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Abstract: Cognitive enhancement can be defined as the use of drugs and/or other means with the
aim to improve the cognitive functions of healthy subjects in particular memory, attention, creativity
and intelligence in the absence of any medical indication. Currently, it represents one of the most
debated topics in the neuroscience community. Human beings always wanted to use substances to
improve their cognitive functions, from the use of hallucinogens in ancient civilizations in an attempt
to allow them to better communicate with their gods, to the widespread use of caffeine under various
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forms (energy drinks, tablets, etc.), to the more recent development of drugs such as stimulants and glutamate activators.
In the last ten years, increasing attention has been given to the use of cognitive enhancers, but up to now there is still only
a limited amount of information concerning the use, effect and functioning of cognitive enhancement in daily life on
healthy subjects. The first aim of this paper was to review current trends in the misuse of smart drugs (also known as
Nootropics) presently available on the market focusing in detail on methylphenidate, trying to evaluate the potential risk
in healthy individuals, especially teenagers and young adults. Moreover, the authors have explored the issue of cognitive
enhancement compared to the use of Anabolic Androgenic Steroids (AAS) in sports. Finally, a brief overview of the
ethical considerations surrounding human enhancement has been examined.
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INTRODUCTION

Cognitive enhancement can be defined as the use of
drugs and/or other means with the aim to improve the
cognitive functions of healthy subjects in particular memory,
attention, creativity and intelligence (intended as problem
solving ability) in the absence of any medical indication [1, 2].

Currently, it represents one of the most debated topics in
the neuroscience community. Human beings have always
wanted to use substances to improve their cognitive functions,
from the use of hallucinogens in ancient civilizations in an
attempt to allow them to better communicate with their gods,
to the widespread use of caffeine under various forms
(energy drinks, tablets, etc.), to the more recent development
of drugs such as stimulants and glutamate activators.
According to many, this continued demand for substances to
improve cognitive skills is a typically human feature and
therefore cognitive enhancement can be considered as the
application of new scientific advances to achieve the age-old
desire of self-improvement [3-5].

In the last ten years, increasing attention has been given
to the use of cognitive enhancers, but up to now there is still
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only a limited amount of information concerning the use,
effect and functioning of cognitive enhancement in daily life
on healthy subjects [6].

The first aim of this paper is to review current trends in
the misuse of smart drugs (also known as Nootropics)
presently available on the market focusing in detail on
methylphenidate, trying to evaluate the potential risk in
healthy individuals, especially teenagers and young adults.

Secondly, the authors will explore the issue of cognitive
enhancement compared to the use of Anabolic Androgenic
Steroids (AAS) in sports.

Finally, a brief overview of the ethical considerations
surrounding human enhancement will be examined.

SMART DRUGS AS COGNITIVE ENHANCERS: THE
EMBLEMATIC CASE OF METHYLPHENIDATE

Methylphenidate (Fig. 1) is a psycostimulant, present on
the market with different trade names (e.g. Ritalin, Concerta,
Methylin, Equasym XL). It was initially synthesized in 1944
by Leandro Panizzon and sold with the trade name of
“Ritalin” by Ciba-Geigy Pharmaceutical Company in 1954
[7]. It was used at the beginning for the treatment of several
conditions, such as: depressive states, psychosis associated
to narcolepsy etc. [8]. Presently, methylphenidate is one of
the most commonly prescribed drugs for the treatment of
Attention deficit-hyperactivity disorder (ADHD) [9].
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Fig. (1). Chemical structure of Methylphenidate.

In order to understand the possible efficacy of this drug
as a cognitive enhancer, a fundamental starting point is
represented by its pharmacodynamics. Methylphenidate is a
benzylpiperidine and phenethylamine derivative and it acts
as a dopamine-norepinephrine reuptake inhibitor, by binding
and blocking dopamine and norepinephrine transporters,
which reuptake them within the presynaptic neuron after
their release, although methylphenidate is most effective in
modulating the levels of dopamine rather than norepinephrine
[10,11].

Numerous studies concerning the cognitive enhancing
effects of methylphenidate on the normal brain have
involved adult animals and humans [12-14]. At high doses
(5-10 mg/kg), administered intraperitoneally in rats, there is
an increase of the locomotor activity and an impairment
of attention and performance, which affect those
cognitive skills belonging to prefrontal cortex, whereas the
intraperitoneal administration of low doses (0.5-2 mg/kg)
improves cognitive performance and reduces motor activity.
The administration of lower doses (0.25-1 mg/kg) of
methylphenidate in healthy rats increases the attention skills
without affecting the motor activity [15].

The potential effects of the psycostimulants (e.g.
methylphenidate) and agents active on catecholamines,
represent a plausible risk of cognitive enhancement. When
the levels of dopamine and norepinephrine are optimal, they
bind, showing a high affinity, respectively to DlI-like
receptor and a2 receptors, increasing the signal to noise ratio
(S/N) in the prefrontal cortex. At higher doses, dopamine
starts to bind to D2 receptors, while norepinephrine binds to
al and P receptors; as a consequence there will be a
reduction of S/N and the activation of neurons not involved
in these tasks [16].

The abuse of methylphenidate among adolescents can be
particularly dangerous and numerous side effects can arise
after a prolonged use of this drug (see Fig. 2). Moreover,
methylphenidate has an important role in regulating dopamine/
norepinephrine levels, which can alter the maturation process
of the prefrontal cortex, deeply active during that period of
life [17].

Lee et al [18] observed the effects of repeated
methylphenidate exposure on the locomotor diurnal rhythm
activity patterns of female adolescent Sprague—Dawley (SD)
rats, which were divided into 4 groups: control, 0.6 mg/kg,
2.5 mg/kg, and 10 mg/kg methylphenidate group. The results
obtained showed that the repeated administration of 2.5
mg/kg and 10 mg/kg of this drug was able to modify the
locomotor diurnal rhythm patterns, suggesting that these
doses exert long-term effects.
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Urban et al [19] treated juvenile and adult SD rats with
methylphenidate, and the neuronal excitability and synaptic
transmission in pyramidal neurons of prefrontal cortex were
examined. The results of this study showed that an
intraperitoneal dose of 1 mg/kg, either single dose or chronic
treatment produced significant depressive effects on
pyramidal neurons by increasing hyperpolarization-activated
currents in juvenile rat prefrontal cortex, whereas exerting
excitatory effects in adult rats. Minimum clinically-relevant
doses (from 0.03 to 0.3 mg/kg) also produced depressive
effects in juvenile rats, in a linear dose-dependent manner.
Function recovered within 1 week from chronic 1 mg/kg
treatment, however chronic treatment with 3 and 9 mg/kg
resulted in depression of prefrontal neurons lasting 10 weeks
and more. According to this study the juvenile prefrontal
cortex is supersensitive to methylphenidate, and the accepted
therapeutic range for adults has been overestimated. Juvenile
treatment with this drug could result in long-lasting,
potentially permanent changes to excitatory neuron function
in the prefrontal cortex of juvenile rats.

Therefore, the dosage of methylphenidate and the age of
the subjects in relation to prefrontal cortical plasticity remain
the key points, which should be better investigated with
further studies involving healthy subjects, in order to clarify
several aspects still not entirely understood.

Although according to numerous reports, methylphenidate
is widely abused as a cognitive enhancer among healthy
subjects, especially young adults and teenagers, it is very
difficult to determine the actual trend of abuse [20]. First of
all, it is necessary to distinguish the illicit from therapeutic
use among people affected by ADHD or other pathologies
requiring methylphenidate as therapy.

According to the U.S. Department of Health and Human
Services, in monitoring the Future National Survey Results
on Drug Use, 1975-2006 [21], the use of methylphenidate
among college students was 3.9% in 2006, whereas in young
adults it was 2.6%. It is interesting to underline a slight
decrease in the use of this drug in both categories between
2002 and 2006 (see Fig. 3). Moreover, these trends of use if
compared to other phenethylamines commonly abused, such
as amphetamines, show that methylphenidate is less used
both in college students and in young adults.

Numerous other studies have investigated the misuse/
abuse of methylphenidate in healthy subjects, but because of
different methodologies, type of studies and statistical
analysis they cannot be uniformly compared; Babcock and
Byrne [22] showed the results of a study, in which the use of
methylphenidate in a small New England college was
investigated. According to this study about 16% of the student
population had used the drug for recreational purposes and it
is the most common among students (aged 18-24 years).

Teter et al [23] carried out a larger study at the
University of Michigan, by administering a questionnaire.
About 3% of the students had used or abused methylphenidate,
the survey was completed within a year. Males and females
presented nearly the same percentages of misuse/abuse. In
addition, an association between misuse and attendance at
parties was found.
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Fig. (2). Possible side effects after chronic use of Methylphenidate.
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Fig. (3). Trends of use of methylphenidate compared to amphetamine during the years 2002-2006.

White et al [24] report in their research that 16.2% of
students have misused or abused stimulants. Of this group,
96% identified Ritalin as their stimulant of choice. The
frequency of abuse in more than 50% of misusers was 2-3
times per year, in almost 34% it was monthly (1-2 times/
month) and in 15.5% it was weekly (2-3 times/week).

Despite not allowing for comparative analysis, the
above reported studies highlight a wide misuse/abuse of

methylphenidate as a cognitive enhancer among teenagers,
college students and young adults.

ANABOLIC ANDROGENIC STEROIDS MISUSE AND
ABUSE

“Anabolic steroids” is the name given to synthetic
variants of the male sex hormone testosterone. The
comprehensive term for these compounds is anabolic-
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androgenic steroids (AASs): “anabolic” refers to muscle-
building and “androgenic” refers to the increased male
sexual features.

AASs can be used for clinical purposes in the treatment
of several pathologies: several forms of anemia, acute and
chronic wounds, severe burns, short stature, osteoporosis,
hypogonadism (primary or secondary forms), AIDS wasting
syndrome, catabolic states due to long-term corticosteroid
therapy etc. [25-28].

Besides the numerous clinical applications of AAS, they
are always more misused and abused by athletes as an
ergogenic aid to improve their performance and/or physical
shape [29].

Sports involving power production and strength training
are the ones which commonly involve the use of AASs.
Back in the 1950s, these compounds were used by a handful
of professional athletes, but as they became more accessible
and their use was extended to include also high school and
college students [29-31]. Furthermore, as an ever increasing
number of women use these compounds, the abuse of AASs
can no longer be said to belong mostly to the male
population [32].

The issue of AASs misuse and abuse creates some
difficulties in order to make a proper and accurate
estimation. Several aspects, such as the neurological effects
of AASs are still under investigation. Moreover, in some
cases, there is conflicting data, especially concerning
psychological effects.

The abuser is placed under numerous influences and a
very complex interconnection of forces, which cannot be
ignored. The slogan “win at all costs” is the one that makes
better this concept. Moreover, the significant appreciation of
the society for winning athletes represents a further decisive
factor for the consumption of these substances.

The issue of AAS use and abuse by athletes allows us to
make numerous ethical considerations:

If on the one hand, the position of banning the use of
AASs could be adopted, except for medical purposes, taking
into consideration the numerous side effects associated with
their use, on the other hand this stance may appear as “very
parentalistic or paternalistic”, and it cannot be applied to
“professional” athletes, who consider the use of AASs and
their side effects as an equal exchange in order to succeed in
sport [33]. This view point can be significantly internalized
by athletes who follow tough training programs for several
years in order to progress in levels of certain competitive
sports only to discover that many of their rivals are using
AASs, forcing upon them a difficult choice; either to decide
to use AASs or to participate at a known disadvantage, or to
withdraw from competition.

Generally in sports, athletes train in order to be better
than other competitors, thereby beating their opponents.
This advantage can be achieved through fair play,
competitiveness, professional foul, or through the use of
performance enhancing drugs like AASs [33]. This raises an
ethical issue; if all athletes in a particular sport decide to
consume AASs, would that not produce a fair competitive
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setting? The fairness would depend on whether all athletes
were using a similar typology and quality of drugs [34]. If
one argues that participants are free to choose to take part in
competitive sports and are therefore free to use AASs or not,
in spite of the possible side effects, then surely it can be
regarded as an athlete’s right to choose [33-35].

Many argue that using AASs allows an athlete to perform
beyond the natural limits of the human body. The counter
argument could be that the widely accepted use of coaches,
vitamins, or weight training, already pushes athletes beyond
their natural limits [33]. Athletes are already able to perfect
their performance as a result of scientifically prepared
training programs. However, if it is agreed upon that sport is
a test of character and greatness within the natural
limitations of man, then AASs use would be seen as wrong
because competitors would no longer be within this human
state but in a pharmacologically-induced state [33].

AASs are able to modify the mood through numerous
mechanisms [36-38]. Testosterone and AASs can act as a
central monoamine oxidase inhibitor (MAOI).Therefore,
AASs are considered mood enhancers, investigated in
subjects affected by depression. Vogel et al [39] confronted
the antidepressant effects of amitriptyline (range: from 75
mg/d to 300 mg/d) with those of mesterolone (range: from
100 mg/d to 550 mg/d) in a double-blind design with 34
male patients suffering with depression. According to this
study [39] both drugs had a similar effect in diminishing the
depressive symptoms and at the same time the mesterolone
caused far less side effects than amitriptyline.

The neurologic and psychiatric consequences due to AAS
abuse reported in adolescents and young adults require a
careful evaluation.

Irving et al [40] performed a study in 4746 middle and
high school students, in order to assess the prevalence of
AAS use and to identify social, environmental and behavioral
aspects concerning the health of students using these drugs.
The results obtained show that AASs were more commonly
used by males (5.4%), whereas the prevalence of use in
females was 2.9%. In males, an association between AAS
use and “poorer self-esteem and higher rates of depressed
mood and attempted suicide, poorer knowledge and attitudes
about health, greater participation in sports that emphasize
weight and shape, greater parental concern about weight, and
higher rates of disordered eating and substance use”, was
found. In female students, the association between AAS use
and the condition above reported was weaker, even if
numerous common aspects between the two groups were
highlighted.

Another study [41] conducted on 3054 high school
students showed the association between the frequency of
AAS use among students and high-risk behaviors, suggesting
that AAS use is more a contributor to a "risk behavior
syndrome" than a former of an isolated behavior.

Several cases reporting psychiatric symptoms in subjects
using AASs are described in the literature [28, 42-44].

Thiblin et al [44] reported eight suicidal cases involving
males aging from 21 to 33 years old, with a present or
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previous history of AAS wuse. In 5 cases, suicide was
committed during the use of AAS, whereas in 2 cases it was
committed after 2 and 6 months respectively following AAS
discontinuation. Only in one case it was not possible to
establish whether the subject was using or had recently
stopped the use of AAS. In 5 males, their relatives had
observed the onset of depressive symptoms associated to
AAS discontinuation. In 4 cases, following a long use of
AASs, the development of a depressive syndrome was
noticed. Hypomania-like symptoms appeared in 2 cases right
before committing suicide.

Only 1 out of the 8 cases examined by Thiblin et al [44]
had developed suicidal thoughts prior to the consumption of
AASs, however, the presence of suicidal risk factors,
regardless of the use of anabolic steroids, was found in all
cases. According to the authors of this study, psychiatric
symptoms and conflicts because of a prolonged use of AASs
can contribute to suicide in subjects with predisposing risk
factors.

DISCUSSION AND CONCLUSIONS

Cognitive enhancers and AASs can be considered as the
two sides of the same coin. Both of them represent the more
general desire of “human enhancement” which can be defined
as the wish to overcome, temporarily or permanently, the
existing limits in the human body with natural or artificial
methods. The use of artificial methods (including the use of
drugs) in order to choose, vary and improve human features
and capabilities beyond those that already exist in human
beings, is the heart of this concept [45, 46].

In the era of “cosmetic neurology”, the first question that
we ought to ask ourselves is, why should methylphenidate,
be considered as a cognitive enhancer in the absence of
scientific evidence? Many arguments can be provided; first of
all, the one we think better suits this answer is “the sociological
desire to find a pharmacological solution to social problems”
[20]. But is this desire strong enough to support the wide
spread of methylphenidate as a cognitive enhancer? And
then, is its use among healthy subjects really so diffused?

The first question can be answered in this way, sustaining
that “sociological desire” generates numerous expectations
regarding what this compound can do, could do or even
should do [47, 48]. These expectations have also promoted
large speculation about the enhancement of different
cognitive domains such as memory, attention and creativity.
The overestimation of these expectations makes feasible
what is only potentially hypothetical. Furthermore, another
reason that supports the vast abuse of this drug rises from the
mental association between the therapeutic use for ADHD
treatment and its misuse in order to improve learning skills
in healthy subjects. This improper use is based on exceeding
the marked borderline between health and disease, which
appears in the eyes of abusers increasingly blurred until it
disappears. As a consequence, the word “treatment” might
become a synonym of enhancement in the cognitive field
[20, 48, 49].

Regarding the diffusion of methylphenidate among
healthy subjects, no exhaustive conclusion can be formulated.
Moreover, it is always necessary to contextualize the data
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available, not only by comparing its trends of abuse with
other smart drugs, but also with several other drugs of abuse,
which are constantly changing.

The expected cognitive advantages related to the use of
methylphenidate offer an unfair advantage to those who use
it. This “unfair advantage” becomes more evident in sport
and the use of AASs represents a frank manifestation of this
form of “cheating” [50, 51]. AASs have been abused over the
time either alone or in association to several other prohibited
substances especially among bodybuilders, such as gamma-
hydroxybutyrate (GHB), which was thought to induce a
significant release of growth hormone (GH) [52, 53].

We can argue that the thread that joins cognitive
enhancers (including methylphenidate) and AASs in academia
and in sport are the expected results and the Ovid’s maxim
“exitus acta probat” (the result validates the deeds) highlights
in fact this concept; the “exitus” is represented by human
enhancement (both physical and mental), whereas the “acta”
necessary to pursue this goal are represented by the misuse
and abuse of these substances not taking into account the
numerous established and potential side effects. The latter
can represent the same criterion adopted in banning their use
in sports, whether the risk is a real or only potential. This
strategy has been applied by several organizations, such as:
the World Anti-Doping Agency (WADA), Association of
Tennis Professionals, Major League Baseball, Fédération
Internationale de Football Association, the Olympics, the
National Basketball Association, the National Hockey League,
and the National Football League and many others [54-56].

The topic of cosmetic neurology is a controversial but
emerging field, where medical therapies are used to enhance
neurological functions [57]. The discussion above reported
and the brief review of the literature in this field allow us
almost to speculate: if on the one hand, cognitive enhancers
may be intended as potential “steroids of the mind”, on the
other hand, AASs can be considered “enhancers of the
body”. This dualism may explain why there are the two sides
of the same coin.
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