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8- The2030Agenda for Sustainble Development
9- sustainable development goals 6 (SDG6)
10- Soft Law
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11- General Comment No. 15: The Right to Water(Arts.
11 and 12 of the Covenant)
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Introduction

In human behavior, reward and punishment play a crucial role in satisfaction and aversion.
Humans learn and become accustomed to experiences that bring about reward and
satisfaction. Therefore, if a stimulus can induce a reward, it can leave a strong
memory trace in the human mind and elicit the pursuit of behaviors to regain that
reward. The provision of reward and the experience of pleasure in the brain are
facilitated through the stimulation of various regions in the brainstem, midbrain, and
forebrain, including the VTA, substantia nigra, hypothalamus, amygdala, and
nucleus accumbens. The dopaminergic system of the body is the central mediator
of the effects of addictive substances, and these substances ultimately exert a
stimulatory effect on this system.
The dopaminergic system is connected toseveral other important brain systems, and
it appears that in some cases, the effects of substances can be mediated and
transmitted through other systems.
These other systems can act as intermediaries for the effects of addictive substances,
ultimately leading to the stimulation of the brain's reward circuits and the experience
of pleasure. Some of these other systems include the serotonergic and GABAergic
systems(Jajvandian,2009). Consequently, the major neurotransmitters that may
be involvedin the development of substance abuse include the opioid system,

the catecholamines, particularly dopamine, and gamma-aminobutyric acid (GABA),
which will be discussed in more detail in thefollowing sections.
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Molecular Mechanisms of Drug Effects in
Substance Abuse

The primary mechanism of action of
chemical peaks occurs through the
activation of relevant receptors.
Macromolecular chemical peaks, primarily
protein-regulating molecules, perform two
important functions: recognition and
guidance. Each receptor has two binding
sites, ligand-binding and functional sites.
The ligand-binding site consists of a
hydrophilic region and a lipophilic region,
primarily in the form of a heteropolymer.
Ligand binding leads to a change in the
receptor's tertiary structure, and drugs can
regulate their receptors up and down,
affecting their effective mechanisms.
These changes are influenced by genetic
mechanisms and play a role in drug
tolerance and withdrawal symptoms .

(Jajvandian,2009)

GABAergic System

Gamma-aminobutyric acid is the most
important neurotransmitter in mammals.
The activity of this system reduces the
activity of certain areas in the cerebral
cortex, brainstem, subcortical spinal cord
regions, and the spinal cord.

Adrenergic System

The adrenergic system is one of the major
nervous systems in the body, with
two major chemical neurotransmitters
called epinephrine and norepinephrine

playing a significant role in neural
activities. The serotonergic, adenosine, and

cholecystokinin systems are other
nervous systems in the body. For a better
understanding, the most important brain
reward systems will be studied in more
detail:

Dopamine and Dopaminergic Pathways
in Addiction

Dopamine is derived from the amino acid
tyrosine. This nheurotransmitter is reabsorbed
at synaptic terminals and only a small
amount is degraded. Dopamine is secreted
by dopaminergic neurons and broken down
into homovanillic acid by the enzymes
monoamine oxidase and catechol-O-
methyltransferase. This neurotransmitter is
involved in the reward system and pleasure.
lts receptors have seven transmembrane
domains and can be inhibitory orstimulatory
depending on the receptor type.
There are two main types of dopamine
receptors:
D1-like receptors, including subgroups D1
and D5, which couple with adenylyl cyclase,
and D2-like receptors, including subgroups
D2, D3, and D4, which inhibit adenylyl
cyclase. The known effects of dopamine
are primarily mediated through D2
receptors. All dopamine receptors are
found in distinct brain regions but overlap
significantly, with D1 receptors being more
common and found in widespread brain
regions receiving dopaminergic innervations
(striatum, limbic system, thalamus,
hypothalamus). D2 receptors are found in
these regions and in the pituitary gland.
D3 and D4 receptors are located in the
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limbic system.

The Mesolimbic Dopaminergic Pathway
The dopaminergic neurons originating
from the ventral tegmental area (VTA) and
projecting to the nucleus accumbens can be
nucleus accumbens play a crucial role, and
the direct involvement of these two brain
regions is essential for the CPP induced by
morphine. Additionally, other brain regions,
particularly those involved in reward-
dependent learning and memory, may also
contribute to the induction of CPP, with the
hippocampus, a major output pathway for
the limbic reward and punishment system,
playing a significant role in classical
conditioning and CPP formation. Stress and
drug dependence activate the dopaminergic
system through two pathways:
the prefrontal cortex and the amygdala,
The prefrontal cortex and amygdala send
excitatory projections to the VTA.

Classification of Addictive Drugs
Based on Pharmacological Effects:
Blum has classified addictive drugs
based on their pharmacological effects on
the central nervous system (Blum, 1984),

with some common examples provided
here:

e Opioids:

Opioid agonists such as opium, heroin,
codeine, morphine, methadone, oxycodone,
and diphenoxylate.

e Central Nervous System Stimulants:
Amphetamine, methamphetamine,

cocaine, ecstasy, and methylphenidate
(Ritalin).

¢ Hallucinogens:

Cannabis-like substances, LSD, mescaline,
psilocybin, and phencyclidine.

e Depressants or Central Nervous
System Sedatives:
Alcohol, barbiturates, benzodiazepines,

solvent inhalants, ketamine, and
methaqualone.

Central Nervous System Stimulants

The initial effects of stimulants are a
general increase in neural and behavioral
activities. While all stimulants act through a

common general mechanism, they have
distinct potentials.

influenced by rewards, including natural
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rewards such as food, drinks, and sexual
responses (as well as electrical stimulation
and certain drugs). In such situations,
the tonic inhibition of the GABAergic
interneurons in the VTA is removed from
these dopaminergic neurons, leading to
an increase in their neural firing and a
subsequent increase in extracellular
dopamine levels in the nucleus accumbens.
Many researchers have identified the
mesolimbic dopamine system as the
neurochemical substrate of reward due to
its unparalleled involvement in regulating
reward-dependent behavior. To elaborate
further, projections from the VTA to the
mesolimbic system appear to be more
related to cognitive behaviors, reward, and
emotions, including motivation and the
positive reinforcement system for alcohol
and nicotine. The mesolimbic dopaminergic

-

pathway branches out from the A10 region
to the ventral striatum, including the nucleus
accumbens, and other limbic areas such as
the amygdala, hippocampus, and septum.
Both morphine and nicotine can significantly
and dose-dependently induce conditioned
place preference (CPP), in which the
reward-related VTA (NAc) and Coca-Cola,
a mild commercial stimulant with high
global consumption, initially contained
some cocaine, but its current effects are
due to the presence of caffeine (Pinel, 2007).
The primary drugs of abuse classified as
central nervous system stimulants are
cocaine, amphetamines, and caffeine

(Blum, 1984).

e Cocaine:

Cocaine and its derivatives, known by
street names like coke, snow, and crack, are
among the most commonly abused central
nervous system stimulants. Their use is
associated with physical dependence.
Psychological dependence on cocaine is
high, and it produces a high tolerance.

Mechanism of Action of Cocaine:
Cocaine enhances dopamine function in
the brain. Its effect on dopaminergic
transmission appears to be the primary
basis for its euphoric effects. The dopamine
-rich regions in the brain, including the
ventral tegmental area, nucleus accumbens,
and striatum, are collectively known as the
reward pathways. Cocaine binds to the
dopamine reuptake transporter on the
presynaptic membrane of dopaminergic
neurons, inhibiting the removal of dopamine
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from the synaptic cleft and the subsequent
alterations in it by monoamine oxidase at
the neuronal terminal. As a result, dopamine
remains in the synaptic cleft, freely binding
to its postsynaptic receptors and continuing
to stimulate the neuron. This increased
activity in the reward pathways leads to the
feelings of pleasure and the "high"
experienced from cocaine use.

Molecular Mechanisms of Cocaine
Dependence

Cocaine is considered a monoaminergic
reuptake inhibitor, primarily affecting
the dopamine transporter. However, it
also has minor effects on serotonin and
norepinephrine transporters. Role of
Cannabinoids in Cocaine-Seeking Behavior:
The cannabinoid agonist HU 210 enhances
drug-seeking behavior after withdrawal,
while the cannabinoid receptor antagonist
attenuates the tendency to relapse and
drug-seeking. The selective CB1 receptor
antagonist SR141716A reduces the rate of
relapse when exposed to cocaine or other

cocaine-derived drugs during withdrawal.
(Jajvandian,2009)

e Amphetamines

Amphetamines, including amphetamine
(benzedrine), methamphetamine (methedrine),
and methylphenidate (Ritalin), are chemically
similar to the neurotransmitters epinephrine
and norepinephrine and can act as
stimulants in the central nervous system
(Blum, 1984), exerting their effects through

the dopaminergic and noradrenergic
pathways.

e Caffeine

Caffeine is found as an additive in everyday
beverages like tea and coffee, and in mild
stimulant drinks (e.g., NO-DOZ pills)
(Blum, 1984). Caffeine easily crosses the
blood-brain barrier, and its primary
mechanism is antagonism of adenosine
receptors, thereby increasing cCAMP levels in
neurons with adenosine receptors.
At higher doses, this substance can also
affect dopaminergic and noradrenergic
neurons.

e Nicotine

Despite its similarities to central nervous
system stimulants, nicotine exhibits sedative
-like properties at very high doses.
The primary effects of nicotine are mediated
through changes in norepinephrine and
acetylcholine function in the body
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(Blum, 1984).
The projections from the ventral tegmental

area to the mesolimbic system are involved
in the reward and reinforcement system of
nicotine. Nicotine specifically acts as an
agonist on nicotinic acetylcholine receptors
in the central nervous system. Nicotine has
a half-life of around two hours and,
In addition to activating the dopaminergic
reward system, can increase the levels of
norepinephrine, epinephrine, vasopressin,
beta-endorphin, adrenocorticotropic
hormone, and cortisol, which may

contribute to its stimulant effects.
(Jajvandian,2009)

Molecular Mechanisms of Nicotine
Dependence Cholinergic System:

It is important to note that nicotinic
acetylcholine receptors are sodium-channel

type receptors that are stimulated by
acetylcholine and nicotine, and their
inhibition is achieved by the toxin curare
and the hexamethonium neuromuscular
blocker. Nicotine acts on nicotinic
cholinergic receptors. Different combinations
of alpha and beta subunits form receptors
with varying responses to agonists and
antagonists. The differential sensitivity of
the receptor to agonists and antagonists
depends on the specific subunit
composition. The number of binding sites
changes in the presence of continuous
nicotine exposure. Nicotine withdrawal in
rats is accompanied by an upregulation of
adenylyl cyclase in the amygdala. Adenylyl
cyclase activity is enhanced by calcium/
calmodulin. (Jajvandian,2009)

GABA Receptors and Metabotropic
Glutamate Receptors:
2-Methyl-6-(phenylethynyl)-pyridine (MIPEP),
an antagonist of the glutamate receptor
(MGLURS5), reduces nicotine consumption
in rats. Therefore, compounds that enhance
GABAergic transmission and mGIluR5
antagonists can be used in the treatment

of nicotine-dependent individuals.
(Jajvandian,2009)

Opioid System: The brain's opioid systems
appear to be involved in mediating nicotine
-dependent responses and withdrawal
symptoms. (Jajvandian,2009)

Central Nervous System Depressants
Central nervous system depressants

include alcohols, barbiturates, and

benzodiazepines (Blum, 1984).
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e Alcohol
Alcohol is one of the most commonly

and widely abused substances. It is
absorbed from the stomach, small intestine,
and colon and can be eliminated through
respiration, urine, and sweat (Blum, 1984).

Molecular Mechanisms of Alcohol
Dependence

The GABAergic system studies on the
effects of alcohol on chloride ion entry
mediated by GABA in microsacs (separated
membranes from brain cells that form
sealed vesicles) have shown that alcohol
increases chloride uptake, effectively
enhancing the inhibitory effects of
GABA-mediated neurons (Mihic et al., 1997).
Chronic alcohol use leads to a decrease in
the function of GABA_A receptors, requiring
lower amounts of GABA_A receptor
antagonists to induce seizures. A single dose
of alcohol enhances chloride flow through
GABA-dependent channels in brain
microsacs, but this effect is not observed
with chronic alcohol use. Chronic alcohol
use is also associated with a decrease in the
levels of MRNA and, consequently, protein
levels of one of the alpha subunits
(Jajvandian,2009). Based on these studies,
it can be said that tolerance to alcohol
develops due to a reduction in the number
of GABA_A receptors, and withdrawal
symptoms arise from the removal of the
inhibitory effects of alcohol on GABA_A
receptors (Nestler et al., 2001). Serotonergic
System: As a result of alcohol dependence,
the levels of 5-hydroxyindoleacetic acid in
cerebrospinal fluid (CSF HIAA) decrease,
which can contribute to increased irritability,

aggression, and impulsivity(Jajvandian,2009).
Other studies have shown that selective
serotonin reuptake inhibitors (SSRIs)-
citalopram and fluoxetine - reduce alcohol
consumption. Additionally, the density of
serotonin receptors in specific areas of the
cortex, such as the anterior cingulate cortex
and perirhinal cortex, is reduced in alcoholics.

(Jajvandian,2009)

Dopaminergic System:

Chronic alcohol useleads to a decrease in
the activity of dopaminergic neurons and a
reduction in dopamine and its metabolite

levels in alcohol-dependent individuals,
which manifests as increased sensitivity and

upregulation of these receptors.

Glycine Neurotransmitter System:

The glycine receptor (GlyR) in the nucleus
accumbens appears to act as a target for
alcohol to increase dopamine in the
mesolimbic pathway. Glycine and strychnine
alter extracellular dopamine levels in the
nucleus accumbens, likely through the
stimulation and inhibition of the glycine
receptor. Based on the available evidence,
glycine and strychnine mutually modify

alcohol consumption.

Proteomics and Alcoholism:

In patients with chronic alcohol
dependence, the levels of certain proteins
are altered. These proteins are involved in
neuronal degeneration in chronic
alcoholism and have also been implicated
In the development of Alzheimer's disease.

(Jajvandian,2009)
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e Barbiturates:

Barbiturates are central nervous system
depressants. The primary effects of
barbiturates, like other central nervous
system depressants, are mediated through
their influence on GABAergic neurons.

e Benzodiazepines:

Despite their use in the treatment of
anxiety disorders, drugs like chlordiazepoxide,
diazepam, chlorazepate, lorazepam, and
flunitrazepam are also central nervous
system depressants. (Jajvandian,2009)

Hallucinogens (Psychotomimetics)

e LSD: LSD (lysergic acid diethylamide) is
one of the most potent hallucinogens and
was the first drug to be classified as a
hallucinogen. LSD exhibits both agonistic
and antagonistic effects at the serotonin
receptors. Another hypothesis is that LSD
increases forebrain limbic activity.

e 4 - Bromo-5,2-dimethoxyamphetamine
(DOB):

This is a stimulant-type hallucinogenic
drug that belongs to the class of synthetic
hallucinogens.

Opioid Drugs
e Opioid Agonists:

These have a chemical structure and
function similar to morphine and are
classified as central nervous system
depressants, causing a reduction in central
nervous system activity.

Conclusion
While drug abuse and some addictive

substances are stimulating and pleasurable,
they lead to a drug-seeking behavior that
indicates psychological dependence on a
substance that stimulates the brain's reward
centers (Jajvandian,2009).

Thus, the use of all drugs that are subject to
abuse is accompanied by a sense of pleasure
and euphoria, and they effectively act as
behavioral reinforcers, which can lead to
changes in brain structure and
consciousness that may drive individuals
towards criminal behavior. However,
there are some drugs that have indications
in the treatment of dependence on certain
chemicals, some of which are presented in
the table below:

' Drug Indication

SR141716A Cannabinoid dependence

' TRK820 Opioid and cocaine dependence

~ Vigabatrin Nicotine and cocaine dependence

MPEP Nicotine and cocaine dependence

| CGP444532 Nicotine and cocaine dependence

BP897 Cocaine dependence

According to the mentioned cases, the use
of therapeutic drugs should also be done
with the advice and prescription of a doctor
so as to cause minimal damage to the
centers of the body, including the central
nervous system.
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