REVIEW ARTICLE

MEDIZIN

Liquid Ecstasy - A Significant
Drug Problem
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SUMMARY

Introduction: Gamma-hydroxybutyric acid (GHB, "liquid
ecstasy") and its legal pro-drugs gamma-butyrolactone
and 1,4-butanediol are gaining in importance as recreational
drugs in Germany. The effects of these substances are
comparable with those of alcohol or benzodiazepines.
Because of the wide availability of GHB physicians are
increasingly being confronted with cases of intoxication.

Methods: This review is based on a selective literature
search as well as on the authors' own experience and on
information provided by the GIZ-Nord Poisons

Centre, Gottingen, Germany.

Results: Consumption of a high dose of GHB or its prodrugs
leads to severe intoxication with respiratory depression
and coma. Only supportive therapy can be offered; no
antidote is available.

Discussion: In any patient with impaired consciousness

of unknown cause, the possibility of intoxication with GHB
must be considered. Chemical detection of GHB in blood or
urine is possible only using specific analytical methods
and only within a short time frame (<12 h). Because of the
short half-life of GHB, intoxications treated in intensive
care units rarely show any complications. However,

a number of fatalities have occurred. The potential abuse
of GHB as a date rape drug must be borne in mind.
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amma-hydroxybutyric acid (GHB) is gaining in

importance asan illegal drug in Germany (1). In
spite of its popular name, "liquid ecstasy," the substance
is neither chemically nor pharmacologically related to
ecstasy substances such as methylenedioxyampheta-
mine or methylenedioxymethamphetamine (MDA or
MDMA). Rather, its effects are comparable to those of
acohol or benzodiazepines. Because of its wide avail-
ability, cliniciansareincreasingly confronted with cases
of GHB intoxication (1, 2). This article provides infor-
mation about the substance and legal regulations.

History of the drug

Asearly asin the 1980s, GHB was offered in the United
States in fitness clubs and health centers. Especialy
bodybuilders used GHB because of itsrenowned muscle
building effects by increased release of growth hormones
and itsaphrodisiac effect (3, 4). After numerous cases of
intoxication occurred over the following years, the US
Food and Drug Administration (FDA) reclassified the
drug as prescription-only in 1990 (5, 6). However, this
did not put a stop to misuse of the drug. It gained in
popularity; its users consumed "liquid ecstasy" or *'soap"
on the club scene as a party drug or at private events, as
an dternative to, or in combination with, alcohol.

From the US the new drug spread to the United King-
dom, France, and Switzerland. Since the beginning of
the 21t century, GHB has also been produced in Ger-
many. According to astudy by the European Monitoring
Centrefor Drugsand Drug Addiction (EMCDDA), con-
sumption of GHB or gamma-butyrolactone (GBL) is
not aswidespread as consumption of other illegal drugs.
Data have shown that the prevalence of GHB usewithin
the preceding month in young people in their leisure
timerarely exceeds 3%. However, thereare a so signs of
increased consumption in certain population subgroups,
certain socia environments, or geographical areas, and
consumption in the private arena seems to be becoming
more common (1). Depending on the study and target
group surveyed, thelifetime prevalence was 3% to 19%.

In spite of the comparatively low popularity of
GHB, cases of intoxication — some with a lethal
result — have been increasing (6, 7, 8). Exact numbers
of deaths in Germany or other countries are currently
not available.
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Biological effects
Gamma-hydroxybutyric acid is a derivative of the
endogenous neurotransmitter  gamma-aminobutyric
acid (GABA) (figure). It can passthe blood-brain barrier.
GHB was first synthesized in 1960 and licensed in
Europeasanintravenous narcotic (9). Althoughitisstill
commercially available in Germany, it is rarely used,
mainly because of:
® |nsufficient analgesic effects that necessitate com-
bination with an analgesic;
® Narrow therapeutic spectrum and therefore greater
occurrence of adverse effects, such as seizures or
vomiting;
® Controlling the dosage and effectsis difficult;
@ |nsufficiently calculable duration of effect (3).
Since studies have shown that GHB has a positive
effect in patients with narcolepsy and cataplexy, GHB
was licensed for thisinthe USin 2002 and in Europein
2005. These therapies have many side effects (10, 11).

Dosage

GHB is administered intravenously for the purpose of
sedation and orally for most other indications (table 1).
Misuse is mostly done by oral administration in liquid
form — neat or diluted in drinks. Occasionally, capsules
areingested, which often contain GHB as a sodium salt.

GHB has a narrow therapeutic spectrum. The effects
are dose dependent and range from aslight state of intox-
ication, similar to alcohol intoxication, to coma, cardio-
vascular arrest, and respiratory arrest (table 2) (4, 12,
13).

Owing to the extremely fast metabolism of GHB, the
desired or undesirable side effects last only one to four
hours, depending on the dose. A typical patient isadmitted
with severely impaired consciousness and suddenly
wakes up, usually after avery short time. Asarule GHB
does not have longer term side effects, so the patients
feel fit and want to leave the hospital —also thanksto the
mnemic effect —to "return to the party.” This phenome-
non isknown asthe "fast-in, fast-out" effect (14).

Pharmacodynamics

In spite of numerous studies, the mechanism of action of
GHB s till not known. According to the literature,
severa factors seem to influence the neurotransmitter
balance. It was found shortly after introduction of the
drug to the market that GHB ispresent asan endogenous
substance in the brain. Hereit is present as a breakdown

product but also most probably as aprecursor of GABA
(15).

A possible mechanism of action that is under discus-
sion is that in the context of the GABA metabolism,
GHB functionsasaneuromodul ator in thebrain. Further,
studies have shown that GHB leads to arise or fal in
dopamine concentrations in the brain — depending on
the dose — and influences the cholinergic system and the
serotonergic system like neurosteroids and opioids.

It has been shown that inthe millimolar concentration
range — above endogenous concentrations — GHB acti-
vates the G-protein coupled GABAg receptors and, like
GABA, inhibitsthe Ca2* inflow and opensthe potassium
channels.

Further the possible presence of a G-protein coupled
GHB receptor in the brain is under discussion. Thisis
said to be stimulated by endogenous concentrations in
themicromolar range. It isassumed that after exogenous
administration, GHB acts as an agonist on the GABAg
and the GHB receptors (14).

Pharmacokinetics

Resorption and distribution

After oral administration, GHB isabsorbed very rapidly;
maximum plasma concentrations are reached after 25 to
45 minutes. The distribution throughout the body is
rapid and follows a two-compartment model (7). The
distribution volumeissmaller than that of ethanol, at 0.4
t0 0.6 L/kg.

Biosynthesis, metabolism, and elimination

GHB isformed from GABA by means of succinsemial-
dehyde reductase via the intermediate product succin-
semialdehyde.

Via the enzyme GHB dehydrogenase, GHB can be
oxidated back into succinsemial dehyde and then reaches
the citrate cycle, after afurther oxidation step, mainly as
succinate. Only a small proportion of GHB is excreted
in an unchanged form through the kidneys (<2%).

The half-life of GHB is about 20 to 40 minutes, but
there are indications that the elimination kinetics of
GHB is not linear after administration of therapeutic
doses (16).

Legal regulations

GHB was put under the narcotics law in the US since
2000 and issubject to the strictest categorization (sched-
ulel).

Since 1 March 2002, GHB hasbeen under the narcotics
law in Germany too: Gamma-hydroxybutyric acid and
its salts are listed in appendix 111 of the German Nar-
coticsAct (BtMG). According to the law, possession of
GHB or dealing GHB isacrime. As aready-made prep-
aration, GHB can be prescribed and traded.

Legal alternatives to GHB

Since GHB is subject to the NarcoticsAct, legal substi-
tutes are currently being consumed in Germany. These
include gamma-butyrolactone (GBL), for example, or
1,4 butandiol (1,4-BD). These substances are metabolized
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into GHB &fter oral administration, or they aretransformed
by means of asimple chemical reactioninto GHB by the
dedlers or users themselves. Instructions on how to syn-
thesize these substances and even whole "building sets'
are available from the internet in a " customer friendly"
format.

Sincetheactual effective substanceis GHB, and from
a pharmacological perspective GBL and 1,4-BD are
therefore pro-drugs, their consumption may resultin the
same effects, side effects, and symptoms of intoxication
(17, 18). For this reason, the FDA warned the public as
early asin 1999 not to consume GBL containing products
and called for avoluntary stop to the trade of the prod-
ucts. The GHB substitutes have thus far not been
included in the German Narcotics Act, owing to their
widespread use as solvents and the associated conse-
quences for the chemical industry. They can therefore be
traded and consumed without penaty. However,
avoluntary monitoring system of the German Federal Cri-
minal Officehasbeeninforcesince2002. Sincenot al tra-
ders of the chemicals are participating, however, it is il
easy for potential consumersto buy GBL or 1,4-BD.

Intoxication
Symptoms
The symptoms of gamma-hydrobutyric acid poisoning
are partly similar to those of acohol poisoning. Head-
aches, nausea, vomiting, vertigo, and speech impair-
ment may be present. Higher concentrationsmay lead to
bradycardia, seizures, respiratory depression to the
point of respiratory arrest and impaired consciousness
to the point of coma (table 2). In contrast to opioid
intoxication, patients usually do not have miosis. A
further diagnostic pointer may be non-responsivenessto
ex juvantibus administration of naloxone or flumenazil.
Because of the rapid absorption and the rapid onset of
effect, no precise data about the development of symp-
tomsover time can begiven. A typical characteristicisa
rapid-onset and sudden clinical picture that then devel-
opsin adose dependent fashion. Patientsusually recover
within six to eight hours after receiving symptom oriented
treatment (19). In severe intoxication, myoclonus or
seizures followed by loss of consciousness have often
been described. It isimportant to bear in mind possible
GBH intoxication in certain risk groups.

Number of cases of GHB poisoning
The number of cases of GHB intoxication isrising not
only in Europe but also in Germany (1). For a long
time, very few cases of GHB intoxication were seenin
Hamburg, but since the end of 2006, severe cases of
intoxication requiring intensive medical care have
been seen regularly. This does not affect a particular
clientele since GHB and its anal ogues can be acquired
and consumed not only as prepared medications but
also as chemicals. Most of the consumers are aged
between 20 and 40 and have prior experience with
other drugs (1).

According to current information from the GIZ-
Nord Poisons Centre, Géttingen, the number of cases
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Therapeutic use of GHB (adapted from [9, 11, 13])

1.7-3.5 g/day (p.o0.) Alleviates withdrawal symptoms

in heroin addiction

3.5 g/day (p.o.) Alleviates withdrawal symptoms

in alcohol addiction
4.0-7.0 g/70 kg KG (IV)
4.5-9.0 g/day (p.o.)

Anesthesia

Treatment of narcolepsy
with cataplexy

GHB, gamma-hydroxybutyric acid

of intoxication notified to the center rose notably in
2007 (table 3).

From the end of 2006 to April 2008, 18 clinicaly
relevant cases of intoxication occurred in the investi-
gated samples that incurred toxicological questions at
theinstitutefor forensic medicine at the University Hos-
pital in Hamburg-Eppendorf, in which analysis con-
firmed ingestion of GHB or GBL. Further, within the
area of the ingtitute, three young women and one man
died and GHB or GBL intoxication was confirmed.
Since samples are sent to the forensic laboratory not in
all cases of intoxication in the Hamburg region, amuch
larger number can be assumed.

Treatment

The treatment of GHB intoxication relies mainly on
monitoring in the intensive care setting and stabilizing
vital functions. Depending on the clinical picture,
protective reflexes, frequency of breathing, and blood
gas controls, the indication for endotracheal intubation
and temporary ventilator treatment need to be assessed
(19). Particular attention is required for the tendency to
vomit even in patients with severely impaired con-
sciousness and therefore aclearly increased risk of aspi-
ration. Emergency physicians should be prepared to
intubate. Symptomatic cardiac arrhythmias should ini-
tially be treated with atropine. If the patient does not
respond, theindication for temporary pacemaker therapy
should be assessed. In patients with seizures, treatment
with benzodiazepinesis recommended, while at the same
time, attention has to be paid to the patient's impaired
consciousness (2). Administering active charcoa is
mostly not beneficial because of the rapid resorption
and metabolization, but this may be discussed in the
context of amixed indication.

Although its mechanism of action resembles that
of benzodiazepines, the benzodiazepine antagonist
flumazenil is equally ineffective as an antidote as the
opioid antagonist naloxone (4). However, according to
specialist information about GHB as an anesthetic, the
symptoms of intoxication can be antagonized by
giving physostigmine. However, studies have not shown
conclusive results (20). Especialy in patients with
bradycardic arrhythmias, the risk is so overwhelming
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GHB misuse (adapted from [13])

1.0-2.09 (p.0.) Relaxation, anxiolysis,
euphoria, sedation

2.5-3.09 (p.0.) Nausea, vomiting, myoclonic
seizures, bradycardia, amnesia

3.0-4.0g (p.0.) Loss of consciousness

>4.09 Respiratory depression, coma

GHB, gamma-hydroxybutyric acid

Number of cases of intoxication notified to GIZ-Nord
Poisons Gentre, Gottingen

Gamma-hydroxybutyric acid | 16 28 7
Gamma-butyrolactone 5 10 0
1,4-butandiol 1 1 0

that administration of physostigmine is regarded as
unadvisable (2).

Dependency

Initial studies after clinical administration of GHB in
patients with narcolepsy have not shown any cases of
misuse or of tolerance developing. More recent studies,
however, indicate the potentia for the drug being psy-
chologically and physically addictive (21, 21). With-
drawal symptoms resembl e those of a cohol withdrawal
and occur about one to six hours after the most recent
administration. Treatment is difficult. Benzodiazepines,
barbiturates, or neuroleptics/antipsychotics have been
among the drugs used (2, 22).

Abuse of GHB as a date rape drug
GHB and its pro-drugs are colorless liquids, transparent
and amost entirely flavorless. They can thus be mixed
with drinks and administered to unsuspecting victims
without their noticing. The victim's defenselessness is
exploited to commit sexual attacks or robberies.
Especialy in combination with alcohol, GHB can
result in impaired consciousness including coma with
anterograde amnesia. Studies have shown that GHB is
one of the substances most often used for thispurposein
the US (6, 23). Similar cases have aso been reported
from Germany and other European countries (24).

Lahoratory tests/analysis

GHB can be confirmed in human blood or urine speci-

mensor in remnants of drinks viatests such asgas chro-

matography combined with mass spectrometry (25).
Thus far, no immunological rapid test for GHB has

been developed, which constitutes a problem. Rapid

diagnosis in hospital or less well equipped |aboratories
is therefore impossible. If a patient is admitted with
suspected GHB intoxication, the specimen can be sent
to aspecialist |aboratory. The substance can then usually
be confirmed within two to three hours. Information
about laboratories with the required spectrum of analytic
tests, which also provide emergency services, can be
obtained from the Poisons Centres.

Because of the extremely short half-life of GHB in
the body, the currently assumed maximum time span
during which GHB can be confirmed in blood samples
is five to eight hours and in urine samples, about 12
hours (23). It isthereforeimportant that the specimens—
serum or urine — are obtained as early as possible. This
should be borne in mind especially in cases of possibly
concealed administration (" Someone put something into
my beer"), because after alonger time period has passed,
GHB — by contrast to other substances — cannot be con-
firmed any longer.

In aforensic scenario — for example, a suspected in-
voluntary ingestion of centrally effective substances —
the specimen should be frozen as early on as possible
because an increase in GHB concentrations — owing to
higher temperatures and subseguent bacterial activity —
cannot be excluded. If an acuteintoxication is suspected,
itissufficient to keep specimensin thefridge, at temper-
atures of 2 to 8 degrees Celsius.
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