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'@ Etanool: evolutsioon, meditsiin,
kultuur

Hargnemata ahelaga stisivesinik, varvitu ja lenduv

Parmseened toodavad vooraste miirgistamiseks, kes
tahavad nende toitu ara stiia

Ravim: meditsiini ajaloos kasutatud paljudel
naidustustel, nuud enamasti asendatud

Siiski sageli solvent voi sailitusaine; ekstsipient paljudes
sadades ravimpreparaatides

Tarbimine on soveldunud inimkultuuri — mitmekiilgne
tarbimisvaartus

Toime tottu ajule a




Differential Altered histone
DNA methylation modifications

“Beware, thou drink no t i
wine or strong drink ... l

Lo! thou shalt conceive "

and bear a son.” gl dongis
Old Testament, Judges l

13:4, 5

Altered brain
connectivity

Rohac et al., in: Victor R. Preedy (Ed.), Neuroscience of Alcohol:
Mechanisms and Treatment. Elsevier 2019; pp. 69-79
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GABA: the variety of actions of
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s ethanol

Even at the level of
a single
neurotransmitter
the effects are
multiple

*.. GABA QuGephyrin ([ GABARGBy ([ GABARGBS ( GABALR

Forstera et al., Frontiers in Cellular Neuroscience 2016; 10, 114



ey Sites of action for allosteric

s Il 3 :
it modulation of GABA, receptors

 Some of it we

know at minute
detail

G Protein Phosphorylation

A: upper view; putative subunit stoichiometry and global

architecture of the afy/6 GABA,R, showing the binding sites for
GABA and benzodiazepines

B: lateral view; suggested binding sites for ethanol (red) and
picrotoxin (blue)

Forstera et al., Frontiers in Cellular Neuroscience 2016; 10, 114



§The other amino acid neurotransmitter: Acute
§ effect of ethanol on glutamate receptors

« Ethanol can non-competitively
inhibit glutamate receptors at
clinically relevant concentrations

 NMDA receptors are more
sensitive (25 mM; about 1.1 %o
BAC)

« Kainate and AMPA receptors in
some conditions sensitive

. AMPAR
‘ NMDAR

Q Phosphate
roup

 Inhibition mostly in
hippocampus, amygdala and
striatum

« May be part of foetal alcohol
syndrome

Moykkynen & Korpi, Basic & Clinical Pharmacology & Toxicology
2012; 111, 4-13
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But that was acute effect: Chronic effects of ethanol on

‘.
2 :
%,'. r§ GABA- and glutamatergic neurotransmission
T

A: Chronic Ethanol Effects on Glutamatergic Synapses

Presynaptic
* EXCitatOI'y Chronic Ethanol T
. Glutamate Glutamate release
glutamatergic : i
neurotransmission oo e Et g
L Postsynaptic o ® * e
is increased 3 * 1 ’ )\r’%"* -y /-
. Kainate NR2A-containi e
* Complex changes in o= s s o b iy

GABA-ergic
neurotransmission

Presynaptic
» release alteration
region-dependent Chronic Ethand
(GABAy) il 8

* postsynaptic GABA,
receptor Posiemaralc
composition change N \ ‘ ,\ \- - —'4 f

od-containing -~

B: Chronic Ethanol Effects on GABAergic Synapses

fExpvessmn of

al-containing GABA , receptor ¢Express¢on of ad-containing GABARs

GABA,, receptor al-containing GABA Rs

Roberto & Varodayan, Neuropharmacology 2017; 35, 85-99



PTSD Revised 2011 DALY estimates: Gender comparison
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nﬁilefoss

dﬂg:;p'ls der
1as TP&
Obessive--comp. Dis.

Males:

S tal dis.
- Total neuropsychiatric: 23.4%'(:;a ®

Neurological
13
04 other

Epilepsy

M Females

22,8

Migraine B Males

Insomnia .
Other disease groups

Parkinsons Disease

Schizophrenia
31,6

Bipolar disorders

Females:

Drug use disorders o
Total neuropsychiatric: 30.1%

Mental dis.
6,43

Dementias

Neurological

1,655
34,4 ~ 0,383 other

Other disease groups

Stroke

Unipolar depression

Alcohol use disorders

0 20 40 60 80 100 120 140
DALY Rate per 10.000 persons

28,125

Wittchen et al., Eur Neuropsychopharmacology 2011, 21: 655-679



“p,
c

o ]

=
§
NKCC1

m
: fll : Synaptic effects acute
?‘9’3223125& 8
vs. chronic :
Acute synaptic effects X Chronic synaptic effects
l Action of a7 nAChR subtype Alterations on a4B2 and/or a7 nAChR subunits
| Neuronal excitability t Neuronal excitability
¢ Functionality of many nAChR subtypes t Kk* conductance
$ Inhibitory function by GABA, receptors t cI-conductance
T Excitability (low dosage) Downregulation of GABA, receptors
t  Cloride currents through glicine receptors l Inhibitory activities
l Excitability (high doses) T Excitatory activities
Block of excitatory functions by NMDA T Neurodegeneration NR1 subtype
Inhibit ionic currents activated by NMDAR # Glutamate binding—NMDAR {
NR2A subtype

Cupertino Costa et al., in: Victor R. Preedy (Ed.), Neuroscience of
Alcohol: Mechanisms and Treatment. Elsevier 2019; pp. 131-141



Repeated ethanol treatment
+ withdrawal

Control

Glutarﬁite

° Glutamate  [JJ AMPAR-containing GluA1 @ NMDAR ® mGluR1o0r5 @R GLT-1
7 5-HT 3 5-HT2/3Rs ", M-Channel

Shiwalkar et al., in: Victor R. Preedy (Ed.), Neuroscience of Alcohol:
Mechanisms and Treatment. Elsevier 2019; pp. 153-161
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Chronic nonsynaptic effects

4 Neuronal loss

Normal HF Alcoholic HF

Neuron damag

Neuronal and
lial i
Thick of CA3 pyramldal laye 3 1al swelling

4 Cell Neurodegeneration
lﬁ density and edema
4 0g w1

And more...
* Membrane stiffening 4 K* conductance
Space originated by neuronalloss ——_ 4 Membrane resistance 4 Excitability
Damaged neuron + Membrane capacitance Alteractions on GIRK

Neuron/glia swollen Changesin Na*/K* pump, KCC2, and NKCC1

Normal neuron

Cupertino Costa et al., in: Victor R. Preedy (Ed.), Neuroscience of
Alcohol: Mechanisms and Treatment. Elsevier 2019; pp. 131-141



Estimated
Effects

Abstainers vs. LD

muutumises

« A: mandelkeha, hippo-
kampus, entorhinaal-
korteks, taalamus,
umbritsev valgeaine; Estimated
taalamus, OFC

Significant
Clusters

B. oimusagara Relapsers vs. LD
keskosa/insula, —

Clusters

kuklasagar, corona
radiata superior

C: orbitofrontaalsed,
temporaalsed it
piirkonnad,

mandelkeha /hippo-

CarPPRRYS AaiaTs )

Psychiatry 2011; 70, 561-567 Clusters

Relapsers vs. Abstainers




I ; Suur osa teadmistest tanu

impairments s
s / validity
Brain and
somatic ' v Brain
damages circuits
Neuro- Pharmaco-
Spe.ee‘d of inflammation therapies
drinking
T — &
Face validity &
Signs of Addiction-
intoxication vulnerability
Drunkenness Frequeanf
hangover Patiern o
Drinking

Jeanblanck et al., in: Victor R. Preedy (Ed.), Neuroscience of
Alcohol: Mechanisms and Treatment. Elsevier 2019; pp. 57-66




Dopamine (n M}—l—

Dopamine (nM) =

20 0.4
A. Saline
15+ - 0.3
10 - 0.2
N T - 0.1
I:I I I T 7 ﬂ
i} 0.5 1 1.5 2
TIME (hr)
20 0.4
B. Ethanol
=
15 0.3
x k3
10- 0.2
N m o
0 . : —L0
0 0.5 1 1.5 2

TIME (hr)

Dopamine release in nucleus accumbens after ethanol (1 g/kg) in rats
(Yim & Gonzales, Alcohol 2000; 22, 107-115)

IN VIVO RECOVERY —e—

IN VIVO RECOVERY —*—

w
% 260 7 AMPH
B 2407 (0.5 mg/kg)
< -
ls 200
2 180 -
%I 160
E 140
< 1201
2 100
232 ¢g2gczoozo
2230390385555 3
Dopamiini
vabanemine

naalduvas tuumas



: 0 ¢ Etanooli metaboliitide roll
dopamiinitousus
) 200+ Ethanol ®) 200 -

A
e

Frequency (% of baseline)
S
o

Frequency (% of baseline)
S
e

50 50+
0- 0~
0

Time (minute) Time (minute)
» A: etanooli toime VTA neuronitele soltub dopamiinist (AMPT hiired)

« B: atseetaldehiiiidi moodustumine on katalaasi inhibitoriga
takistatud, siis ei teki reaktsiooni dopamiiniga ja salsolinooli

Melis et al., Addiction Biology 2015; 20, 182-193



Baamine release after administration of ethyl alcohol in

%U“Ug humans in dorsal and ventral striatum
A

(PET, [*1C]-raclopride)

placebo alcohol subjective effects

oge, &BF,_ =0.54 * changa in 30 min score + 7.9

R=078

Urban et al., Biol. Psychiatry 2010, 68: 689-696
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Taupiline oopiumiurgas
XIX - XX sajandi-vahetuse
Pariisis

Le Petit Journal kaas 5.07.1903



Moodukad ja liialdavad social drinkers: aju
argastumine alkoholi nagemisel

y==0

(A) Moodukail argastuvad ventraalne juttkeha ja prefrontaalne korteks;

(B) lilaldajail argastub peamiselt dorsaalne striatum (vollstiadt-Klein et al.,
Addiction 2010, 105: 1741-1749)



opamiin nii tugevdab ihaldatava otsimist kui ka vabaneb selle
kattesaamisel (Self, Nature 2003, 422: 573-574)
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¥ SOLTUVUSHAIRETE TEKE |

uimastid leevendavad voorutusnahte ja aitavad pogeneda
meeldivamasse “tegelikkusesse”

soltuvus tekib uimasti korduval kasutamisel piisivate ja
sivenevate muutuste kujunemisel ajus

mida korduvam uimasti kasutamine, seda
valjendunumad muutused aju keemias ja inimese
kaitumises

uimastid argastavad ajus narvirajad, mis kulgevad
keskajust eesajju ja kasutavad virgatsainena dopamiini
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Dopamine Output {Imel/min)

Dopamiini vabanemise vahenemine
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Feltmann et al., Addiction Biology 2016; 21, 438-449



t¢  SBltuvuse neuropsiihholoogia
lihtsustatult

Binge/Intoxication

I....

&
>
]
*

A
Withdrawal/Negative Affect

The Cycle of
Addiction

Prefrontal Cortex (PFC) Basolateral Amygdala (BLA)
Hippocampus Central Amygdala (CeA)

Preoccupation/Anticipation

‘.'n. R A

Herman & Roberto, Frontiers in Integrative Neuroscience 2015, 9:18



27 SOLTUVUSHAIRETE TEKE I

* need narvirajad tegelevad olulisuse omistamisega
kogetule ilma teadvuse osavotuta — nii muutuvad
uimastid ja nendega seostuv OLULISIMAKS

* uimasti korduval kasutamisel leiab aset assotsiatiivne
oppimine — uimastiga seostuv hakkab kontrollima
kaitumist, paneb uimasteid ihaldama

* jhaja meeldimine on eristatavad

e konealused muutused on pusivad, ja monikord on nad
podrdumatud



=)
e
O\ = m—

.g,J\\Nn‘
S
NN
n
.
vp

Severity of environmental triggers

Low genetic risk |
- =~--High genetic risk |

Disease zone

Time (years)

Nature Reviews | Neuroscience

Keskkonna tahendus soltub geenivariantidest

Alkoholism enamasti
kujuneb aeglaselt, sotsiaalse
joomise foonil

Aja jooksul vaheneb
vallandava faktori vajalik
tugevus

Geneetiline eelsoodumus
toob kaasa varajase
tundlikkuse
keskkonnategurite suhtes

Heilig et al. 2011, 12: 670-684



oS sOltuvuses

A Naive/Control Rat B

EtOH

®
GABAergic A /

Interneuron : ' 4

GABAergic
Projection
Neuron

o(}ABAA receptor
. ’m crr,

NOP/Y»/CB1/KOR

OF < Y8
“®BNST 2
Hypothalamus
Brainstem

Alkoholi mo6ju vordlevalt: akuutselt ja

Ethanol-Dependent Rat

EtOH

V4
GABAergic A

Interneuron = ~ 7
a_q,

GABAergic
Projection

Neuron

Gilpin & Roberto, Neuroscience & Biobehavioral Reviews Volume 36, Issue 2 2012 873 - 888

Hypothalamus

Brainstem
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MU # Impulsiivsuskomponent
Vereliistakute-MAO, serotoniin ja alkoholi
tarvitamine reesusmakaakidel
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Platelet MAO Activity
(nmol oxidized substrate/
o

1070 platelets per minute)

Alcohol intake
(g/’kg body weight per hour)

0.0 0.6

Low?d High 100 200 300 400 500 600
Platelet MAO Activity CSF 5-HIAAC
(pmol/ml)

Fahlke et al., American Journal of Psychiatry 2002; 159, 2107-2109



. Il :Dependence is multi-component and its
neurobiological substrate is complex

e Increased hedonic value
« Associative learning

e Habits
e Stress

(b) NON-ADDICTED BRAIN ADDICTED BRAIN

 Attribution of salience

» Physical symptoms of withdrawal
« Changes of mood

« Impulsive decision-making

Baler & Volkow, Trends Mol. Med. 2006; 12, 559-566




%[{é!fj(llima soojenemine vahendab

odrasaaki
CLIMATE’S TOLL ON BEER

Models show that during years of drought and heat waves driven by climate

change, the global supply of barley — and therefore beer — will decrease and
prices will rise.

Low-emissions High-emissions
scenario (RCP*2.6) scenario (RCP8.5) V6in teha
Ireland Ireland : : : :
Canada ltaly panuse, et
Poland Canada : i
b — 5 B i seegi mojustab
Japan alkoholi
Denmark : . Japan . . .
Belgium i Belgium kurltaVltamlse
UK Denmark .
Estonia UK geneetlkat
Czech Republic i Portugal : : : : 5
0 1 2 0 i 2 3 4 5
Changes in beer price (US$ per 500 millilitres)
*RCP, representive concentration pathway onature

Figure: Warren Nature 15 October 2018; based on Xie et al., Nature Plants
2018; 4, 964-973
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cﬁm Infrastructure: the Estonian Children
%@i  Personality Behaviour and Health Study

(ECPBHS)

® Launched 1998; four data collection waves

® Population representative (specifics on EYHS subsample):
® School as a sampling unit (54 of 56 eligible schools agreed)
® Probability proportional to school size, 25 schools selected
e All children of grades 3 and 9 invited, 79.1% participated
e During the most recent follow-ups, about 80% of the original sample recruited

(Multi) birth cohort

Longitudinal (see below) oo
Multidisciplinary —
Family aggregation

Estimation of effect size for population

5)
oCA Eat/be

ADHD
COMORBIDITY

AgQgress Y. type
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e
Genotype Frequency
I/l 32 %
I/s 49 %
s/s 19 % P
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% Case Story: Variants of the
Serotonin Transporter Gene

Lesch et al., Science 1996

Vil Xl

Promoter :
Variants of

regulation

(D) AAA

—I---.---lm;\-—* (R T AAA
(R TD AAA
5-HTTLPR

mRNA

Courtesy of Klaus-Peter Lesch

5-HTT promoter activity
'

s Wsis

iy

5-HTT expression




-@5 Alcohol use is subject to cohort effects -
and this is 5-HTTLPR dependent

15 1|8l Ols Bs/s

14 -

13

12 ~

11 ~

10 ~

consumed half a unit of alcohol

©
L

(=]

The mean age when the subjects reportedly first

male subjects female subjects male subjects female subjects

a » Vaht et al., Psychopharmacology 2014; 231, 2587-2594 ('
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Another case story:
Neuropeptide S

20 amino acid peptide structurally similar in all mammals (Xu
et al., 2004)

Many NPS neurons also release glutamate or CRF
NPS stimulates the HPA axis (Smith et al., 2006)

Increase in wakefulness and decrease in both REM and non-
REM sleep (Zhao et al., 2012)

NPS effects mediated via a GPCR

In rodents simultaneously activity-enhancing and anxiolytic
(Xu et al., 2007; Ricci et al., 2008)

Deficiency in NPS receptor in mice reduces locomotor activity
and startle magnitude (Fendt et al., 2011)

In humans, NPSR1 at 7p14

o



Chemical neuroanatomy of
™™ neuropeptide S: relevance to alcohol

NPS originating areas

Stress Reactivity /
Negative emotionality

(=)

Endocrine/

= NPS-containing projection NGO Ot

—  Non NSP-containing projection
/""" Brain region containing NPSR

1 Brain region not containing NPSR

B

e =
Reinforcement /
Approach

Schank et al., Neuron Volume 76, Issue 1 2012 192 - 208
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E Neuroticism T
Alcohol use

Maladaptive
impulsivity T
Neuroticism T

Anxiety T

Affective/anxiety
disorders

Alcohol use

Alcohol use disorders P
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Delayed-onset
pathway

ADHD-related traits
& impulsivity T
Alcohol use

ADHD-related traits
( & impulsivity T
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Alcohol use
disorders in males
in future?
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Follow-up of drunk drivers for
the next ten years

° Traffic police DWI in 2002 - 2011
database 1.0

« Cox regression
models predicting
drunk driving

« NPSRi T-allele vs.
A/A homozygotes

o
T

Survival probability
=
o0
I
o
-

=

~
|
.

Ra—

HR=1.76 (CI 1.02-
3.03)

0.6
« But only Wlth regard (|]| lﬂ![]ﬂ 2(]'{]'0 3[)|{]IU 4U|ﬂﬂ

to relapse (i.e., in the Days
initial dI‘llIlk dI‘iVGI‘S _MControl group Dk drivers group

group) Tokko et al., Acta Neuropsychiatrica 2019; 31, 84-92



g:u!!uo(g “If the environment changes, | change my
Loy mind. What do you do, Sir?” (John Keynes
paraphrased by The Gene)

- 2

Molecular Genetics Meets Sociology:
Birth Cohort Effects on Alcohol

Use and Relationship With Candidate Genes

Jaanus Harro and Mariliis Viaht

Division of Neuropsychopharmacology, Department of Psychology, Estonian Centre of Behavioural
and Health Sciences, University of Tartu, Tartu, Estonia

( j In: Victor R. Preedy (Ed.), Neuroscience of Alcohol: Mechanisms
v and Treatment. Elsevier 2019; pp. 13-20



U Kokkuvotteks

Alkoholi ja aju kokkupuuted on sagedased

Kasu-riski suhte hindamine kaib paljudele iile jou
Kahjulik moju kujuneb valja sammhaaval

Soltuvuse kujunemise otsustab ekspositsioon alkoholile
Palju muutusi ajutalitluses ja virgatsainesiisteemides
Geneetilised riskid on vaga individuaalsed

Kaitumishaire patogeneesis mangib olulist rolli keskkond
Geenide ja keskkonna koosmojul on mitu iseseisvat rada

Ka soltuvusest vabanemine peab toimuma sammbhaaval
ja indiviidi arvestades




