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Interference by Drugs Contained in Over-the-counter Cold
Syrups on Methamphetamine Immunoassay Test Kits Used in

Drug Abuse Assessment
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ABSTRACT

Eight commercial methamphetamine test kits : AbuSign, accuPINCH,AccuSign, L.D.
BLOCK, Medi-Mate, QuikPac [, SureStep and Visualine [ were evaluated for their inter-
ferences by twelve drugs commonly found in over-the-counter cold syrups: aspirin,
brompheniramine, chlorpheniramine, ephedrine, ethenzamide, guaifenesin, I-phenylephrine,
methylephedrine, pheniramine, phentermine, phenylpropanolamine, and pseudoephedrine;
and by clobenzorex, ranitidine which have been found to interfer in some amphetamine
immunoassays. These fourteen drugs were evaluated by using measured concentrations rang-
ing from 1 mg/L to 1000 mg/L.. Results indicate that ephedrine and pseudoephedrine demon-
strate a significant interference in most of test Kits, while most analgesics, antihistamines and
antitussives show no interference with the exception of brompheniramine. Furthermore,
phenylpropanolamine, phentermine, phenylephrine, ranitidine and methylephedrine all show
some degree of interference in Quickpac [, SureStep and Visualline [ . While accuPINCH
was shown to be the most specific test kit, SureStep and QuikPac [, which produced false
positive results when tested at concentrations of 1 mg/L of ephedrine or pseudoephedrine, and

thus demonstrate less specificity than all the other test Kits.
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INTRODUCTION

Cases of drug abuse with metamphetamine
and heroin have significantly increased in Taiwan
since 19919 Presently these two drugs are peri-
odically tested i both foreign laborers and drug
addicts. Amphetamine-like compounds, such as
phenylpropanolamine, ephedrine, pseu-

doephedrine, which often appear 1n over-the-
counter(OTC) cold syrups, may produce false
positive results in some commercial immunoas-

say systems for amphetamines. Therefore, it 1s
necessary for a laboratory to have a sound, prop-
erly validated confirmation assay to identity the
drugs of interest. The Mandatory Guidelines for
Federal Workplace Drug Testing’® recommended
by the Department of Health and Human
Service(DHHS) in U.S.A. regulate an nitial test
that is based on an immunoassay to eliminate
negative urine specimens from further considera-
tion and a confirmatory test that requires the use
of a gas chromatography/mass spectrometry
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Table 1. Specificity data of commonly used sympathomimetics in OTC cold syrups on package insert of different

test kits

Unit:mg / L

Test Kat Ephedrine Pseudo- Phenylpro- Methyl- Phenyl- Phenter-
ephedrine panolamine ephedrine ephrine mine
AbuSign -+ /90 + / 60 — * - —
accuPINCH — /100 — /100 — /100 — /100 W — /100
AccuSign * * — * — —
[.D. BLOCK + /10 ES K K oK + /10
Medi-Mate + /5 + /20 — ¥ — —
QuikPac [ x K K K x* K
SureStep * * * K K XK
Visualine [ + /100 + /10 — /100 * s ¥

Notes: + / 100 : produce interference when tested at concentration of 100 mg / L

-~/ 100 : do not produce interference when tested at concentration of 100 mg / L

- . produce interference when tested (did not report its concentration)

K : No specificity data on package insert.

(GC/MS) method if a specimen is 1dentified as
positive on the mitial test. In our country, the
cuidelines of drug testing also follow the similiar
regulations as those in U.S.A.

Recently, problems have been reported 1n the
analysis of methamphetamine. Specifically, sev-
eral specimens have been reported by drug testing
laboratories in Taiwan to be positive for metham-
phetamine which were subsequently confirmed to
be false positive. These specimens have several
common characteristics, including not only the
absence of methamphetamine but also the pres-
ence of extremely high concentrations ot
ephedrine or pseudoephedrine?). These problems
had previously appeared in the United States, and
lead the DHHS to require an amphetamine con-
centration greater than 200 mg/L in addition to a
methamphetmaine concentration greater than 500
mg/l. before a sample 1s reported as positive for
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methamphetamine®). Because the general popu-
lace of 1aiwan are accustomed to buying and
self-administering OTC cold syrups from drug
stores whenever they contract a cold, the problem
mentioned above seem more formidable 1n
Taiwan than in the United States.

Generally there are sixteen drugs commonly
found in OTC cold syrups® including aceta-
minophen, aspirin, brompheniramine, chlorpheni-
ramine,dextromethorphan, codeine, ephedrine,
ethenzamide, guaifenesin, ibuprofen, I-phenyle-
phrine, methylephedrine, phentramine, phenter-
mine, phenylpropanolamine, and pseu-
doephedrine. These drugs can be categorized 1nto
four classes: sympathomimetics : ephedrine,
pseudoephedrine, phenylpropanolamine,
methylephedrine, phenylephrine, phentermine;

analgesics : acetaminophen, ibuprofen, ethenza-

mide, aspirin; antihistamines : chlorpheniramine,
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brompheniramine, pheniramine; antitussives :
dextromethorphan, codeine, guaifenesin. 1Two
other drugs : clobenzorex, ranitidine, which are
not routinely added to cold syrups have also been
reported to interfer some immunoassays®.
Therefore. a total of eighteen drugs were assessed

in the present study.

Specificity data of commonly used drugs are
often reported on the package insert of each test
kit~ and are summerized in Table 1~5. Table
{ lists the specificitiy data for the sympath-
omimetics: Table 2 for the analgesics; Table 3 for
the antihistamines: Table 4 for the antitussives;
Table 5 for clobenzorex and ranitidine. Table 1

Table 2. Specificity insert of commonly used analgesics in OTC cold syrups on package insert of ditferent test kats

unit:mg / L
Test kit Acetami- [bupro- Ethenza- Aspirin
nophen fen mide
AbuSign - — — —
accuPINCH — /100 — /100 * K
AccuSign — K * K
[.D. BLOCK K x K K
Medi-Mate — * * K
QuikPac [ Z * * *
SureStep x x K K
Visualine [ — /100 — /100 * *
Note: — / 100 : do not produce interference when tested at concentration of 100 mg / L
— . produce interference when tested (did not report its concentration)
* - No specificity data on package insert.
Table 3. Specificity insert of commonly used antihistamines in OTC cold syrups on package insert of different test
kits unittmg / L
Test Kit Chlorphe- Bromphe- phenira-
niramine niramine mine
AbuSign — * X
accuPINCH e x H
AccuSign — * *
[.D. BLOCK * K xK
Medi-Mate — * *
QuikPac [ * K K
Suredtep o ¥ %
Visualine [ e — /100 K
Note: — / 100 : do not produce interference when tested at concentration of 100 mg / L

— . produce interference when tested (did not report its concentration)

* - No specificity data on package insert.
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Table 4. Speciticity insert of commonly used anti-
tussives in OTC cold syrups on package insert of dif-
ferent test kits unittmg / L

Test Kit Dextrome- | Codeine Guaife-
thorphan nesin
AbuSign — — *
accuPINCH ¥ — /100 *
AccSign — — K
[.LD. BLOCK| = ¥ *
Medi-Mate — — E
QuikPac [ * * *
SureStep H * K
Visualine > * K
Note: — / 100 :do not produce interference

when tested at concentration of
100 meg / L

— . produce interference when test-
ed (did not report its concentra-

tion)
s : No spectficity data on package
insert.

shows that ephedrine and pseudoephedrine are
apt to produce cross reactions, and other drugs
either show no cross reaction, or do not have their
specificity data. Because some package inserts,
such as those of QuikPac ], SureStep, do not
contain spectficity data related to these drugs, and

no test kit has complete specificity data for these
sympathomimetics, 1t 1s necessary to evaluate the
overall spectficity data of these sympathomimet-
ICS.

Astde from sympathomimetics, other drugs,
such as analgesics(Table?), antthistamines(Table
3), antitussives(Table 4), either show little or no
specificity data or do not produce interference
according to therwr package inserts. Table 2 and
Table 4 show that acetaminophen, ibuprofen,
dextromethorphan, and codeine did not produce

any significant mterference. Therefore, these four
drugs were not mcluded mn this study,

‘u

Because of variability in commercial
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Table 5. Specificity insert of two cross-reactive
drugs on package nsert of different test kits

unit:mg / L

Test Kit Clobenzorex Ranitidine
AbuSign > —
accuPINCH o — /100
AccSign * —
[.D. BLOCK X K
Medi-Mate * —
QuikPac [ K K
SureStep K K
Visualine [ K K

Note: + / 100 : produce interference when test-
ed at concentration of 100
mg /L
— /100 :do not produce interference
when tested at concentration of
100 mg / L
— : produce interference when test-
ed (did not report its concentra-
tion)
* : No specificity data on package
insert.
immunoassay Kits, a comprehensive and periodic
evaluation of immunoassay characteristics 1s
required for selecting an appropriate initial test
for the drug of abuse. The cross-reactivity of
amphetamine analogs or other interferring com-
pounds have already been evaluated in several
immunoassays''2~?%_ However, most reports eval-
uated erther automatic analyzers only, such as
EMIT!-10 TDX 7P | their method compari-
son'!®2Y or the immunoassay test kits from the
same manufacturers?!~24) Furthermore these
papers mainly focused on amphetamine analogs
only, and they did not pay much attention to the
other compounds 1n OTC syrups. In 1992, Jeffrey
et al.*" examined six commercial immunoassays
for their cross-reactivity to ephedrine, pseu-
doepnedrine, and phenylpropanolamine, and their
results showed that all specimens spiked at 100
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Table 6. Test results of sympathomimetics commonly used in OTC cold syrups on eight test kits

Unit:mg / L
Test Kit Ephedrine Pseudo- Phenylpro- Methyl- Phenyl- Phenter-
ephedrine panolamine ephedrine ephrine mine
AbuSign + /10 + / 100 — /1000 -/ 1000 + / 10 — / 1000
accuPINCH — / 1000 + / 100 — / 1000 — / 1000 — / 1000 — / 1000
AccuSign + /50 + / 500 — / 1000 — / 1000 — / 1000 — / 1000
[.D. BLOCK + / 100 + / 50 + / 500 — /1000 + / 10 + / 500
Medi-Mate + /10 + / 50 — / 1000 — / 1000 + / 500 — / 1000
QuikPac [ + /1 + /1 + / 100 + / 500 + / 50 + / 100
SureStep + /1 + /1 + / 500 + / 500 + / 100 + / 500
Visualine || + /100 + /10 + / 1000 + / 1000 + / 1000 + / 1000

Notes: + / 50

. response greater than or equal to 1 mg / L when tested at concentration of 50 mg / L

— /1000 : response less than 1 mg / L when tested at concentration of 1000 mg / L

+ / 1000 :response near 1mg / L cutoff when tested at concentration of 1000 mg /L

mg/L were negative as judged by all immunoas-
says tested. Because these drugs are sold in some
OTC cold preparations and are excreted 1nto
urine largely as the parent drugs, it is possible
that their concentrations in the range of 1000
mg/L might be encountered in urine specimens,
and thus evaluation of higher concentrations is
also necessary. Therefore, concentrations ot drugs
in OTC cold syrups ranging from 1 mg/L to 1000
mg/L in urine were included in the study.

MATERIALS AND METHODS

| . Materials

Aspirin, brompheniramine maleate, chlor-
pheniramine maleate, ephedrine HCI, guaifen-
esin, methamphetamine HCI, 1-phenylephrine
HCI, methylephedrine, pheniramine maleate,
phentermine, phenylpropanolamine HCI, pseu-
doephedrine HCI and ranitidine HCI were pur-
chased from Sigma Chemical Co.. Ethenzamide
were purchased from Aldrich Co.. Clobenzorex 1s
a reference standard of our laboratory. All stan-
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dards were reagent grade.

I . Immunoassay Kits

HYCOR accuPINCH™ Methamphetamine
Test test kits!”) (Lot. No. 35178C3) were obtained
from Hycor Biomedical Inc., Methamphetamine
I.D. BLOCK™ Detection Kit test kits® (Lot. No.
13994-MAB-1) were obtained from International
Diagnostic Systems, AbuSign'™ MET One-Step
Methamphetamine Test test kits'® (Lot.
No0.856401 ) were obtained from Princeton
BioMeditech, AccuSign'™ MET New One-Step
Methamphetamine Test test kits‘!? (Lot. No.
858101) were obtained from Bio AccuTech Inc.,
Medi-Mate™ MET One Step Methamphetamine
Test test kits!! (Lot. No. 857201) were obtained
from Medi-Mate Technologies Inc., QuikPac [ -
One Step Urine Amphetamine Test test kits(!2)
(Lot. No. 010743) were obtained from Syntron
Bioresearch, Inc. SureStep™ Drug Screen
Methamphetamine test kits'!?) (Lot. No. 201)
were obtained from Applied Biotech, Inc.,
Visualine [ ™ Methamphetamine Test One-Step
Urine Drug Screening test kits'!? (Lot. No.
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Table 7. Test results of analgesics, antihistamines, and antitussives commonly used in OTC cold syrups on eight

test Kits unit: mg / L
Test Kit Ethenza- Aspirin Chlorphe- Bromphe- Phenira- Guaifene-
mide niramine niramine mine SIn
AbuSign — / 1000 — / 1000 — /1000 — /1000 — /1000 — / 1000
accuPINCH — / 1000 — / 1000 — / 1000 — / 1000 — / 1000 — / 1000
AccuSign — /1000 — / 1000 — / 1000 — / 1000 — /1000 — / 1000
[.D. BLOCK — /1000 — / 1000 — /1000 + / 1000 — /1000 — / 1000
Medi-Mate — / 1000 — / 1000 — / 1000 — /1000 — / 1000 — / 1000
QuikPac [ — / 1000 — /1000 — /1000 — /1000 — / 1000 — / 1000
SureStep — / 1000 — / 1000 — / 1000 — / 1000 — / 1000 ~— /1000
Visualine [l — /1000 — /1000 — /1000 — / 1000 — / 1000 — / 1000

Notes: + / 1000: response greater than or equal to 1 mg / L when tested at concentration of 1000 mg / L

— / 1000: response less than 1 mg / L when tested at concentration of 1000 mg / L

82509) were obtained from Hanson Hong
Biomedical Co. Ltd.

Il . Control and Standard Urines

Methamphetamine control urines,

Amphetamines specimen (Lot.
No0.57702) and negative specimen (Lot. No.
57711), were purchased from BIO-RAD

Laboratories. Methamphetamine standard urine at

positive

concentration of 1 mg/LL cutoff was prepared
from spiking methamphetamine HCI 1n afore-
mentioned negative specimen.

V. Preparations of Drugs in Urine

The test solutions of aspirin, brompheni-

ramine, chlorpheniramine, clobenzorex,
ephedrine, ethenzamide, guaifenesin, I-phenyle-

phrine, methylephedrine, pheniramine, phenter-

mine, phenylpropanolamine, pseudoephedrine
and ranitidine were prepared 1n a serial concen-
trattons ranging from 1000, 500, 100, 50, 10, to 1
mg/L, if necessary, by spiking each of these drugs
in negative specimen respectively.
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V . Procedure

Each drug was tested in duplicate for every
test kit by the following procedure. Firstly, each
drug was tested at concentration of 1000 mg/L.
Then we either continued to evaluate the test kits
at lower concentrations in sequence of 500, 100,
50 ,10,1 mg/L if their results were positive,
which mean the response was greater than or

equal to that of 1 mg/L. cutoff, or until the result
was negative and then recorded the previous con-
centration, which means the response was less
than that of 1 mg/L cutoft.

RESULTS

I . Sympathomimetic Amines

The results of interference by sympath-
omimetics commonly used in cold syrups in eight
methamphetamine immunoassay test kits are list-
ed 1n Table 6. The table clearly indicates that
many sympathomimetics are apt to produce cross

reactions in these immunoassay test Kits at speci-

fied concentrations. Pseudoephedrine 1s the most
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Table 8. Test results of clobenzorex, ranitidine on eight test kits

unit:mg / L

Test kit Clobenzorex Ranitidine
AbuSign — / 1000 — / 1000
accuPINCH — /1000 — / 1000
AccuSign — / 1000 — / 1000
[.D. BLOCK + / 1000 -+ / 1000
Medi-Mate — /1000 — / 1000
QuikPac 1 — /1000 + / 50

SureStep — / 1000 + / 50

Visualine ] — /1000 + / 1000

Notes: + / 1000 : response greater than or equal to 1 mg / L when tested at concentration of 1000 mg / L

— /1000 : response less than 1 mg / L when tested at concentration of 1000 mg / L

+ / 1000 :response near | mg / L cutoff when tested at concentration of 1000 mg /L

cross-reactive drug producing positive response
even at a concentration of 1 mg/L in the SureStep
test kit and the QuikPac [ test kit. Ephedrine
also produces significant interference in these test
kits with the exception of the accuPINCH test kit.
Phenylephrine also demonstrates little intrerfer-
ence in test kits with the exception of the
accuPINCH and AccuSign test kit. In addition,
phenylpropanolamine produces little mterterence
in the Visualine ], SureStep, QuicPac [ , and
the 1.D.Block test kits; Phentermine produces lit-
tle interference in the Visualine [, SureStep,
QuikPac [ ., and the I.D.Block test kits.
Methylephedrine also demonstrates little interfer-
ence in the Visualine [, SureStep, and the
QuikPac [ test kits. The latter drug 1s the least
cross-reactive sympathomimetic that only pro-
duces false positive results at concentrations
above 500 mg/L. Table 6 clearly shows that
ephedrine and pseudoephedrine are more Cross-
reactive than all the other sympathomimetics.

[ . Analgesics, Antihistamines, and Antitussives

The results of interference by the analgesics,
antihistamines, and antitussives commonly used
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in cold syrups in eight methamphetamine
immunoassay test kits are listed in Table 7. The
teble clearly indicates that most of these drugs do
not effect any significant levels of interference in
these test kits except brompheniramine in the 1.D.

block test kit at 1000 mg/L.

M. Clobenzorex, Ranitidine

The results of interference by clobenzorex,
ranitidine in eight methamphetamine immunoas-
say test kits are listed in Table 8. The table clear-
ly indicates that clobenzorex does not produce a
significant interference except for the 1.D. block
test kit, while ranitidine produces little interfer-
ence in the I.D. block, QuikPac 1 , SureStep, and
the Visualine ] test kit, of which the QuikPac [l
and the SureStep test kits produce false positives
at about 50 mg/L of ranitidine.

DISCUSSION

Cross-reactivity patterns with the sympath-
omimetic amines, clobenzorex, and ranitidine for
methamphetamine test kits differed among these
immunoassays. The sympathomimetic amines,
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especially pseudoephedrine and ephedrine, are
more cross-reactive than all the other drug class-

es. Clobenzorex and ranitidine also exhibits a
degree of interference on some of these test kits,
but the analgesics, the antihistamines, and the
antitussives do not effect any significant interfer-
ence except brompheniramine in the I.D. block
test kit at 1000 mg/L.

This study demonstrates that the QuikPac ]|
and SureStep test kits have a greater chance of
producing false positive amphetamine screening
results due to the presence of a high concentra-
tion of the sympathomimetic amines, such as
pseudoephedrine, ephedrine, phenylpropanola-
mine, phentermine, methylephedrine, and
phenylephedrine in OTC cold syrups. These sym-
pathomimetic amines may also produce false pos-
itive results for other test kits, including the
AbuSign, AccuSign, 1.D. block, MediMate, and
the Visualine [ test kits. In contrast, the
accuPINCH test kit, which produces false posi-
tive result only at 100 mg/L. of pseudoephedrine,
1s the most specific among these test kits.

Because some drugs in OTC cold syrups can
cause interference in methamphetamine
immunoassay test kits, a urine drug testing labo-
ratory should establish a routine procedure that
includes at least one immunoassay served as the
initial screening method and a second nonim-
munoassay method which confirmed the putative
positive result from the initial test. Information
from this study may be of use in selecting a
method to ensure that the combination of the two
methods does not produce a false positive result

In routine work.
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