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Abstract

Resumo

Introduction: Brazil is the world’s biggest consumer of crack
cocaine, and dependence is a major public health issue. This is
the first study to investigate the prevalence of potentially harmful
adulterants present in hair samples from Brazilian patients with
crack cocaine dependence.
Method: We evaluated adulterants in hair samples extracted
by convenience from 100 patients admitted at the 48 hourobservation unit of Centro de Referência de Álcool, Tabaco e
Outras Drogas (CRATOD), Brazil’s largest center for addiction
treatment. A cross-sectional analysis was performed with the
data obtained.
Results: Adulterants were found in 97% of the analyzed hair
samples. The most prevalent adulterant was lidocaine (92%),
followed by phenacetin (69%) and levamisole (31%).
Conclusion: Adulterants were widely prevalent in hair samples
from crack users treated at CRATOD: at least one adulterant was
present in virtually all the hair samples collected. This points to a
need to monitor adverse effects in the clinical setting in order to
provide this high-risk group of patients with prompt and effective
care related to the acute and chronic complications associated
with these adulterants.
Keywords: Cocaine, crack cocaine, adulterants, substance use
disorders, toxicology.

Introdução: O Brasil é o maior consumidor mundial de crack,
e a dependência é um grande problema de saúde pública. Este
é o primeiro estudo a investigar a prevalência de adulterantes
potencialmente nocivos presentes em amostras de cabelo de
pacientes brasileiros com dependência de crack.
Métodos: Foram avaliados adulterantes em amostras de cabelos
extraídos por conveniência de 100 pacientes internados na
unidade de observação de 48 horas do Centro de Referência de
Álcool, Tabaco e Outras Drogas (CRATOD), o maior centro de
tratamento de dependência do Brasil. Uma análise transversal foi
realizada com os dados obtidos.
Resultados: Foram encontrados adulterantes em 97% das
amostras de cabelo analisadas. O adulterante mais prevalente
foi a lidocaína (92%), seguida da fenacetina (69%) e levamisol
(31%).
Conclusão: Os adulterantes foram amplamente prevalentes em
amostras de cabelo de usuários de crack tratados no CRATOD:
pelo menos um adulterante estava presente em praticamente
todas as amostras de cabelo coletadas. Isso aponta para a
necessidade de monitorar os efeitos adversos no ambiente
clínico, a fim de proporcionar a esse grupo de pacientes de alto
risco cuidados imediatos e efetivos relacionados às complicações
agudas e crônicas associadas a esses adulterantes.
Descritores: Crack, cocaína, transtornos por uso de substâncias,
toxicologia.
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Introduction

Results

Crack cocaine dependence is a significant public
health issue in Brazil, which is the world’s largest
consumer of crack cocaine1-5; in 2013, the lifetime and
one-year prevalence of crack cocaine dependence were
estimated at 1.5 and 0.8%, respectively.6 Most of the
cocaine and crack cocaine traded contains adulterants
and diluents in variable proportions. Some adulterants
have similar effects to cocaine or are used to enhance
the effect of the drug and reduce the amount of cocaine
used, thus reducing production costs and maximizing
profit.7
The most popular adulterants present in crack
cocaine are caffeine, lidocaine, phenacetin, levamisole,
benzocaine, procaine and hydroxyzine.7-10 Here we
present an evaluation of adulterants present in hair
samples from patients admitted to Centro de Referência
de Álcool, Tabaco e Outras Drogas (CRATOD), affiliated
with the State Department of Health of the State of
São Paulo. CRATOD is the largest center for addiction
treatment in Brazil. It is located in the surroundings of
“Cracolândia,” an area in the city of São Paulo, Brazil,
in which crack cocaine is openly traded and consumed.
Although other studies have looked into adulterants
present in samples of cocaine confiscated in Brazil, this
is the first study to evaluate the absorption of such
substances by Brazilian crack cocaine users.

The sample comprised 100 patients admitted to
CRATOD for the treatment of crack cocaine addiction.
Adulterants were present in 97% of the hair
samples. All the samples resulted positive for cocaine
and benzoylecgonine, 94% for cocaethylene and 23%
for THC. The most prevalent adulterant was lidocaine
(92%), followed by phenacetin (69%) and levamisole
(31%). Other adulterants found were benzocaine
(19%), procaine (5%) and hydroxyzine (2%). The
sample could be classified into 13 groups on the basis
of adulterants present in the hair samples (Figure 1).
The most common combination was phenacetin and
lidocaine, followed by lidocaine only.

Table 1 - Sociodemographic profile of crack cocaine users
(n=100) submitted to hair analysis at CRATOD, São Paulo,
Brazil, from May to December 2018
Variable

n (%)

Mean age (years), mean (SD)

29.3 (8.56)

Age range (years)
≤ 20

16 (16)

21-30

43 (43)

31-40

31 (31)

≥ 41

10 (10)

Gender

Methods
We used a cross-sectional design in a convenience
sample. Hair samples were collected from patients
admitted to CRATOD, considering the following eligibility
criteria: being 18 years old or older; having been
brought to the service from “Cracolândia” between June
and December 2014 (n=100); and having signed an
informed consent form as determined by the institutional
review board at CRATOD.
Hair samples were stored and analyzed at
Laboratório Chromatox. Samples were collected from
the posterior vertex region during the first 48 hours
of observation. All samples were analyzed for cocaine,
benzoylecgonine, cocaethylene, hydroxyzine, lidocaine,
procaine, benzocaine, tetrahydrocannabinol (THC),
phenacetin and levamisole, following the methods
previously described by Tsanaclis & Wicks,11 using 10
to 20 mg of hair, alkaline hydrolysis, and solid phase
extraction. The analyses were performed using liquid
chromatography-mass spectrometry (Agilent, Santa
Clara, U.S.).

Male

49 (49)

Female

36 (36)

Transgender

15 (15)

Race
White

36 (36)

Afro-Brazilian

64 (64)

Civil status (n=96)
Single

53 (55.2)

Married

15 (15.6)

Divorced

26 (27.1)

Widow

2 (2.1)

Schooling (n=92)
< 8 years

70 (76)

≥ 8 years

22 (24)

Homeless
Yes

73 (73)

No

27 (27)

Currently working (n=94)
Yes

34 (36.2)

No

60 (63.8)

Data presented as n (%), unless otherwise specified.
CRATOD = Centro de Referência de Álcool, Tabaco e Outras Drogas.
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Discussion
The large body of research available on adulterants
and diluents present in cocaine has provided robust
evidence of their use and its clinical consequences.
A study carried out in the Netherlands12 found that
40.6% of their cocaine samples contained adulterants,
and the most common were benzocaine, caffeine,
lidocaine, levamisole, diltiazem, procaine, atropine and
phenacetin. In 9,681 samples collected in Spain between
1985 and 1987, lidocaine was the main adulterant,
present in 69.6%. Conversely, lidocaine was absented
from samples collected between 1992 and 1993, with
caffeine being the most prevalent adulterant.13 Fucci
& De Giovanni investigated the composition of 156
samples collected in Rome between 1996 and 1997
and found 14 different adulterants, including lidocaine
(16.5% in 1996 and 12.3% in 1997), caffeine (11%
in 1997 and 6.1% in 1997) and phenacetin (6.7% in
1997) in the illicit cocaine market.14
Following these initial studies, a collaboration called
the Trans-European Drug Information (TEDI) project
was launched. This combined the consumer-targeted
drug testing systems of the European Union with data
from Spain, Switzerland, Austria, the Netherlands,
Brussels, and Portugal and found differences in terms of
the purity and composition of drugs. Several adulterants
were found in illicit cocaine, with levamisole being the
most commonly detected adulterant in 2013, followed
by phenacetin and caffeine.10
In the U.S., the Drug Enforcement Administration
(DEA) reported that in 2004 2‑20% of cocaine samples
contained hydroxyzine and 8‑20% contained diltiazem.15
The first report of levamisole as an adulterant in the
U.S. was by the DEA in 2005,15 and it is now routinely
found in cocaine samples. Since the early studies, the
reported prevalence of adulteration of cocaine with
levamisole, diltiazem or hydroxyzine has increased
from 6.5% in 1999 to 53.6% in 2007.16

In Brazil, studies performed in the state of Minas
Gerais reported that 72% of samples were less than
20% pure, with caffeine, lidocaine, benzocaine, and
prilocaine being the most common adulterants in
cocaine.17 In the state of São Paulo, Carvalho & Mídio
reported that lidocaine, procaine, and caffeine were the
main adulterants in 389 samples of cocaine confiscated
in 1997.7 Maldaner et al. reported that phenacetin was
presented in 30% of 210 samples seized in various
Brazilian states; they also found levamisole, caffeine
and lidocaine.18
Levamisole was originally developed in the 1960s
as an antihelminthic agent; it has immuno-stimulant
properties that increase endogenous opiate levels and
alter monoaminergic function – these effects may be
responsible for its popularity as a cocaine adulterant.
In in vivo research using the conditioned place
preference paradigm to investigate the combination of
cocaine and levamisole showed a marked synergistic
effect.10 Levamisole is also very cheap, so using it as
an adulterant substantially increases profit. It has also
been postulated that levamisole acts as a monoamine
oxidase inhibitor and increases dopamine transmission.
Aminorex, a psychoactive metabolite of levamisole,
has a potent amphetamine-like effect on dopamine
and norepinephrine transporters.19,20 Because the halflife of aminorex far exceeds that of cocaine, combining
levamisole with cocaine may prolong the duration of the
stimulant effects.20
Because of its immunomodulatory effects, levamisole
has been used to treat immune-mediated and
inflammatory disorders, such as rheumatoid arthritis,
nephritic syndrome, inflammatory bowel disease,
aphthous ulcers and colon cancer.21-24 As a result, one
of the most severe consequences of the adulteration of
cocaine with levamisole is leukoencephalopathy. Xu et
al. speculated that levamisole could cause acute and
recurrent white matter lesions.25 There are previous
reports of cases related to the presence of levamisole

Figure 1 - Grouping of patients based on adulterants present in hair samples
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in urine and blood.26,27 Leukoencephalopathy is similar
to other spongiform encephalopathies in which fluid is
trapped in small vacuoles within the myelin lamellae.
Findings from magnetic resonance imaging (MRI) include
hyper-intense T2 and FLAIR signals, abnormality in the
diffusion-weighted signal, gadolinium enhancement
and/or surrounding edema.21,25,28 White matter lesions
are typically found in subcortical and periventricular
white matter, but can involve the brainstem and
cerebellum.28 A brain biopsy can demonstrate loss of
myelin and accumulation of perivascular lymphocytes.28
Other clinical consequences, such as neutropenia,
agranulocytosis, and dermatological disorders, have
also been reported.29
Since the first case of agranulocytosis was described
by Buchanan in 2010, there have been multiple case
reports of severe agranulocytosis after chronic abuse of
cocaine and crack cocaine.10 Cutaneous and thrombotic
vasculopathy associated with the use of levamisoleadulterated cocaine is more prevalent in female users
and is characterized by pronounced retiform purpura
with cutaneous necrosis, which can lead to serious
deformations and may require amputation.29 It has
previously been hypothesized that there is a synergistic
relationship, or cross-sensitization, between cocaine
and levamisole, and cocaine alone has been linked to
necrotizing granulomatous vasculitis and Churg-Strauss
vasculitis.30
Another severe complication of chronic cocaine
abuse, related to adulteration of cocaine with phenacetin
and local anesthetics, is methemoglobinemia,31,32
which can lead to severe hypoxemia, seizures, coma,
and death. This blood disorder is characterized by the
presence of circulating methemoglobin in erythrocytes,
resulting in reduced tissue oxygen due to a reduction
of the oxygen-carrying ability of erythrocytes, and an
increased affinity for oxygen in non-affected heme
molecules, which impairs the off-loading of oxygen to
the tissues.
At least one adulterant was present in 97% of the
hair samples analyzed in the present study, most often
local anesthetics, phenacetin and levamisole. The
widespread presence of adulterants in hair samples
may be due to the use of crack cocaine from multiple
sources, although our sample usually consumed the
drug in the vicinity of “Cracolândia.”
Our findings should be considered in light of the
limitations of the study, such as its cross-sectional
design, reliance on a single center and the small sample
size. Further prospective studies of the consequences of
the widespread presence of crack cocaine adulterants in
hair samples should be performed, in order to provide a
clearer picture of their public health impact.

This is the first study of the presence of potentially
harmful adulterants in hair samples from Brazilian
patients with crack cocaine dependence. On the basis
of the prevalence of adulterants in the hair samples of
users from “Cracolândia,” we conclude that there is a
need to monitor adverse effects in the clinical setting
in order to provide this high-risk group of patients with
prompt and effective care.
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