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ANALYSIS OF PLASMA DIETHYLDITHIOCARBAMATE 
A METABOLITE OF DISULFIRAM 

2 1 H.G. Giles,' J. Au and E.M. Sellers 
'Addiction Research Foundation, 33 Russell Street ,  

Toronto, Ontario, Canada and Departments of 
Tharmacology and Medicine, University of Toronto. 

Department of Chemical, Biological and Materials 
Technology, Ryerson Polytechnical Institute. 

ABSTRACT 

A reversed-phase high-perf ormance liquid chromatographic analysis was 
developed for diethyldithiocarbamate in plasma. Following t rea tment  of 
plasma (1 ml) with methyl iodide (250 1.111, biphenyl (internal standard, 1.8 
pg) was added in chloroform (6 ml). After shaking (30 m i d ,  t h e  chloroform 
was separated and evaporated under nitrogen ( to  50 1.11). Acetonitrile (250 
1.11) was added and t h e  solution was again evaporated under nitrogen (to 100 
1.1 1). Aliquots (25 1.1 1) were chromatographed using acetonitrile: acetate 
buffer (65:35, pH 4) at 2.5 ml/min on a 5 micron C-8 column with detect ion 
at 276 nm. Recovery of methyidiethyldithiocarbamate (MeDDC) was 92.5 5 
3.2%. Retention t imes and theoret ical  plates f o r  MeDDC and biphenyl were 
3.0 and 4.6 min., and 4660 and 6336 respectively. The analysis was linear 
over t h e  range 25 t o  400 ng/ml with a coefficient of variation of 3.2%. 
Analysis of samples a f te r  intravenous disulf iram (10 mg) administration to  
rats  yielded a total  body clearance of 343 ml/min. This supports t h e  view 
tha t  metabolism is principally by extra-hepatic routes. 

INTRODUCTION 

Disulfiram (tetraethylthiuramdisulfide) has been used in t h e  t reatrnent  

of alcoholism for 30 years (I). The contribution of t h e  disposition of 

disulfiram and its major metabolites in eff icacy and toxicity studies in 

animals and man has not been investigated adequately because of difficulties 
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946 GILES, AU, AND SELLERS 

in drug analysis. Few specif ic  chrornatographic  techniques have  been 

developed. A flame-ionization gas chromatography me thod  has  been used (2) 

but  i t  is not very sensi t ive and a normal phase high pe r fo rmance  liquid 

chromatographic  (HPLC) technique has been developed (3). 

I t  s eems  to b e  accep ted  t h a t  in vivo disulf i ram is subjected to  

immedia t e  reduction to t h e  pa ren t  thiol ,  and t h e  diethyldi thiocarbatnate  

(DDC) so fo rmed  is rapidly metabol ized (3-5). One  me tabo l i t e  is t h e  me thy l  

derivative.  This paper descr ibes  t h e  analysis of DDC as its me thy l  ester 

(MeDDC) in human plasma and t h e  appl icat ion of t h e  method in de t e rmin ing  

t h e  kinetic profile of DDC a f t e r  intravenous adminis t ra t ion of disulfiram in 

rats .  

EXPERIMENTAL 

Sample preparation 

MeDDC was prepared by t h e  method of Cobby et a1 (2). I t  i s  

somewhat  volati le under ni t rogen so accommoda t ion  mus t  be  made  in both 

adding t h e  compound to plasma and in handling t h e  ex t r ac t .  

Aliquots (100 1-11] of t h e  s tandard solutions of MeDDC in methanol  

w e r e  added to plasma ( I  rnl) and  t h e s e  solut ions w e r e  t h e n  t r e a t e d  in t h e  

s a m e  manner as t h e  unknown samples.  

The plasma samples  were  placed in screw-capped tubes  (15 ml) and 

methyl  iodide (250 1-11) was added. The  tubes  were then  capped,  ag i t a t ed  on a 

shaker  f o r  30 min., and centr i fuged.  Chloroform ( 5  ml) was  removed and 

concen t r a t ed  under a s t reatn of nitrogen to 50 P I .  Acetoni t r i le  (250 P I )  w a s  

t h e n  added and mixed and this solution was aga in  evapora t ed  under ni t rogen 

to  a f inal  volume of 100 1-11. This procedure i s  necessary because  of t h e  
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volatility of MeDDC. Aliquots (25 ~ 1 )  of this ex t rac t  were analyzed on the  

chromatograph. 

Mobile phase 

Acetonitrile (Burdick and Jackson Laboratories, Inc.) was filtered 

through a 0.5 micron f i l ter  (Millipore Corporation). The buffer was prepared 

by adding 0.72 g of sodium acetate t o  1 L of 0.05 M ace t ic  acid. The pH was 

4.0. The buffer was filtered through a 0.45 micron filter. The mobile phase 

consisted of 6535,  v:v, acetonitri1e:buffer. I t  was degassed by bubbling in a 

s t ream of helium. The flow ra te  was 2.5 ml/min and t h e  pressure was 2500 

p.s.i. 

Apparatus 

The apparatus consisted of a pump (Waters Associates 6000A), 

automatic  injector (Waters Intelligent Sample Processor), colum n (Br ownlee, 

C-8, 5 micron, 25 cm), variable wavelength detector  (Perkin-Elmer LC75) set 

at 276 nm, and an integrator (Hewlett-Packard 33804). 

Animal experiment 

Seven male, Sprague-Dawley r a t s  (320-350 g) were cannulated in t h e  

jugular vein and allowed 10 days to recover f rom surgery. Disulfiram (10 mg) 

was administered in 400 1.11 of a vehicle consisting of 80% ethanol and 20% 

isotonic saline. Blood samples were obtained af te r  decapitation at  0, 1 and 5 

min., and 1, 2, 3, and 7 hours. Each sample was divided in to  two for  t h e  

analysis of DDC (methylation with methyl iodide) and t h e  metabol i te  MeDDC 

(no methylation). 
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Calculations 

The s tandard cu rve  was  gene ra t ed  f r o m  peak height of MeDDC/peak 

height biphenyl. 

Analytical  recovery was ca l cu la t ed  f rom t h e  concen t r a t ion  of 

MeDDC obtained f r o m  plasma divided by t h e  concen t r a t ion  obtained f r o m  

methanol.  

R a t  plasma D D C  concentrat ions w e r e  de t e rmined  a f t e r  sub t r ac t ing  

(on a molar  basis) MeDDC quant i t ies  produced by metabol ism.  T h e  

pharmacokinet ic  profile (Fig. 2) shows a bi-exponential  decline.  The  appa ren t  

e l iminat ion half-l ife disposit ion r a t e  cons t an t ,  c l ea rance ,  and appa ren t  

volume of distribution were determined by s t anda rd  me thods  ( 6 ) .  

RESULTS AND DISCUSSION 

Figure 1 shows a ch romatogram of MeDDC and biphenyl e x t r a c t e d  

f r o m  spiked plasma. There was n o  in t e r f e rence  f r o m  endogenous compounds 

under t h e  conditions s ta ted.  Although t h e r e  was no notable  influence of pH 

on t h e  elution of e i t h e r  MeDDC or biphenyl, var ia t ions in  pH d o  affect t h e  

elut ion of endogenous compounds. IJnder neu t r a l  conditions t h e r e  is 

in t e r f e rence  with MeDDC. The  recovery of MeDDC was 92.5 3.2% of t h e  

theo re t i ca l  maximum. The  capac i ty  factors for  MeDDC and biphenyl w e r e  

1.61 and 3.06, respectively,  while t h e  e f f i c i enc ie s  w e r e  4660 and 6336 

t heo re t i ca l  plates ,  respectively.  Table  1 summar izes  t h e  reproducibil i ty of 

t h e  method.  The ave rage  coe f f i c i en t  of var ia t ion ove r  t h e  range s tudied was 

3.2%. This assay h a s  t h e  specif ic i ty ,  

sensi t ivi ty ,  and reproducibil i ty necessary and  its use is i l lustrated in t h e  r a t  

experiment .  

The  l imi t  of de t ec t ion  is 3 ng/ml. 
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Fig. 1 Chromatogram of plasma ext rac t  containing MeDDC (200 ng/ml). 

Retention times of MeDDC (peak I )  and biphenyl (peak 2) a r e  3.0 

and 4.6 min., respectively. 
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Table 1 Reproducibility using spiked human plasmaa 

AMOUNT ADDED AMOUNT DETERMINED PERCENT DETERMINED C.V.(%) 
(ngfml) (ng/mO 

~~ ~ 

0 
25 
50 

100 
200 
300 
400 

0 
24 
48 

102 
202 
306 
394 

--- --- 
96 4.0 
97 4.0 

102 2 . 5  
101 1 . 4  
I02  3 . 9  

99 3 . 6  

Eight samples  were de t e rmined  in e a c h  case a 

Fig. 2 Kinet ic  profile of DDC a f t e r  disulf i ram (10 mg, intravenously) 

adminis t ra t ion to  rats .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PLASMA DIETHYLDITHIOCARBAMATE 951 

The dose of disulfirarn (10 mg or 33 mg/kg) was larger than t h a t  

normally given to humans (3.5-7 mg/kg). This dose is the  same dose tha t  was 

given to rats  in another study (4) and f a r  less than t h e  dose (200 mg/kg) given 

to mice in other work ( 3 ) .  A complicating feature ,  however, is t h a t  because 

of solubility problems (3,4), t h e  drug was given in an ethanolic vehicle. 

Because ethanol is known t o  inhibit drug metabolism (7) t h e  clearance value 

determined must be seen as a minimum value. 

Metabolically produced MeDDC is a relatively minor and constant  

constituent (3056 ng/ml) but its subtraction from t h e  total  MeDDC 

concentration (35 ng/ml) at 7 hours was significant. The DDC concentration 

versus t i m e  profile is  shown in Fig. 2. The terminal  half-life, apparent  

volume of distribution, and clearance were found to  be 1.59 hr., 47.1 L, and 

343 ml/min, respectively. Since liver plasma flow in t h e  r a t  is  only 8 ml/min 

and t h e  total  body clearance is 343 ml/min, our results support t h e  view t h a t  

c learance is principally be extra-hepatic routes of elimination. 
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