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The So-Called Red Impurity of Trypan Blue 

C h a r a c t e r i z a t i o n  of impur i t i e s  of t r y p a n  b lue  is of in te r -  
es t  because  t h e y  m a y  b e  respons ib le  for, or c o n t r i b u t e  to,  
t he  t e r a t o g e n i c  a n d  carc inogenic  effects  of commerc i a l  
p roduc t s .  The  so-called red  i m p u r i t y  ha s  been  s e p a r a t e d  
f rom t r y p a n  blue  b y  e x t r a c t i o n  w i t h  e t hano l  1, ace tone  2 or 
m e t h y l  e t h y l  k e t o n e  3 or b y  pass ing  t h r o u g h  a cellulose 
c o l u m n  s,4. However ,  r e so lu t ion  of a red  f r ac t ion  f rom 
t r y p a n  b lue  in to  2 c o m p o n e n t s  was o b t a i n e d  b y  p a p e r  
c h r o m a t o g r a p h y  in aqueous  e thanol ,  whi le  a n o t h e r  red- 
d i sh  impur i t y ,  cal led purple ,  was  also s epa ra t ed  ~. 

Recen t ly ,  t he  s t r u c t u r e  I was  ass igned to t h e  red  
i m p u r i t y  of t r y p a n  b lue  w h i c h  was e x t r a c t e d  w i t h  m e t h y l  
e thy l  ke tone  6. F u r t h e r m o r e ,  i t  was  e s t ab l i shed  t h a t  t he  
i m p u r i t y  dif fered f rom I I .  T he  resu l t s  in  t h i s  l a b o r a t o r y  
show t h a t  t h e  m a j o r  c o m p o n e n t  of our  red  f r ac t ion  is I 
and  t h a t  a n o t h e r  c o m p o n e n t  is II .  
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CH 3 CH a / 
SOaNa 

I R = H  
II  R = OH 

I I I  R = NH e 

The  red  f r ac t ion  was o b t a i n e d  b y  c h r o m a t o g r a p h y  of a 
t r y p a n  b lue  (Merck) so lu t ion  in a m e t h y l  e thy l  k e t o n e  
- w a t e r  - e t h a n o l  m i x t u r e  on  a l u m i n a  5. T he  2 c o m p o n e n t s  
were s e p a r a t e d  b y  descend ing  c h r o m a t o g r a p h y  on  p a p e r  
in  80 % aqueous  e thano l ,  e lu ted  f rom t he  p a p e r  w i t h  w a t e r  
a n d  dr ied  in vacuo.  T he  yie ld  of t he  fas tes t  m o v i n g  red- 
v io le t  c o m p o n e n t  (Rf 0.40) was  3 t i m e s  t h a t  of t h e  s lower  
b lue -v io le t  c o m p o n e n t  (RI 0.30). The i r  a b s o r p t i o n  spec t r a  
are c o m p a r e d  in t he  F igure  w i t h  those  of t he  b lue  m a i n  
c o m p o n e n t  a n d  a p u r p l e  i m p u r i t y ,  b o t h  pur i f i ed  on  
a l u m i n a  5 fol lowed b y  p a p e r  c h r o m a t o g r a p h y  in water .  
The  spec t ra  of t he  3 impur i t i e s  are s t r ik ing ly  s imi la r  a n d  
are d i s t i nc t  f rom the  s p e c t r u m  of t h e  b lue  c o m p o n e n t  
because  t h e i r  a b s o r b a n c e  in t he  v is ib le  region is less a n d  
because  t h e y  h a v e  a shou lde r  b e t w e e n  260 a n d  270 nm.  

The  c o m p o n e n t s  of t he  red  f r ac t i on  were reduced  w i t h  
sod ium d i t h i o n i t e  a n d  sub j ec t ed  to p a p e r  e lec t rophores i s  
a t  p H  4L The  e l ec t rophe rog rams  were e x a m i n e d  for  
coloured compounds ,  u l t r av io l e t  a b s o r b i n g  spots  and  com- 
p o u n d s  wh ich  b e c a m e  v is ib le  a f t e r  sp r ay ing  w i t h  E h r l i c h ' s  
reagent .  The  pur i f i ed  b lue  c o m p o n e n t  of t r y p a n  blue  was 
t r e a t e d  in t he  s ame  way  a n d  se rved  as a s t anda rd .  Reduc-  
t i on  of t he  b lue  dye  y ie lded  o- tol idine wh ich  m o v e d  to  t he  
ca thode  a n d  2 -amino -H  acid (2 ,8 -d iamino- l -naph tho l -3 ,6 -  
d i su lphonic  acid) wh ich  gave  a fas t  yel low and  a s lower 
b lue  b a n d  in t he  d i rec t ion  of t h e  anode.  W h e n  t he  electro-  
p h e r o g r a m s  f rom t h e  r e d u c t i o n  p r o d u c t s  of t h e  red-v io le t  
a n d  b lue-v io le t  c o m p o n e n t s  of t he  red  f r ac t ion  were com- 
p a r e d  w i t h  those  of the  b lue  s t a n d a r d ,  i t  was  clear t h a t  
on  r educ t i on  b o t h  c o m p o n e n t s  gave  2 - amino -H  acid. I n  
t he  d i rec t ion  of t he  ca thode  b o t h  gave  amines  w i t h  ha l f  t he  
m o b i l i t y  of o-tol idine,  sugges t ing  t h a t  t h e i r  amines  h a d  
on ly  one N H  z group.  The  a m i n e  of t he  red-v io le t  compo-  
n e n t  was yel low w h e n  sp rayed  w i t h  E h r l i c h ' s  r eagen t  a n d  
t h a t  of t he  b lue -v io le t  c o m p o n e n t  orange.  The  amines  
o b t a i n e d  a f t e r  e lu t ion  f rom the  e l ec t rophe rog rams  w i t h  
ch lo ro fo rm were s u b m i t t e d  to mass  spec t rome t ry .  The i r  
molecu la r  we igh t s  were 197 and  213, respect ively ,  sug- 
ges t ing  t h a t  t h e y  dif fered f rom o-tol idine b y  r e p l a c e m e n t  
of one NH~ b y  H or OH.  T h u s  s t r u c t u r e  I m u s t  be  as- 
s igned to t he  red-v io le t  m a j o r  c o m p o n e n t  a n d  s t r u c t u r e  I I  
to  t he  b lue -v io le t  m i n o r  c o m p o n e n t .  T h e i r  f o r m a t i o n  
du r ing  syn thes i s  of t r y p a n  blue  m u s t  be  a t t r i b u t e d  to  
decompos i t ion  of 1 d i a z o n i u m  group  of t e t r azo t i zed  0-toli- 
d ine  to  give H or OH, respec t ive ly .  

These  c o m p o n e n t s  are d i s t i nc t  f rom the  b lue  and  p u r p l e  
c o m p o n e n t s  because  t h e y  are  p re fe ren t i a l ly  e lu ted  b y  
aqueous  e t h a n o l  or o the r  organic  solvents .  T h e y  can  the re -  
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Absorption spectra of components of try- 
pan blue: blue ( ), redviolet ( . . . .  ), 
blue-violet ( ... .  ) and purple (-.-.-.-). All 
0.001% in water. 
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fore be  r e l a t ed  to f r ac t ion  l -V1 of K E L L Y  2, who found  t h a t  
t he i r  r e m o v a l  d id  no t  leave  t he  b lue  f r ac t ion  en t i r e ly  pure .  
Th i s  m a y  be  exp la ined  b y  t h e  presence  of t h e  pu rp l e  
c o m p o n e n t  w h i c h  is n o t  e lu ted  f rom a n  a l u m i n a  co lumn  
w i t h  aqueous  organic  so lven ts  5. T he  a b s o r p t i o n  s p e c t r u m  
of t h e  p u r p l e  dye  resembles  t hose  of t he  r ed -v io le t  and  
b lue -v io le t  c o m p o n e n t s  a n d  c o n s e q u e n t l y  t h i s  dye  will  
also be  recognized  as a red  i m p u r i t y .  I n  fact ,  t h e  cap i l l a ry  
t e s t  of HARTWELL a n d  FIESER1 de tec t s  p re fe ren t i a l ly  th i s  
c o m p o n e n t  wh ich  on  p a p e r  c h r o m a t o g r a p h y  w i t h  w a t e r  
as so lven t  m o v e s  in f ron t  of t h e  o t h e r  c o m p o n e n t s  w i t h  an  
R f  of 0.90. Th i s  dye  m a y  h a v e  been  s epa ra t ed  b y  KELLY ~ 
as f r ac t i on  1-V2 b y  pass ing  a n  aqueous  so lu t ion  of t r y p a n  
b lue  t h r o u g h  a cellulose co lumn.  T he  p u r p l e  dye  ha s  
p r o b a b l y  s t r u c t u r e  I I I  because  e lec t rophores i s  a f t e r  reduc-  
t i on  w i t h  sod ium d i t h i o n i t e  r evea led  o- to l id ine  in t he  
d i rec t ion  of t he  ca thode .  Th i s  dye  is ac t ive  in p r o d u c i n g  
re t iculos is  in  t h e  l iver  of r a t s  a n d  is p r e s u m a b l y  respons-  
ible for t h e  carc inogenic  a c t i v i t y  of c o m m e r c i a l  t r y p a n  
blue  5. 

I t  m a y  be  conc luded  t h a t  t he  so-cal led red  i m p u r i t y  of 
t r y p a n  b lue  cons is t s  of one or more  c o m p o n e n t s  d e p e n d i n g  
on  t h e  m e t h o d  wh ich  is used for de t ec t i on  or ex t rac t ion .  
Aqueous  organic  so lven t s  usua l ly  e x t r a c t  a m i x t u r e  of I 
a n d  I I  whi le  w a t e r  p re fe ren t i a l ly  e lu tes  a t h i r d  i m p u r i t y  
( p r e s u m a b l y  I I I ) ,  t h e  a b s o r p t i o n  s p e c t r u m  of w h i c h  
re sembles  t he  spec t r a  of t he  o the r  r edd i sh  componen t s .  

Zusammen/assung. Die s o g e n a n n t e  ro te  V e r u n r e i n i g u n g  
yon  T r y p a n b l a u  wurde  als Gemisch  yon  3 Azofa rbs to f f en  
e r k a n n t ,  v o n e i n a n d e r  g e t r e n n t  u n d  in ih re r  S t r u k t u r  auf-  
gekl/ ir t .  E i n e  dieser  S u b s t a n z e n  sche in t  fiir die kanzero-  
gene A k t i v i t / i t  des kommerz i e l l en  T r y p a n b l a u s  v e r a n t -  
wor t l i ch  zu sein. 
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P l a n t  G r o w t h  I n h i b i t o r y  L a c t o n e s  f r o m  Podocarpus neriifolius: S t r u c t u r e  of  P o d o l a c t o n e  E 

Ea r l i e r  1 we r e p o r t e d  t he  b a r k  of a Podocarpus species 
( c . f . P .  nerii/olius D. D o n  ex Lamb. )  f rom N o r t h e r n  
Queens l and  to  con t a in  two p l a n t  g r o w t h  i n h i b i t o r y  com- 
pounds ,  podo lac tones  A (1) a n d  B (2). F u r t h e r  f r ac t iona -  
t i on  of t he  e x t r a c t  ha s  a f forded  4 o t h e r  n o r d i t e r p e n e  
l ac tones  of t he  same  type ,  podo lac tones  C, D, E and  t he  
k n o w n  l ac tone  i n u m a k i l a c t o n e  B (3) 3, iden t i f i ed  b y  d i rec t  
compar i son  w i t h  a n  a u t h e n t i c  s ample  3. Podo lac tone  E 
a n d  i n u m a k i l a c t o n e  B e x h i b i t  h i g h  a c t i v i t y  as i nh ib i t o r s  
of cell e x p a n s i o n  in a n  assay  s y s t e m  e m p l o y i n g  pea  s t em 
segmen t s  ~, i n h i b i t i n g  g r o w t h  of hook  a n d  ap ica l  s egmen t s  
of pea  s t ems  a t  c o n c e n t r a t i o n s  cons i de r ab l y  lower t h a n  
those  r equ i red  for t he  o t h e r  podo lac tones  a n d  r e l a t ed  
compounds .  The  ac t iv i t ies ,  expressed  as t he  c o n c e n t r a t i o n  
necessa ry  to  l im i t  g r o w t h  of hook  segmen t s  in  24 h to  ha l f  
t h a t  of t h e  control ,  of podo lac tones  A, t3, E,  inumaki lac~ 
t o n e  ]3 a n d  a b s c i s i c  (a c o n v e n i e n t  s t a n d a r d  inh ib i to r )  
were r e spec t ive ly  60, 200, 6, 10 a n d  500 • 10 .7 M.  Podo-  
l ac tone  E, wh ich  is shown  to h a v e  t he  s t r u c t u r e  (4), is t h e  
m o s t  ac t ive  i n h i b i t o r y  c o m p o u n d  so far  e x a m i n e d  w i t h  
t h i s  sys tem.  
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Chemical shifts ((5) and coupling constants (Hz) of proton resonances 
a) From first-order analysis 

Podolactone E Inumak i l ac tone  B ~ Ant ib io t ic  
LL-Z1271~ ~ 

1-H 3.69d 3.63d 
(4.5) (4.0) 

2-H 3.56dd 3.51dd 
(4.5, 6.0) (4.0, 5.6) 

3-H 4.69d 4.67d 
(6.0) (5.6) 

5-H 2.11d 2.16d 
(5.5) (5.2) 

6-H 5.06m 5.10dd 
(5.5, 4.0, 1.7) (5.2, 1.2) 

7-H 6.24m 3.95d 
(4.0, 1.8, 2.0) (1.2) 

l l -H 6.51d 6,78s 
(1.8) 

18-H 3 1.47s 1.41s 
20-H 3 1.52s 1.51s 

b) F r o m  compute r  analys is  

Podolactone E Inumak i l ac tone  B 

14-H 5.56 5.41 
1.5-H 6.09 5.98 
16e-H 5.48 5.42 
16t-H 5.53 5.56 
J1~,15 7.6 7.81 
Jf~,16o -0.6 -0.57 
J14,16t -0.7 -0.69 
J15,16o 10.6 10.27 
Jxs,16t 17.3 17.35 
J16e,  16 t 1.3 1.40 

(5.3) 

(5.3, 4.7, 1.0) 

(4.7, 1.8, 2.0) 

(1.8) 

a l n  ?Hs]pyr id ine .  
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