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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 .  
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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 .  
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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 .  
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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). 



296 Brbves communications- Kurze Mittcihmgcn ]).XPERIENI"IA XVIII]6 

A very  di lute  solut ion (1:10000) s ta ins  mi tochondr i a  of 
l y m p h o e y t e s  da rk  purple .  I have  used a m e t h y s t  violet  for 
isolated mi tochondr i a  in vitro mysel f  s, wi th  sa t i s fac to ry  
results .  But  I have  no t  been able to s ta in  m i t o c h o n d r i a  of 
whole cells, excep t  leukocytes  which,  as a l ready  s t a t ed ,  
are more  pe rmeable  to the  stain.  By su i t ab ly  modi fy ing  
the  pe rmeab i l i t y  of the  cell membrane ,  a diffuse s ta in ing  
of the  whole p ro top l a sm m a y  be ob ta ined .  

The m e t h o d  is carr ied ou t  as follows. An aqueous  1% 
stock solut ion of a m e t h y s t  violet  is made  up. I m m e d i a t e l y  
before use, to 1 ml s tock  solut ion are a d d e d  9 ml NaC1 
isotonic solut ion or Ringer ' s  fluid, buffered  wi th  p h o s p h a t e  
buffer  pH 7. 

Fig. 1. Aseites ceils suspended in isotonic medium with amethyst 
violet: only dead cells are stained ( - 300). 

Fig. 2. Epithelial ceils of a culture of hulnan kidney stained with 
amethyst violet after immersion in liquid nitrogen, without any 

fixing reagent~ ( v :lxO). 

The asci tes t u m o u r  cells are washed  in physiological 
saline and  t h e n  d i lu ted  10 or 20 t imes  wi th  t h e  a m e t h y s t  
violet  solution.  The coun t  m u s t  be m a d e  immed ia t e ly  and 
on no condi t ion  more  t h a n  10 min a f te r  c o n t a c t  wi th  the 
s ta in.  Af te r  a longer period,  the  dye  m a y  pass  in to  other  
cells, whose  pe rmeab i l i t y  has meanwhi l e  a l tered.  E v e n  so 
it is possible to d i f fe ren t ia te  cells which  were dead  from 
the  s ta r t ,  as t hey  are more  heavi ly  s ta ined .  

Var ious  k inds  of cells were used for t es t ing  permeabi l i ty  : 
cells f rom mice wi th  ad v an ced  asci tes (higher percentage 
of dead  cells and leukocytes) ,  cells a f te r  washing  in water  
ins tead  of saline, cells suspended  for 1 or more  hours  at  
room t e m p e r a t u r e  (18-22°C), i r rad ia ted  cells (2600 r to 
4000 r, according to the  rad iosens i t iv i ty  t e s t  carr ied out 
on the  same t u m o u r  s t ra in  by  DI VITA and  PRANDINt 6) 
cells a f te r  immers ion  in liquid n i t rogen for a few seconds. 
l was thus  able to observe  a co n s t an t  p ropor t ion  be tween 
dura t ion  of the  damag ing  act ion and  s ta in ing  proper t ies  of 
cells. The mos t  comple te  s ta in ing  of cells was found to 
occur af ter  t r e a t m e n t  wi th  liquid ni t rogen,  i n  th is  case, 
though ,  the re  was no diffuse and  massive s ta ining,  as 
there  is in na tu ra l ly  dead  cells, or in cells killed by  ageing 
in vitro, by i r rad ia t ion  or by  immers ion  in hypo ton ic  
solution.  A far more  del icate  s ta in ing  appeared ,  which 
showed  up se lect ively  the  var ious  cell s t ruc tu res  dis t in-  
guished by cytological  examina t ion .  

T r e a t m e n t  wi th  l iquid ni t rogen,  t oge the r  wi th  quick 
f ixa t ion  in e thy l  alcohol 95 °, was  used in previous  s tudies  
wi th  DI VITA ~ SO as to ob ta in  wi th  ease a good f ixat ion of 
especial ly del icate  mate r ia l  (smears of asci tes  t u m o u r  
cells, p ro tozoa ,  etc.) .  The  ac t ion  of l iquid n i t rogen  pre-  
ven t s  shr inkage  of the  cells and  there fore  preserves ,  as 
much  as possible af ter  f ixat ion,  t he  shape  and  s t ruc tu re  
t h e y  had  dur ing  life. By  using a m e t h y s t  violet  I was able 
to ob ta in  a good cytological  s ta ining,  even w i t h o u t  f ixing 
the  cells. S ta in ing  m a y  be carr ied out  d i rec t ly  on cell 
suspens ion  a f te r  t r e a t m e n t  wi th  l iquid n i t rogen  for abou t  
30 sec. The s ta in  is d r o p p e d  s t r a igh t  on to the  coversl ip,  
a f te r  it  has  unfrozen.  

This  m e t h o d  has also been successful ly appl ied  to the  
morphologica l  s t u d y  of cells cu l tured  in vitro. I have  
especial ly sa t i s fac to ry  resul ts  wi th  h u m a n  k idney  cells 
(Figure 2) and  wi th  chick and  mouse  f ibroblasts .  

Riassunto. Per  d i s t inguere  le cellule a m e m b r a n a  in tegra  
da quelle con m e m b r a n a  a l t e ra t a  pub essere van taggiosa-  
m e n t e  usa ta  una  soluzione i so tonica  di v io le t to  ame t i s t a :  
il co lorante  t rova  utile appl icazione nel conteggio  delle 
cellule vive e mor te  per  il t r a p i a n t o  del cancro asci te  di 
Ehrl ich.  Modif icando la permeabilitS~ delle cellule med ian te  
azoto  l iquido si possono inol t re  o t t en e r e  delle buone  colo- 
razioni  delle s t r u t t u r e  cellulari i n d i p e n d e n t e m e n t e  dal l 'uso 
dei comuni  fissatori .  
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