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The last decade brought a considerable progress in pharmacotherapy of
addiction. Basing on recently gained knowledge of mechanisms of development of addiction and the physiology of the brain reward system, several
therapeutic strategies have evolved. The strategies aimed at targeting the basic mechanisms of addiction rely on the premises that addiction is caused by
adaptive changes in the central nervous system and that craving, which is the
main cause of relapse, depends on dopaminergic mechanisms and requires
high general excitability. The pharmacological approach involves drugs that
reduce neuronal adaptability by inhibiting the calcium entry to neurons both
through voltage-gated channels (e.g. nimodipine) and NMDA receptors (e.g.
memantine), and drugs that stimulate the inhibitory GABAergic system
(g-vinyl-GABA, baclofen), Particular attention is paid to the compounds that
may attenuate dopaminergic hyperactivity, without considerable suppression
of tonic activity of dopaminergic neurons (e.g. BP 897, a partial dopamine
D! receptor antagonist). Specific strategies are aimed at interference with the
action of particular drugs of addiction. An important group includes the agonistic therapies (known also as substitution or maintenance therapies) in
which a long-acting agonist is used in order to reduce the action of the drugs
of high addictive potential (e.g. methadone against heroin addiction or
vanoxerine (GBR 12909) against psychostimulants). Other specific strategies aimed at reduction of the transport of molecules of addictive substances
into the brain: the approaches involve preparation of antibodies that form
complexes unable to cross blood-brain barrier or enzymes accelerating the
metabolism of the compounds in the blood (e.g. variants of butyrylcholinesterase). A considerable progress has been made in combating the abuse of legal addictive substances, alcohol (naltrexone, acamprosate) and tobacco
(bupropion). The prospects for developing effective pharmacotherapies
against addiction are bright. Unfortunately, ideological and social implications, as well as the conflict of interest with illegal narcotic manufacturers
and distributors, may considerably hamper the progress in combating addiction (e.g. difficulties in introduction of methadone).
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Present understanding that drug addiction is
a chronic brain disease paves the way for pharmacotherapy. Its ideal goal is to enable a patient to
maintain permanent, voluntary abstinence. However, this goal has been attained very rarely, so we
have to be satisfied with provisional goals, such as
reduced drug use, improvement of patient’s functioning in the society, and minimization of addiction-related health and social hazards. Surprisingly,
the conviction that addiction treatment does not
require medication (beyond detoxification period)
still prevailed at the end of 20th century. For instance, in the USA, where 700,000 alcoholics are
subjected daily to various forms of treatment, three
behavioral techniques, i.e. cognitive-behavioral therapy, motivational enhancement therapy and Anonymous Alcoholics Program or similar twelve-stage
programs, are still considered the most important
types of therapy. Of pharmacotherapeutic measures,
that all are regarded as no more than adjunct procedures, only the deterrent therapy with disulfiram,
considered barbarian in Europe, has been adopted
[40]. The belief in effectiveness of pharmacotherapy is presently surprisingly scarce: a 1999 survey
among staff members in American institutions caring for addicts revealed that only 39% and 34%,
respectively, endorsed the increased use of naltrexone and methadone maintenance [36]. Nevertheless,
in spite of considerable resistance, pharmacotherapeutical approach is gaining popularity. Apparently, as mentioned earlier [139], it is the most cost-efficient solution, which in the case of treatment of
heroin addicts with methadone brings a ten-fold reduction of the costs of addict’s maintenance.
Interest and progress in the studies on anti-addictive drugs, avalanching over the last twenty years,
lets us strongly hope that in the present century
pharmacotherapy will significantly limit the addiction plague. However, as we will discuss later, we
cannot exclude that we will be yet caught by unpleasant surprises along this way.
Each addiction-forming substance interacts directly with its molecular target, such as dopamine
transporter, opioidergic and nicotinic receptors, etc.,
but also it may influence basic mechanisms of the
reward system, associated principally with the phenomenon of drug craving. Extensive research led to
the discovery of both, drugs effective against specific addictions (e.g. nicotine patches in smoking-cessation therapy, methadone in heroine addicts),
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and compounds with more general action profile.
Since concomitant addiction to many substances
(polyusage) is unfortunately on the rise, it seems
that future belongs to the drugs acting precisely on
dopaminergic system, striking directly the very essence of addiction process, craving.
As discussed before [140], addiction may often
be linked with congenital aberrations of the reward
system, and adaptive changes in the brain functional
systems, triggered by chronic drug use. These changes can, at least partly, involve the formation of
memory traces [30, 53, 109]. The changes are closely connected with calcium ion influx into nervous
cells and activation of numerous intracellular processes. Thus, it appears that the tactic aimed at
a search for anti-addictive drugs with an universal
profile should focus on looking for the compounds,
which properly inhibit dopamine receptors in the
limbic system, and blockers of calcium ion influx
into neurons. Alternatively to the blockade of stimulatory systems connected with calcium ion influx
into neurons, the strategy attempting to activate inhibitory mechanisms, associated with chloride ion
influx into neurons (stimulation of inhibitory GABAergic system) can also be considered.
Beside these general strategies, there are also
tactics to cope with specific groups of addictions.
In several cases, pharmacotherapy based on drug
interaction with specific receptors conveying the
effects of individual substances has been proposed.
It encompasses so-called substitutive therapies, utilizing agonists to block receptor sites activated by
addictive drugs. It includes also efforts to apply peripherally acting compounds, such as anti-cocaine
and anti-phencyclidine vaccines, that block the excess of addictive substances to the brain. Finally,
there are certain specific types of therapy of addiction, found to be effective in treatment of addiction
to legal substances of abuse. The examples are naltrexone and acamprosate treatment in alcoholism,
and bupropion therapy in nicotinism.

DRUGS FOR DRUG ADDICTION
Drugs influencing dopaminergic system
In the light of dopaminergic theory of drug addiction, dopamine receptor blockade with neuroleptics might appear the most efficient method of
pharmacotherapy. However, such treatment is ineffective since neuroleptics are strongly aversive,
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probably just due to dopaminergic system blockade,
and the patients refuse to use them. Fortunately,
some dopaminergic system-influencing drugs were
proved to decrease drug craving, and without evoking aversion.
Partial D! receptor antagonists – the compound
BP897
An ideal drug addiction medication should effect
permanent lack of drug craving in former addicts.
Such medication may be most probably found
among compounds that affect dopaminergic systems involved in wanting, in the drug craving phase.
As mentioned earlier [140], craving is the cardinal
feature of drug addiction, and precisely it should be
targeted by drug addiction pharmacotherapy, since
craving is responsible for drug abuse reinstatement.
Despite 15-year intensive research, truly effective
anti-craving medication for addiction to cocaine, the
“purest” addiction-forming compound acting directly on dopaminergic system by dopamine transporter inhibition, has not been found yet. Some hope
that we are approaching a breakthrough arose in the
last years. Assuming that D3 dopamine receptor is
implicated in drug addiction, Pilla et al. [98] synthesized N-{4-[4-(2-methoxyphenyl)-1-piperazinyl]butyl}naphthalene-2-carboxamide, known under the
code name BP897, a partial antagonist of rat dopamine D3 receptor. Due to the fact that both excessive and inadequate stimulation of the reward system
evokes craving, partial dopamine receptor antagonists seem to be the most promising compounds:
they will stimulate receptors upon neurotransmitter
deficit and inhibit them in case of its excess. BP897
was shown to inhibit cocaine seeking in cocaine-dependent mice [98] and rats [105]. In rhesus monkeys, administration of BP897 reduced self-administration of cocaine or D-amphetamine, and the fact
that the compound is not self-administered indicates that BP897 has no intrinsic, primary rewarding effects, and therefore has a profile of activity
suitable for consideration as a potential treatment
for cocaine dependence disorder [9]. Although later
studies have shown that BP897 acts in vivo and in
vitro as an antagonist of human dopamine D3 receptor [ 147], the compound, after preclinical trials
carried out in Cambridge University and INSERM,
has recently been under investigation by Bioprojet
and entered phase I trial for the potential treatment
of drug craving and vulnerability to relapse that are
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elicited by drug-associated environmental stimuli
[105].
Possibly, BP897-resembling compounds will be
suitable for the application in the therapy of addiction to other drugs, and also to combat craving not
associated with drugs but with inadequate response
to natural rewards. In the latter case, dopamine
release is much lower than in the course of high
dosing of addictive drugs, and perhaps partial D3
dopamine receptor agonists will compensate for
significant deviation from the normal values. Such
imbalance has been observed especially as hyperphagia in obese subjects. These patients can refrain
from chips and chocolate eating for a long time, but
if a bag with chips has been opened and the first
chip has been consumed (priming), they usually are
unable to resist eating a whole bag. Therapeutic
agents similar to BP897 could be helpful in such
situations.
Hopes and reservations raised by the compound
BP897 and related D3 receptor antagonists have
been reviewed in detail both in scientific journals
[20, 105] and newspapers [148].

Drugs inhibiting calcium influx into
the cell
Calcium ion plays a crucial role in cell function.
It can enter a normal cell through membrane channels, belonging to two classes: voltage-dependent
and ligand-dependent ones. Numerous functions of
calcium ions comprise their basic role in the mechanisms of plasticity and adaptation of the nervous
tissue. Thus, the blockade of physiological mechanisms of calcium influx into the cell can impair the
ability of the nervous system to plastically change
in response to chronic drug action, including adaptive changes underlying addiction development
[138].
L-type calcium channel blockers
Among a multitude of voltage-sensitive calcium
channels, L-type calcium channels appear to play
a principal role in the regulation of adaptive changes
in the central nervous system [138]. The blockers
of these channels are interesting for their potential
application as anti-addictive agents, since their introduction to clinic would be easy, as they have
long been used in medical practice to treat circulatory disorders. As their pharmacology and side effects in humans have been well documented, in
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case they are found effective in drug addiction
treatment, their introduction for clinical use will be
much simpler in comparison with the compounds
hitherto not yet used in humans.
L-type calcium channel blockade abolished expression and development of opiate addiction in
rats [4, 5, 84]. Rewarding properties of morphine,
cocaine and amphetamine were also blocked,
which was demonstrated using place preference
test and self-administration test [14, 62, 64, 65]. In
some cases, beneficial effects were observed following joint administration of isradipine, a calcium
channel blocker, and naltrexone, an opiate receptor
blocker. This combination blocked rewarding cocaine and alcohol actions [25]. Calcium channel
blockers themselves did not block alcohol-conditioned place preference [14]. All these reports along
with the demonstration that ionophore Bay K-8644,
which facilitates calcium influx into the cell, appears to enhance rewarding properties of morphine
[63], suggest that the blockers of calcium influx
into the cell through L-type channels could be applied in drug addiction treatment. However, relevant
studies have been seriously delayed by a single
communication, never confirmed later, claiming
that nifedipine evokes confusion in morphine-dependent patients. Although this study dealt with
a quite extreme situation, when abstinence symptoms were evoked by naltrexone administration in
2 addicted individuals, it was sufficient for the
authors to warn seriously against application of calcium channel blockers in the treatment of drug addiction [124]. This report has often been cited by
researchers engaged in the search for different substances which could be used in drug addiction
treatment, such as NMDA channel blockers. They
generally do not mention that clinical trials proved
that chronic nimodipine treatment could alleviate
cognitive disturbances in morphine, cocaine, alcohol and marihuana polyusers [50], and that nifedipine decreased subjective cocaine-induced effects
in humans [85]. Thus, it appears that initial fears
were not firmly justified, the more so that calcium
channel blockers have been introduced into clinical
practice due to their other interaction with opiates,
as they augment their antinociceptive effect and decrease tolerance to this action. This was demonstrated many times in animal experiments [5, 31, 84,
129]. These results have been applied in clinical
practice, since it was shown that nimodipine co-administration with morphine mitigated the necessity
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of morphine dose escalation in a majority of the patients suffering from terminal neoplastic disease,
and enabled dose reduction by half [117]. The authors
conclude that calcium channel blockade suppresses
the development or expression of morphine tolerance in a clinically significant manner. Furthermore, epidural nifedipine administration in the patients experiencing postoperative pain quadruplicated duration of action of the standard morphine
dose [96]. However, another recent study did not
demonstrate any influence of nimodipine or nifedipine on morphine consumption after colorectal surgery [154]. As L-type calcium channel blockers did
not change morphine effects in healthy volunteers
[46], the possible usefulness of drugs influencing
calcium channels as enhancers of morphine analgesia remains disputable.
NMDA receptor blockers
NMDA receptor is a second gate allowing calcium entry into neurons. It is characterized by a very
complex structure, having several regulatory sites,
determining its permeability for calcium ions. This
is why there are numerous classes of NMDA channel antagonists, which block either glutamate binding site (competitive antagonists) or others, e.g. glycine binding site [27].
Various types of NMDA receptor antagonists:
competitive, noncompetitive and glycine site antagonists, suppress development and expression of
opiate abstinence syndrome to different degrees [99,
132]. The results of the studies of Popik and Skolnick on memantine [104] and of Popik and Kolasiewicz on a competitive NMDA receptor antagonist, the compound NPC 17742 (2R,4R,5S-2-amino-4,5-(1,2-cyclohexyl)-7-phosphonoheptanoic acid)
[100] have suggested that these compounds can
have a potential to counteract relapses, as they abolished drug seeking by drug-dependent mice.
NMDA receptor antagonists inhibit also different kinds of sensitization. They block as well dopamine receptor sensitization induced by chemosympathectomy [26], chronic treatment with directly
acting dopaminomimetics [33] and compounds stimulating dopamine receptors indirectly, such as
morphine [58] and dopamine releasers and inhibitors of dopamine uptake [59, 91, 107]. The action
of dizocilpine, NMDA receptor antagonist, seems
to consist in the prevention of sensitization development rather than its expression [149]. Interestingly, dizocilpine inhibits development of sensiti-
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zation to various addictive substances, although its
administration caused sensitization to its own locomotor effects [150].
NMDA receptor blockers, which have already
been introduced into clinical practice because of
other indications, seem particularly interesting.
Memantine is the first to mention. This drug has
been widely used in acute and chronic neurodegenerative diseases, and for the treatment of anxiety
and chronic pain. Unlike other NMDA receptor antagonists, memantine at therapeutic doses in dementia does not cause any undesired reactions, resembling those elicited by the competitive NMDA
receptor antagonists [95].
NMDA receptor antagonists do not show a uniform anti-addictive effect. For example, they differ
in the inhibition of certain cocaine effects [12]. Memantine (but not dizocilpine) suppresses cocaineconditioned motor response [12], but it does not
block cocaine self-administration by rats, triggered
by cues associated with its former use (cue-induced
craving), the effect being inhibited by another antagonist, D-CPPene [3-(2-carboxypiperazine-4-yl)-1-propenyl-1-phosphonic acid]. Moreover, memantine does not change cocaine priming effect (i.e. the
ability of a single cocaine dose to induce drug seeking by rats previously treated with and than withdrawn from cocaine) [13], but it dose-dependently
inhibits cocaine self-administration both in constant
and increasing-dose paradigm (while dizocilpine
increases a number of cocaine self-administration
episodes in the latter paradigm) [56].
Memantine suppresses rewarding effects of certain addiction-forming substances. It only insignificantly reduces alcohol drinking [97], but, in contrast
to dizocilpine, it inhibits morphine self-administration in mice [122]. It prevents the development of
tolerance to morphine analgesia, induced by repeated exposure to the drug [10, 101], and annuls
the developed tolerance to morphine [102]
Memantine appears a good candidate for an almost universal anti-addictive medication, but there
are some data engendering caution. Namely, high
memantine dosing potentiates reinforcing effect of
electrical stimulation of the rat brain, although to
the lower extent than dizocilpine does [134]. Yet
more alarming seems the result of another experiment, even though it comprised a small group of
tobacco and crack smokers: memantine enhanced
their subjective feeling of pleasure [22].
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Ibogaine shows also characteristic features of
NMDA receptor antagonist. It incited vivid interest,
when it was reported to abolish heroin or cocaine
craving in addicted polyusers. Lotsof [70], the discoverer of this effect, patented ibogaine as a universal anti-addictive therapeutic agent. It was recently suggested that ibogaine may exert its antiaddictive effects by reversing the behavioral disinhibitory properties of stimulant drugs, related to
their stimulatory action on the neuroendocrine systems [130]. Despite some neurotoxic effects [88,
89] that may be related to its ability to inhibit glutamate uptake by glial cells (as shown for cortical astrocyte cultures from mice and rats) and possibly to
enhance the glutamate release from cortical synaptosomes [66], ibogaine does not seem very dangerous, since neurodegeneration neither was described
in Gabon inhabitants who commonly use it nor
were any harmful ibogaine effects discovered after
supplementation with this agent of a tonic beverage, customarily used in France in the sixties
(a counterpart of the presently used Red Bull) or after its use as a doping agent by sportsmen.
In primates ibogaine is rapidly O-demethylated
to form the metabolite 12-hydroxyibogaine (noribogaine) that was found to be a long-lasting and
potent biologically active agent. It is more active
than its parent compound in increasing extracellular serotonin levels and is approximately 10 times
more potent than ibogaine as an indirect serotonin
agonist. On the other hand, noribogaine is less potent as a stimulant of corticosterone secretion and
appears less apt to produce the adverse effects associated with ibogaine. This suggests that noribogaine may be a safer alternative for anti-addictive
medication development [8]. As mentioned above,
excellent articles about ibogaine have been published and are available in extenso on the internet
[99, 103].

Drugs activating GABAergic system
g-Vinyl-GABA, a GABA transaminase inhibitor
g-Vinyl-GABA (GVG) is one of the potential
anti-addictive drugs. It is an irreversible GABA transaminase inhibitor, so its action increases neuronal
GABA level and enhances GABA release. Anti-addictive action of GVG can consist in the indirect
activation of inhibitory GABAergic receptors which
regulate the activity of dopaminergic neurons in the
ventral tegmental area. It was shown that GVG in-

419

J. Vetulani

hibited nicotine action, so potentially it can be applied in tobacco smoking cessation therapy [28]. It
was also demonstrated to have beneficial effect in
cocaine abusers [29]. Recently, GVG has been reported to suppress elevation of the nucleus accumbens dopamine level induced by the administration
of addictive substances, such as stimulants (methamphetamine), opioids (heroin) and ethanol [42].
GVG much more efficiently abolishes the effects of
heroin and alcohol than those of methamphetamine. GVG is commercially available and has been
registered as Sabril, Sabriolex and Vigabatrin [141].
GVG is also used as an antiepileptic drug. It is
effective for partial seizures and infantile spasms
[144]. However, the treatment with this drug carries a high risk of irreversible concentric visual field
constriction, sometimes associated with a drop in
visual acuity [34] and these visual field defects limit
its use. Additional unpleasant side-effect of vigabatrin is gingival overgrowth [82]. Those effects may
limit the use of GVG also as an anti-addictive drug.
Baclofen, a GABA* receptor agonist
Another type of anti-addictive action via GABAergic system involves GABAB receptor activation
after the administration of baclofen, a drug, which
is used in clinic for treatment of epilepsy, pain and
uncontrolled hiccups. Baclofen dose-dependently
inhibited reinforcing cocaine action, though produced no inhibition of natural rewarding stimuli in
rats [110]. Preliminary clinical study suggested that
potentially it could be applied for cocaine [69] and
alcohol [1] anti-craving medication.

So-called substitutive therapies – agonistic
pharmacotherapies
The therapeutic strategy consisting in treatment
with the ligands competing with addiction-forming
substances for their binding sites is usually called
a substitutive or maintenance therapy. It has been
treated suspiciously as “trying to get rid of a devil
with a demon”. However, usually such therapy does
not require to treat a patient with an addictive drug
itself (except for therapy of nicotine dependence by
nicotine patches designed to supply nicotine by the
route less harmful than smoking), since therapeutic
agents used in substitutive therapy have different
receptor binding characteristics in comparison with
addiction-forming drugs. Their binding is typically
slow but long-lasting, so subsequent administration
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of the abused drug does not cause towering stimulation of the reward system. Nevertheless, some of
these drugs may have certain addictive potential.
Agonistic therapy of opiate addiction
Methadone and L-a-acetylmethadol (LAAM)
History of methadone has been recently presented by one of leader promoters of introduction
of this substance into clinical practice, Marian
Kreek [61]. The history of this drug started in 1963,
when Vincent P. Dole established a research group
focused on combating heroin abuse that was violently spreading at that time. They were alarmed by
the increase in heroin overdose-related death rate
and progressive spread of contagious diseases. Assuming a revolutionary, in those days, standpoint
that drug abuse is not criminal behavior nor personality disorder but the brain disease accompanied by
behavioral symptoms, the group undertook research
to determine whether long-acting opioid receptor
agonists, such as methadone, could be used in drug
addiction treatment [32].
Over the next decades, many studies have accumulated which documented safety and efficacy of
methadone pharmacotherapy, but fundamentalistic
approach to methadone and resulting governmental
regulations delayed its official introduction as an
anti-addictive agent by 35 years. Only recently, in
1999, The National Institute of Health (NIH) published a report indicating unequivocally the advantages of methadone use in maintenance treatment
of morphine addiction. The newest trials comprising large groups of patients have confirmed that
methadone has beneficial effect not only during detoxification but also as a component of long-term
maintenance treatment, decreasing illegal heroin
use and reducing behaviors leading to spread of
HIV infection [121]. Besides methadone, LAAM,
another opioid receptor ligand, acting longer than
methadone, has also been registered in the USA.
Methadone and LAAM seem to be particularly effective in relapse prevention. Although these treatments are currently provided in special drug treatment settings, recent and ongoing research indicates that the physician’s office may be an effective
alternative site for these treatments [145]. It should
be remembered, however, that both compounds have
some abuse potential. Recent studies on intravenous administration of LAAM, in contrast to previous clinical reports, have demonstrated that LAAM
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produces typical opioid effects of immediate onset
when administered parenterally, which suggests that
intravenous LAAM possesses greater abuse potential than previously believed [145].
Buprenorphine
Buprenorphine is a partial m-opioid receptor
agonist and k-receptor antagonist. It does not need
to be administered frequently since its action is
very prolonged, which makes its use more convenient. Its effectiveness in drug addiction treatment
was discovered at the end of the seventies [57, 80].
It is willingly taken by the patients since it has
some euphoric effect but cessation of its administration does not evoke abstinence syndrome. Therapeutic efficacy of buprenorphine is comparable to
that of methadone [120, 127]. Buprenorphine was
shown to suppress cocaine self-administration in
monkeys [81], but it did not reduce cocaine use by
humans [120]. Nevertheless, recent studies have
demonstrated that the combined treatment with disulfiram and buprenorphine decreases cocaine use
by the addicted individuals [41]. Disulfiram administration before cocaine intake abolished euphoric
action of the latter, evoking dysphoria and paranoid
symptoms. In some countries, like in France, in
which buprenorphine at high dosage became available in 1996, as a substitution treatment for heroin
addicts, its use is less restricted than the use of
methadone: methadone is only delivered in specialized centers while high dosage of buprenorphine
can be prescribed by all general practitioners [7].
However, since its introduction numerous deaths
were attributed to this drug. Intravenous injection
of crushed tablets, concomitant intake of psychotropics (especially benzodiazepines and neuroleptics) and the high dosage of the buprenorphine formulation available in France appear the major risk
factors for such fatalities [60].
Agonistic pharmacotherapy of addiction to psychostimulants

activation. One of such compounds was 1-{2-[bis(4-fluorophenyl)methoxy]ethyl]}-4-[3-phenylpropyl]piperazine, known by a code name GBR12909,
and recently named vanoxerine. Administered alone,
vanoxerine caused only a slight increase in dopamine level in extracellular fluid in the brain tissue,
but it strongly antagonized cocaine-induced rises in
dopamine level and decreased cocaine binding to
dopamine transporter [111, 114].
Reports that GBR12909 suppressed cocaine-evoked elevation of dopamine level in rodent mesolimbic system prompted researchers to carry out studies
in primates. In baboons, GBR12909 infusion before
amphetamine administration (1.5 mg/kg, iv) reduced dopamine surge by 74% [143], while in rhesus
monkey, this compound at a dose of 1 mg/kg considerably decreased, and at 3 mg/kg eliminated, cocaine self-administration [142].
GBR12909 not only blocks direct cocaine effects but also shows “negative sensitization” toward
cocaine. While pretreatment with a single dose of
cocaine enhances locomotor effects and stereotypy
induced by the next dose of cocaine or other dopamine transporter blockers given 24 h later, the cocaine pretreatment attenuates the stimulatory effect
of GBR12909 [35].
All these data suggest that GBR12909, technically considered a cocaine substitute, exactly as
methadone is a morphine substitute, is a promising
agent for the treatment of cocaine dependence. Due
to its high affinity for the dopamine transporter,
GBR12909 acts much longer in the brain than cocaine does [133], and even a possibility is being
considered to apply its decanoate in the treatment
to obtain sustained release drug form. A study on the
metabolism of GBR12909 in human liver microsomes concluded that CYP3A appears to be the major
enzyme responsible for human GBR12909 biotransformation [19]. Potential activity of GBR12909 in
cocaine addiction treatment has been reviewed by
Rothman and Glowa [112].

GBR12909 (Vanoxerine)

Peripherally acting anti-addictive drugs:
vaccines, enzymes, antibodies

At the end of the eighties, dopamine uptake inhibitors, displaying tight and long-term binding to
dopamine transporter, were noticed to, seemingly
paradoxically, act as cocaine antagonists. This happens because the emergence of reinforcing effect
requires repeated, phasic rather than tonic receptor

This approach has the advantage of operating
by means of an endogenous response that is independent of the central nervous system, thus circumventing the problem of neurotoxicity.
Psychoactive substances attack the brain, but
to reach it they have to be transported there with
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blood and cross the blood-brain barrier. Therefore,
an alternative strategy of drug addiction treatment
consists in the development of therapeutic agents
capable of intercepting the molecules of a psychoactive substance before they reach their final
target, and their neutralization during their journey
to the brain. Such compounds, peripheral blockers
of psychoactive drugs, have a number of potential
advantages over other anti-addictive drugs: their
design does not require knowledge of a detailed
mechanism of drug action on neurons, they can efficiently neutralize psychoactive drugs with multiple targets, and can protect against peripheral effects of addiction-forming drugs, e.g. undesired circulatory and gastrointestinal reactions [155].
Design of peripheral blockers of addictive substances was based on natural defensive systems of
the organism: enzymes and antibodies. Immunopharmacotherapy, wherein antibodies are used to
neutralize the drug, offers a possible alternative to
receptor-aimed pharmacotherapy. Anti-cocaine, anti-phencyclidine and anti-nicotine antibodies form
complexes with the molecules of addictive substances. These complexes are too large to cross the
blood-brain barrier. As a result, the drug remains in
the periphery, where it is metabolized and excreted
with urine. Another approach applies treatment
with the substances that accelerate the metabolism
of an addictive drug. The third strategy involves the
stimulation of formation of antibodies that bind and
destroy addictive drug molecules. Although high
doses of the drug of abuse can break this defense
line, peripheral antagonists can be a valuable supplementation of therapeutic programs aimed at preventing relapse and acute intoxication. Notwithstanding the fact that these drugs have not yet been
introduced into clinical practice, preclinical results
are encouraging, and phase one clinical trial of anti-cocaine vaccine seems to promise success [126].
Although most of the effort in production of vaccines against drugs of abuse concerned stimulants,
there were also promising attempts to develop potent, long-lasting anti-morphine immune response
for the treatment of morphine abuse [3] following
observations from mid-70’s [16].
Vaccines
Small molecules, such as cocaine molecules
usually do not alarm the immunological system.
However, cocaine molecules can be coupled with
a protein carrier, stimulating immunological respon-
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se. Mice vaccinated with such a complex produced
specific anti-cocaine antibodies which bound the
blood-borne drug molecules. Immunological response prevented cocaine entrance into the central nervous system of mice. It was a lasting effect, and
periodical booster vaccination enabled to maintain
a protective action for over a year [38]. Clinical trials of this vaccine are presently under way. The induced antibodies were demonstrated to bind tightly
not only cocaine, but also its active metabolite, norcocaine, while they did not interact with inactive
metabolites. The latter phenomenon prevents saturation of the antibodies with inactive metabolites,
and facilitates their elimination [37]. In immunized
rats injected with cocaine, the blood cocaine level
was higher and its brain concentration was lower
than in control rats, and 63% of the cocaine dose
was bound in blood as early as 30 s after the injection. The immunized rats less willingly self-administered cocaine in comparison with the control animals. It may suggest that vaccinated patients will be
less inclined to relapse in drug abuse. Obviously,
a large cocaine dose will break the blockade, but
therapeutic vaccines can be helpful for the patients
who intend to quit drug abuse, since the medication
blocks particularly the priming effect. Second generation anti-cocaine vaccines are now being developed in The Scripps Research Institute at La Jolla.
Rats immunized with the cocaine immunoconjugate
GND-keyhole limpet hemocyanin (KLH) or treated
with the anti-cocaine antibody mAb GNC92H2 had
dramatically suppressed responses to cocaine for
a prolonged time. This suggested that newly developed immunopharmacotherapeutic agents have significant cocaine-blockade potential and therefore
may offer an effective strategy for the treatment of
cocaine abuse [18].
Although most attention was paid to peripheral
cocaine blockage, therapeutic phencyclidine vaccines have also been developed. To remove this drug
from the circulation (in the USA, numerous cases
that required inpatient treatment following overdoses have been reported), monoclonal immunoglobulin G fragments were initially raised, capable of
high-affinity phencyclidine binding (antiPCP-Fab)
[94], and a full immunoglobulin protein (antiPCP-IgG) was later developed, which acted longer and
bound phencyclidine more strongly. AntiPCP-FAB
lowered phencyclidine level in the brain [136] and
blocked behavioral effects of this drug and its derivatives [45, 135]. Later comparisons of antiPCP-
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-Fab and antiPCP-IgG indicated that the latter much
more strongly diminished brain phencyclidine level
even if an animal received the drug in constant
infusion for 4 weeks, and the half life of IgG-phencyclidine complex was estimated at more than 15
days [106]. Such antibodies are hoped to be used
not only for detoxification in the cases of phencyclidine overdose, but also they can protect fetuses
of women who abuse phencyclidine during pregnancy [78]. It is significant inasmuch as the animal
studies demonstrated that phencyclidine and ketamine cross placental barrier and damage the fetus’s
brain [77].
Enzymes
Blood enzymes can metabolize cocaine and
other psychoactive drugs, but they are not able to
quickly neutralize such amounts of psychoactive
drugs that are typically taken by addicts. When the
incidence of acute cocaine poisoning was shown to
be higher in the patients with low blood butyrylcholinesterase (BChE) level, this enzyme became
a focus of further studies. They demonstrated that
a rise in BChE activity could enhance efficacy of
cocaine overdose treatment.
Carmona et al. [17] reported a very significant
increase in cocaine metabolism and attenuation of
its psychostimulatory action after elevation of BChE
activity. BChE administration in rats at a dose causing 400-fold rise in blood enzyme activity shortened cocaine half life from more than 5 h to less
than 5 min. Cocaine metabolic pathway was also
changed, i.e. lesser amounts of the active metabolite were produced.
The studies have indicated that natural variability of BChE in humans can be responsible for diversified reactivity to cocaine. People with certain
variants of the enzyme can respond to a standard
cocaine dose with overdose symptoms. Very active
variants of the enzyme have also been observed.
Using genetic engineering methods, Oxana Lockridge’s research group obtained very active mutant
of BChE, designated as A328Y [153]. It appears
that it can be used in intensive care of cocaine overdose [79].
Catalytic antibodies
Combination of two tactics of drug addiction
treatment, i.e. those utilizing antibodies and enzymes, led to a design of catalytic antibodies, which
bind to cocaine molecules (preventing their cross-
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ing the blood-brain barrier) and catalyze their degradation [83]. Cocaine molecule binding with the
antibody changes the conformation of the former
in such manner, that its hydrolysis to the systemically inert products, ecgonine methylester and benzoic acid, is accelerated. After hydrolysis, the inactive products split off and antibody is free to bind
another cocaine molecule. Administration of anticocaine catalytic monoclonal antibody mAB 15A10
diminished consequences of cocaine overdose in
rats, and decreased its self-administration. Further
study with this antibody showed that when given
30 min before testing it reduced in a dose- and time-dependent manner cocaine self-administration across
a wide cocaine dose range [6]. This suggests that
catalytic antibodies that dramatically affect cocaine
pharmacokinetics may be useful in the treatment of
both cocaine overdose and cocaine addiction.

Other potential and currently used anti-addictive treatments
Pharmacotherapy of alcoholism
Problems associated with alcohol abuse, alcohol
craving and alcoholism relapses have been recently
detailed in an excellent review of Bieñkowski [15].
Although alcohol-related death rate is lower than
that associated with nicotinism, the former exhibits
higher criminalizing liability and produces much
more drastic social effects. However, efficient pharmacotherapy of alcoholism begun to develop only
in the last decade, since disulfiram “therapy”, introduced after the World War II, can be considered
neither efficient nor ethical. Two anti-alcoholic drugs:
naltrexone and acamprosate have been successfully
introduced into clinical practice.
Naltrexone
The discovery that naltrexone, an unspecific
opiate receptor antagonist, effectively suppressed
alcohol dependence was unexpected and very interesting. Naltrexone was registered as ReVia to be
used as anti-alcoholic drug. Even though it is considered controversial by certain groups, particularly
Alcoholics Anonymous [39], undoubtedly it effectively decreases alcohol craving, alcohol-evoked
euphoria, alcohol consumption and relapse rate [87,
90, 116]. Good results in reduction of alcohol intake were obtained by combination of naltrexone
and ondansetron [2].

423

J. Vetulani

Efficacy of opioid receptor antagonists in the
treatment of alcohol addiction is associated with
the fact that endogenous opioids play a key role in
habit-forming action of alcohol. It has been hypothesized that one of alcohol effects may be b-endorphin release. Elevated alcohol consumption can be
an attempt to compensate for the congenital deficits
in opioid reward systems [51].
Naltrexone has successfully been used in the
treatment of opiate addiction as well [24, 43], although recently its usefulness in this respect has
been questioned [137]. An interesting approach
was to combine naltrexone and buprenorphine,
which was expected to enable fairly specific activation of k-opioid receptors and evoke dysphoric effects. The studies comprising a small group of
heroin abusers indicated that joint treatment with
naltrexone and buprenorphine produced better results in comparison with naltrexone administration
alone [113]. Moreover, preliminary experiments
demonstrated beneficial naltrexone action in the
patients dually addicted to cocaine and alcohol, the
particularly treatment-resistant group [93].
It appears that naloxone, a compound similar to
naltrexone, can also be applied in the therapy of
amphetamine addiction, since naloxone blocked
both amphetamine-induced locomotor effects and
a rise in extracellular (dialyzable) dopamine level
in the nucleus accumbens and striatum in the rats.
However, corresponding effects of cocaine were
not suppressed, which suggests that amphetamine
addiction is connected with opioid system activity,
while cocaine addiction is not controlled in such
a way [119].
Naltrexone has also successfully been used in
the reward system disturbances not related to drug
addiction, such as anorexia and bulimia [75, 76].
On the other hand, an attempt to apply this drug in
the treatment of nicotine addiction was unproductive [151].
Acamprosate
Acamprosate is a European drug, used particularly in France and registered as Campral. In terms
of its chemical structure, it is a calcium N-acetylhomotaurinate, and can be considered a structural
GABA analog. It probably interacts with GABA
receptor but NMDA receptor is regarded as its main
target [74]. This makes acamprosate an interesting
agent, as both enhancement of GABAergic neurotransmission and antagonism of glutamatergic neu-

424

rotransmission involving the NMDA receptor have
been implicated in the mechanism of action of ethanol, and the results of substitution tests conducted
with a number of GABA agonists and NMDA antagonists indicate that the discriminative stimulus
effects of ethanol may involve both GABAergic
and glutamatergic systems [123]. The recent data
indicate an extremely weak antagonism of NMDA
receptors by acamprosate, but show that the drug is
able to modulate the expression of NMDA-receptor
subunits in specific brain regions. This property is
shared by acamprosate with the well-established
NMDA antagonists memantine and MK-801, and
may be of relevance for its therapeutic profile, especially considering the importance of the role of
NMDA receptor plasticity in ethanol addiction
[108]. Acamprosate action depends probably on
a degree of receptor activity. Since alcohol also acts
at GABA and NMDA receptors, and hyperactivity
of NMDA receptor occurs in alcohol abstinence,
both substances have common targets. Acamprosate properties most important for the mechanism of
its therapeutic action include neuronal hyperactivity blockade and suppression of calcium influx
into the cell. In animal models of craving, acamprosate was shown to reduce alcohol intake [125]
and block elevated alcohol consumption during
deprivation period [52].
Acamprosate has quite long been studied in
clinical trials [67]. It is well-tolerated, it efficiently
decreases relapse incidence during abstinence and
its beneficial effects persist even after therapy discontinuation [118].
As mentioned above, naltrexone is a preferred
compound for treatment of alcohol dependence in
the USA, while acamprosate is more popular in
Europe. Only recently the two treatments were
directly compared. In this study naltrexone (50 mg/
day) was compared with acamprosate (1665–1998
mg/day) on a group of 157 recently detoxified alcohol-dependent men with moderate dependence, and
was proven superior to acamprosate in such parameters as the time to first relapse, number of
patients abstinent for a period of one year (41%
taking naloxone, 17% of receiving acamprosate),
number of days with abstinence, number of days
with heavy drinking, etc. [115].
Although both naltrexone and acamprosate,
though with different efficacy, reduce relapse to
alcohol use in recovering alcoholics, and both
drugs given separately reduce intake of alcohol in
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rats, in the animal model they have no synergistic
effect, and hence the combined treatment with
these drugs may not be any more effective than
monotherapy [128].
Pharmacotherapy for nicotinism
Tobacco smoking, the presently most popular
form of nicotinism, is a very strange addiction. It
has been commonly accepted almost everywhere at
least till the end of the last decade, so it had spread
enormously. It seems that nicotinism is the most
life-threatening habit among all drug addictions, as
the rate of tobacco smoking-related deaths of cardiovascular disturbances and lung cancer 5-fold exceeds mortality due to consumption of alcohol, the
second psychoactive substance legal in most parts
of the world. What is more, one fifth of deaths affect involuntary passive smokers, nonsmokers exposed to tobacco smoke inhalation. In the USA, an
estimated 400,000 people die of active tobacco smoking a year, and it is also a cause of 30% of deaths
of cancer [92]. Nicotine addiction is acquired much
easier that addiction to other psychoactive substances. Only minute percent of people who consume
alcohol become alcoholics, while 40% of smokers
are smoking addicts. This is connected probably
with the fact that nicotine is used in an almost continuous manner, in contrast to other psychoactive
substances which are usually taken on binges, with
longer breaks.
Strength of nicotine addiction seems to be determined by the rate of nicotine metabolism in an
organism. Populations with quicker metabolism,
e.g. women and Afro-Americans, acquire stronger
nicotine addiction, and are much more resistant to
substitutive therapy (see below) [86].
Abstinence symptoms appear in smokers very
quickly. Unpleasant reactions, accompanied by physiological changes occur several hours after the last
cigarette. The typical withdrawal symptoms are aggressiveness, nervousness, excessive appetite, lack
of concentration, mood depression, irresistible desire to smoke. All these symptoms disappear within
a month, except for excessive appetite which leads
to body weight gain observable in a week after
smoking cessation and persisting usually for about
3 months. Craving attacks become rarer and less intense in time, but return over many months [146].
Suppression of these attacks and mitigation of
nicotine abstinence symptoms are main goals of
nicotinism treatment.
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Until mid-nineties, the only effective anti-nicotinic pharmacotherapy was substitutive therapy
with nicotine. It was applied transdermally using
patches, orally as chewing gum or oral inhalators,
and as nasal sprays [152].
In 1996, a letter to the editor of American Journal of Psychiatry reported that the administration
of bupropion, an atypical antidepressant, dopamine
and noradrenaline reuptake inhibitor, assisted smoking cessation in depressive patients [68]. This was
a serendipitous observation, since antidepressant
drugs are not considered efficacious medication in
smoking cessation though it is believed that there
exist undeniable interrelationships between depression and smoking habit (depression is more common in smokers than in non-smokers, smoking depressive patients more reluctantly cease smoking,
mood depression is one of nicotine abstinence
symptoms, and in 30% depressive patients depressive symptoms appear after smoking cessation)
[23]. Further studies revealed that, besides bupropion, only nortriptyline proved to be an antidepressant drug assisting smoking cessation. The finding
that almost none of antidepressant drugs facilitates
smoking cessation suggests that the effectiveness
of bupropion and nortriptyline is not associated
with their antidepressant profile [11].
Introduction of bupropion into nicotinism treatment was the first efficient pharmacotherapy other
than substitutive treatment. Even the first controlled trials of sustained-release bupropion yielded
positive results [55], and further research indicated
higher efficacy of bupropion than substitutive therapy with nicotine [47]. In May 1997, sustainedrelease bupropion (bupropion SR) was registered
as Zyban and approved by the Food and Drug Administration in the USA for assistance in smoking
cessation. Since than, in the USA bupropion has
been used in more than 5 million patients, attempting to cease smoking [44]. Bupropion SR, administered at daily doses of 300 mg/kg for 7 or 9 weeks,
significantly reduced relapse incidence in comparison not only with the patients receiving placebo but
also with those treated with nicotine patches. Combined treatment with nicotine patches and bupropion yielded slightly better results that administration of bupropion alone, but the difference was not
statistically significant. Bupropion therapy has another very valuable advantage, namely bupropion-assisted smoking cessation caused much less weight
gain than that observed in remaining patients [54].
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Bupropion efficacy remains unaffected by previous
patient’s depression episodes or alcoholism [48].
Bupropion is more effective than nicotine patches
especially in women and Afro-Americans, who metabolize nicotine more rapidly [86]. Recent studies
that examined long-term bupropion therapy used
expressly for prevention of smoking relapse have
revealed that in persons who stopped smoking with
7 weeks of treatment, sustained-release bupropion
for 12 months significantly delayed smoking relapse and resulted in less weight gain [49].
As bupropion is an antidepressant, and many
antidepressants are associated with sexual dysfunctions, its effect on sexual activity was studied in
a large group of male depressed patients. It was
found that bupropion produces much less sexual
disturbances than a standard SSRI antidepressant,
fluoxetine, and therefore bupropion SR may be an
appropriate initial choice for the treatment of depression in patients concerned about sexual functioning [21]. This result suggests that the drug
would not produce sexual disturbances also in the
people who use it fighting nicotine addition.
In conclusion, at present, sustained-release bupropion is the first drug of choice in the therapy of
nicotinism: it is effective and well-tolerated. Reduction of body weight gain during abstinence and the
possibility to start the therapy even during regular
smoking are additional advantages of this therapy.
WHAT CAN WE EXPECT
IN THE 21ST CENTURY?
Future is obviously unpredictable, but some
projections may be ventured. Even though all visions of the future, that I know, have one common
feature: they never come true, prognostication is
a nice job since it will surely render entertainment
to those who will read the forecasts from before
several decades and confront them with reality.
Thus, what can we expect in the future with regard
to psychotropic substances and their position in the
society?
The first question is whether serious social and
medical threats caused by drug addiction, which
exist at present, will be overcome. It appears that
success can be expected if we view pharmacotherapy of drug addiction strictly from medical standpoint. In fact, we already have basic knowledge of
neuronal processes involved in rewarding and addictive actions. It is not full as yet, and new controversies, concerning neuronal mechanisms underly-
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ing these processes still continue to appear, but it is
operant in the sense that it enables to select promising strategies. It is still not clear whether the most
powerful help to combat drug addiction can be provided by therapeutic agents acting directly on the
reward system, those affecting specific target systems for individual addiction-forming drugs or peripherally acting vaccines for these substances. Recently discovered CART peptides still await practical application. It is conceivable that the methods
of genetic engineering will be applied to repair
deficits of the reward system underlying the congenital increased vulnerability to drug addiction.
However, it may happen that even slight improvement of already existing therapies will bring satisfactory results. Obviously, we cannot be a hundred
per cent certain of success. At the end of 20th century, we seemed to get control over contagious diseases, such as smallpox, cholera or classic venereal
diseases, and then we helplessly faced an attack of
new viruses, such as HIV or Ebola, or entirely new
contagious agents, prions. It cannot be excluded
that new, difficult to handle addiction-forming substances will be discovered rather in chemical laboratories than in the institutes of tropical plant research, and the information on their availability and
illicit use will spread through the internet.
It should be remembered that drug addiction is
a disease but it is not only a medical problem, but
also a social phenomenon, and its treatment requires psychological assistance. It appears that good
programs assisting patients in recovery from drug
abuse, such as Drug Abusers Anonymous, Focus
on Family, or various so-called twelve-stage programs do exist, especially in the USA and Western
Europe. However, there is some danger of nonsense competition between believers in pharmacotherapy and psychotherapy, mainly due to communication problems. Advocates of pharmacotherapy
are often blamed for soulless or too liberal attitude
toward the patients, and even accused of protecting
drug abusers and providing them with the drugs in
the guise of drug addiction treatment. Such objections are raised especially to heroin addiction treatment with methadone. As already mentioned, unfriendly attitude of psychotherapeutists, and particularly a fundamentalist approach of different,
politically influential moralists delayed methadone
introduction into practice for more than thirty
years.
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Moralizing approach to drug addiction, which
assumes that drug abuser is a criminal or sinner deserving condemnation is costly and little effective
unless we apply Singaporean variant calling for consistent hanging of all people who were found to possess even slight amounts of prohibited substances.
Rigorous penalization policy, however, is socially dangerous since it can give excessive power
to police and opportunity for fraud (planting drugs).
Moreover, it causes that drug abusers use drugs under stressful circumstances, which, as we know, enhance their rewarding action and strengthen addiction, predisposing to relapses (see [140]). Furthermore, penalized drug abuse incredibly increases
crime rate, which was substantiated by the results
of prohibition of alcoholic beverages in the USA
by the terms of Eighteenth Amendment to the US
Constitution. The law was abolished 13 years later
by Twenty Third Amendment, but damages, particularly powerful underworld developed in that
period, continued to exist.
The organized crime most strongly opposes
combating drug addiction. The main cause of spread
of drug abuse is an enormous profit from production, smuggling and dealing of prohibited substances. Undoubtedly, one of the reasons why prohibition was abolished in the USA was a decision that
during Great Depression money should rather contribute to state funds than aid mobsters’ pockets.
Legalization of alcohol in the USA did not mean,
however, lightening criminal law against drug
abuse. Till the end of the eighties, criminal policy
in the USA aimed to limit supply of drugs of abuse,
so most actions were directed against drug dealers.
In 1988, new, more stringent law was passed which
intended to reduce demand by penalization of drug
possession (Omnibus Drug Act). In consequence,
the number of prisoners rose three times, with no
effect on a decrease in drug use in recent years.
It appears that powerful criminal organizations
deriving huge profit from dealing prohibited substances are highly interested in preserving application of police methods to solve drug addiction problem. They possess enough resources to organize
campaigns seemingly aimed to fight drug abuse by
sharpening penalization and questioning moral
bases of pharmacotherapy, which actually causes
soaring of drug prices. In Poland, dealers do not
make profit out of peddling in schools cigarettes
and vodka, frequently abused by students, but
marihuana, heroin and amphetamine.
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It is not certain, what will be the end of the controversy between fundamentalists, liberals and permissivists, who call for full legalization of all addiction-forming substances. So far expansion of fundamentalistic tendencies can be noted on a global
scale, especially in Islamic world, but history of
Christian Europe teaches us that periods of restrictive societies (the Middle Ages, Counter Reformation) were interspersed with periods of liberalization (the Renaissance, Enlightenment). Currently,
liberal tendencies seem to prevail in European societies, and as democratization and access to information parallel technological progress, 21st century can be expected not to be a period of breaking
the right to freedom and individual development of
each society member. On the other hand, however,
at the end of liberal 19th century, who could have
foreseen sudden outbreak of Nazi and communistic
totalitarian systems, which were unusually puritan
with respect to the use of psychoactive substances
and rewarding behaviors in general (though Soviet
system made a splendid exemption for alcohol)?
Entirely opposite vision of the future forecasts
that new, harmless pleasure-affording substances
will be discovered, which will be widely used, and
even employed to control a society. Perhaps it is
worth to cite fragments of the lecture dealing with
threats created by drugs of abuse and environmental pollution, delivered by Professor Danilewski at the international congress in Rome 107 years
ago. He believed that different unnatural chemical
substances introduced into the environment put
health of protoplasm at risk, or, as we would say
today, they cause damage at the molecular level.
Views presented in this lecture are strikingly alive
also today.
What natural property, able to satisfy significant protoplasm requirements can be found in the
use of various stimulating agents, in the use of
alcohol, tobacco, and abuse of morphine, cocaine,
opium, ether, sulfone, etc.?
These substances are not indigenous to our
living matter: they blunt our senses when our organism requires their assistance, and excite our
nervous system when peace would be infinitely
more useful and healthy. In all respects, civilization
creates more and more artificial conditions, more
and more foreign to our protoplasm.
What urges us to follow this way? If we examine
main causes inciting all new inventions concerning
directly nutrients and stimulating substances, we
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will be able to easily distinguish a single motif,
winding its way across a whole array of relevant
facts. It is craving to satisfy a desire of bliss and
enjoyment in the quickest and most frequent way.
Unvarying pleasures tire us soon, we constantly try
to relieve their monotony. Our nerves quickly become dull and we introduce more and more stimulating substances into our body to attain the same
pleasure.
“Civilizational workshop” focuses every effort
on contenting all requirements, with servilely readiness finding new agents serving constantly the
same purpose.
Considering intense, constant and long-term introduction of alcoholic group into human body, it is
surprising indeed that this molecular structure
does not hitherto constitute any indispensable component of protoplasm of a majority of civilized
world. However, there is no doubt that miserable
organisms, existence of which is a shameful blame
on the civilization, have alcohol-impregnated protoplasm. It should be kept in mind that those miserable beings are almost incapable of leading life
similar to other people, unaided with constant alcohol supply.
It is misleading to believe that a man rarely encounters conditions similar do alcoholism. These
are several habitual uses of the substances foreign
to the organism, but common in some communities,
against which a combat has already been initiated
by knowledge and normal part of local communities: alcoholism, morphine and cocaine abuse, arsenicphagy, ether use, tobacco abuse, voluntary
and involuntary eating of rotten food, etc.
Present technology supplements at times largely too long list of the substances, which people strenuously introduce into their matter. This exertion
in technical research produces undoubtedly useful
effects, but advantage of quite a number of new
inventions was diminished by practical life, that
attributed to them an abnormal character, and
often harmful and detrimental for the organism.
Nevertheless, whoever can ensure that future
technical chemical synthesis will not provide humanity with a hope to have a number of substances
which can liberate mankind from plagues that
preachers and philosophers have vainly attempted
to eliminate. Lets imagine a time when several subcutaneous injections can cure one of a longstanding egoism, chronic conceit and bumptiousness, infidelity, finally of militarism and all other “isms”.
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Certainly, while awaiting such fortunate future,
it would be sensible to possibly preserve purity and
sensitivity of our protoplasm, protect it from the effect of alcohol, morphine, cocaine and so many
other similar substances at least until that golden
age arrives [131].
Hence, the idea of “a vaccine of happiness” is
not anything new, even among scientists. Probably
the most commonly known literary vision of a system making use of rewarding psychotropic substances is Brave New World written by Aldous
Huxley in 1932. Inhabitants of this world were divided into classes, subjected to scientific conditioning, and additionally plied with a liquor of happiness, soma. With great intuition, this famous writer
pictured all horrors of totalitarian, scientifically
subjugated but at the same time happy and devoid
of physical suffering society. This issue was explored further by many second-rate authors of science
fiction works, although they were unable to make
this message so overpowering.
Nevertheless, let’s reflect – is the creation of
such societies in future centuries only a pure fiction? Will an urge to consumption lead to a society
of narconauts, if the world indeed becomes so rich
that everyday problems with a struggle for bread
and butter are eliminated? Is this vision better than
the society, based on alcohol consumption (a model
already approached by certain communities and
social groups), a society of internauts and TV maniacs? Will living conditions on the overpopulated
planet, so divergent from those to which our biology has adapted, and in which natural selection
fully operated, force us to seek support from chemistry to change reactions of our nervous system?
With regard to the question whether the societies based on psychotropic drugs will be able to exist, my answer is negative. Civilization is driven by
constant progress which is a result of unceasing
intellectual effort of scientists and engineers. Experience teaches us that even though the artists can
flourish while abusing drugs (e.g. Baudelaire, Witkacy and many others), and slight psychopathologies can even increase their creativity [71–73], and
at least drug abuse does not disable them much, scientists and engineers cannot work with clouded
mind. Admittedly, there are psychotropic substances which elevate capacity of scientist’s brain, let
us mention caffeine (and, reluctantly, nicotine and
psychostimulants), but there are no active scientists
among alcoholics and morphine abusers. Hitherto
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known psychotropic drugs at doses exceedingly
stimulating reward system inhibit cognitive system
equally efficiently as downers, not to mention hallucinogens. The cultures which abuse such agents,
notwithstanding even their high spiritual and artistic development, would be supplanted or controlled
by intellectual technical cultures.
This remarks bring to mind a vision of humanity’s end depicted by charismatic writer Herbert
George Wells in The Time Machine, his first book
published in 1895. At the close of its history, the
mankind evolved into two races. Living under
natural conditions on the surface of the earth, vegetarian, devoted to arts and happy during the day
Eloi, fell into a panic of the night at dusk, when
cannibal, living underground and highly technically developed Morlocks emerged to the surface.
But no matter what anyone may say, Eloi were
much more sympathetic than Morlocks...
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