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ABSTRACT

Four commercial assays for the screening of cannabinoids in urine w ere 
compared. Urine specimens from 93 selected subjects were run by fluo
rescence polarization immunoassay on the Abbott TDx; by enzyme m ulti
plied immunoassay with two Syva EM IT assays; and by thin-layer chrom a
tography w ith the  TOXI-LAB system (Marion Laboratories). The TDx 
cannabinoid threshold  can be set anywhere from 25 to 150 (xg p e r  L. 
Twenty-five |xg pe r L was chosen for this study. The thresholds for EM IT 
are fixed at 20 |xg per L for one assay and 100 (xg per L for the other. The 
detection limit for TOXI-LAB, according to the manufacturer, can be any
where from 5 to 50 (xg/L, depending on the specimen. Urines, positive by 
at least one m ethod, were further analyzed by gas chromatography with 
mass spectrom etry (GC/MS), The detection limit for the GC/MS m ethod 
was 10 p-g per L. The results showed a few false negatives and unconfirm- 
able positives; in general, correlation was considered acceptable. Dose- 
response curves comparing TDx and EM IT gave paralell results, with 
comparable cross-reactivity for the major metabolite, ll-nor-A -9-tetrahy- 
drocannabinol-9-carboxylic acid (A-9-THC-COOH). A dose-response 
study of TOXI-LAB using A-9-THC-COOH also gave acceptable results. 
A dsorption to glass was investigated using spiked urine; a 27 percen t 
reduction in concentration was caused by this phenomenon. Foaming of 
spiked urine caused by vigorous mixing resulted in a reversible 89 percent 
apparent reduction in concentration.

* To whom reprint requests should be addressed.
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Introduction

The reliable detection of ll-nor-A -9- 
tetrahydrocannabinol-9-carboxylic acid 
(A-9-THC-COOH), the major metabolite 
o f  A -9-TH C , p re se n ts  e x tra o rd in a ry  
challenges to the clinical toxicology labo
ratory. W hile THC m etabolite assay still 
p resents some technical problem s, the 
real difficulties lie in the  pu rpose  for 
which the assay is performed, the in ter
pretation and use of the results, and the 
social cost of making an error.

The ob jec tives o f TH C m etabo lite  
assay or cannabinoid screening are rarely 
m edical. T he p resen ce  o f A -9-TH C- 
CO OH in urine correlates well with the 
use of marijuana, at least when the con
centration is high enough, bu t this posi
tive finding is a poor indicator of phar
macologic or toxic effect. 5 Rather, the 
purposes of TH C m etabolite assay are 
usually forensic or administrative. Quite 
simply one is trying to determ ine if an 
individual has broken the law, and per
haps additional regulations, by ingesting 
THC in some form.

In the case of job-related testing, it is 
frequently inferred that the subject with 
a positive test result may have compro
mised his job performance, and perhaps 
his safety  and  th e  safety  o f o th e rs , 
through his illicit activity. This conclu
sion has a th read y  connection  to the  
data, however.

In spite of continuing debate over the 
pharmacologic, legal, and ethical issues, 
urine testing for THC metabolite is here 
to stay. If  a toxicology laboratory is to 
offer drug screening, it will be expected 
to p rov ide  th is analyte as p a rt  o f its 
menu. Consideration of the potential for 
damage to an individual’s future which 
could be caused  by a positive  resu lt 
emphasizes two points.

W hatever m ethod or com bination of 
m ethods used, the prim e requ irem ent 
must be that of specificity. Also, the user 
of the data must in some effective way be

educated  as to the true  significance of 
the  result. Some concept of predictive 
value and the possibility of sampling or 
analytical e rro r  shou ld  be  com m uni
cated.

In the absence of GC/MS capability, 
the  m inim um  recom m ended  req u ire 
m en t for forensic  u rin e  cannab ino id  
assay is the  em ploym ent of two tech 
niques based on two different scientific 
principles .5

In our laboratory, investigation has 
b e e n  m ad e  o f th e  u se  o f e i th e r  an 
enzyme immunoassay (EMIT®) or a fluo
re sc e n c e  p o la r iz a tio n  im m u n o assay  
(TDx®) in tandem  with a thin-layer chro
m atographic m ethod (TOXI-LAB®) in 
term s o f efficiency of identify ing the 
presence of cannabinoids.

M aterials and M ethods

R e a g e n t s

M anufacturer’s instructions were fol
lowed for each of the assays. The two 
Syva assays were EMIT® d .a .u .®  Can
nabinoid 20 ng Assay and the EMIT® 
d .a .u .®  Cannabinoid 100 ng Assay. Cali
brators are not included in the reagent 
kits and m ust be purchased separately 
for each of the two assays. The instru 
m entation for EMIT® was a Gilford Sta- 
sar III spectrophotom eter with a Syva 
pipettor-dilutor 1500, a Gilford 3021 vac
uum  pum p and a Syva 1000 com puter 
prin ter. C annabinoid  “reagen t packs’’ 
and a set of calibrators w ere obtained 
from Abbott Diagnostics and were used 
on a TDx® analyzer with software revi
sion 11.2. The TOXI-LAB® Cannabinoid 
Initial System was purchased from Ana
lytical Systems. Chemicals required  but 
not supplied by Analytical Systems were 
reagent grade or better. D iethylam ine 
was pu rch ased  from  Sigm a C hem ical 
Co., dichloromethane from EM Science, 
and acetone from J. T. Baker Chemical 
Co. The following were purchased from
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F ish e r  Scientific: hydroch lo ric  acid, 
ethy l aceta te , n-hexane, glacial acetic 
acid, and n-heptane. The GC/MS analy
sis was done by Damon Clinical Labora
tories using a P erk in -E lm er gas chro
m atograph with a Finnegan ITD  mass 
spectrom eter. Ion monitoring was used 
for the  detection of A-9-THC-COOH. 
The A-9-THC-COOH was obtained from 
Altech Applied Science. Bovine albumin 
was Sigma product num ber A4503.

T h ree  system s, EMIT®, TDx® and 
TOXI-LAB®, use the isomer A-8 -THC- 
CO O H  as calibrator or standard. Besides 
detecting A-9-THC-COOH, the EMIT® 
and TDx® assays also detect 11-hydroxy- 
A-9-THC, 8-(3-hydroxy-A-9-THC and 
8-(3-l l-dihydroxy-A-9-THC. In addition, 
A-9-THC is detected  by the EMIT® 100 
ng assay and cannabinol by TDx®6,7 W ith 
TOXI-LAB®, A-9-THC-COOH and 11- 
hydroxy-A -9-T H C  d isp lay  th e  sam e 
detec tion  characteristics as A-8 -THC- 
C O O H . 7

S p e c im e n  C o l l e c t io n  a n d  P r e p a r a t io n

A total of 93 u rine  specim ens w ere 
o b ta in e d  for th e  co m parative  study. 
Damon Clinical Laboratories* provided 
39 specimens from a m ethadone clinic. 
Most of those urines tested positive by 
their screening method. The determ ina
tions were made by the EMIT® d.a.u.®® 
100 ng assay u sing  a COBAS-BIO® 
instrum ent, f  The rest of the urines were 
ob tained  from  54 vo lunteers, m ost of 
whom w ere expected to give negative 
results.

The TOXI-LAB® dose-response study 
was done with drug-free urine spiked in 
glass tu b es  w ith  A -9-TH C -C O O H  to 
concentrations of 4, 8 , 15, 38, 56, 75, 
150, and 375 (JLg per L. The TDx® and 
EMIT® dose-response curves were done

w ith  the  sam e A -9-TH C -C O O H  stan
dards and with the assay calibrators. The 
TDx® assay calibrators consist of a nega
tive sample and five standards at 25, 40, 
60, 80, and  150 |xg p e r  L. T he two 
EMIT® assay calibrator sets each consist 
of a negative sample and two standards, 
one at the threshold (20 and 100 |Jig per 
L) and the other at a higher concentra
tion (75 and 400 fig p e r L). Standards 
were prepared of additional concentra
tions of the A- 8  isom er for EMIT® by 
diluting the 750 fxg per L TOXI-LAB® 
cannabinoid control with drug-free urine 
to concentrations of 5, 10, 20, 50, 75, 
100, 200, and 500 |xg per L.

A d s o r p t io n  St u d y

A d so rp tion  o f A -9-T H C -C O O H  to 
glass was investigated in two ways. First, 
d rug-free  u rine  was spiked w ith  A-9- 
TH C-COO H in both a TOXI-LAB® glass 
extraction tube and a 5 oz. plastic con
tainer ordinarily used for clinical urine 
collections.* In a second experim ent, 
bovine album in was added to u rine in 
the glass tube at a concentration of 1 0 .0  g 
p e r L before spiking with the  m etabo
lite . Spiking in bo th  cases was done 
using a Ham ilton 50 (jlL syringe. Fifty 
microliters of a 7.5 mg per L m ethanolic 
solution of th e  m etabolite  was added  
directly into 5.0 mL of urine and mixed 
gently to give a final concentration of 75 
|xg pe r L. C oncentrations w ere d e te r
m ined on the TDx® three times over a 
period  of at least th re e  hours in both 
experiments.

In  a n o th e r  e x p e rim e n t, u s ing  th e  
sp iked  u rin es  from  the  second glass- 
adsorption experim ent, an attem pt was 
m ade to free the  glass-adsorbed A-9- 
T H C -C O O H  by sonicating, freezing, 
and shaking the urines. Concentrations

* Westwood, MA.
+ Roche Diagnostic Systems, Montclair, NJ. * Superior Plastic Products, Providence, RI.
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TABLE I

T h r e s h o l d  o r  N um ber o f  U r in e s
M e th o d  D e t e c t i o n  L i m i t  53  32 3 1 1

TDx@
EMIT@20ng 
EMH<S>100ng 
TOXI-LAB® 
GC/MS (yg/L)

25
20

100
5 - 5 0
10 32-2523 25-41

were determ ined on the TDx® im m edi
ately after a 30 m inute sonication, after 
which the urines w ere frozen overnight 
and  assayed  again . T hen  th e y  w ere  
shaken by hand for about 2 0  seconds, 
which produced  a foam “head” on the 
specim en. After m easuring concentra
tion again, an attem pt was made to elim 
inate the foam through various methods. 
Sonication, freezing, application of a 
stream of nitrogen and vacuum failed to 
produce satisfactory results. Application 
of four drops of 1 :1 0 0  aqueous suspen
sion of 2 -octanol to the urine samples 
was found to be effective in dissipating 
the foam.

Results and Discussion

The results of the comparative study 
are shown in table I. For the purposes of 
th is  s tu d y , a p o s itiv e  re s u l t  w ith  a 
screening m ethod is considered a con

firm ed  p o sitiv e  f in d in g  if  A -9-TH C - 
CO O H  was found by GC/MS assay at a 
concentration of at least 10 |xg pe r L. 
Fifty-three urines w ere negative by all 
four screening assays. Thirty-tw o gave 
c o n s is ten tly  p o s itiv e  re su lts  by th e  
screening m ethods and w ere confirmed 
positive by GC/MS with results ranging 
from  32 to 2,523 |jug p e r  L. All four 
screen ing  assays gave uncom firm able 
positive results on one of the specimens. 
TOXI-LAB® gave one additional uncon- 
firm able positive resu lt and one false 
negative. EMIT® 100 ng gave one false 
negative and EMIT® 20 ng gave two. 
O ne of the la tte r was contradicted by 
EMIT® 100 ng w hich gave a positive 
resu lt. This specim en was sen t to an 
independent laboratory which confirmed 
our findings. The concentrations of A-9- 
TH C-COO H obtained by GC/MS on 38 
specimens ranged from 25 to 2,523 jxg/L 
with a mean of 423.

F ig u r e  1. T D x canna- 
b i n o i d  a s s a y  d o s e -  
re sp o n se  study.

Concentration (iig/L)
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The TOXI-LAB® dose-response study 
indicated a detection limit of about 2 0  |xg 
per L for A-9-THC-COOH in the speci
m en which was used for this experiment. 
M ig r a t io n  d i s t a n c e  w as c o n s ta n t  
throughout the 5 to 500 (xg per L range. 
Band color and intensity varied consis
tently with concentration.

T he d o se -re sp o n se  cu rves  for th e  
TDx® and the  two EMIT® assays for 
b o th  A -9 -T H C -C O O H  an d  th e  A - 8  
isomer are shown in figures 1, 2, and 3. 
In each case, the two isomers gave a par
allel response.

In table II are given the results of the 
glass-adsorption experim ents The aver
age m ea su red  c o n c e n tra tio n  o f A-9- 
T H C -C O O II is shown for sam ples in 
untreated  glass, in plastic, and in glass 
with albumin added to the sam ple. The 
c o n c en tra tio n  found  was 27 p e rc e n t

lower in untreated  glass-stored samples 
vs. both the plastic and albumin-contain
ing specimens. M easured concentrations 
rem ained the same over a th ree to four 
hour period at room tem perature.

T he u rines contained  in glass w ere 
th en  used  to d e te rm in e  if sonication, 
freezing, or vigorous mixing would free 
a d so rb e d  A -9-T H C -C O O H  from  th e  
glass. Sonication and freezing caused no 
change in the m easured concentrations. 
Shaking the urines had a dramatic nega
tive effect, especially on the  album in- 
free urine. The m easured concentrations 
after shaking were 89 percent lower in 
the  shaken album in-free urine, and 55 
percen t lower in the urine which con
tained the added protein.

The reduction of m easured concentra
tion which results from shaking could be 
reversed by defoaming the sample with

F ig u r e  3. E M IT  100 
n g  c a n n a b i n o i d  a s s a y  
d o se -re sp o n se  study.

Concentration (tig/L)
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TABLE II

Adsorption of Cannabinoids to Glass

C o n ta in e r
C o n ta in s
A lbum in

Mean TDx® 
R e s u l t  ( \ig /L )

Experiment 1 Plastic No 73.9
Glass No 58.1

Experiment 2 Glass Yes 65.8
Glass No 51.9

dilute 2 -octanol, or by allowing the urine 
sample to sit for 90 m inutes while the 
foam subsided.

The TDx®, TOXI-LAB®, and EMIT® 
systems dem onstrate adequate sensitiv
ity and specificity for a qualitative assay 
for a A-9-THC-COOH in urine, although 
our data indicate false negative results 
seem possible at least with the EMIT® 
and TOXI-LAB® systems. Rapid prelim 
inary  sc re e n in g  can b e  d o n e  on th e  
TDx® or on an autom ated EMIT® sys
tem , followed by confirmation of positive 
resu lts  w ith the  m ore labor-in tensive 
TOXI-LAB® system. This use of two sys
tems in series fulfills the characteristics

of a forensic urine cannabinoid assay rec
om m ended in the work of Sutheim er et 
al.5

O u r re su lts  also d e m o n s tra te  th e  
som etim es overlooked  im portance  of 
careful collection and handling of speci
m ens for cannabinoid  screening. This 
factor is more significant when the con
centration of the sample is close to the 
threshold or sensitivity of the assay.
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