., al.1986).

“Anxiety disorders and Alcohol Use Disorders are highly
co-morbid in humans. A pre-existing anxiety disorder can
precipitate alcohol abuse, and high anxiety is a hallmark
symptom of alcohol dependence that manifests during
withdrawal. Anxiety disorders and AUD in humans are
both defined by altered amygdala structure and function,
the end result of which may be disinhibition of downstream
“effector” regions that regulate anxiety- and alcohol-related
behaviors” — concluded Gilpin and colleges in the paper
“The Central Amygdala as an Integrative Hub for Anxiety
and Alcohol Use Disorders” (Gilpin et., al., 2015). They
discussed, as well, functions of the main neurotransmitters
for improving this conclusion. It has been found that acute
and chronic alcohol exposure inducesincreasing of GABA
transmission in the amygdala.lt is interesting that ventral
pallidum, which connects to extended amygdala contains
“target a specific component of the GABAA receptor com-
plex (i.e., the al-subunit in addition)” influences on alcohol
consumption (Roberto et.al., 2018).

Koob (2008) discussed feasibility of emotional disturb-
ances, counting stress, on alcohol abuse and consequence
neurotransmitters in the basal forebrainincluding “extended
amygdala”. Experiments showed that in vitro and in vivo
conditions alcohol consumption influences on the dopa-
mine signaling (according to principle down- regulation) in
the “mesocorticolimbic reward system hyperactivity of glu-
tamate signaling, and dysregulation of brain stress sys-
tems” (Koob and Volkow 2010). Consequently, if the CeA
by its’ exclusivelylocation in the brain for transform senso-
ry information into behavioral and physiological come-
backs, supposal is responsible for stress- and alcohol-
related stimuli.

Extensive surgical lesion of amygdala, in the experiments
conducted on cats, showed decreasing of fear and anxiety,
increasing total sleep time (;Mgaloblishvili-Nemsadze et.,
al., 2008). Ethanol exposure in this cats did not cause dra-
matic changes in structure of SWC, as it was described in
intact animals in which complete disorder of this cycle ob-
served (Gogichadze et.,al 1988; 1989. Gogichadze et al.,
2004). After ablation of the amygdala normalization of
sleep-wakefulness structure was occurred (Gogichadze,
Mgaloblishvili et al. 1999 ).

(Egli, 2005;Kiefer, Wiedemann 2004).At the same time,
Krystal et al., (2001) reported that effectiveness of naltrex-
one was not established as administration of this drug was
not changed alcohol withdrawal and relapse symptoms.

Chronic alcohol exposure produces tolerance to many be-
havioral effects of the drug, including the anxiolytic, seda-
tive, ataxic, and positive reinforcing effects (Kumar et al.
2004). Using animal models obtained data show that opioid
system participates in ethanol-consumption behavior. It is
confirmed by administration of opioid receptors blockers in
the animal models of alcoholism. Selective and
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nonselective opioid blockers reduce alcohol consumption
behavior and reinforced operant response in the mice. It
was suggested that “reversal of anxiety-like behavior is
what may have led to the increased ethanol preference in
the mice” (Roberts 2000). Later Olive et. al., (2001) pro-
posed that as” ethanol increases extracellular endorphins in
the NAc, the reinforcing properties of ethanol by opioid
antagonists may be related to inhibition of endogenous en-
dorphin actions in the NAc” (Olive et al., 2001).

In the earlier works A. Kampov-Polevoiand colleges de-
scribed experiments by mean of using narcotic doses (4.25
g/kg) of ethanol on duration of sleep time after peritoneal
injections. They concluded that “short-sleeper” rats were
predisposed for alcohol consumption versus “long-
sleepers”, as in the “two-bottle choice” procedure“short-
sleepers” consumed alcohol in greater amount (see
Vlasova, Rodionova 1987).

As withdrawal is related condition for heavy alcoholics
Vendruscolo and Roberts (2014) discussed the possibility
of using operant alcohol self-administration in dependent
rats focusing on the vapor model. These model was propo-
sed by Roberts et al. in 1996.They believed that critical in
developing a successful model of increased operant ethanol
self- administration in rats associated with alcohol depen-
dence and withdrawal. It is suggested that ” having a model
of ethanol self-administration in animals experiencing
withdrawal and in abstinent animals is important for the
advancement of better prevention and treatment approa-
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ches” and free-choice bottle drinking models capture con-
summator aspects, whereas operant self-administration is
more versatile in modeling different behavioral aspects of
alcohol drinking”. And more, alternating ethanol vapor
exposure facilitates the self-administration of ethanol in
operant testing during withdrawal (O’Dell et al., 2004).

Alterations of dopamine level as well was studied by mean
of experiments on the animals using different methods.
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Correlation of dopamine levels alterations in the Nac with
behavioral parameters of alcohol consumption was investi-
gated and it demonstrated that low level of dopamine was
normalized after alcohol self-administration in the para-
digm of lever press for getting the dose of alcohol in the
rats (Weiss et.al., 1996).

The role of the hypothalamic—pituitary—adrenal axis (HPA
axis) in mood regulation was shown in numerous of experi-
mental and clinical reports (see for ref. Watson and
Mackin, 2006).

Obviously that alcohol can influence on this system, as
HPA axis correlates with stress. In some works there is the
evidence of relationship of stress to depression, stress to
consumption alcohol, depression to heavy intake of etha-
nol. Consequently below mentioned papers have certain
interest for us.

Searching of possible correspondence of predisposition to
alcoholism and depression involve studies of corticotrophin
releasing factor receptor’ geneticallypolymorphism.
“Dysregulation of the brain corticotrophin releasing factor
(CRF) system appears to be one of the major elements
common to depression, anxiety and alcohol addiction
“(Cippitelli et al.,2015; Nemeroff 2005; Clarke et al. 2008).
The results of the presented in the Eiler’s and June study
demonstrated that unilateral microinjection of the selective
D2 antagonist eticlopride into the VTA of P rats produced
suppression of EtOH-maintained responding (Eiler, June.
2007).

It is very important that analyzing of neuroimaging of drug
addicts evidences confirmed suggestion according partici-
pation of amygdala, Nac,VTA in the manifestation of be-
havioral parameters of drugs addiction (Kalivas and
Volkov, 2011).

Concluding considerations

Thus, analyzing the experimental data considered in this

review, it can be concluded that alcohol has a polymodal

effect on the CNS which is confirmed by data obtained in
clinical conditions and in experimental models of alcohol-
ism.
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