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ABSTRACT

The Syva Emit® st'™ Urine Amphetamine Assay qualitatively determines the presence of uri-
ne amphetamine, one sample at a time. In each test, one sample and one calibrator are always as-
sayed together to compare the reaction rates. This method is inefficient and expensive. Detailed
analysis of the reaction kinetics of the Emit® st Urine Amphetamine reagents indicated that the
reaction Kinetics were relatively linear up to 15 minutes after the initiation of the reactions. This
makes it possible to assay multiple samples with a single calibrator. A modified protocol is de-
scribed which analyzed three samples with each calibrator, a modification leading to savings of one
-third of the reagents and cost, with no compromise in assay performance. Addition of an extra 2
ml of distilled water to the regular protocol can lead to even more savings.
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INTRODUCTION

Immunoassays are the method of choice
mandated by the United States Government for
“drugs of abuse” screening program'’). The Syva
Emit® (Emzyme Multiplied Immunoassay Tech-
nique) reagents for drugs of abuse are widely
used for the mitial screeming of drugs in urine

samples'?’. The Emit® st'™ Amphetamine Assay
1S a homogeneous immunoassay for use 1In

qualitative analysis of amphetamines in human
urine®. Emit® reagents were designated as the
d.a.u'™ or st'™ for different types of instrument
. The d.a.u.”™ assays can be adapted
in hospitals* ™9,

tO mMmost

chinical chemistry analyzers

while the st'" assays are designed for the Drug
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Detection System manufactured by the Syva
Company. The Emit® st™ Amphetamine Assay
is one of the reagents currently used by many
local health authorities in Taiwan (including this
laboratory) to screen urine amphetamine and/or
methamphetamine. This Assay does not require
expensive instruments and is easy to perforn
results can be obtained in about two minutes by
personnel who do not require extensive traimng
(10) - An experienced operator can do 30 samples
in one hour. However, the reagents are fairly ex-
pensive (260 NT dollars per sample). With the
explosion of drug abuse problems in Taiwan
and the rapid increase in samples to be screened
in recent years''! costs to society can become
prohibitive.

This report describes a detailed analysis of
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the reaction kinetics of the Emit® st™ Urine
Amphetamine Assay, and recommends a modi-
fied procedure to achieve a saving of one-third
of the reagents without affecting the assay per-
formance.

MATERIALS AND METHODS

I. Principles

The Emit® assay is a homogeneous enzyme
immunoassay technique used for the analysis of
specific compounds in biological fluids'?’. The
assay 1s based on the competition between drug
in the sample and drug labeled with the enzyme
glucose-6-phosphate dehydrogenase (G6P-DH)
for antibody binding sites. Enzyme activity de-
creases upon binding to the antibody, so the
drug concentration in the sample can be measu-
red in terms of enzyme activity. Active enzyme
converts oxidized nicotinamide adenine dinu-
cleotide (NAD) to the reduced form (NADH),
resultng 1n an absorbance change that i1s measu-
red spectrophotometrically'?.

The Emit® st'™ reagents are supplied in
glass wvials, each of which contains dry powder
muxtures of antibody, enzyme, coenzyme NAD
and substrate glucose-6-phosphate (G6P). The
addition of 3 ml of water and 50 1l of the cali-
brator or samples starts the reaction. The reac-
tion rates of the calibrator and the sample are
determined by inserting the two wials nto the
Emit® st™ Drug Detection System to measure
the absorbance at 340 nm. The reaction rates
are automatically calculated by the instrument,
with results printed out in 1.5 munute. This 1s a
qualitative assay. The rate of reaction from the
sample 1s compared to that from the calibrator.
with a result expressed as either positive or nega-
tive 19,

1I. Samples

Urine samples submitted for amphetamine
screening assay by the criminal justice system In
Hualien County were first assayed with the re-
gular protocol, aliquoted and frozen at -20 de-

42

gree C. Samples were thawed just before use.

lI. Reagnts

Syva Emit® st'™™ Urine Amphetamine As-
say reagents and calibrators were obtained from
the local distributors of the Syva company.

IV. Emit® st'™ Urine Amphetamine Assay

The presence of amphetamines in urine was
screened by the protocol recommended by the
manufacturer’”. Briefly, the calibrator or sample
at 50 ul and 3 ml of distilled water were added
to the reagents wvials, mixed well and the reac-
tion rates determined with a Syva st'" Drug De-
tection System''?’. In the modified protocol, an
additional 2 ml of distilled water was added,
and reaction rates were monitored similarly.

V. Reaction Kinetics of the Emit®™ st™ Urine
Amphetamine Reagent

Because of the high concentration of the
chromophore (NAD) used in the Emit® st' re-
agent, the reaction muxture was diluted 1/10 to
measure the absorbance at 90 seconds after the
initiation of the reaction with a Beckman spec-
trophotometer Model DU-64. To stop the reac-
tion while the absorbance was being determined.
0. N of NaOH solution was used as diluent.
Absorbance was measured every 90 seconds for
15 minutes.

RESULTS

Reaction Kinetics of the Emit® si'™ Urine
Amphetamine Assav with UV Spectrophotometer

The reaction kinetics of the Emit® st U-
rine Amphetamine Assay were determined with
regular (3ml) or modified (5ml) protocols. The
reaction mixture was diluted 1/10 and then de-
termined  with UV spectrophotometer  (see
Materials and Methods). The results of the re-
gular protocol are presented in Figure 1. The
reaction kKinetics are almost linear at least for 15
minutes after the start of the reaction, reaching
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Figure 1 Reaction kinetics of Emit® st Amphetami-

ne Assay with 3 ml reaction volume.

7 absorbance unit after 15 minutes. The kinetic
curves of methamphetamine at 30 mg/ml and 60
mg/ml are superimposable. This indicated that
at this extremely high concentration, maximum
inhibition of antibody (and thus maximum enzy-
me activity) was achieved. The rates of the reac-
tion calculated as the difference of absorbance
between two consecutive measurements indicated
that the rate of the positive control 1s always
ereater than the rate of the calibrator for the
entire period monitored (15 minutes).

Because of the rapid increase of absorbance
. a modified procedure with an additional 2 ml
of distilled water was used to dilute and slow
down the reaction. The results in Figure 2 1ndi-
cated that the reaction rates were lower, and the
rates of the positive control were always greater
than the rates of the calibrator for a period of
at least 15 minutes.

Repeated Determination of Emit® st™ Urine

. . ~ « (R N
Amphetamine Assay with Emit™ st™ Drug
Detection System

To find out whether the timing of the reac-
tion rate determinations affected the results, ex-
periments were set up to measure the rates re-
peatedly with an Emit® st'™ Drug Detection Sy-
stem. The calibrator, negative sample and sa-
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Figure 2 Reaction kinetics of Emit® st™ Amphetami-
ne Assay with 5 ml reaction volume.

mples of very high methamphetamine concentra-
tion (30 mg/ml) were assayed with regular or
modified protocols, and the same pair of vials
were measured repeatedly. The results are sum-
marized in Table 1. The same pairs of calibrator
and sample were measured 90 seconds after the
initiation of reactions and repeated four times at
90-second intervals. The reaction rates of both
vials decreased with the increase of time while
the negative sample remained negative, and the
positive sample remained positive when compa-
red to the calibrator. With the 3 ml protocol,
the reaction reached a point where the instru-
ment could no longer accurately determine the
rates of the reaction at the fourth measurements
while the 5 ml protocol was still doing quite
well. This indicated that more than one sample
can be grouped together and assayed with one
calibrator.

The results in Table 2 summanze 27 sa-
mples (18 positives and 9 negatives) which were
assayed with the regular protocol and measured
repeatedly with a Syva Drug Detection System
for three consecutive times after the initiation of
the reactions. The rates of the calibrators de-
creased  with 92.2% and 81.2
%, of the first measurement for the second and
third measurements, respectively. However, the
ratio of the reaction rates between the samples

time to
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and the calibrators remained constant.

Results of the Modified Protocol

The protocol was modified by a) the addi-
tion of an extra 2 ml of distilled water to the
reaction and by b) assay of three samples with
one calibrator. The rates of the samples were
measured against the same calibrator one after
another. The reaults from 64 samples are sum-
marized in Table 3. The rates of the same 64 sa-
mples obtained with the regular protocol (3 ml)
are included for comparison. The 56 positive
samples were grouped according to the order
each sample presented in the assay. The eight
negative samples were grouped together irrespec-
tive of the order in the assay. The results of the
samples do not change from positive to negative
or vice versa. For positive samples, the ratio of
the rates between the samples and the calibrator
for the modified protocol were greater than tho-
se of the regular protocol. For the negative
samples the ratio of the rates between the sa-
mples and calibrator were similar between the
two protocols.

DISCUSSION

The purpose of this study was to modify
the Emit® st™ Urine Amphetamine Assay curr-

ently 1n use i Taiwan to achieve a more effi-
cient use of the expensive reagents. As in all en-
zyme reactions, the reaction rate of the
Emit® st™ Assay levels off with the increase of
time because of substrate depletion (Figs. 1,2;
Table 1);thus the reaction rates measured earlier
were greater than the rates measured later in the
reaction. Since the Emit® st™ Amphetamine
Assay 1s a competitive inhibition assay, the grea-
ter the concentration of the analyte, the higher
the reaction rate. It is possible that at very high
analyte concentrations, substrates may be de-
pleted quickly. If this happens, the rates of sa-
mples with high concentration might be lower
than the rate of the calibrator with lower con-
centration, if rates were both measured later in
the reaction and led to wrong diagnosis. Present
results indicated that this was not the case (Fi-
gures.1,2; Table 1). The rate of the reaction at
methamphetamine concentration of 30 mg/ml 1s
the same as those at 60 mg/ml (60 mg/ml is 200,
000 times the concentration of the calibrator,
which contains 300 ng/ml of d,l-amphetamine),
indicating that maximum inhibition and maxi-
mum enzyme activity was reached. The rate of
methamphetamine at 30 mg/ml measured at 15
min. 1s still greater than the rate of the calibra-
tor measured at the same time.

The absorbance of the assay increased very
quickly, reaching 7 absorbance units in 15 minu-

Table 1. The Reaction Rates of Repeated Measurement of Emit® st'™ Urine Amphetamine Assay with Emit®

st"'Drug Detection System

Absorbance Change (mA/1.5 min.)

Order of 3 ml protocol Sml protocol
Determination Cal Neg Pos Cal Neg Pos
Ist 500 465 807 237 217 386
2nd 459 4272 788 219 200 396
3rd 407 381 559 203 86 380
4th 396 347 +0-T 186 173 341
5th n.d. n.d. n.d. 175 n.d. 295
Abbreviations:

Cal:Calibrator, Neg:Negative control, Pos:Positive conirol

n.d.:Not done.
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Table 2. Repeated Measurement of the Emit®
Unknown Samples

st™ Urine Amphetamine Assay with the Regular Protocol and

Order of ~ Mean Absorbance Change (mA/1.5 min.)*
Determination Cahbrator Positive Negative
Ist 582.1 686.9(1.18)™" 494.8(0.85)""
2nd 536.8 648.1(1.21)*"" 451.4(0.84)"*
3rd 422.7 553.5(1.17)*" 402.7(0.85)*"

*Mean reaction rates are the average of reaction rates of different samples individually tested (18 positives and 9

negatives).

**Numbers in parentheses are the ratio of the rates of samples to the rate of calibrator.

Table 3. Emit® st™ Urine Amphetamine Assays with Modified Protocol

Rate Sample/Rate Calibrator

Sample Order Calibrator™* 5 ml 3 ml
Positive

[st(19)* 219.1 1.29
2nd(18)* 207.3 .45 1.29
3rd(19)* 193.7 .39 .28
Negative(8)™ 0.96 0.94

*Numbers in parentheses indicated the number of samples tested 1n the group.

**Numbers presented as the mean absorbance change in (mA/l.5 min. ).

tes. The maximum absorbance was 12 units at
the completion of the reaction (data not shown).
The Syva Drug Detection System was unable to
measure absorbance greater than four absor-
bance units. This point was reached at around
the fourth determination (6 to 7.5 minutes after
the initiation of the reaction) with the regular
protocol (Table 1).With the modified (5ml) pro-
tocol. there was no problem at least up to the
fifth determination (7.5 to 9 min.). Correct diag-
nosis was obtained with negative and positive
controls at the fourth and fifth determinations
for the 3 ml and 5 ml protocols, respectively.

To limit the delay between the start of the
calibrator and the samples, we chose a protocol
of one calibrator and three samples; the delay
between the reaction initiation was less than 30
seconds between the calibrator and the third sa-
mple. As long as the number of samples to be
assayed together was limited, with one calibrator
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. to fewer than three, both protocols are sat-
isfactory.

Normally, six vials of reagents were needed
samples. With the current
modification (one calibrator and three samples),

to assay three

four vials are required to assay three samples. A
saving of two vials (one-third of the reagent) 1S
easily achieved with both 3 ml and 5 ml proto-
cols. In theory, more samples could be run with
a single calibrator to achieve even more savings
with the modified (5 ml) protocol. Whether this
approach is practical remains to be tested.

It is important to compare (a) the
sitivity”  (change of response per unit change of
analyte concentration) of the original and modi-
fied protocols and (b) the effect of sample po-
sition on the sensitivity” of the modified pro-
tocol. These parameters need to be evaluated be-
fore the modified protocol is adapted for routine

W
SEn-
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