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The N - t e r m i n a l  serine a p p e a r s  to  be a p a r t  of t h a t  pep t ide  cha in  which  ~n 
m a m m a l s  ends  in tyros ine .  In  l ight  of the  e x t r e m e  va r i ab i l i ty  of t h e  f ib r inopept ide  
N- t e rmina l s  (Table I), t he  conse rved  m a m m a l i a n  tyros ine  e n d  g r o u p  ~ common" to  
b o t h  f ibr inogen a n d  f i b r i n ~ m a y  h a v e  a specific func t ion  which  resu l t s  in i ts  be ing  
selected for du r ing  evolu t ion .  I t  will be in t e re s t ing  to  find where  a m o n g  t h e  v e r t e b r a t e s  
the  N - t e r m i n a l  ty ros ine  m a k e s  its first appea rance .  
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sc  2z7 6 
Steroids. C C X X I l I * .  

Color reagent for steroids in thin-layer chromatography** 
Color imetr ic  r eac t ions  h a v e  p r o v e d  va luab l e  for q u a n t i t a t i v e  a n d  qua l i t a t i ve  analysis .  
I n  the  case of s teroids  which  do n o t  exh ib i t  u l t r av io le t  abso rp t ion ,  co lor imet r ic  
reac t ions  are  ind i spensab le  for the i r  loca t ion  in  c h r o m a t o g r a m s .  Such  reac t ions  a re  
also used  as s u p p o r t i n g  ev idence  for s t r u c t u r a l  g roup ings  in  s teroids ,  a l t h o u g h  in 
genera l  color imetr ic  reac t ion  s are n o t  specific e n o u g h  to  be used  as p r i m a r y  evidence.  

The  general ,  non-specific r e a g e n t  descr ibed  here  uses vani l l in  in H~SO4-e thano! .  
Vani l l in  was  used  b y  F R E R E J A Q U I ~  2 to  de t ec t  d igi ta l is  glucosides  on p a p e r  w i t h  for- 
m a t i o n  of b lue  colors. McALEER AND KOZLOWSK#, 4 used vani l l in  in H a P O  4 to  de tec t  
sapogen ins  a n d  xT-hydroxy-zo-ketopregnanes on paper .  T h e  fo rmer  p r o d u c e d  va r ious  
colors while t he  l a t t e r  gave  o range  spo ts  on a b a c k g r o u n d  of yellow. T h e  l a t es t  
r e p o r t e d  use of vani l l in  for t he  de t ec t i on  of s teroids  e m p l o y e d  th is  r e a g e n t  in HCIO 4 
to  de t ec t  p regnane t r io l s  in p a p e r  c h r o m a t o g r a p h y  5. 

The  a d v e n t  of t h in - l aye r  c h r o m a t o g r a p h y  e has  p re sen t ed  a m e d i u m  in which  

" See ref. i for steroids CCXXII. 
** Contribution No. 283.  
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e x t r e m e l y  c o r r o s i v e  r e a g e n t s  m a y  be  u s e d  w/ t , ho~ t  ~ e  d ~ -  of  p a p e r .  T h u s ,  
m a n y  o f  t h e  a b o v e  r e a g e n t s  p r o b a b l y  a v o i d  t h e  mme,~t ~ _ ~ ) ) ~  l ~ e c n ~ e  t h e  d e t e c t i o n  
w a s  d o n e  o n  p a p e r .  A r e i n v e s t i g a t i o n  of  t h i s  rcagfm~t ~ t t h ~  in  H z S O  a i t  h a d  

g r e a t e r  s e n s i t i v i t y  a n d  a g r e a t e r  v a r i e t y  of  s,~r.didtg ~ a m m ~ .  q~he r e a c t i v i t y  a n d  
s e n s i t i v i t y  w e r e  e n h a n c e d  b y  t h e  a d d i t i o n  of  ~ o t l  t I ~ . y  d u e  t o  i n c r e a s e d  
s o l u b i l i z a t i o n ,  a n  e f f ec t  s i m i l a r  t o  t h a t  r e p o r t e d  ~]~3z_ ~ a ~ ~ T : ' . .  Ll~eagents c o n t a i n i n g  
v a r y i n g  c o n c e n t r a t i o n s  o f  v a n i H i n  a n d  v a r y i n g  ~ r ~ m ~  ott IHIzSOa-ethanoI  w e r e  
t e s t e d .  T h e  b e s t  c o m b i n a t i o n  as s p r a y  r e a g e n t  w a s , o . ~ , 4 ,  ~ m ~-IzSO * - e t h a n o l  
(4 :  x). T h e  r e a g e n t  w h e n  f r e s h l y  p r e p a r e d  iq yeil¢~z. ~ xsvi~ ~ g r e e n i s h  o n  b e i n g  

k e p t  o v e r n i g h t .  I t  w a s  p r e p a r e d  f r e s h  e a c h  d a y .  

TA B LE I 

C O L O R  R t ~ A C X I O N  O F  S O M E  S T I ~ R O I D S  W I T H  0 . 5 O o  V ~ I . r l l - ~  I~< Iqit~.~t~(L~7-ETItA~OL ( 4  ~) 

N o .  S t e ro id  
gido~ 

.~¢h~harat -roo ~ (5  m i n i  

x 4-Ch loro-testosterone 
2 Cholestane 

3 Allopregnane-3,2 x-diol- t x,ao-dione 
4 Allopregnane-3,17, 21 -triol- ~ ~ ,2o-dione 
5 Prednisolone 
6 Prednisone 
7 Pregnenolone 
8 6/~-Bromo-A~-androstene-3, x 7-dione 
9 6/~-Nitro-A4-androstene-3,17-dione 

x o Allopregnane-3, t 7,2 t -t~ol-zo-one 
I r Allopregnane-3, I r, x 7,z x-tetrol-2o-one 
x z Testosterone acetate  

t3 Estrone 
z 4 Progesterone 
5 6/~-Chloro-progezterone 
6 6/~-Fluoro-progesterone 
7 ~ ~-Dihydro-corticosterone 

z 8 Cortisone 

19 Androstane-3,17-dio~ie 
20 Androstane-3-one 
2 x Es t rone  3-methyl  ether  

2 Estradiol  
z3 Corticosterone 

24 6ff-Hydroxy-progesterone 
25 x ~-Dihydrocortisone 
26 x ~-Dihydrocortisone-2 x-acetate 

z7 Allopregnane-3,I  x,2 ~-triol-zo-one 
28 Deoxycort icosterone 
29 x z-Deoxy-~ 7-hydroxycort icosterone 
30 x7~-Eth3rnyl estradiol 3-methyl  e ther  
3 ~ Pregnanedioi  
32 Allopregnanolone 
3 3 Te~os te rone  
34 Androsterone 
3 5  • A n d r o s t a n e - ~ 7 - o n e  
3 6  z ~ - . A n d r o s t e n e  

LHlac grey 

~ C  b ~ w n  

~ C  g~vown 

B ~ w n  

3~C ~di  

~ C  o r a n g e  

~y~ll~- ommge 
_~tC orange 

~cbllow -~ellbw 
_ .  

~ L I ~ -  ye.~ow 

~ e  gK'~enisll yellow 
~'qC g~,eniah yellow 

~eLtl~" daa~ green 
~ green 

~Rdhzt xd~li~t to purple  
~ C  ~.x~let t o  purple 

-~xi~leC to purple 
~//~let to purple 

, ~  x~i~let to purple  
!.Hlac ~//~1~ to purple  
~H~__c ~/i-d~,~ to purple 

~-:a~let to purl~le 
,.-a//dl~_ ~,m:~Iet.t:o purple 
~ x / i ~  v i ~ l ~  to purple 

* NC ~- no color. 
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In  solut ion,  m o s t  s teroids  con ta in ing  h y d r o x y l  g roups  or double  b o n d s  c h a n g e  
the  color of this  r eagen t  to  red  a t  r oom t e m p e r a t u r e .  The  visual  s ens i t i v i t y  is a b o u t  
20-50 tzg/3 ml  of reagent .  W h e n  this  r eageu t  was  used as a spray ,  s teroids  on p a p e r  
p roduced  orange  spots  aga ins t  a yel low b a c k g r o u n d ,  b u t  due  to  t h e  poor  c o n t r a s t  
the  sens i t iv i ty  was low. 

E n t i r e l y  different  r e s u l t s  were  o b t a i n e d  when  this  r eagen t  was  used  to  de tec t  
s teroids  in th in - l aye r  c h r o m a t o g r a p h y .  All s teroids  f rom h y d r o c a r b o n s  to  h igh ly  
s u b s t i t u t e d  s teroids  were  de t ec t ed  wi th  th i s  reagent ,  The  colors v r~ : luc~d  r a n g e d  
f rom grey  or b rown  t h r o u g h  all shades  of the  spec t rum.  Most p r o d u c e d  color ~d thou t  
hea t ing .  M a x i m u m  color was  p r o d u c e d  by  h e a t i n g  in an  oven at  ioo  ° for 5 min.  In  
general ,  h e a t i n g  a t  Ioo  ° for IO-2O min  changes  m o s t  of the  colors to  b rown.  

The re  a p p e a r s  to  be no  difference be tween  de tec t ion  on silica gel G or n e u t r a l  
a l u m i n a  th in  layers  wi th  binder* . The  s teroids  were app l i ed  to  the  p la tes  as IOO/zg/cm ~- 
spots  in ch loroform solut ion.  Tab le  I lists the  resul ts  o b t a i n e d  wi th  va r ious  s te ro ids  
on silica gel G when  s p r a y e d  wi th  th is  r eagen t .  I n  all cases tes ted ,  the  sens i t iv i ty  
was  at  least  5/~g/cm'a. At  concen t r a t i ons  of 5 t~g/cma the  color did  no t  c h a n g e  (except  
in in tens i ty )  f rom w h a t  it was  a t  i o o / z g / c m  z. 

T h e  wide r ange  of colors p roduced ,  a n d  wi th  all t ypes  of s teroids ,  m a k e s  it  
difficult to assign the  fo rma t ion  of a p a r t i c u l a r  color to  a defini te  g rouping .  S l ight  
changes  in s t r u c t u r e  a p p e a r  to  resul t  in d i s t inc t ly  dif ferent  colors. F o r  e x a m p l e ,  
t e s tos t e rone  ace t a t e  (12) gives  a red  color upon  h e a t i n g  even  t h o u g h  one w o u l d  expec t  
the  es te r  to  be hydro lysed  to  g ive  the  same  color as t e s to s t e rone  (33). A n d r o s t a n e - 3  -one 
(zo) gives a yel low color, a n d r o s t a n e - I T - o n e  (35) gives  redd ish  purp le ,  b u t  a n d r o s t a n e -  
3 , i7 -d ione  (19) only  gives a yel low color, so the  effect is no t  add i t ive .  Since e v e n  smal l  
changes  be tween  s te ro ids  genera l ly  resul t  in d i s t inc t  colors or shades ,  th is  r eagen t  
should  he lp  to  reveal  differences which  are  n o t  de t ec t ab l e  wi th  more  specific reagen ts .  
Fo r  example ,  the  n ine  cor t icoids  l is ted in Tab le  I (5, 6, 17, 18, 23, 25, 26, 28 a n d  29) 
are d i s t ingu ishab le  f rom each  o t h e r  b y  cons ider ing  the  colors p r o d u c e d  before  a n d  
a f t e r  hea t ing .  T h u s  cor t icoids  5, 18, 93, 26 a n d  28 p roduce  no  color a t  a m b i e n t  
t e m p e r a t u r e  b u t  u p o n  h e a t i n g  for 5 m i n  a t  IOO °, each  gives  rise to  a d i f ferent  color.  
The  3 p regnane t r io l s  (4, IO a n d  97) can also be d i s t ingu i shed  f rom each  o ther .  This  
r eagen t  used in con junc t ion  wi th  o t h e r  m o r e  specific color tes t s  shou ld  he lp  in m a k i n g  
t e n t a t i v e  ident i f ica t ions  possible. 

This  work  was s u p p o s e d  b3r N a t i o n a l  I n s t i t u t e s  of H e a l t h  c o n t r a c t  n u m b e r  
SA-43-ph-2448.  
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