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Rapid Identification of Analgesic Drugs in Urine 
with Thin-Layer Chromatoi~raphy 

The  sepa ra t ion  and  ident i f ica t ion  of analgesic  drugs,  
b o t h  syn the t i c  and  those  der ived f rom opium,  t h r o u g h  the  
use of conven t iona l  p a p e r  c h r o m a t o g r a p h y  has  a l ready  
been  descr ibed  i,~. However ,  for some purposes ,  the  l eng th  
of t ime  requi red  for t h e  d e v e l o p m e n t  of p a p e r  e h r o m a t o -  
g rams  (12-20 h) is a d i s t inc t  d i s advan tage .  Newer  m e t h o d s  
of c h r o m a t o g r a p h i c  analysis ,  such  as t h in - l aye r  chro-  
m a t o g r a p h y  (Df innsch ieh t -Chromatograph ie )  8-7, reduce 
the  t ime  requi red  a t - l e a s t  10-fold (1/2-2 h) and  should  
therefore  be ve ry  useful ,in tox ico logy and  forensic 
medic ine  for the  sepa ra t ion  and  iden t i f i ca t ion  of narco t ic  
drugs  as well as ba rb i tu ra t e s ,  t ranqui l izers ,  and  re la ted  
compounds .  We  shall  descr ibe  a m e t h o d  wh ich  makes  i t  
possible  to  iden t i fy  and  d is t inguish  a n u m b e r  of analgesic  
d rugs  in a b o u t  4 to  5 h a f t e r  t he  t ime  of col lect ion of t he  
ur ine sample .  

Techniques.  The ex t r ac t i on  of d rugs  f rom urine is 
car r ied  ou t  in t he  following m a n n e r :  A sample  of urine 
con ta in ing  a t  least  100 txg of d rug  is ad jus t ed  to  p H  9.0 
w i t h  sod ium h y d r o x i d e  and  t h e n  shaken  for 15 min  wi th  
4 vol  of e thy lene  chlor ide con ta in ing  10% isoamyl  alcohol.  
Af te r  cen t r i fuga t ion ,  t he  organic  layer  is e v a p o r a t e d  in  
vacuo a n d  the  res idue  t a k e n  Up in 1-2 ml  of e thy l  alcohol,  
and  an  a l iquot  is t h e n  c h r o m a t o g r a p h e d .  

In  those  ins tances  where  acid  hydro lys i s  is necessa ry  to 
spl i t  t he  free base  f rom the  glucuronide,  t he  fo rm in which  
the  m a j o r i t y  of the  morph ine  der iva t ives  and  syn the t i c  
analgesics  are exc re ted  in man ,  a po r t i on  of t he  ur ine 
sample  is h e a t e d  for  1 h a t  100°C w i t h  1/10 vol  of con- 
c e n t r a t e d  HC1 before  be ing  made  alkal ine and  ex t rac ted .  
Most  of the  alkaloids,  inc luding  morph ine ,  l evorphanol ,  
codeine,  and  p r o p o x y p h e n e ,  were  s tab le  u n d e r  these  

Rf values of various compounds extractable from urine at pH 9.0 that 
react with iodoplatinate reagent ~.b 

Compound RI values silica gel Rf values 
alumina 

S1 $2 $3 $4 At A2 
1. Mescaline 0.18 0 . 8 1  0 . 3 0  0.30 0.36 0.53 
2. Morphine 0.40 0 . 5 5  0 . 1 7  0.34 0.59 0.18 
3. Normorphinc 0.14 0 . 7 6  0.05 0.16 0.33 0.11 
4. Meperidine 0.51 0 . 6 4  0.90 0.44 0.77 0.98 
5. Cocaine 0.74 0.45 0 . 9 8  0.39 0.61 0.96 
6. Heroin 0.47 0.54 0.80 0.43 0.7"2 0.83 
7. Nicotine 0.58 0 . 2 7  0 . 9 0  0.44 0.72 0.90 
8. Codeine 0.40 0 . 5 2  0 . 4 6  0.32 0.72 0.65 
9. Levorphanol 0.34 0 . 7 5  0 . 6 2  0.29 0.76 0.91 

10. Methadone 0.53 0 . 7 8  0.96 0.20 0.78 0.98 
11. Chlorpronlazine 0.48 0 . 7 9  0 . 9 3  0.35 0.80 0.98 
12. Tripelennamine 0.50 0.46 0 . 9 3  0.28 0.76 0.98 

d3. Phena~oeine 0.90 0.93 0 . 9 3  0.59 0.86 0.98 
14. Nalorphine 0.82 0 . 7 1  0.34 0.75 0.72 0.20 
15. Propoxyphene 0.80 0.82 0 . 9 7  0.53 0.84 1.00 
16. Dihydro- 

morphinone 0.19 0.28 05t '2 0.18 0.65 0.25 

a Solvent systems: 
S1 = Ethyl alcohol : pyridine : dioxane: water 50 : 20: 25 : 5 
$2 = Ethyl alcohol : acetic acid: water 60: 30:10 
$3 = Ethyl alcohol: dioxane :benzene : ammonium hydroxide 

5:40:50:5 
$4 = Methyl alcohol :n-butanol : benzene : water 60: 15 : 10: 15 
A 1 = n-Butanol: n-butyl ether: acetic acid 40 : 50 : 10 
A2 = n-Butanol: n-butyl ether: ammonium hydroxide ~5 : 70 : 5 

b 5--10 ~t OI solution containing 5-10 [zg of drug are spotted. Solvent 
front is allowed to rise 10 cm. 

cond i t ions  of acid hydrolys is .  Hero in  was,  however ,  con- 
v e r t e d  to  morph ine ,  and  phenazoc ine  yielded a small 
a m o u n t  of a b r e a k d o w n  produc t .  

Ch roma top l a t e s  are m a d e  as descr ibed  by  STAHL 8 and 
BRENNER~, using e i ther  silica gel G (25 gm/50 ml) or 
a lumin ium oxide G (30 gm/30 ml), Merck, Darmstadt .  
Af te r  the  d e v e l o p m e n t  of t he  p la tes  as descr ibed in the 
Table,  t h e y  are  br ief ly  a ir-dr ied and  t h e n  dried at 
80-100°C for 45 min  to  r e mo v e  excess  so lven t  and  thereby 
min imize  b a c k g r o u n d  colour  deve lopmen t .  The  alkaloids 
are  d e t e c t e d  b y  sp ray ing  wi th  po ta s s ium iodoplat inate  
r eagen t  9. 

Results.  In  the  Table  are p r e sen t ed  the  Rf  values  for a 
n u m b e r  of drugs  which  were  s p o t t e d  as t he  pure  hydro- 
chlor ide  salts.  The six so lven t  s y s t e ms  l is ted in t he  Table 
were  chosen  as those  bes t  su i ted  for t he  separa t ion  of 
analgesic  mix tures ,  and  b y  a p p r o p r i a t e  select ion of these 
s y s t e ms  pos i t ive  iden t i f ica t ion  of t he  c o m p o n e n t s  of such 
mi x t u r e s  in urine e x t r a c t s  was possible.  Thus  chromato-  
g rams  ob ta ined  f rom urines  to  wh ich  were a d d e d  (1) nor- 
morph ine ,  morphine ,  codeine,  ch lorpromazine ,  and 
heroin,  or (2) morph ine ,  meper id ine ,  6-mono-acetyl  
morph ine ,  m e t h a d o n e ,  and  t r ipe lennamine ,  m a d e  possible 
sepa ra t ion  and  iden t i f i ca t ion  of all c o m p o n e n t s  in these 
mix tures .  F u r t h e r m o r e ,  for d rugs  such  as phenazoc ine  and 
p r o p o x y p h e n e  whose  Rf ' s ,  in one  d imens ion ,  are  a lmost  
ident ical ,  two  d imens iona l  c h r o m a t o g r a p h y ,  using sys tems 
$4 a n d  then  $1 or $4-$2 ,  c lear ly s epa ra t e  them.  (For the 
c o m p o n e n t s  of t he  so lven t  sys t ems  see F o o t n o t e  a to the 
Table.) 

One of the  c h r o m a t o g r a m s  of a ur ine e x t r a c t  f rom a 
p a t i e n t  receiving morph ine ,  pyr idox ine ,  chloramphenicol ,  
t r i m e t h o b e n z a m i d e ,  griseofulvin,  secobarb i ta l  and  pred-  
nisone is shown  in F igure  1. Four  iodopla t ina te -pos i t ive  
spots  were d e t e c t e d  and  wi th  the  o t h e r  so lven t  sys tems  
descr ibed  in the  Table,  two  of t he  spots  were identif ied 
wi th  c e r t a i n t y  as mo r p h i n e  and  t r i m e t h o b e n z a m i d e .  The 
o the r  spo t s  were  p r e s u m e d  to be me tabo l i t e s  since their  
Rf ' s  d id  no t  co r respond  to  those  of the  or iginal  d rugs  used 
as references.  
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Fig. 1. Chromatogram (silica gel G) solvent $3 of (a) urine extract 
from patient receiving morphine, trimethobenzamide and other 

drugs, (b) morphine and (e) trimethobenzamide. 
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In  a d d i t i o n  to  m o r p h i n e  a n d  t r i m e t h o b e n z a m i d e ,  
codeine, p r o p o x y p h e n e ,  meper id ine ,  phenazoc ine ,  a n d  
t evorphanoI  were  iden t i f i ed  in  t h e  u r ines  of p a t i e n t s  
receiving one  or  more  of these  drugs .  A t w o - d i m e n s i o n a l  
c h r o m a t o g r a m  is s h o w n  in F igure  2 in  w h i c h  d e v e l o p m e n t  
was ca r r ied  o u t  f i rs t  w i t h  s o l ven t  $4 a n d  t h e n  w i t h  
so lvent  $3, wh ich  a l lowed t he  s e p a r a t i o n  a n d  ident i f i -  
ca t ion  of e ach  of t h e  c o m p o n e n t s  of a t e n - c o m p o n e n t  
mix tu re .  

~O ® 
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T h e  p a t i e n t  whose  ur ine  was ana lyzed  for  m o r p h i n e  h a d  
rece ived  15 m g  of m o r p h i n e  su l fa t e  p a r e n t e r a l l y ,  a n d  t h e  
u r ine  was t h e n  col lected for  t h e  s u b s e q u e n t  4 h.  Desp i t e  
t he  r e l a t i v e l y  smal l  a m o u n t  of d r u g  i n v o l v e d  a n d  t he  
p resence  of m a n y  o t h e r  d rugs  t h a t  h a d  been  g iven  a t  t he  
s ame  t ime,  no  d i f f i cu l ty  was e n c o u n t e r e d  in i den t i f y ing  
t h e  m o r p h i n e  excre ted ,  e v e n  w i t h o u t  hydro lys i s  of t h e  
ur ine .  I n  t h e  case  of  add i c t s  t a k i n g  hero in ,  i den t i f i c a t i on  
would  be  s o m e w h a t  m o r e  d i f f icu l t  because  of t h e  smal l  
a m o u n t s  of d r u g  invo lved ,  b u t  c o n c e n t r a t i o n  of large  
a m o u n t s  of u r ine  can  be  effected b y  f lash e v a p o r a t i o n .  

T h i n - l a y e r  c h r o m a t o g r a p h y  is also v e r y  useful  for in 
vitro a n d  in vivo s tud ies  of d r u g  m e t a b o l i s m ,  Such  closely 
r e l a t ed  c o m p o u n d s  as  m o r p h i n e  a n d  n o r m o r p h i n e ,  
l e v o r p h a n o l  a n d  m e t h o r p h a n ,  a n d  m o r p h i n e  a n d  d i h y d r o -  
m o r p h i n o n e  are  easi ly s epa ra t ed .  MC[V[AHON 11 h a s  sepa-  
r a t e d  p r o p o x y p h e n e  a n d  t h e  p r o p o x y p h e n e  N-oxide ,  wh ich  
were  n o t  s epa rab l e  on  paper .  Th i s  t echn ique ,  w i th  s l igh t  
mod i f i ca t ions  in  t h e  usua l  e x t r a c t i o n  p rocedure~2  is also 
useful  for t h e  i den t i f i c a t i on  of t h e  a lka lo ids  in  t h e  o p i u m  
p o p p y  itself.  The  ana lys i s  of b a r b i t u r a t e s  a n d  p h e n o -  
t h i a z e n e  d e r i v a t i v e s  us ing  t he  t e c h n i q u e  of t h i n - l a y e r  
c h r o m a t o g r a p h y  is now u n d e r  i n v e s t i g a t i o n  i n ' t h i s  labo-  
r a t o r y  13. 
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Fig. 2. Two-dimensional chromatogram (silica gel G) of (1) mor- 
phine, (2) meperidine, (3) cocaine, (4) codeine, (5)levorphanol, (6)1 
methadone, (7) chlorpromazine, (8) tripelennamine, (9) nalorphine, 

and (10) propoxyphene. 

Zusammen[assung. E s  wi rd  e ine  e infache ,  schnel le  u n d  
e m p f i n d l i c h e  M e t h o d e  zu r  I so l i e rung  u n d  Iden t i f i z i e rung  
y o n  A n a l g e t i c a  m i t t e l s  de r  D i i n n s c h i c h t c h r o m a t o g r a p h i e  
beschr i eben .  Die  M e t h o d e  is t  zur  C h a r a k t e r i s i e r u n g  dieser  
Stoffe  im H a r n  u n d  Itir tox ikologische ,  forens isehe  u n d  
S to f fwechse lun t e r suchu  ngen  b r a u c h b a r .  

Discussion. T h i n - l a y e r  c h r o m a t o g r a p h y  was  f o u n d  to  
be a useful  t e c h n i q u e  for  t h e  i den t i f i c a t i on  of a v a r i e t y  of 
d rugs  in  u r ine  ex t r ac t s .  T h e  m e t h o d  is v e r y  fas t  a n d  can  
be c o m p l e t e d  c o n v e n i e n t l y  in  5 -6  h.  I t  is q u i t e  sens i t ive ,  
d e t e c t i n g  5 -10  ~zg of s u b s t a n c e .  No in t e r f e r ing  s u b s t a n c e s  
h a v e  been  found  in con t ro l  u r ines  w h i c h  were  k n o w n  to  
c o n t a i n  caffe ine  a n d  nicotine1°.  A l t h o u g h  t he  Rf  va lues  
m a y  be  a l t e r ed  b y  sa l t s  a n d  o t h e r  c o n t a m i n a n t s  of t h e  
ur ine  ex t r ac t s ,  t h i s  can  be  c i r c u m v e n t e d  b y  c o - c h r o m a t o -  
g r a p h i n g  t he  re ference  s u b s t a n c e s  w i t h  e x t r a c t s  of con t ro l  
ur ines .  The  Rf  va lues  were also found  to  v a r y  s o m e w h a t  
f rom p l a t e  to  p la te ,  so t h a t  for  pos i t ive  i den t i f i c a t i on  i t  is 
necessa ry  to  c h r o m a t o g r a p h  t h e  re ference  c o m p o u n d s  on  
the  s ame  p la t e  w i t h  t he  u n k n o w n  mix tu re .  

J.  Cocm,n  a n d  J.  W. DALY 

Laboratory o[ Chemistry, N I A M D ,  National Institute o/ 
Health, Bethesda (Maryland USA), Augztst 18, 1961. 

10 Nicotine has been identified in very concentrated urine extracts of 
patients but does not interfere at normal levels. 

n R. E. McMAaoN., personal communication. 
r~ K. GENEST and C, G. FARMILO, Bulletin on Narcotics 8, 15 (1960), 
lz Note added in proo]: Direct extraction of tissues (homogenized 1 

in 4 with isotonic KCI) and of whole blood has been carried out 
at pH 9.0 as described tor urine. Prior precipitation of proteins 
is not necessary. Us.~ng this procedure, isolation and identification 
of analgesics added to tissues and blood and of parenterally 
administered drugs has been effeeted. 

A m e t h y s t  V i o l e t  a s  a S t a i n  f o r  Distinguishing 
C e l l s  w i t h  a D a m a g e d  M e m b r a n e  f r o m  N o r m a l  

C e l l s  

I n  r o u t i n e  ser ia l  passage  in  mice  of E h r l i c h ' s  asci tes  
t u m o u r  cells, i t  is i nd i spensab l e  to  recognize  w i t h  fa i r ly  
close a p p r o x i m a t i o n  t he  n u m b e r  of l ive  cells inocu la ted .  
Th i s  need  h a s  g iven  r ise to  va r ious  s t a i n i n g  t e c h n i q u e s  for 
d i f f e r e n t i a t i n g  b e t w e e n  l ive a n d  d e a d  cells. E o s y n  Y 1,s ha s  
been  used  especiMly and ,  m o r e  r ecen t ly ,  n ig ros ine  *. T h e  
la t t e r ,  w h i c h  s t a in s  dead  or n o n - v i t a l  cells b l a c k  because  
of t h e  g r ea t e r  ease in  pass ing  t h r o u g h  t h e i r  d a m a g e d  
m e m b r a n e s ,  is t h e  m o s t  wide ly  used a t  p resen t ,  also 
because  of i t s  low tox ic  ac t ion .  

F o r  t he  las t  two  yea r s  I h a v e  successfu l ly  used  a n  
a m e t h y s t  v io le t  so lu t ion  in  t h e  r o u t i n e  t e c h n i q u e  for  
ser ial  t r a n s p l a n t a t i o n  of E h r l i c h s  asc i tes  t u m o u r  cells. 

I o b s e r v e d  t h a t  th i s  s t a i n  gives a n  eve r  c lea re r  a n d  more  
c o n s t a n t  d i f f e r en t i a t i on  b e t w e e n  t he  two  k i n d s  of cells;  
moreover ,  i t  is poss ible  to  o b t a i n  a s u p r a - v i t a l  s t a i n i n g  of 
leukocytes .  I n d e p e n d e n t l y  of t h e i r  v i t a l i t y ,  t h e y  a re  m o r e  
p e r m e a b l e  to  t h e  s t a i n  a n d  i t  is t h e r e f o r e  eas ie r  to  exc lude  
t h e m ,  t o g e t h e r  w i t h  t he  d e a d  c a n c e r  cells, f rom cel lu lar  
c o u n t s  of asc i tes  fluid.  

A m e t h y s t  v io le t  is a bas ic  s t a i n  ( c o n t r a r y  to  eosin Y 
a n d  n igros ine ,  w h i c h  a re  ac id  s ta ins) ,  be long ing  to  t h e  
a z y n e s  series. I t s  m o l e c u l a r  w e i g h t  is 434.997. I t  was  used  
b y  BRENNER* for  s u p r a v i t a l  s t a i n i n g  of m i t o c h o n d r i a .  

I H. M. PATT, M. E. BLACKFORD, and R. L. STRAUBE, Proe. Soc, 
exp. Biol. Med. 80, 92 (195~). 

2 R. SCXRECK, Amer. J. Cancer °8, 389 (1936). 
a j .  p. KALTENBACII, MERLE H. KALTENBACH, and W. B. LYoNs, 

Exp. Cell Res. 15, 112 (1958). 
4 S. BRENNER, Stain techn. 163 (1950). 


