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Abstract

Despite GHB therapeutic uses being explored and the increasing concern about the toxicity of
this drug, little was known about the physiologic and subjective effects and alterations in
psychomotor performance induced by GHB in humans. Few studies addressed dose-related
effects under controlled administration and the correlation of drug effects and concentrations in
biological fluids including alternative matrices. Furthermore, although GHB was being abused by
humans, preclinical evaluation of the relative reinforcing effects of GHB was fairly inconsistent. In
humans, a number of cases of GHB abuse and dependence have been reported, but no abuse
liability studies had been performed. Moreover, previous epidemiological investigations reported
an increased abuse of sedative-like drugs in recreational poly-drug users. The reasons for this

shift in drug preference and the effects of these drugs in this population remained unclear.

The main aim of this work was thoroughly characterising the actual behavioural effects of GHB in

humans. Within this context, we set up a series of controlled studies to evaluate the effects of



GHB and its relative abuse liability in healthy human volunteers previously exposed to this
substance. All studies were carried out at the Pharmacology Research Unit at the ‘Institut
Municipal d’Investigacié Médica’ (IMIM), Barcelona, Spain, and were double blind, randomized,
crossover and controlled. Study variables included vital signs (blood pressure, heart rate, oral
temperature, pupil diameter), psychomotor performance (digit symbol substitution test, balance,
maddox-wing), subjective effects (a set of 13 visual analogue scales, Addiction Research Center
Inventory-49 items, and Evaluation of the Subjective Effects of Substances with Potential of
Abuse questionnaires), and pharmacokinetics. The studies were conducted in accordance with
the ‘Declaration of Helsinki’, approved by the local Ethical Committee and authorized by the

Spanish Ministry of Health.

Firstly, a pilot study was performed as a preliminary phase. As a pilot pharmacology phase I study,
different oral doses of sodium GHB (40, 50, 60, and 72 mg/kg) were given to 8 volunteers in a
dose escalation schedule. GHB concentrations in plasma, oral fluid, urine, and sweat were
analyzed for GHB by gas chromatography—mass spectrometry. GHB stability in plasma was
studied at different storage temperatures. The method of detection of GHB in plasma, urine and
oral fluid used throughout the studies was validated. No relevant variability due to the effect of
storage temperature in GHB plasma concentrations was found. Physiological effects,

psychomotor performance, and subjective effects were examined simultaneously.

GHB-mediated physiological and subjective effects were dose dependent and related to GHB
plasma concentrations. GHB showed a mixed stimulant-sedative pattern, with initially increased
scores in subjective feeling of euphoria, high, and liking followed by mild-moderate symptoms of
sedation with impairment of psychomotor performance. GHB was readily absorbed after oral
administration and rapidly eliminated. GHB was found in oral fluid at peak value concentrations
equivalent to one third to one fourth of those found in plasma. The mean half-life (t%4) of GHB
was approximately 0.7 hour in plasma and 1.2 hours in oral fluid. GHB urinary excretion was less
than 2% of the dose administered. GHB was also detected in sweat at low concentrations.

The information obtained was used to establish the doses to be administered and the optimal

design for the final study.

The final study was performed to confirm GHB-induced subjective and physiological effects, and
to evaluate its relative abuse liability compared to flunitrazepam and ethanol, and its impact on

psychomotor performance in ‘Club Drug’ users. Twelve healthy male recreational users of GHB



participated in 5 experimental sessions in the framework of a clinical trial. Drug conditions were a
single oral dose of GHB (40 or 60 mg/kg), ethanol (0.7 g/kg), flunitrazepam (1.25 mg),and placebo.
All active conditions induced positive effects related to their abuse potential. The administration
of GHB produced euphoria and pleasurable effects with slightly higher ratings than those
observed for flunitrazepam and ethanol. GHB induced a biphasic time profile with an initial
stimulant-like effect related to the simultaneous rise of plasma concentrations and a latter
sedative effect not related to GHB kinetics. GHB administration also induced dose-dependent
mild unpleasant effects, with no within-subject coincidence of positive and negative GHB related
effects. GHB plasma concentrations and ethanol blood concentrations were well correlated to
subjective effects related with stimulation whereas flunitrazepam plasma concentrations were
better correlated to sedative-like effects. GHB plasma concentrations were also well correlated
to different VAS related to abuse potential. GHB increased blood pressure and pupil diameter.
Ethanol induced its prototypical effects, and flunitrazepam produced marked sedation. GHB and
flunitrazepam impaired psychomotor performance (digit symbol substitution test and balance
task), whereas ethanol, at the dose tested, induced only mild effects exclusively affecting the

balance task.

In conclusion, at the doses tested GHB was capable of inducing euphoria, pleasurable feelings,
sedation and slight stimulant-like effects as previously reported by GHB users. GHB induced a
biphasic time profile with an initial stimulant-like, euphoric and pleasurable effect related to the
simultaneous rise of plasma drug concentrations and ulterior sedative effect collateral to a
decrease in GHB plasma concentrations. The three study drugs, GHB, flunitrazepam and ethanol,
although known sedate-like drugs, they all induced a mixed sedative-stimulant pattern. GHB
tolerability highly differ between subjects with no within-subject coincidence of positive and
negative GHB related effects. Following oral administration, GHB is rapidly absorbed and
eliminated with high interindiviidual variability. Measurable plasma, urine, oral fluid and sweat
were observed. However, oral fluid and sweat appear not to be suitable biological matrices for
monitoring GHB consumption. The results suggest a high abuse liability of GHB in ‘Club Drug’

users, providing the scientific rationale for the increased abuse of the drug in humans.



Resumen

A pesar del uso terapéutico de GHB y de un aumento en la percepcion de su toxicidad, el
conocimiento sobre los efectos fisioldgicos, subjetivos y sobre el rendimiento psicomotor
inducidos por el GHB en humanos era limitado. Escasos estudios habian evaluado de forma
controlada los efectos dependientes de la dosis y la correlacion entre los efectos y la
concentracion de GHB en diferentes fluidos bioldgicos, incluyendo matrices alternativas. Ademas,
a pesar del abuso de GHB, los resultados de los estudios preclinicos sobre sus efectos reforzantes
eran inconsistentes. Si bien se habian descrito casos de abuso y dependencia, no se habian
realizado estudios controlados evaluando el potencial de abuso de la sustancia en humanos.
Mientras, los resultados de algunos estudios epidemioldgicos apuntaban a un abuso creciente de
drogas de tipo sedante en policonsumidores de drogas recreacionales. Tanto las causas de este

aumento en el consumo como los efectos de estas sustancias en esta poblacion eran desconocidos.

El objetivo mds importante de este trabajo fue la meticulosa caracterizacion de los efectos del
GHB en humanos. En este contexto se pusieron en marcha una serie de estudios controlados para
evaluar los efectos del GHB y su potencial de abuso, en sujetos expuestos previamente a la
sustancia. Los estudios fueron desarrollados en la “Unitat de Recerca en Farmacologia” del
“Institut Municipal d’Investigacié Médica” (IMIM) de Barcelona, Espaiia. Los estudios fueron
randomizados, a doble ciego, de tipo cruzado y controlados. Las variables estudiadas incluyeron
constantes vitales (presion arterial, frecuencia cardiaca, temperatura oral, didmetro pupilar),
efectos sobre el rendimiento psicomotor (test de sustitucion de simbolos por digitos, tarea de
balance, ala de maddox) efectos subjetivos (cuestionario Addiction Research Center Inventory
reducido de 49 items, 13 escalas visuales analdgicas, cuestionario de valoracion de efectos
subjetivos de sustancias con potencial de abuso-VESSPA) y evaluacion farmacocinética. Los
estudios se desarrollaron de acuerdo con la “Declaracion de Helsinki” y fueron aprobados por el
Comité Etico-CEIC de nuestro centro. Ademds fueron autorizados por la Agencia Espafiola del

Medicamento.

En una primera fase se realizo un estudio piloto. Como estudio piloto de farmacologia humana de
fase I, diferentes dosis de GHB sddico (40, 50, 60 y72 mg/kg) fueron administradas por via oral a 8
voluntarios en una pauta de dosis ascendente. Las concentraciones de GHB en plasma, fluido oral,
orina y sudor fueron analizadas mediante cromatografia de gases acoplada a espectrometria de
masas. La estabilidad de GHB en plasma fue estudiada a diferentes temperaturas, no

encontrandose una variabilidad significativa. El método de deteccion de GHB en plasma, fluido



oral y orina fue validado para su posterior uso durante los estudios. Los efectos fisioldgicos,

subjetivos y sobre el rendimiento psicomotor del GHB fueron evaluados simultdneamente.

Los efectos fisiologicos y subjetivos fueron dosis dependientes y se correlacionaron con las
concentraciones plasmdticas de GHB. El GHB produjo efectos de tipo mixto estimulante y sedante,
con un incremento inicial de las puntuaciones en los efectos subjetivos agradables de euforia y
“colocon”, seguido de efectos moderados de tipo sedante asociados a una alteracion del
rendimiento psicomotor. La administracion de GHB se siguié de una rdpida absorcion y
eliminacion. Se detecto GHB en fluido oral, con un pico en su concentracion equivalente
aproximadamente un % del pico de las concentraciones plasmadticas. El tiempo de semivida de
eliminacion (t¥%) de GHB fue aproximadamente de 0.7 horas en plasma y 1.2 horas en fluido oral.
La excrecidn urinaria fue inferior a un 2 por ciento de las dosis administradas. Asimismo se halld
GHB en sudor a bajas concentraciones. La informacion obtenida en el estudio piloto fue
determinante para la optimizacion del disefio del estudio definitivo y la seleccion de las dosis

administradas.

El estudio definitivo se realizo con la intencion de confirmar los efectos fisioldgicos y subjetivos del
GHB y su impacto sobre el rendimiento psicomotor, asi como pare evaluar su potencial de abuso
en comparacion con etanol y flunitrazepam, en usuarios de “Club Drugs”. Con estos objetivos se
evaluaron 12 voluntarios sanos con experiencia previa en el uso de GHB en un ensayo clinico
compuesto de 5 sesiones experimentales. Las diferentes condiciones de tratamiento fueron, 2
dosis tnicas de GHB (40 o 60 mg/kg), etanol (0.7 g/kg), flunitrazepam (1.25 mg), y placebo,

siendo todos los tratamientos administrados por via oral.

Todos los tratamientos activos indujeron efectos de tipo positivo relacionados con su potencial de
abuso. La administracion de GHB indujo efectos de tipo euforizantes y placenteros ligeramente
superiores a los observados tras la administracion de flunitrazepam y etanol. El perfil de efectos
inducidos por el GHB fue de tipo bifdsico, inicialmente de tipo estimulante-euforizante en relacion
con el incremento simultdneo de las concentraciones plasmadticas, sequido de un efecto de tipo
sedante no relacionado con la cinética plasmdtica. La administracion de GHB produjo asimismo
efectos adversos o no deseados dosis dependientes, pero sin una coincidencia intra-sujeto de
efectos positivos y negativos. Las concentraciones plasmdticas de GHB y las concentraciones de
etanol en sangre se correlacionaron significativamente con los efectos subjetivos estimulantes,
mientras que las concentraciones plasmdticas de flunitrazepam se correlacionaron

significativamente con efectos de tipo sedante. Las concentraciones plasmdticas de GHB se



correlacionaron significativamente con las variables relacionadas con el potencial de abuso. En
cuanto a los efectos fisioldgicos, el GHB indujo un aumento significativo de la presion arterial y del
diametro pupilar, mientras el etanol indujo sus efectos prototipicos y flunitrazepam produjo una
marcada sedacion. GHB 'y flunitrazepam produjeron un empeoramiento significativo del
rendimiento psicomotor (tareas de sustitucion de simbolos por digitos y del balance), mientras

que el etanol unicamente indujo un leve empeoramiento de la tarea del balance.

Como conclusion, a las dosis investigadas, la administracion de GHB indujo efectos de tipo
euforizantes y placenteros, sedacion y efectos estimulantes de tipo moderado, similares a los
descritos previamente por los usuarios de las sustancia. El perfil de efectos inducidos por el GHB
fue de tipo bifdsico, inicialmente de tipo estimulante-eufdrico y relacionado con el incremento
simultdneo de las concentraciones plasmdticas, seguido de un efecto de tipo sedante no
relacionado con la cinética plasmdtica. Si bien los 3 tratamientos activos son reconocidas
sustancias de tipo sedante, tanto GHB como flunitrazepam y etanol, indujeron u un patron de
efectos mixto de tipo estimulante y sedante. La tolerabilidad del GHB difirié substancialmente
entre los diferentes sujetos, sin coincidencia intra-sujeto de efectos positivos y negativos. La
administracion de GHB se sigue de una rdpida absorcion y eliminacion con una gran variabilidad
inter-indiviudal. Si bien se encontraron concentraciones de GHB todas las matrices bioldgicas
analizadas, tanto el fluido oral como el sudor no parecen convenientes para monitorizar el
consumo de GHB. Los resultados sugieren un alto potencial de abuso de GHB en usuarios de “Club
Drugs” y aportan los fundamentos cientificos del aumento en el abuso de la sustancia en

humanos.
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Motivation

During my Clinical Pharmacology medical residency | worked at the emergency department of
the ‘Hospital del Mar’ in Barcelona. One early morning in January 2001, paramedics brought in a
21-year-old male who had collapsed at a night club. The accompanying persons stated that the
incoming patient had earlier consumed a sticky-looking liquid a drug supposedly called ‘liquid
ecstasy’. However, 3,4-methylendioxymetamphetamine (MDMA), ethanol and cannabis were the
only drugs detected in the urine screening test performed. He spontaneously regained
consciousness 60 minutes after arriving at the hospital and was discharged, completely
recovered, 2 hours later. The patient admitted taking drugs in the preceding hours, including

‘liquid ecstasy’.

In the following months an increasing number of cases of overdose following a similar pattern
were brought to the emergency department of the ‘Hospital del Mar’. We later discovered from
patients and relatives that these overdoses were caused by gamma-hydroxybutyrate (GHB,

‘liquid ecstasy’).

GHB is a naturally occurring short chain fatty acid that possesses unique pharmacological
properties. It has been used as a therapeutic drug due to its hypnotic and anesthetic effects and
gained significant notoriety in the late 1990s both as a major recreational drug of abuse and
public health problem worldwide (Nicholson and Balster, 2001). In 2001, we published one of the
first series of cases of suspected intoxication due to GHB in Europe (Abanades et al. 2001). At

that time, the work for this thesis was set in motion.

An initial scientific literature review (see Appendix) revealed that while extensive research was
being conducted into the basic pharmacology of GHB and its role as a possible neuromodulator,
the behavioural effects of GHB in humans remained unclear. Indeed, most of the information
available regarding GHB’s behavioural/toxicological effects derived from therapeutic studies
completed in the 1960s. Additionally, most reports focused exclusively on the pharmacokinetics
of GHB. Insight into GHB abuse-related effects came mainly from anecdotal reports and surveys,
but these had not been fully characterised using GHB controlled administration. Furthermore,
information about the effects of GHB in humans was based on cases of intoxication, which had
not been completely clarified due to a lack of confirmed evidence such as through GHB detected
in plasma and/or urine. Indeed, the frequent poly-drug use complicated the attribution of clinical

features solely to GHB intoxication.
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In summary, despite GHB therapeutic uses being explored and the increasing concern about the
toxicity of this drug, few studies have previously addressed dose-related effects under controlled
administration. Little was known about the physiologic and subjective effects and alterations in
psychomotor performance induced by GHB in the range of doses commonly abused. Few studies
addressed dose-related effects and the correlation of drug effects and concentrations in
biological fluids including alternative matrices. Furthermore, although GHB was being abused by
humans, preclinical evaluation of the relative reinforcing effects of GHB has been fairly
inconsistent. In humans, a number of cases of GHB abuse and dependence have been reported,
but no abuse liability studies had been performed. Moreover previous epidemiological
investigations reported an increased abuse of sedative-like drugs in recreational poly-drug users.
The reasons for this shift in drug preference and the effects of these drugs in this population

remained unclear.

This thesis was born with the aim of thoroughly characterising the actual behavioural effects of
GHB in humans. Within this context we set up a series of controlled studies to evaluate the
effects of GHB and its relative abuse liability in healthy human volunteers previously exposed to

this substance.
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1.1. GHB

1.1.1. History

Gamma-hydroxybutyrate (GHB, Gamma-hydroxybutyric acid, ‘liquid ecstasy’), is a naturally
occurring short chain fatty acid that possesses unique pharmacological properties. In 1947, y-
butyrolactone, (GBL), a related compound, was shown to have central nervous system
depressant properties (Rubin and Giarman, 1947). GHB was later synthesised by Henry Laborit in
an attempt to create a more slowly metabolised GABA analogue which would readily cross the
blood-brain barrier (Laborit 1964). Soon thereafter, it was discovered that GHB is an endogenous
substance. Since then, extensive study has been devoted to determining the function of
endogenous GHB in normal brain physiology. GHB was also found to have sedative-like
properties similar to those of GBL. GBL has since been shown to be biologically inactive given that
all its biological and behavioural effects are due to its rapid conversion to GHB by an active serum

lactonase.

In 1962, the first human study of GHB was reported, in which GHB was used as a surgical
anaesthetic due to its ability to induce CNS depression with minimal effects on the circulatory
and respiratory system and no apparent significant adverse effects (Blumenfeld et al. 1962).
Shortly after a correlation between increased blood concentrations of exogenously administered
GHB and decreased levels of consciousness was demonstrated. Thus, GHB’s ability to induce a
sleep-like state was observed in a study where intravenous administration of GHB at doses
ranging from 5.9 to 9 g induced sleep in 16 healthy study participants (Helrich et al. 1964).

GHB found significant initial use as an anaesthetic; however it was essentially abandoned in most
countries as a useful agent for this purpose because of its lack of analgesia, the difficulties in
dosing and adverse effects. While initial evaluation of GHB in animals and humans explored its
sleep-promoting or anaesthesia-inducing capacity, most of the more recent human therapeutic
research has focused on its use in narcolepsy and alcohol-dependence treatment. In the 1970s,
early independent studies established the potential efficacy of GHB (named as sodium oxybate)
for the treatment of the sleep disorder narcolepsy. Sodium oxybate recently received approval in
the US and Europe for treatment of excessive daytime sleepiness and cataplexy in patients with
narcolepsy. This was based on safety and efficacy data established in several randomized,
double-blind, placebo-controlled trials (Black and Houghton, 2006). On the other hand, GHB has
been proof to be effective both in the management of alcohol withdrawal syndrome and in the

maintenance of long-term abstinence. For these reasons, GHB has been approved for the
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treatment of alcohol dependence in some European countries (Caputo et al. 2003). In addition,
several other potential therapeutic effects of GHB have been explored with divergent results,
including: treatment of heroin dependence; efficacy in pain relief, fatigue and sleep
fragmentation of fibromyalgia syndrome; treatment for hyperkinetic movement disorders;
hypnotic potential in healthy subjects and those with insomnia and neuroprotective effects in

ischemia-induced challenges (Teter and Guthrie, 2001).

While GHB therapeutic effects were being explored, the substance and its analogues or
precursors GBL and 1,4-butanediol (BD) began to be used with different purposes. GHB was
manufactured in the US during the late 1980s and in the beginning of the 1990s was also
marketed and used as an over-the-counter dietary supplement, sleep aid and muscle builder
(Dyer 1991). Around the same time GHB and its prodrugs GBL and BD began to be abused.
Initially, the ability of these compounds to stimulate growth hormone production led to an
increased use and abuse by body builders. GHB was also used as a sleep promoter and some
cases of intoxication and abuse began to arise. Consequently, the U.S. Food and Drug
Administration (FDA) banned the sale of non-prescription GHB in 1990 due to an increase in
overdose cases of GHB or its precursors. Interestingly, the prohibition was followed by a
spectacular increase in the abuse of this substance during the following years. The drug, initially
found over the counter, jumped into the illegal market where it was produced in clandestine
laboratories resulting in preparations with a wide range of purity and strength (O'Connell et al.
2000). A few years later the situation worsened as many Internet sites offered instructions for
the home production of GHB or advertised the sale of kits that contain the ingredients necessary
to produce it. Intriguingly, although GHB is a sedative-like substance, intentional misuse for the
purpose of achieving a euphoric state was first reported in the late 1980s. Since then its
recreational use has grown significantly and it has been frequently associated to ‘rave’ parties
(all-night dance parties with fast-repetitive music often accompanied by elaborate light displays)
and to the list of drugs being used at clubs or discotheques. Thus, by the late 1990s, GHB had
became a popular ‘Club Drug’ (Abanades et al. 2004-Appendix) and gained significant notoriety
both as a major recreational drug of abuse and public health problem all over the world. GHB is
abused in this setting because of the euphoria, disinhibition, enhanced sensuality and heightened
sexual awareness that are claimed to be associated with its use (Degenhardt et al. 2002;
Gonzalez and Nutt, 2005; Miotto et al. 2001). Thus, the U.S. Drug Abuse Warning Network
(DAWN) detected dramatic increases in the number of mentions in accident and emergency
departments of persons identified as having overdosed on GHB or having GHB related problems:

from 56 in 1994 to 4969 in 2000 (1861 in 2005).
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Figure 1. GHB related emergency department visits. SOURCE: Office of Applied Studies, SAMHSA, Drug
Abuse Warning Network, 2001 (03/2002 update).

In the last few years we have witnessed a significant increase of intoxications due to GHB and its
precursors among ‘Club Drugs’ users in Europe and remarkably in our setting. In Spain the first
cases appeared in the late 1990s and the first series of cases were published in the early part of
this decade (Abanades et al. 2001). Furthermore, during the early part of this decade this drug
was the main cause of toxic-related admission in the emergency department of several hospitals
in Barcelona (Spain) only superseded by alcohol (Abanades et al. 2001; Mir¢ et al. 2002).

GHB gained also significant notoriety as a ‘date rape’ drug. GHB has been used for narcotizing
victims in drug-facilitated sexual assaults possibly because of its capacity to induce short-term
antegrade amnesia, increased libido, and suggestibility. (Elsohly and Salamone, 1999; Varela et al.
2004). As a result of both its increasing abuse and intoxication cases and its use as a ‘date rape’
drug, GHB was classified as a schedule | drug in the US in March 13, 2000. However, despite this
increased regulation, illicit forms of GHB remain available under a number of names, such as ‘G’,
‘liquid ecstasy’, ‘grievous bodily harm’, ‘scoop’, ‘cherrymeth’, or in Spain ‘botes’ or ‘potes’. In
addition, GBL and BD are still available for purchase on the Internet, where they are advertised as
mood enhancers, sleep inducers, and for bodybuilding purposes. Nowadays this interesting drug
is being tested as a therapeutic agent in potential new indications while its relevance in the CNS
function is still being clarified by several investigations. Concurrently, the drug is still being

abused as a recreational drug.
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1.1.2. Recreational Use

1.1.2.1. Terminology and presentations

GHB has been sold on the street under names such as ‘Liquid Ecstasy’, ‘Liquid E’, ‘Liquid X/,
‘GHB’, ‘Georgia Home Boy’, ‘Grievous Bodily Harm’, ‘Soap’, ‘Scoop’, ‘Salty Water’, ‘Organic
Quaalude’, ‘Easy Lay’, ‘Fantasy’, ‘G-Riffick’ and ‘Cherry Meth’. In Spain it is usually available as
‘Extasis liquido’ (Liquid Ecstasy), ‘Potes’ or ‘Botes’ (jars) and ‘Biberones’ (baby’s bottles). It is
typically available as a sticky-looking, colourless and odourless liquid but it can also be found as a
powder or in capsules. It has a mild soapy salty taste which can be easily masked by adding it to

drinks. So far, illicit use has only been reported by oral ingestion.

Figure 2. Different presentations of recreational GHB: ‘potes’, ‘botes’ (jars) or ‘biberones’ (baby’s bottles)’

1.1.2.2. Sources

This product is usually illegally synthesised in small domestic laboratories, mainly through basic
precursor GBL hydrolysis (Rhodium 1999). Both GBL and BD metabolise to GHB after their intake,

producing virtually the same effects and they are frequently consumed instead of GHB itself. A
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recipe for the home production of GHB can be found on the Internet. It consists of mixing sodium
hydroxide and butyrol lactate. However, the improper manufacture of the drug can lead to a
mixture of GHB and sodium hydroxide, which can be extremely toxic because the caustic effects
of sodium hydroxide. Other sources for easily obtaining GHB are a series of new industrial
products: gamma-hydroxyvalerate (GHV) and gamma-valerolactone (GVL), the commercial uses
of both being similar to those of GBL and BD with much less supervision of their eventual illegal

use (Carter et al. 2005).

The synthesis of GHB is relatively simple (Figure 3), and the product found on the street may
contain GHB and/or their precursors. As previously argued, GHB is often produced in clandestine
laboratories resulting in drug preparations with a wide range of purity and strength. A 99% pure
sample of GHB weighs 2.8 g/level teaspoon (5 ml). However, 40 ml of clandestinely produced
GHB may weigh from 3-20 g. Therefore, the capful or teaspoon concentration of a street dose

could be extremely variable (500 mg-5 g/dose) (Dyer 1991).

ry=\

TWHE AT L FLAL
MOOD EMNAAMCER

Figure 3. Elements and technology required for GHB synthesis (available on the internet).
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1.1.2.3. GHB analogues

The restrictions on GHB sales as well as the increasingly tight regulations led to increased interest
in alternative supplies of the drug. New sources included not only illegally synthesised GHB but
also GHB precursors or analogues. Commercially available products containing GHB analogues
have often been marketed for use as an ‘ink jet cleaner’ or ‘weight belt cleaner’. While some
GHB-related compounds have legitimate industrial uses, other products containing these
compounds promptly became available through sources such as the Internet. Numerous
analogues of GHB exist, however the two most widely abused GHB analogues are GBL and BD
(Palmer 2004). The synthesis of GHB is relatively simple, and the product found on the street may
contain GHB and/or their precursors GBL and BD. Both GBL and BD metabolise to GHB after their
intake, producing virtually the same effects. Even if effects are fairly similar, precursors could
lead to faster intoxication symptoms. They are frequently consumed instead of GHB itself, and
several cases of abuse and intoxication due to these substances have been reported (Ingels et al.
2000; Lora-Tamayo et al. 2003). It has been reported that GBL would exhibit the fastest
absorption and greater bioavailability and toxicity, especially in combination with alcoholic
beverages (Palmer, 2004). However, there are no clinically significant relevant differences in the
management of patients intoxicated with GHB or its analogues. There have also been reports
about oesophageal mucosa ulcerations after consumption of these substances from illicit
synthesis in an insufficiently neutralised form (Dyer and Reed, 1997). Ingested GBL and BD are
metabolised to GHB so urine tests will typically only be positive for GHB and not the analogue

ingested.

1.1.2.4. Prevalence of recreational use

In the 1980s, GHB was distributed over-the-counter as a dietary supplement, sleep aid and
muscle builder. It was initially used mainly by body builders and health food advocates. However
reports from the USA, Australia and Europe later indicated that GHB was being increasingly
consumed as a recreational drug (Degenhardt et al. 2002). Even though GHB is namely a sedative

drug, its use has been taking place mainly in Clubs and ‘Raves’.

Although several indicators point towards an increasing abuse of this substance, its use has not
been as widespread as cocaine or MDMA use. It is restricted rather to some populations and is
frequently unmentioned in universal surveys concerning drug use. Nevertheless its actual use

could be underestimated. First, many of the surveys do not specifically ask for the use of GHB.
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Second, an increased GHB use has been allocated to some populations difficult to be approached
through surveys. Third, a possible stigma towards GHB has been described due to its toxic effects.
It seems to be widespread within the ‘Rave’ community, thus potentially leading to use that is
‘hidden,” and difficult to detect (Palamar and Halkitis, 2006). Therefore only estimations about its
actual use can be made, taking into account the results of some surveys and indirect markers of

consumption as seizures or the number of intoxication cases.

One of the few general surveys available investigating GHB use is the ‘Monitoring the Future
Survey’ in the USA. This survey is administered to approximately 50,000 students (14-18 year old)
and 6000 young adults (18-44 year old) with a response rate of about 90%. In the year 2003, a
past-year prevalence of GHB use was found in 1-2% of the students and 0.8% among college
students and young adults. The same survey in the year 2006 reflected a stable past-year
prevalence of GHB use of 1%. Interestingly the annual prevalence of use rates for males in the
senior year (17-18 years old) were 9.5 times higher than females for GHB use (Johnston et al.

2007).

In Europe, there is little mention of GHB in general surveys, however some indirect indicators of
increasing use of GHB are available. Thus, several intoxication cases and notable increases in the
seizures of precursor chemicals for GHB (GBL and BD) were described in the annual report 2004
of the European Monitoring Centre for Drugs and Drug Addiction (European Monitoring Centre
for Drugs and Drug Addiction, 2006). This report detected GHB and ketamine as two synthetic
drugs with potential for significant further spread in recreational settings. In addition, in the
context of a pill-testing study in Austria, a 12.6 % lifetime prevalence of GHB use among a sample
of 225 young people attending raves in Vienna was found (Benschop et al. 2002). During 2003,
GHB was also detected in human samples in Belgium, Sweden and Norway and in samples taken
from intoxicated subjects and hospital emergency patients in Spain (Barcelona) and the
Netherlands. One survey (Winstock et al. 2001) reported that 13% of a sample of 1151
respondents recruited via a dance-culture magazine (mean age of 23.9 years) had previously
used GHB (2% within the last month). The mean age of first use GHB in this sample was 22.4

years.

Recently, in an annual magazine-based survey targeting people who use drugs in dance contexts
over a 5-year period (335-1151 people, depending of the year of evaluation), an increase in the
prevalence of lifetime GHB use from 12.8% in 1999 to 17.5% in 2003, and a similar current use

prevalence (3% within the past month) were found (McCambridge et al. 2007)



Introduction

GHB use in Spain has been described to be similar to other European countries, being mainly
associated with ‘Raves’ and ‘Club’ users. In addition, this drug has for some time been the main

cause of drug-related admission in some hospitals (Miré et al. 2002).

1.1.2.5. Patterns of use

In a sample of 42 GHB users in the USA, GHB was predominately used for ‘going out’ and having
fun. GHB use intentionally to enhance and extend the ‘high” from other drugs was reported by
40% of participants, and 71% reported that they ‘usually use GHB with other drugs’. The drugs
most frequently used in combination with GHB were ‘Ecstasy’ (MDMA) (53%), cannabis (50%),
cocaine (43%), amphetamines (40%) and alcohol (37%) (Miotto et al. 2001).

In a study of 76 Australian users, reasons for using the drug recreationally included the resultant
feelings of euphoria, relaxation, increased sociability and loss of inhibition, pleasurable
stimulation as well as heightened sexual interest (Degenhardt et al. 2002). A significant
proportion also reported that they liked the fact that the effects of GHB appeared to wear off
quickly without a ‘come down’ period (29%). Notably, 14% reported GHB use to help come down

from stimulant drugs (usually ‘ecstasy’ and amphetamines).

Intriguingly, GHB has also been described as popular among gay and bisexual men where it has
been associated with increased sexual risk (Colfax et al. 2001; Mattison et al. 2001). In a survey in
‘Club drug’ users in New York City (USA), 192 men identified GHB use in the 4 months prior to
baseline assessments. Of these 192, 15 men identified GHB as their most frequently used club

drug. (Halkitis and Palamar, 2006)
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1.1.3. Neurobiology of GHB: basic aspects of GHB physiology and pharmacology
1.1.3.1. GHB chemical structure

GHB is a short-chained fatty acid found endogenously in the mammalian brain at a concentration
of 1-4 mM (Maitre 1997). It is an endogenous metabolite and a precursor of the
neurotransmitter gamma-aminobutyric acid (GABA). GHB can be also formed in human

peripheral tissues from two precursors, gamma-butyrolactone (GBL) and 1,4-butanediol (BD).

@)
HO ‘ /\/\/COOH
H,N
O

gamma-hydroxybutyrate (GHB) gamma-aminobutyric acid (GABA)

@)
@
@)
/\/\/OH
HO

1,4-butanediol gamma-butyrolactone (GBL)

Figure 4. Chemical structures of GHB, GABA, BD and GBL.

1.1.3.2. Endogenous GHB in the brain

1.1.3.2.1. Distribution
GHB is present in micromolar concentrations in the brain of mammals, although the

concentration differs by region. The highest relative concentrations are found in the striatum

reaching concentration of 11-25 umol/g (Snead and Morley, 1981). Localisation of GHB within
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cytosolic and synaptosomal fractions suggests presynaptic accumulation. The concentration of
GHB is higher in the developing brain than in the adult brain. GHB is also found in micromolar
concentrations in peripheral tissues such as heart, kidney, liver and muscle with the highest

concentration being found in the brown fat (37 umol/g) (Nelson et al. 1981).

1.1.3.2.2. Synthesis and metabolism

The main precursor of GHB is GABA as revealed by a few radiolabelling studies. GHB formation
occurs in GABAergic neurons or in neurons that synthesise GABA. GHB serves as both a precursor
and a degradation product of GABA. Around 0.05 % (in vitro) to 0.16% (in vivo) of GABA is
ultimately metabolised to GHB. Concentrations of GHB are approximately 0.1% of the

concentration of GABA (Roth and Giarman, 1969).

GABA
SSADH

GABA transaminase II
SSA L
mmmmm))> Succinic acid EEmmEE»> Krebs Cycle
succinic semialdehyde
reductase (SSR) GHB dehydrogen
GHB

Transporter

ase

CNS

BBB
GHB

Peripheral Tissues
Serum lactonase
aldehyde dehydrogenase

alcohol dehydrogenase
GBL gamma-hydroybutyraldehide —<—— BD

Figure 5. Synthesis of GHB. While GABA can be formed from glutamate by glutamic acid decarboxylase,
GABA is degraded to succinic semialdehyde (SSA) by GABA transaminase. At this point, GHB may be formed
depending on the activity of the specific enzyme succinic semialdehyde reductase (SSR). GHB can be
reconverted back to SSA via GHB dehydrogenase, and the GHB derived SSA can be converted back to GABA.
SSA can also be metabolized by succinic semialdehyde dehydrogenase (SSADH) to succinic acid. Mutant

mice in which the SSADH enzyme is deleted display high levels of GHB and GABA (Gibson et al. 2003). GHB
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can also be formed from its precursors BD and GBL. BD is metabolised to gamma-hydroybutyraldehide by
alcohol deshidrogenase. Subsequently gamma-hydroybutyraldehide is metabolised via aldehyde
dehydrogenase to produce GHB. GHB can also be produced from GBL via serum lactonases. GHB formed in

peripheral tissues crosses the blood brain barrier (BBB) entering the CNS through active transport.

1.1.3.3. GHB as a neurotransmitter

The specific mechanism of GHB’s action is still poorly understood. Several findings support that
GHB itself serves as an endogenous inhibitory neuromodulator, besides taking part in GABA
metabolism. Thus, GHB is synthesised in neurons, can be released in a Ca2+-dependent manner
and a subcellular anatomical distribution for GHB and its synthesizing enzyme in neuronal
presynaptic terminals have been demonstrated (Drasbek et al. 2006). GHB is released by
neuronal depolarization in a Ca2+-dependent fashion and a Na+ dependent GHB uptake system
has been demonstrated in the brain. Furthermore, an active vesicular uptake system has been
reported that is most probably driven by the vesicular inhibitory amino acid transporter (also

responsible for the uptake of GABA and glycine).

GHB action is associated with diverse brain functions such as the control of oxygen consumption,
glucose metabolism and temperature regulation. The exact mechanism of action in the brain and

peripheral tissues remains partially unknown (Wong et al. 2004).

1.1.3.4. GHB binding sites in brain

It is clear that GHB binds to brain tissues and dose-dependent pharmacological actions can be
elicited by the administration of GHB. A specific GHB receptor antagonist known as NCS-382
(sodium salt 6,7,8,9-tetrahydro-5-[H]benzocycloheptene-5-ol-4-ylidene acetic acid) has been
isolated. It can displace GHB binding and, in a dose-dependent fashion, it reverses the effects
associated with GHB administration such as catalepsy, sedation and an increase in dopamine
synthesis. Two interesting receptor primary targets for GHB have emerged: (i) a GHB receptor
(GHBR) which is reported to be a G-protein-coupled receptor distinct from GABAg receptors, and
(ii) the GABAg receptor subtype of GABA receptors, which is found throughout the CNS. GHB
binds to the GHB receptor and the GABA; receptor with high affinity and low affinity, respectively
(Drasbek et al. 2006).
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1.1.3.4.1. The GHB receptor

The presence of a GHB receptor was suggested after the demonstration of specific, high-affinity
*HIGHB binding sites occurring in the brain, with the highest density found in the hippocampus,
dentated gyrus, nucleus accumbens, striatum, ventral tegmental area and in the cortex
(prefrontal, frontal, parietal temporal and cingulated). Intermediate concentrations of high-
affinity GHB binding are found in the amygdala and thalamus. In the cerebellum, GHB binding is
absent or weak although GABA; receptors are strongly expressed. Two binding sites have been
discovered, a high affinity GHB binding site with a dissociation constant (Kp) of 30-580 nM and a
low-affinity site with a Kp of 1.5-6.0 mM (Snead and Liu, 1984). Consequently kinetics of these
sites correlates with the physiological concentrations of GHB in brain. The GHB high/affinity
binding site is absent from peripheral tissues. This could indicate that GHB might act simply a as a
metabolic intermediate outside the CNS. The anatomical distribution of [*H] GHB binding
correlates with GHB turnover and displays a distinct ontogeny. GHB binding is a postnatal event,

appearing in the third postnatal week of life.

Several studies point to the existence of molecularly distinct entities compatible with GHB
receptors. Recently (2003) the cloning of a putative GHBR has been reported. However, this
newly cloned receptor displays no affinity for the specific GHB receptor antagonist NCS-382 and
was not expressed in expected brain patterns, which suggests the presence of an NCS-382
insensitive subtype of the GHB receptor. A summary of the evidences of GHB actions over GHB

receptor is showed in Table 1.

1.1.3.4.2. The GABAg receptor

GHB activates GABAg receptors on neurons when its concentration exceeds the physiological
micromolar levels in the brain. GABAg receptors are G-protein-coupled and their activation leads
to several events (i) neuronal hyperpolarization by opening postsynaptic G-protein-coupled
inwardly rectifying potassium (GIRK) channels, (ii) inhibition of voltage-gated Ca2+ channels and
consequent inhibition of Ca”" influx and (iii) lowering the intracellular levels of cyclic AMP (Wong
et al. 2004). Consequently, GABA; receptors exert multiple pre- and postsynaptic actions,
including inhibition of neurotransmitter release, postsynaptic silencing, and modulation of
intracellular Ca2+ dynamics. Activation of this system has widespread effects on the CNS as

GABA; receptors are found throughout the brain. The micromolar concentrations of GHB that are
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normally present in mammalian brain tissue can activate GHB receptors but are insufficient to
activate GABAg receptors, for which GHB has a weak affinity. However, the supraphysiologic (i.e.,
millimolar) concentrations of GHB that result from systemic administration of this compound
have been shown to compete for binding sites at the GABA; receptor, activate recombinant
GABA; receptor heterodimers, and have an electrophysiological effect that is blocked by a
specific GABAg receptor antagonist but not by a GHB antagonist (Wong et al 2004). In support of
this, the specific GABAg agonist baclofen, resembles in part GHB with regard to in vivo effects,
such as sedation, reduction in body temperature, and hypolocomotion (Quéva et al. 2003). A
summary of the several lines of evidence for the hypothesis that GHB itself directly activates

GABAg receptors is summarized in Table 1.

TABLE 1. Evidence for actions of GHB at GABAg and GHB receptors*

GHB receptors

GHB binding in rat brain tissues does not overlap with GABA; receptor distribution, and has a different
developmental profile

In mice lacking GABAg receptors, GHB still binds to brain tissues indicating specific GHB receptors.
No changes in GHB[*H]-NCS-382 binding are also found

Behaviourally, rats discriminate between GHB and the GABAg agonist baclofen

GHB modulates presynaptic cAMP levels in the rat independently of GABAg receptors

The putative GHB receptor antagonist NCS-382 is more effective than GABAg antagonists in blocking
lethal seizures in epileptic mice
GABA;

GHB is a partial agonist at expressed GABAg receptors in Xenopus Oocytes

GHB inhibits MAP kinase phosphorylation via GABAg receptors when conversion of GHB to GABA is
blocked

GHB depresses electrical activity in the cerebral cortex and inhibits transmitter release via GABAg
receptors

GHB reduces the release of glutamate and GABA via GABAg receptors in rat cortex as measured by
microdialysis

The two lines of GABAg; receptor knockout mice lack the most prominent pharmacological actions of
exogenously applied GHB

Novel GHB ligands that are not metabolized to GABA and have no activity at GABAg receptors are unable
to mimic discriminative stimulus effects, and the catalepsy elicited by GHB, effects which are blocked by
GABA; receptor antagonists

* (Modified from Drasbek et al. 2006).

In summary GHB stimulates both GABAg receptors as well as distinct GHB receptors differentially
in the mammalian brain. Both receptor types may be activated when GHB is ingested for abuse
purposes. However, experimental evidence to date suggests that the high concentrations of GHB
in brain tissue that follow exogenous administration (GHB intoxication, addiction and abuse) may
exert their pharmacologic, toxicological and behavioural effects primarily through mechanisms

mediated by the GABA; receptor.
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1.1.3.5. Effects on neurotransmitter systems

Although GHB has little or no affinity for receptors other than GABA; and GHB receptors, it will

cause changes in a variety of neuromodulatory systems in the brain.

1.1.3.5.1. Dopaminergic system

Dopamine release is associated with the reward system in the brain. Therefore extensive work
has been done to examine the interplay between GHB and dopamine. GHB affects dopamine
release in the brain. In animals, GHB can decrease or increase dopamine levels. It seems that GHB
biphasically affects the activity of the mesolimbic system, which releases dopamine. At
concentrations seen during recreational use (<1 mM), GHB preferentially activates postsynaptic
GABA; receptors on GABAergic neurons, hyperpolarizing them and decreasing their firing rate.
This effect would in turn disinhibit the dopamine cells neurons leading to enhanced dopamine
output from the VTA, which is typical of drugs of abuse (Cruz et al. 2004). Higher GHB
concentrations, however, would also decrease the firing rate of dopaminergic neurons, thus
producing an overall reduction in dopamine output from the VTA. This later effect would explain
the therapeutically used anti-craving properties of GHB in the treatment of alcohol
dependence/withdrawal. These effects seem mediated via postsynaptic GABA receptors coupled
to K" channels. The coupling efficacy of GABAg receptors to GIRK channels is shown to be lower in
GABAergic than in dopaminergic neurons of the VTA, thus providing the first molecular/cellular
explanation for the rewarding and anti-craving properties of GHB (Cruz et al. 2004). Lately it has
been also shown in dopamine neurons of mice, that the low coupling efficiency reflects the
selective expression of heteromeric GIRK2/3 channels and is dynamically modulated by a
member of the regulator of G protein signaling (RGS) protein family. Repetitive exposure to GHB
would increase the GABA; receptor-GIRK channel coupling efficiency through downregulation of
RGS2. This mechanism might underlie tolerance to GHB and would explain why oral self-
administration of GHB at a concentration that is normally rewarding, becomes aversive after
chronic exposure (Labouebe et al. 2007). In addition, putative GHB-producing neurons are
surrounded by dopaminergic terminals, suggesting a direct interaction between GHB and

dopamine.

1.1.3.5.2. Serotonergic system
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GHB seems to increase serotonin turnover in the brain (Gobaille et al. 2002). In adolescent and
adult rats GHB stimulated both serotonin synthesis and breakdown and in succinic semialdehyde
dehydrogenase deficiency, where GHB accumulates in the brain, serotonin turnover is also

enhanced (Gibson et al. 2003).

1.1.3.5.3. Opioid system

GHB itself lacks affinity for mu, kappa or delta opioid receptors. However, the opioid system
seems to be indirectly coupled to GHB pharmacology in a manner yet to be determined. Some
studies have suggested that the opioid antagonists can block the central effects of GHB (i.e. the
effect of GHB on striatal dopamine release was reversed by naloxone in rats). Nevertheless, in

another study in rodents naloxone could not reduce the anxiolytic effect of GHB.

1.1.3.5.4. Cholinergic system

GHB decreases the acetylcholine levels in the corpus striatum and brain stem and reduces
extracellular levels of acetylcholine in the hippocampus via GABA; receptors (Nava et al. 2001).

This could suggest a possible effect of acetylcholine in cognition impairment effects of GHB.

1.1.3.5.5. Glutamatergic system

GHB has been shown to affect glutamate transmission. A recent elegant study in rats has shown
that GHB at intoxicating doses preferentially inhibits N-methyl-D-aspartic acid (NMDA)-mediated
cortical synaptic activity more than AMPA-mediated responses, while baclofen exhibited the
opposite effect. This would suggest a possible role of NMDA antagonism in the effects of GHB (Li
et al. 2007).

1.1.3.5.6. GHB and neurosteroids

In rats the administration of GHB (>300 mg/kg i.p.) increases brain allo-pregnanolone (AP) and
allo-tetrahydrodeoxy corticosterone (THDOC) (and its precursors progesterone and
pregnenolone) in the cerebral cortex. Both AP and THDOC are neurosteroids and positive

modulators at the GABA, receptor and substances exerting anxiolytic, anticonvulsant, and
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hypnotic effects. The effects are blocked by a GABA; receptor antagonist while the GHB receptor
antagonist NCS-382 has no effect. Furthermore, baclofen mimics the effects of GHB on
neurosteroid release. The rise in neuroactive steroids in vivo by GHB is thought to arise from

stimulation of the hypothalamic-pituitary-adrenal axis (Wong et al. 2004).

1.1.3.5.7. GHB and growth hormone

GHB increases the secretion of growth hormone (GH) in humans (Van Cauter et al. 1997) and
animals. GHB slow-wave sleep promotion during which GH is strongly released from the pituitary,
could partially explain this effect. However, the mechanism by which GHB increases GH is still

poorly understood.

1.1.4. Pharmacological effects in humans

When beginning the work for this thesis, knowledge of GHB abuse-related effects mainly came
from anecdotal reports and surveys but it had not been fully demonstrated after GHB controlled
administration of recreational doses. Information regarding GHB clinical pharmacology and GHB
pharmacological related effects at doses that are abused was lacking. The subjective effects and

GHB dose related effects will be described separately in sections 1.1.5. and 1.1.6.

1.1.4.1. Cardiovascular effects

Moderate bradycardia was reported after controlled administration of GHB possibly due to
central vagal activity. In addition to bradycardia, GHB was able to reduce stroke volume as well as
cardiac output. Atropine reversed the decreases in both heart rate and stroke volume. (Virtue et
al. 1966). Recent experiments suggest also that GHB elicits sympathomimetic cardiovascular
effects that could induce increases in blood pressure following its acute administration (Hicks et
al. 2004). The autonomic centres are fully active during GHB-induced coma, and surgical stimuli
result in a cardiovascular response, such as tachycardia, hypertension, and raised cardiac output

(Vickers 1969; Virtue et al. 1966).

17



Introduction

1.1.4.2. Respiratory effects

GHB apparently decreases respiratory frequency while increases breath amplitude (tidal volume)
sometimes leading to a Cheyne-Stokes pattern (Vickers 1969). Combined drug use might also
increase the risk of hypoventilation. Thus, it has recently been proved that combined
administration of alcohol and GHB (at recreational doses) causes a significant blood oxygen

saturation drop in healthy volunteers (Thai et al. 2006).

1.1.4.3. Neuroendocrine effects

A few studies have evaluated the effect of GHB on growth hormone (GH) in awakened subjects
and during sleep. In a randomized and controlled study in nine male healthy volunteers, GHB
induced a significant increase in plasma GH concentrations that was prevented with previous
administration of the benzodiazepine receptor antagonist flumazenil (Gerra et al. 1994). These
results may suggest that some of the effects of GHB on GH are mediated at GABA, receptors.
Recently the effect of GHB on the secretion of several hormones was studied in a randomized
placebo controlled clinical trial. Oral GHB doses of 2.5, 3.0, and 3.5 g were administered at
bedtime to eight healthy volunteers (Van Cauter et al. 1997). A significantly increase in the
normal secretory pulse of GH during the first 2h after sleep onset was observed. This stimulation
of GH secretion was significantly correlated to a simultaneous increase in the amount of sleep
stage IV. This effect is believed to be produced by a large pulse in growth hormone secretion
during the first stage of slow-wave sleep. Abrupt but transient elevations of prolactin and cortisol
were also observed, but did not appear to be associated with the concomitant stimulation of
slow-wave sleep. Thyrotropin and melatonin secrectory profiles were not altered by GHB
administration. Recently the effect of GHB on GH secretion has been also studied in both normal
controls and parkinsonian patients (Volpi et al. 2000). A significant serum GH rise in response to
GHB (25 mg/kg body weight p.o.) was observed in controls and in a lesser extent in parkinsonian
patients. Interestingly, pretreatment with the anticholinergic drug pirenzepine completely
suppressed the GHB-induced GH release in both normal controls and parkinsonian patients. This

indicates that the cholinergic system is also implicated in the GH response to GHB in normal men.
GHB has been commonly taken for its proposed anabolic effects (related to the ability of GHB to

stimulate the release of growth hormone), especially by the bodybuilding community. However,

evidence regarding a possible increase in muscle mass or fat catabolism due to GHB effect of GHB

18



Introduction

is lacking. In addition, in patients with chronic alcoholism, long-term administration of GHB did

not affect muscular mass (Addolorato et al. 1999)

1.1.4.4. Sedation and Anaesthesia

The anaesthetic effects of GHB are primarily hypnotic as GHB provides little or no analgesia. The
transition from wakefulness has been described as being a sudden shift from alertness to
unconsciousness (Metcalf et al. 1966). The results of early investigations suggested that GHB
appears to act on the cerebral cortex with little or no depression of the reticular activating
system (Solway and Sadove, 1965). Depression of the limbic hippocampal structures and

subcortical centres could be related to its sedative effects.

1.1.4.4.1. Sleep physiology

Early clinical studies in healthy volunteers examined the ability of the drug to induce a sleep-like
state. GHB was able to produce a predictable sequence of dose-dependent EEG changes,
decrease sleep onset latency, promote delta activity and enhance sleep maintenance (Metcalf et

al. 1966, Yamada et al. 1967).

In further studies in healthy subjects under double-blind conditions, single oral doses of 2.25 g
GHB significantly increased stages Il and IV and decreases stage | of non-rapid eye movement
(NREM) sleep. In addition, GHB improved REM efficiency at night and reduced wake time after
sleep onset when administered before a morning nap recording (Lapierre et al. 1990).
Furthermore the administration of oral 2.5, 3.0, 3.5 g GHB doses at bedtime to 8 healthy
volunteers was able to increase the time spent in slow-wave sleep in healthy volunteers. These
subjects showed significant reduced sleep latency at all GHB doses compared with placebo in
addition to increasing GH secretion. The effects occurred mainly during the first third of the night

after sleep onset, as expected with the single nightly dose administered (Van Cauter et al. 1997).

Sleepwalking events have been described in narcolepsy patients. Despite the fact that these
patients generally take 2 doses of GHB while in bed and that they are both capable of inducing
slow-wave sleep, this effect has been clearly associated with the second dose rather than the
first. Capacity-limited elimination contributing to higher blood levels after the second dose may

explain this phenomenon (Scharf et al. 1998).
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1.1.4.5. Memory

Most of the information concerning the effect of GHB on memory comes from case reports of
GHB abuse and/or overdose. The short and long term use of GHB has been associated with an
impairment of human memory. However, the results from the few clinical trials examining
cognitive effects are controversial. In an early study, following GHB 10 mg/kg i.v administration
subjects exhibited a significant short term memory deficit in a digit recall test at a prolonged
delay interval of 20 seconds but not at the shorter interval of 4 seconds. However, this effect was
only observed 5 minutes after administration and not later in the experiment (Grove-White and
Kelman, 1971). In contrast no changes in short-term memory were found in a study where two
oral doses of 12.5 or 25 mg/kg were administered to healthy volunteers (Ferrara et al. 1999).
However, both studies presented important drawbacks and differences in the time at which
cognitive tests were performed. This could account for the opposite results found. More recently
the cognitive effects of supratherapeutic doses of GHB, triazolam and pentobarbital were
evaluated in subjects with histories of sedative abuse (Carter et al. 2006). GHB, unlike triazolam
and pentobarbital, did not impair participants’ recall of eight-digit numbers when they were able
to replicate (enter) those numbers. Furthermore, at doses in which participants were able to
study a list of words, GHB did not impair the participants’ ability to discriminate new and old
words 5 h later. Taken together, these data show that at doses that prevented the assessment of
cognitive effects (i.e. loss of consciousness) the effects of GHB on these memory tasks were
significantly less than those of triazolam and pentobarbital and not significantly different from
placebo. Thus, it can be hypothesised that the ‘amnesia’ that is often attributed to GHB in clinical

reports is due to loss of consciousness and not any selective impairment of memory processes.

1.1.4.6. Pupil size

Pupils of GHB suspected intoxicated patients have been described as being miotic or mydriatic
and sluggishly reactive to light (Mason and Kerns. 2002). However, the effect of GHB to pupil size

has not been previously thoroughly investigated in humans.
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1.1.5. Subjective effects

Despite the extensive research of GHB for therapeutic purposes, the information about GHB
subjective effects mainly stem from anecdotal reports and surveys. Only few studies have tested

GHB elicited subjective effects under controlled experimental settings.

1.1.5.1. Anecdotal reports and surveys

A survey inquiring about the effects of GHB was administered to 42 users in the U.S. GHB was
predominately used for ‘going out’ and having fun. The most frequent reported subjective effects
after GHB use were increased feelings of euphoria, well being, happiness, increased sexual
interest, augmented tendency to talk, relaxation, pleasant drowsiness and disinhibition.
Interestingly, users reported some effects related to stimulant-like effects (i.e. increased energy,
euphoria, reduced appetite) and other effects more related to GHB sedative properties (i.e.

relaxation and drowsiness) (Miotto et al. 2001).

In a study of 76 Australian users, feelings of euphoria, relaxation, increased sociability and loss of
inhibition, as well as heightened sexual interest were reported by the majority of the users

(Degenhardt et al. 2003).

1.1.5.2. Controlled studies

A randomized and placebo controlled study was performed in 8 opioid-dependent stabilized
patients on levorphanol treatment prior to a naloxone challenge. GHB 30 mg/kg (2.1 g/70 kg) but
not 15 mg/kg, was found to significantly increase subjective ratings of ‘good mood’ ‘spaced’
‘sluggish’ and ‘carefree’ without significantly affecting psychomotor performance (Rosen et al.
1997). No significant differences were found on any of the scales of the ‘Addiction Research
Center Inventory’ (ARCI) short form questionnaire. However, the design of this study (not
specifically planned to measure GHB subjective effects) and the presence of an outlier with an

unexpected placebo response might bias the results found.
The effects of GHB on human psychomotor performance and subjective feelings were also

studied in 12 healthy volunteers (six males and six females) in a double-blind, cross-over study;

two different GHB doses (12.5 and 25 mg/kg), lorazepam (0.03 mg/kg) or placebo were
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administered (Ferrara et al. 1999). The only significant changes found were an increased feeling
of calmness with the lower GHB dose and a decreased contentedness after both GHB doses. The
administration of both GHB doses had no effects on attention or psychomotor performance.
However some subjective feelings of dizziness and dullness were recorded as adverse effects,
which disappeared 30-60min after GHB administration. Intriguingly the effect of orally
administered GHB was tested initially at 15 minutes, but no repeated measures were recored
until 60, 120 and 180 minutes following GHB administration. The absence of testing during the
15-60 minute interval following the oral administration could explain the fact that no changes in

subjective effects and performance were observed following oral doses of GHB.

In summary, at the time of the initiation of this work most of the information of GHB subjective
effects was based in surveys and anecdotal reports and the results of the controlled studies

suffered from important drawbacks.

1.1.6. GHB dose related effects

While this thesis was being settled, a review of GHB dose related effects was carried out. The first
remarkable fact was that few studies had previously examined GHB dose-related effects under
controlled administration. In addition we found several significant discrepancies regarding GHB
dose related effects. In particular GHB doses leading to coma induction were fairly unclear. First,
numerous publications suggested that GHB doses of 20-30 mg/kg could produce sedation and
sleep, and that coma may result when twice this dose is administered. This was partially
supported by studies where GHB was administered IV (Yamada et al. 1967). However, there was
a strong confusion about the effect of different GHB oral doses in humans. GHB oral doses as
little as 10 mg/kg had been associated to the induction of euphoria, amnesia or increased libido.
However this was not supported by clinical data. In addition, several discrepancies in reporting
the dose of GHB as GHB or sodium GHB interchangeably are consistently found in the literature.
This could lead to underestimation of GHB effects in trials where GHB was administered as
sodium oxybate or sodium GHB (as 1 mg of sodium GHB is equivalent to 0.83 mg of GHB).

Taking into account these uncertainties GHB dose related effects after oral administration were
for the majority uncharacterized previous to this thesis work. Even today, numerous publications
in high impact journals continue to wrongly report GHB dose related effects in humans (Snead
3rd and Gibson, 2005). A summary of GHB dose-related effects after oral administration in

different clinical studies published is shown in table 2.
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TABLE 2. Summary of GHB dose related effects found in previous studies in humans. Manuscript and year of

publication, doses given, type of GHB preparation, population and comments.

Manuscript / Doses given Population Comments
Year of publication  Oral GHB /

NaGHB
Metcalf et al. 35-63 mg/kg 20 Healthy -Drowsiness induced after all doses
1966 GHB Volunteers -Doses >50 mg/kg lead to coma.

-Myotic Pupils

Mattila et al. lgand2g* 12 Healthy -Psychomotor performance impairment
1978 Ethanol 0.5 g/kg Volunteers observed only in combination with

? ethanol
Hoes et al. 50, 75 and 100 8 Insomniac -Sleep induced at all doses
1980 mg/kg patients -Subjects awoke at GHB plasma

? concentrations below 90 mg/dl
Palatini et al. 25 and 50 mg/kg 8 Healthy -Mild drowsiness and/or dizziness feeling
1993 NaGHB Volunteers in all subjects
Van Cauter et al. 2.5,3.0and 3.5*%* 8 Healthy -2.5 and 3.0 g indistinguishable from
1997 g Volunteers placebo

? - 3.5 g drunkenness /intoxicated feeling
Ferrara et al. 12.5 and 25 12 Healthy -Psychomotor performance was not
1999 mg/kg Volunteers impaired

NaGHB -25 mg/kg dose induced dizziness
Volpi et al. 25 mg/kg -10 Healthy -TGH
2000 NaGHB Volunteers -No subjective / side effects reported

-10 Parkinson’s
patients

Borgen et al. 4.5 g *** 36 Healthy -Tmax at 1h
2003 NaGHB Volunteers -85% Females experienced side effects

(Nausea, vomiting and CNS related)

*14.3 and 28.6 mg/kg for a 70 kg weight person
**35.7,42.9 and 50 mg/kg for a 70 kg weight person
*** 64.3 mg/kg for a 70 kg weight person

? Not reported

1.1.7. Pharmacokinetics

The pharmacokinetics of GHB after oral administration have been investigated in healthy
volunteers, alcohol-dependent patients, patients with liver impairment and narcoleptic patients
(Ferrara et al. 1992; Ferrara et al. 1996; Palatini et al. 1993; Scharf et al. 1998). Consistent with its
rapid onset and short pharmacological effect, the data indicated that both GHB absorption into
and elimination from the systemic circulation are rapid processes. GHB is rapidly but
incompletely absorbed after oral administration. It is eliminated mainly by metabolism with a t;,
of 0.5 to 1h. GHB pharmacokinetics is not significantly altered with repeat dosing and no gender
differences are apparent. A summary of GHB main pharmacokinetics parameters is presented in

Table 3.
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1.1.7.1. Absorption

GHB is absorbed rapidly following oral administration and undergoes extensive first-pass
metabolism. The absolute bioavailability of GHB was determined to be about 27% when a dose of
100 mg/kg was compared after intravenous and oral administration (Vree et al. 1978). Plasma
concentrations usually reach a peak within 30-60min. The average time to peak plasma
concentration (tma) ranged from 0.5 to 1.25h in eight pharmacokinetic studies. The average peak
plasma concentrations (1st and 2nd peak) following administration of a 9 g daily dose divided
into two equivalent 4.5 g doses given 4h apart were 77.6 and 141.7 ug/mL, respectively (Borgen
et al. 2000). Administration of GHB immediately after a high fat meal resulted in delayed
absorption (tmax increased from 0.75 to 2.0 hr) and a 58% reduction in C., and of systemic

exposure (AUC) by 37% (Borgen et al. 2003).

1.1.7.2. Distribution

GHB is a hydrophilic compound with an apparent volume of distribution (V4) averaging 1.9-3.8
L/kg. Distribution to target tissues occurs rapidly and follows a two-compartment model. The
distribution of GHB to various tissues, including the brain, is partially dependent on specific
transporters, since at physiological pH, more than 99% of GHB is ionized and can not readily
diffuse across cellular membranes. Recent studies have demonstrated that the monocarboxylate
transporters (MCT1, MCT2 and MCT4) are important in the membrane transport of GHB (Wang
and Morris, 2007). Less than 1% of GHB is bound to plasma proteins at plasma concentrations

ranging from 3 to 300 pg/mL.

1.1.7.3. Metabolism

Metabolism is the major elimination pathway for GHB. The primary pathway involves GHB
dehydrogenase, a cytosolic NADP+-linked enzyme that catalyses its conversion to succinic
semialdehyde (SSA). SSA is then biotransformed to succinic acid by the enzyme succinic
semialdehyde dehydrogenase. Succinic acid enters the Krebs cycle where it is metabolized to
carbon dioxide and water. A second mitochondrial oxidoreductase enzyme, a transhydrogenase,
also catalyses the conversion to succinic semialdehyde in the presence of a-ketoglutarate. An
alternate pathway of biotransformation involves B-oxidation via 3,4-dihydroxybutyrate to carbon

dioxide and water. No active metabolites have been identified.
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GHB does not significantly inhibit the activities of the human isoenzymes: CYP1A2, CYP2C9,
CYP2C19, CYP2D6, CYP2E1, or CYP3A up to the concentration of 3 mM (378 ug/mL), as shown in

In vitro studies with pooled human liver microsomes (Xyrem 2005).

1.1.7.4. Elimination

On average, less than 5% of unchanged drug appears in human urine within 6 to 8h after dosing.
Faecal excretion is negligible. The clearance of GHB is almost entirely by biotransformation to
carbon dioxide, which is then eliminated by expiration. Elimination half-life (t;/,) is significantly
longer in cirrhotic patients than in control subjects (mean t;/, of 59 versus 22min) due mainly to a
decreased clearance (Ferrara et al. 1996). GHB can be detected in urine samples up to 8-10h

after ingestion, and in blood samples up to 5-6h after single doses up to 4.5 g.

1.1.7.5. Non-linear pharmacokinetics

The systemic exposure of human subjects to GHB increases disproportionately with dose,
suggesting capacity limited elimination. Thus, doubling of the nightly oral dose from4.5gto9¢g
resulted in a 3.8-fold increase in AUC and a significantly longer half life than after the 4.5 g dose
(59 vs 35min) (Borgen et al. 2000). The mechanisms underlying GHB non-linear pharmacokinetics
is unknown. It may be caused by capacity-limited metabolism, absorption and renal elimination.

Interestingly GHB pharmacokinetics exhibits non-linearity only in some subjects.

1.1.7.6. GHB plasma levels in intoxication cases

In the published cases of GHB intoxication including confirmed diagnosis and GHB blood levels,
the results have been certainly dissimilar and it has also been impossible to relate GHB plasma
levels to clinical state severity (Sporer et al. 2003). The range of plasma concentrations found

varies from 45 - 551 mg/L.
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TABLE 3. Summary of main pharmacokinetic parameters of GHB

Half-life (h) 0.5-1

Time to maximum concentration (h) 0.5-1.25

Active metabolites None known

pKa 4.7

CYP450 drug interactions None known
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1.1.8. Interactions

The number of studies assessing the possible interactions of GHB with other drugs is limited. A

summary of GHB possible pharmacological interactions is presented in Table 4.

TABLE 4. Possible pharmacological interactions of GHB (Farré and Abanades, 2006; Harrington et

al. 1999; Liechti et al. 2006; Sevak et al. 2004; Thai et al. 2006; Uys and Niesink, 2005).

Product / Substance

Alcohol

Cannabis
Opiates

Amphetamines, cocaine
and other CNS stimulants

Ketamine - phencyclidine

Benzodiazepines /
Barbiturates

Ritonavir, saquinavir

Valproate, phenytoin,
ethosuximide

Neuroleptics

Antidepressants

Interaction
Mechanism

PK-PD

PD

PD

PD

PD

PD

PK

PK

PD

PD

Consequence

-Combined use may increase GHB’s CNS depressant action,
as well as the risk of gastrointestinal adverse effects,
arterial hypotension and hypoventilation.

-Combined use of BD and alcohol may reduce BD effects
due to a reduction of the conversion efficiency of BD into
GHB (possible competition for alcohol dehydrogenase).
-Pharmacokinetics: possible increase of both plasma GHB
concentrations and GHB t; .

-Combined use may increase GHB’s depressant action over
CNS

-Combined use may increase GHB’s depressant action over
CNS and respiratory system

-CNS antagonic effects, which may mask GHB action.
-Amphetamine users possibly consume higher doses of
GHB.

-Eventual decrease of convulsion threshold.

-Possible synergistic effect of GHB’s and ketamine’s
depressant effect over CNS

-The NMDA receptor antagonist, dizocilpine (MK-801),
amplifies GHB’s cataleptic action in rats.

-Synergistic effect when associated to GHB.
-Combined use increases the depressant action over CNS
and respiratory system.

-Coma, bradycardia, respiratory depression, convulsions
have been described in a HIV+ patient treated with
ritanovir and saquinovir after GHB intake. Possibly due to
an inhibition of CYP450 enzymatic system leading to an
increase of plasma GHB concentration.

-Through GHB dehydrogenase inhibition.

-No reports / studies in humans, however interaction with
these drugs is possible

-Possible synergistic effect of GHB’s depressant action over
CNS (effect already proven in rats).

-Possibility of adding effect, especially in the case of trycilic
antidepressants.
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1.1.9. Toxicology of GHB in humans

1.1.9.1. Adverse effects

The adverse effects produced by psychoactive drugs clearly differ depending on the population
using the drug. Often, psychoactive effects usually described as ‘unwanted’ by patients (loss of
control, ‘high’) could be in contrast, specifically sought by recreational users. This is also the case
of GHB as some of the adverse events described during the clinical trials are on the contrary,
sought after effects by recreational users of the drug. The adverse effects described below were
found mainly in experimental studies testing GHB as a therapeutic agent and in reports of
perceived adverse effects by recreational GHB users. The effects and consequences of GHB
intoxication will be described separately. GHB predominantly affects the CNS, cardiovascular

system, and respiratory system with lesser impact over the kidneys or the liver.

1.1.9.1.1. Adverse effects in patients

A total of 717 narcoleptic patients had been exposed to GHB (Sodium Oxybate) in clinical trials.
The most commonly observed adverse events associated with the use of sodium oxybate were:
headache (22%), nausea (21%), dizziness (17%), nasopharyngitis (8%), somnolence (8%), vomiting
(8%), confusion (7%) and urinary incontinence (7%). Additional adverse effects were sleep
disorders, sleep walking episodes, urinary incontinence, and vomiting. The incidence of adverse
effects appears to be related to initiation of therapy and dose and tends to be higher in females
than males. In these clinical trials, 10% of patients discontinued because of adverse events
compared to 1% receiving placebo. The most frequent reasons for discontinuation (>1%) were
nausea (2%), dizziness (2%), vomiting (1%) and confusion (1%) as well as urinary incontinence,
dyspnea, hyperesthesia, paresthesia, somnolence, tremor, vertigo, and blurred vision, all
occurring in <1% of patients. Some of the adverse events were dose dependent. Thus, in a
controlled trial patients were randomized to fixed total daily doses of 3, 6, and 9 g/day or
placebo. Confusion was reported at all recommended doses, nonetheless a dose-response
relationship for confusion was demonstrated with 17% of patients at 9 g/day experiencing
confusion. The confusion resolved soon after termination of treatment and in the majority of

cases, it also resolved even through continued treatment.

GHB has also been studied for the treatment of alcohol withdrawal; dizziness, nausea, vertigo

and tiredness (in descending order) have emerged during GHB use. Several studies investigated
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the pharmacokinetics of GHB in different populations. Although information of adverse events
was generally lacking in these publications, the main adverse events observed were dose
dependent and involved mainly dizziness, somnolence and nausea (Palatini et al. 1993; Scharf et

al. 1998)

1.1.9.1.2. Adverse effects in GHB recreational users

The doses of GHB that elicit adverse effects vary greatly from report to report and range from
1.25 ml to 60 ml. Additionally 40 ml of clandestinely produced GHB may weigh from 3-20 g
(Thomas et al. 1997).

A few observational studies have studied GHB perceived adverse effects by GHB users. In 2001 a
survey inquiring about the effects of GHB in 42 American users reported episodes of
unpredictable loss-of-consciousness lasting minutes to hours in 69% of participants. However,
participants considered these episodes as equivalent to ‘falling asleep’ in contrast to an overdose
or toxic state. The most frequent reported adverse effects during GHB use (25-50% users) were
nausea, auditory and visual hallucinations and headache and, less frequently (1-24%) amnesia,
diarrhoea, stiff muscles and loss of bladder control. The most frequent reported adverse effects
after GHB use (30-60%) were confusion, clumsiness and amnesia. Adverse effects occurred more

frequently in daily users and polydrug users than in occasional GHB users (Miotto et al. 2001).

In a survey in 76 Australian GHB users (Degenhardt et al. 2002), 99% reported at least one
potentially adverse effect (mean number of side effects reported was 6.5). Three quarters
reported that they had experienced dizziness and blurred vision while using GHB and two-thirds
reported hot/cold flushes. The following adverse effects were reported by around half of the
sample: lost consciousness, profuse sweating, vomiting, memory lapses and tremors. Although
the vast majority of users felt that these negative side effects were caused by their GHB use,
most of them were polydrug users and this could have biased the results. It must be noted that
many GHB users in this survey did not appreciate side effects as a negative matter. Furthermore

some users considered that GHB overdose was not in itself a dangerous issue.
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1.1.9.2. GHB intoxication in humans

The intoxication/overdose effects of GHB (or its precursors) have been extensively reviewed in
humans. Nevertheless, the effects of pure GHB intoxication have not yet been duly described due
to a lack of publications regarding confirmed cases (GHB detected in plasma and/or urine) and
frequent concomitant poly-drug use. These drawbacks make it difficult to assign the clinical
features purely to GHB intoxication.

Along with this thesis work, a review of the relevant literature regarding with the effects of GHB
intoxication in humans was performed. In an effort to summarize the information available,
Table 5 shows an outline of the clinical and epidemiological features of a series of cases
published by our group (Abanades et al. 2001), along with the six largest case series previously
published. The most relevant data regarding GHB intoxication in humans will be reviewed

throughout this chapter.

TABLE 5. Description of the largest series of GHB intoxication cases (Dyer 1991; Chin et al. 1998;
Abanades et al. 2001; Liechti and Kupferschmidt, 2004; Miré et al. 2002; Sporer et al. 2003;
Elliott 2004).
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1.1.9.2.1. Neurological

GHB intoxication induces a spectrum of CNS changes. A decrease in the level of consciousness is a
constant feature in all intoxication cases described whether other drugs are present or not.
Patients usually present an abrupt decrease in the level of consciousness that may end in a deep,
unreactive coma in up to 1 out of 4 GHB intoxicated patients, depending of the series (48% of
total patients scored < 9 in GCS). Lower GCS scores have been associated with a simultaneous use
of GHB along with MDMA or cocaine and to a more prolonged coma (Liechti and Kupferschmidt,
2004; Liechti et al. 2006). In series where plasma concentrations were available, no statistically
significant correlations between GHB plasma levels and both the GCS score and the time of
awakening from coma have been found (Sporer et al. 2003). On the other hand, it should be
emphasized that pure GHB intoxication under controlled settings has been described as a
spontaneously reversible coma within a few hours and no additional severe adverse effects

(Carter et al. 2006).

A confusional state may also be observed mainly in non-severe intoxications and also during the
awakening from coma, although this fact has not been mentioned in most of the publications.
Minor effects include ataxia, muscular weakness, and urinary/faecal incontinence which are
difficult to exclusively assign to GHB. Unusual random clonic movements and uncontrollable
shaking associated with GHB have been described as well. However, these symptoms appearing
in around 10% of the patients, are currently allocated as non-epileptic myoclonic jerks. These

features were also described in earlier clinical trails testing GHB as an anaesthetic (Vickers 1969).

1.1.9.2.2. Psychiatric effects

The presence of agitation and strange behaviours (including self-injury) has been associated to
GHB in some intoxication case series and could have been under-reported in earlier series
published (Zvosec and Smith, 2005). In addition, the combined consumption of alcohol and GHB
has been correlated to the appearance of agitation (Liechti et al. 2006). Psychiatric complications
such as delirium, paranoia, depression, and hallucinations have also been reported in a small

number of patients
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1.1.9.2.3. Ocular effects

Regarding pupil diameter, mydriasis, miosis and also medium pupils have been described in GHB
intoxication cases (Mason and Kerns, 2002). Again, the frequent presence of other substances

with effects on pupil size makes it difficult to attribute a particular effect on pupil size to GHB.

1.1.9.2.4. Respiratory effects

Respiratory depression, difficulty breathing, and apnea have been reported after the
administration of GHB. It appears that GHB decreases respiratory frequency while increases
breath amplitude. Nonetheless, hypoventilation might occur if this compensation does not take
place. The respiratory depression may be especially severe, and abnormal patterns of breathing
such as ‘Cheyne-Stokes’ breathing may also result. Mild acute respiratory acidosis is a common
finding (Mason and Kerns, 2002). About 15% of patients of the GHB intoxication case series
presented hypoventilation and/or respiratory acidosis, which could be related to a global CNS
inhibition. Combined drug use might also increase the risk of hypoventilation. Prognosis and

treatment of GHB intoxication basically relies on the appearance of hypoventilation.

1.1.9.2.5. Cardiovascular effects

No serious cardiovascular effects have been described in most GHB therapeutic studies.
Bradycardia has occurred when GHB was given for anaesthesia (Vickers 1969) as well as in
overdose situations. About 30% of all patients presented sinusal bradycardia, usually
asymptomatic, and up to 10% arterial hypotension along the different series of GHB intoxication
cases. However the casual assumption that GHB caused these homodynamic alterations is
disturbed with the combined consumption of other drugs. ECG alterations, such as U waves or
first grade A-V block have also been described. Nevertheless, ECG alterations are not common
during GHB intoxication. In case of appearance are usually associated to the simultaneous use of

other cardio-toxic substances, mainly alcohol and cocaine (Li et al. 1998; Mason and Kerns, 2002).
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1.1.9.2.6. Gastrointestinal effects

A high frequency of vomiting is associated with the use of GHB, especially at high doses and
during induction and on emergence from intravenously induced anaesthesia. Nausea and
vomiting have been described in around 20% of all intoxicated patients. These could appear in
every stage of the intoxication; as the first intoxicating symptom, during coma and at coma
awakening. It has been observed that these adverse effects are more frequently suffered by
patients with low levels of consciousness (GCS < 8), which increases the risk of bronchial
aspiration (Chin et al. 1998; Liechti and Kupferschmidt, 2004). Vomiting occurs more frequently
among those patients who have consumed alcohol simultaneously and also those who used GBL

or BD.

1.1.9.2.7. Effects in body temperature

A 20 to 70 per cent of patients described in Table 5, presented a variable grade of mild

hypothermia, although general clinically non-significant and difficult to attribute purely to GHB.

1.1.9.2.8. Diagnosis

The suspected diagnosis is clinical and based on patient’s anamnesis whenever possible.
Currently, there is no duly approved quick drug screening test available that detects GHB and/or
its precursors, and only a few medical centres have the technology required (GC-MS) to obtain a
definitive diagnosis. For this reason, in most of the cases diagnosis is tentative. In the series
including confirmed diagnosis and GHB blood levels, the results have been dissimilar and it has
also been impossible to relate GHB plasma levels to clinical state severity. The range of plasma
concentrations found varies from 45 - 551 pg/mL (Elliot 2004; Sporer et al. 2003). In addition,

only in a few studies a difference is made between the use of GHB or its precursos, GBL and BD.

1.1.9.2.9. Management

Table 6 summarizes the management of patients with a suspected intoxication due to GHB or its

precursors.
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TABLE 6. Management of patients with reduced level of consciousness when suspecting intoxication by GHB
and/or one or more ‘Club Drugs’.

1. Permeable air-way and safe recovery position

2. Continued monitoring of vital signs: arterial blood pressure, heart and respiration rate,

temperature, pulse-oximetry
3. Activated carbon: only if previous drug use <1h. If GCS < 9 airway protection is mandatory

4. Anamnesis: query accompanying persons to determine possible substances involved and in which

amount, as well as pathological (and toxicological) history of the patient
5. Neurological examination (pupils and GCS), heart & lung examination
6. Electro-cardiogram

7. Establish vascular access conduction: blood test samples, arterial blood gasometry, ethanol blood

levels. Capillary glycemia
8. Drug screening (blood and urine) and collection of extra samples for later GC-MS analysis
9. Thorax radiography if suspecting bronchial aspiration

10. Computed axial tomography scan (CT scan) or magnetic resonance (MR) in cases of prolonged coma

or if intracranial hypertension is suspected
11. If meningitis is suspected, lumbar puncture is mandatory, after cranial CT scan
12. The administration of glucose, thiamine and naloxone is generally recommended

13. Expect a potential withdrawal syndrome after regaining of consciousness

1.1.9.2.10. Treatment

At present, no specific antidote for GHB intoxication is clinically available. Routine treatment is
based on clinical supervision and support measures. Several drugs have been used for the
treatment of GHB induced coma with dissimilar results. Flumazenil and naloxone are not useful in
the reversion of GHB induced coma, although its use is not contraindicated and may direct
diagnosis in a coma of unknown origin (Espinosa et al. 2001). The use of flumazenil is
contraindicated whenever the presence of cocaine is suspected, since it reduces the convulsion
threshold and may result in the latter. Physostigmine, a reversible acetyl cholinesterase inhibitor,
has been used for reverting coma with contradictory results. Thus, it has been successfully used
for coma reversion during GHB intoxication, but there is no scientific evidence based on
controlled clinical trials to support its regular use (Traub et al. 2002). Regarding eventual future
treatments, studies in animal models show that the GHB receptor antagonist NCS-382 is not able
to revert GHB-induced coma. However, the GABA; antagonist SCH-50911 remarkably increases

survival rates among animals treated with lethal doses of GHB and GBL (Carai et al. 2004; Carai et
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al. 2005). These facts support that most of the clinical effects after GHB administration are

mediated through GABAg receptors, and support the eventual clinical use for SCH-50911.

1.1.9.2.11. Complications

As mentioned before, an impaired respiratory function (bradypnoea, apnea) marks intoxication
prognosis. The two indicators for mechanical ventilation are a decrease of the level of
consciousness and respiratory failure. However, in GHB intoxicated patients there is no
agreement on whether intubation is convenient or not. The reversibility of the clinical features
makes mechanical ventilation unnecessary except with patients presenting severe
hypoventilation which fail to improve through patient stimulation and oxygen supplementation
(Michael and Harrison, 2005). On the other hand, endotracheal intubation to avoid bronchial
aspiration is not recommended taking into account both the duration of action of GHB and the
possible consequent complications (bronchial aspirations usually appear during extubation).
Endotracheal intubation would definitely be indicated upon suspicion of combined use of other
related drugs which may increase the risk of prolonged coma. Thus, a similar prognosis is
observed in all series of cases described to date although the percentage of patients that
underwent mechanical ventilation and the number of bronchial aspirations is lower in some case
series (Spanish series, Table 5). Bronchial aspiration appears in approximately 1% of all patients
and more frequently in cases where alcohol is also present (Liechti and Kupferschmidt, 2004).
Complications like arterial hypotension, hypothermia or bradycardia rarely require active
treatment since they usually revert fast, with a generally good prognosis. Progression or
worsening of these symptoms could be evidence of the masked presence of other drugs or an
intercurrent entity. The use of atropine would be restricted to cases of symptomatic

bradychardia insensitive to stimulation (Li et al. 1998).

1.1.9.2.12. GHB analogues

It has been reported that GBL would exhibit faster absorption and greater bioavailability and
toxicity, especially in combination with alcoholic beverages (Palmer 2004). Even if effects are very
much the same, precursors could lead to faster intoxication symptoms. There have also been
reports of oesophageal mucosa ulcerations after consumption of these substances from illicit

synthesis in an insufficiently neutralized form (Dyer and Reed. 1997).
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1.1.9.3. GHB abuse, addiction and withdrawal syndrome

Shortly after the appearance of GHB, it became apparent that heavy GHB use was capable of
producing tolerance, dependence and withdrawal. Accordingly, chronic self-administration,
compulsive abuse regardless of adverse consequences, as well as drug-seeking behaviours have
been shown after GHB abuse (Gonzalez and Nutt, 2005). Data suggest that individuals may
become psychologically dependent on GHB. Tolerance to the effects of GHB results in an increase
in dosage. Physical dependence may develop, with a withdrawal syndrome occurring on abrupt
discontinuation. The withdrawal syndrome appears to range from anxiety, tremor, and insomnia
to more severe symptoms such as disorientation, paranoia, hallucinations, tachycardia, and
possibly delirium, which may last approximately 1 week. The symptoms of withdrawal may begin

within 1-6h after the last dose of GHB and may last from 5-15 days (Tarabar and Nelson, 2004).

Because of the different regimens by which the drug is administered, withdrawal is more
common among bodybuilders who use the drug in a several-times-daily dosing schedule for
weeks than among club users who generally use GHB on weekends only. However, there are
reports of clinically significant withdrawal in patients who used GHB and its analogues as sleep
aid (Miotto et al. 2001). The estimated daily dose of GHB, used by the patients who experienced
severe withdrawal, ranged between 43 and 144 g/day. Recently, a case of GHB withdrawal after a
short, 7-day induction period has been described. Patients who present following frequent use of
GHB for even short periods should be therefore evaluated for signs of withdrawal (Perez et al.

2006.)

1.1.9.4. Death

Even though GHB intoxication is usually reversible, several fatalities have been associated with
GHB use (Caldicott et al. 2004; Zvosec et al. 2001). In most of the cases, GHB has been consumed
together with other substances, being difficult to assume a causal association. Still, there are
cases directly relatable to this substance and/or to precursors GBL and BD. It is important to
underline that roughly all death cases related to these substances took place out of a health care
centre. Most of these cases are in relation with car accidents or victims of some kind of abuse
(Caldicott et al. 2004), although some cases of apnea and death in a medical centre have been
described after leisure use of GHB (Timby et al. 2000). Indeed, the short life of GHB in both blood
(up to 8h) and urine (up to 12 - 24h), have probably caused an underestimation of the number of

deaths actually caused by this substance (Caldicott et al. 2004).
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1.1.10. GHB abuse liability

The relative abuse liability of GHB in humans was unknown at the beginning of this thesis.

Experimental data demonstrating the reasons for abuse was lacking.

1.1.10.1. Preclinical studies

The results of preclinical studies of the reinforcing effects of GHB have been ambiguous. Various
drug discrimination studies with GHB have failed to consistently show cross-substitution with
abused drugs such as benzodiazepines, barbiturates, opiates, cocaine or d-amphetamine
(Beardsley et al. 1996; Winter 1981; Woolverton et al. 1999). However, stronger evidence for
cross substitution has been reported between GHB and baclofen, a nonabused GABA; agonist
(Lobina et al. 1999), particularly at high doses. Furthermore self-administration studies of GHB
show evidence for only weak and inconsistent reinforcing effects. In rhesus monkeys self-
administration rates for GHB were below those seen with phencyclidine (PCP) and methohexital,
and considerably similar to those obtained with vehicle tests (Beardsley et al. 1996, Woolverton
et al. 1999). Rodent studies have been more suggestive of the reinforcing effects of GHB as both
oral and IV self-administration has been demonstrated. Nonetheless results were variable and
difficult to interpret conclusively (Martellotta et al. 1997; Colombo et al. 1995; Colombo et al.
1998 Martellotta et al. 1998). Thus, the preclinical evaluation of the relative reinforcing effects of
GHB have been fairly inconsistent, possibly due to discrepancies in the use of different species,

routes of administration, doses, and testing procedures.

1.1.10.2. Abuse liability in humans

Several reports of GHB abuse and dependence in humans has been published and reports of
overdoses have increased during the last years. However, overdose data reflect a form of
inappropriate use that may have no relation to abuse liability. Interestingly, several overdoses
occurred in individuals who regularly used GHB because of their reinforcing effects. This fact in
conjunction with the augmented consumption during the last years, have been interpreted as an
indirect marker of a high abuse liability of GHB in humans. However, no abuse liability studies
had been performed in humans before this thesis work, and few clinical studies have evaluated

abuse-related effects of GHB.
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In an unblinded outpatient study evaluating the ability of a high dose of GHB (50 mg/kg or 3.5
g/70 kg TID) given three times daily for 24 weeks to promote abstinence from alcohol in alcohol
dependent patients, approximately 10% of the patients increased the dose of GHB by 6—7 times
the therapeutic dose to 300-350 mg/kg TID (21-24.5 g/70 kg TID), suggesting that GHB was

reinforcing in this subset of alcoholic patients (Addolorato et al. 1996).

A randomized and placebo controlled study was performed in 8 opioid-dependent stabilized
patients on levorphanol treatment prior to a naloxone challenge. GHB 30 mg/kg (2.1 g for a 70 kg
subject) but not 15 mg/kg, was found to significantly increase subjective ratings of ‘good mood’
and ‘carefree’ (Rosen et al. 1997). Subject’s rating of ‘liking’ showed a non-significant tendency
for the 30 mg/kg dose and no significant differences were found on any of the scales of the
Addiction Research Center Inventory (ARCI) short form questionnaire. This study was not able to
find significant reinforcing effects. Nonetheless it should be highlighted that it suffered from
important drawbacks. Its particular design (not specifically planned to measure GHB subjective
effects) and the presence of an outlier with an unexpected placebo response might account for

the results found.

After the end of the experimental phase of the present work the first controlled study addressing
GHB abuse liability in humans was published. The study was described as a pilot ascending dose
sequence trial in subjects with histories of abuse of sedative/hypnotic drugs and no prior
exposure to GHB (Carter et al. 2006). A likelihood for GHB to be abused intermediate to triazolam
and pentobarbital was reported. GHB produced an intermediate effect (greater than triazolam
but lower than pentobarbital) on most measures of likelihood of abuse (i.e. ratings of liking and
reinforcing effects). In addition, GHB generally produced greater unpleasant drug effects than the
other active conditions and this was interpreted as a possible limit of GHB abuse potential.
Nevertheless, alternative explanations could elucidate the rate of GHB abuse potential found in

this study. This issue will be further discussed in the discussion chapter of this thesis.

1.1.11. Therapeutic uses

Most of the therapeutic applications of GHB result from its sedative and hypnotic effects on the

CNS.
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1.1.11.1. Narcolepsy

Although its mechanism of action is unknown, GHB shows efficacy in the treatment of cataplexy
associated with narcolepsy. Significant 49-69% median reduction in the number of cataplexy
attacks in patients receiving total nightly sodium oxybate doses of 6.0-9.0 g, have been shown
(US Xyrem Multicenter Study Group 2002). Recently, extensive research, through multiple large
controlled and open-label studies has led to an understanding of GHB as a primary treatment for
the complex of narcolepsy symptoms, such as sleepiness, cataplexy and sleep fragmentation
(Robinson and Keating, 2007). GHB is now approved in the USA and Europe for the treatment of
cataplexy in patients with narcolepsy. GHB (‘Sodium oxybate’; ‘Xyrem’), taken at bedtime and
again during the night, is also effective in decreasing daytime sleepiness in patients with

narcolepsy who are also taking stimulants (Black and Houghton, 2006).

1.1.11.2. Alcoholism. Alcohol and opiate withdrawal

GHB has been used for alcoholism, given its many similarities to ethanol the hypothesis is that
GHB will act as a substituting compound. GHB 50 mg/kg/day has been given orally to treat the
symptoms of acute alcohol withdrawal and to facilitate both short-and long-term abstinence
from alcohol. GHB appears to be effective both in the management of alcohol withdrawal
syndrome (as effective as benzodiazepines) and in the maintenance of long-term abstinence
(Addolorato et al. 1999). GHB has also been approved for the treatment of alcohol dependence

in some European countries (i.e. Italy).
GHB has also been used to treat opiate withdrawal, often in higher dosages of 50-300 mg/kg/day

(Nimmerrichter et al. 2002). However, patient relapse, non-responders, and the development of

a GHB dependency syndrome are potential problems.

1.1.11.3. Anaesthesia

GHB was earlier used for intravenous anaesthesia, due to its CNS depressant effect and minor
negative influence on cardiorespiratory function. However, the use of GHB in anaesthesia is

complicated by its unpredictable duration of action and lack of analgesia. In addition, nausea and
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vomiting greatly reduce the safe use of GHB for this purpose. Even though, GHB still is being used

for anaesthesia in some European countries as Germany and Austria (Kleinschmidt et al. 1999).

1.1.11.4. Cellular and cerebral protection

GHB is an endogenous inhibitor of energy metabolism possibly protecting tissues when energy
supplies are low. The natural function of GHB may include a role as a tissue protective substance.
Evidence suggests that GHB reduces cellular activity, while depressing the utilization of glucose as
well as other energy substrates (Ottani et al. 2003). This may result in tissues being less sensitive
to the damaging effects of anoxia or during periods of excessive metabolic demand. However,

clinical evidence from controlled studies in humans is lacking.

1.1.11.5. Fibromyalgia

In a randomized and controlled clinical trail in 24 female patients, GHB effectively reduced pain
and fatigue in patients, possibly through reduction of the sleep abnormalities (alpha intrusion
and decreased slow-wave sleep) associated with the nonrestorative sleep characteristic of this
disorder (Scharf et al. 2003). Further studies are needed to confirm the role of GHB in this

disease.
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1.2. Ethanol

Alcohol or ethanol is probably one of the best known psychoactive substances. Because of its
long history of use and scientific study, only a summary of the most relevant information of

alcohol related to this thesis work is shown below.

1.2.1. History and sources

Alcohol is one of the oldest drugs and the most commonly used drug in world. It is a clear,
colourless flammable liquid which absorbs water rapidly from the air. It is generally prepared by
the fermentation of sugar by yeast (Various authors 10th Special Report to the U.S. Congress on
Alcohol and Health 2000). Since yeast does not survive in greater than 15 percent alcohol,
stronger solutions of alcohol are prepared by distillation. Wine and beer generally contain 2 to 20

percent alcohol, while the distilled preparations contain 30 to 60 percent.

1.2.2. Recreational uses

Alcohol is the most consumed drug in the world and more than just a drug for many cultures. A
recent report from the UK’s Institute of Alcohol Studies shows that adults in Europe consume 11
litres of pure alcohol per head per year (Goddard 2005). Recreational use in Spain was recently
addressed in the ‘Encuesta Domiciliaria sobre Alcohol y Drogas en Espafia 2005-2006’ a survey
reflecting alcohol and drug use in the year 2005. In this survey of 27.934 adults (15-64 year),
48.2% reported drinking alcoholic beverages on a weekly basis and 19.7% reported experiencing
drunkenness at least once during the year previous to the survey. A daily consumption of alcohol
during the last 30 days was reported by 14.9% of the sample. Alcohol use was higher during the
weekend, mainly within the population under 34 years of age. While alcohol use was stabilized
within the population of 15-64 in relation to previous surveys, an increase in the heavy use of
alcohol within the adolescent population (14-16) was detected (Ministerio de Sanidad y Consumo

2006).

1.2.3. Pharmacology in humans

In science and industry the word alcohol refers to a group of compounds made up of a

hydrocarbon chain with a hydroxyl (OH) group attached. Ethanol, a member of the alcohol group,
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is a small organic molecule chemical formula C,HgO that is both water and lipid soluble (Eckardt

et al. 1998).

1.2.3.1. Mechanism of action

Unlike many drugs that have a key site of action, alcohol produces a wide spectrum of effects on
brain function via interaction with multiple targets. Alcohol perturbs the balance between
excitatory and inhibitory influences in the brain, resulting in anxiolysis, ataxia, and sedation
(Various authors 10th Special Report to the U.S. Congress on Alcohol and Health 2000). This is
accomplished by either enhancing inhibitory or antagonizing excitatory neurotransmission.
Several putative sites at which ethanol may act have been identified, and ethanol most likely
produces its effects by simultaneously altering the function of a number of proteins that can
affect neuronal excitability (Eckardt et al. 1998). Recent studies show that alcohol exerts
powerful and specific effects on ion channel function and these effects may be modulated by the
subunit makeup and state of phosphorylation of these ion channels. The most recent evidence
shows that it acts through voltage-gated ion-channels and ligand-gated ion channels located at
synapses. The results of several studies suggest that alcohol inhibits the two major classes of
glutamate activated ion channels N-methyl-D-aspartate (NMDA) and kainate-receptor subtypes
in the brain and spinal cord. Because these channels mediate both rapid and prolonged synaptic
signalling, inhibition of these responses may underlie some of the intoxicating and sedative,
anaesthetic effects of alcohol. In the case of the GABA, and glycine receptors, compelling
evidence exists to suggest that alcohol’s effects are mediated by interaction with certain amino
acids on the receptor (Various authors 10th Special Report to the U.S. Congress on Alcohol and
Health 2000). In addition, ethanol also interacts with serotonin and dopaminergic systems.
Ethanol seems to enhance the serotonin-stimulated ion current by its interaction with the 5-HT;
subtype receptor. As with several recreational drugs, ethanol acts throughout the mesolimbic
dopamine system stimulating dopamine release in the nucleus accumbens in a 5-HT; mediated
process (Eckardt et al. 1998). Nicotine receptors have been also associated to play a role in the

reinforcing effects of ethanol.

1.2.3.2. Pharmacological effects

Alcohol is primarily a CNS depressant, and the degree of depression is directly proportional to the
quantity of ethanol consumed. The behavioural and physiological effects are associated with

different blood ethanol concentrations. As the blood ethanol concentration begins to increase,
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behavioural activation, characterized by euphoria, talkativeness, aggressiveness, and loss of

control, generally precedes the overt CNS depression induced by ethanol.

The effect of ethanol in other bodily systems is also dose dependent. A moderate amount causes
peripheral vasodilatation, especially of skin vessels, and a consequent increase in the heart rate.
It also stimulates the secretion of salivary and gastric fluids. On the other hand, ethanol
consumption in high concentrations, as found in undiluted spirits, can induce gastritis and
hemorrhagic lesions in the stomach and duodenum, inhibit intestinal brush border enzymes,
inhibit the uptake of amino acids, and limit the absorption of vitamins and minerals. Alcohol also
inhibits the release of vasopressin from the posterior pituitary gland, resulting in enhanced

diuresis (Leppaluoto et al. 1992).

1.2.4. Subjective effects and psychomotor performance

The subjective effects of alcohol and its repercussion in the psychomotor performance have been
extensively studied. The determinants of alcohol’s effects depend on several factors. Key aspects
are the dose of alcohol used, the level of prior alcohol consumption (moderate to heavy drinkers
are generally more tolerant to alcohol than light drinkers), gender (in general higher effects in
female subjects) and the context in which alcohol is consumed. The most sensitive measure of
alcohol action is the self reporting of ‘intoxicated’ or ‘drunkenness’ feeling. Doses as low as 0.2
g/kg, have been found to be able to induce a drunkenness feeling. Ethanol administration can
induce a biphasic effect. At high doses and during the descending limb of the alcohol dose-
response curve, it typically produces sedative-like effects. However, at lower doses (0.2-0.8 g/kg)
and during the ascending limb, ethanol has been shown to produce stimulant-like effects after
controlled administration (Holdstock and Wit, 1998). This stimulation is expressed as decreased
social and psychological inhibition and is most likely the result of a depression of inhibitory
pathways in the brain with release of cortical activity. Thus, ethanol can produce marked
stimulant-like subjective effects as measured for instance by means of VAS ‘stimulated’ and the
ARCI-A subscale of the ARCI questionnaire (Hernandez-Lopez et al. 2002). The effects of ethanol
on psychomotor tasks usually occur at higher blood ethanol concentrations than subjective
effects. In addition, in a controlled setting, peak effects of alcohol on subjective measures
prelude the decline in a psychomotor task (Schuckit et al. 1991). Nonetheless ethanol produces
dose-dependent deterioration of psychomotor performance, and is capable of altering or/and
impairing psychomotor performance from blood concentrations as low as 0.3 g/L. The
correspondence between ethanol blood concentration and ethanol concentration in breath and

their correlation with impact on psychomotor performance and driving abilities is the basis for
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the legal limits of ethanol in drivers (Various Authors 10th Special Report to the U.S. Congress on

Alcohol and Health 2000).

1.2.5. Pharmacokinetics

After oral administration, ethanol is rapidly absorbed into the bloodstream from the stomach and
small intestine. Peak blood levels occur 30-90min after ingestion of ethanol when the stomach is
empty. Delays in gastric emptying (as due to the presence of food) slow ethanol absorption, since
absorption occurs more rapidly from the small intestine than from the stomach (Holford 1987).
After absorption, ethanol is distributed throughout body water. In organs with high blood flow,
such as the brain, liver, lungs, and kidney, equilibrium occurs rapidly. It is both water and lipid
soluble and its distribution is variable depending in the inter-individual fat and water percentage
(Vp of 0.5 to 0.7 L/kg). It displays first-pass metabolism mediated by gastric and liver alcohol
dehydrogenase (ADH). Gastric metabolism of ethanol is lower in women than in men, which may
contribute to the greater susceptibility of women to the effects of ethanol (Lieber 2000). Ethanol
is metabolized largely by sequential hepatic oxidation, first to acetaldehyde by ADH and then to
acetic acid by aldehyde dehydrogenase (ALDH). A hepatic cytochrome P450 enzyme, CYP2E1, also
can contribute to metabolism (<10%), especially at higher ethanol concentrations and under
conditions such as alcoholism, where its activity is induced. Each metabolic step requires NAD".
NAD" availability limits ethanol metabolism to about 8 g or 10 ml per hour in a 70-kg adult, or
approximately 120 mg/kg/h. Thus, hepatic ethanol metabolism functionally saturates at relatively
low blood levels and ethanol metabolism displays zero-order kinetics (constant amount per unit
time) (Holford 1987). Ethanol is mainly eliminated through metabolism (90-98%), nonetheless
small amounts are excreted in urine, sweat and breath. Since the ratio of ethanol in end-
expiratory alveolar air and ethanol in the blood is relatively consistent, blood alcohol levels can
be estimated readily by the measurement of alcohol levels in expired air (blood alveolar air

partition coefficient approximately 2000:1).

1.2.6. Toxicology in humans

1.2.6.1. Acute intoxication

Ethanol intoxication is probably the best-known form of drug toxicity. At progressively higher
blood ethanol concentrations, the stage of relaxation is transformed into decreased social
inhibitions, slurred speech, ataxia, decreased mental acuity, decreased reflexive responses,

coma, and, finally, death resulting from respiratory arrest (McIntosh and Chick, 2004). One of the
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consequences of ethanol intoxication is difficulty in regulating body temperature. Hypothermia
frequently results, with body temperature falling toward that of the ambient environment. High
blood levels of ethanol can also prolong the P wave and QTc interval and might be associated

with increased risk of arrhythmias (Roldan et al. 2003).

TABLE 7. Ethanol blood concentrations and related clinical features.

Blood concentration gr/L Outcome Clinical Features

0.5-1 Euphoria Euphoria, talkativeness, relaxation, disinhibition,
unawareness

1-2 Excitation Increase in reaction time

2-3 Confusion Impaired motor and sensory function, impaired
cognition

3-4 Stupor Central nervous system depression, stupefaction.

4-5 Coma Unconsciousness anaesthesia, hypoventilation

hypothermia

>5 Death Respiratory Arrest. Apnoea

Generally, no treatment is required for acute ethanol intoxication. Allowing the individual to
sleep off the effects of ethanol ingestion is the usual procedure. However, ethanol overdose can
result in a medical emergency. For example, prompt treatment is required if the patient is in
danger of dying of respiratory arrest, is comatose, has dilated pupils, is hypothermic, or displays

tachycardia. Treatment for severe ethanol overdose is generally supportive (Roldan et al. 2003).

1.2.6.2. Addiction and withdrawal syndrome

1.2.6.2.1. Addiction

Chronic alcohol abuse is accompanied by tolerance, dependence, and craving for the drug. About
10% of alcohol drinkers progress to levels of consumption that are physically and socially
detrimental. Alcoholism is characterized by compulsive use despite evidently deleterious social
and medical consequences. Alcoholism is a progressive illness and chronic alcohol abuse results

in shrinkage of the brain leading to loss of both white and grey matter (Kril and Halliday, 1999).
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1.2.6.2.2. Withdrawal syndrome

At a cellular level daily alcohol intake induces brain adaptations as a functional increase in NMDA
receptor levels. When alcohol is stopped these excess receptors combine to cause a large calcium
flux into cells, hyperexcitability, and cell death (Various authors 10th Special Report to the U.S.
Congress on Alcohol and Health 2000). Alcohol mediated inhibitory actions via the GABAergic
system is also stopped. As a result of the increase in excitatory glutamate combined with a
sudden drop in the brain’s inhibitory systems, a noradrenergic “overdrive’ appears, leading to an
increase in sympathetic activity (Mcintosh and Chick, 2004). Patients who stop drinking
experience a spectrum of different symptoms ranging from mild sleep disturbance to frank
delirium tremens. The severity of these relate to a number of factors, but most importantly the
abruptness of withdrawal, level of alcohol intake, and the contribution of residual effects of

previous drinking.

Clinical management of alcohol withdrawal syndrome depends on the severity of the symptoms
present, however it should be taken into account that this syndrome could lead to death (Mayo-
Smith 1997). In patients with minor degrees of alcohol withdrawal there is often no requirement
for medication to help with control of symptoms. Benzodiazepines are the treatment of choice
for alcohol withdrawal. In clinical practice a long acting benzodiazepine is generally
recommended, given in a gradually tapering dose. Some acutely unwell patients may require
parenteral treatment, usually with intravenous diazepam (Mayo-Smith 1997). It is important to

also remember that acute withdrawal may precipitate Wernicke’s encephalopathy.

1.2.7. Abuse liability

Alcohol is one of the most widely abused psychoactive substances. Alcohol abuse is characterized
by continued drinking despite adverse effects on family or work, trauma, or negative health
consequences (American Psychiatric Association 1994). Ethanol is, in summary, largely
recognized as a high abuse liability substance based on vast animal and epidemiological data and
several abuse liability trials performed in humans. In experimental studies increases in drug
‘liking’ and ‘drunkenness’ scales and drug-induced euphoria have been observed either in healthy
volunteers, alcoholics and abusers of several different compounds (Hernandez-Lopez et al. 2002;

Holdstock and de Wit, 1998; Walker and Zacny, 2001).
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1.3. Flunitrazepam

Flunitrazepam (Rohypnol®, Roche), is a hypnotic benzodiazepine marketed in most countries of
the European Union, South America, Asia and Australia. Flunitrazepam is a remarkable drug
within its class as it combines a fast rate of onset of effects and high efficacy and affinity for

central benzodiazepine site of action (Mattila and Larni, 1980).
1.3.1. History

Swiss pharmaceutical company Hoffman-La Roche first described and developed
benzodiazepines in the 1950s. Roche modified the basic benzodiazepine structure and
introduced a number of tranquilizers in the 1960s and 1970s, including Rohypnol in 1975
(Hoffman-La Roche). It was introduced as a hypnotic and became one of the leading
benzodiazepine hypnotics in many countries. The drug is also used before the induction of
anaesthesia (Lader 1994). Reports of flunitrazepam misuse in Europe surfaced in the 1970s, and
in the early 1990s, Rohypnol emerged as a drug of abuse and misuse in the United States. In 1995
the United Nations reclassified it from a Schedule IV to a Schedule Il drug, which requires

thorough record-keeping of its legal distribution.

1.3.2. Recreational uses

Flunitrazepam available on the street comes from manufactured Rohypnol by Roche. The product
is available as 0.5, 1 and 2 mg tablets and as a vial for injection. In the USA, street names for
flunitrazepam include ‘Mexican Valium’, ‘roofies2, ‘la rocha’, ‘roche’, ‘R2’ or ‘forget-me pill’ (in
Spain, a common name is ‘Roches’). Each flunitrazepam tablet could cost 0.5-5 euros on the
street. The shape and colour of both legal and counterfeit products vary from country to country.
Illegal distribution and possession of flunitrazepam have been documented since 1985. In Spain
flunitrazepam was initially mainly abused by heroin users. San et al. found that 80.2% of the
heroin addicts admitted to Hospital del Mar, Barcelona (Spain) between 1982 and 1991 had a
history of benzodiazepine use. Of these, 68.4% reported consuming flunitrazepam (San et al.
1993). However its abuse later spread among ‘Club’ and ‘Rave’ attendees and as with GHB, it has
been also classified as a ‘Club Drug’ (The National Institute on Drug Abuse). Thus, in a recent
study among 19,084 youths aged 16-23 in the USA one in five (20%) reported having used at
least one ‘Club Drug’ in their lifetime and 0.4% reported a previous use of flunitrazepam (Wu et

al. 2006). Other reports also pointed out flunitrazepam as a ‘date rape’ drug because of its
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hypnotic and amnesic action, as well as the disinhibition that may occur after ingestion (Anglin et
al. 1997)

In addition flunitrazepam abuse by the general population could be underestimated. In Sweden,
during 1992-1998, 641 fatalities occurred, where the cause of death was attributed to
intoxication with flunitrazepam solely (130) or in combination with other drugs, or concomitant
conditions (511). The seizures reported by Swedish Customs also revealed a substantial and

increasing illegal trade in this period. (Druid et al. 2001).

1.3.2.1. Patterns of use

Flunitrazepam is mainly abused by the oral route, although there are reports of ‘snorting’ (Bond
et al. 1994) and IV injection (Darke et al. 1995). Flunitrazepam is thought to be abused because of
its ability to produce euphoria and ‘well being’ and a relaxed feeling similar to that in alcohol
intoxication (Bond et al. 1994; Farré et al. 1996; Simmons and Cupp, 1998). It is often used to
enhance the effects of other drugs like alcohol or cannabis. Flunitrazepam is also used in
combination with heroin to enhance its effects, to ameliorate heroin withdrawal, and to

moderate the stimulant effects of cocaine.

1.3.3. Pharmacology in humans

1.3.3.1. Mechanism of action

Flunitrazepam produces its actions on the benzodiazepine site within the gamma-aminobutyric
acid (GABA,) complex. It has been shown to have greater affinity than diazepam, oxazepam, and

alprazolam, and less affinity than midazolam and triazolam (Braestrup and Squires, 1978).

1.3.3.2. Pharmacological effects

Flunitrazepam administration reproduces all the pharmacological effects of full benzodiazepine
agonists including anxiolytic, anticonvulsant, muscle relaxant, and central sedative-hypnotic
effects. Effects occur about 30min after ingestion, peak at 2h, and may last up to 8 to 12h. At
therapeutic doses of 1 to 2 mg, it produces memory loss and decrements in psychomotor
performance. Higher plasma concentrations are needed to impair attention than those required

to impair memory (Bareggi et al. 1998). Recently it has been proved that flunitrazepam improves
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sleep in healthy volunteers while it reduces the nocturnal secretion of melatonin (Hajak et al.

1996)

1.3.4. Subjective effects and psychomotor performance

The effects of flunitrazepam in healthy volunteers include dose-dependent sedation, and
decrease in concentration. Besides its objective and subjective sedative effects, flunitrazepam
induces subjective feelings of intoxication and some pleasurable feelings related to drug abuse
potential such as euphoria and well being. On the other hand it also can produce dysphoria and
‘unwanted’ effects, especially at high doses (Bond et al. 1994; Farré et al. 1996; Roset et al.
2001).

Flunitrazepam may deteriorate psychomotor performance mainly due to its sedative properties.
However it has been shown to impair subjective and objective measures of attention and
psychomotor activities in the absence of classical objective effects associated with

sedation/sleepiness (Lucchesi et al. 2003).

1.3.5. Pharmacokinetics

Flunitrazepam is a 7-nitro-benzodiazepine derivative and its bioavailability is between 80% and
90%. Time to peak concentrations (tmax) is 1-1.5h and the ty, of flunitrazepam is approximately
20h (Boxenbaum et al. 1978). However, the half-life does not correlate with duration of clinical
effect (approximately 8h) because the duration of action is affected by its distribution kinetics
more than its elimination kinetics. Once absorbed, flunitrazepam quickly distributes into body
tissues from the plasma following a three-compartment open model. It has an estimated volume
of distribution of 4-5 L/kg due to its high lipid solubility. In humans, the elimination of
flunitrazepam occurs almost exclusively through metabolism: principally, reduction to 7-
aminoflunitrazepam (7-AF) and oxidation to N-desmethylflunitrazepam (DMF) and 3-
hydroxyflunitrazepam (3-HF) (Cano and Sumirtapura, 1981). The parent compound is thought to
be primarily responsible for the hypnotic effects, although DMF may also have some activity.

Most metabolites are excreted through the kidneys, with about 10% excreted in the faeces.

1.3.6. Toxicology in humans
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1.3.6.1. Adverse effects

Similar to other benzodiazepines, CNS depression is the main adverse effect and is dose related.
Toxic effects of flunitrazepam include dizziness, confusion, somnolence, impaired psychomotor
performance and amnesia (Mattila and Larni, 1980). Depression of the respiratory drive can be
observed, especially when flunitrazepam is used in conjunction with other CNS depressants.
Other adverse CNS effects include: visual disturbances, hallucinations, and paradoxical reactions

consisting of excitement, stimulation, and hyperactivity (Gahlinger 2004).

1.3.6.2. Acute intoxication

Overdose is similar to other benzodiazepines characterized by slurred speech and ataxia when
mild, and by respiratory depression, bradycardia, hypotension, and stupor or coma when severe.

These symptoms are rarely fatal unless other CNS-active drugs are used.

Supportive care is generally sufficient for flunitrazepam intoxication. The greatest concern arises
when there has been concomitant ingestion of CNS depressants. Activated charcoal and a
cathartic can be given to reduce absorption. Intravenous flumazenil, a selective and competitive
benzodiazepine antagonist, can be used in certain cases of confirmed benzodiazepine overdose.
Flumazenil should be administered with great caution, however. Seizures may be induced in
patients receiving benzodiazepines for epilepsy, those experiencing acute withdrawal from
flunitrazepam or other benzodiazepines, or those with a cyclic antidepressant overdose.
Resedation can be expected rather rapidly, as the effects of flumazenil are short-lived (Ricaurte

and McCann, 2005).

1.3.6.3. Addiction and withdrawal syndrome

Physiologic dependence can develops after chronic administration of high doses of
flunitrazepam. The emergence of signs of withdrawal has been demonstrated after
discontinuation of treatment in both animals and humans. Rebound insomnia has been also
described after discontinuation of repeated nightly therapeutic doses of flunitrazepam.
Withdrawal syndrome includes headache, tension, anxiety, restlessness, muscle pain,
photosensitivity, numbness and tingling of the extremities, as well as increased seizure potential.
Treatment for flunitrazepam withdrawal parallels that for ethanol and other benzodiazepines and
uses replacement with a long-acting benzodiazepine (i.e. diazepam), often followed by gradual

taper (Ricaurte and McCann, 2005).
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1.3.7. Abuse liability

At the late 1990s a controversial debate about the actual abuse potential of flunitrazepam in
humans took place. Flunitrazepam appeared to be frequently abused by opioid dependent
patients and poly-drug abusers, who rated the drug as the most liked benzodiazepine because it
was the ‘strongest’ and gave a good ‘high’ (Navaratnam and Foong, 1990; Barnas et al. 1992; San
et al. 1993). On the other hand a comprehensive review of its abuse potential concluded that it
was similar to other benzodiazepines (Woods and Winger, 1997). In experimental studies
increases in drug ‘liking’ scales and drug-induced euphoria have been observed either in normal
subjects (Bond et al. 1994; Farré et al. 1996), opioid dependent patients (Farré et al. 1998) and
sedative abusers (Mintzer and Griffiths, 1998; Mintzer and Griffiths, 2005). The results of
experimental studies and evidence for its augmented abuse in recent years indicate that
flunitrazepam is a benzodiazepine with a high abuse liability. The higher abuse liability as well as
its preference to other benzodiazepines may be due to its faster onset and stronger effects that
make it capable of inducing positive mood changes, pleasurable feelings and euphoria (Roset et

al. 2001).

Even after the increased abuse of flunitrazepam ‘Club Drug’ users, the relative abuse liability of

flunitrazepam in ‘Club Drug’ users have not been previously tested previous to this thesis work.

52



Introduction

1.4. ‘Club Drugs’ and ‘Rave’ and club cultures

During the last few years the term ‘Club Drugs’ has been used for defining an heterogeneous
group of chemical substances in permanent evolution, that are consumed for recreational
purposes (Abanades et al. 2004). These substances have been extensively used at all-night dance
or ‘techno’ parties firstly by the ‘Rave’ culture and later by the so called ‘Club culture’ (Weir
2000). These movements are characterized by the search for amplified sensations, by means of
the combination of electronic music, marathon dancing and substance abuse. After years of a
predominating consumption of designer amphetamines such as MDMA, it seems that the use of
other types of substances is increasing, fundamentally drugs with hallucinogenic effects and
sedative-like substances. These drugs, at the same time as being drugs of abuse, are medicines
with concrete indications in therapeutics, and display an important increase in their consumption

in the last few years.

Previous to this thesis work a review of the literature available was undertaken (Abanades et al.

2004). The published report has been included as an Appendix.
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1.5. Abuse liability studies

During the second half of the 20th century, the development of psychopharmacology brought an
increasing number of new substances with a high potential for abuse by humans. Predicting the
potential of abuse for new medications has become a key issue during the development and
approval process (Mansbach et al. 2003; Roset et al. 2003). Abuse potential is usually linked with
the induction of euphoric feelings, a possible effect of some types of medications that the
pharmaceutical developer may want to identify and measure early in development in order to
select candidates with the best benefit to drug abuse risk ratio (Brady et al. 2003). This could
bring the candidates under drug abuse control if they are shown to have abuse potential. Abuse
potential could be approximated through well validated preclinical tools, but this is outside of the
scope of the present work. However, even in the case of valid preclinical data, there are
limitations in the feasibility and interpretation of certain drugs/dosage forms and the ability to
make acurate discriminations in abuse potential from preclinical data. Thus, clinical studies are
needed for the following scientific reasons (i) to validate the conclusions of either lesser or
greater abuse potential from preclinical data (ii) to evaluate the psychopharmacology of drugs in
human populations in situations where the preclinical data are equivocal or species specific (iii)
to evaluate the onset, peak, and duration of subjective effects as a function of dose and
administration route (iv) to relate the degree of overlap between the therapeutic dose range and
the range of doses producing subjective effects (v) to evaluate the generalizability of drug timing
in different human subject populations (vi) in the case of new drug classes (e.g., inverse
benzodiazepine receptor agonists) (Griffiths et al. 2003; Roset et al. 2003). These ambitions have
led to the development of a scientific field of abuse potential assessment (Brady et al. 2003;

Griffiths et al. 2003; Mansbach et al. 2003).

TABLE 8. Types of studies for the evaluation of abuse potential in humans

Comparison of subjective, physiologic and psychomotor performance effects
Auto-administration Studies
Preference Studies

Discrimination Studies
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Different studies can be performed for the evaluation of the abuse liability of drugs in humans
(Roset et al. 2003). However, human abuse liability is usually assessed by comparison of
subjective, physiologic and psychomotor performance effects (Griffiths et al. 2003; Roset et al.

2003).

1.5.1. Human abuse liability assessment by comparison of subjective, physiologic and

psychomotor performance effects

Estimates of the likelihood that a drug will be abused have generally been based on the
subjective effects engendered by that drug. With the development of standardized subjective
effects questionnaires in the second half of the last century, self-reported effects of drug have
been carefully evaluated, generally making measures before and repeatedly after administration
of a single dose of drug (Griffiths et al. 2003; Roset et al. 2003). The use of multiple doses under
controlled laboratory conditions in which physiological measures are also taken, and both the
investigator and the subject are blind to the dose administered, has been suggested as most
likely to yield useful data about the abuse liability of a test compound. Although questions
remain about the specific subjective effects measures to be used, there has been general
agreement among researchers in this area that scores on scales from the ‘Profile of Mood States’,
‘Addiction Research Center’ Inventory, and Visual Analog Scales which include measures of ‘high’
or ‘liking’ all provide predictive utility (Griffiths et al. 2003). The addition of a measure of actual
drug-taking to this predictive model appears to provide important information about the
conditions under which these two behaviours (self-reported effects and drug self-administration)

vary, and strengthens the model substantially.

The underlying principles of using subjective and physiologic response measures to predict abuse
liability of substances were developed from basic research regarding the addictive process with
opioids (Roset et al. 2003). These principles are (i) that subjective effects can be quantitatively
assessed, (ii) that subjective responses to drug administration can often be used to predict the
reinforcing actions of drugs, and (iii) that subjective and physiologic responses following drug
administration reflect specific drug-induced alterations in human brain and body function. A

summary of the main features required in a classical abuse liability trial is presented in table 9.
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TABLE 9. Features of the classic acute dose-effect abuse liability trial*

Typical trial design characteristics
A complete crossover design in 10-14 subjects

Single doses of drug are evaluated over a period of several minutes to several hours, depending on the
time-course of the drugs under study

Intervals between test conditions are typically 1 to several days

Conducted in a controlled clinical pharmacology laboratory setting

Subjects are monitored to prevent use of other drugs

Selection of an appropriate subject population

Usually subjects with histories of polydrug abuse including drugs from the same pharmacological class as
the novel compound, such that subjects can meaningfully rate drug effects and categorize drug effects
relative to drugs of known abuse liability

The subject population must be one in which the positive control comparison drug tests unequivocally
positive

Double-blind, placebo controlled drug administration

To further reduce expectancy, subjects can be blinded to the specific comparison compound(s) and
number of active doses to be administered

Selection of appropriate positive control comparison drug(s)

The positive control is usually an abused drug from the same pharmacological class and used for the
same medical indication proposed for the novel compound

Consideration may be given to including a negative control comparison compound from the same class
which is behaviourally active but not abused

Selection of an appropriate range of doses of the positive control comparison drug

Demonstration of orderly dose effects of the comparison compound on primary outcome measures
establishes sensitivity and validity of the trial

Selection of a range of doses of the novel compound, including high supratherapeutic doses
Evaluation of high doses is critical to the validity of the trial

A dose run-up pilot study is useful for selecting maximal doses and matching doses between the novel
and comparison compound

If possible, a high dose of the novel compound should produce effects comparable to the highest dose of
the positive control comparison compound on one or more outcome measure

Selection of appropriate outcome measures

Measures should be assessed repeatedly to characterize onset, peak and duration/offset of drug effects

Multiple measures should be included that reflect likelihood of abuse (e.g. liking, good effects, estimated
monetary street value, drug vs. money choice)

Measures of drug identification and subject-rated side effects and mood changes should be considered
in interpreting likelihood of abuse

Additional concurrent measures should be included to assess the equivalency of the novel and
comparison compounds on some relevant dimensions of biological activity (e.g. behavioral performance,
observer-rated assessments, physiological measures)

* From Griffiths et al. 2003.

56



57

2. Hypothesis



Hypothesis

GHB administration might induce euphoria, stimulation, pleasurable feelings, and sedation.
These effects would vary depending on the subject tested and dose administered. Low,
medium and high doses of GHB would cause slightly perceptible effects, euphoric related

effects and significant somnolence, respectively.

The acute administration of GHB would induce significant but indefinite changes in heart

rate, blood pressure and pupil diameter.

GHB administration could induce an impairment of psychomotor performance.

Following its administration, dose dependent measurable GHB concentrations would be
observed in plasma, urine, oral fluid and sweat. GHB would be rapidly absorbed and
eliminated. GHB would readily distribute to plasma and urine while it might not diffuse to

that extent to oral fluid and sweat.

GHB might display a high abuse liability potential in humans in comparison to ethanol and

flunitrazepam.
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Aims of the study

3.1. Main aims
1. The characterization of the clinical effects and pharmacokinetics of GHB in humans
under controlled experimental conditions at doses compatible with those being

abused.

2. Test the relative abuse liability of GHB in comparison with ethanol and flunitrazepam

in participants with previous experience with GHB.

3.2. Specific aims

3.2.1. Pilot study

= To select appropriate doses for the subsequent final clinical trial on GHB clinical
pharmacology (dose range: lowest dose with measurable effects and doses leading to

significant somnolence).

= To describe the time course of physiological, subjective variables and psychomotor

performance following drug administration.

= To investigate the time course of GHB in plasma, urine, oral fluid and sweat after single

oral dose administration.

=  To evaluate the stability of GHB in plasma under different storage conditions.

= To perform a pharmacokinetic/pharmacodynamic (PK/PD) study of GHB in humans.
Concentrations of GHB in different biological matrices will be tentatively correlated with

selected subjective effects in a range of doses compatible with those usually consumed

by recreational users.
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3.2.2. Final study

= To evaluate GHB induced subjective and physiological effects.

= Toinvestigate GHB impact on psychomotor performance.

= To evaluate a possible GHB dose-response relationship in subjective and physiological

effects and its impact on psychomotor performance.
= To assess the eventual correlation between drug pharmacokinetics and drug effects in a
range of doses compatible with those usually consumed by recreational users (PK/PD

study).

= To asses the relative abuse liability of GHB in ‘Club Drug’ users, by using flunitrazepam

and ethanol as reference sedative-like drugs.
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63



Summary of the experimental design

As previously discussed little was known about the clinical effects of GHB at doses compatible
with those that were being abused. Thus, the present project was undertaken in two different
steps described below. Firstly, a pilot study was performed as a preliminary phase. As a pilot
pharmacology phase | study, different doses of sodium GHB were given to 8 volunteers in a dose
escalation schedule. Two different doses of ethanol were also tested in 2 more volunteers. The
information obtained was used to establish the doses to be administered and the optimal design
for the final study. A final study was performed in order to test GHB relative abuse liability
compared to flunitrazepam and ethanol. All studies were carried out at the Pharmacology
Research Unit at the ‘Institut Municipal d’Investigaci6 Médica’ (IMIM), Barcelona, Spain. The
studies were conducted in accordance with the ‘Declaration of Helsinki’, approved by the local
Ethics Committee (CEIC-IMAS) and authorized by the Spanish Ministry of Health (Agencia
Espafiola de Medicamentos y Productos Sanitarios). The information below is intended to
provide a general explanation of the studies performed. More detailed information about
material and methods of the studies are further described within the articles that comprise the

main part of this thesis work.

4.1. Pilot Study

= Study design: double blind, randomized, crossover and controlled, pharmacology phase |
study.

=  Participants: 10 healthy volunteers with previous experience with GHB.

=  Treatments: increasing single oral sodium GHB (Na GHB) doses 40, 50, 60 and 72 mg/kg (8

subjects) and 2 different ethanol doses (2 subjects)

TABLE 10. GHB pilot study. Different treatments and sessions. Doses given in Na GHB and GHB.

Session 1 Session 2

Subject number | Na GHB mg/kg | GHB mg/kg Na GHB mg/kg GHB mg/kg

1 40.0 33.1 50.0 41.4

2 40.0 33.1 50.0 41.4

3 40.0 33.1 50.0 41.4

4 50.0 41.4 60.0 49.7

5 60.0 49.7 40.0 33.1

6 50.0 41.4 60.0 49.7

7 72.4 60.0 Placebo Placebo

8 60.3 50.0 72.4 60.0
Ethanol g/kg Ethanol g/kg

9 0.7 0.5

10 0.7 0.5
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= Variables studied:

=  Physiological effects: non-invasive systolic blood pressure (SBP), diastolic blood
pressure (DBP), heart rate, oral temperature and pupil diameter.

= Subjective effects: a 49-item short form of the ‘Addiction Research Center
Inventory’ (ARCl) questionnaire, the VESSPA (Evaluation of the Subjective
Effects of Substances with Potential of Abuse) questionnaire and a set of 13
different visual analogue scales (VAS).

=  Psychomotor performance: digit symbol substitution test (DSST), balance task
and maddox-wing device.

=  Pharmacokinetics: GHB plasma, sweat, oral fluid and urine concentrations.

Ethanol blood concentrations.
= Resultsin:

5.1. Gamma-hydroxybutyrate (GHB) in  humans: pharmacodynamics and

pharmacokinetics. Ann New York Acad Sci. 2006;1074:559-576.

5.2. Disposition of GHB in conventional and non-conventional biological fluids after a
single drug administration: issues in methodology and drug monitoring. Ther Drug

Monit. 2007;29:64-70.

4.2. Final Study. Abuse liability trial

=  Study design: double blind, double-dummy, randomized according to a balanced 5 x 5 Latin-
square design, crossover and controlled.
=  Participants: 12 healthy volunteers with previous experience with GHB.
= Treatments: 5 drug conditions (oral doses)
=  GHB (40 mg/kg)
=  GHB (60mg/kg)
=  Flunitrazepam 1.25 mg
= Ethanol (0.7 g/kg)

= Placebo
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Summary of the experimental design

=  Variables studied:

=  Resultsin:

Physiological effects: non-invasive systolic blood pressure (SBP), diastolic blood
pressure (DBP), heart rate, oral temperature and pupil diameter

Subjective effects: ‘Addiction Research Center Inventory’ (ARCI), the VESSPA
(Evaluation of the Subjective Effects of Substances with Potential of Abuse)
guestionnaire and a set of 13 different visual analogue scales (VAS).
Psychomotor performance: digit symbol substitution test (DSST), balance task
and maddox-wing device.

Pharmacokinetics: GHB plasma concentrations. Flunitrazepam plasma

concentrations and ethanol blood concentrations.

5.3. Relative abuse liability of gamma-hydroxybutyric acid (GHB), flunitrazepam and

ethanol in Club Drug users. J Clin Psychopharmacol. 2007;27:625-638.
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5.1. Gamma-hydroxybutyrate (GHB) in humans: pharmacodynamics

and pharmacokinetics. Ann New York Acad Sci. 2006;1074:559-576.
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ApstracT: Despite y-hvilroavbutyrate (GHB) therapeutic uses and the
increasing concern about ifs toxicity, few studies have addressed GHB
dose-related effects under controlled administration and thelr relation-
shilp with its pharmacokinetics. The study design was doubile-blind, ran-
domiged, crossover. and controlled. As a pilot pharmacology phase |
study, Increasing doses of GHEBE were given. Single oral sodium GHB
doses (40, 50, 6, and 72 my/kg) were administered to cight volunteers.
Flasma and wrine were analveed for GHE by gas chromatograplhy -
miass spectrometry. Physiological effects, psychomaotor performance, and
subjective effects were examined simultaneously, GHE produced dose-
related changes in subjective effects as measured by questionnaires and
VA GHB showed a mived stimulant-sedative pattern. with initially in-
creased scores [n subjective feeling of euphoria, high, and liking fol-
fowed by mild-moderate svmptoms of sedation with impairment of per-
formance and balance. Mean peak GHEBE plasma concentrations were
7.0, 831, 1135 and 13001 pe/l for 40, 50, 60, and 72 me/ke. re-
spectively, GHB-mediated physiological and subjeciive effects were dose
dependent and related to GHE plasma concenirations. GHBE urinary
excretlon was mainly related to administered doses, GHB-medlated
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subjective and physiological effects seem dose dependent and related
to GHE plasma concentrations. Resulfs suggest 2 high abuse Hability of
GHE In the range of dose usually conswmed.

Kevworps: y=livdrosybatyric acld; y=livdroxybuaiy rate; GHEB: subyjee-
tive effects: abuse liability

INTRODUCTION

w-hyvdroxvbutveate (GHB, “liquid ecsiasy™) is also known as -
hvdroxyvbutvrc acid. d-hvdroxvbutyiric acid, 4=hydroxvbutanoic acid, amld
oxybate (sodium oxvhale s the United States approved name), GHB 15 a
short chain Tty acid that can be considered both an endogenows metabwo-
lite and a precursor of the neurotransmitter y-aminobutyric acid (GABA).
GHB acts in the central nervous svstem as a neuromodulator. GHB can be
formed in human peripheral tissues from two precursors, 5 -butvrolactone and
| 4-butanediol.! GHB is marketed in the United States with the name of
Xvrem® (Jazz Pharmaceuticals, Palo Alto, CA) for the treatment of cataplexy
in patients with narcolepsy.® amd in some European countries as an anesthetic
agent and for the treatment of alcohol withdrawal (e.g.. Alcover®; CT Labora-
torio Farmaceutico, SEL, San Bemo, [aly b, On the other hamd, GHB is a recre-
aticmal drug commondy consumed of nightelubs and “raves” inconjunction with
alcohol, cannabis and drugs, such as 3d-methy lenedioxy methamphetamine
(MDMA, ecstasv), or ketamine, also known as “club drugs.™ In humans,
y-butyrolactone and 1.4-butanediol have also been abused. During the last
vears, GHB has become a major concern in emergency rooms of some coun-
tries due to an important increase in the number of cases of intoxications,**
GHEB has also been used for narcotizing victims in drug-facilitated sexual
assaults because its capacity to induce shor-term antegrade amnesia, in-
creased libido, and xllggestihilily."'-" Recreational users of GHB experience
ecuphoria, reloxation, reduction of social inhibitions, decreased motor sKills,
il other effects similar o those reported for a moderate alcohol inoxica-
tion.” These effects can explain its abuse liability in humans, but this as-
pect has not been vet characterized under controlled administration. After
GHB ingestion. a mild intoxication may be observed with mawsen, dizgziness,
and difficulty in focusing the eves." Acute severe intoxications have been
reported. where individuals may experience vomiting, extreme dizziness, dis-
orientation, amnesia, and unconsciousness* ™! that may evolve to convul-
sions, deep coma, and rarely death.'* The mnge between high recreational
doses and overdose is narrow: and acute intoxications are quite common in
humans.

GHB has been detected in blood and urine of subjects after acule inlox-
ications and in the context of clinical trials."* " Results from these reports
indicate that GHB is eliminated from the body very mpidly; being detection
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dependent on the time ¢lapsed between consumption and sample collection,
Becouse GHB is an endogenous compound, there are measumable baseline
concentrations in blood and urine ™2

The range of GHB doses typically abused by subjects range between 2 and 6
E(25=T5 mp'ke ). Most reports available are focused on the pharmacokinetic of
GHB in humans.'* "3 Nevertheless, little is known on the phvsiological
and subjective effects and alierations in psychomotor performance induced
bv this drug in the range of doses commonly abused. In addition, despite its
therapeutic uses and the increasing concern about the toxicity of GHB, few
studies addressed dose-related effects under controlled administration and the
correlation of drug effects amd concentrutions in biological fluids,

The aims of this article were as follows: (a@) to select approprate doses for
a series of GHB clinical pharmacology studies (interval: lowest dose with no-
ticeable effects and doses that lead (o sigmificant somnolence); (#) to describe
time course of phvsiological. subjective variables, and psyvchomotor perfor-
mance following drug administration: (¢) to investigate the presence and the
time course of GHB in plasma and urine: and (d') o assess the eventual cor-
relation between GHB pharmacokinetics and drug effects in a range of doses
compatible with those usually consumed by recreational users,**

MATERIALS AND METHODS
Hunvan Subjeces

Eight male subjects were recruited by “‘word of mouth™ and included
in the studv. Eligibility criteria required the recreational use of GHB on
al least five occasions. Exclusion crtena included daily consumption of
more than 20 cigarettes and more than 30 ¢ of cthanol (3 units per day ).
Al subjects gave therr written informed consent before inclusion and were
economically compensated for incomveniences caused by their participation
in the studv. The study was conducted in accordance with the Declara-
tion of Helsinki. approved by the local Ethical Committee (CEIC-IMAS),
and authonzed by the Spamsh Mimstry of Health (Agenci Espanola del
Medicamento). Eligible subjects were interviewed by a psvchiatrist (struc-
tured clinical interview for Diagnostic and Statistical Manual version N
[DSM-IV-TR] in order to exclude psychiatric disorders, including schizophre-
nia, psychosis, and major affective disorders. Each participant underwent
a general phvsical examimation, routing kibormtory tests, unnalbysis, and a
I 2-lead electrocandiogram. The participants had a mean age of 28,1 vears
{range 25-32), mean weight of 71.9 kg (range 60.5-84.2), and mean height of
179.1 cm {range 167.5-194.0). Participants were non-smokers (n = Thexcept
for one, and their average consumption of alcohol was 9 units per week. All
of them had previous expenence with the consumption of alcohol, cannabis,
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sedatives, stimulants, and “club drugs,” with at least five previous consunip-
tions of GHB. None¢ had history of abuse or drug depemdence according to
DSM-IV criteria (except for nicotine dependence), nor had experienced any
medical or psvchiatric adverse reaction following GHB consumption.

Sty Design

This study is a preliminary phase of a series of clinical trials of GHB ad-
ministration in humans. As a pilot pharmacology phase | study, increasing
doses of GHB were given. The study design was double-blind, rindomized,
crossover, and controlled. Subjects participated as outpatients in two differ-
ent rndomly assigned 6-h study sessions with a washout period of 7 days.
in which they were given single doses of 40 (33.1), 30 (41.4), 60 (49.7), and
T2 (60,1 mg/'ke of sodium (GHE) or placebo by the oral route. Participants
and evaluators (two phvsiciansh were blind o treatments although they were
told that GHE or placebo would be given during the sessions, Thus, in a dose
escalation schedule, two different doses of sodium GHB were given to every
subject (4 me'ke dose was given in four occasions, 30 mg'kyg given in four
occasions. 60 mg/kg given in five occasions, 72 mg/kg given in two occasions,
and placebo given in one occasion). Participants were requested to abstain
from consumpiion of any drg of abuse durnng the study period and urine drug
testing was performed before each shudy session for cannabinoids, cocaine,
opiates, amphetamine' methamphetaming, barbiturates, benzodiazepines, amld
phencyelidine. For all groups of substances, participants tested negative before
each experimental session. In each session, subjects armived af the laboratory
at & am after an overnight fast and had an indwelling intravenous catheter
imserted into a subcotaneous vein in the forearm of the non-dominant arm.
Thercafter, they remained seated in a quiet room throughout the session. GHB
{Alcover OS® sodium GHB. 17.5% syrup. CT Laboratorio Farmaceutico) or
matched placebo (svrup, CT Laboratorioe Farmaceutico) were orally adminis-
tered around 9:00 am in a fasting state. The different doses corresponding to
appropriate volumes of syrup and placebo were diluted to 250 mL of a soda
orange-based drink. Participants were told to drink the beverage as soon as
possible (mean of 10.2 5; range: 5-20 5). Placebo consisted of syrup diluted 1o
the same 250 mL of a soda orange-based drink.

Collection of Blood and Urine Samples
Blood was collected at 0, 0,25, 0.5, .75, 1, 1.5, 2. 3. 4. 5. and 6 h after
GHB administmtion in heparinized tubes and immediately centnfuged. Urine
samples were collected before, and at -3 and 3—6 h afier drog administration.
Al biological specimens were frozen at =200 C until analvsis, Mo presemvatives
were added 1o the specimens.
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Determination of GHB Concentrations in Biological Filuids

Frozen, plasma, and urine samples were allowed to thaw at rioom temperature.
Aliquots of THY gL plasma and urine were added witlhy 5 g (5 b of the
I mg/mL methanolic solution) of GHB hexadeuterated analoge, GHB-d,, as
internal standard amd 200 L of acetonitrile. After 30-5 vortex and 5-min
centnfugotion at 1400 rpm, 150 wl of the organic phase were transfermed 1o
i clean extraction nibe amd evaporated o dryness, The dreicd extracts were
derivatized with 50 pL of BSTFA-1% TMCS for 30 min at T0°C.

A I-pL aliguot of derivatized samples was injected onto a Hewlett-Packand
(HP) 6590 gas chromatograph coupled to a HP3Y73 quadrupole mass spec-
trometer (Agilent, Palo Alto, CA, USA). The capillary column was a cross-
linked 5% phenvl-methylsilicone (12 m x 0.2 mm id. and 0.33-pm film
thickness, Ultra-2, Agilent), The samples were injected in split-less mode and
helium gas was used as carrier of a flow rofe of 1.2 mL/min measured at
R0, The injector and detector temperatures were both maintained at 28000,
respectively. The temperature progrm was initially set at 60°C for 2 min and
ingcreased to 180PC ot 200 Chmin, then 353°C 1o 250°C, and then held for 4 min,
being the total run time 14 min, The mass spectrometer was operated in the
electron impact ionization and selected 1on monitoring { SIM ) acquisition mode
and the following ions were monitored (underlined ions used for quantifica-
these analytical conditions. the limit of quantification (LOG) was 0.5 pg/mL
and the intra-day precision and accuracy were alwavs better than 4.2% and
| 3.4%. Similarly, inter-day precision amnd accurmey were lower than 13.4% and
2. 1% at the GHB LOQGQ).

PHARMACOLOGICAL EFFECTS
Physiological Measures

MNon-invasive systolic blood pressure (5BP), diastolic blood pressure {DBP),
heart rate, oral temperature, and pupil diameter were recorded at — 15 min and
immediately before drog administration (time O, baseline) amd ar 0,25, 0,50,
0,75, 1. 1.530, 2, 3, 4, 5, and & h after GHB administrmtion using a DinmmapT M
SIOH-T vital signs momitor (Critikon, Tampa, FL . Pupil diameter was recorded
with a Haab pupil gauge.*

Psvchomotor Performance Measures

The psychomotor performance battery included the digit svmboel substitution
test {DSST), the Maddox-wing device, and the balanee task, This battery hos
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en used previously in the evaluation of psvchostimulams and sedatives 7
The DSST is a subtest of the Wechsler Adult Intelligence Scale-Revised * A
computerized version wos used and scores were based on the number ol correct
patterns keved in 940 s (correct responses ). The Maddox-wing device measures
the balance of extraocular muscles and quantifies exophona. as an indicator
of extraocular musculature relaxes, and csophoria. Results were expressed in
diopters along the horizontal scale of the device " The Balance Task assessed
the participant’s ability to stand upright for a maximum of 30 s on each foot, ™
The score was the total number of seconds the participant was able to balance
(maximum of 60 s). The DSST and balance task were performed at =15 min
and immediately before drug administration (time 0, baseline) and at 0.50,
1, 150, 2. 3. 4. and 6 h after drug administration. Measurements with the
Maddox-wing device were performed at — 13 min and af 0,25, 0,50, 0,73, 1,
150, 2, 3,4, 5, and 6 b after drug admimistration,

Kubjective Effects Raving Scales

Subjective effects were measured using the Addiction Rescarch Center In-
ventory (ARCI), the VESSPA (Evaluation of the Subjective Effects of Sub-
stances with Potential of Abuse) questionnaire, and a set of 13 different visual
analog scales (VAS). ARCI is a true—false questionmaire with empirically de-
rived scales that are sensitive 1o the effects of a varety of classes of drugs
of abuse.’ The Spanish validated version of o 49-item shornt form of ARCI
was used. ™ The questionnaire included five scales: PCAG (pentobarbital-
chlompromazine-alcohol group, a measure of sedation); MBG (morphine-
benzedrine group, a measure of cuphoria). LSD {lysergic acid diethy lamide
group, a measure of dysphoria and somatic symptoms); BG (benzedrine group,
a stimulant scale consisting mainky of items relating to intellectual efficiency
and energy); and A (amphetamine, an empirically denived scale sensitive to
the effects of p-amphetamine). ARCTH was administered at —15 min (imme-
diately before drug administration), and at 0.50, 1, 1,30, 2, 3, 4. 3, and 6 h
after GHB administration. VESSPA (evaluation of the subjective effects of
substances with potential of abuse) is an in-house developed and validated
questionnaire specifically created o measure changes in subjective variables
caused by MDMA * It contains six scales: sedation (SED). psvchosomatic
anxiety (ANX), changes in perception (PER ). pleasure and sociability (SOC),
activity and energy (ACT), and psychotic symptoms (PSY ). Each scale con-
sists of six questions with a five-point Liken response (0 to 4 depending on the
intensity of the effect). VESSPA scales were administered at — 15 min ibefore
drug administration). and at 1, 2, 3, 4, and & h after GHB administration,

A total of 13 VAS (100 mm) labeled with different adjectives marked at
opposite ends with “not at all”™ and “extremely™ were used, Subjects were
asked to rate effects of “stimulated” “high”™, “any effect.” “good effects.”
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“bad effects,” “liking.” “content,” “drunkenness,” “drowsiness.” “dizziness,”
“comfision,” “depression or sadness,” and “relax.” Scales were administencd
at — 15 min {immediately before drug sdministration), 0.25, 0.50, 0.75, 1, 1.50,
2, 3,4, 5 and 6 h after GHB administration.

Pharmacodynamic and Pharmacokinetics Parameters

The following parameters were determined from GHB plasma concentr-
tioms over ime: peak concentration (C 4., L timié o reach peak concentrations
i Fa b a3 under the concentration-time curve from O 1o & h {AUC, b, elim-
ination half=life (ry 2 b and elimination constant { ke, Taking imo account the
duration of GHB phyvsiological and subjective effects, arca under the effects-
time curve from O to 2 h (AUCy 2), and maximal effect (£ ) were also
determined. AUCs were calculated by the linear trapezoidal rule.

Pharmacokinetic parameters were obtained with use of specific functions of
computer program ( PR Functions for Microsoft Excel, Microsoft Corporation,
LISA).

Darta Analysis: Stavistical Metheds

Diata are represented as mean £ standard deviation (SD) or median. The
nonparametric Kruskal-Wallis test was applied to compare the distributions
of ALIC, 4 and Cp,, values {pharmacokinetics) and AUC, » and E ., values
i pharmacodynamics) between the different sodium GHB doses assayed with-
ol assuming any parametric form of these distributions, The Kruskal-Wallis
test was applied to test the null hypothesis, which assumes equal distnbution
functions versus the alternative that, at least, two distributions differ with re-
spect to the median. Since the power of the test was low because of only two
abservations in the GHB dose group of 72 mg/'ke. posterior comparisons of
CGHE doses groups of 40 and 60 mg/ke were also carricd out. In this latter case,
the Wilcoxon Mann-Whitney test was applied. Given the small sample sizes,
tests were carried out using the add-on module SPSS Exact of the statistical
software package SPSS, version 12.0 (SPSS Inc., Chicago, IL).

RESULTS

A summary of resulis for pharmacological effects and pharmacokinetics
showing statistical significant differences between treatments is presented in
TanLE |.

Pilrarmacofogical Effects

Time course of several GHB pharmacological dose-related effects in -
mans are presented in FIGURES | (physiological effects and Maddox wing),
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2 {subjective effects: VAS), and 3 {subjective effects: ARCT and VESSPA and
DSST performance ).

Physiological Effects

GHB prodduced a slight increase in svstolic and diastolic blood pressure for
all doses tested, with a peak effect between 30 and 45 min and a retum to
previous values at 3 h after GHB administration, without reaching statistical
significance between different doses (FiG. 1), No apparent changes in heart
rate or oral temperature were observed. GHB produced a significant (AUC
(-2 h comparison) dose-related pupil diameter increase from 0.5 mm to | mm
between 30 min and 1-h post-administration.,

Subjective Effects and Psvchomotor Performance

GHB administration produced dose-related changes in subjective effects as
measured by questionnaires and VAS. GHB showed a mixed sedative-stimulant
pattern mediating both types of effects (see Figs. 2 amd 3). GHB produced
myarked stimulani-like effects as measured by VAS “stimulated,” ARCT A, and
VESSPA activity and energy (ACT) scale. GHB produced euphoria as mea-
sured by VAS “high,” “liking.” and “good effects,” ARCI MBG questionnaire
and VESSPA pleasure and sociability (50C) scale, Most stimulani-like ef-
fects and cuphoria were dose dependent (se¢ TABLE 1) and peaked at 45 min
post-drug administration.

GHB produced objective and subjective sedation effects as reflected in VAS
“drowsiness,” “dizziness,” and “drunkenness™ scores, ARCI PCAG question-
naire and VESSPA sedation (SED) scale. Peak effects were achieved between
I and 1.5 h after drug administration and lasted for 3 h. GHB also produced
a slight deterioration of psychomotor performance apparently dose dependent
wiith o peak effect at 30 min after sdministration for kwer doses and at 1.5 h
post-administration forthe 72 mg/ke dose, GHB produced a decrease in DSST
total responses (FiG. 3) mnging from —35 to —11 total responses for the £
values, and in DSST correct esponses., mnging from 1o —2.75 for the £ .
values, while there was an increase in DSST errors at the same time. Doses of
60 and 72 my/kg were associated with an impairment of the balance task with a
peak effect at 1 h post-administration ranging from —15 sto — 19 s decrease for
the £y values from a maximum of 60 s standing on both feet. At all adminis-
tered doses, GHB induced exophoria, atvpical effect for sedatives, as measured
by the Maddox-wing device. Thus, GHB producedan apparent dose-dependent
increase in diopters with a peak effect at 1 h post-administration (£ pgs 2.25 40
mgke, 2.7 50 meke, and 3.25 60 mpkg), that lasted 4 h post-ndministrtion
i(see FiaG. 1.
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TABLE 1. Pharmacokinetle parameters of GHB in plasmia (imean £ S0 values ghven

Parameter 400 g kg" 50 e ke ol e b 72 mgkg®
C o ('ml) Ta.1 4+ 264 8314+ 288 113.5 4 201 130,1 £ 10.7
fmay (B) 0702 IR Oh 014 0902
AUCos (ngmLh) 1065+67 14374364 18394470 3011114
K, ih="y 98 =021 101 X018 1.6+ 0158 1.23 001
1172 () 073+£0.17 071015  067+£012 057 +005

Sonlimm GHE doses

None of the participants required specific therapy or special care during
the study. Serious adverse events were not observed, although one subject
vomited | h after the administration of the 60 mg/kg dose. No hallucinations,
psvchotic epasodes, or any other psvehiatric sympioms were observed during
the experimental sessions.

Cancentration-Time Pmﬁ.i'ﬁ af Gl B i Plasma

Pharmacokinetic parameters of GHB in plasma after oral doses of 40, 50,
6l and 72 mg/kg of sodium GHB are presented in TABLE 2.

GHB was detected in all baseline plasma samples. with mean concen-
trations of 004 + 001 pemb, Afer drug administrtion, concentmlions
peaked between 30 amd 60 min after drg administrtion (O, range: 45 8-
1093 pg/mL for 40 mg/kg: 51.0-123.5 pg/mL for 50 mg/kg. 90.3 = 134.7 for
60 mg/kg. and 122.5 - 137.6 for 72 mg/kg) { TABLE 2). Following the absorp-
tion phase, concentrations declined 1o a mean values at 6 h that ranged from
0.5 to 0.9 mg/mL for all doses tested. ™ GHB was readily absorbed after oral
administration and rapidly eliminated (fy,, and 1y > < 1 h). AUC, g, derived
from plasma GHB concentrations were significantly different upon comparing
the four different doses (F = 0,05 (Tapce 1) No significont differences were
observed for C . . Ke, and £y 2 between differemt drug doses. Normalized
(1 mg/kg) values for AUC were similar for 40, 50, and 60 mg/kg doses (2.7,
2.9, and 3.1). For the 72 mg/kg dose. this value was higher (4.2). Normalized
s values were similar for all doses tested.

Excretion of GHE in Urine

A summary of GHBE unnary excretion s shown in TapLe 3. GHB was
detected in urine at baseline samples. with mean concentrations of 0.2] =
0.14 pg/mL. The highest GHB recovery was found in the 0-3 h urine samples.
Less than 2% of doses tested were recovered in urine for the 0-6 h collection

period.
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TABRLE 3 Urlnary excretion of GUHE follew g different oral doses

Urinary collection penod

Mean dose
Dose® mg'ke  given (g) {-3h 3-6h 0-6h
40 PO4£04 INER £ 1214% 1253 £2144Y 4312 4 2024 (1.60°)F
50 37403 5931 +£2970% 11324+ 15500 7063 + 4338 (19BN
i) 30404 M0 £ 1040 10494+ 11860 5450 £ 1068 (15000
T2 srd12 REMNBX 14988 G609 + 33,30 Q18,7 £ 1165 (1.9084)°
*As sodium GHBE

badfean == S0, values given i micromoles.
ERaeovenies (-6 b e oa pereemtage of the admimistered dose.

DISCUSSION

Results of the study provide new insights on GHB pharmacodynamics and
pharmacokinetics in humans. To our knowledge. there are no previous reports
of the evaluation of GHB physiological and subjective effects after controlled
administration of doses compatible with those consumed by recreational users.
The main linding of the study is that GHB-mediated physiological and sub-
jective effects are dose dependent and related to GHB plasma concentrations.

Clur study, although somehow limited by both a dose escalation schedule
design and the number of volunteers tested, provides new knowledge abont
its induced subjective effects and alterations of psvchomotor performance.
GHB produced dose-related changes in subjective effects as measured by
specilie questionnaires and YAS, GHB showed a mixed stimulant-sedative
pattern with a hiphasic time profile as descabed for other sedatives (alco-
hol or cannabis).**+® Psychostimulant effects were predominant in the first
hour while sedative effects initiate more slowly and predominate in the sec-
ond howr after drig administration. In reference to its abuse liability, GHB
induced cuphoria, well being. pleasurable effects, and liking effects that are
o the basis of its misuse as recreational drug and similar to those reported by
GHB abusers **7 In the case of the sedative effects, they were similar to those
elicited by low doses of benzodiazepines and alcohol*™” and included sub-
jective feelings of sedation. a decrease in psychomotor performance, ataxia,
anel exophori.

Regarding physiological effects, GHB administration produced a constant
slight increment in SBP and DBP for all doses tested, lasting for 1-2 b post-
administration that did not reached statistical significance when comparing
doses assaved, Intercstingly, this effect was not reported in none of the ther-
peutic studies previously performed. Furthermore, following GHB intoxication
hy potension is frequently reported. ' However, recent results suggest that GHB
has also svmpathomimetic cardiovascular effects that could induce increases
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in blood pressure following its acute administratrion. ™ Further studies with a
lareer population of subjects are necded 1o conlirm these Tindings,

GHEB given by the oral route is mapidly absorbed amnd eliminated. Drog con-
sumption can be differentiated from GHB endogenous concentrations both in
plasma and urine in a time-window of 6 h post-ingestion. Our resulls are in
agreement with those obtained in healthy subjects administered with 4.5 g of
oxvbate'! (equivalent to 30-60 mg/kg of GHB) and lower to those observed
in severe acute intoxications.” GHB elimination follows a nonlinear process
as suggested by comparison of normalized AUCs, [n the dose range of 40-60
me ke, elimination is linear in agreement with previous reports, 17 although
nonlinzanty can be observed at the 72 mg ke dose. GHB elimination appears to
b capacityv-limited at higher doses as it has been observed in some narcoleptic
patients administered at o fixed dose of 3 g twice nightly at a 4-h interval.™
The accumulation of GHE in the body as o result of a nonlinear disposition of
GHB might have some implications in the susceptibility of some subjects 1o
develop acute intoxicmions.

GHB urinary excretion was mainly related to administered doses and in
accordance with previous reports,' " However, there was a slightly higher
recovery of GHB for the 50 my/kg dose than for 60 mg/'kg dose. Higher mean
weights of the subjects (resulting in similar total mean dose given), and an
increased percentage of the administered dose recovery in the 30 mg/kg dose
eroup, account for these resulis. In ling with early reporis, less than 2% of
doses administerad were recovered in the collection period.

Plasma concentrations reached in the rnge of doses adminstered ane lower
than that abserved in acute intoxications and therefore is ol surprising that,
in our study, strong sedation or coma were not observed ™ GHB plasma con-
centrations correlated bemter with psvehostimulant-like effects rather than with
sedative ones. Al higher doses, sedative effects would predominate leading to
the observed effects in acute intoxications. Our results suggest a high abuse li-
ability of GHB in the range of doses usuallv abused. Further studies are needed
to confirm these results,
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Disposition of Gamma-Hydroxybutyric Acid in
Conventional and Nonconventional Biologic Fluids After
Single Drug Administration: Issues in Methodology
and Drug Monitoring
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al Baid and swcal appeaal ol b by suitshls kg matiges
fiowr emmoring (I comsumiption. GGHEL smediated suhjeotie effoos
arg eclaled 1o GHB plasina foscenisiinns
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INTRODUCTION

Ciammashydoxybuyme aod (GHE “Tigquid ocstasy,”
parrmma-haadrosabutyrste, lpdnooyboeee acil, 4-hydmsy-
butanose acild saybale) s a shorl chain fafy acsd. 1 s an
endespenows naetababile and o precursor of the newrotransimiser
pamma-ananotuiyne ackl GHE can be formed im0 human

i Eissues fomm ban e emors, g ms-baelyroelscon:
and | Abutancdmol (Fig. 1 and oots in the ooniral nervous
svslemm o5 & mashomodalmon’ GHB s marketed in the United
Stales unider the name Xyrom for the sreatment of cataplesy in
paitserts with nancolepsy sl in some Ewropean countnics as an
mnisthatic and for the treatment of aloohol withdrmal
(e Alover in lahv), GHE has gl emerged as o major
recreational dinag and bealth problem all over the woeld, By the
late D9FME, GEE bad Becons: 0 popular drig used in clubss and
pained ssgnaficant notoricty @ a napw drug of abuse anid as
a date rape dnag, Casmma-butymolactone and | 4-busanediol,
both GHE metabolic precumaons, ave also boen abused in
hnamans, Dharing ihe lasy years, il has beoome 2 magor concem
T TRy departmamits of some counines as a resoll of an
inpOrtg i nemes i b b o caes of Ebescation GHE
owendier Feguonily nesults m ponreactive coma associaled
with bradycandia, ypothermia, agitaad definem, myockos,
ad carely screure-hike activign.”

Adthoagh GHB has l'-t:ﬂ suceessflly deteciad i uring
amd blood of consumers,” ' drug measdrement in biedoge
fuids b pesesa beth vobantary sed invodantsry consavgiion
haz somie drawhacks, Fisk GHB is chminated from the boady
rapidly. making identification dependemt on the time dlapsed
between conumpiion and bielogic matnx collection This fact
sdifressed ivestigations wewand the use of biskogic mainses
with bme windews lor drug doloction wader than bliood
anid wmne such as haie,"""* Second, 5 compounding difficuly
resilies i the fact that GHB s an oosdogemoss. compoand
present i the buman body with measumble baschine con-
comrations bhoth i blood aml wrine'" '* Hence, |I|H'r:11'|1[
muibsors proposed ool (e, 10 pgml for unne !ﬂfT
concentmbions. o adenlily exogpemmes GHE caposune,™™'*
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Dispostion of CHE in Rinlogic Fluih
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FIGURE 1. Blownthess of gamma-fydeoaybutyric acid in vivo
from its precursors and engymnes imohed Bofts beoteans

losmation and bigsymibei.

Fanally, several smdscs underbingd g endigpenois GHE
concenirations can be clbovaled both 0 avomenem aml pos-
meariem binlogic samples. resuliing fom sormge comditiom
andl enrymes Fosponsible for bistras formsion of GHE into
ihe Boddy (Fig. TR Whereas the pomible influenee of
siorge conditions and microarganisns in e producton of
Gl i postmsoriem specimens has been clarifie ™ daia on
e 1I:u'|'r|'|i:_|,' in siored hml-ngi; Ausds froom o o nisiraticn
tisilicn mod AN CETon S GRC WOARCE.

Adbsough severd sinlics have addiosed the measmn-
e of GHEY in plasena and ool Auad aficr single and repested
sdmnsrtions, "= ¥ there wemain mamy quedions on
dispositson of GHE biclogse laids other than plasms and
uring, on the stabiliy of the compound in stoecd beilogic

amil on the subpecine offiects mdwoced by this dnsg in

ke rangge of dioses. commonby abused. [n oddinon, fow sudies
aditrossed the correlation of drg eflfeots and concantrations. in
biologic Nusils, mohding alkormine manees

The atimes of this study wens as Gallos: oo msestigaie
b presence amd the lme course of GHB in plasma, wine, ol
M i et afler single omd sdemimsimion 2) W avaluate
the stabiligy of GHE in plasms under ioem siorage
comdiiens; amd 3 to explore the poteniia cormedstion between
il pharmacokinetios of GHB & diffo bologic matrices
il some sebjecive elfecs.

MATERIALS AMD METHODS

Human Subjects

Five male ssbjocts wene rocnaited by “word of momth™
sl incheded m the study. Ehgikabity crfena reguired the
recreational e of GHE on ol lexs five oceamions. Exchasion
criena induded daly comsumgison of moee than 20 ¢
sl qpeor w30 g of ethanol (3 unas per davi All subpects
gave their weien inonmod oonscmt befvne i husion and woe

© 2007 Lippincor Wil £ Wi
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cuinatimeally compensaled o moonvenisaoss anisal bny ilseer
participation in the study, The study was comilucted im acoor-
dasce wilhi s Declaration of Helsinki, approved by the local
cthical commiitee, and suthorieed by ihe Spanish Mmistry off
Health i Agencia Espafola del Medicameniop Eligihle sub-
Jixts were miervacaal By o peyvchmtmes (sirsctuncd climcal
micrview  Dagnestic and  Smiwisal  Mamal of Memial
hsenlers, Fouth Editlony o eadisde paychistne dsondrs
saich as schirophronia, paychesis, and magir affeaine deonders.
Each subgect anderwent a gonaal plysical coamination, moutine
labowralony wests, unmalysns, and a §2oad clootmaimdestram
Participanis bhad & meas age of 722 veans (mmge, 2530 veam),
ean weight of 744 kg ienpe. thH-840 kph, mean haght
of 182 om (moge, IT60-1940 e, snd 5 mess body
mass imdex of 210 kg (pmpe, 15287 kpim) Thees
participants were nomsmokers amed o smolbers, and ibeir
average comsunspleon of skohol was 15 wnits per deye Al
ol them had proviess experience with the consunaplion of
alcohol, cannahis, solafives, stimulants, and designer drags.
Moo had a hstory of abuse or b depondonce accordang
b Dhagnestic and Steistical Manual of Mental Desorders,
Fourth Editbon criberia {esoopl for msoting dependemce) o
experenoed any medial or psychiatre adverse reactson alier
GiHI comsunapis

Study Deslgn
Sobgects participatal & oulpationis m o & hoar stuily
secnsacn fm which ey weore prvom a single dose all 50 jequnalent
el | o o e 0§ GREE b kg ol sosdinm CGGHE by the oral mute.
Pamigipants were roquestod Bo absiain Bom sonssmplion of
gy g of alwise dioring the study ponod and anne dnig esting
{apphing ibe cutofl values i I was performed
before cach sudy session for canshisoids (50 ngiml
eocaime (300 ap'mLj optstes (2000 ng'mLl, smphetamine
ne § 14WM0 mgimlh, MDOMA (SM ngimli
barbimirales (200 agiml), bowodsecpines (300 ngmLL
anad pheneyclidme (25 ng'mLy (Inseant=Yiew; Alfa Scieneific
Disagis, Mowvayy, CAL For all grosps of ssbstances, pamicipans
tesdod mogative Belore cach oxperimdonial scsapon. Subjects
arrived s b Babarsory @ 8 a afier o avemight G s had
am indnsllng intrmenous cibeter insertal o a subculanemis
vem in the forcarm of the nondomanam amm. Thereaficr, they
remail seatcd = oo quea room throughout il sesion, GHE
{Akever 05 sodmm GHE, 17.5% syrupe CT Labomiorio
Farmacomice, SRL, San Rema, laleyh was oelly adminisicral
ancunid 9AH) ast imoa fasting state. The dose jeornesponding i
appeopree malliliers of symupd was diluied (0 230 ml of o sods
orange=hased dnnk. Patsopants wore todd o donk the bowrage
as s s possible (mean, 12 sevonds; mnge, 530 socomds )

Collection of Blood, Oral Fluid, Urine, and
Sweat Samples

Blood was collecied st 0,025 0.5 075 1,152 3 4.5
anall & B after GHE admmastmison m nsbhes and
mimedialely comtrifuged. Samples. of onsl fusd were collecied
withwnnt any stiilation cver a |omin perknd at 0,005, 1, 1.5, 3,
14,5 anad b hr alior drug adminssirateon. Immediascly afier
drarg sedmiem strmtion, moeuth was washed (100 @l of waer)
o mibnimaee oml Ausd contamimtion. Urise samples wene
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collocsend bolore anad a1 0-3 aimd 36 hours after dnag adimi-
iEtion, Swest samphes wene obiined by wiping the foschead
with cotiomn Mevee @tk 0.5 1.2, 3.4, 5 and & hours aiter diag
pilminestraiaon.  Adidnenalbe, o seeat paich (Phamshem
Labwratones, Menle Fark, CA) was apphad w0 the back of
cach particapant afier the skin was cleaned with 5 TP
mopropyl akoohol svab and removed & hours afier adminis-
trateoi. Al bickopss spacimsens were Troeen al -0 until
anabysin. Mo proservatne were added o the specamens.

Pharmacologic Effects

Im ahe comext of o dose-finding stady Tor the perfome-
anwe of clenical tmals inbended o evaluatimg the plasmacolagy
of GHE in humans, & mamber of physplogical aml subjective
elfiocts o el o pevebomabon performsnoe of subyocts i
the elfects a[lhrdmuwn. measured, Hesals have been
reparted ebewheore, ™

Im this amcle, sons represemtaiive ashjeciive effects
wduced by GHE are icluded w0 cxplore e potential
corncdation Betaeen iis phammacokinetics i different bavkogic
iratiees amd dnag offocts.

Sabjperctive effects were mesurod using & sl of 13
dafTerenl visual analog scales (YAS) of 1N mim bbdol wal
dafTerent adjoctiae marked ar opposite ends wal “nod at all™
and “extremely” wene useill Suhjects wenre askod i rale effocts
ol “stimulatad ™ “high,” “any effect,” “gond effects” “had
effects,” =lking,"” “conignl,” “dnnkemness” “idnwasines,”
Sdivpimess.”  “conlison” “deprosson of sadiesa,”  anil
“relaw.” Scales were slinisdersd ab - 15 manugcs (mimeds
aly before drug admaniiration), 0,25, 050, 0075, |, 150, 2,
L4 5 and & bowns afler GHB admimktmtion

Chemicals

Pure standasls of GHE secdism sall and % 0 Bisd i
methybibyl ) enfuomacctamide with 1% mimetylchlorilane
(BSTFA-1" TAWOS ) were obmined from Sigma Chemacals
154, Lowis, MO GHB-, mothanslic salwion (1 mg'ml ) was
parchused From Cenillian (Austin TN Ubespon: water ami
all other reagenis of amabvie grade were from Carlo Frba
iMinlanao, leaby).

Determination of Gamma-Hydroxybutyric
Acid Concentrations in Biologic Fluids

Frowen ol flukl, plasma, and unine sansples were
allrved o Thaw 3 oo lomporatune. Beffore analysas, ofal
fuigl wans contrifiged 10 discand the meous pan, which
aceunualated ot the bottom, Aliguots of 100 pl plasma, ol
fhuigl, and urine wens added witli 4 gog of GRE-, (as iniemal
staridanl 5 pl of the 1| ompml methanobic solutin) and
20 L of sectonitrile. Afler 30 secoml vomes and £ mislg
centrfisgation al [000g, 150 pl of the supcrnaland was
translerred 108 ol can cuiretion nibs and capesabod o drmes
umder 3 mgrogen steam (WP, 10 manustes). The doed exiracts
were dervatusnd with S0l of BSTEA-1% TMOS far 30
pumaes @ T For GHB deternumatson i svweal, the ootlian
wipe of the sweal paich spiked with # pg of GHB-L was
eatracicd with 5 mL of scetonitrike {covening the whoele colton
flevwe or the patchi. The scctonitnle extract was cvaporatad 1o
drvmess aned dervatieed 25 described previsushy,

iy

A1 pl aliguot of demvationd samples was tipechad
oo 3 Hewlen-Packanl 659 g chromaograph coupled e
a HewknPackard P37 quadrupole mss  spoctromeler
IAgibent, Pale Ao, CAL The empillary colsmn wes a ooss
linked 5% phomd-metly biicons (12 m % 0.2 mm mlemal
duiineter and D33 jum il thicknes, Uira-2; Agibentp The
sariples. wens mgocted i splithss mode and behiom g was
sl as casmier @ o Mo rale of 1.2 mlminuke dncasured at
I8AC) The mpackor and detector lomponatunes wene both
iikntained al 2800, respeciiely. The tanipasanin progiam
wak inhially sot ab S0°C Far 2 muniles and imcreased 1o 18090 at
2070 mwnute, then 3550 1o 25070 and then hebd for 4 minncs.
The total rum teme was |4 nuinutes. The mass spectromeler was
aperated mn the clocton sonization and selecied son noniwr-
mg apmsition mode. The flkmving sons were moniored
dumderlined wons were wed for guamiificasionk GHE-be-TMS:
'y 238, 2, 11T GHE-dsbisTRIS: miz 239,

Befire q'q'l[iﬂlnmlul‘ﬂh#rﬂﬂn the arahdacal mcthod
wars tested for plasma, omd fud and unine afier o 4 day
walidation prolocol Lmeangy, procisson. acouracy, stabality
ilrerne thaw cyelesi lmits of detection, and quasiification
W asadssde.

Calihrien standands contaimng 1, 25, 50, 10, 2is),
HE pp'ml of GHE wone propanald in dapleate dmly for cach
amalytic baich by sdiling suitable amounis of methamol woeking
srhusions | 140 pugimiL, DO g mll, 0 mge mal eo glass tubes anid
evaporsied o dryness (BFC, 1 minoies), Resiadue v
recomstiised with b pl of prechecked drogsfee |we
Furheer i thas sectsonh oml flusid plasma, asd urine sunples.
Ouality comrol (00 ) samples of § ilow conerol i, 100 imedium
caniitrod ), sl 200 jugnal dhigh comtendy GHE in plasma, oesl
fuid, amd wnime were peopancd, disiribuied i alsquots, and
stewred st — MO0, O saiples were mcluded in each analyne
baich o check the dashy quality of the anabytic progess.

Peak arca ratios betwewn GEHB and insernal standard
woere used For calculations wwing o weighted [ icancentration)
least square megnesson analysis. Standand doviation of e am-
betic backproamd respose was used §o csbinute the kaver lema
o guntification (LLOGY = 10 standand deviations) asd the
Dt o detectson (LMD = 3 standand deviasonsy. Beosuse
GHE 15 an endoponoss compoand, o nisnber of rephaies
im = &) ol different hiclogic matrces [plasma, oml fusd, asd
e | undet haral cotald s, From subgecis panipating b the
climical siodics g well as those wed or the prepamiion of
calibeatons were analyveed ty saotopic dilation mas spectios-
ey using the dementod of G ap the congeairation
ol 025 pp'mL and aligoois of 260 L of the cornespoiding
i, The paarpose ol thas appaoach was 1o check tha Basal
CiHI cvnlopzenings concenitatsms wene well belisy the LLON)
of 1l pnabvie method.

Exiratsn reomerics were calcalaied by companig
e peak ancas of four eeplicames of QU samples aller the
provioush' menBioned  eatracton procedure wilh makhod
it hanolic deitiois of GHB sl 15

Mine replicates af the theee O samples were analyeod
fior the detenmimation of (mesdsy procsson and scoury,
whereas the inlenlay prociion and sccumcy were dolonmmeil
for throe different assas of thioe replicates of the provsously
mentioned OO samples, Procisson was cvprssed & the
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Dipoition of GHE in Biokogic fudy

relat e standand deviation of conoonrations caleulated for O
Accomgy was cxpresacd as the relative ermor of the
cakulaicd concemtrations, Interday procison has heen esti-
mated through amalbvsis of vamnee of determinations in three
consccutive days estEnating componomls ul'Eunl.lnn warih the
Formmla given en Baowwer and Babsnow e
The effccts of throe frocsc-thaw cycbes istomge al
T on i compousid stabality in diferes bislogic Ausds
wete gvalisiied by ropeated analysin (i = 3 al QU samples,

The siabiliny was o] of the fmial
concentraton of the anabyte spiked in diffenem matnices and
ipsantificad st alber propasalen,

EfMect of Storuge Temperatone

M samples wone distribiied i abiguots and sored
al dilferoni e |rewans Semperature {25k relmgat-
ated (450 L frozen (=200, and heaad i 37501 The siorage
suhacts were analyvecd v inplicete a1, 5, 24, and 48 hours
afler prepaestion and conpansd with a inplicale immedisiely
analyzssd, Differemes from the iminsl concentration lsighse
tham the preceiom af the methsd were cons derod nebevant.

Pharmacokinetics Parameiers
The fodkrwing paramcten. were detomained: with
1o plasrn and ol Ausd concentmiions of GHE, peak con-
coniration {4 o b, tmme 1o reach peak comeentlgmns (e, b an
umsder the concenimion -nme cumve from O o & i AUCs o),
clenimation hali-lde oy-h asd climmaion copsiml ikek
ALy were caloulsted by the hinear mapesosdal mlle.
Musmmscokimetic paramciens were obiamed with use of
specilic functions of a compuler progiam (PR Fandons e
Migrosadt Excel; Maceosoft Com, Bedmond, WAk

RESULTS
method Validation

Calibraticn carves wore limcar over the conooniration
range 0.2 (LLCHR o 300 gog'mal, GHI in the case of plasema,
oral Bhiied, and anne samples and determ mamon coglTens, ©,
for all the calibralxm curves wone always groater (han 119494,

Besn exmaction ellbcency of GHE was slwas greter than
95 in all bisdogic Auids under imesdigation.

Table | shows the resols obtined for intmday and
intendsy precissn aml sccuncy cakubtions e GHBE m o=
logic matrices unika cammabon. These realts salsfRcionly
met the interianonally ssablded scoprasce citena, ™"

Mo relevant deprasanion was obsorved alller asy of the
thice Bgeee-thaw cyches with differences i the initaal con-
cetibratwin ke i 10RG

EMeet af Starage Tem o in Ceaminma-
Iydrosybuiyric Acil Masma Concentrations

GHB was stable @l bomporamine. lestad. A ligher
variability im GHE plasma concenirations  was  mainly
ohserved ab 2390 and 170, neverthaless, changes were never
higher tsan the procsion of the snalytse methed

Comcentration- tiime Profiles and Pharmacokinetio
al GHER in Plasmea and Ceal Flubil Samples

Msan conconi ratien —tims cursves oF GHE im plasma and
crad flusd afier 50 napkp of sodism GHE ase preseniad in
Figriire 3.
B was detected in all baseline plasma with
mean edimsied concenimmions of L0 = 000 peml. GHE
was meadily absorbed afler omal sdnmistration aml rapadly
elimanaied it md iy, = | houry Afler dnsg adminisssison,
comeiirations peakaod botween 30 amd & minuks aller drig
addmimstrabion (€, mnge. S14-123.5 peiml b (Table 20
Mdber the absorpieon pliase, concemtmtbion declmad oo msean
valigs 31 & hosirs of 09 jag'ml.

GHB weas dletectal in all baseline oral haiil sasples with
mean eshimated comceniralions of 0,12 & 002 pgml. The
timg course of drag concentration in ol Muid was similar 1o
that seeni m plasma with massmuem concentrations achioved ar
0.5 howr (U munege, 11600 pg'mL i then concentrations
devreasad 1o mean valees of 0.3 pgiml o & hours.

Oival Muid GHIE mcam concomrations  Hme  ooumse
paralbeled those foumd in plsma. However, madivudual values
fior oral Mkl amd plasma ded not comclate. The oral Huid 10
plasima ragie (57 ade) allar drug sdoumisiraton was lvwer

TABLE 1. Intraday ard Interday Precision and accusacy Tor Gamma-hycroxybutyrie Acid in Plasma, Urine, and Saliva

Imirusdan Enérraday
Taage T aketaniad [ whow Laiwal
Foibesas L nmrreirs i i onge paraiiee Py cisbsn AErurscs i wng omirad bm Proch bea. Aovmrsy
Fladisll IEg'ml§ Amg il [t LT} e rEF il i LLATR ™6 ofwad i
Plasita b s 07 4 o 4K = T LE i
] L N ) 37 pi] L LA 12 BT
s 1] fiin: in Th i iged = 10d L] 't
Lirmng 4 EN S F ] i 1Th LY g L} L5 T
(5] LR L5} (] BERA = 44 I (1N
L] P T i [ Mii =3 L] ita
Balivw 5 LT (] &2 121 5T =03 54 [LE]
[51] |84 = 1A 33 &4 B4 = IR a1 mT
aTHi ol xES i di NEEE = §hd e Ly
"Wam - sdesd dovemes, 5 0§ e ol oo e el
Fxlh wims o siamlnnl e iaan
& Jor? Lippiacon Wil f Wil Lon)
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FIGURE 2. sybutyric acid plasma and oral fud T (]
concentrations {mean + sandard desviation] over ime after FIGURE ¥, Oral fluid bo plasma concentration rats {oral fuid to

administration of an orall dese o 30 mgyg sodium gemema:
Fydmaybutyric ackd in the subjecis.

theam vnid ai all ienes iesbed {Frg. 3 ) and ramped betaeen 005 and
02, A Bigh inerindividas) vanabaity in 5P mtio was obsarved
among subjocs.

Excretion of Gamma-Hydroxybutyric Acid
i Urine

A surmmary ol GHP urnnary exeretion is shown i Table 5,
GHIE was detacsed i wrme al baseling samples wilh cstimated
concentmiioes of .21 = 004 pgml. The highest GHRA
meovery was found @ the 0- do 3-henir wne  samplis,
Copcenerations of GHEB i wrine (median anl percentiles
JRTEN R nhee v colloction porids cvaluatad (0-3 hiars aad
Jo boursh were, respoctively, S50 @435 85-TH500 and 0,5
(128-1075) pgiml. Less than 2% of the dose sesiod was
revonvered in urims B ihe G-t febour gollectsm pereil

Excretion of Gamma-Hydroxybutyric Acid
in Sweal

Sweal sampks were analyeed foflowing an analytic
appeoach sanalar i the one applicd for other Buids evalusicd
i the presemt fepaodt, A preliminany sy For the cotlon wips
collection of hlank semples mad: m 200dnag- free maks bealthy
wolumoces shomval a very high vanabdity in GHE cndopenous

TABLE 2. Phammaokinetc Parameters of Gamma-
bychromybityric Acid in Plama and Oral Fluid Atter an Oral

Dy ol 540 Sodfium Camma: Eyiig A
{mian + Standard Deviastion Values Ghaen) e
5 mg'hy

Faraicics Flasdia Ol Fluibad
Co pgml | &0 = 07 ETEREL
- LUES B (L]
M s (spmlh) 4L = 160 LIRS Y
K sl LM = 0iE [T b
iy TN} mH = ajd J2T = Xt
i

plasma ratho) alter sdminktration of an oral dose of 50 mgiig

seadium u acid bm Feew sibipects (mean =
deiation). ralio was only evimated by
ditution becase baal contentrations ol g

tydraxybatyric acid in both matrices were quite low,

basal comcemtmtions. There was a more than & 100 fold
ntermubyect differcice i scal GHE valses, The mage of
oonecnimiom were 003 o 546 pg por wipe. Tendatvely,
thazse differeiices wane alnbicd to e Gaet thal thise saibpects,
deploymg bipher concentratines, presentod acne and oily skin.
Thas was am cidpine and plissible ohscrvatsn that should be
venficd expenmenially m funher shfics. Proper valslstion
of GHE i swaeal was mol paossible a3 a pesalt af the inabiliny
s fiewd & represenitaine blank sample for proparstion of cali-
braoes anad contnals.

A prelimimary assessment of beclne amousts of GHI
mcasancd im collon wipes swabbod for 10 socomds oo the
anmpil aml forehend of sehjects parscipaimg m the shady
shemved high vanabilny. The observation was bissed by
& subject winh basal sweat GHE concentrations ol 34 jug per
wipe. Comoenirations messured av erteme never mcneased mion:
than 1 8 2 pigg per wipe over basal values. GHE was alss Founsil
m ihe sweal pabches (@ 1 fbowr socumalation) m amaamis
meging betaeen 09 pg and 13 pg.

Flarmacologic Elects

Sahpective elfeots corneaponding &0 VAS =stmlanad ™
amnl “drowsinesa™ are presenied m Figore 4. GHE showed
a mived sodative-stimulinl paticm mediating boih npes of
effecte. GHE prodaced  shight  saipmbant:libe cffects as
weasared Ty VAS “siimmbued” ikar peabed ai 4% minwies
after drug sdmimsrason and objective sedation effecis as
refloctod i VAS “drowsiness” The latier peaked beween
| B3 hosrs after drug sdminstration asd lasied for 2 lours,

DISCUSSION
The resubts of the siudy provide mew insights on GIHIE
plarmacokingivs in nonconventional matnces i hunass,

O 8T Lippoacest Il o PR
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Dipostion of GHB in Bokogi P

TABLE 3. Urinary Excnction of

yrie Acicl After Oral Dose of 50 mg/g Sodum

anyin
Carma-tnydcooybietyri Ackd [median ard Peroentles 2575 Given)

U rimars Collocten Perbsi

I Mg kg Miwn [ ghes (gl [ = At h
50 5T = 03 S0 A3 -Talap L {1267 R SERE (4908 T0S) 0] ¥F%NE
0, W R, BT LR R e LINARI R T

e mlien g Bk i e ml
Pkl i o i k.
Wiy e i s o .
PRasmatm ob & hani e o preatigs o de slees el dew

GIHB gven by ibe ornl rowle & mpdly absorbed snd
clen | Divieg comsaiiption can be dilferengiaiad Trom
CIHE emdogenois oomcentrition both m plosms amd aring in
& lime winkloew of & hivwrs aller ingestion, Char results ane i
agreement winh those obiamed i healihy subjects almimis
tercd wath 4.5 g ol oxybale jegaivalent o 30-60 mgke of
GHB)' ond in derms of O, value, barcly dowble those
itbserved alber the administmbion of a smphe dose of 25 mpkp
of GHE.™ In conirasl, presend results are lower than ibose
obsorved in severe actibe imokications.

GHE was found in oral Med o peok value conoens
teat won s oquivalemt b o thind 1o ooe fanh of those foand m
plasma with an cven quicker retam 1o bascline valses than that
obscrved m plasma. Therefiore, ol Thakd and plasma kinctics
are poorly relatesd. In carty expermients,” in which a single
oral dose of 25 g kg was Eiven, @ b al 15 mmostes ool
fuid was reporied Oeal fuid samples were colloced
15 mmibes, bl despibe usingg a ditaking devee, the authars
thermmelves did sl exclude o possible contamimaion, becaise
CHE concoalratns cweodal i has ive s (hose
absrrvod i plasma. Takimg indo aconumi this previess. repart,
10 1 s study, orall id sample oo Boction was stned al
0.5 limar afier a moathwash and concentrations obsernvod ane
Clonet o those expecial follvwing Henderson-Hanselbach
il Tl cgusanon For weak acidic substances (estimated pKa

4]
— g ]
40 4 -y Srrraminan
£
2 x
10 o
o —r— T

15 g H H H H

Tiewa (1)
FIGURE 4. Time coure of
induced subjective

0 oas 1
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al GHEB w approccinaiely 5 exoreted mio o matres (oral )
wmiore axhdic ihan plasana. ! Indeed, the saliva plasima atho was
always e than 1, ahich indicates bt GHB, on scadic drg,
dhid ned e 10 @ barge oxtent mic oral Tsd m oot with
hasic drugs sach as MDMA, which appeans m salna =
comeniralions remarkabdy hagher than those pl:unn.“
Fuhermeong, differcniby from MOSA and other basic drugs,
o lange nlensuhoot vanabadity i SF ramo was, foand, which
prevents sy pessdhle comvelation of dose ol Baid concen-
iration. Bocasse GIHB oral Aud concenimbons ane levwer than
those observed in plasma, they quickly resch haseline comoons
trstions af 3 hours aflor imgestson, limiting sonwow hat (ke time
windimw for detecting §ls comsumption m ihis hiologic manx
amd its usefubness in GHE foremsic tosicology.

CrHIE mnnary excretion was in acondasce wiil previous
meports. "M o Bine with carly repons, bes than 2% of doscs
sdmindered wore eeoverad m the callection period. Highest
mevonveries were B in the - 1o 3-heomir urime samplies.

Concernang (AHE detection in sveal, it appoars thal dreg
diffissan = tas satns has even moee limittions tus e
fonind for ool Makl Afier drag miake, GHE concensmmonms
baodh i cofton wipes (whach nepresent a punctual measuse
af exerlm b and im sweal pakches (which repecsent an o=
mudlaiive measupe of eaenelion) are masginally hagher than
hasclme valoes when peak conconietions are achioved m
plassia. In sddstion, taking inko sceount the vanability i bass
cumimiralions, concontsatans of GHB i sweal hagher than
reponicd hasal values cansiot be atiribuied 10 its consumption,
Thenchahe, similar b0 odal Maid sweal dics pol appear 1o be
a saitable bokogic matnx or monisoring GHE comamption,

Gl wans stable during siompe conditions aml o
i rem Errmstion fowaed GHE formation was observed in the
solleeted matrices

CRHED showed o mimed stiemubind- sedative: paticrm with
& hirhuiﬂum'yoﬁlru sl foe other sodaives (aliobusl
or cmnabisi "™ Fsychostimulant effects were peodominant m
the Hirsl Baouir, whencas sodative effeccts minste more shis by and
prechomanage in b seoond bour after drug sdmimnisirsten, GHB
plasms and oml fusd congenintions correlated Bener with
peyehestimubintdike effects miher than wish sedatne ones.

COMCLUSION
I siarmimary. the time course of GHB conconitrations m
oral Muid was simmlar 1o that seen in plasms nevenhcless,
comcemiralions wore mone than theos tmes hver m oral fuid.
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Ol Huie] and sweat appear nist io be sustable biologic mamces
fowr ssntoning GILE consumpdion. Some GiHB-mediated sub-
feetine cilets ane nelasedd 1o plisia conceninilions.
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5.3. Relative abuse liability of gamma-hydroxybutyric acid (GHB),
flunitrazepam and ethanol in Club Drug users. J Clin

Psychopharmacol. 2007;27:625-638.

95



Results

OriGinaL CONTRIBUTION

Relative Abuse Liability of y-Hydroxybutyric Acid,
Flunitrazepam, and Ethanol in Club Drug Users

Sergive Abanades, MDY Magi Farré. MD, PRD* Diego Barral, MD* Marta Torrens, MD. PhD
News Closas, RT® Klaus Lavgehr, POV Angond Pesior, MSc,® ol Rafoed de ke Torre, DPharmr, PREP|

Disecibves: Despite the incresisg concem shiaf o ybatyeic
sl CHIRY sonsciny, thete sae fow sl cuamining the ¢lmacal
pharmacalegy of GHIL and fs abuse polential To evaluate GHB-
induced suhjective and pleysiobogical ellects, B relative shise
liability and @ impect on pescharsslof performince i Glub drug
uscrn.

Matcrials and Moihodss Twelve bealhy male recreationall wsers
of GHA panticipaied in 8 experimenial sessions in the framework of
& clmmcal tral The sluady wai randomisel, double-blind, dousle-
durmmmy, el crossever, Drug oomditions were o single ol dose of
CEHED (30 wr 60 mp Sy, ethaned (007 g kgl Semitrasenam (.25 mgl,
sl placebsa. Soady vanables included vilml signs (bood pressane,
heary mie, odsl lemperaiege, pupll deameter), fEychomatod
performaneey (digil symbal substiution e, halasir,  Maddox-
Wisg), ssboctne effegts da sel of 13 visusl analogrue scalex,
duldction Rescarch Center bventony-49 ilems. and Evalluation of
the Sshjective Effects of Subsianies with Polentis]l of Abise
yusonnaie . amd phatmasokinesos,

Bsibte: All actrve conditions imduced posilive eflects related B
ther ateese poteniial, The admintsirstios of GHE produced eupheris
= plematable officts with alightly higher rtings o these
ohserved for funitmrepam and etlanol. yllydronybatiric sod
indoead 5 hipkasic time peolfile with s ininlsl eimulan ke e
mlatal to the simslaneous s of plasms onceniratioss sl 8
laer sedative efboct Bl relsted bo GHB Kinction. - Hydroyyhanaic
wchil e reased blosd] presaee snd pupil dmmeter. Frhanol induced

T 53 4 Uit | ™ doggy and lerscal Bruns-
soierers Bosparch Group, Indsw Mosicqs| J Tovestipacss Midica;
|Ubnbvifaital Aiibsiwema o Hafockona. [INug Addwctest il Bnaladie
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fowrmal of Chvical Pyychopharmoroiogy = Volume 27, Bumber &, December 20007

its profoiypecal effects, and fussirazepam prodoced marked
scdation, +Hydmuybayric achd and Bemrascpem paired pay-
chomaotor performance, &g svmbol spbsbtubion esl, sl balance
task, wherean cianol, o1 1 dose boaend, indicad only mikd clfc
exclusively affecting ibe balance task.

Canebishona: U fowlis sigpest 8 high abuse babalay of GHIY and
Brerubrareum = cbeb dneg wsers.

' CTin Prvvkophormuos! 2007, 2760 5-638)

Tr] hvdronyhatymic acid (GHEL, “ligquid ecstasy ™) is 8 shon.
chadn Tty acid that baa been ssggestod o act as a
eeunomodulaos,. p-Hydroxybutyric acid was detecied in the
bmm and subsequemly synthesined in 196, during  the
search for o p-amisobwtyric acid [GABA) analog that weuld
readily cross the Blood-benin bamier fur therspeuic uses”
Despite jte caby use as o genemd apestbetic, it has not found
wlespread clindcal use. y-Hindmxybutyric acid boas been
found uwscful in the managensent of alcohol withdmwal”
However, the only Food snd Dirug Administratson- spproved
mxlxcation for GHE is ibe treatmend of mcokepsy, where
trials have showm amehoraion of sympioms eand improved
secp patteres,” Apart from iis therapoutic wscs, i1 has
emciged &8 3 major eerestional dnsg snd public heahlh
problem all oaver the world, yHydrooybetyrie scid was
mitially distribsted over the countes as o dictary sapplement,
shoep add, and musele builder. By the late 19908, i1 Rad
gamed skgnsficamt notencty as a major reorcational dnsg and
as a daie rape dug.” " pHy drowybertyric acid sbuse has. risen
bevaime of 1he cuphboria, dismhibition, enbancod swersuality,
and beightened sexus]l swarcness that are clasmed o be
associated with its use.* ™

Although i has been sbused by humans, the resales of
preclinical stadies of the remiforceng effects of GHE have
bewn ambiguous. Varisis dnig discriminstion stodies st
(1R have failed to0 consisicntly show oross subsiiution
with shesed drugs such = hcumd-nwu#. harbitusmes,
ogiates, cocaing, of d-ampheiamine.” " However, siroager
evidence For cross substitution has been roponed herwadn
GHE asd hur.'huEm. a y-ami acid-B apomisd non-
nbesed dug,’ pasticularly ot high doses. Furthermare, self-
adenbnisdration studees of GHB show evadence for only weall
and isconsistent remforcing effects. In rhesus monkeys, self-
adminsiraion rales fie GHE were below those seen with

625
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phenyelidine amd methohexital, snd considershly similar i
thase obtained with vehicle tests.' ' Rodent studics have
heen moeme suggestive of the reinforcing cifocts of GHE as
both o] and mErevensous  self-admimistrateon has been
demonstrated, Monctheless, results were vanablke and diffi-
cult o imemeet comclusively,™ '™ Thus, the peeclinical
evalustion of the relative remforcing cffects of GHB have
heen fabrly inconsisient, possibly bevase of ducrepancies in
the wse of dafferent species, roustes of adminisiraton, doses,
amdl besting proceduncs

In humans. & pumber of cases of GHB abuse snd
dependence have heen d, but mo abuse labildy
stisdics haid been perfomed until recently. In an ascemilang-
dose sequence study in swbjects with bistones of abuse of
scdative hypootic drugs and ne prnos exposure o GHEB, a
likelihood of shisse for GIHB rnmdmt to iasolsm snid

itall has been II.“EII-HI.

r-Hydroaybisyrie acid is presemtly & controfied sub-
stnee tlml’udhy the L% National lsstiuie on Drug Abuse
altlﬂﬂiﬂa Clab drags are a loosely defined
af drugs from different ¢lasses jmtrp-nl togetber bocause of
thewr wme o dance clobs l.rulmﬂ In these circumstanoes,
GHE and also lunitraeepam are shused while dancing ue
clecronie musie, Users seck their cuphsonic r'l'ftm snid
possibly both sedative and stimulaslike effocts ™

Most of the informstion concerning e effects of
GiHE i humans has been obtained in therapentic sbadics.
Knowledge of abissc-related effects mainly comes Trom
anceioial reporis and surveys bt has ool been fally
demonsirted afier GHB=controfled administration. A small
numbser of climical triaks bave examised GHE dose-related
effects,”™ ™ " but linde is kmown abous GIHE clinscal

#i doscs thal are abused," In addiion, few
stsdnes have piddresed the effects of GHE in ¢lub drneg users
ithe mos imporiand currend populabion of CGHE abusers) or
the asseciation of dnag cffects ﬂ"ilh-plﬂ'ﬂ.‘lmnh'l-'lim.'“
In addstion, previows epidemisdogical mvestigations
reported an increased abuse of sedativelike digs by clubs
drug users.”” The ressons for this =hifl in dg preferene:
amd the cffects of these drugs m this popubition remain
unglear, Fusthermode, no previous research has bega done 1o
fest the relotive abuse liobalily of scdativelike drugs m
recreational polvdmg users,

A sheidy was camied oul W evaluate GHB-induced
subjeciive and physiological effects, relative abuse lubility,
and impact of GHB on psychomotor performanss in chub
drug wsers. These particpants showld prossde low Falses
positive rales as measured by response 1o placebo admine
istration and are less liely 1o provide fabe-negative resuls
than suhjedcts without historses of dneg use. These reasons
conild make this population m!:ﬂ‘nk 1o best GHB abuse
liability than GHE-naive drnsg wsers™ The relative abuse
liability evalumison included the companisoen with flumitrases
o anid ethancl, 2 well-keown recreational drugs with well-
:Im:clnuﬂd abuse potential and sl behavioral profiles
i GHEL™ To our knowledge, thete afe mn previoas
contmilled studies evaluating hmitrarepam abuse potential
m club dug I.BI'.TI.}'IW.II.I'IEI:I claimed 1o be increasingly
abusing this dmp."" The present stuidy trics alse o pasess

hl6

the eventual comelitson between dnag phamacokineics
and drag effects in a range of doses compatible wigth those
wsually consumsed by recreatioeal wsers.

MATERIALS AND METHODS

Participants

Twelve white male suhjects were recruited by wond
of mouth amd included in the swedy. Eligibality criteria
pequired the recreational use of GHB o at least $
oecasions. Exclusson oriteria included daily consumpdion
of more than X o and/oe mose tham 30 p of
cthanol {3 stndind wnits per dayh, All subjects gave their
aTiften informed consent before inclusion and were
ceomomivally compensated for thelr pasticipation in the
study. The siody was conducied in sccordance with the
Declaration of Helsinki. approved by ihe local ethical
commitiee (Comité Etico de Iovestigacion Climica del
Instrtudn: Municipal de Asistcncrs Samitana), and suthoroeed
by the Spansh Minisiry of Healsh (Agencia Espafola del
Medwamentol Eligible sshjects were inderviewed by a
peychiatist (stracnered chincal interview  [Nagmosiie s
Srtisienl Alrennd of Mental Disorders, Foweth Edition) o
exclude psychiatne disorders, inchiding schisophremia, pays
chosie, and major aflective disorders. Bach participasi
underwent a geneml physical examination, routine laboes
bty fests, uifiialyaas, and 3 12-lead electnscandiopram. The
participants had o mean age of 279 yeams (range, 22-13
vears), mean weight of 71.2 kg {range, 587-%3.1 kg), and
mean beight of 17902 cm (range, 168.0-194.3 cm) Amoag
participants, there were curment cigarcite smokers (in = K,
amd the average comsamption of aleohal was 9 units per
wigh., All of them had previous expemcnee with the
consumption of the I'ul.hmni dnlgl.. cihanod, canmabas
faverage of 112 previeus expericnces; range, IH-240),

nes (average of 5 previos CXCTICNCCE] MAMNES,

110, and -:Iuh drugs incluling cocaine and
(average of 57 previous expencices; range, 27-107) ol
ketamane, lysergic acid dicthylamide (LS, and hallucino-
genle mushrooms (average of 10 previoas exporiences;
range, -2 Participants had ot leass § previous consumps
tioms of GIHE (avermge of 15 peosvions experienons; range,
5-34). None had history of sbuse or drup depemsdence
according 1o the Megooatic amd Staristieal Woanwal of
Mental [hxorders, Fowth Edidosn critenin {except for
micodine dependenec) o had expenenced any medical or
peychiatne adverse reactons afler GHB consmmpion,

Study Design and Procedures

The study was conductol as double-blind, contralled,
crossoved, and randomized according o a balapced % = 5
Latin-spuare design.  Subjects panicipased as outpaticnts
in 5 different modomby ssaigned Sehowr study sessions with
a wahoul period of 7 days, Béfore study sessions,
volunteers completed | practice sessaon o Bimiliarize them-
selves with the behavioral measures and daily labormiory
romitine and i obtan o sleady score in ibe performance tnsks
Mo medications were administercd on this day. Yolundcers
then completed o totsl of £ experimentl wsshons. The 5

© 2007 Limedmertt INilewn  Wilking

Copyright & Lipgancon Willams & Wilkine, Unauthoraed reproducson of this anicks is probibged

97



Results

Jewrnal of Cleiom Prychophormaroiogy = Noleme 27, Bumbse 8, Decembey 2007

GHB Aburie Linbilty

drug conditions were a8 Bolloas: 2 single doses of GHE (40
arnd &0 kg b, Nunitrascpan (1.25 mg), ethamol (0.7 ghgl
and placeka, Volunteers were informed that duning their
panicipatson, they woiald feccive differest drugs, admings-
ered ofally, amd ke these could imclude placcho, soda-
tives lilke Gl or beneodiazepines, and possibly other clish
drigs, Oiher than severvimg this general infosmation, valn-
tcers were blind in the bpe of drug sdminssercd. Par-
tcipanis werne negquested 10 abstain from consumption of amy
dnig of abise disting the shidy peniod, amd unne drug 1ea-
ing was performed before cach study session for camnabis
nofds, cocaine, opaies, smphatamine methamphetamine,
barhitarates, benzodiazepanes, amd phencycliding (Instasd-
View, Alila Scientific Designs, Poway, Calif). An cthanol
beeath test (Dwiger Alcotest T30, Drigerwerker AL,
Ligheck, (ermany) was aleo perfommed. For all groups of
sshstsnecs, parimapants wsted negative before cach exper-
imental session. In each sessiom, subjects amved a1 the
labomstory at B0 am after an overmaght fast oand Bad
an imdwelling Imrayenows catheter imsened into o sabgwta-
necus vein in the forcarm of the nosdominang arm. Theres
afler, (hey remaisnd seated i a st room thioaghoeut the
session. A light meal was provided 5 bours after drog ad-
mimistration. Tobacoo smoking was permitied 6 hours afier
g sdenimistraiion.

Drugs
Pertiment doses of GHI were selected in o palod study
i which sngle moncasing oral doses of #3317, 50 (4] .4),
0 (49, Tp, and T2 0600 mpkg of sodiam GHE (GHBp were
piven io B wvolunbeers " Taking info sccouni previous
suidics in healihy volunicers,™ ' and in view of the resslis
of the pilled study, a flanitmzepam dose was selected to find
a GHE behavicral equivalent dose. Eibanol dose was
slected after o pllot mudy in which 2 doscs of 03 amd
.7 g'kg were given o 2 subjects Famaliar with both cthanol
and GHB effecs. The chosen cthanol dose ehcited ssh-
peetive effeets comparable w0 those corresponding e GHEB
selected  doses.  pHydrosybotyric scid doses of &0 and
o kg of GHB (corresponding 1o 483 uul 114 mphyof
soeilmam G, respectvelyy were COdMImer=
elally available syrip { Abeover 05 sodaiim [-IIH 1755 CT
Laborstone Farmsooutio, SRL. San Remso, lalyp Matehad
placeho was also oblaincd from the same company.
Flunitrazepam dose (1.2% mp) was acquired from commer-
cially avmilshle wvials (fluni m 2 mg. Rokipnal,
Labaratoros Roche SA, Madrid, Spainl. Ethasal (007 g'kg
of by weight ) was oblained from an aleoholie beverage
(vosdkn Absoduf, Ahss, Sweden), The differest doses were
dalsed in M0 mL of & soda omspe-based drnk, Thes
wolame was distnbuied im 5 cool glasses contaming 60 mL
each. Treatments were orally adminsstered aroand 9480 4y
in n Gasting stabe, Parscipants were told 1w drisk cach glass
im o maximum of 2 mimtes, amd conseguently, the tofal
volisfie (300 ml, 3 glasscs of 60 mlL ) was aken dusing a
l0minute peril Ethanol was diluted throughout the 5
ghisses o mask it presesce, whereas GHB, masched pla-
cebo, of fumitnrepam was presested only in the fira glass,
This approach permitied symchromiration of the peak effects

© 2T Lippeacan INMams & Wilkas

of GHIA, ﬁmﬂmmuﬂnﬂuﬂﬂhledm[ump}m
nmcokinetic and behavioral data, ™™

Pharmacological Effects

Phivsdalogical Measures

Nonimmsive systolic blood pressure (SBP), disstolic
blood pressisre { DBP), bean rake, omal temperature, and papil
dmmeter were recorded at = I3 minwies, immedistely befiore
drug adminisiration (time 0, baseling), and =i 0,25, 050,
T8, 0, 150, 2 3, 4, 5 and 6 hours after GHB ademin-
istration using 8 DinamopThi R100-T vital signs monitor
{Critikon, Tampa, Flak Papil disnbeter was recorded with a

Hash papil gauge."

Psyvelmetor Performance Mensures

The poychomotor perfommance hattery incladod the
digit symbol substitution test {DSST), the Maddox-Wing
device, amd i balance task, This battery has been pre-
vioimly wsed in the evalustion of psychestimulans and
sedatives."™™ The DEST is A subtest of the Wechsler Adult
Imelligenoe Scale-Revied™ A compenerized vemion was
used, and scores wene based on the nember of conrect
patieras keyed in 90 scconds (comect responses). The
Masddon-Wing device measanes (e balanee of exiesocilar
mamscles and quantifics cxophona as an indscator of exim-
aeular musculsnire relacation, amd csophosta. as an insdicator
o extmocular musculafure copfrmction. Resulis were
expresscd im dioplers along the horizonml sale of the
deviee.™ The halance task assessed the participan®s abalicy
iy stand upnght with his f}'ﬂ chsed for a maximem of
30 seconds on each foot." Balanee was measured for cach
fowd and summicd across both feet, The score was the botal
nismber of scconds the participant was able 1o balance
Imanimism of G seconds ). 17 panticipant coald pot perfonm
the task, & scoee of 0 was recorded. The DSST and balance
sk were perfomed @1 — 15 manetcs (immmdiately before
silministeation) and ol 0.50, 1, 1,50, 2,3, 4, aesd 6 hours aller
sdministration. Measurements with tbhe Maddox-'Wing
device were performad &t — 15 misules and = 025, 0.50,
TS, 0, 150, 2 3, 4, % and & howrs after sdminisrution.

Subjective Efects Rating Scales

Swbjoctive cffects were measured using the Addic-
tion Bescarch Center Inventory (ARCTR the Evaluation of
the Suvhpective Effects of Subsiamces with Podential of
Absse (VESSPA) questionmaire, and a sel of |3 differem
visual saslogue scabes (VAR) The ARCT & true-fabse
questionnaire with empirically demved s=cales that are
senstive W the effecis of & variety of classes of drgs of
ahue. The Spamish-valibaicd version of o 4%=item shor
form of ARCH was uwsed"™ The questionnaire included 5
seales: the pemobabial-chlomromarine-aleobol group
(PCAG), o measare of sedation; the momphine-benrednne
proap (MBGL & measuse of eaphoria: the LSO group, &
mensure «f dysphoria omd somatic symptoms; the benee-
drime proap (BL), a stimulent scale consisting malnly of
iemms pelating wo inbellectual efMeiency and emergy: amd the
amphetsmine group A), an cmpincally derved scale

617
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TABLE 1. Summary of Significant Drug Effects and Comparisors Between GHE 40 mgfkg, GHB 60 mgfeg, Flenitrazepam,
Ethanol, and Platebo on Study Measures
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senstive o the effecs of damphetamine, The ARCH was
administered # —15 minutes (kmmedaately befone adimin-
istrtion) and ot 0,50, 1, 1,30, 2, 3, 4, 3, and & hours afier
adminmstmtion. The VESSPA 18 an in-house-developed
anil validased ipecsiomnaine specibeally crcated W measan
chamges in suhjeetive '..I'nh!r,! caused by 3 demethylenodioxy

ing iMDMALS 11 contains b scales; sedaiion
(SED) psychosomatic anxiety, changes in peroophion, pleas
sure and socishiliy, activity snd emergy (ACTH and psy-
chotic symplome. Each scabe comsists of & questions with o
Sepowmt Liken nespocss (0 0 4 depending on dbe ingcnsity
of the effect). The VESSFA scales weve sdministered at
— 1% minsies {before admintteation], and o 1. 2. 3, 4, aml
fr hawirs: affter administration,

A total of 13 VAS (100 mm] labeled with differem
adljectives marked ot opposiie onds with “mol @ all® sl

“entremely” were wsed. Suhpects were asked 1o rate effects
of “stimulaied,” "hwh ileeling ]m“. ‘:11:-' eifect,” “goaal
effects,”™ “had effects,”™ “llking,” “content,” “dunkermess,”
“drowsiness,” “durginess,” “confusion.” “depression of
admess,” ond “relaved ™ Scales were sdmimistered ap = 15
manutes (before sdmindsaratbon) and ot 0.25, 0.50, 0.75, 1,
150, 2, 3, 4, 5, and & hours after admimistration.

At the end of cach study session, subjects filled owt a
drug class idenifbcation quesionnaire in which the class of
drug they Behieved had been given (placeho, benoodire-
pines, akobol, destgner drugs such s MDMA, amphet-
minclike stimulants, cocaine, canmabiz, hallucinogens,
kelamine, GHE, and oibors) was indicaied.

Analytical Assays
Callection of Bloed Samples

Hlood was collected a1 cach session o preserve the
disahle-blind masking of the study. Blood wias collected
before pdminestrnsen and ot .25, 0.3, 0075, 1, 1.5, 2, 3,4, 5,

and 6 hours pfter administmtion = hepariniced tuhes and
mmmediately centnfuged. All biologie specimsens wene
frozen st =20°C antil analyas

Determimation of GHE Plasma Concentramions

y-Hydroxybatyric scid in plasma was determaned by
gas chromatography coupled to maks specirometry using 3
validated method previcusly published. ™ Aliquots of
i00 pl of plasms were sdded o § pg of GHB-d&
and M0 pL of scetonsirile, Afier a Y-second vortex and
n S-minute centrifagatson at 1000 g 150 pl ol ibe
supermstan was transferred 1o a clean exiraction tube and
evapornted o drvness under a nitfogen stcam. The dried
catracts were derivatiogd with 30 mL of &,O-bis (irime-
thylsilylp triflasroacetamide— 1% trimethylchlorsilane
(HSTFA with 1% TMOSL A 1-pl aliquot of derivatized
samples was inpcted ono a Hewlell:-Packand 6890 gas
chromaiograph coupled to a Hewleri-Packard 3573 quadre-
pole mass spectrometer (Agilem, Palo Alo, Calif) The
capillary cohimn was a eross-linked 3% phenyimethylsili-
cone, The mass spectrometer was operaied in the electron
bondation amd sclected Wfi AOTIBORRE aoguasition mods.
The following ions were monitored: GHE-his-TMS: m'z
233, M, 117; GHE=db=bag-ThS: m'sc 238

Determimation of Ethaio] Conceatrations
in Hiokogic Fluids

Ethanol determination im fotal blood was per-
formed using a validsied method previoushy published, '
Blood §1 mL) was odded to an 3=mL vial containing | mL
of Malli-} water and 243 ng of s-butancl as inecrnal
standard. A gas chromatograpd (P SE00 Hew lensPackard,
Palo Alto, Calify Becd with a headspace injecior HP
1953934 and cquipped with o fame ionizaion detecior
was usod fiof clhanol quantification in blood. Analyses wore
performed in o cross-finked polyethylens glyeol capillary

£
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g L ’I':'-*'-__"I- _.-Dﬂﬂ?w-'“l—___ .
; = Y R E — S— —
m\\g’ e 3 I'.__ ___—F_"“'ﬂ_
; e
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FGURE 1. Time course of drug offects on 58P and pupd diameter {differences from baseline). Data points represent mean

wahses from 12 subjects. Filed symibeb indicate a sqnificant diference from placebo (P < 0,051
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panel, ary 2 means designated with the wame letber are nat significantly different from each other at P 005 (Tukey post hoc bet).
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column (18 m = 033 mm = 1 pmp (HP-INNOWx;
Hewletr-Packardh

Determination of Flunitrazepam
Plasma Concentrations

Plasma concentrations of Munirazcpam were deter-
mingd by capillary gas chromatography with electron
capure detector and flurarepam as the inemal standard,
using o validated method previously published.”' Samples
were extmcted in solid-phase cationae exchange and hydm-
phibic ineraction columms | Bond Elut Certify, Hasbar City,
Michp at pH 6. Extmcts were injocted in a gas chroman-
praphic sysiem (HI 38900 Seres 11, Hewlen-Packard) fitved
with on automate mpecior [HP 7673A) and coupled o an
clectron caplire delectn using o8 cimdssion source N

Data Analysis: Statistical Methods

The peak effcet in the first § hours, that s, the
mak imum sheoloie change from baseling salues (Emax) and
the 3 howrs® arca under 1he curve (ALUC) of effects versus
time calculated by the traperoidal rule wene determined for
cach variable. These transformations were analyeed by 1-
way repealcd-measures analysis of varance (ANOYA) with
drug conditions & fsctor. When ANOVA nsulls showed
sigmificant differences. between trestmend conditions, post
e muibtaple comparisons weee performed using the Tuliey
test for repeated measaes, Time course of effects was come-
pased usmg leway repeated-measanes ANOY A with treal-
mient condition amd e (-6 hoursh o Bcton. Whenover
reatment condition or the eatment condition « time
imternction was statistically significant, mubiple Tuley post
hac comiparisons for repeabed measues wene perfommed al
cach time point wing the mean square emor term of the
reatment condition = (ime inleraction.

Pharmacokinetic Paramicters

The following parmciers were determined from GHB
aned Munitrrepan plana concentrtions amd cthanal total
bload concemmtions over ime peak concentration (Co. b
mme to reach peak concemtration (1, L and orca under the
conconbration-time curve From 0 b & boas (AUC, 0. The
estimated elimination kalf-life (1,20 was abso calewlated from
GHE plasma concentrations,

The Wileonon test was wsed fof statstical amaly-
sis. Differences associated with F < 0003 were considered
ha be sixtistcally spmificant, Pharmacokincis: pafameters
were obtuned with we of spoailic functions of computer
program (PR Fumctioes for Microsoft Excel, Microsoft
Corporation ).

Pharmacokinets Pharmacodynamic Relationship

The within-subject comrelatsons of differem VAS sciles
with both plasma concentations of GHB 60 mpkg and
flumitrarcpam and blood concentrations of ethanol were
cakeulated using 3 midtiple regression appreach’™ Within-
subject corrclation indicaies whether high valees of |
vamishle are associmicd with high wvalues of another within
a suhjeet.

© M7 Lippineeir W7 lams & Wiiking

RESULTS
A summary of nesulis for pharmscological effects
showing statistical significant differences bebwoen treat-
meits o prescnsod in Table 1.

Pharmacological Effects
Physhological Effects

=Hydrooybutyric ocid produced o slight ponsignifi-
cand imcrease in SHP and DBPF for both doses tested. y-
Hydrasybatyne acid was capabile of inducing an increase i
SHP 45 minaics and 1.5 howrs affer adminisration in the
time course amalyss with a retum 1o baseline a1 3 hours after
admuinisraton (Fig. 1} Flnitrazcpam significanly de-
creased DEP, wheress ctbanod significanily increased heart
mie. Mo apparent changes in hear mie were ohserved ofter
G and fhansiraecpam adminisiration. Flianirasepam pro-
duced a significant reduction in ol temperature [ =0,66°C,
lEmas valueh that lassed for 4 hours, Bogh GHE doscs (40- 6l
mg'kg) produced significam pupil diameter imcncases (06T
amd LE] mm, respectively), In confrest, flumitrazepam
produced & sgmificant reduction i pupil dHameter (Fig. 1L
With regand se the tume course, GHB inereased papil
dismseter betweoen M0 misites and 1.3 hours afier admin-
mstration.

Subjective Effects

All setive condmions prodeced changes in sabjoc-
uve eifects as measured by questsormaires and VAS scales
(Fig. 2). Owersll, the subjective effects of GHI reached
thelr masiium between 4% minutes and 1.5 hows and -
turned 10 bascline sbowt 3 hours after drug sdministmation.

-Hyidroxybutyree acid, flunimarepam, amd ethanal
induced plessumble-refated effects compared with placeho.
The sdministration of GHE signifbcanily increased all
mibjective measures related 10 cuphoria snd pleasurabls
cffects feg. VAS-high, ¥ A% diking, ARCI-MBGE The GIHE
tlmgkg doss produced shghtly inonsigmificant) supenor
eatings than funnraecpam and cthasol in VAS dealing wizh
pleasurable effects such as “high,”™ “good effects,™ “hking,™
amd “content” (Fig. 20 Neveribeless, the higher dose of
GHE also mduced mild changes i VAS “bad effects,”
“dizzimess,” and “confusion,” and ARCL-LSD {dysphoria),
all related 1o wnpleasant effects. Flumirespam also signafi-
camtly increassd VAS “dipriness™ and “confusion,” snd
ARCI-LS1Y idyspharia), Mo differences were observed
between ethanod and placchoe m these variables. y-Hydnoy-
butyre acid 60 mpkg, Munireepam, and cthanol were
different from placebo (and pot different from cach other)
for the oy iveasaie of abuse potential, ARCT-MIBG.

-Hydroxyburyre acid 60 mgy and fluniirazepam,
but ot ethsnol, decneased ARCT-BG scores, o scale relased
& imellectual cfficicscy and coergy. m companson with
placcbn, Flenitrespam induced more promounced and long-
lasting elTecis tham GHEB.

All aetive conditions produced slight stimsulamlike
effeess (ARC-A Scale) significantly differcm from placeba
Bogh GHE doscs and eshano] al=o sgnificantly moeased VAS
“stimmulated” whon compared with placebo and Bunitrasepan

adl
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from basedin),

Maddox-Wing (dilerences
[ats points mepresent meam from 12 wibjects. Fled yymibol indicate a significant diference from placebo (P < 0005)

Etbanol was also able 1o skgmlicanily crease scofcs in
VESSPA-ACT (abo related 8o activily and enargy) when
conmpaned with placeba. In the lemponl ommie analyss, GHE
dimulanthike elfects Sollowed a dose-dependent trend (bui
were mod siatstically sigmiicant), peaked at 45 mimtes aiter
acdministration and lasted 1.5 hours.

Hydrosybutime aodd produced a mived sedative-
stumulant effect patiern. Sumulanilike eflfecs preceded
sadativelile ones. g-Hydmouybutyne acid and Muilrasepam
produced obpective dassessod by observers as subjocts [all-
irgg asleop) and asbjecine sedative signilkcant elfects as ne-
flected m VAS “drowsines,” ARCI-POAG, and VESSIA
SED scales. Beganbing time course, (GHB-related sedative
effedis peaked between 1.5 and 2 howrs afler admamsratson
and lasted for 3 howrs Those elicited by flundtrarepam
peaked at | hoor, lasted 4 hoars, and were significantly
higher than those comespondmg 1w GIHAB,

632

Ethanol did sl peoduce obgective sadative ellects,
although it produced a significan) druskemness, as meassed
by VAS “druskenness”

Payehomiotor Performance

Resulis of pswchomotlor perfommance lesis afler
admimstration of drug conditioes are shiwn i Table |
and Figure 3. p-Hydeoxybutync acid and (hmitracepam pao-
dwwd a sigmificant deteriofation of psychomotor perfor-
imance. I general terms, GHE elfocts peaked @ 1 howr and
lasted for 2 howrs, whereas flunsrasspam ellects peaked at
30 mmnutes and Lsted For 4 hoors

In the DSST wsk, GHE oF mg'kg and Aunitrarepam
produced 3 significant decreme i the numher of otal and
cormect responses compared with placebo and alio o cthanol
ansd GHIB 40 mgkg. In addition, Aunitrazsepam signaficanily m-
creased the pumber of erms. y-Hydroaybatyne sod 40 mplg

0 20T Lippdaceur Wiy o Wil
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TABLE 2, Experimental Prasmacokinetic Parameters of CHE and Fumitrazepam in Plasma and Ethancd in Total Blood
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and ethamol shio decreased (not agnificently) the number of
total and oorrec! fesponses of DEST. Chorall, Bunitrwsepan
infoced a significantly bower performance in the DSST iask
when compared with both GHE doses and ethanal.

All sctive comidrtions wens associated o an mnpad rment
of the balance sk, being Aundtrazepam the mosi active
westment. y-Hydroaybistyne ockd o) mghkg and fhanitrm:-
pam induced a significant poorer perfoemance than either
GHID 40 mp'kg ar cthanol.

lm the tinse course of effevts, the peak effect was seen
al 30 mimites afler admankstration for all active conditions.
y-Hydroxvbutyric acid &0 mgkg significomly impaired
msvchomotor performance from 0.5 10 1.8 bours afler drug
addmainistration. The impaimsenl produced by flunirarepam
in ke DSST and in the balamce task lasted lomger tham those
induced by GHE and ethanal.

All active comditions induced a segnificast exophona,
a5 measred by the Mashdoon-Wing device. p-Hydnogyhusyrs:
scad prosduced o dose-dependinl Borease in dioplers, Along
the e cowrse, GHB produced o peak effect ot | hour after
admimisiruticn that lasied 4 howrs afier adminisimtion.
Flusiirazepam produced the highest degree af exophona
lastinig S howais afler ndemiisieation,

Im the pharmacological chss idemtification question-
naire, the administration of GHB was conssderod as GHE
in all choices. Ethanol was sdentified as plaoche (1 of
12 possible jdemiifications) and as GHB (17121 Placeho
was onadered placebo, Flunitrarepam was identified 25 a
benzodinzcpine.

Mone of the participants requeired specific therapy or
special care during the study, and semoes adverse evenls
were mi observed, Altogether, 2 volanteors presemtcd
vouniiing and | diaphoresis after the admimistration of
GHB ol-nng kg dose, whereas only | subject vomised after
the administration of the lower dose. Three suhjects alss
presenied with mald headache after GHE 40 mp kg, cthanol,
and placebis, respectively.

Two suhjects ¢ wenecing these adverse cvents afler
the sdministraion of GHE 60-mg/kg dose imslaied thess
as mald undesarable negative effects. The fimt presented the
folbowing sympioms diziness, nauses ol vomiting, horn-
rontal increased somnolence, amd a decroased
level of abertness From | boud w3 hours after drug sdimin-
istration, The second presented & i and feli sick o
the stomach. Although they Both Rally mproved from thess
symptoms, these suhjocts raled near sero for most of the
scales and ponraines related o abuse polential of the
stsdy during the comesponding sessions,

© 2007 Lippdweon Willams & Willing

Mo hallecinations, psychotic episodes, of any other
peychiatine symplons was observed durmg the experimon-
l sessions.

Concentration-Thine Profiles of GHE
ang Flunitrascpam in Plasma

Pharmscokinetic parameces of GHB afer oral doses
of 40 amd & mpky in plasma and these of flunitrazepam
afler an oral dose of 1.25 m ase presenied in Table 2, Mean
comcenimtion-time curves in plasms of both GHE doses
tesied amid those of fhani are peesentod in Figare 4,

y-Hydrosybutyric scid was rendily absorhed after oral
afmanisiration and mpidly climinaied wah a skgnificand
merindivadual varabilny. y-Hydrowybetyrie scul concentra-
tioes peaked betwcen M0 ard W0 minares affer administraticn
(e PN, GTA-1WTS ppiml for 40 mphkyg and j023-
2777 pg'mL For 60 mgkgh Afier the absorphion phase,
concenirtions declined 10 men vabses of 1.4 040 mgkgh and
23 (60 mgkp) pg'ml ot & hours, - Hydoayhutyric acid
Al mg'ky avermpe U (F < NI ), AUy o (F < 0000601 ),
and 1z (FF = 0.05) values were significemly higher than
those observed for GHE 40 mg ke alibough no spnificani
differenoes wene foand fof Toe values y-Hydroaybutyric
acid momualized (1 mg'kg) AUC values were higher for
tl) kg (5.5 when compared with the 40 mpkg dose
(5.0 MNomakaed O values were similar for both doses
wesioil.

Flisnifraeepam was mpadly absorbed with concenim-
toms peaking between |5 and Wminaies after administration
Ugan mange, B TE-1742 ngiml) After the absorption
phase, comoemtrtions declimed 10 a mean value of 3.7 ng'mL
at 6 haours.

Concentration- ime Profiles of Efhanoel
in Total Blood

Pharmscokinetic pammeters of cthanol in total bloed
affter an ofal dose of 0.7 gl are preserited in Table 2. Mean
concenimbioosiEme curves of ethanol i iotal blood are
prescated in Figure 4. Ethasol was rapadly absoshed with
concenimtions peaking befween 15 and 90 minmies afler
mbmimnisieation (C,, mege, 395213000 pgml). Afier
the beorpiion phase. concentrations declined 10 a mean value
af 74 pgml ag 6 bours

Pharmacokinetie/ Pharmacody namic Relationship
wllydronybutyric scid plsma concentralions amd

cthanol blood comcemtrations were well correlated o

sabjective effects reloted with siimulagon ¢ = 054 for

633
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GHB S mgg and r= 051 for cthanal, /< U001, whercas.
they were not comelated to sedative effecis (r = LM Tor
GHB &0 mpkg and r = 0.3% for cihanol, /* < 0.001) (Fig. 51
On the comrary, flunitrazepam plasna cobcentrations ane
hetier conrelated to sedativelike effects (= 052, P < 0001
whereas they are poorly comrclated to stimidant effects
{r= 027, P = 0013

r-Hydroxybatyrie scd plasma concontratbons. wone
alsy well comelated fo different VAS relaied S0 obuse
potential (“hking,” £ = 0L6]; “pood effects,” ¢ = (L61; and
“high.” r = (b 1 < 0000 b Giood cofmelations wone also
Toumd for cthanol blood concentmations and differemt YVAS
seales related wath abuse patential {“good elfees,” r = 1
VAS “liking.™ r = 057 F = 0L0001) and with YAS
“drunkenmess” (¢ = 059, P < UNEOL) In the case of
Manfrazepam, YAS scales were pootly corrclated will
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FIGLURE 5 Pharmacokineticpharmacodynamic relationship
bebween GHE plasma concemtrations alter @ &0- dhirie
and simultaneouw mean VAS "dimulated’ and YAS “drowsi-
s soones. Ao indicate the direction of increasing timse.
Data points represent mears from 1 2 subjects.
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GHE Abuse Liabilty

plsma concentrations, escepd for YAS Sdrowsuncss” and
“relan® fe = 081, < 00N0] ),

DISCUSSION

To our knowledge, this s the fird controlled study
companing the profiles of sedativelike club drags i recrca-
teinad club drug wsers. The main fisding of this shudy s that
GillB mduesd cuphoria, well beng, plessurable offects, and
some stimulantlike effects, These effects are similar to those
reported by GIHB shusers™ and are on the hasis for its
musise al dance chibs and mves. These effects were close 10
those induced by fAumitrrepam snd ethanol, dgs alo
largely conmimed within the club/rve culmne. Alihough
e wore o signabcant dilferences, GHEB tended 10 pro-
duce higher euphonc and pleasurshle effects than those
clicited by the siher active reatments cvalmated

Abuse Liability and Subjective Effects

All active conditions. indisced posstive effects related
to their shuse potential with subsiamial similasities i
subjective cifocts elicited. The administration of GEHIE
significantly increased all subjective measares related
cuphoria and pleasumable offects with slighily superior
mtings 1o those observed for Bumirazepam and ethanal in
s scales dealing with pleasurable effects. However, GHER
prosduced abo greater anplessant offects tban cthanol (bad
efficens, dizriness, or confusion). Furthermsore, the highest
dosie of GHB produced o agnifcant mercase of umwanted
sde effect such 2% nomsea and vomiting in some subjects.
Beverthebess, it is important o potice that the GHB-indisced
adverse effects wore not ohsprved i all sudy participants
(22h As stated Before, panicipants who develeped
umwanbed sde effects rated close 0 rero soores m scabes
related 80 abuse polential. In comtrast, partcipants who
eaperie need positive dinag effects had o pocd experience free
of adverse effects. In other wonls, overall, we did no find
within-subject codnesdence of positive and negative GHEB-
related effects, These findings are in acoordarsce with (1) &
provimes stody in sedative abusers, in which mnder controlled
conditions, substantial differendes in sensitivity o the
nibverse effects of GHE wene found,'™ §2) reports of GHE
ghuse putside of the laborsiory seiting in club drug users, ™
and (1) well-documented GHB imoxication and ovendose
I:Iﬂ!l.l: A%

Asp corollary of these findings, i can be spevmlabed thad
Gl B abuse poicntial could even be higher m users who do nod
wwually experience had effects. '™ On the contrary, it s
puosarbde thiat the unpleasant effeces of GHE naght lenit its
abuse polemiiml in suhjects who ane sensttive o the adverse
eificets (nausea snd vomatingh asd. in particullar, thise who
expericnce loss of consceousncss secomdary b is admin-
tration.*® Even laking imio accomnt this sanahility, oar
resulis sugpest @ high shuse lability of GHB i panicipants
with prior GHE wse in the ranpe of doses waslly abused.

The profile of cffots mduced by Aunitmecpam was
comsiden with the mesults of previess stsdies and supports
the Bypothesis that it & capable of inducing plessumhle
feelings relabed 1o its abase posential, ™" To our knowd-
cidge, this B the firet controdled stady providang evidenoe of

C 27T Lippracar Wlliams & 1Fifkins

its abuse potential in club drug users, o population claimed
1o be incrensingly abusing this drug™ Flanirsrepam
induced some undesimble effects abeo partully relsied i
its sedative cffects. This drug significantly incressed dys-
phoria, “dicaness,” amd “confusion™ compared with pla-
ceho, These effects might aluo limit ifx abuse jal
this population and are in line with previous repons,"™"

The ethanol dose (0.7 I;:lg'l tesiod was chosen W
induce stimulambike effects,”” and this was refected in
subjective effects measaned in the presem study. Ethanol
significantly increased VAS “liking,” “contenl,” and *pgoosd
elfects,” and proshuced a mild dminksanes, also mediating
significant stimulantlike effects. All of them sre related to its
shuse podential and similar o previsis reports where anal-
opous doses weng given, H =

To smulate GHB use ot damce clubs amd mves,
dises were selecisd taking o ageoum the remlis of a
pibot shady. The kvw dose (40 mg'kg) induced percepiible
subjective effects, whereas the high dose (600 mpkg) in-
duged cuphoria without significant somnolencs requinng
stimubi for arcusal.™ Doses of fhanirasepam and ethanol
wiene chosen 1o miminsize theis selative elfecs. Interestingly,
GHBE, ethans], and Aenitrneepam, althomgh 1o dafferent
degrees, were shie to induce slight stimulation. On the other
hand, GHE and flunigrarepam also peodluced objective and
subjoctive sedative effects. Flunimzepam prodeced a mone
peodonged sedmive effect i secosdance with previous
sudies whene similar doses were administered ="' Ethanal
did nat produce objective sedative effects, alibough it pro-
duzed sigmificant dnemkenness. This effect could be related
i the dose gudied and is in agreement with the mild cthanol
impact on psychomotor perfomasnce seen im this snsdy,
Therefore, alihough with different effects, the 3 study dnsgs
shovwed a mived sedative-stimulant pattern as stimulamilike
effects prevedad sedativelike ones. This biphesic tne profike
has been previously described for clbanol and some other
seidatives ™1 In the case of GHB, the stimulamilike
effects peaked w1 43 minutes after sdministration. Such
profibe of effects s consistent with the results From a pilok
shady™ hut differs from those mponed in previous studics
testing lower GHB. doses ™"

Piychomotor Performance
wlyidrosybutynie acid and fluniieecpam  impaired
of perfirmance, including DSST and halance
tosks, whercas cthanol mduced only mild effects exclu-
vty o (e balmce ke p-Hydroayhisymic aoid effecs were
dose dependent and peaked | bour afier s asdministrabon,
These cffects ore in agreement with the results of the pilo
sady™ amd sbo m those reponed in 3 previoss soady
performed m sedative drug abusers admmistered with simillar
GHB doses (4 g).™ Effects produced by flumitmscpam wene
significantly mewe pronousced and long-lasting, i agreement
with its ogical prodfile.

Etancl was nod capable of induing & significant
deterioration in peychomotor porformmance at the dose lestod.
These findings are in line with prevesus reporis when
similar doses were given,™ ™ Similar observations congem-
ing cthanal'sedative differences were reporied in o sody
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where clbanol and diarcpam prodoced compamble subgec-
tive effects, bt 'lﬁll'l.']:?l'ﬂ produced 3 greater degree of pay-
chaibistor inpaimment.”

All sctive conditions induced significant exophoria as
measaned by the Moddox-Wing deviee, This task is o direct
mensure of the extmoculyr musculature felaxation and an
mdireel murker of central sedation, These Flldmgn a in
accondance with resilts of previous studies™ "™

Physiclogical Effects

Heganding physiological effects, GIHE administration
(both dosesp produced a dhight segnificant (tinw cowmse) Fae
i SHP lsting for | @ 2 howrs after mm-i:l-lrulim. This
finding s in line with results of the palol study,™ Early
repons pomied oul the posibality u'l‘ulm-rmu'a] ooradivna:
line-medisted cordiovascular effects ™ Recent mesuhs sug-
gest abo that GIHE has sympathomimetic candwsascular
eifects that could imduce increases in blood pressane after bis
immediate administration.”

plydroxybutyric acid indoced slight mydriasis
bedween 30 mingtes and | hour ofler adimdaistraton. This
finding is in accordance with the resuks of the pilot sady
amd m agreemenl with observations made i acule nﬂm
pcathon cases where GHE 15 the oaly drg fnvolved ™7 In
contmst, fheniruzepam produced o significam reduction in
pupdl dmameter and ol temperature i ne with previous
reports where similar doses were given,™

Pharmacokinetics

Gilven by tbe ol Foute, GHE is raphdly absorbed and
climinated ify,. and ;3 for both doses b and displays @ highly
varizble bioavailabality, Esperimental pharmoacokinetic
paramebers . and ALUC {Table 2 fromm the prosent stady
mnmﬂ:mmupﬂmmqrammmh:-:m
in healthy subjects™ sdministered with 4.5 g of oxvhase
(equivalent to 50-60 mg'ky of GHE) und. bwer 1o those
sheerved i severe nowie imosicstions™ p-Hyalrogyhuyric
acil elimmation seems to be capaciny-limited at the higher
dose ps it has been observed in some narcolepic patienis
mummmdulhnld-mnl‘!lglm naghtly an “-baour
imtervals,™ At the lower GHEB dose tested, this phenomenon
i nod observed, in agreement with previpis fepoaa” | The
accumulation of GHB ia the body as a result of ils ponlinear
digpasition might have some implications i the sescepti-
bility of some sshjects to develop acwle inloxscatsons.

Ethanol also presented & highly variable boavadlabil-
ity. Ethanol phammacokmclics was i line with previous
reports when simular doses were Fi'l‘lI'L“

Flunitrizeparm plasma concemimabions wend i agroe-
ment with previous studies where nm!h: doses were given
i terms of U, and ALUC vakics."" Nonetheless, we found
0 SBOFET by -lht-.mn; faster absorpthon probably camsed
by its sdministration in a liquid form nstead of the usual
tablct preparstions. This allowed us 10 synchio-
mixe ihe peak effects of flunnmeepam, GHB, amd ethancl.

Pharmacokinetics/Pharmacodynamics
p-Hvdroyburyree acad induced o biphassc time pofil
with an imitial stinvulsnthie, euploric, and pleasurahble effect

LT

relaied 1o the simullancous rise of plama doag concen-
traticns and ulteror sedative effect collateral 10 a decrease i
GHB plasma concentrations (Fig. 35 Eikanel als prodsced
stumulanglike effects related 1o it imcnease in blood concen-
teaticns, as previcusly published On fhe contrary, -
acpam plisma concemrabions were anly well correlated
it sdativelike effects

Regarding a possible relatiomship between GHI
kinctes and semsitivity o unidesisable ¢ffecis, umusieal
GHB plasma concentrations were notl found in subjects pre-
senting CiHB=mediated adverse effects. [n addition, particis
pants who londad 10 scofe highet n scales melated 10 abiase
potentiol did not display higher GHB plasma concentra-
tariis. Based on (hese findings and provious rescarch, 8 could
be argued thal sensitivity to GHE effocis probably relies
o variations in neurolransmitiers and neepons Bvolved in
GHIE actons, mther than on differences in GHE plasma
concenmiions "

Intercstingly, results from this stady point out ihat
GHR is capable of inducimg cuphora and pk:.l.um'hlc
elfects and mducing abighi mmul-nlhkc effeets as previ-
ously reported by club attendees, "™ This population
E':queml-_r refers o GHIB as “hauid ecstasy = in resemblance
1o MDMA effocts. This, a1 the doscs iested, GHB produsced
alight increases in papil diameter, SHP, YAS “stimulaed.”
and ARCI-A scale, similar effects fo those cliciied by
MIMIA ™ At higher doses, sedative effecis would predom-
imade, keading to the observed effccts in acule imloxcalions.
wellydmoxybutsnic acid differs from other sedabives in (hat
sedation docs not progress in a dose-<dependent manner,™=*
There is a very mamew time window between being awake
and presending a level of sedation (greater than intended)
that may nesull inoa intervention. Cases of unin-
teabod GGHB ovendose can appear in club diag abusers wis
CONFUmE l:ﬂ;:: unmunl of GHB or combane it with psy-
chostimubants™** in pursuit of an sugnented level of sube
jeetive effects,

Char sty provides evidence of the abuse potential of
sedativelike drugs ameng club dneg users, ylHydmoaybatymic
wctd, Mlunitrasepam, and ethanol display a hagh abuse [iabil-
ity in this population o the doses tested.
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Discussion

The main results of the present work have been presented as independent articles in chapter 5 of
this thesis including focused discussions. This chapter will provide a broader discussion of the
findings and review the effects of GHB in humans specially focusing in some aspects that were
not extensively discussed within the articles. The two studies performed will be expounded
separately. Some specific results of the pilot study are discussed first, while all the results in

common of both studies and the results of the final study will be discussed at ending.

6.1. Pilot study

The pilot study was the first evaluation in humans of GHB physiological and subjective effects
after controlled administration of doses compatible with those consumed by recreational users.
The disposition of GHB in conventional and non-conventional matrices in humans was also

studied. The results of this study were published in two separate publications.

6.1.1. Gamma-hydroxybutyrate (GHB) in humans: pharmacodynamics and

pharmacokinetics. Ann New York Acad Sci. 2006;1074:559-576.

Taking into account the contradictory previous data regarding GHB dose-related effects the main
objective of the pilot study was to select appropriate doses for the final study. As a pilot
pharmacology phase | study, increasing doses of GHB were given. An appropriate interval
between the lowest dose with noticeable effects and doses that lead to significant somnolence
was investigated. Increasing doses of sodium GHB (GHB) were given from 40 (33.1) mg/Kg to the
maximum dose of 72 (60.1) mg/Kg allowed by the research protocol. GHB was well tolerated
during all study sessions and no serious adverse events were noticed (only one subject vomited
1h after the administration of the 60 mg/kg dose). Even at the highest dose, increased
somnolence leading to a decreased level of alertness was not observed in any of the participants.
As highlighted in the introduction, this was in contrast to previous reports that GHB oral doses of
50-60 mg/kg could lead to coma (Metcalf et al. 1966). At the same time our results are in
accordance with some studies in narcoleptic patients in which doses of 4.5 g (64 mg/kg for a 70kg
person) were tested and no significant sedation leading to coma was observed (Borgen et al.
2004). Taking into account these results doses of 40 and 60 mg/kg of GHB were selected for the

final trial.
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It is important to note that the study was limited by both a dose escalation schedule design and
the number of volunteers tested at each dose. In the dose escalation schedule placebo was only
given once. Consequently the study did not allow for full drug-placebo comparisons. However,
differentiation of GHB dose related effects was possible. For the first time in humans, the study
provided knowledge about GHB induced subjective effects and alterations of psychomotor
performance at doses compatibles with those being abused. The main finding of the study was
that GHB induced physiological and subjective effects were dose dependent and related to GHB
plasma concentrations. Interestingly, GHB induced a mixed sedative-stimulant effect pattern.
Psychostimulant effects were predominant in the first hour and appeared related to GHB plasma
concentrations, while sedative effects initiated more slowly and predominated in the second
hour after drug administration. GHB mediated stimulant-like effects were previously suggested
by GHB users in a report of GHB perceived subjective effects (Miotto et al. 2001). However, this
study provided the first demonstration of GHB related stimulant effects after controlled
administration. In reference to its abuse liability, GHB induced apparent dose-dependent
euphoria, well being and pleasurable effects, in line with those previously reported by GHB
abusers (Miotto et al. 2001; Degenhardt et al. 2002). GHB also induced slight subjective feelings
of sedation. Intriguingly, sedative effects did not follow a dose dependent trend and no dose-

dependent significant differences were found.

Regarding psychomotor performance, this was the first controlled study where GHB was found to
impair psychomotor performance. However, as previously discussed, it is possible that the design
of the study did not allow us finding significant dose dependent differences. All GHB doses
impaired the DSST task, and sodium GHB 60 mg/kg and 72 mg/kg doses also induced a

deterioration of the balance task.

An initial examination of the pharmacokinetics of GHB was also performed in the pilot study.

Some of the results were published in an additional publication.

6.1.2. Disposition of GHB in conventional and non-conventional biological fluids after a

single drug administration: issues in methodology and drug monitoring. Ther Drug

Monit. 2007;29:64-70.

This study provided new insights on GHB pharmacokinetics in non-conventional matrices in

humans. The disposition of GHB in plasma, oral fluid, urine and sweat in the 5 participants
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receiving sodium GHB 50 mg/kg dose and the results of the validation of the method of detection

of GHB in biological fluids will be discussed.

The first remarkable finding is that the method of detection of GHB in plasma, urine and oral fluid
used throughout the studies was validated. The intra and inter-day precision and accuracy
calculations for GHB in biological matrices under examination, satisfactorily met the
internationally established acceptance criteria. No relevant variability due to the effect of storage
temperature in GHB plasma concentrations was found. A partial limitation of the method is the
limit of quantification of GHB, set at 0.2 pg/mL. Consequently, only estimations of the baseline
GHB in plasma, urine and oral fluid could be made. However it should be acknowledged that this
is a common limitation of all previously published methods of GHB detection (Brenneisen et al.
2004; LeBeau et al. 2002). Nevertheless drug consumption could be differentiated from GHB

endogenous concentrations both in plasma and urine 6h post-ingestion.

GHB disposition in non-conventional biological fluids was a main objective of this preliminary
work. The increasing recreational use of GHB at dance clubs and rave parties and the rise in the
number of intoxications is a matter of concern. In addition, GHB is used to assist in the
commission of sexual assaults (Varela et al. 2004). Detecting GHB is a serious problem, because
GHB is metabolized in the body by oxidative enzymes with rapid degradation and the eventual
by-products are carbon dioxide and water with no metabolite present. Further, a compounding
difficulty resides in the fact that GHB is an endogenous substance present in human body with
measurable baseline concentrations both in blood and urine. Hence, different authors have
proposed employing cut-off concentrations (i.e. 10 pg/mL for urine samples) to identify
exogenous GHB exposure (Elian 2002; LeBeau et al. 2006). Finally, several studies showed that
endogenous GHB concentrations can be elevated both in ante-mortem and post-mortem
biological samples due to storage conditions and enzymes responsible for biotransformation of
GHB into the body (Sakurada et al. 2002). Furthermore using the best available techniques (GC-
MS) GHB is detectable in humans for only a limited amount of time, specifically 8-12h in the urine
and 6-8h in blood. Therefore detecting this drug in victims and in intoxication cases is a serious
problem. In this context we decided to study the disposition of GHB in matrices different than
plasma and urine in order to explore a possible extended detection window of GHB in these
matrices.

Oral fluid concentrations of GHB were lower to those observed in plasma as indexed by C,.,and
AUC. They quickly reach baseline concentrations at 3h post-ingestion, limiting somewhat the

time window for detecting its consumption in this biological matrix and therefore its usefulness
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in GHB forensic toxicology. Oral fluid presented several drawbacks as a possible alternative
matrix. Firstly, GHB was found in oral fluid at peak value concentrations equivalent to one third
to one fourth of those found in plasma, with an even quicker return to baseline values than that
observed in plasma. Secondly, the saliva plasma ratio was always lower than 1, which indicates
that GHB, an acidic drug, did not diffuse to a large extent into oral fluid. These results are in line
with the limited previous data of disposition of GHB in oral fluid (Brenneisen et al. 2004). The
present study improved upon these methods by having subjects perform a mouthwash
immediately after drug administration in order to minimize oral fluid contamination. GHB
disposition in oral fluid was clearly in contrast with disposition of basic drugs, such as MDMA,
that appears in saliva in concentrations notably higher than those in plasma (Navarro et al. 2001).
In addition, no dose dependent differences were detected and a large inter-subject variability in
saliva/plasma ratio was found. All these results do not support the notion of a relationship
between dose and oral fluid concentration and show that oral fluid is not an appropriate matrix

to monitor GHB use.

To our knowledge there have been no previous reports of the detection of GHB in sweat. In the
present study GHB was measured in sweat in cotton wipes (which represent a punctual measure
of excretion) and in sweat patches (which represent an accumulative measure of excretion).
However, it appears that drug diffusion in this matrix suffers from even more limitations than
those found for oral fluid. First, the baseline amounts of GHB measured in cotton wipes of
subjects participating in the study showed a high variability. This was in agreement with the
results of a preliminary study in twenty drug-free male healthy volunteers (completed in our
laboratory) showing a very high variability in GHB endogenous basal concentrations in blank
cotton wipe samples. There were more than a 100 fold (0.03-5.46 ug) inter—subject differences in
sweat GHB values. Secondly, concentrations measured over time never increased more than 1-2
pug/wipe over basal values and no dose-dependent differences were found. Thirdly, no
accumulation (0-6h) of GHB was found in the sweat patches, with amounts ranging between 0.9
pg to 1.3 pg. Finally, after drug intake, GHB concentrations are marginally higher than baseline
values when peak concentrations are achieved in plasma. In addition, taking into account the
variability in basal concentrations, concentrations of GHB in sweat higher than reported basal
values cannot be attributed to its consumption. Therefore, as with oral fluid, sweat does not

appear to be a suitable biological matrix for monitoring GHB use.
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Regarding GHB urinary excretion, less than 2% of doses administered were recovered in the
collection period. Our results were in accordance with previous reports (Kavanagh et al. 2001;

Brenneisen et al. 2004). Highest recoveries were found in the 0-3h urine samples.

6.2. Final study. Relative abuse liability of gamma-hydroxybutyric
acid (GHB), flunitrazepam and ethanol in ‘Club Drug’ users. J Clin

Psychopharmacol. 2007;27:625-638.

The final study was undertaken to further evaluate GHB clinical pharmacology and its relative
abuse liability in ‘Club Drug’ users. The rationale for the selection of healthy volunteers with
previous experience with ‘Club Drugs’ was three-fold. First, these participants should provide low
false positive rates as measured by response to placebo administration (Griffiths et al. 2003).
Second, they are less likely to provide false negative results than subjects without histories of
drug use (Roset et al. 2003). Third, ‘Club Drug’ users appeared to be increasingly abusing this
drug and epidemiological investigations reported increased abuse of sedative-like drugs by this

demographic (Wu et al. 2006).

The procedures and variables measured were identical to those employed in the pilot study. This
helped to maintain comparability across studies and to confirm results of the pilot study. The
final study was conducted as a double-blind, controlled, cross-over, and randomized according to
a balanced 5 x 5 Latin-square design. An authentic complete cross-over design allowed us to fully
characterize GHB effects and to perform drug to drug comparisons. The first notable finding was
that similar subjective effects were elicited by all active conditions. These similarities in the
profile of drug induced effects strongly support (i) the selection of ethanol and flunitrazepam as
positive controls, and (ii) the rationale for the doses chosen. As stated in the introduction, onset
and duration of action can affect abuse liability. The interpretation of the results of an abuse
liability evaluation will be facilitated if the positive controls and the tested compound have
similar onsets and durations (Griffiths et al. 2003; Roset et al. 2003). The administration of
flunitrazepam in a liquid form instead of the usual tablet preparations allowed for a faster
absorption (shorter t,,) and similar onset of action than ethanol and GHB. In addition, it allowed
masking drug administration as all drugs were administered dissolved in a liquid. Together with
our results, it can be argued that doses chosen and the administration procedure, allow us to
correctly synchronize the effects to the different drugs used. On the other hand, it is important to

notice that the effects were clearly differentiated by the participants and the drugs were readily
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distinguished via the pharmacological class questionnaire. Therefore the effects of GHB were by
some means similar to flunitrazepam and ethanol but qualitative and quantitative (time course of

the effects) differences were found. Theses differences will be further discussed.

6.2.1. Subjective effects and abuse liability

One of the aims of the present work was to elucidate the motivations for the increasing abuse of
GHB in humans. The first remarkable finding is that, as suggested by the results of the pilot study,
GHB induced euphoria, well being, and pleasurable effects. All these effects are similar to those
previously reported by GHB users and thought to be related to a high abuse potential (Miotto et
al. 2001; Griffiths et al. 2003). The only previous study in humans regarding GHB abuse potential
reported a likelihood for GHB to be abused intermediate to triazolam and pentobarbital (Carter
et al. 2006). Authors based this rating for GHB mainly on 2 different criteria. First, GHB produced
an intermediate effect (greater than those of triazolam but lower than pentobarbital) on most
measures of likelihood of abuse (i.e. ratings of liking and reinforcing effects). Second, GHB
generally produced greater unpleasant drug effects than the other active conditions and this was
interpreted as a possible limit of GHB abuse potential. Nevertheless, alternative explanations
could elucidate the rate of GHB abuse potential found in this study. An important drawback is
that subjects had histories of sedative drug abuse but no previous GHB use. Further, they were
primarily selected based on reporting liking pentobarbital during a practise session. Therefore a
possible bias towards a higher abuse liability reported for pentobarbital was present.
Furthermore, it was an increasing dose study where different oral doses of 2, 4, 8 and up to 18 g
of GHB were given. Surprisingly no doses between 4 and 8 g were tested (equivalent respectively
to 57 and 114 mg/kg for a 70 kg person) despite the observation that 30% of the participants
were technically in coma after the GHB 8 g dose (and obviously too impaired to be evaluated). It
is possible that doses between 4 and 8 g (equivalent to those used in our study) combined with

previous GHB use could have shown greater abuse liability for GHB.

Alternatively it can also be argued that our results do not demonstrate that GHB liability for
abuse is any greater than flunitrazepam or ethanol at the doses tested. However, the results
suggest the opposite, that GHB abuse liability could have been underestimated in our study. First,
the administration of GHB significantly increased all subjective measures related to euphoria and
pleasurable effects with slightly higher ratings to those observed for flunitrazepam and ethanol.
Thus, GHB clearly tended to produce higher euphoric and pleasurable effects in all variables

measured than those elicited by the other active treatments. Second, the two participants who
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developed unwanted GHB side effects provided ratings close to zero on scales related to abuse
potential. This resulted in a decrease in the mean GHB scores in the scales related to abuse
potential. Third, the ARCI questionnaire, and in particular the key measure of euphoria and abuse
liability (MBG scale), was administered 30min (ethanol peak effect) and 60min (flunitrazepam
peak effect) after drug administration However, it was not administered at GHB’s peak effect
(between 40-50min). Thus, we may not have measured the actual GHB euphoric effect at its

peak; which should be acknowledged as a limitation of the study.

The overall abuse liability of a drug refers to both its likelihood of abuse and its potential for
producing adverse consequences as a result of its abuse (Griffiths et al. 2003). It is possible that
the unpleasant effects of GHB observed in our study might limit its abuse potential. Nevertheless
it should be highlighted that GHB-induced adverse effects were only observed in two subjects (2
over 12). No within-subject coincidence of positive and negative GHB related effects was found.
Based on our results and the previous study in sedative abusers, it can be argued that sensitivity
to the differential effects of GHB is a key issue regarding its abuse liability. GHB would have less
potential of abuse in subjects who are sensitive to the adverse effects (nausea and vomiting), in
particular those who experience loss of consciousness secondary to its administration. However
as a corollary of these findings it could also be speculated that GHB abuse potential could be
higher in users who do not usually experience adverse effects, and even more in those who do
not consider GHB overdose itself a dangerous thing (Degenhardt et al. 2003). Even taking into
account the inter-individual variability described, our results suggest a high abuse liability of GHB
in participants with prior GHB use in the range of doses usually abused. Thus, our results reveal

potential factors related to the widespread abuse of GHB reported during the last years.

The study also provides further evidence of the abuse potential of flunitrazepam in humans.
Despite being a sedative, this drug has been classified as a ‘Club Drug’. Additionally ‘Club Drug’
users have been shown to be increasingly abusing this drug (Wu et al. 2006). Again, reasons for
its use as a party drug have been puzzling. The profile of effects induced by flunitrazepam was
consistent with the results of previous studies and supports the hypothesis that this
benzodiazepine is capable of inducing ‘high’ and pleasurable feelings related to its abuse
potential (Farré et al. 1996; Roset et al. 2001). Flunitrazepam also induced undesirable effects
partially related to its sedative effects. However, in contrast with GHB, no high inter-individual

differences in sensibility to this drug were found.
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Another important point to consider is that ‘Club Drug’ users may seek both the euphoric and
sedative effects of drugs. Interestingly GHB, ethanol and flunitrazepam, although to different
degrees, were able to induce a slight stimulation. In the case of GHB, the stimulant-like effects
peaked at 45min post-administration. This profile differs from those reported in previous studies
testing lower GHB doses (Ferrara et al. 1999), however it is consistent with the results from the
pilot study. It differs also from the results of a study in sedative abusers in which GHB
administration was not related to the induction of stimulant-like effects (Carter et al. 2006).
However, the limitations of these studies discussed previously prevent further comparisons with
our study. Our results on the contrary fit perfectly with the fact that GHB is abused while dancing
to electronic music by club/’rave’ attendees (Parks and Kennedy, 2004). This population
frequently refers to GHB as ‘liquid ecstasy’ suggesting a resemblance to MDMA effects. Keen GHB
doses tested produced slight increases in pupil diameter, systolic blood pressure, VAS
‘stimulated’ and the ARCI-A scale, similar effects to those elicited by MDMA (Cami et al. 2000).
Therefore although with differentiated effects, the three study drugs showed a mixed sedative-
stimulant pattern as stimulant-like effects preceded sedative-like ones. This biphasic time profile
has been previously described for ethanol and some other sedatives (Holdstock and de Wit,
1998; Heishman et al. 1997). Furthermore it has been suggested that the ability of sedative drugs
to produce stimulant effects and psychomotor activation is positively correlated to their ability to
induce reinforcing effects (Wise and Bozarth, 1987). In other words, the biological mechanisms
underlying the induction of psychomotor activation would be homologous with the biological
mechanisms that underlie the positive reinforcing effects of drugs of abuse. An explanation for
the reasons why humans often choose to consume alcohol during times of celebration to
enhance positive mood states associated with such events can be made based in our results and
in the previous discussion. This also would apply for GHB and might also explain the underlying

reasons for using GHB, flunitrazepam and ethanol (primarily sedative drugs) in Clubs and ‘Raves’.

GHB also produced objective and subjective sedative effects. It was previously noted that in the
pilot study GHB’s sedative effects did not follow a dose dependent trend. In the final study only a
non-significant trend to a dose-dependent sedation was found (except in the VESSPA SED). In the
study of Carter et al. in 2006 increasing GHB doses (2—-18 g/70 kg, up to 257 mg/kg) were given to
sedative abusers. Following the highest dose, 71% of participants were arousable only by rough
tactile or painful stimulation. Perhaps surprisingly, the authors considered that there were no
serious adverse events in the study. However, this level of sedation would commonly be
classified as stupor or coma depending on the degree of arousal that pain induces. At the same

time, none of the volunteers tested at 4 g dose in this study were asleep. If we put together this
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information with the results of our study and the reports of the well documented GHB overdose
cases, GHB actual sedative effects could be accurately predicted (Miré et al. 2002; Liechti et al.
2006). Thus, GHB seems to differ from other sedatives in that sedation does not progress in a
dose dependent manner. It can be hypothesised that a threshold mechanism is responsible for
switching from being awake to be strongly sedated. Accordingly, in a number of cases of GHB
intoxication subjects were able to recall only that they were dancing prior to overdose (Abanades
et al. 2001). The results from our study could be wrongly interpreted indicating that GHB is a safe
drug since 60 mg/kg doses of GHB were given and none of the participants experienced loss of
consciousness. However, one subject experienced an increased somnolence and a decreased
level of alertness from 1h to 3h after drug administration. Therefore, it can be proposed that
after GHB doses over 60 mg/kg there is a very narrow time window between being awake or
presenting a level of sedation (greater than intended), that may result in a drop in the level of

consciousness.

6.2.2. Psychomotor performance

As stated in the introduction little is known about the repercussion of GHB use in psychomotor
performance. A previous study did not find a significant impairment after administration of GHB
12.5 and 25 mg/kg doses (Ferrara et al. 1999). However the doses administered were lower than
those being recommended in narcolepsy and significantly lower than doses being abused (Dyer
1991). We demonstrated that GHB produced a significant dose-dependent impairment of
psychomotor performance as measured by DSST and balance tasks. Moreover, GHB induced a
significant exophoria as measured by the Maddox Wing device. This task is a direct measure of
the extraocular musculature relaxation and an indirect marker of central sedation. Interestingly,
GHB effects on psychomotor performance peaked 1h after its administration. However, this
effect did not parallel GHB sedative peak effects occurring 1.5h after drug administration. In a
similar way in the study of Carter et al. the balance task was also slightly impaired after a dose (4
g) that did not produce significant sedation, and a decrease in the number of correct responses in
the DSST was found after this dose. Hence it can be hypothesised that GHB induced deterioration
of psychomotor performance is only partially related to sedation. In this line, an elegant previous
study with low doses of flunitrazepam (0.6, 0.8, and 1.0 mg) in healthy volunteers demonstrated
that this drug impaired subjective and objective measures of attention and psychomotor
activities in the absence of classical objective effects associated with sedation/sleepiness

(measured with simultaneous EEG). Authors suggested that independent mechanisms could be
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responsible for this impairment (Luchesi et al. 2003). Alternatively, it can also be hypothesised
that GHB changes in psychomotor performance are probably due to other intrinsic effects, rather

than closely related to the effects of sedation.

Our results could also help to inform the legal debate around driving under the influence of GHB.
At the doses tested GHB was capable of inducing a clear alteration of psychomotor performance
significantly higher to that elicited by ethanol. In addition, ethanol peak concentrations were
above the legal limits. Therefore it can be assumed that at doses usually abused, GHB alterations
in psychomotor performance are sufficient to significantly impair driving. This should be
acknowledged as an important issue in a possible risk reduction strategy providing information

regarding GHB to actual GHB users.

6.2.3. Physiological effects

Prior to this work, GHB effects on blood pressure were unclear. Hypotension was described in
about 10% of GHB intoxication cases while no mention of changes in blood pressure were
reported in GHB therapeutic studies. In line with results of the pilot study, GHB administration
produced a slight significant rise in systolic blood pressure lasting for 1-2h post-administration.
Our results are supported by similar increases in mean systolic blood pressure observed after
controlled administration of 25 mg/kg of BD (metabolized to GHB) to 8 healthy volunteers (Thai
et al. 2007). GABA; mediated sympathomimetic cardiovascular effects after GHB administration
has been described in rats and could be the mechanism underlying this particular effect (Hicks et

al. 2004).

GHB induced also a slight mydriasis between 30min and 1h post-administration. No previous
controlled studies were available to compare this finding. However it is in accordance with the
results of the pilot study and in agreement with observations made in acute intoxication cases
where GHB is the only drug involved (Dyer et al. 2001; Couper et al. 2004; Espinosa et al. 2001).

Therefore it can be argued that in cases of pure GHB intoxication mydriasis should be expected.

6.2.4. Pharmacokinetics

The results of the study are in accordance with the extensive previous work done in humans.

Given by the oral route, GHB is rapidly absorbed and eliminated, and displays a highly variable
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bioavailability. GHB peak concentrations (C..x) and AUC from the present study were dose
dependent and confirm the results of the pilot study. Our results parallel those obtained in
healthy subjects (Palatini et al. 1993) administered with 4.5 g of oxybate (equivalent to 50-60
mg/kg of GHB) and lower to those observed in severe acute intoxications (Sporer et al. 2003).
GHB elimination appears to be capacity-limited at the higher dose as it has been observed in
some narcoleptic patients administered at a fixed dose of 3 g, twice nightly, at a 4h interval
(Scharf et al. 1998). At the lower GHB dose tested, this phenomenon is not in agreement with
previous reports (Palatini et al. 1993; Borgen et al. 2003). The clearance of GHB is dose
dependent, with the predominant pathway (more than 90% of the dose) representing
metabolism of GHB to CO, and H,0 through the Krebs cycle (Ferrara et al. 1992; 1996; Palatini et
al. 1993; Scharf et al. 1998). Capacity-limited metabolism and/or absorption seem to be the main
mechanisms underlying the nonlinear pharmacokinetics of GHB. The accumulation of GHB in the
body as a result of its non-linear disposition might have implications in the susceptibility of some
subjects to develop acute intoxications. Compared with elimination by metabolism, the renal
clearance of GHB is a minor pathway as less than 2% of GHB is recovered in urine after its
administration to humans. However, the renal clearance of GHB is significantly increased at
higher GHB plasma concentrations, hence playing a more important role in the elimination of
GHB after high doses or overdoses. Recently, MCT transporters have been identified as relevant
in both the bioavailability and renal clearance of GHB (Morris et al. 2005; Wang and Morris,
2007).

6.2.5. Pharmacokinetics and pharmacodynamics

Measurement of plasma concentrations in clinical trials where psychoactive substances are
tested is a key approach to help in the understanding of drug effects and is strength of our study.
As discussed, it allows correlating drugs effects with simultaneous plasma concentrations. It can
also help to explain unexpected results or inter-individual differences in adverse effects or
sensitivity to drug effects. One of the aims of the present work was to asses a potential
correlation of the plasma concentrations of GHB and the effects produced by this drug. As
suggested by the results of the pilot study, GHB induced a biphasic time profile. Initially
stimulant-like, euphoric and pleasurable effects were related to the simultaneous rise of plasma
drug concentrations. The opposing sedative effect was associated with the descending curve of
GHB plasma concentrations. Ethanol also produced stimulant-like effects related to its increase in

blood concentrations, as previously published. This association of the stimulant and euphoric
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effects to the ascending limb of plasma concentrations was previously reported for ethanol

(Davidson et al. 2002).

Measurement of plasma concentrations helped us to explore a possible relationship between
GHB kinetics and sensitivity to undesirable effects. Thus, unusual GHB plasma concentrations
were not found in subjects presenting GHB-mediated adverse effects. In addition, participants
who tended to score higher in scales related to abuse potential did not display higher GHB
plasma concentrations. Based on these findings and previous research, it could be argued that
sensitivity to GHB effects probably relies on variations in neurotransmitters and receptors
involved in GHB actions, rather than on differences in GHB plasma concentrations (Raybon and
Boje, 2007).

Conversely, the apparent high frequency of accidental GHB overdose could also be explained by
the variability of volume, concentration, and identity of GHB solutions on the street. This would
make it difficult for users to estimate doses for self-administration (Degenhardt et al. 2003). In
this work, controlled doses of pharmaceutical probe GHB were administered on a weight-
adjusted basis. We have shown that even under these conditions, substantial differences in
sensitivity to GHB can exist, at least in recreational ‘Club Drug’ users. Taking into account the high
variability in sensitivity to GHB effects described, cases of unintended GHB overdose can appear
in ‘Club Drug’ abusers who consume large amounts of GHB, or combine it with psychostimulants
(Degenhardt et al. 2003; Liechti and Kupferschmidt, 2004) in pursuit of an augmented level of

subjective effects.

6.3. Potential Further Limitations

Several further potential limitations not previously addressed are discussed below.

Possibly the main potential limitation of the present work is the sample size. Therefore the
present work should be regarded cautiously. Even though it permitted us to find statistically
significant differences in many variables studied, it had possibly prevented us of finding or
confirming some of the results. For instance, we were not able to confirm the trend of a
significant increase in heart rate after GHB administration. Nonetheless, several effects found
were consistent along the pilot and final study (20 volunteers in total) and should be taken as a

strong evidence of the effects of GHB in humans.
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A second limitation of the study stems from the range of doses tested. As discussed previously
we decided to limit the higher dose to 60 mg/kg to prevent inducing a drop in the level of
consciousness. This approach allowed us to explore GHB related effects in limited a range of
doses with fewer safety concerns for subjects. Consequently knowledge about GHB effects over
60 mg/kg and a possible relation of GHB plasma concentrations and sedative effects leading to

coma remain to be elucidated.

Third, the study was originally designed and funded only for male users and therefore female
subjects were not included. This was intended to decrease the variability of the results in a
human pharmacology typical trial, taking into account the limited funding for the study. No
relevant pharmacokinetic sexual differences were previously published (Borgen et al. 2003) and
no apparent differences were reported in cases of intoxication due to GHB. Therefore results
have to be regarded cautiously applied to female GHB users. Further studies are needed to
characterize the effects of GHB in female participants. The realization of studies in female
subjects should be encouraged by the public administration and private sponsors by providing

extra financial support for these indispensable clinical studies.

Fourth, a potential limitation emerges from testing subjects simultaneously. Anytime two or
more human subjects are tested together, there is the possibility of the behaviour of one subject
affecting the other (Caudill and Liscomb, 1980). Thus, the behaviour assessed in a subject in this
study could be partially contaminated by the behaviour of another. One subject, for example,
could be exquisitely sensitive to the stimulant effects of the drugs whereas the other is not. The
stimulant-insensitive partner may have increased their activity levels because of the influence of
their partner and not because of the stimulant effect of the drug. However, it can be also argued
that this effect is partially avoided by randomisation of drugs and study sessions by means of a

balanced 5 x 5 Latin-square design.

It should be also addressed a possible impact of the circadian rhythm over the appearance and
detection of stimulant-like effects. The study was performed during the morning and this could
help to find drug stimulant related effects. In the case of GHB this is in contrast to the fact that

lower doses given at night are capable to induce sleep in healthy volunteers and patients.
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At the doses tested, GHB was capable of inducing euphoria, pleasurable feelings,

sedation and slight stimulant-like effects as previously reported by GHB users.

GHB administration also induced dose-dependent mild unpleasant effects such as

dizziness, confusion and dysphoria.

GHB tolerability highly differed between subjects with no within-subject coincidence of

positive and negative GHB related effects.

The acute administration of GHB increased systolic blood pressure and pupil diameter.

GHB administration induced a dose-dependent impairment of psychomotor

performance as measured by the digit symbol substitution test and the balance task.

Following oral administration of GHB, measurable plasma, urine, oral fluid and sweat
were observed. Oral fluid and sweat appear not to be suitable biological matrices for
monitoring GHB consumption. GHB is rapidly absorbed and eliminated with high
interindiviidual variability. GHB elimination appears to be capacity-limited at the higher

dose studied.

GHB induced a biphasic time profile with an initial stimulant-like, euphoric and
pleasurable effect related to the simultaneous rise of plasma drug concentrations and

ulterior sedative effect collateral to a decrease in GHB plasma concentrations.

GHB plasma concentrations were well correlated to subjective effects related with

stimulation and its abuse potential whereas they were not to sedative effects.

Ethanol and flunitrazepam effects seen in the study were consistent with the results of
previous studies. Ethanol induced its prototypical effects and flunitrazepam produced

marked sedation.

10. The three study drugs, GHB, flunitrazepam and ethanol, although known sedate-like

11.

drugs, they all induced a mixed sedative-stimulant pattern

GHB, flunitrazepam and ethanol display a high abuse liability in recreational ‘Club Drug’

users at the doses tested.
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10.

11.

La administracion de GHB, produjo euforia, sensaciones placenteras, sedacion y suaves

efectos estimulantes, tal y como habia sido descrito por los usuarios de la sustancia.

La administracion de GHB produjo asimismo efectos indeseables dependientes de la

dosis, como mareo, confusion y disforia.

La tolerabilidad del GHB difiri6 en gran medida entre los diferentes sujetos, sin

coincidencia intra-sujeto de efectos positivos y negativos.

La administracion de GHB incrementd la presion arterial sistdlica y el diametro pupilar.

La administracion de GHB indujo un deterioro del rendimiento psicomotor dosis-

dependiente (evaluado por la tarea de sustitucion de simbolos por digitos y del balance).

Tras su administracion oral, se hallo GHB a diferentes concentraciones en plasma, orina,
fluido oral y sudor. No obstante, tanto el fluido oral como el sudor no parecen
convenientes para monitorizar el consumo de GHB. El GHB se absorbe y se elimina de
forma rdpida, existiendo una gran variabilidad interindividual. A la dosis mds alta

estudiada, la capacidad de eliminacion de GHB parece estar limitada.

El perfil de efectos inducidos por el GHB fue de tipo bifdsico, inicialmente de tipo
estimulante-euforizante 'y relacionado con el incremento simulténeo de las
concentraciones plasmadticas, sequido de un efecto de tipo sedante no relacionado con la

cinética.

Se aprecid una buena correlacion entre las concentraciones plasmdticas de GHB y los

efectos subjetivos estimulantes y relacionados con el potencial de abuso.
Los efectos producidos por etanol y flunitrazepam fueron consistentes con los resultados
de estudios previos. Etanol produjo sus efectos prototipicos y flunitrazepam una marcada

sedacion.

GHB, flunitrazepam y etanol, indujeron un patrén de efectos mixto de tipo estimulante y

sedante, a pesar de ser reconocidas sustancias de tipo sedante.

Los resultados sugieren un alto potencial de abuso de GHB, flunitrazepam y etanol en

usuarios de “Club Drugs”
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9. Abbreviations



Abbreviations

3-HF: 3-hydroxyflunitrazepam

7-AF: 7-aminoflunitrazepam

ADH: alcohol dehydrogenase

ALDH: aldehyde dehydrogenase

AMP: adenosine monophosphate
cAMP: cyclic adenosine monophosphate
AMPA: a-amino-3-hydroxy-5-methylisoxazole-4- propionic acid receptor
AP: allo-pregnanolone

AV: atrioventricular

ARCI: addiction research center inventory
AUC: area under the curve

BBB: blood brain Barrier

BD: 1,4-butanediol

Ca2+: Calcium ions

Cmax: peak plasma concentration

CNS: central nervous system

CT: computed tomography

CYP: cytocrome p-450

DBP: diastolic blood pressure

DMF: N-desmethylflunitrazepam

DSST: dygit symbol substitution test
ECG: electrocardiogram

EEG: electroencephalogram

FDA: U.S. Food and Drug Administration
GABA: gamma-aminobutyric acid

GABA,: gamma-aminobutyric acid receptor type A
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Abbreviations

GABA;: gamma-aminobutyric acid receptor type B
GBL: y-butyrolactone

GC-MS: gas chromatography—mass spectrometry
GCS: glasgow coma scale

GH: growth hormone

GHB: gamma-hydroxybutyrate

GHBR: gamma-hydroxybutyrate receptor

GHV: gamma-hydroxyvalerate

GIRK: g-protein-coupled inwardly rectifying potassium channel
GVL: gamma-valerolactone

I.P: intraperitoneal

I.V: intravenous

Kd: dissociation constant

KO: knock-out

MAP kinase: mitogen-activated protein kinase
MCT: monocarboxylate transporter

MDMA: methylendioxymetamphetamine

MR: magnetic resonance

Na GHB: sodium GHB

NAD+: nicotinamide adenine dinucleotide

NADP+: nicotinamide adenine dinucleotide phosphate
NMDA: n-methyl-D-aspartic acid

NREM: non-rapid eye movement

OH: hydroxyl group

PCP: phencyclidine

PD: pharmacodynamics
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Abbreviations

PK: pharmacokinetics

pKa: cologarithm of the equilibrium constant for the dissociation of a weak acid
PO: per os

REM: rapid eye movement

RGS: regulator of G protein signalling

SBP: systolic blood pressure

SSA: succinic semialdehyde

SSADH: succinic semialdehyde dehydrogenase

SSR: succinic semialdehyde reductase

t1/2: elimination half-life

tmax: time to peak plasma concentration

THDOC: allo-tetrahydrodeoxy corticosterone

VAS: visual analogue scale

Vp: volume of distribution

VESSPA: evaluation of the subjective effects of substances with potential of abuse

VTA: ventral tegmental area
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[=diliabi= lgouke] Eilm suiliein fsfen a0 comos e @ b s
m*h;m-*HHmhﬂnﬁh-nm
cratan an lerspdatcs, Fun die s consuma #n low

w H‘-nﬂ.nﬁumﬁiﬂ. culuris fave
r

Palabeay chve m%&mum (i) mitron
Gamrokadcaite et 1

Cludy druigs: old medicines a5 new party dnugs

Dhurwmg the Last bew peaes B beern club drugs han beem wnad loe dali-
m-mmd&ndm i pEm el

Thiia sidsi-
culturs and b

it Chaly Hptamiirn. Dentrometariun, Hitsoua Cide,
Mmﬂﬂm

puara definir & wn Erupe heleroganes de sustanciss quimicas
consumidas con ankmo recreaative’. En este grupo se s
incluir a b 34-metilendicaimetantetaming (MOMA o -
wya) y s derivacos, el gammahidnosibatirato (GHE, «ffa:

Eate: babuager 2 b e i e Ly Gorea it de
Catsbnys (GERCATDURT LSGRMECT] i &l fondo de bveshgacion
Gk |Fiy
'Emmﬂnll [ M i

de Fi
v, Bgiasies B0 Rarerena Esgiafa

Focddaci ol §3-34-700d; poepimde jara du fulde s on el §35-200

la nueva efa. £l eslogan «FLURs (pesce, kve. unly and
respect! ha sido wulilizado para define los vakores de este
mivimienio, nulrcks en buena parle de personas integradas
peEnaments &n e wocieddsd, que nada Bsnen gue ver con &l
esieraolipo de «drogadicios de décadas pasadas®,

En Espaiia, al igual que en obros palsirs, o54e fendmeno s
b trarssfoemnadio en parie en ko que s denoming b scullura
de clubs, o colcquiniments, «a fieskas S bisn duranmia mu-
crmamammﬂemmb:mn

bale maratonasno y comsumo de sstancies®, Duranls las
sesdones de hale, gue e pueden prolongsd & lo lago de
tesche: win fin de semana, s oonsuEmen e forma senuldnes o
encadenada deversas sustanclas buscando sus propledades
euforifantes o alucindgenas. Hoy dls ex muy dificll encon-
IFaF conAUmicieres purts de Wha SUSIARCS, ¥ Son muiliples
los pshadics spedemiciigcos gque demuesiran L3 frecuanbe
asneiaeibn de warias de elles™, 5 bien la MOMA & sus deri-
vl han sido objeto de numenosas investigaciones y pu-
blicaciones, masten otras susiancias dento de
e fendmenn de club de le que s dispone de un nivel
mencr de conocimenio, pero que han experimentado un
AU TN BN 54 COMSUIMG COMO0 e Bl NUmsED e Casos
abendecios en ke servicios de urgencias de ks hospiales.

Esta nevisitn e centrard en of estudio de 4 de estas sustan-
clas; b ketamina, el dextriometorfano, o Godo nitoso v el
GHE, L 3 producen durante b infoccaciin los
lamados efechos disociabngs, ps decr, un estado de analge-
sia profunda ¥ amnesia con consenacion di b conclencia y
de los reflejos peobectones aparecen elecies paice-
mﬂmmmumm&mmenﬂ
po iy menle (en inghts, guf of body ssperience). Ea decir, w
prodice una disociscion entre ef Swupo v o entoino qise ne
cuanda @ un estado catalonico. Los ojos permanecen aber-
tos mienires &l sujslo e mantens comcenie pem aklado
del mimdo exletng por U infegracatn andmala de los el
misks, Es capar, de sals manera, de sapenmentsl sroha-
cOMES ¥ wwiapse 0 oS, que son. a ks vez, el chistvg bus-

al
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Appendix

AHANADES 5, ET AL DU DRUGS: LOS WEICS FARMACCS 0N LAS HUEWAS DRODAS DE LA FIESTA

wmuﬁﬁﬁuﬁ:mhﬁnﬂ:ﬁlﬂmr
misdaamanta,

Ketamina

Lo kstamena es un anestésico genersl comerchalizado en
rrestio pals tanto ra su uso en COMa £ anima-
les. Se inbrodujo en o mercado durante la década de los se-
senks como una alternativa de menor toncidsd a la fencicli-
dina. Durante wu s clinicn s olaend que 56 aocaba, &l
Il que la fencicliding. & ercofiackones desagmdables, de-
I, alucinacionss Y sensacines de lizacion
durante &l despeitar de la anetiesia (reacciones de emar-
pencial®. S0 uso clinkco ha guedasdo restrngido & sibuacio-
e coemo | anestesiy en &l chogue hemodindmico, la se
dackin miamuscular de pacentes. no cooperantss. (come L
poblacion pedidirical, distimos procedimienics de corla du-
fummmmmmulmam-

menbs dolonsas Coma koS Caminoes op aposios en ks que-
mpdecst!, En @l Tercer Mundo se sigue uliizands como
arsbiicn dada su busn perfl de fegunidad, También 4
empioa en & iratamiento del dobor oronice™. Ademds, & un
modeln experimenta de paicosts induckla al produci gu-
;ﬁ;ﬁﬁ'ﬁ“mﬂmmymﬁhhm-

Farmasiogs

Liv kebamira &5 un antagonista no competiti del recopdor
plutamabdegico del tipo Memebl-Doaspariato (WMD&), Es-
frisciuralments &5 und ardciclohexilamina en evecha rela-
cion con la fencichding, Se comeiaiments como
una mercls racemica al S0 de 2 Romeros dplicos o enan-
MHE&}-&H&M;IH{-MMEWI&!
las cuales o5 4 veoes mas potenta que la segunda. En esty-
des de por emiskin de posirones se ha visio
que la magnitud de La urin de b S-ketaming & s ro-

nm:m:rﬂmﬂhdﬂrﬁmm interachia tam-
bedn con recepbores opioides keppa v, en menor medida,
colintgaoe®t. También eslimuls b liberacion de

uﬁmmhmmhmwmuﬂ
sy admenisrackon ¥ su capacidad de produci abuso y de-
pendencia, con kberacin de dopamina en el ndckes ac-
curmbens al gual gue ciras drogas de abuso'™,

Lin lortaminea Bene una buena deyponibilidad tras inmecoon in-
tramusculs ¥ despisds, de sy inhafacian intranasal,. Se sbecr-
e peor por via ofal &l sulte un impoianie lendmeno da -
e panso, Presents un wolumen de distribucstn da 3 Vg, se
une @ las peoteings. plasmabcas en un 50%, s& metaboliza en
dhndu-rw?w:imlmhh.h 5 mucha

urs Semewils de alirerscain (1) de 2.3
h, mmmmmmu?ﬂtwmnﬂn

& aumento de su mmmmm:ﬁu
& G LB gran ndmeo de usdarkos s haya probado pedsan-
do gue consumian cocaing o medandelamina (speed] duran-
tet s sesiones de balle®. Ademds exisle un comsumo mas

encuests del afo 1999 en & Reino Uinido, con datos. posi-
blsmenie edrapolabies A nuestro media, enbe os seguida-
res dhe la misica tecno el Z5% fa habla probado alguna ver,
por encima del GHE o de Ly heroing®,
La kelaminag del mercado Segal proceds de kb detibucein
tanto para usa medico en humanos come, oe forma prefe-
mnke, para uso en velerinaria, donde e uliliin &n cirugla
e an animahes oomo pencs ¥ gatos, Este uso vedonina-
no ha hecho que a menudd S e denomine sanesiésico o
para cabalose™, Lo kelaming e susks adrasr del
contendo de las ampollas del producio comercial. Medianis
calerdamisnio s svapora of Iquido {en el wgot, s ooci-
nas) y &l sobianle del secado 48 Process pafa pressntaria
Com polvo Blanco apio para su uso recraacional. Mo todos
los preparacos comerciales contlensen &l misima bipo de ea-

:mhqnmmmw
La dosss depends de L via de adminiraciin ihclbtﬁ
son dependientes de b doss, Comeerzan 2-3 min

da una inyeccion mtramuscisar, 5-10 min Ir:swm
infranal v 1030 min despods de sy ingesta onl. La durs-
cili e sus efecion varls anvhisn con s vis de adminins.

I percepcion de gque &l uwﬁmwhmnnnhdum
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Appendix

ABANADES 5, ET AL CLUE DRUAGS LOSWESS FARMACTS B08 LAS NUEYAS DE:0GAS DE LA FIESTA.

riales extrafios como madera o metal. & menudo se habla de
wane eulsdion en b indadcactn por etls sodlancu, &n o
axeenCE AUCTNg que s

0 [ sersacion de separase del crganismao, en

werse misniras b merie fioln en ol espacio fout of body eape-
nences! o en entrar en k0 que se denoming ol «H- hokes v

i & breis e un Bnel en el gue S lene L sersacion de salr
@ la luz, oo gran clandd de pensamisio y vilone quu-

1A% mEhicas o Se ha niertado exphear esha fenc-
mena, en &l que un gran esirés celulr desencadenaa una
mm*m“m

reunonal. £ nﬂ:ﬂau:q-.ﬂm

s receplones
blaquen de ssion recepiones duranile slys SlUaCIonEs L&y
causal oe esas paculares Wsionas, Coimo Ooure Fas b adms-
nistracon de ketamina®,

Eleckos adversos & mloncaondn

La dosis mdnima que se diiza en indicacsonss médicas e
e e 13 gl & nyecolh intramiusculsd, misniras qus
Las i palcoddheas de kelaming rars ver soblepasan ks
2 mgfg por via intramascular. Se podria dec que a estas
dosis &5 una sustancia relatiimenis segura, aurdue s han
r:h:dumﬂmmrmhmmm

ueriemenie drociacion del enlorno, dificoliad para @l
lenguae, visin Dolrsa, inscemnio y descoond inacion molors
£h usuarios habiiales da b sustancia™. Ademas de peodu-

poriado prolongado, s efechos recoerdan mds a los de la
cocaing, herping o alcobol, con una daminucidn de oy
placins pelcoddicos 4 madida que se desancila un impo-
tante fondmena de Iolerancia®,

El cano tpa de infoadcacion 3 el de un oven que presents
Laqiicaidis, Mmaummdmmm-
zada, alucmaciones y restagmo. Con ke medclas de soporfs
habsbuakes e resushe la mayceia de ks casos. Si enste agi-
Eacion &5 corveniente disminair b eshmulacion sensonal
uhdmwmmmm-wnh.rﬂmw

. Es recomendable ¢l

i la posible rihjumm&dmyﬁrw al
pacienta en observackon hasts b normadzackon chnca™,

Dextrometoetanc

Es un firmace anlibusigens quo leva mis de 30 afos co-
mercializada ¥ gue no requiere fecels pana s disperracion,
Esta contenide en muchas especialidades farmacéubcas
CONTIO pRINCIgHD 3Cth Orico 0 &n oembinackon para & Iraia-
rienla de ks Uniomas del reskriado o b grips. A Las doas
recomendadas como anttusigeno (33 mg cada 68 h en
adultcs) es un medcamento ofical y seguno. El dextrometor-
tano bers b werlas con regeco 8 la codsing de producir
marcs elecios adversos gasiminbestrales y menor polancial
de akamo. En alguncs patses se Uiz como coadyuvanie de
Ea micrfira en el ralamisnlo del dolor™,

cia e metaboliios, rliud-ududuun&‘ihmbcm
s ulirawrid pidos @n Quisnes exsding un gran incremento de
s melabolies, Loa melabolizsdones lenlos mo pressn

pal metabolito, el dexirofanc®™®, v presertan una elm
citn Punclamentsimerie renal.

Consismo reciascons

El comsuma como droga de abuso & micia &n los afes
1960-1970 v su uso se hlrdutﬂtﬂrndu’*! Tiissstre
medio s consumo fuera de la rescripcion médica so ha
asocindo  grupos de ideclogin punkd en Las décadas de ke

sefenls y ochenta v ha peiads cas| insdwsicdo duranie
afios, En b actualidad esie consuno neomacional se epan-
de entre kos lamados. Dudcadons de nusas nsaciones,
que aprovechan sus pobenies efecios alucindgencs a doss.
akxs para euplorar nuesas dimensiones o «vajars (psco-
ndutical. Su popularidad ha ido en aumenlo graciss o su (-
il cblencion, & SUs ragedos electod ¥ & una lama o Sustan.
CA3 sSEELETe, A PEE O8 B SN OCASONES S COMSUT e
preparaciones. donde aparece asociada & olros principis.
acinos e pueden ircrementar su toxcidad de forma im-
porande, En Indernet exdsien deersos sitios seb con infor-
macehn para b esfraccidn, pheparado ¥ uso de la sustancia
codran denga de abuso, con latas de medicamenios. desde
chonede cblreio, principalmaents prabes contra la boes™,

So consume dineclamende disde ks jaabes anilibusigones
buscardo sus polentes elecios alucindgenos, gue e pare-
cen a ks o la ketarmina, Lo dicsis alucindgena
por wia onal g4 de 8l menoa 300 mg, pero S8 han fecomen.
dado inchuso dosis mucho mayores (de 150008 2,400 mgl.
L consumidones recreacionales, al gual que con b ketami-
na, nefieren la extstencia de una serie de smesetass duranie
s cuales s& pada por vanas Brses en las gue progreth.
merle wan apareciends kos elech plicodelions o alucindgs-
i e pueden e b indensos. coma ke de la LSO,

Eleclos aohvarsos & F1iocaciin

A las dosis recomendacas pracicamente no ene elechos
adversos, En caso de indoscacion [delibarada o noj. pueden
aparecer inestabildad cetilica, aslenis, nauwsaas y vamilos y
atana. Tamésén s han descrito euforia, nistagma, midrass
@ incluso coma, én preparados en combinaciin con ofras
SUALANCI™E y cadns e prionas, delonls v Androms se.
munu:lm'w En caso g8 inboaicacion w8 recimssndan
medidas de scporie ¥ pusde estar indicada la determing-
can de concentraciones plasmdticss de paracelamal o de

4]
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Appendix

ABAGAINE 5 ET AL O G EVRUAGS LOS WIEADS. FARBIACOS SO0 LAY MUEWAS DRDGAS [E LK FIESTA

arthilaminecos o e wospecha & conwmo de s wuslancia
Br preparacos e combnaciones da wanas sustancas, La
mayoris de kod cion b peiushen Gn secuslis (res unes
heras de medclas. e soporin ¥ abseracion®, Recertemon-
be ne ha descrilo b m&ﬂmﬁnﬂm

bk consamo: de falsos comprimidos de MDBMA mue. en nes-
lidad, comenian allas dose de dextromedorfans™,

Ouida nitieso

Hmﬂ:rﬁmiﬂ,ﬂ!nmp Incokeo gue & ha ulildsds
duranie afhos Como coadpuvante pana b sedacin ¥ para ol
manienimierdo de b anedess Fue descubierto a finales
oel sigho o por ol sacendol v Cerafico inghes ). Priesty,
Sin embargo, fue &l dentiela nodesmenicans Horscio Welk
ren Constald pof primeds w2 sus propedades analgesias
fras abservar como un ndwidud, ras & consume de la sus-
tancha y en phng stague de nsa, sufris un importarts e
matimo sin methar ninguna sefal de doloe, En ks afos s
Eenies, b produccion de eulonia, sensacion de blenestas y
o ris, junte & b rageded con b quie s revierten s alec-
espectacylo itnerales akede-

dér ded conocido coma «gas de L risas o «gas hils
ranies L B

sus propeedades coma anesksicn y s ha enipleado duran-
b s & pdondciogia.

Farmacolg

Mo 58 connce ecactaments s MoCENEMO te a0ckn -
besico y snalgisico; por eale mole se ha descilo en oce
sloneEs COmo . No paeece que posea accin -
be receplones. def Acido gammaamnobadiion (GABA:A),
Recientement s a demostrads que &5 un antagonsta dal
réeceplor NMDA y anestison disociatnm, al gual ques 14 ke-
taming y ol destrometorfanc®. Tambkn parece inferaccn-
nae con el sestema opeolde con activacion micra @ inhibicion

kappa®,
£l peincipal afechny chmico gue pRodece es 3 depresion dal
rited d& conciencis, & paete normaimenle e concéninaco-
mes superiones al 40% de cuigeno, A concendraciones dil
5% prachcamente no produce efecios subpelivos. Al incne-
mienlar & concentracknes del 10-20% comenza a aparecer
ciento grado de encilacion & hilandad. & 3040% produoe
instabilaiad cefalica, dificuliad pars La conceniracen, p-

fuerro fan sblo endre wsuarios de olres drogas de dtnm™

principalments & cannabis™, y, segm autcres, La
capaciiad de generar im0 st muy en b po-
blacisn geneal y s darls erfe eytudunle

Mqu ublizan b sustarcia de forma espondi-

mila Al mEnos :
hasts abora predoming un conusmo esporkdicn de Sema
compulsiva sobre fodo entre esfudiantes de cencas médi-
GG ¥ QuE no ohginag grandes

Pl 51 CONSEMG Mecraacional s prosenta on fonma de car-
hachas metilicos cih'uh:nl lamadon. Wippels® 0 popyers
conactados normalments 3 un globo gue hanciona Com ra-
servorio desde donde & inhaly el producio, Por kb géreral
58 inhals ura mezcls del 65% de oaigeno y del 35% da da-
o nitrosd, Su accidn &8 inicia & ke pocos brie
LA dica administracidn, 8 polenga unos 30 min oSS
elecios desapancosn rigidamende sl no 58 realizan nueva
inhalacines.

Elackos aohersos & Filaocacin

Los efecios adversos suelen aparecer & doss altas ¥ son
handarrentalments, nduseas, vombo, depresidn respiralo-
ru_h;wuym 5S¢ han descrito casos de hiperiemmia
delnum™, En consumickes crinicos 8 producs

de L clanocobalaming (itamena B) que
pusche ocasionar anemsa megaioblialics, eucopenis §, e
cyrdamaments, una mislopatia suhaguda & inchmo neuro-
i Crdenic o™

Gammahbdronibifieats {=énasis= lquidal

Al GHE tambein s be llems Soda mskadicec@aitivico u
imibaio SO0, 5 sitaysis Bigii-
dioe cuanda en realidad es una sustancia sin pnguna nek-
citn con by MDBU o céxtages, Fue dessmollado @n s déca-
o de koS sesenkd coemo deriado del GABA. frente al gue
preseris como venlns e hecho de que alraviesa la bamers
hemalpencedibca. La primers indicaciin médica fue come
anesdésicn, campd en o que se usd duranie algunos ancs y
e persishe en algunos paises. Fue cayendo en desuso ras
la publicacion do slgunts estudios en animales e ks gue
s |0 Felacionaba con | apancaon de actvidsd proconyulsi-

, que supuesios lecios ana-

bolizanes dseivados de a eshmulacion de L sacrecion de L
hormora del crecimienio™. Fue netirado del mercado por La
AparcEn de NuUMaosos cases de inlodcacion™. En la ac-
tusfidad ests comamialitads como sspecisbdad farmacauti-
CA SN VaRoS ke Sty mmymm
ummtnrmmp-nﬂhmdt deshabua-

citn alcohdlica. En e aho 2002 1a Food and Drug Adminis-
mhmﬂ:ﬂmd tratamionto de Les criss cataplsy-
cas de L nalcolapuist,

Farmacologla

EN GHE es un dcsdo graso de cadena corta de esiruchura 5i-
milar o GABA que cumiple ciflencs como newrotransmisor
en @l sistemna nervoso cembial. Se encusdnira en el lejco
el die ko mamilesns con Tuncionss fiskeldgcas sin no
completaments dilucidacdas®

dehido recluctasa a pae de succinaln semiakdehide [S5A),
Esle proviens & su vel de la iransiormacion del GABA por La

A0E e Sy (e O0R, | T 00HE 0E 110
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Appendix

ABMNADES 5, ET AL CLLAS DRLAGS: LG VIERDS FARMACDS SOM LAS WUEVAS DRUGAS DE LA FIESTA

GABA aminctrarsferasa. A b ireersa, pusde matabolizarse
de nuseo a succnato semiakdetiide por b GHE deshidroge-
nass, El succinato semialkdehicdo pusde pasar posterionmen-
te al ciclo de Krebs tras la iensformacion por la succinats
semisidehido deshidiogenasa [SSADH) a succinaln, o voler
a corwerbree en GABA (fig. 11 En casos de deficencia
de S5A0H en humancd, b concentraciones de GHE y
GABA estin elevadas de forma . L deficiencia ds
MHhunmtaMmmmm At O TECESivG

que cursa clinkcamente con hipotonia, ata-

agresaidad
mahidromibutirics®. EL GHE ademds pusde sirfelizase en
&l tepcd pesifénicn, desde 2 precursones, |a bubrolacions ¥ el

Bl mecansmo de acciin &5 COMpleo ¥ OETEMENGe v s

wiE ks Otamas evidencis, parece que & GHE aclus
e lormia {GHE enddgena) a aws del receplor de
GHE [scoplado a G, Cusndo se adminisira de for-

i exdgend (GHB aodgena), aclila ademas solie olros re-
cephires, furcla o de tpo GABA-B®%, Esty
inferaccién con el principal sisbema inhibidor conebral GABA
Benie iMporfaniss mphcacioned durante la inloadcackbn por
la sustancia ¥ 8s responsable de [as manilesiacionss cenira-
les {primcipalmente B depresion del nivel de conciencial.
Ademds, tambin inbracciona oon vias dopaminéngicas,
donde parece que liene un dfecto global inhibldor™, v los
sistemas opkade ¥ colindrgica,

Sa abacebe ripidaments ras su adminisdraciin por via onal,
MMmumamMMI 1y presenta
uris sémivica de skminaciin plesmatica (I 205D min:
Pmmm:lﬂkthmlldmﬂdwp
dria eslar implcada en la prolongacion de s efectos en
can de inbamicacion™,

L. prinecapalies efecios tarmacokgicos son la sedacon y la
hiprms, prodiciends susho fsickigion con coOMRSeryacion
mmmmhm“mmmr
Bco, estimulante oo la secrecicn de la hormona del creci-
mienta v we dice quo estimulanie sexual posblements a tra-
s b mecanismos e desinbabiciin®™

G o recraacona)

Corno deoga de abusn, tal como S8 peendund de loema muy
aoertada hace alguncs afs &n muestro medio™, su corms-
ma i 8l namern de casos de infoscacan en ks (lbmos
afos han creckdo de korma exponenclal. En la cludad de
Barcsiona se ha producido un gran aumenio dil nomenn de
wisitas 3 bos seracios de urgencias hospltaliios, v durants
algunes meses ¢l GHE & 1a droga de abusa con mayed nd-
e de epEndios™,

So presenta para sU comsumo an unos. frascos de cristal o
lholes, poles o biberoness (fig. &) desde dondie w bebe di-
rectamenis 0 s mescla con olras bebedas, La butirolsciona
v &l buksnedicl se transforman &n el anganismo en GHB. £
GHE se usa principalmente por su capatidad para produci
euforia, desmhibicion v sensacion de berestar. A igual que
pasa con odros sedantes comea ¢l aloohad, al aumentar la do-
i3 esios efecion dejan paso a las lipcas
secundaias & la depresion del sstema nenvieso central,

Elacins aoversos @ mieecaciin

S8 han desciba numsioses casts de innxcacion pof esla
sustancia™ ™, principaimente por dsminucion ded nivel de
conchnci, ¥ podiamos estar s0lo ande b punta del ice-
berg, El conocimisnts por pare de los usuarios de k) never-
w00 esponkanes del coma &n s mayorla oo las ocasionesy

=
g [
ll'l m — Hﬂlnlhh
nﬂﬂ., _

/_'\

LW#MlMﬂm“
SAR SUCOMNNY Al redurtii: SEANH St

ftn deshoimgenas; CASL donl pamvmaseseofotnes: SNE suieema mee

v cEnial

Tg 2 Foma e presectacan Ppca o prmahcimetuso ks (Gl «fabe.
el

hace que cada vz sean menos 0o casos o8 Inboxicackin
quas 50 llevados a los serdicios de urgencias,

Enlre sus ebecios indesesbles desincan scimndlencia, amne-
sia, hipnosis, nlimw'-l:nﬂm bradicardia, depresion res-
peralana y agned, ma‘ "m"'ﬂh sy
lares eldmices™, £ GH Mﬂnﬂ:kwu“y
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Appendix

ABRMADES & ET AL CTUR DRUEGS: LOD VLIS FASWALE S0H LAS NUEVAS DROGRS DE LA FIESTA
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