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LIQUID CHROMATOGRAPHIC 
DETERMINATION OF 

METHY LENEDIOXYAMPHETAMINE 
A N D  METABOLITE IN PLASMA 

N-HY DROXY-3,4- 

C. RANDALL CLARK., ALLEN K. VALAER, 
AND WILLIAM R. R A V i S  

School o j  Pharmacy 
Departmerit o j Pharmacal Sciences 

Auburn University 
Auburn, Alabama 36849-5503 

ABSTRACT 

The analysis of N-hydroxy-3,4-methylenedioxyamphetamlne (NOHMDA) from 
plasma samples using reversed-phase liquid chromatography is described. The 
separation of NOHMDA, its metabolite 3,4-methylenedioxyamphetamine (MDA) and the 
internal standard N-methyl -MDA (MDMA) were well resolved in about twelve minutes 
using a C, stationary phase and an acidic aqueous acetonitrile mobile phase. The 
isolation procedure involved liquid/liquid extraction of 50 UL of plasma using 
chloroform followed by HPLC analysis of the resulting residue. The recovery was 
greater than 90% for NOHMDA and slightly higher for MDA with good 
reproductibility. 

INTRODUCTION 

The various N-substituted derivatives o f  3 ,  4-methylenedioxyamphetamine 

(MDA) have become popular drugs of abuse in recent years (1-3). These drugs are 

claimed to have a unlque ability t o  facilitate interpersonal communication by 

reducing the anxiety or fear that normally accompanies the discussion of 

emotionally painful events ( 4 ) .  The continued designer-drug exploration o f  the 
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1376 CLARK, VALAER,  A N D  R A V E  

MDA series has resulted in legislation to upgrade the penalties associated with 

the clandestine use o f  these compounds. 

MDA was the first of the class o f  hallucinogenic amphetamine derivatives 

to show popularity as a recreational drug. Structurally, MDA resembles both 

amphetamine and mescaline and was categorized as a hallucinogen when it was 

placed on the DEA Schedule I list. However, it has been reported to act 

primarily as a central nervous system stimulant that may be hallucinogenic in 

large doses ( 5 )  and its propensity to produce hallucinations has been disputed 

(6). 

Although MDA may lack the sensory disruptions commonly recognized with LSD 

and mescaline, it has been reported to be much more toxic than mescaline when 

tested in laboratory animals (7). Of the several phenethylamine derivatives 

studied by Hardman, (7), MDA was by far the most potent. This additional potency 

has been attributed to the addition of the 3 ,  4-methylenedioxy-group coupled with 

the methyl group substituted on the alpha-carbon o f  the amine side chain. 

Several of the N-substituted derivatives o f  MDA have appeared as drugs of 
abuse and the N-methyl MDA (MDMA), N-ethyl (MDEA) and N-hydroxy (NOHMDA) 

derivative have been reported to have psychotomimetic activity in humans (8). 

MDMA is perhaps the most popular of the MDA derivatives and is known by the 

street names "Ecstasy" or " X T C " .  This drug has been extensively studied in 

animals via a variety o f  techniques including drug discrimination (9) and 

neurochemical methods (10). 

Although clinical studies lend some support to many psychotherapists 

opinion that MDMA can be safely utilized as an adjunct to psychotherapy, this 

compound is not without the potential for causing detriment to the casual user. 

In two separate reports, Hayner and McKinney (11) and Dowling et al. (12) ,  

document several case studies involving ingestion o f  MDMA resulting in both 

tolerance to the drug and death of the user. Further, doses o f  MDMA purchased 

on the street (11) have been found to vary substantially in actual MDMA content 

(from a low of 16 mg to a high of 150 mg). MDMA has been described (11) as an 
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N-HYDROXY-3,4-METHYLENEDIOXYAMPHETAMINE 1311 

u n p r e d i c t a b l e  drug,  one t h a t  has t h e  p o t e n t i a l  t o  k i l l  a t  p r e v i o u s l y  t o l e r a t e d  

doses. 

The N-hydroxy d e r i v a t i v e  o f  MDA has shown psychotomimet ic  a c t i v i t y  ( 8 )  and, 

as w i t h  MDEA, l i t t l e  i s  known about t h e  chemis t r y  and pharmacology o f  t h i s  

compound. However, i t  has been encountered by f o r e n s i c  s c i e n t i s t s  i n  t h e  U n i t e d  

S ta tes  under t h e  s t r e e t  name "Fantasy"  ( 1 3 )  and r e c e n t l y  has been added t o  t h e  

l i s t  o f  Schedule I drugs.  I n i t i a l  a n a l y t i c a l  techniques,  u t i l i z i n g  gas 

chromatography, have been l e s s  than  s a t i s f a c t o r y  due t o  t h e  tendency o f  NOHMDA 

t o  undergo thermal  deg rada t ion  ( 3 ,  13). 

In t h i s  work, we r e p o r t  t h e  development o f  a l i q u i d  chromatographic  method 

f o r  t h e  a n a l y s i s  o f  NOHMDA and MDA f rom smal l  volume plasma samples. The drugs 

of  i n t e r e s t  were i s o l a t e d  f rom t h e  plasma m a t r i x  v i a  s o l v e n t  e x t r a c t i o n  w i t h  

q u a n t i t a t i o n  by an i s o c r a t i c  reve rsed  phase l i q u i d  chromatographic  procedure.  

R = H ,  Y D A  

R - C H , ,  M D M A  

R - O H ,  N O H M D A  

EXPERIMENTAL 

Genera l :  'NMR Spec t ra  were ob ta ined  on a Var ian  T-60A Spectrometer  u s i n g  

OMSO and T e t r a m e t h y l s i l a n e  as s o l v e n t  and i n t e r n a l  s tandard  r e s p e c t i v e l y .  A l l  

m e l t i n g  p o i n t s  were determined i n  open g l a s s  c a p i l l a r y  tubes u s i n g  a Thomas- 

Hoover m e l t i n g  p o i n t  apparatus and a r e  unco r rec ted .  E l e c t r o n  impact  mass 

spect rometer  d a t a  were ob ta ined  on a Finnagan 3300 Mass Spectrometer  a t  70 ev 

o f  i o n i z a t i o n  energy u s i n g  a s o l i d  probe i n l e t .  Elemental ana lyses  ( C ,  H, N) 

were per formed by A t l a n t i c  M i c r o l a b  Inc . ,  ( A t l a n t a ,  G A ) .  The l i q u i d  

chromatographic  system c o n s i s t e d  o f  a Waters Assoc ia tes  Model M-45 s o l v e n t  

d e l i v e r y  system, U6K I n j e c t o r ,  Model 440 UV d e c t o r  ope ra ted  a t  280 nm, and a 
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1378 CLARK, VALAER, A N D  R A V E  

Houston Ins t rumen ts ’  Omniscr ibe dual  pen r e c o r d e r .  A c e t o n i t r i l e ,  ch lo ro fo rm,  

and methanol were HPLC grade and o b t a i n e d  f rom F i s h e r  S c i e n t i f i c  Company 

(Fa i r l awn ,  NJ).  A l l  o t h e r  Chemicals were reagen t  grade o r  b e t t e r  and used 

w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

chromatographic s t u d i e s  was double d i s t i l l e d .  MDA, MDMA and NOHMDA were 

syn thes i zed  as p r e v i o u s l y  desc r ibed  ( 3 ) .  

Water used i n  s tandard p r e p a r a t i o n  and 

Chromatoqraphic Procedures: Reversed phase separa t i ons  were accomplished 

u s i n g  a Keystone S c i e n t i f i c  ( B e l l e f o n t e ,  PA) Del tabond 300 O c t y l  column (15cm 

X 4.6m mid ) .  So lven t  systems u t i l i z e d  f o r  t h e  l i q u i d  chromatographic  s t u d i e s  

c o n s i s t e d  o f  seve ra l  d i f f e r e n t  combinat ions o f  phosphate b u f f e r : a c e t o n i t r i l e  

s o l u t i o n s .  A l l  m o b i l e  phases were degassed p r i o r  t o  use by s t i r r i n g  on a 

magnet ic  s t i r r e r  f o r  one hour .  The m o b i l e  phase f l o w  r a t e  was 1.0m 4 min. t h e  

UV absorbance d e t e c t o r  was opera ted  a t  0.02 AUFS and a l l  separa t i ons  were c a r r i e d  

o u t  a t  room temperature.  

E x t r a c t i o n  Procedure: F i f t y  m i c r o l i t e r s  o f  plasma was p i p e t t e d  i n t o  a 

c l e a n  10.75mm t e s t  t ube  and 500 ng o f  MDMA was added as an i n t e r n a l  s tandard.  

Twenty f i v e  m i c r o l i t e r s  o f  d i b a s i c  sodium phosphate (0.5M, pH 9.6)  was added t o  

a i d  i n  t h e  e x t r a c t i o n  o f  t h e  amines. 1.0 m l  o f  HPLC grade c h l o r o f o r m  was then  

added and t h e  tube v i g o r o u s l y  vo r texed  f o r  t h i r t y  seconds. The sample was then  

c e n t r i f u g e d  a t  3500 rpm f o r  t h r e e  m inu tes  t o  break any emuls ion formed. The 

bot tom o r g a n i c  l a y e r  was then  t r a n s f e r r e d  t o  another  c l e a n  10.75mm t e s t  t ube  w i t h  

a pas teu r  p i p e t .  1.0 d rop  o f  a c i d i f i e d  methanol (1.0 d rop  o f  conc. H C l / l O m l  o f  

MeOH) was t h e n  added t o  t h e  e x t r a c t  t o  p reven t  any l o s s  o f  t h e  amines by 

evapora t i on  under a s t ream o f  n i t r o g e n .  The samples were then  r e c o n s t i t u t e d  w i t h  

50 u l  o f  m o b i l e  phase and i n j e c t e d  on to  t h e  chromatographic  system t h a t  c o n s i s t e d  

o f  a pH 4 . 0  25 mM potass ium phosphate b u f f e r : a c e t o n i t r i l e  m i x t u r e  i n  t h e  r a t i o  

o f  (770:30). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
5
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



N-HYDROXY-3,4-METHYLENEDIOXYAMPHETAMl” 1379 

E f f i c i e n c v  o f  Recoverv and R e w o d u c t i b i l i t y :  C o n t r o l  plasma was s p i k e d  

w i t h  MDA and N-Hydroxy MDA t o  ach ieve  c o n c e n t r a t i o n s  o f  1.0, 2.5, 5.0, 10.0, and 

20.0 mcg/ml. I d e n t i c a l  c o n c e n t r a t i o n s  were a l s o  p repared  i n  methanol  u s i n g  

a d d i t i o n a l  methanol t o  p repare  t h e  d i l u t i o n s  and 500 ng o f  MDMA was added t o  a l l  

t ubes  as an i n t e r n a l  s tandard.  Plasma samples o f  50 ng o f  MDMA was added t o  a l l  

tubes as an i n t e r n a l  s tandard.  Plasma samples o f  50 u l  each were t a k e n  th rough  

t h e  l i q u i d  e x t r a c t i o n  procedure w h i l e  50 u l  o f  each o f  t h e  methanol  s tandards  

evapora ted  t o  dryness a f t e r  t h e  a d d i t i o n  o f  1.0 d r o p  o f  a c i d i f i e d  methanol .  Both 

s e r i e s  o f  t ubes  were t h e n  r e c o n s t i t u t e d  w i t h  50ul  o f  m o b i l e  phase and i n j e c t e d  

o n t o  t h e  chromatographic  system. The m o b i l e  phase c o n s i s t e d  o f  a pH 4.0 25 mM 

phosphate b u f f e r : a c e t o n i t r i l e  m i x t u r e  i n  t h e  r a t i o  o f  (770:30). The r e c o v e r y  

e f f i c i e n c y  was based on t h e  r a t i o  o f  t h e  response ach ieved  f r o m  t h e  plasma 

specimens versus t h e  response seen w i t h  t h e  methanol s tandards .  R e p r o d u c t i b i l i t y  

of t h e  e x t r a c t i o n  p rocedure  was o b t a i n e d  by s p i k i n g  plasma w i t h  N-hydroxy MDA 

and MDA t o  ach ieve  c o n c e n t r a t i o n s  o f  2.0, 6.0, 12.0, and 15.0 mcg/ml. 50 u l  

samples were a l i q u o t e d  i n  s e t s  o f  t h r e e  a t  each c o n c e n t r a t i o n .  One s e t  was 

ana lyzed  immed ia te l y  w h i l e  t h e  o t h e r  two s e t s  were f r o z e n  a t  -20°C f o r  subsequent 

a n a l y s i s  on c o n s e c u t i v e  days. 

RESULTS AND DISCUSSION 

The l i q u i d  chromatographic  s e p a r a t i o n  o f  MDA, MDMA and NDHMDA i s  shown i n  

F i g u r e  1.  T h i s  s e p a r a t i o n  was o b t a i n e d  u s i n g  a De l tabond  C, s t a t i o n a r y  phase and 

a pH 4.0 phosphate b u f f e r : a c e t o n i t r i l e  (770:30) m o b i l e  phase. P rev ious  

chromatographic  s t u d i e s  (14 )  had shown t h a t  b u f f e r i n g  t h e  m o b i l e  phase pH a t  

4.0 produced o p t i m a l  r e s o l u t i o n  and peak shape f o r  t hese  t h r e e  compounds. As 

t h e  pH o f  t h e  m o b i l e  phase was inc reased  t o  5.0 and t h e n  6.0, MDA and MDMA 

r e t a i n e d  good peak symmetry w i t h  o n l y  a s l i g h t  i n c r e a s e  i n  c a p a c i t y  f a c t o r s .  

I n  c o n t r a s t ,  t h e  NOHMDA peak became s e v e r e l y  t a i l e d  and a d r a m a t i c  i n c r e a s e  i n  

r e t e n t i o n  was observed. The s i g n i f i c a n t  d i f f e r e n c e  i n  b a s i c i t y  between NOHMDA 
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R 

2 =  CH, 
3 s  OH 

l = G  

c 
i s  10 5 0 

minutes 

F i g u r e  1. 
w i t h  pH 4.0 phosphate b u f f e r :  

RPLC s e p a r a t i o n  o f  MDA ( l ) ,  MDMA ( 2 )  and NOHMDA ( 3 )  on D e l t a b o n d  C, 
a c e t o n i t r i l e  (770:30). 
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(pka=6.2) and MDA (pka=10.04) may account  f o r  t h e  r e v e r s e d  phase r e t e n t i o n  

d i f f e r e n c e s  between these  compounds (14 ) .  V a r i a t i o n  o f  t h e  m o b i l e  phase pH i n  

t h e  2.5 t o  6.0 range would r e s u l t  i n  s i g n i f i c a n t  change i n  t h e  degree o f  

i o n i z a t i o n  o f  a r e l a t i v e l y  weak base such as NOHMDA w h i l e  h a v i n g  l i t t l e  a f f e c t  

on t h e  more b a s i c  amines such as MDA and i t s  N - a l k y l  d e r i v a t i v e s .  The r e v e r s e d -  

phase e l u t i o n  o r d e r  i s  a r e s u l t  o f  t h e  h y d r o p h o b i c i t y  o f  t h e  N - s u b s t i t u e n t  and 

t h e  r e l a t i v e  b a s i c i t y  o f  t hese  t h r e e  amines. I n  p r e l i m i n a r y  s t u d i e s  MDA was 

d e t e c t e d  as a m e t a b o l i t e  o f  NOHMDA, t h u s  any a n a l y t i c a l  method f o r  b i o l o g i c a l  

samples would need t o  de te rm ine  b o t h  compounds. MDMA was s e l e c t e d  as a p o s s i b l e  

i n t e r n a l  s tandard  due t o  i t s  s i m i l a r  chromatographic  and chromophor ic  p r o p e r t i e s .  

I n  p r e v i o u s  s t u d i e s  NOHMDA has been shown t o  be u n s t a b l e  a t  h i g h e r  

tempera tu res  (3 )  and i n  s o l u t i o n  a t  pH l e v e l s  g r e a t e r  t han  7.0.  Under t h e  h i g h  

tempera tu res  o f  gas chromatographic  a n a l y s i s  NOHMDA undergoes a d i s p r o p o r t i o n a l  

r e a c t i o n  t o  y i e l d  t h e  r e d u c t i o n  p r o d u c t  MDA and t h e  co r respond ing  oxime o x i d a t i o n  

p r o d u c t  ( 3 ) .  I n  aqueous s o l u t i o n  NOHMDA i s  r e l a t i v e l y  s t a b l e  a t  pH 7 .0  and 

below, however i t s  d e g r a d a t i o n  h a l f - l i f e  i nc reases  w i t h  pH t o  2 . 5 7  0.13 hours 

a t  pH 10.0 (14 ) .  

The i s o l a t i o n  o f  MDA, MDMA and NOHMDA f rom serum samples was s t u d i e d  v i a  

s o l v e n t  e x t r a c t i o n .  The goa l  o f  t h e  a n a l y t i c a l  method was t o  de te rm ine  t h e  

plasma c o n c e n t r a t i o n  o f  MDA and NOHMDA f rom sma l l  volume samples o b t a i n e d  i n  

pha rmacok ine t i c  s t u d i e s  i n  r a t s .  The developed i s o l a t i o n  p rocedure  used 50 u l  

o f  plasma s p i k e d  w i t h  i n t e r n a l  s tandard  and a d j u s t e d  t o  pH 9.6 by  t h e  a d d i t i o n  

of 2 5  u l  o f  0.5M phosphate (pH 9 .6 ) .  The sample was t h e n  e x t r a c t e d  f o r  30 

seconds w i t h  1.0 m l  o f  c h l o r o f o r m  and c e n t r i f u g e d  a t  3500 rpm f o r  3 m inu tes .  

The o r g a n i c  l a y e r  was t r a n s f e r r e d  t o  a c l e a n  tube ,  mixed w i t h  one d rop  o f  

a c i d i f i e d  (HC1) methanol and evaporated t o  dryness a t  37"under  a s t ream o f  

n i t r o g e n .  The r e s u l t i n g  r e s i d u e  was d i s s o l v e d  i n  50 u l  o f  m o b i l e  phase f o r  

a n a l y s i s .  I n  a l l  i n i t i a l  s t u d i e s  u s i n g  b l a n k  serum s p i k e d  w i t h  NOHMDA t h e  HPLC 

a n a l y s i s  showed no oxime decompos i t i on  p roduc t  i n  t h e  samples. Thus, t h e  v a r i o u s  

s teps  o f  t h e  assay p rocedure  d i d  n o t  a f f e c t  t h e  s t a b i l i t y  o f  t h e  NOHMDA. 
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1382 CLARK, VALAER,  A N D  RAVIS 

Table 1 

Recovery o f  MDA and N-Hydroxy MDA f rom Plasma Specimens 
U t i l i z i n g  L i q u i d / L i q u i d  E x t r a c t i o n  

Amount Recovered (ug/rnl) 

Compound Amount Added Run 
(ug/mL) 1 2 3  mean +/- SD %Rec 

NOHMDA 1.00 0.89 0.91 0.91 0.90 +/- 0.01 90.0 

2.50 2.21 2.36 2.33 2.30 +/- 0.08 92.0 

5.00 4.61 4.58 4.73 4.64 +/- 0.08 92.8 

10.00 9.31 9.63 9.54 9.49 +/- 1.17 94.9 

20.00 18.57 18.89 19.06 18.84 +/- 0.25 94.2 

MDA 1 .oo 0.95 0.96 0.98 0.96 +/- 0.02 96.0 

2.50 2.43 2.45 2.50 2.46 +/- 0.04 98.4 

5.00 5.10 4.80 4.85 4.92 +/- 0.16 98.4 

10.00 10.00 10.03 9.70 9.91 +/- 0.18 99.1 

20.00 18.99 19.03 19.59 19.20 +/- 0.34 96.0 

Table 1 shows t h e  r e s u l t s  o f  a s e r i e s  o f  r e c o v e r y  s t u d i e s  f o r  NOHMDA and 

MDA f rom b l a n k  plasma sp iked  a t  l e v e l s  o f  1.0, 2.5, 5.0, 10.0 and 20.0 ug/ml. 

The r e s u l t s  were c o n s i s t e n t l y  above 90% f o r  b o t h  compounds w i t h  t h e  r e c o v e r y  o f  

MDA s l i g h t l y  g r e a t e r  t h a n  t h a t  o f  NOHMDA. The r e p r o d u c t i b i l i t y  s t u d i e s  i n  Tab le  

2 were conducted by s p i k i n g  r e l a t i v e l y  l a r g e  plasma volumes a t  v a r i o u s  

c o n c e n t r a t i o n s  f rom 2 t o  15 ug/ml and a n a l y z i n g  i n d i v i d u a l  50 u l  p o r t i o n s  a t  

v a r i o u s  t imes .  The samples were s t o r e d  a t  -2O'C and ana lyzed  on t h r e e  

consecu t i ve  days. The i n d i v i d u a l  r e s u l t s  and t h e  mean and s tandard  d e v i a t i o n  

o f  a l l  r uns  a r e  shown i n  Tab le  2 .  

The chromatograms i n  F i g u r e  2 i l l u s t r a t e  t h e  r e s u l t s  o b t a i n e d  i n  t h e  

a n a l y s i s  o f  plasma samples. F i g u r e  2a i s  a b l a n k  plasma e x t r a c t  s p i k e d  w i t h  
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3 = O H  

A : blank plasma 
6 = plasma extract 
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Figure 2. 
A=bl ank; B=sample. 

RPLC analysis o f  plasma containing MDA ( l ) ,  MDMA (2) and NOHMDA (3). 
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Table 2 

R e p r o d u c i b i l i t y  o f  L i q u i d / L i q u i d  E x t r a c t i o n  Procedure 

Amount Recovered (ug/ml) 

Run 
Compound Amount Added 1 2 3  mean t/- SD 

(ug/ml) 

N-Hydroxy 2.00 
MDA 

6.00 

12.00 

15.00 

MDA 2.00 

6.00 

12.00 

15.00 

1.79 1.81 1.95 

5.38 5.41 5.36 

10.80 11.21 10.96 

14.30 13.89 14.00 

1.96 1.94 2.05 

6.00 5.58 5.89 

11.50 11.89 11.68 

14.96 14.89 14.50 

1.85 t/- 0.09 

5.38 t/- 0.03 

10.99 t/- 0.21 

14.06 t/- 0.21 

1.98 t/- 0.06 

5.82 t/- 0.22 

11.69 t/- 0.20 

14.78 t/- 0.25 

i n t e r n a l  s tandard  (MDMA) and 2b i s  an a c t u a l  plasma sample c o n t a i n i n g  b o t h  NOHMDA 

and i t s  m e t a b o l i t e  MDA. The chromatogram i n  F i g u r e  2b was o b t a i n e d  f rom a plasma 

sample c a r r i e d  th rough  t h e  e x t r a c t i o n  procedure and ana lyzed  by  i s o c r a t i c  HPLC 

a n a l y s i s  u s i n g  t h e  C, Del tabond column and t h e  pH4 b u f f e r  - a c e t o n i t r i l e  m o b i l e  

phase. The e n t i r e  procedure i s  r a p i d  and v e r y  conven ien t  f o r  t h e  a n a l y s i s  o f  

a l a r g e  number o f  samples i n v o l v e d  i n  pha rmacok ine t i c  and m e t a b o l i c  s t u d i e s .  
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