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Laboratories with an increasingmrkloadof d n q  abuse 
testing require high turnover techniques a t  lcw aost. Syva's ENIT 
system is suitable for modification onto modern autcmted 
instrumentation and, w i t h  reagent dilution, costs canbe 
significantly reduced. Wedescribethe modification of these 
assays onto the Eppenaorf EPOS analyser w h i c h  can process 300 
samples an hcur a t  a Cost of 13p per test. 

RmRommoN 

SQ-eening for drugs of abuse is a grawth area in.laboratory 

analysis. Because of the large nunbra of samples being processed, 

initial screening techniques must be rapid and Cost effective. 

Although confirmation of positive samples is 

inarmnoassays have becoane the methcd of choice for screening, w i t h  

enzymo-ys ( S y M ' S  EMIT [l]) and flwroimmunwssays 

Copyright 0 1992 by Marcel Dekker, Inc. 
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86 GOOCH ET AL. 

(Abbott TDX [2 ] )  widelyused. However, therehas beena recent 

drivetowaxdsgreater ccst effectiveness, asscmenhqbythese 

methods, thmgh rapid, can be expensive. Because of the lack of 

modifiable fluorescent instnrmentation little pmgress has been 

made w i t h  fluoro-ys. 'Ihe most widely used 

f l u o r o m s a y  (Abbott TIbr) is limited by &l batch analysis 

(20 samples) and is not amenable to user modification. Recently 

several grcxlps have successfully developed fully automated assays 

using m l ~  reagents and, by use of reagent dilution, have greatly 

reduced casts [3,4,5]. Dilution of EMIT reagents is limited by 

substrate concentration present i n  the origindl kit [ 5 , 6 ]  and 

dilution of m reagents has been achieved by us- buffer 

containing additional substrate. W e  describe the cost effective 

adaptation of the syva sy?3tem onto the Eppenaorf EHXS analysf?.r. 

Reagents 

reagent kits for apiates, cocaine and benzcdiazepines, 

toge-with relevant cdlibrators were f m  syva, Maidenhead, 

adenine dinucleotide (NAD+) were fmn sigma, mole, Dorset, U.K. 

Ly@mch& urine tcrxicology control was f m  Bio-Fad laboratories, 

Hemel Hempstead, Herts., U.K. 

Berks., U.K.; D g l ~ 6 - p h o @ E t b  (G6P), and nicatinamide 
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COST EFFECTIVE EMIT ASSAYS 

DGlucose-6-phosphate 5.16g and NAD+ 12.14g were dissolved 

in 50 m~ distilled water to give mlar concmtmtions of 366 

m l / L  of each constituent, and stored a t  -20 C in 0.5 mL 0 

aliqwixl. 

Assav buffer 

All working reagents were prepared in Tris HCl buffer (55 

m l / L ,  pH 8.0) containing NaCl (130 m l / L )  , Triton X-100 (0.1 

W L )  and sodium azide (0.5 g/L) . 

The Eppen30rf EFOS instrument (BtXi, Poole, Dorset ,  U.K.) is 

a prcgmmable discrete analyser capable of kinetic and end-point 

analyses a t  high thmughpt. Biological fluids are sampled fm 

sealed microcentrifuge tubes placed in a flexible chain, and are 

diluted w i t h  analytical reagents i n  laurdered quartz cuvettes. 

optics are based on a mercuzy lamp and interference filters. we 

u s e d 3 3 4 n m b e i n g t h e  nearestto the34OmrecamnendedbySyva. 

Results can be calculated fm a factor, a single s-, or a 

series of standards, linearly or by Spline inteqolation curve 

fitting. 
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aa GOOCH ET AL. 

Eppenaorf publish a methcd for therapeutic d n q s  on 

EEOS [7] and this has been used to run EMIT d.a.u assays. EMIT 

-gent A (antibody/substrate) i E  diluted 17 fold W i t h  Working 

h f f e r  and used as reagent 1. Reagent B (enzyme) is used neat as 

reagent 2. With the reagent volumes used on the instrument this is 

effectively a three fold increase in the nws3er of tests available 

f m a k i t .  The EMIT calibrators were placedinthestandard 

wells on tap of the container for reagent 1, and a standard curve 

runandstor tdinmmry.  In Working practice onceastandard 

m e  has been established, only a zero standard need be analysed 

a t  the start of each run of samples. ‘Ihis is done by us- a drug 

free standard (negative calibrator) i n  a special section of the 

chain just  prior to the samples which, effectively, adjusts the 

ZM) point of the standard m e  withwt d-ianqing the absorbaxe 

diffexence between standards. In eveqday use positive, negative 

and cut-off controls are assayed w i t h  the tests. Results are 

assigned as positive for concentrations abuve the cut-off, and 

negative for thcse below. 

EMIT reagent A w a s  diluted 40-fold W i t h  assay h f f e r ,  to 

d this mixture which was added 20 &4nL G 6 P W +  (366 m l / L ) ,  
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COST EFFECTIVE EMIT ASSAYS 89 

Table 1. 

EFOS instrument settiqs for EbfIT. assays 

1 N a m  
2 unit 
3 Method 
4 Sample Cannula 
5 Endpint 
6 Kinetic 
7Meas. sec 
8 ylcub. set 
9 Preincub. sec 
10 Cycle sec 
15 Sample-blank 
16 Wgent-blank 
19 constant 
20 Cal. curve 
22 std l-canc 
23 Std 2-c0nc 
24 Std 3-c0nc 
25 Std 4- 
26 Std 5-nC 
27 S t d  6-com 
30 € of Std meas 
31 € of sample meas 
32 Sample uL 
33 Reagent 1 UL 
34 Reagent 2 UL 
35 Limit 
36 Auto-Repeat 
38 Control 1 
40 Cbn-12 
42 Control 3 

4 5  Wavelength nm 
46 Adjust A 

44 Temperature OC 

54 Samples/h 
55 Timeshar ins 

was used as reagent 1 

Eppen30I-f method 

drug 
PWfi ----- 

1 
no 
Y e  
7 
12 
156 
12 

no 
0 
Y= 
0.00 
0.30 
1.00 
0 
0 
0 
2 

n/a 

3 
290 
17 
1000 
no 
no 
no 
no 
30 
334 
0.0 
300 
Y- 

on the analyser. 

praposea method 

drw- 
w/mL 

1 
Y e  
no 
n/a 

---- 

120 
36 
12 
Yes 
no 
0 
Yes 
0.00 
0.30 
1.00 
0 
0 
0 
2 

5 
240 
48 
1000 
no 
no 
no 
no 
30 
334 
0.0 
300 
Yes 

Reagent B w a s  diluted 

eightfold w i t h  buffer and used as reagent 2 on the anal-. This 

procedure embled 1000 assays fman each 100 assay syva k i t .  

 caparisono of the instrument settings used i n t h e t w o  

methods is given in Table 1. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



90 GOOCH ET AL. 

one lnm3redurinesmapleswerecbtainedfrrmltheDepartment 

of alemicdl Pathology, Haclaey Hospital. A l l  were fran patients 

atterdirq a dnlg depenaency clinic and had previausly been tested 

for opiates by &-layer chrm\atography (TIC) [8] and for 

benzodiazepines and cocaine by "Dx. 

Effect of additional MPW+ on enzyme activity 

Dilution of F d t  reagentS is limited by substrate 

amcentration in the original kit [5,6] and a ten fold dilution of 

r e a g e n t A  r e d u d  enzyme activity to an unacceptable level. 

Recovery of enzymactivitywasachievd by adding additional 

substrate to diluted magent A (Figure 1) [51. In  the Proposed 

method modification we use an additional 20 clymt of a 366 m l / L  

solution of MP/NAD+, giv- a final amcentration of 7.3 ml/~. 

The remilts ccnrpare favourably with other reports [5] w i t h  an 

iTu=rease in  absorbanoe change of a t  least two fold by acU.bq mre 

than 6 m l / L  MP/NAD+. 

Stardard cuzves were ?xm using both proedwxs (Figure 2 ) .  
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COST EFFECTIVE EMIT ASSAYS 91 

ABSORBANCE CHANGE 
(mA) 

180 I 1 I I 1 I 1 I 
1 2 3 4 5 6 7  

mmollL GGPINAD+ 

Figure 1 

~ncrease i n  sensitivity using a d d i t i d  CSP/NAD+ i n  diluted 
reagents. 

Measurements are based on the increase in absorbance of an 
calibrator B used in a cocaine metabolite assay. Similar changes 
are seen with a l l  the kits available. zero is eqivalent to the 

k i t  diluted with no addition of extra substsate. 

&say Validation 

Twenty replicates of a caamnercial urine toxicology control, 

a five fold dilution of the toxicology urine d a knmn drug free 

urine were assayed by dl three modified k i t s .  me control u r h  

wntained 2 mg/L oxazepam, 3 mg/L benzoyleqonine and morphine, 
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92 GOOCH ET AL. 

ABSORBANCE CHANGE 
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COST EFFECTIVE EMIT A S S A Y S  93 

and 1 ny/L codeine. Withinbatchprecisions using the urine 

diluted five fold were 1.5% for benzodiazepines, 3.8% for 

benzoylqonine, and 1.1% for opiates. Using an undiluted control 

they were 1.9% for benzodiazepines, 3.5% for benzoylea~onine, and 

2.2% for opiates. Between batch precision was assessed using the 

Lcw and Medium calibrators on successive over the course of 

several w e e k s  without m e  in calibration curve when usjng the 

zero readjustment feature. Coefficients of variation using the Lcw 

calibrators (0.3 mg/L) w e r e  3.3% for benzcdiazepines, 4.7% for 

benzoylqonine, and 3.1% for opiates. Those for the Medium 

calibrators (1.0 W/L) were 3.8% for benzodiazepines, 4.3% for 

benzoylecgonine, and 3.5% for opiates. 

detection l i m i t s  [9] were 20 pg/L for 

benzcdiazepines and cocaine metabolite, and 30 pg/L for opiates. 

Carrelation with alternative methcds 

Onehundredsamples from a drug depMaency clinic were  

assayed for opiates, benzoylqonine, and benzcdiazepines. These 

sanples had been previously analysed by our existing techniques. 

camplets agreement was achieved between techniques for 

benzodiazepines and benzoylqonine while the EMIT opiate assay 

detected 38 positives whereas TLI: found only 26. The twelve 

samples negative by TLC were found to  be positive after 

hydrolysis. 
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94 GOOCH ET A L .  

Table 2 

ccpnparitive wsts of HCtT d.a.u. reagents 

merit Consumable Tatdl 
Methcd 

S Y M -  100 1.20 0.02 1.22 

Eppenaorf 334 0.36 0.01 0.37 

Cobas Bio 334 0.36 0.05 0.41 

praposed- 1000 0.12 0.01 0.13 

Sung & N e e l e y  [5] 2470 0.05 0.05 0.10 

Consumable costs include sample cup and reaction cuvette where 
appropriate. 

Cost effectiveness of diluted rn kit 

We have ampared the co6t of the proposed modification with 

others recently published (Table 2). The Costs include the price 

The reduction in 

price fram the original manudl te&dcpe is almost ten fold d c h  

is ocpnparable to other pbl- modifications. 

of the in-house supplementary subh;trate reagent. 

DISCUSSION 

screening procedures for of abuse need to elinbate 

negative samples quickly, accurately, and cheaply. 'Ihree EMIT 

assayswereusedin this evaluation and adaptirqthemontothe 

Epos anal- produced rapid, CoBt effective, assays. The 
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COST EFFECTIVE EMIT ASSAYS 95 

instrument has a coefficient of variation under 1% (-rkance 

units) in routine UX, and  an procesS 300 -1eS X I  hour. Once 

ashdardcuwehas been established, we faundthe-rhnce 

values to be constant for a batch of reagents when using the zero 

readjustment feature. Fte-s- 'sation is only necessary when 

reagent batch nunbers alter. working reagent stability was at 

leasttwoweekswfiich is more than adequate for large batch 

processing. similar working reagent stability for at least two 

months has been reported by others [5], although they recdlibmted 

the assay for each sample run. 'Ihe instrumnt parameters for the 

proposed method (Table 1) are used in our laboratory for all the 

current Lange of EMIT d.a.u assays. 

Within, and between, batch precision is ccnnparable to 

published mthcds for other instrumnts where within batch 

precision is around 3 %, and between batch is around 5% [10,11]. 

We assessed the effect of further dilution of EMIT reagents on 

Epos, and faund that precision worsens by a factor of at least two 

when 1500 tests are obtained and deteriorates still fur ther  if 

2000 tests are obtained. 'Iheabsorhnce changes also became 

unacceptably law when the kit is diluted to this degree, even with 

the extra substrate reagents present. In day-to day usage it w a s  

found to be avery reproducible assay even when usedby junior 

laboratory staff. Good xrrelation with existing methods was 

achieve3 and we were able to reduce the co6t to 13 pence a test 

w h i c h  is a considerable cost saving, ccwparable to other q e s t e d  

modifications . 
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