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a b s t r a c t

The Drug Enforcement Administration (DEA) reports that as of October 2010, 79% of all cocaine seized
in the United States contained levamisole. The equine conversion of levamisole to aminorex has been
demonstrated. However, the metabolic fate of levamisole in humans is unknown. Nevertheless, as
aminorex is amphetamine-like and hallucinogenic, it may be used as an adulterant to increase the
vailable online 6 April 2011
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effects of cocaine. We report here the results of in vivo studies demonstrating for the first time that
not only equine, but also canine and human metabolism all result in aminorex formation. Levamisole
and aminorex were extracted from real urine samples by liquid–liquid extraction and identified and
quantified by GC–MS (identification by 3 ions per substance, LLOQ at 0.15 ng/ml for both).

© 2011 Elsevier B.V. All rights reserved.
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Fig. 1. Structure of levamisole (A) and aminorex (B).
uman urine, GC–MS

. Introduction

Levamisole made its first appearance as a cocaine adulterant
n 2004 [1]. Three years later Italian authorities seized 28 kg of
ocaine hydrochloride found to contain nearly 10% levamisole [2].
2009 report from the Netherlands found only the commonly used

dulterants – phenacetin, hydroxyzine and diltiazem. However, the
uthors of that same report also observed that cardiac and halluci-
atory effects in that region’s cocaine abusers were, for no apparent
eason, being reported more frequently. They suggested that the
dverse effects might have been due to the adulterants. One way
o account for the apparent increase would have been the presence
f levamisole, although this was not apparent at the time. These
peculations were followed five years later by controlled studies
emonstrating the equine conversion of levamisole to aminorex
3,4] (Fig. 1). The metabolic fate of levamisole in humans has
ever been established. We report here the results of our stud-

es, which definitely prove that not only equine, but also canine
nd human metabolism of levamisole all result in the production
f aminorex, are all similar. Detection and quantification of lev-
misole and aminorex were carried out by means of a liquid–liquid

xtraction at pH 9 and GC–MS detection, adapted from routine
mphetamines procedure.

∗ Corresponding author. Tel.: +39 0557947208; fax: +39 0557946171.
E-mail address: elisabetta.bertol@unifi.it (E. Bertol).

731-7085/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.03.039
2. Materials and methods

2.1. Reagents

Aminorex and levamisole phosphate were obtained from
Cerilliant (Round Rock, TX), mephentermine (N,2-dimethyl-1-
phenylpropan-2-amine), used as internal standard, was acquired
from Chemical Research (Rome, Italy), N,O-bis (trimetylsilyl) triflu-
oroacetamide (BSTFA) was purchased from Sigma (S. Louis, MO). All
other reagents were obtained from J.T. Baker (Deventer, Holland).

Blanks, calibrators and control were prepared in certified drug-free
urine purchased from Polymed (Firenze, Italy).

dx.doi.org/10.1016/j.jpba.2011.03.039
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:elisabetta.bertol@unifi.it
dx.doi.org/10.1016/j.jpba.2011.03.039
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Table 1
Validation data: average concentration, accuracy and inter-day precision (n = 6).

Levamisole
Nominal concentration (ng/ml) 20 40 60 80 100
Average concentration (ng/ml) 19.58 39.03 59.56 78.48 89.15
Accuracy (%) 2.87 3.12 5.01 7.54 9.06
Inter-day precision (%) 8.56 5.67 7.25 3.34 7.12

Aminorex
Nominal concentration (ng/ml) 20 40 60 80 100
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Average concentration (ng/ml) 18.78 3
Accuracy (%) 2.15
Inter-day precision (%) 6.42

.2. Real samples

Urine samples were collected from 8 healthy volunteers (4
ales weighting about 70–80 kg, 4 females weighting about

5–65 kg, all subjects from 35 to 45 years old), and from 4 dogs each
eighting approximately 20 kg. All the dogs were being treated
ith levamisole because of worm infestation. Urine specimens
ere collected from the human volunteers immediately before,

nd then 3 and 6 h after the administration of 47 mg and 58 mg
f levamisole by oral route (47 mg for female and 58 mg for male).
amples were taken from the dogs immediately before and 3 and
h after the administration of 120 mg of levamisole by subcuta-
eous injection.
.3. Samples treatment and analysis

All urine samples were initially screened by enzyme multi-
lied immunoassay technique (EMIT, Siemens Viva-E, Siemens

Fig. 2. Extracted ion chromatogram of a positive u
56.87 76.53 97.47
6.13 7.32 9.01
7.55 4.05 8.47

Healthcare Diagnostics, Camberley, UK) for cocaine metabolite
(cut-off = 0.3 mg/l) and amphetamines (cut-off = 0.5 mg/l).

For confirmatory analysis levamisole and aminorex were
extracted from urine samples (1 ml + 10 ng mephentermine as
internal standard) with 5 + 5 ml of diethylether after stabilization
at pH 9. Diethylether was evaporated under nitrogen stream. Both
reduced volume samples and trimethylsilyl derivatives, obtained
by adding 50 �l of N-Methyl-N-(trimethylsilyl) trifluoroacetamide
at 75 ◦C for 15 min, were injected in a gas chromatography-mass
spectrometry (GC–MS) apparatus (Agilent Technologies with Inert
MSD: 7890A, 5975C, 7693 autosampler, with a phenylmethyl-
silicone 5% capillary column, 30 m × 0.250 mm × 0.25 �m). The
injector was set at 300 ◦C and splitless injection was performed;
the column oven temperature was programmed at 80 ◦C for 1 min,

then increased to 300 ◦C at 20 ◦C/min for 3 min. Identification was
performed monitoring five ions for each analyte: m/z 73, 101, 148,
203, 204 for levamisole, m/z 56, 91, 118, 145, and 162 for aminorex,
m/z 73, 91, 162, 291, and 306 for bis-trimethylsilyl aminorex, and

rine sample (A), levamisole mass spectra (B).
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Table 2
Concentration of aminorex and levamisole in humans (ng/ml urine).

Sample (1–8) 3 h 6 h

Levamisole Aminorex Levamisole Aminorex

0.63
2.52–

5.48

m
a

2
m
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fi
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s
a
i

3

t

Mean 40.63
(30.05–53.22)

3
(2

Standard deviation 8.62

/z 72, 148, and 91 for mephentermine. The samples were analyzed
lso in scan mode at the same chromatographic conditions.

.4. Quantitative analysis of levamisole and aminorex and
ethod validation

Quantification was performed by construction of 6-point cali-
ration curves prepared by spiking drug-free urine at the following
nal concentrations: 0, 20, 40, 60, 80 and 100 ng/ml. Blank and
ositive controls were analyzed within each batch run. Inter-day
recision and accuracy were calculated as relative standard devia-
ion and bias on positive control specimens ran on six different days
Table 1). Quality control (QC) samples (comprising a negative urine
ample that had been fortified with 50 and 25 ng/ml of levamisole
nd aminorex) were analysed in duplicate for each batch of samples
n order to verify that the analysis was in control.
. Results

All urine samples collected before levamisole administra-
ion tested negative at EMIT, while the specimens collected

Fig. 3. Extracted ion chromatogram of a positive u
38.12)
20.63
(12.45–28.34)

28.32
(20.08–43.6)

6.56 7.95

after levamisole administration tested very close to the cut-off
value for amphetamines (results between 428 and 440, cut-off:
500 ng/ml).

No interfering substances were observed in any of the
samples collected from dogs and volunteers before levamisole
administration and then analyzed by liquid–liquid extraction
and GC–MS. Initially, both levamisole and aminorex were
qualitatively identified in all canine and human samples col-
lected at both 3 and 6 h after levamisole administration.
Identification was based on the acquisition of five ions per com-
pound, on the comparison of scan spectra with references and
libraries [3–7] and corroborated by the identification of the
bis-trimethylsilyl derivative of aminorex in the derivatized sam-
ples.

Acceptable linear regression was obtained for both calibra-
tion curves (levamisole: y = 0.134x + 0.034, R2 = 0.997; aminorex:
y = 0.202 + 0.125; R2 = 0.995). Inter-day precision and accuracy were
always better than 10% for levamisole and 12% for aminorex

(Table 1). The lower limit of quantification (LLOQ) was determined
to be 0.15 ng/ml for both analytes considering that precision and
accuracy were satisfying at that concentration. The limit of detec-
tion (LOD) was set at the same concentration.

rine sample (A), aminorex mass spectra (B).
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Results obtained from individual urine specimens are summa-
ized in Table 2, including mean concentration, standard deviation,
nd median for each group.

Twelve stored human urine samples previously found to be pos-
tive for cocaine and benzoylecgonine at GC–MS confirmation by
he method routinely used in the laboratory, were anonymized
nd analyzed for levamisole and aminorex. Four out of 12 urinary
amples tested positive to both levamisole and aminorex when
nalyzed by the method described above (Figs. 2 and 3).

. Discussion

In 1991, the U.S. Food and Drug Administration (FDA) approved
evamisole (under the brand name of Ergamisol®) for use as adju-
ant therapy with fluorouracil for the treatment of colorectal
ancer. In spite of the limited FDA approval, levamisole was used
off label” as an immunomodulator in the treatment of numer-
us, unrelated disorders. Except for use as an anthelmintic, where
t is extremely effective, results when used with other disorders

ere unimpressive [8,9]. It was withdrawn from the U.S. market in
999 because a clear association with agranulocytosis had become
pparent [10]. It remains available as a veterinary medicine in the
nited States, Italy, Canada, and South America.

Data from the DEA’s Signature Program (a federal program that
racks the composition of cocaine seizures within the United States)
howed less than 1% of the samples tested in 2001 contained lev-
misole. By July 2009, that number had risen to approximately 69
er percent [11]. In Florence, Italy, from November 2009 to Novem-
er 2010, 34% of cocaine seizures analyzed in our laboratory were
ound to contain levamisole. Similar results have been observed
lsewhere in Italy [7], and the rest of Europe [12], though the true
ercentage is not known.

Levamisole now permeates the U.S. cocaine supply [8,10,13–15],
uggesting that two disorders should become increasingly com-
on: agranulocytosis and necrotizing vasculitis. Neither condition

s very common and their diagnosis, particularly in a young person,
hould initiate a search for levamisole-contaminated cocaine.

Clusters of cocaine–levamisole related agranulocytosis were
eported in the U.S. at the end of 2009 [11] and in the spring of
010 [10]. Levamisole-contaminated cocaine seems to result in a
istinctive clinical syndrome, including the presence of circulating
lasmacytoid lymphocytes, increased bone marrow plasma cells,
ith mild megakaryocytic hyperplasia. More than half of those who

ecome ill will have antineutrophil and HLA-B27+ antibodies [10].
asculitis induced by levamisole has been recognized for more than
quarter of a century and also appears to be the result of circulating

mmune complexes [16].
The United States government maintains a Patient Registry for

rimary Pulmonary Hypertension (PPH Registry) that tracks PPH
atients from 32 medical centers throughout the United States [17],
ut the registry excludes all PPH patients suffering from other dis-
rders, including drug abuse. By definition it would not be sensitive
o any sudden aminorex-related increases in PPH. Complicating the
ssue further is that all of the research on aminorex and PPH was
erformed more than 40 years ago, and very little is known about

he subject, although the clinical presentation is fairly clear: rapidly
rogressing exertional dyspnea is the first and dominating symp-
om in all cases, and most users became symptomatic in less than
ne year [18].

[

[
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5. Conclusions

For the first time aminorex has been identified as levamisole
metabolite in human (and canine) urine, confirming human in vivo
conversion of levamisole to aminorex. In addition, we found that
four out of 12 forensic urine samples from cocaine users were pos-
itive for both levamisole and aminorex. This means either that the
other eight samples had not been adulterated or, alternatively, it
could mean that one of the enzymes responsible for the conversion
of levamisole to aminorex is polymorphic.

According to the European Monitoring Centre on Drugs and
Drug Addiction (EMCADA) 3.3% of all European adults used cocaine
in 2009 and that 2.5 million individuals were lifetime users. The
results of our study show that many, are unwitting aminorex users
as well [19]. The most recent U.S. government figures date from
2008, at which time there were an estimated 1.9 million current
cocaine users aged 12 years or older, comprising 0.7 of the total
U.S. population [20]. This poses a grave public health menace to the
developed world, not only for the occurrence of levamisole-induced
agranulocytosis, but also for a potential epidemic of pulmonary
hypertension in chronic cocaine abusers, which may well begin
sometime in 2011.

References

[1] Anonymous, Diltiazem, hydroxyzine and methyefedrine identified in separate
specimens of cocaine, Microgram Bull. 37 (2004) 137–140.

[2] N. Fucci, Unusual adulterants in cocaine seized on Italian clandestine market,
Forensic Sci. Int. 172 (2007) e1.

[3] E.N. Ho, D.K. Leung, G.N. Leung, T.S. Wan, A.S. Wong, C.H. Wong, et al., Aminorex
and rexamino as metabolites of levamisole in the horse, Anal. Chim. Acta. 638
(2009) 58–68.

[4] S.A. Barker, The formation of aminorex in racehorses following levamisole
administration A quantitative and chiral analysis following synthetic aminorex
or levamisole administration vs. aminorex-positive samples from the field: a
preliminary report, J. Vet. Pharmacol. Ther. 32 (2009) 160–166.

[5] A. Moffat, D. Osselto, B. Widdop, L. Galichet (Eds.), Clarke’s Analysis of Drugs
and Poisons, Third Edition, Pharmaceutical Press, London, 2004.

[6] H.H. Maurer, K. Pfleger, A. Weber, Mass Spectra and GC Data of Drugs, Poisons,
in: Pesticides Pollutants and Their Metabolites, Wiley-VHC, Weinheim, 2007.

[7] Anonymous, Levamisole. In: National Early Warning System of the Council of
Ministers of Italy, 2009.

[8] A. Chang, J. Osterloh, J. Thomas, Levamisole: a dangerous new cocaine adulter-
ant, Clin. Pharmacol. Ther. 88 (2010) 408–411.

[9] F. John, E. Casale, Hays.F P., Identification of levamisole impurities found in
illicit cocaine exhibits, Microgram Bull 6 (2008) 3–5.

10] D.R. Czuchlewski, M. Brackney, C. Ewers, J. Manna, M.H. Fekrazad, A. Martinez,
et al., Clinicopathologic features of agranulocytosis in the setting of levamisole-
tainted cocaine, Am. J. Clin. Pathol. 133 (2010) 466–472.

11] Agranulocytosis associated with cocaine use – four States, March
2008–November 2009. MMWR Morb. Mortal. Wkly. Rep. 58 (2009) 1381–1385.

12] (EMCDDA) EMCfDaDA. The state of the drugs problem in Europe. Luxemberg:
European Union; 2010.

13] E. Kinzie, Levamisole found in patients using cocaine, Ann. Emerg. Med. 53
(2009) 546–547.

14] J.A. Buchanan, R.J. Oyer, N.R. Patel, G.A. Jacquet, L. Bornikova, C. Thienelt, et al.,
A confirmed case of agranulocytosis after use of cocaine contaminated with
levamisole, J. Med. Toxicol. 6 (2010) 160–164.

15] J.A. Duflou, I.G. Brouwer, S. Darke, Levamisole as an adulterant in a cocaine
overdose fatality, Med. J. Aust. 192 (2010) 724–730.

16] D.G. Macfarlane, P.A. Bacon, Levamisole-induced vasculitis due to circulating
immune complexes, Br. Med. J. 1 (1978) 407–408.

17] BioLINCC. Patient Registry for Primary Pulmonry Hypertension. 2008 [cited
November 17, 2010]; Available from: {Barker, 2009 #7207}.

18] F. Follath, F. Burkart, W. Schweizer, Drug-induced pulmonary hypertension?

Br. Med. J. 1 (1971) 265–266.

19] Addiction EMCfDaD. The state of the drug problem in Europe. Luxembours:
European Monitoring Center for Drug and Drug Addiction; 2010.

20] Administration SAaMHS. Results from the 2008 National Survey on Drug Use
and Health: National Finding. Rockville, MD: Office of Applied Studies; 2009.


	Determination of aminorex in human urine samples by GC–MS after use of levamisole
	Introduction
	Materials and methods
	Reagents
	Real samples
	Samples treatment and analysis
	Quantitative analysis of levamisole and aminorex and method validation

	Results
	Discussion
	Conclusions
	References


