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THE IDENTIFICATION OF DRUGS OF 
ABUSE I N  URINE USING REVERSE PHASE 
H I G H  PRESSURE L I Q U I D  CHROMATOGRAPHY 

Donald N. Harb in  and P e t e r  F. L o t t  
U n i v e r s i t y  o f  Missouri-Kansas C i t y  

Kansas C i t y ,  M i s s o u r i  64110 

ABSTRACT 

A r a p i d ,  i s o c r a t i c  HPLC procedure  €or t h e  i d e n t i f i c a t i o n  o f  
d r u g s  of a b u s e  i n  u r i n e  i s  d e s c r i b e d .  The procedure  u t i l i z e s  a 
r e v e r s e  phase  u C i e  column. a methanol fwater  mobi le  phase ,  b u f f e r e d  
t o  pH 7 . 5 ,  and a UV d e t e c t o r  o p e r a t i n g  a t  254 nm. Using i n d o l e  as  
a n  e x t e r n a l  s t a n d a r d .  13  common d r u g s  of abuse  can b e  d i f f e r e n t i -  
a t e d  i n  less t h a n  15 mlnures .  Nine d i f f e r e n t  drugs  of a b u s e  were 
i d e n t i f i e d  i n  a c t u a l  d r u g  s c r e e n  u r i n e  samples ,  c o n f i r m i n g  ‘ILC re- 
s u l t s .  R e p r o d u c i b i l i t y  and q u a n t i t a t i v e  c a p a b i l i t i e s  of t h i s  
method were also demonst ra ted .  Due t o  a p p a r e n t  i n t e r f e r e n c e s  from 
d r u g  m e t a b o l i t e s  t h i s  method must a t  p r e s e n t  be  used i n  c o n j u n c t i o n  
w i t h  a n o t h e r  e s t a b l i s h e d  method such  a s  TLC o r  GC f o r  p o s i t i v e  drug  
I d  en t 1 f i c a  t i o n ,  

INTRODUCTION 

The most commonly used methods of  d e t e c t i n g  d r u g s  o f  abuse  i n  

b i o l o g i c a l  f l u i d s  employ t h i n  l a y e r  chromatography (TLC)  a n d / o r  g a s  

chromatography (CC). Although t h e s e  methods o f t e n  g i v e  s a t i s f a c t o r y  

r e s u l t s  there  still remain s i t u a t i o n s  i n  which t h e  a m b i g u i t i e s  o f  

a TLC p l a t e  or t h e  n e r e s s l t y  of  making a v o l a t i l e  d e r i v a t i v e  com- 

pound f o r  GC a n a l y s i s  makes t h e s e  t e c h n i q u e s  less t h a n  i d e a l .  High 

p r e s s u r e  l i q u i d  chromatography (HPLC) is a t e c h n i q u e  t h a t  h o l d s  much 
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244 W I N  AND LOTT 

promise  f o r  improving d r u g  a n a l y s e s .  

uewness of  t h e  technique .  a l i m i t e d  amount o f  work h a s  been done 

i n  u t i l i z i n g  HPLC fo r  t o x i c o l o g i c a l  a n a l y s i s .  

Because o f  t h e  relative 

Christie, e t  al. (11, developed  a n  HPLC method t o  d e t e c t  LSD 

i n  u r i n e  u s i n g  f l u o r e s c e n c e  d e t e c t i o n  and J a n e  and T a y l o r  (2 )  used 

f l u o r e s c e n c e  t o  d e t e c t  morphine i n  u r i n e .  Bugge (3) d e v i s e d  a n  

HPLC method t o  d e t e c t  diazepam i n  blood u s i n g  W d e t e c t i o n ;  Dixon 

and S t o l l  (4) also employed a W d e t e c t o r  i n  t h e i r  HPLC method t o  

a n a l y z e  blood serum f o r  b a r b i t u r a t e s .  However, no work h a s  been 

done p r e v i o u s l y  t o  d e v i s e  a s i m p l e ,  r a p i d ,  i s o c r a t i c  HPLC method 

f o r  t h e  i d e n t i f i c a t i o n  o f  common d r u g s  o f  a b u s e  i n  u r i n e  samples. 

EXPERIMENTAL 

Apparatus  

A Waters Associates (Mi l ford ,  MA) model ALC 202 l i q u i d  

chromatograph w i t h  a U6K i n j e c t o r ,  2 5 4  nm f i x e d  wavelength W 

d e t e c t o r  and a u-Bondapak Cie  reverse phase  column was employed f o r  

a l l  a n a l y s e s .  

Reagents  and Samples 

All s o l v e n t s  and b u f f e r  components were purchased from t h e  

F i s h e r  S c i e n t i f i c  Co. ( P i t t s b u r g h ,  P A ) .  Drugs were purchased i n  

t h e  form o f  t h e  p r e s c r i p t i o n  p h a r m a c e u t i c a l  p r o d u c t s .  

The s o l v e n t s  composing t h e  mobi le  phase  were f i l t e r e d  and de- 

Methanol w a s  f i l t e r e d  through a 0.5 urn f l u o r o -  gassed  b e f o r e  use .  

carbon membrane f i l t e r ,  w h i l e  t h e  aqueous b u f f e r  s o l u t i o n  was 

f i l t e r e d  through a 1.2 urn c e l l u l o s e  es ter  membrane f i l t e r .  

Drug-conta in ing  u r i n e  samples  were o b t a i n e d  from the toxi -  

cology l a b o r a t o r i e s  of  t h e  C h i l d r e n ' s  Mercy H o s p i t a l ,  B a p t i s t  

Memorial H o s p i t a l ,  and Upsher L a b o r a t o r i e s ,  a l l  of  Kansas C i t y ,  

Missour i .  The u r i n e  samples  w e r e  known t o  c o n t a i n  a drug  of a b u s e  

based e i t h e r  on t h e  r e s u l t s  of c o n v e n t i o n a l  TLC methods o r  t h e  
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DRUGS OF ABUSE IN URINE 245 

f a c t  t h a t  t h e  drug had been administered t o  a p a t i e n t  as p a r t  of 

t h e  h o s p i t a l  t rea tment .  

Mobile Phase 

The mobile phase, buf fered  t o  pH 7.5, cons i s t ed  of a methanol/ 

buf fered  water s o l u t i o n  ( 6 0 : 4 0 ) .  The aqueous component of t he  

mobile phase,  a pH 6.2 bu f fe r ,  c o n s i s t s  of 125 m l  of 0 .1  M 19-(#04 

and 20.3 m l  of 0.1 N NaOH d i l u t e d  t o  750 m l  w i th  water. The b u f f e r  

s o l u t i o n  was ad jus t ed  t o  pH 6.2 us ing  85% Hap04 o r  0.1N NaOH as 
r equ i r ed .  

The mobile phase is pumped a t  a flow rate of 0.8 &/minute and 

This c h a r t  speed t h e  recorder  i s  set  a t  0.5 inch  (12.7 mm)/minute. 

r e s u l t e d  i n  r e l a t i v e l y  broad peaks but  g r e a t l y  a ided  i n  the  drug 

i d e n t i f i c a t i o n  process  by reducing t h e  r e l a t i v e  e r r o r  i n  t h e  re- 

t e n t i o n  t i m e  measurements. 

Procedure: Standard So lu t ions  

A set  of s tandard  s o l u t i o n s  f o r  t h e  drugs of abuse was pre- 

pared i n  t h e  following manner. Tab le t s  were ground i n t o  a f i n e  

powder us ing  a mor tar  and p e s t l e ;  conten ts  of capsules  and aqueous 

s o l u t i o n s  were used without f u r t h e r  p repa ra t ion .  The drug sample 

was d i s so lved  in 10 m l  of water i n  a 30 m l  s epa ra to ry  funnel ,  f o l -  

lowed by an a d d i t i o n  of d i l u t e  HC1 o r  NH4OH/NH4C1 pH 10 b u f f e r  t o  

a d j u s t  t h e  pH. For a c i d i c  and n e u t r a l  drugs the  s o l u t i o n  was ad- 

j u s t e d  t o  pH 3. 

o b t a i n  a pH 10  so lu t ion .  The f r e e  drugs were then ex t r ac t ed  wi th  

a s i n g l e  10 m l  por t ion  of chloroform/2-propanol ( 9 : l ) .  The organic  

l a y e r  was sepa ra t ed  and evaporated i n  a hood t o  nea r  dryness on a 

h o t  p l a t e  se t  a t  low heat .  

methanol. 

t i o n s  us ing  IR spectroscopy. 

For b a s i c  drugs s u f f i c i e n t  b u f f e r  w a s  added t o  

The r e s i d u e  w a s  then r ed i s so lved  in 

Drug i d e n t i t i e s  were confirmed from chloroform ext rac-  
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246 HARBIN AND LOTT. 

Drug S c r e e n i n g  Procedure  

A 25 m l  a l i q u o t  of  t h e  u r i n e  sample w a s  p l a c e d  i n  a 125 ml 
s e p a r a t o r y  f u n n e l .  

s o l u t i o n  of  approximate ly  pH 3. 
t h e i r  m e t a b o l i t e s  were t h e n  e x c r a c t e d  from t h e  u r i n e  w i t h  20 ml 

'of  c h l o r o f o ~ / 2 - p r o p a n o l  (9: 1 ) .  

l a y e r ,  2 m l  of pH 10 b u f f e r  was added t o  t h e  u r i n e  t o  a d j u s t  i t  t o  

pH 10. 
i s o l a t e d  any b a s i c  drugs and m e t a b o l i t e s  c o n t a i n e d  i n  the u r i n e .  

Samples t h a t  r e s u l t e d  i n  e m u l s i f i c a t i o n  were c e n t r i f u g e d  f o r  5 

minutes .  The pH 3 and pH 10 o r g a n i c  l a y e r s  were then e v a p o r a t e d  

i n  a hood t o  a volume of  a b o u t  1 m l  using a h o t  p l a t e  set a t  low 

h e a t .  The f i n a l  1 m l  of each  extract is e v a p o r a t e d  u s i n g  a stream 

of a i r  t o  avoid  c o n s i d e r a b l e  sample loss. The r e s i d u e  was then  

r e d i s s o l v e d  in 1 ml of  methanol  and f i l t e r e d  u s i n g  a 0.5 u m  fluoro- 

carbon membrane f i l t e r .  A 5 p 1  p o r t i o n  o €  t h i s  e x t r a c t  was I n j e c t e d  

i n t o  t h e  HPLC. The r e l a t i v e  r e t e n t i o n  times o f  t h e  r e s u l t i n g  peaks  

were t h e n  compared t o  t h e  r e l a t ive  r e t e n t i o n  times of t h e  d r u g  

s t a n d a r d s .  I n d o l e  was used as a n  e x t e r n a l  r e f e r e n c e  s t a n d a r d  i n  

t h i s  d r u g  s c r e e n i n g  procedure .  

One m l  o f  2N H C 1  w a s  added,  r e s u l t i n g  i n  a 

Any a c i d i c  o r  n e u t r a l  d r u g s  and 

A f t e r  s e p a r a t i n g  the o r g a n i c  

E x t r a c t i o n  w i t h  20 m l  of chlorofonn/2-propano1 (9:l) 

RESULTS AND DISCUSSION 

T a b l e s  1-3 l i s t  t h e  r e t e n t i o n  times, b o t h  a b s o l u t e  and rela- 

t ive ,  of  t h e  drug  s t a n d a r d s  t e s t e d  from e a c h  of  t h e  t h r e e  major 

classes of d r u g s  o f  a b u s e  - a c i d i c ,  n e u t r a l ,  and b a s i c .  A l l  t h e  

drugs  e x c e p t  a m o b a r b i t a l  and p e n t o b a r b i t a l  have unique r e t e n t i o n  

times and can  be  d i f f e r e n t i a t e d  in less t h a n  15 minutes .  Problems 

of v e r y  similar r e t e n t l o n  times f o r  d i f f e r e n t  p a i r s  of d r u g s  are 

o n l y  apparent .  and n o t  r ea l ,  i n  h a l f  t h e  cases, For  example, t h e  

relative r e t e n t i o n  times of diazepam (2.03) and methamphetamine 

( 2 . 0 6 )  are so similar t h a t  i t  a p p e a r s  t h e  d i f f i c u l t y  i n  d i s t i n -  

g u i s h i n g  between t h e  two d r u g s  would b e  s u b s t a n t i a l .  I n  t h i s  drug  

s c r e e n i n g  procedure ,  however, diazepam shouLd appear  only i n  t h e  
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DRUGS OF ABUSE I N  URINE 

Retention I Relative - 
Timeb in )  R e t .  Time 

r 
Drug 

Amobarbital 6.45 1.05 

247 

~~ - 

k, 

0.86 

TABLE 1 

Retention Times and Capacity Factors  of Acidic Drugs 

Pentobarbi ta l  6.45 i 1.05 1 0.86 

I 

I I ! 
Secobarbi ta l  1 7.18 1 1.17 I 1.07 

Phenobarbital  I 4.91 1 0.80 

Indole 

0.42 

]. 6.14 ! 1.00 , 0.77 

1 Retention Relat ive 
I Time(min) Ret . Time 

8.84 1.44 

Drug 

I 
Amp he t mine 

1 
Codeine ’ 13.20 2.15 

Meperidine 5.65 1 0.92 

12.64 2.06 Me thomphe t m i n e  

i 
Morphine 10.87 I 1.77 

Indole f 6.14 1 1.00 

I 
1 

4 

I 

I 

1 f , 

TABLE 2 

k, 

1.55 

2.81 

0.63 

2.65 

2.14 

0.77 
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Drug 

Caf fe ine  

HARBIN AND LOTT 

Retent ion  R e l a t i v e  
Time (min) Re t . T i m e  k' 

4.98 0.81 0.44 

TABLE 3 

Ch lo rd  iazepoxide  10.25 1.67 1 1.96 

I 

Diazepam 

Glu te thimide 

12.46 2.03 2.60 

6.39 1.04 0.85 

I I I 
I I 1 

Methaqualone 1 8.48 I 1.38 I 1 . 4 5  
I 

Indo le  I 6.14 1 1.00 1 0.77 
a c i d i c  u r i n e  e x t r a c t  chromatogram, whi le  any methamphetamine should 

only  appear i n  the  b a s i c  u r ine  e x t r a c t  chromatogram. A s i m i l a r  

s i t u a t i o n  exis ts  i n  t h e  case of methaqualone and amphetamine. In 
two o t h e r  i n s t a n c e s  (g lu t e th imide  (1.04) and amobarb i ta l lpentobar -  

b i t a l  (1.051, and phenobarb i ta l  (0.80) and c a f f e i n e  (0.81)) bo th  

members of t he  drug p a i r  would appear i n  t h e  a c i d i c  u r i n e  e x t r a c t  

chromatogram, thus  making exac t  i d e n t i f i c a t i o n  d i f f i c u l t  i n  those  

cases  by t h e  HPLC procedure.  

Reproduc ib i l i t y  of r e t e n t i o n  times, a f a c t o r  which is c r u c i a l  

i n  making c o r r e c t  i d e n t i f i c a t i o n s ,  is e x c e l l e n t  on a day t o  day 

b a s i s .  Using a reco rde r  c h a r t  speed of 12.7 mm (0.5 inch) /minute  
the  s tandard  d e v i a t i o n  of t h e  abso lu te  r e t e n t i o n  t i m e  f o r  12 in- 

j e c t i o n s  of d i a z e p e s p i k e d  u r i n e  e x t r a c t  w a s  0.6 mm. Simi la r ly  

f o r  s e c o b a r b i t a l  t h e  va lue  w a s  found t o  be 0.9 mm. 
As one would expec t ,  t h e  d e t e c t i o n  s e n s i t i v i t i e s  of t h e  drugs  

v a r i e d  cons iderably ,  be ing  a func t ion  of t h e  molar a b s o r p t i v i t i e s  
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Dm8 

TABLE 4 

Number Average Average 
of Obsenred Deviation 
Urine Relat ive of Obser- 
Samples R e t .  Timea ved R e l .  

Rct. Time(XIb 

D N ~ S  of Abuse Detected in Urine (Mobile Phase: Methanol 1 Water 
60:40) 

1 I I I 

~ 0.83 

I 

I 0.78,l. 05 

R e l .  R e t .  
Times f o r  
Other 
Observed 
Peaks 

Pentobarbital '  

P h e m  barb i t a l  

Secobarbi ta l  

Amphetamine 

Meperidine 

1 1.05 0.0 

9 0.77 2.1 

1 1.14 2.6 

4 1.43 1.1 

1 0.96 4.4 

Chlordiazepoxide 

Diazepam 

1.54 

5 1.64 1.7 1.04,3,23 
3.36 

2 2.14 5.4 1.03,1.19 

Glut ethlmide 

Methaqualone 

1.03, l .  19,  
1.85 (1.99, 
2.09,2.31 

1 0.97 6.7 1.44 

I 1*39 
1.59 

2.4 1.05,1.16 

0.71,l .  01 
1.42,1.64 

I I I 

. R e l a t i v e  t o  indole  

bComparad t o  t h e  r e l a t i v e  r e t e n t i o n  time of t h e  drug standard 

CGastric f l u i d  sample 

of t h e  compounds a t  254 mu. As a class, the  n e u t r a l  drugs had the  

b e s t  W absorpt ion,  with amounts as low as 5 ng of chlordiazepoxide 
being detected.  Approximately 0.1 vg of morphine could be detected,  
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250 HARBIN AND LOTT 

whereas t h e  remainder of t he  drugs s t u d i e d  could usua l ly  not  be 

de t ec t ed  i n  amounts smal le r  than 1 ug. 

Table 4 lists t h e  d i f f e r e n t  drugs of abuse t h a t  have been de- 

t ec t ed  i n  u r i n e  samples us ing  t h i s  drug screening  procedure. 

F igures  1 and 2 a r e  chromatograms of t he  pH 3 and pH 10 ex- 

t r a c t s ,  r e spec t ive ly ,  of blank u r ine .  As can be seen ,  n e i t h e r  

chromatogram con ta ins  s i g n i f i c a n t  peaks which would I n t e r f e r e  wi th  

t h e  drug screening  process.  F igures  3-5 are chromatograms of some 

of the  i d e n t i f i e d  drugs de tec t ed  i n  the  u r i n e  e x t r a c t s .  I t  could 

b e  assumed t h a t  t h e  major, u n i d e n t i f i e d  peaks i n  these  chromato- 

grams a r e  due to drug metabol i tes ,  bu t  t h i s  has  not  been confirmed. 

i 

FTlCURE 1 

Blank u r i n e  chromatogram (pF! 3 e x t r a c t i o n ) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DRUGS OF ABUSE I N  URINE 251 

Blank u r ine  chromatogram (pH 10 ex t r ac t ion ) .  

The q u a n t i t a t i v e  c a p a b i l i t y  of t h i s  drug screen procedure was 

I t  w a s  experimentally de t e r -  a l s o  inves t iga t ed  for s e v e r a l  drugs. 

mined t h a t  a s i n g l e  chloroform/2-propanol ex t r ac t ion  gave suf- 

f i c i e n t  drug recovery f o r  the majority of the drugs studied. 

Since the c a l i b r a t i o n  curves necessary f o r  quan t i t a t ion  are de- 

r ived using the  same ex t r ac t ion  procedure, t h e  e x t r a c t i o n  e f f i -  

c iency does n o t  have t o  b e  maximized. 

t i o n  curve t h a t  w a s  determined f o r  methaqualone. The curve does 

no t  pass through zero on t h e  graph because, using spiked u r ines ,  

t h e  methaqualone e l u t e s  on t h e  t a i l  of t he  peak t h a t  r e s u l t s  from 

normal u r ine  cons t i t uen t s  (see Figure 1 ) .  Using t h i s  method the  

concentrat ion of methaqualone i n  the  u r i n e  sample represented by 

Figure 6 shows the ca l ib ra -  
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PICVRE 3 

Glutethimide u r i n e  chromatogram. 

Figure 4 i s  estimated t o  be 0.9 ug/ml. Apparently,  no t  a l l  drugs 

can be success fu l ly  q u a n t i t a t e d  us ing  t h i s  drug screen  procedure.  
E f f o r t s  t o  determine the  c a l i b r a t i o n  c u w e  f o r  phenobarb i ta l  

proved unauccessful,  ev iden t ly  ae a r e s u l t  of i n t e r f e r e n c e  from 

t h e  l a r g e  peak due t o  normal c o n s t i t u e n t s  i n  the  u r i n e ,  which 

e l u t e s  j u s t  p r i o r  t o  t h e  phenobarbital .  Seve ra l  u r i n e  samples 

known t o  conta in  morphine were t e s t e d  and in no case  was morphine 

ever observed. It is concluded t h a t  t he  l e v e l s  of f r e e  morphine 

i n  u r i n e  samples are i n s u f f i c i e n t  t o  be  de t ec t ed  us ing  t h i s  method, 

t he  major i ty  of morphine baing excre ted  i n  water so lub le  glucuro- 

n ide  complexes and hence n o t  e x t r a c t a b l e  from the  u r ine .  This 
conclusion is predica ted  on the assumption t h a t  t he  morphine COR- 
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t a i n i n g  u r i n e s  which were t e s t e d  were " typica l"  (a f a c t  which 

cannot conclus ive ly  b e  determined, however) . 
The e f f e c t ,  i f  any, that drug me tabo l i t e s  would have on drug 

i d e n t i f i c a t i o n  w a s  unce r t a in  a t  the  beginning of t h i s  work. As 
the work progressed, i t  became apparent  t h a t  me tabo l i t e s  are a very  

important f a c t o r  i n  t h i s  drug  screen procedure.  This is due to  t h e  

f a c t  t h a t  t h e  me tabo l i t e s  of some drugs have t h e  same or  s i m i l a r  

r e t e n t i o n  times of o t h e r  drugs. This means t h a t  t h e  p o s s i b i l i t y  

of f a l s e  drug i d e n t i f i c a t i o n s  i s  s i g n i f i c a n t  i f  t h e  i d e n t i f i c a -  

t i o n  i s  based on t h e  r e t e n t i o n  time of t he  pa ren t  drug a lone ,  A 

p o s i t i v e  drug  i d e n t i f i c a t i o n  can only  b e  made i f  one o r  more drug 

Methaqualone u r i n e  chromatogram. 
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FIGURE 5 

Chlordiozepoxide u r i n e  chromatogram, 

metabol i tes  as well as  the  o r i g i n a l  drug can be i d e n t i f i e d  o r  i f  a 

second method of i d e n t i f i c a t i o n ,  such a s  GC or TLC, is employed 

t o  confirm the  r e s u l t s .  The f i r s t  a l t e r n a t i v e  is t he  most de- 

sirable,  s ince  i t  would r equ i r e  no a d d i t i o n a l  analyses.  A t  the  

present  t i m e ,  however, the r e t e n t i o n  times of the major metabol i tes  

of drugs of abuse are not known under the  experimental condi t ions of 

t h i s  drug screening procedure. Therefore, t h i s  HPLC procedure a t  
present  must be used i n  conjunction with o the r  drug i d e n t i f i c a t i o n  

methods. Once the  r e t e n t i o n  times of the major drug metabol i tes  
are cataloged t h i s  HPU: procedure could be used exclusively,  

saving much ana lys i s  t i m e  and el iminat ing ambiguities which 

plague many present  methods of analysis .  
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Y 
4 u a 

PZGVRE 6 

Cal ib ra t ion  curve f o r  methaqualone i n  u r ine .  
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