
iu‘vrnal of c&umrtou@-ap~~* I17 (1976) 187492 
$ZJ E&tier Scientifk Publishing Company, Amsterdzm - Printed in The Nethedands 

METHOD FOR THE DETECTIOX OF DIETHYLAMINE, -4 METABOLETE OF 
DISULFfRAM, IN URINE 

SUMMARY 

DisuEram is a drrrg used in the treatment of chronic atcohofism in man. 
.diccur-zte assessment of patient compliance is important in this treatment. This paper 

describes a method for the detection and quantitative an&G of dietbylamine, a 
metabollte of disuffiram, in urine. The method involves conversion of the water- 
solubfe diethylamine in the urine to 2 derivative, N,Wdiethyl-3,5dinitrsbenzzmZde, 
that is soluble in an organic solvent. This derivative is extracted from urine with di- 
ethyl ether and then subjected to thin-layer chromatoCgaphy. A spectrophotometric 
procedure is used for quantification. This mehod provides r means of determining 
whether or not a pzxient is taking his prescribed disuffiram. - 

DisulGram ftet~ethylthiuramdisutfide, Aotabrrse*) is given for the treatment 
of chronic &cohoIism. This drug acts as a deterrent to drinkirrg b,xause a patient 
wilE develop nausea, vomiting, abdominet pain and decreased arterial blood pressure 
if he drinks within three to seven days after taking this drug’. Beczuse alcoholic 
patients are not always reiiabIe in reportin, = whether they are taking the drug or not, 
it is imporbnt for physicians t&in, Q care of such patients to have a method for 
determiting if the disrrltiam has beeri taken. PLfter oral administration of disulfiram, 
large quantities of diethyIdithiocarbamzte, a metabofite, are excreted in the urine’. 
Tests for disulfiram have depended upon the detection of this metabolite in the zIrine3*-‘. 
However, diethyldithiocarbamate rapidly disinteFates in urine, particularly when the 
urine is acid, sod thus these tests have not proven satisfxtory for clinical purposes4. 
The breakdown products of diethyEdithioc.zrbamate are diethyiamine and carbon 
disulf?de’. Diethylamine is not normally present in urines. Therefore, a method for the 
determination of the presence of diethylamine in urine could provide a means of de- 
termining whether a patient has been taking his prescribed disulfiram. Methods for 
the determination of Me presence of a secondary amine such as ciiethyfamine are avail- 
abfe6. However, most methods require that the diethylamine be in reWively pure form 
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&x to 2nalysis and “&us these methods cannot be directly appEed to urine. Further, 
die:hylamine is water soluble and cannot be quantitatively extracted from tine. 

The present paper reports a new method for the detection of diethylamine in 
urine. This method invo!ves conversion of the diethyiamine in the Iurine to a deriv- 
ati-/e, N,N-diethyl-3,5-dinitrobenza_mide, that is solubIe in an organic solvent. This 
derivative is readily extracted with diethyl ether and is then specifically identified by 
thin-layer chromatography (TLC). 

Standard 3,5-dinitroben~a~~des 
Standard 3,5-diniirobenzamides were prepared by a standard Schotten- 

Rzumann technique. Two mii!iliters of the amine were Lmixed with 0.5 g 3,5-dinitro- 
benzoyl chloride (Matheson, Coleman and Bell, Norwood, Ohio, U.S.A.). The mix- 
ture was heated gently for 5 min. Ten milliliters of water were then added and the pre- 
cipitate collected on 2 filter, washed with 2 % sodium carbonate and then washed with 
wa:er. The derivative was therr recrystAlized twice from aqueous ethanol. The stan- 
dard N,N-diethyl-3,j-dinirrobenzamide had 2 melting point of 91-93’. 

Sanrples cf urine for analysis of dietlz:v/amine 
Samples of urine were coliected and made acid with acetic acid to a pH of 

less than pH 4.0. The acidified urine was stored at 4” eve_might. To analyze for diethyl- 
amine, 2 ml of urine were mixed in a 125ml separatory funnel with 15 ml dIethy 
ether (No. 08O+ Maliinckrodt, St. Louis, MO., U.S.A.), 0.3 ml of pyridine, S ml of 
5 y;, potassium carbonaie, and 0.5 mi of 3,5-dinitrobenzoyl chloride in diethyt ether 
(0.35 g/mIj. The mixture was shaken at intervals for 20 min. 

The aqueous layer was then removed 2nd discarded. The ether Iayer, which 
contained the 3,5_diniirobenzamide, was then washed twice with 5 ml of 5% 
sodium carbonate, twice with 5 ml of 5 % hydrochloric acid, and then twice with 5 ml 
of distilied water. The ether layer was dried ov er anhydrous sodium sulfate and then 
Zhe ether was removed by evaporation with 2 stream of air and with warming. 

The residue from benzoylation of standard OF rrnknown amines in urine was 
dissolved in 0.5 ml of chloroforn-methane! (1 :I). An aliquot, 0.1 ml, was spotted on 
a precoated silica geI G TLC plate (Analtech, Wilmington, Del., U.S.A.). The TLC 
plate was then developed with chloroform-methanol (99:1) for t 10 1% h. 

Afrer deteIoping, the plate w2s 2ir dried and the spots were visualized by ex- 
pcdng the plate overnight to iodine vapor. 

Qziantitative detern~isratiofr of diefityianzirze in urke 

After exposing the TLC plate to iodine vapor for i-10 min, the N,N-diethyl- 
3,Minitrobenzamide spots were identified and out!ined. The iodine was then removed 
by al!owing the p!ate to remain at room temperatwe and atmosphere overnight. The 
next day, the spots containing the dierhylamine derivative and a corresponding blank 
silica gel spot and 2 b!ank urine spot were scraped into 5-mI centrifuge tubes. Three 
milliIiters of methanoi were added and the t&es were heated at 4” for 5 min with 
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mixing PO dissolve the N,h’-die~yI-3,5-din~~robe~~~ide. The siIica gel wss then re- 
moved by centrif~tgation at 5Qf) g for 20 min. The clear supernates were assayed in a 
Beckman DU spec:rophotometer at 3OU nm. TIE molar absorptivity of standard 
N,WdiethyI-3,5-dinitrobenzamide at 300 nm in methanol was found to be 12%. 
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RESULTS AND DISCUSSION 

The TLC pattern observed in wine containin g diethylamine and related sub- 
stances is shown in Fig I. Chlorofortm-methanof (93 : 1) was used as the solverrt i%r 

developing the cbromatog~am. The diethyIanine and diethyfdith_ocarbam~tte were 
added to urire and the mixtures were allowed to remain overnight in acid pH prior 
:o this TLC study. On lanes I and 7, 50 ,ug of standard ~,N-diethyI-3,S-dlnitrobenz- 
amide were chromatographed. _Ar”er benzoylation, the derlv~~ive was present in the 
wires to which diethyIdi~~ocarba~~~c (lanes 2 and 3) and dietlqkmine (lane 4) had 

Fig. 2. Excretion wttern of diethylamice in the urine Cram 2 patient given 500 mg disulfiram. On 
lanes 1 ZIIC! S. standard N,N~eth~l-:.5-dini~r~~~~~~d~, 50jrg was chromatogmp!~~d. Lane 2 is 
from a mine sarnp!e col!ecred 2t 9:oO a.m., when the drug was prescribed. Lr^ncs X,4,5, and 6 are 
from mine sampIes collected 2,4, 12, and 20 h after administration of the drug, 2nd kne 7 is from 
a urine sample col!ecteci 24 h after administrztioil of the drucr. 
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QUANRTATWE DETER_WN_4TION OF DIETHYL4MINE IN URME 

Theory’ Found” 

Nooe 0.00 0_02-0.19 
Di&ylamine 0.41 0.48 

o.az 0.99 
1.64 I.36 
2.06 2.00 
4.11 4.li 

DiemyIdithiocarbamate”’ 2.96 2.66 
5.91 5.10 

---- 
* Q~~+ntity in ~tmoles of compound added to urine. 

l * Quantity in tlmole of N,N-diethyt-3,5-dinitrobenzarnide found after benzoyiation and quan- 
titative anaiysis at X-0 n-m.. 

=** The diethyidithiocarbamate was added to acid urine and 2Itowed to remain 2t 4’ overnight 
prior to benzoytation. Sr;ch conditions convert diethyidithiocarbamate to diethylamine and Gibon 
disukfide. 

been added. For ianes 2 and 3, 220 and 160,q, respectively, ofdiethyldithiocarbamate 

were added to 2 ml of urine and for Zane 4, 71 ,ug of diethylamine were added to 2 ml 

of urine. Urine tsken from a patient known to have beerr taking disulfirarrr wits also 

tested and diethykmine was found (lane 5). A control urine taken &OM a patient not 
taking disuifiram showed no spot for diethylamine (lane 6) after benzoylation. 

To test the excretion pzttern of diethyfamine after administration of disui- 
firam, volunteers were givers a singfe dose of 500 mg disul&am. The urines were then 
coIlected at intervals for 48 h. A representative excretiorr pattern of diethylamine is 

given in Fig. 2. The standard N,N-diethyl3,%dinitrobenzamide, 50 ,ug, was spotted on 
lanes L and 8. The patient was given the disulfiram at 9:OO a.m., at which time 2 urine 
was coliected. Dietbykmine was not present (F_,. ia 2, Lane 2). Two hours after adminis- 
tration of the disulfiram (Izne 3) a positive spot for diethylarnine was cbtained. Posi- 

tive spots were observed at 4 h (lane 4), 12 h (lane 5), and 20 h (lane 6). A slight posi- 
tive spot was observed at 24 h (Iane 7) and the urine was negative 48 h later. 

This report describes a method for the detection of the secondary amine, di- 
ethyiamine, a metabolite of disulfiram in the urine of patients. Tertiary amines do not 
react with 3,5dinitroberizoylchloride and thus, trimethylamine which is present in 

normal hrrman urines would riot case problems by producing a f&e positive reac- 
tion. Primaly tines ;Lre also present in human urine and they do react with 3,5- 
dinitrobenzoyl chloride, however, their benzamide derivatives are water soluble 
and ae removed In the washing procedure used in the method reported here. Thus, 
onfy secondary amines will be isokted by this method. Further, derivatives of second- 
ary amines other than diethyknine (RF value of 0.55) have diRerent RF values’_ 

Thns, this method witl specii%Aly identify the presence of diethylamine in urine. 
The N,N-dieEhyl-3,5-dinitrobenzamide in urine can readily be quantitated, its 

shown in Table 1. With our method, more than 90% of diethykxmine added to urine 
is recovered as the derivative. The recoveries of diethyfdithiocarbama:e as the deriv- 

ative were somewhat fewer but were greater than 80%. Anafysis of representative 



crke satipIes from patients known to be receiving disrrlfiram showed 0.9 and 2.0 
,~moJ~s of die*Jytamine per 2 mI of urine. 

Tnis test offers 8 mezns of determining whether patients who base been pre- 
scribed dist;lfkam itre taking thclr medication. During Erie course of ow experiments, 
KramiS describ-d a test t&r disuIfkzz ingestion which ntifizd the detection of 
carbon disuifide, the other metabotk of this drug4 in the breath. This method, Iike 
ours, ofks 2 rapid test for disul&am ingestion, however, sources of f&e positive 
results rem& to be determined. 


