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THIN-LAYER CHROMATOGRAPHIC SCREENKG AND CONFIRMATION 
OF BASIC DRUGS OF ABUSE IN URINE 

Thin-layer chromatographic procedures are presented for the positive identifi- 
cation of methadone, primary metabolite of methadone (2-ethytidine-L15-di_methyi- 
3,3_dEpE,enytpyrra~d~~e), propoxyphene, oorprapoxyphene, cocaine, benzoylecga- 
nine, merhaquaIone, and phencycfidine from wine specimens. InltiaI screening of 
specimens is done by deve!oplng plates in ethyl acetate-methanof-diethylamine 
(90:EO:I.6). Samples screened positive are confirmed in methylene chIaride--methyl 
ethyl ketone-concentrated ammonium hydroxide (74:25 :0.8), depending on the drug{sf 
indicated by the screening procedure. The Imethod is quite sensitive, detecting most 
of the listed drugs at Ievels of I .a pg/ml or less. 

ENTRODUCflOP*’ 

The widespread use and abuse of drugs necessitate simple and rapid methods 
Wat can be used to detect drugs in urine specimens. In this study we present ii thin- 

i.!lyer chromatogra&ic (TLC) procedure to detect a groap of basic drugs including 
r ?ethaquzlone, propoxyphene, cocaine, phencycfidine and methadone afong with same 
C: their priarary metabolites such as norpropoxyphene, beazoyfecgonine, and 2- 
L i hylidine-l,5-&methyl-3,3-diphenylpyrrolidie. 

In our scnxxr,ing procedure, urine specimens are made alkaline and extracted 
\ %h an organic solvent. The organic layer, containing the basic drugs, is evaporated 
r. dryness and reconstituted fn a small volume of methanol. HaIf of the concentrate 
i spotted on a TLC @ate while the remaining concentrate is saved for possible co%- 
f. mation analysis. ne p&e is dsefoped in the screening sofve~~t system ethyl 

s- . 



a~tate-methanoi-bie~~~~amine (90: IO:L5). The drug spots art: then visuaked by 
iodoplatinate reagent. Extracts of sptzcimens which are found positive iti the initial 
screening are spotted on a second TLC plate, &I&h is developed k tile cx?nfkmation 
solvent system methyfene chloride-methyt ethyl ketone-concentrated ammcnium 
l~ydrotide @90:f0:0_8)1. However, if norpropox~phene, benzoyfecgoaine, methadone 
and/or its metsbolite 2-ethyEidine-l,5-d~et~~l-3,3-dlphenytpyrro~dine are suspected 
in the initiaf screen, improved results are obtained by confkning 011 a piate developed 
ia methano2-c~oroform~~~~e~ ZllmG&lIm hydroxide (74:25:0.8). 

Sk other sofvent systems are presented as aftermate screening andjor con- 
firmation methods for the basic drugs. 

EXPERIMENTAL 

Merck silica gel G TLC PIates, 20 x 20 cm, obtained from EM Laboratories 
(Elmsford, N-Y., U.S.A.), were used. The iodoplatinate spray was prepared as follows: 
I g of chloroplatinic acid was dissolved in EO ml of distitkd water, then added to 30 g 
of potassium iodide dissolved in 2@I ml of distilled water. Five r&lfi%x~ of cone. 

h~drochldric acid were added and the mixture was then dikeed to 250 mE with distiEIed 
water. 

The solvent systems used are listed in Table f. 

Smnple prepcmtion. Twenty miffifitefs of tine9 0.2 ml of cone. ammmium 
hydroxide and 25 ml of 5 T/, isopropanokhloroform are pfaced in a 50-mE centrifuge 
tubeand shaken ho_rizorrt~nyat70c~c.res/mlnfor i5 min.Afterskakirrg~ thetoptine 
layer is aspirated off and the organic layer Mered througEi phase-separating paper 
into a &ml caticsl ceentrifqe tube. One ten& mililiter of I % h~drochkxic acid 
in methanol is added and the sampte is then evaporated to dqness under nitrogen in 
2 70” w2teef-bath. 

Screening. The residue is reconstituted in 103 ~1 of metfranol. Fifty microliters 
are spotted on a TLC pEate (the remainder is saved for confirmation analysis). Tile 
plate is developed in tk re screening solver;t system fsoivent system L). After develop 
me&, which takes a littfe over I h: the plate is air dried and sprayed with iodopfatinrx 
reagent t0 tisU&z~ the Spots for methadone, methadone met&dite, cocaine, bez- 
zoylecgonhne, phencyc&Sne, propoxyphene, narpropoqphene, and : ~ethaquafone. 

Cti%‘kn~fion. (i) &fess norpropoxypbene, benzoylecgonine, methadone and x 
methadone mef%boEf- - - ore suspected to be present in the ititial screen, the rem&c zf 
of the extract is spotted on a secosd TLC Dilate, w&h is then developed 6~ the cc z- 
firmation sokent system (soiveirt system B$, Et may be necssary to add another dr )p 
Ot two of m&i~~oI if the extract is campleteiy dry. After developmmt, the plate is 
2k d&d and then spraj’ed with iodoplaticate reagent to \<sual& Ehe drug spots. 

@I If norproPoxypheneS benzoyfecgonine, methadone andlar methadc x 
met&o& are observed in t!ze initial screen, the remakder of tfre extract is spct :d 

00 a second TLC @ate. This p!atte is developed in me&fradcne con&m&on solo* Et 
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RFV-~LU=OFCOMMON DRUGSONVARiOUSSOLk'ENTSYSTEMS 

Solvers systems: (JJ ethy! ~cetatr,methano~~iethy~Rg (?0:10:1.6); (IQ methyIene chloride- 
methyl ethyl ketone-cone. Xl&OH (90:10:0.8); (1~) methanokhloroform-conc. N&OH (74:25: 
0.8); @vE ethfiacetate-methylerie chtoridexonc. N!&OH (90:lO:O.f); (v) ethyi acetate-benzene- 
chIoroform (4&40:20);(W) methytenechloride-but&I-conc. ~~~H(85:t5:0.2);(VII) ace-tone- 
mctharxol~effiyftine (90:10:0.7); (WIE) acetorte-methanol (60%); (Ix) acetone-chforoform 
(7&X& 

Renzoykcgonine 
ChIordiazepoxide 
Cocaine 
CodeEke 
Dizzepam 
&feperidiue 
Methadone 
ivrethadone metabolite 
Met&qualone 
Morphine 
Nicotine 
Norpropoxyphene 
Osazepam 
Phencyclidine 
Proposyphene 

0.04 0.01 
0.63 0.04 
0.55 0.56 
0.20 O-Of 
0.86 0.57 
0.27 O.I3 
0.35 0.23 
0.30 0.15 
0.88 0.7-l 
0.16 0 
0.26 0.10 
0.23 0.03 
0.84 0.04 
0.58 0.45 
0.59 0.50 

0.37 O.QL 0 
0.87 0.20 0.09 
0.79 0.77 0.12 
0.46 0.a 0 
0.87 0.80 0.50 
0.65 0.21 0.03 
0.55 0.66 0.05 
0.15 0.74 0.05 
0.&9 0.84 0.55 
0.43 0.02 0 
0.73 0.10 0.05 
streak 0.11 0 
0.83 0.23 0.32 
0.67 0.89 0.07 
0.84 0.80 a.Es 

0.01 0.03 
0.61 0.82 
0.65 0.64 
0.09 0.21 
0.96 0.90 
0.27 0.30 
0.21 0.41 
0-m 0.27 
0.97 0.91 
0.C-Z O.iS 
0.12 0.37 
strsik 0.19 
0.79 O.S9 
0.38 0.59 
0.68 0.66 

0.18 0 
o.sz 0.64 
0.52 0.30 
0.23 0.03 
0.85 0.87 
0.36 0.15 
0.25 0.13 
0.05 0.07 
0.87 0.91 
0.23 0.02 
0.4% a.21 
strezik 0.01 
0.8s 0.84 
0.38 0.26 
0.57 0.43 

system (solvent system III). After development, the plate is air dried and sprayed 
with iodoplatinate to visualize the drug spots. 

hztergretatim 
Positive specimen. We consider that a positive specimen must contain spots 

for the drug(s) of interest on both solvent systems. Tne spots must have the same RF 
--dues and colors as known standards. 

Negative specimen. Specimen, = which do not meet the above criteria.are con- 

Gdered to be negative. 

! ESULTSAND DISCUSSION 

Table 1 gives the RF vafues of the drugs of interest as well as other drugs that 
1 q= be found in the urine on nine different solvent systems. Table 11 gives the coIors 
[ *educed with iodoplatinate reagent and the minimum detection level of each drug 
C _ interest. Table 111 gives the preferred solvent systems for screening and con- 
i :mation of individua1 drugs. 

We have deveIoped this procedure to screen and confirm urine specimens for 
.$ :e presence of methadone, primary metabotite of methadone, propoxyphene, nor- 

E_ :opoxypheue, cocaine, benzaylecgonine, methaqualone, and phencycfidine. The 

r .ethod is suitable for large-scale testing-of these basic drugs. The procedure requires 
C-I&J one extrx~on, but, by splitting the sample, still alIows the dual anaEysisis required 



for a positive &&i~ation. ~oefkr~ iS Made to detect 2IEphet2mine, MetblaMphet- 

zz&xe, barbiwtes or opiates by this method because oar faboratory Screem '&es 
drum by immunocbemita~ pr~cedu~xs'~. 

Nine solventsysteinshave b~~dev~~opedt~screen2ndcun~_rmv2rlousmem- 

hers offhe goq of basic drus and their Metabolites listed above. Other possible 

&ugs of interest, such as ~!!cotlm, MCKphine, codeke, chlordiazepoxide, meperidine, 



~~3?aW and OX-Pm, which are also extractable into organic s&ent at a basic 
F% can be identified with these sofvent systems. she Preferred solvent system for 
screening and co&mation depends upon the drug(s) to be analyzed, as iflustrated in 
Table III. 

Solvent system 1 is a good all-purpose screening solvent system. It rorrghly di- 
vide the b=ic drugs into four groups. In the first group,‘at the top of the plate, are 
metfiawalone, diazepam, and oxazepam. Tirerc is virtualfy no separation of these 
tie% but some &a as to which drug is preserLt can be obtained from the coloration 
of the spot. In the second soup, in the middle of the plate, are chlordiazepoxide, 
ProPoxyPheue, phencyclidine, and cocaine. There Zs a slight separation of these four 
as v&f as some color differentiation to aid in their identifrc&on. In the third group, 
about 0% quarter of the way up the plate, are methadone, primary metabolite of 
methadone, mqeridine, nicotine, norpropoxphene, morphine, and codeine. Metha- 
done and its primary metabofite are separated at the top of this group of drugs, easily 
differentiated from other drugs and urinary substances. Nicotine and meperidine 
remain unseparated at the center of the group. ~OrpFopoxyphenP, codeine and mor- 
phine are separated from one another, remain below the other members of the group, 
and are subject to interference by normal urinary substances. Cotor differences will 

aid greatly in presumptively identifying “unknown” spots in this group of drugs.. In 
the fourth gr’aup is benzoyIecgonine, just slightly above the origin of the plate. It is 
subject, to interference, but can be identsed on the basis of its purpfe color. 

Solvent system If is an excellent confirmation solvent system for most drugs 
of interest. It gives clear separation without interference from other drugs or urinary 
substances, of methaquaIone, cocaine, phencyclidine, propoxyphene, methadone, its 
primary metabolite, meperidine, and norpropoxyphene. ft cau therefore confirm aII 
the drugs of in:erest screened by solvent system E, aEthorrgh methadone, its primary 
metabolite, and noraropoxyphene can be better congrmed by solvent system III. 
General!y,ody one spot for both methadone and its metabolite wiIL be seen if the total 
concentration of the two methadone drugs is geater than 4-5 ,.q/mL Because of very 
close RF values, the two spots appear united in the event of such high concentrations 
of the two drugs. Morpropoxyphene does not m&ate very far from the ori&, and 
is likely to be interfered with by the urinary components present in this area ofthe TLC 
plate. Benzoyleogonine does not migrate from the origin and cannot be confirmed 
ZoniidentIy by this solvent system. 

SoIvent system If1 is a good conf%-mation solvent system for methadone, 
3rimary metabofite of methadone, benzoylecgonine, and norpropoxyphene. htetha- 
lone and iti &maw metabolite are widely separated without interference from other 
ilrugs or urinary substances. Confusion of one for the other is virtually impossible. 
?enzoylecgon?ne is found near the center of the plate without Zaterference from other 
Irugs. No,rpropoxyphene produces a large blue streak with an RF value from 0-06 
rzdicat_ting Propoxyq)hene use. Et should be noted that a very strong norpropoxyphene 
treak could obscure a weak beazoylecgonine, methadone and/or methadone metab- 

_Aite spot. -under such circumstancest a cotirmation is best made by using solvent 
ystem fi, 1~ or VII. Morphine and codeine can also be confirmed nsing sbivent system 
11. Hotvever, this system is not good for other drngs since many drugs m&ate toward 
3e top of the plate, where they are unseparated and subject to interference by normal 
Ximiry constituents. 



solvent system EY is a ood screening sorvent system for methadone and its P+ 
mary metabofite~. It gives p,- val~~es for mezhadooe sod its primary mehbo@e h 
reverse order from those proditzed by solvent iystems I, If, Ef, VT, and L’Kl- chh- 

dkzepoxide and mepcridine, afthough not separated from one another, zre sepsated 
from other drugs and -tina_ry substances, Nearly all uther drugs of possibfe interest 
migat2, as In so!vent system III, to tile top of the plate, where there is We SeParztion 
2nd much izzterference by tinzry substances. 

SoIvent system V is the mosr: efktive system for the conGrma~on of me&z- 
qualone. MethaquaIone, dkzepam and oszzepzm are clear@ separaQxi from one 

another and from ~$1 other drugs. This sokent system, however, is sot useful for the 
confirmation of other drugs, since most other dlags remtin near the origin of the plate. 

SoEvent system w is the best solvent system for the confirmation of pbeq- 
&dine, ck-arily sepzrt-ating it from zll the other drugs of inter& and commoLf ukzry 
srbst.znces_ Chlordi~~egoxiide, meperidine, methadone, norpropoxyphene, cocaine, 
r,xazepam, and propoqvphene can a& be cor&rmed by this solvent system, akho~& 
better separations a-e obtaiiaed oip other sYstems. 

Solvent system VII is an alternste screening solvent system. Most of the drugs 
of interest zre weIE separated from each other with minimal interference from corn- 
man nrinzry substances. The separations zre simikr to those obtained with solvent 
system I. Solvc~t sysrem VIE is superior to solvent system 1 in that (i) methadone and 
its primary metzboiite we further separated, (ii) there is better separation between 
nicotke and meperidine, and (iii) phencyclidine is better sepzraied from cocaine znd 
propoxyphene. It is, however, inferior to solvent system 1 in that (i) there is less sepa- 
r&ion betKeen methaqualone and uriinary substances rising to the top of the plate, 
(ii) there is no seperztion between cocaiire and propoxyphene, and (iii) there is Iess 
sepa,rztion between methaqua!one and oxazepam. 

Solvent system VIIf is the best solvent system for rhe confirmation of a specimen 
contaking both cocaine znd its metabolite, benzoylecgonine. This is the only soEvent 
system presented which does not cause these two drugs to be interfered bY other com- 
ponnds or urinary substances. Methadone, methzdone metabolite, propoxyphene and 
norpropoxyphene czn alsc be conf%med by this soEvent system, zkhoqh better sepa- 
r2tior,s zre ob*&ned on other systems. 

Solvent system IX is a good con&mation solvent system for chlordiazepo-tide. 
Chlordizzepotide is weIl separated from the other drugs of interest and is not inter- 
fered with by other rrrinar~ substances. This solvent system can be used on the basiq 
of spot coloration for the further confkmation of cocaine, propax-shene, and phen _ 
(wtidine, aWm.x& the separstion of the three drugs is only slight and propoqphen i 

ad cocrhe &it at large concentrations. Solvent system ‘II is much better for the cog. 
fimation of these three dqs. 

En the procedure described for the anaEysis of methaquaione, cocaine, propox: 
phene, phenc+idine, aad methadone, we recommend screening a11 specimens usir, I 
SOkl-ee system 1 and confirming aa specimens 011 sofvent system If with the exceptio 
of those sp=imenS screened positive for norpropoqyphene, benzoylecgonine, methz - 
done, aEd/or met&adone metibo!ite. Such specimer,s are confirm& oz solvent syster . 
TEL 

We have swcesSfid"tIi~y run over 19,CKH urine ssmpleS oil 0~ Gc~o-platefy dm; 

ana&s system. l-he on@ FrobIem encounrered has been &tfr methaqualooe. Bat.. 
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screening solvent systems 1 and UII yield a large number of faEse positives for metha- 
qualone owing to the proximity of the methaquarone RF value to the RF values of 
XEIEIO~ urinary substances carried by the solvent systems to the top of tfle plate. 
This ProbIem k eliminated by chromatographing suspected metbaquafone Specimens 
%‘ith tH’O Confirmation SOlVent systems. We obtained best reSu& by first screening 
urine spsimens for methaqualone on sotvent system 1 or VII, and confirming them 
3n solvent systems If and V. 

The identification of several drugs is further confirmed by the presence of their 
tmetabolites on the plate. We have found that methadone is considerabfy m&aboIized 
Into 2-ethylidine-IS-dimethyl-3,SdiphenyfpyrroEdine. In our experience, the two 
compounds have ahvays been present in roughly equal concentration@-9 in the urine 
of individuals on methadone therapy. We have found that propoxyphene is largely 
metabotized into norpropoxyphene ’ - “- In most cases of propoxyphene use, only the 
norpropoxyphene is present in the urine in levels detectabIe by TLC. Propoxyphene 
itself is found only if the concentration of norpropcxyphene is very large. Cocaine is 
extensively metabolized into benzoylecgonine~*9JfJZ. As with propoxyphene, in most 
insmnces of cocaine use only benzoylecgonine may be present in the urine in detectable 
levels; cocaine itself is observed only when the concentration of benzoytecgonine is 
very high. 

Otrr standard anaIysis procedure is somewhat insensitive to benzoylecgonine 
since it is not readily extracted. We have found that by adding approximately ‘7 g of 
potassium carbonate to the urine instead of ammonia, benzoytecgonine is extracted 
much better. A sensitivity of 3 (lg./MI can be achiesed. 

In contrast to norpropoxyphene and benzoylecgonine, the metabolites of 
methaqualone and phencycfidine, although present in much larger concentrations than 
the parent drugG3+, are not detectable using this TLC method. These metabolites 
are either unextractable or cannot be visualized with iodopfatinate reagent. 

In our faboratory we have successfufIy detected 678 persons takingmethadone, 
584 persons taking propoxyphene, ‘7 taking methaqualone, 47 taking cocaine, and 
24 taking phencyclidine in over 19,cOO urine specimens submitted for analysis. 1% 
have not seen detectable levels of chlordiazepoxide. dlazepam, or oxazepam. This is 
due to the extensive metabolism of these drugPtr. Spiked urine samples containing 
i f~gjml of these drugs are easily detected by this method, thus confirming earlier 
rvorklo suggesting that the benzodiazepine drugs are not excreted unchanged in urine 
‘n sufficient quantity to be readily detected. 

<GTE BY THE EDITOR 

The use of severah solvent systems is ceflainty an improvement over the schemes 
;hich ck&n that one soknt system is enough for identificarion. However, it shouEd 
e borne in mind that RF values can vary considerably on silica gel plates (even from 
ne batch to another) and that one R, \aIue can never and several RF values can hard- 
q be enough for “court evidence“. The recent literature seems to show that at least 

ne other kind of chemical evidence is needed. 
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