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Analytical Performance Evaluation of EMIT#{174}II Monoclonal Amphetamine/
Methamphetamine Assay: More Specificitythan EMIT#{174}d.a.u.TMMonoclonal
Amphetamine/Methamphetamine Assay
Amitava Dasgupta,’ Sylvia Saldana,’ George Kinnaman,’ Muriel Smith,2 and Kaaren Johansen2

We evaluated a new EMIT#{174}II monoclonal amphetamine!
methamphetamine assay for screening human urine by
comparing itwith the EMIT#{174}d.a.u. monoclonal amphet-
amine/methamphetamine assay and a fluorescence po-
larization assay. The EMIT II assay has a cutoff of 1 mg!L
d-methamphetamine. The EMIT II and EMIT d.a.u. as-
says were run on a BM/Hitachi 704 analyzer; for the
fluorescence polarization assay we used a TDx analyzer.
All EMIT II positive samples were also analyzed by the
fluorescence polarization assay. We used gas chroma-
tography/mass spectrometry (GC/MS) for confirmationof
the presence of amphetamine or methamphetamine.
Within-run CVs for the Level 1 (1 mg/L) and Level 2 (3
mg!L) calibrators for the EMIT II assay were 0.47% and
0.53%, respectively. Corresponding between-run CVs
were 1.48% and 1.60%, respectively. Of the 1007 sam-
ples screened for amphetamines, 50 were positive by the
EMIT d.a.u. assay; 21 samples (not a subset of the 50
samples) were positive by the EMIT II assay. However, 19
samples that tested positive by EMIT II also tested
positive by the EMIT d.a.u. assay. Subsequent testing of
the EMIT II positive samples by the fluorescence polar-
ization assay detected in six positive samples. By means
of chiral derivatization we identified two specimens con-
taining primarily I-isomers of amphetamine and metham-
phetamine. Sympathomimetic amines were identified in
several of the samples not containing amphetamine or
methamphetamine.

AdditIonal Keyphrases: abused drugs enzyme immunoassay
#{149}fluorescence polarization, GC/MS compared

Amphetamines are central nervous system stimu-
lants that produce alertness, wakefulness, increased
energy, reduced hunger, and an overall feeling of well-
being. d-Amphetamine, d-methamphetamine, and d,1-
amphetamine are the most common amphetamines (1,
2). Amphetamine is commonly marketed as a racemic
mixture (3). Present clinical use is limited to the treat-
ment of narcolepsy and attention deficit disorder. Toler-
ance and physiological dependency develop with large
doses of amphetamines, leading to its abuse. As a
central nervous system stimulant, d-amphetamine is
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two to four times more potent than d,1-amphetamine
and has a much higher potential for abuse. Amphet-
amines can be taken orally, intravenously, by smoking,
or by nasal inhalation (2). Metabolism occurs in the
liver either by deamination or hydroxylation of the
aromatic ring and (or) side chain. However, deamina-
tion is the major metabolic pathway in humans, with

the metabolic end product hippuric acid being conju-
gated to glycine (3,4). Amphetamine is also excreted in
the urine unchanged, whereas methamphetamine is
partially metabolized to amphetamine. Amphetamines
appear in the urine within 3 h after any type of admin-
istration and can be detected by the EMIT#{174}assay (Syva
Co., San Jose, CA) for as long as 24-48 h after the last
dose (2).

Amphetamine induces intense stimulation of the cen-
tral nervous system (5, 6). Amphetamine-induced psy-
chosis with euphoria and hallucination is common (7).
Severe toxicity of amphetamine may lead to death
(8-10).

Methods used for detecting amphetamine in biological
fluids include thin-layer chromatography, gas chromatog-
raphy, fluorometry, microcrystallography, radioimmuno-
assay, and enzyme immunoassay (6). Immunoassay meth-
ods are usually used in clinical laboratories for screening
human urine (11). Such assays provide only a preliminary
analytical result, however, and a more specific alternative
chemical method must be used to obtain a confirmed
analytical result. Gas chromatography/mass spectrometry
(GC/MS) is the preferred confirmatory method.3 In addi-
tion, chiral derivatization of amphetamines is useful in
determining whether d or I isomers are present, because
the d isomer has a higher potential for abuse. The EMIT
d.a.u. monoclonal amphetamine/methamphetamine assay
(EMiT d.a.u.) may produce an unconfirmed positive result
with therapeutic doses of the following chioropromazine,
ranitidine, chioroquine, N-acetylprocainamide, phenter-
mine, ephedrine, and phenylpropanolamine. We evalu-
ated a new EMiT II monoclonal amphetamine/metham-
phetamine assay (EMIT II) for analytical performance and

found that the new assay is more specific than the EMIT

3Nonstandard abbreviations: GC/MS, gas chromatography/
mass spectroscopy; EMiT d.a.u., EMIT d.a.u. monoclonal amphet-
amine/methamphetainine assay; EMIT II, EMIT II monoclonal
amphetamine/methamphetamine assay; NIDA, National Institute
on Drug Abuse; MDA, methylenedioxyamphetamine; and MDMA,
methylenedioxymethamphetamine.
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d.a.u. now available for detecting amphetamine and
methamphetamine.

MaterIals and Methods

EMIT II kits were provided for evaluation by Syva.
EMIT d.a.u. kits were also obtained from Syva; fluores-
cence polarization assay kits were purchased from Ab-
bott Laboratories (Abbott Park, IL). Both the EMIT II
and EMIT d.a.u. were run on a BMfHitachi 704 analyzer
(Boehringer Mannheim, Indianapolis, IN) and the fluo-
rescence polarization assay for amphetamine/metham-
phetamine was run on a TDx (Abbott Laboratories),
analyzer. GC/MS analyses were performed on a Hew-
lett-Packard (Palo Alto, CA) Model 5890 gas chromato-
graph coupled to a Model 5970B mass selective detector.

The EMIT II is a homogeneous immunoassay with a
cutoff of 1.0 mgIL for d-methamphetamine, which is
consistent with the concentration recommended in the
National Institute on Drug Abuse (NIDA) guidelines for
screening of amphetamines in human urine (2). The
assay also detects d-amphetamine (�1.0 mgfL), d,I-
amphetamine (�1.5 mg/L), 1-amphetamine (�6 mgIL),
methylenedioxyainphetamine (MDA; �3 mg/L), and
methylenedioxymethamphetaniine (MDMA; �6 mg/L).

The assay was run on a BM/Hitachi 704 analyzer by
monitoring the change in absorbance at 340 nm in the
final reaction mixture. Before each run, reconstituted
reagents were allowed to equilibrate in the reagent com-
partment within the analyzer for 1 h, and the calibrators
and controls were allowed to equilibrate at room temper-
ature for 1 h. The Level 0 (negative) and Level 2(3 mg/L)
calibrators were assayed once and the Level 1 (1 mgfL)

calibrator, in duplicate. The following controls were as-
sayed once: 800 A and 1200 A d-methamphetamine, and
800 1200, and 1000 A d-amphetamine. After 50 urine
samples were screened, the Level 1 calibrator was again
assayed in duplicate as a drift check.

The specificity of all the immunoassays was evaluated
by assaying a drug panel. Stock solutions of the drugs to
be evaluated were added to a negative urine pool to a
final concentration of 10 and 200 mg/L. The manufac-
turer’s protocols were used for all cross-reactivity test-
ings. Drugs producing a response above the cutoff value
of the assay were considered positive.

For GC/MS confirmation of amphetamine and (or)
methamphetamine in positive screening samples, the
urine was adjusted to pH 9 and applied to a solid-phase
extraction column (narc-1; J.T. Baker, Phillipsburg,
NJ). The columns were washed with isopropanol/water
(20:80 by vol); the drugs were then eluted with metha-
nolic hydrochloric acid. After derivatization with hep-
tafluorobutyric anhydride (Sigma Chemical Co., St.
Louis, MO), the samples were injected onto the GCIMS.
Standards and controls for GC/MS analysis were treated
by the same protocol. Internal standards were d-am-
phetamine-d3 and d,1-methamphetamine-d5. A Hewlett-
Packard Ultra II capillary column containing 5% phenyl
methyl silicone (12 m x 0.2mm x 0.33 m) was used for
GC/MS analysis. The initial oven temperature of the gas
chromatograph was 90#{176}C;this temperature was main-

tamed for 0.50 mm after injection. Oven temperature
was increased at 25 #{176}C/minto 300 #{176}C,which was main-
tained for 1.0 mm. The mass spectrometer was operated
in the single-ion-detection mode. For the identification
of amphetamine, ions were monitored at m/z 118.0 and
240.2; for methamphetaniine, ions were monitored at
m/z 118.0, 210.0, and 254.3. Internal standards were
identified by monitoring ions at mlz 121.0 and 243.2 for
amphetamine-d3 and m/z 258.3 for methamphetamine-d5.

For the chiral derivatization, amphetamine and
methamphetamine were extracted from alkaline urine
samples with 1-butyl chloride and derivatized with
N-trifluoroacetyl-L-prolyl chloride (0.1 mol/L in chloro-
form; Regis Chemical, Morton Grove, IL). We also used
the Ultra II capillary column for this. Internal stan-
dards were d,l-methamphetamine-d5 and d,i-ampheta-
mine-d3. The initial oven temperature, 175 #{176}C,was
maintained for 0.5 mm after injection, then was in-
creased at 11 #{176}C/minto 275 #{176}C,which was maintained
for 1.0 mm. Under these conditions for GC/MS analysis,
1-methamphetamine elutes at 5.06 min, which is 0.15
mm before elution of d-methamphetamine (retention
time 5.21 mm). Selected ion monitoring was focused on
m/z 251 for d- and l-methamphetamine and on m/z 255
for the internal standard. Similarly, i-amphetamine
elutes at 4.15 mm, which is 0.17 mm before d-amphet-
amine (retention time 4.32 mm). The selected ion mon-
itoring was focused on m/z 237 ford- and i-amphetamine
and on m/z 241 for the corresponding internal stan-
dards. Mass spectral fragmentation patterns are given
in Figure 1. The percentage of d isomer was calculated
from the total of the mixed isomers.

Results and DIscussIon

Within-run CVs for the Level 1 and Level 2 calibra-
tors with the EMIT H were 0.47% and 0.53%, respec-
tively. The corresponding between-run precision CVs
for the Level 1 and Level 2 calibrators were 1.48% and
1.60%, respectively. These results indicate very good
precision of the EMIT II assay for amphetamine and
methamphetamine.

A total of 1007 urine samples were screened for the
presence of amphetamines by both the EMIT d.a.u. and
EMIT II. Fifty samples were positive by the EMIT
d.a.u., but only 21 samples by the EMiT II. Interest-
ingly, 19 of these 21 samples were also positive by EMIT
d.a.u. and the remaining 2 samples were negative by
EMIT d.a.u. Only samples positive by EMIT II and
EMIT d.a.u. were assayed further by the fluorescence

polarization assay. Of the 21 samples positive by the
EMIT II (Table 1), 6 were positive with the fluorescence
polarization assay (d-amphetamine cutoff of 1.0 mgfL); 2
of these 6 samples (samples T and U) contained amphet-
amine and methamphetamine in concentrations above
the NIDA-recommended GCIMS confirmation concen-
tration (>0.5 mg/L methamphetamine and �0.2 mgfL
amphetamine). Subsequent chiral derivatization of
these two samples identified i-amphetamine and
l-methamphetamine as the major portion of amphet-
amines present. Sample T contained d-amphetamine
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Ag. 1. Mass spectral fragmentation patterns of N-trifluoroacetyl-L-
prolylchloride derivatives of amphetamine and methamphetamine
Numbersindicatemass/chargeratios (m/z)

(0.16 mg/L), 1-amphetamine (1.74 mgfL), d-metham-
phetamine (0.15 mgfL), and 1-methamphetamine (2.72
mg/L). Sample U contained d-amphetamine (0.10 mg/
L), i-amphetamine (1.19 mgfL), d-methamphetamine

(0.12 mg/L) and l-methamphetamine (2.26 mg/L).
GC/MS of these two samples did not detect the presence
of any of the following sympathomimetic amines: ephe-
drine, pseudoephedrmne, phentermine, or phenylpro-
panolamine. However, the presence of mainly i-amphet-
amine and l-methamphetamine in the specimens
indicates that these samples were not positive for am-
phetamine abuse.

GC/MS analysis of 18 of the samples positive by EMIT
II and EMIT d.a.u. samples (sample S was unavailable
for GCiMS) identified one or more compounds, including
ephedrine, pseudoephedrine, phentermine, and phenyl-
propanolamine in several samples. No amphetamine or
methamphetamine was identified in these 18 samples
(Table 1). These data indicate that both of the EMIT
assays and fluorescence polarization exhibit some cross-
reactivity with the above compounds. The cross-reactiv-

ity of these screening assays to other compounds, eval-
uated with a drug panel, is summarized in Table 2.

Data from this study can be used to determine the
clinical sensitivity of these assays to a selected group of
sympathomimetic amines. Several sympathomiinetic
amines were identified in 8 of the 18 positive EMIT II
samples not containing significant quantities of am-
phetamine or methampheta.mine. Other sympathomi-
metic amines not identified by GC,MS may have been
responsible for the unconfirmed positive results in the
10 remaining samples. All of these samples were posi-
tive by both the EMIT H and EMIT d.a.u.

Four specimens (A, B, C, and D), positive by both of
the EMIT assays and by the fluorescence polarization
assay, contained phentermine at 1-10 mg/L; in addition,
specimens A and B contained high concentrations of
ephedrine and phenylpropanolamine. Two samples neg-
ative by fluorescence polarization (E and F) contained
large quantities of phenylpropanolamine and pseu-
doephedrine, respectively, but no phentermine. Because
the concentration of phenyipropanolamine in sample E
exceeds that in sample B, these data suggest that
cross-reactivity to phentermine is responsible for the
unconfirmed fluorescence polarization results for sam-
ple B. Cross-reactivity data also support this conclusion.
For the EMIT II and EMIT d.a.u., the data for sample E
suggest that cross-reactivity to phenylpropanolamine is
responsible for the unconfirmed EMIT screening results.
Data from samples G and H indicate that trace concen-
trations of ephedrine and phentermine do not interfere
with the fluorescence polarization assay. Sample F also
contained a trace amount of i-methamphetamine (<0.3
mgfL) in addition to ephedrmne, pseudoephedrine, and
phenylpropanolamine. EMIT screening results for this
sample were strongly positive by the EMiT d.a.u. and
slightly positive by EMIT U. When NIDA criteria are
used for CC/MS confirmation, this sample is negative.

Therefore, cross-reactivity to ephedrine, pseudoephe-
drine, phentermine, and phenylpropanolamine is re-
sponsible for the unconfirmed positive results with both
of the EMiT assays for these samples. For the fluores-
cence polarization assay, cross-reactivity to phenter-
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EMIT II

155
105
74
69
22
18
69
29
15
57
24
18
42
21
43
45
21
19
56
39

Table 2. Cross-ReactIvIty of Selected Drugs wIth the
EMIT d.a.u., EMIT II, and Fluorescence PolarizatIon (FP)

Assays for Amphetamlne/Methamphetamlne
Conc, 10 mg/L

EMIT EMIT
d.a.u. II FP

Conc, 200 mg/L

EMIl EMIT
d.a.u. II FP

- + - - + -

Drug

Benzphetamine
Chioropromazine
Chloroquine

I-Ephedrine
Mephentermine
N-Acetyl procainamide
Phenmetrazine
Phentermine

Phenylpropanolamine

Procainamide

Pseudoephedrine
Ouinicnne
Rantidine
Tyramine
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Table 1. GC/MS and Fluorescence PolarizatIon Data: Samples PosItIve by the EMIT IIC
Concentration, mg/I.

Fluorsscsnce
Sample Ephedrine Peoudoephedrine Phentermlne Phenyipropanolamin. polarization

A >10 <1 5-10 ND >8.0
B ND ND 1-5 5-10 >8.0
C <0.3 ND 1-2 ND 7.92
D ND ND 1-2 ND >8.0
E ND ND ND >10 0.03
F <0.5 1-5 ND <0.3 0.06
G <0.5 ND ND ND 0.02
H ND ND <0.3 ND 0.00
I ND ND ND ND 0.47
J ND ND ND ND 0.15
K ND ND ND ND 0.08
L ND ND ND ND 0.06
M ND ND ND ND 0.05
N ND ND ND ND 0.01
O ND ND ND ND 0.01
P ND ND ND ND 0.01
o ND ND ND ND 0.00
R ND ND ND ND 0.00
T ND ND ND ND 2.48
U ND ND ND ND 1.44

aND notdetectedby GCIMS. SampleS was unavailablefor further testing. AllsamplesexceptsamplesT and U werealsopositive bythe EMITd.a.u.

- +

six were positive by EMIT d.a.u. CC/MS did not identify
the compounds responsible for the six additional flue-
rescence-polarization unconfirmed positives. Therefore,
selection of the cutoff concentration for fluorescence
polarization affects the number of unconfirmed positives
that are caused by analytes other than amphetamine
and methamphetamine.

- - - + - - We conclude that the EMIT U shows cross-reactivity
- - - + + - for benzphetamine, phenmetrazmne, and phentermine as
- - - - + + well as l-ephedrine and mephentermine (but only at
- - - + - - concentrations of 200 mg/L), in addition to reactivity
- + - + + + toward d- and i-amphetamine d- and i-methamphet-
+ + + + + + amine, MDA, and MDMA. The EMIT U does not detect
- - - + - + chloropromazine, chloroquine, N-acetylprocainamide,

- - - - - quinicrine, rantidine, and tyramine, which are detected
- - - - - - by the EMIT d.a.u.
- - - + -

- - - + -

- - - + - + We thank Lucy Williams of Syva Co. for helpful comments.

mine in high concentrations is responsible for the un-
confirmed positive results.

Four samples (A, B, C, and D) that did not contain
amphetamine or methamphetamine were positive by
fluorescence polarization with a d-amphetamine cutoff
of 1.0 mg/L. If the cutoff for fluorescence polarization is
lowered to the factory-set value of 0.3 mg/L for d-am-
phetamine, six additional samples not containing am-
phetamine or methamphetammne would be considered
positive by fluorescence polarization. Of these six addi-
tional samples, only one was positive by EMIT U and all
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Phenol and p-Cresol Accumulated in Uremic Serum Measured by HPLC with
Fluorescence Detection
Teshimitsu Niwa

We developed a simple and sensitive high-performance
liquid chromatographic (HPLC) method that uses fluores-
cence as a detector for quantifying serum phenol and
p-cresol in uremic patients on hemodialysis. Identification
of phenol and p-cresol was confirmed by liquid chroma-
tography/mass spectrometry. Because the HPLC method
requires only simple extraction by ethyl acetate and does
not require further steps such as derivatization, it issimple
and rapid compared with gas chromatography or gas
chromatography/mass spectrometry. Concentrations of
phenol and p-cresol in uremic serum were significantly(p
<0.01) higher than those in normal serum. Reduction
rates of phenol and p-cresol by hemodialysis were lower
than those of urea and creatinine, suggesting a protein-
binding property of phenol and p-cresol. This method will
be useful for monitoring serum phenols in dialyzed pa-
tients as an index of hemodialysis adequacy.

AddItIonal Keyphrasee: chromatography, reversed-phase
hemodialysis . GC/MS compared

Phenol and p-cresol markedly accumulate in the se-
rum of undialyzed and dialyzed uremic patients (1-6)
and play a role in the development of uremic coma (7)
and defective platelet aggregation (8, 9). Phenol and
p-cresol are synthesized in the small intestine from
tyrosine through 4-hydroxybenzoic acid and 4-hydroxy-
phenylacetic acid, respectively, by intestinal bacteria
(Figure 1) (10-13). Aerobic bacteria such as Enterobac-
teriaceae (Escherichia coli etc.) and Streptococcus tend to
produce phenol from tyrosine, whereas anaerobic bacte-
ria such as Clostridium and Bacteroides producep-cresol
(10-13). These phenols are absorbed from intestine and
normally excreted into urine. In uremia, renal clearance
of the phenols is impaired, leading to accumulation of
the phenols in the blood.

The serum concentrations of phenol and p-cresol in
uremic serum have been determined by using colorimet-
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nc nitroaniline diazotization (2), gas chromatography
(CC) (1), or gas chromatography/mass spectrometry
(CC/M8) (3,4).’ Plasma phenol in patients treated with
phenol in regional nerve blocks was determined by
CC/MS (14). The colorimetric method is not as specific
for phenols as are CC and CC/MS and cannot quantifr

phenol and p-cresol separately. Quantification of phe-
nols by CC or CC/MS is laborious and time consuming
because it requires complex extraction and derivatiza-
tion before analysis. Reversed-phase high-performance
liquid chromatography (HPLC), which does not require
derivatization, has been used for measuring environ-
mental phenols with electrochemical detection (15) and
urinary cresols with ultraviolet detection (16). How-
ever, the HPLC method with electrochemical detection
has not been applied to determine serum phenols. When
ultraviolet detection was used for determination of se-
rum phenols, the HPLC chromatograms were more
complex, with many interfering peaks, and the peaks of
phenol and p-cresol could not be clearly recognized. We
developed a reversed-phase HPLC method for measur-
ing phenol and p-cresol in uremic serum. The method is
specific and sensitive for phenol and p-cresol, uses flue-
rescence as a detector, and requires only simple extrac-
tion before HPLC.

Materials and Methods
Subjects

The study included 17 patients (10 men and 7 women)
receiving hemodialysis for 4 h, three times per week.
They had been undergoing periodic dialysis for 4.2 (SD
4.0) years (range 0.7-12.6 years). Their mean age was

57.4 (SD 11.1) years (range 34-69 years). Blood samples
were taken before and after hemodialysis and allowed to
clot. The control subjects were a group of 10 healthy
subjects (6 men and 4 women).

‘Nonstandard abbreviations: LCIMS, liquid chromatography/
mass spectrometry; GC, gas chromatography; GC/MS, gas chroina-
tography/mass spectrometry; APCI, atmospheric-pressure chemi-
cal ionization; and SIM, selected ion monitoring.




