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SUNWARY 

S t e r o i d s  wi th  d iazo  and az ido  f u n c t i o n a l  groups 
were l abe led  wi th  t r i t i u m  atoms by microwave d i s -  
charge a c t i v a t i o n  o f  t r i t i u m  gas .  The s p e c i f i c  
a c t i v i t y  of  t h e  products  was increased  by maximizing 
t h e  exposure su r face  us ing  g l a s s  f i b e r  paper f o r  
d i s p e r s i o n s  reducing t h e  amount of sample t o  be 
exposed, and inc reas ing  t r i t i u m  p res su re .  A 500 f o l d  
inc rease  i n  s p e c i f i c  a c t i v i t y  was achieved i n  d i s -  
persed sample as compared t o  t h e  s o l i d .  Addit ion o f  
t r i t i u m  atoms t o  4.5 double bond i n  A -3-keto s t e r o i d  
occurreds  g iv ing  r i s e  t o  a mixture o f  5a- and 5B- 
isomers i n  about equal  q u a n t i t i e s .  
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INTRODUCTION 

Tri t ium l a b e l i n g  by microwave d ischarge  a c t i v a t i o n  o f  t r i t i u m  

gas  w a s  first repor t ed  by Ghanem and Westermark (l), l a te r  modified 

by Gosztonyi and Walde ( 2 , 3 ) ,  and more r e c e n t l y  u t i l i z e d  by 

Ehrenkaufer e t  a l .  (4) .  This  method is  r a p i d ,  convenient ,  and 

a p p l i c a b l e  t o  a broad range of  organic  molecules o f  b i o l o g i c a l  

i n t e r e s t ,  i nc lud ing  pep t ides  and p r o t e i n s .  The t r i t i a t e d  products  

t h a t  have been obtained have g e n e r a l l y  been o f  low s p e c i f i c  
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a c t i v i t y ,  and few r e p o r t s  on t h e  a p p l i c a t i o n  of t h i s  method f o r  

l a b e l i n g  s t e r o i d s  have appeared. 

This r e p o r t  desc r ibes  t h e  l a b e l i n g  o f  s t e r o i d s  having diazo 

and az ido  f u n c t i o n a l  groups by t h e  microwave method and d i scusses  

t h e  parameters a f f e c t i n g  t h e  s p e c i f i c  a c t i v i t y  of  t h e  t r i t i a t e d  

products  and t h e  a d d i t i o n  of t r i t i u m  atoms t o  t h e  double bond i n  

A -3-keto s t e r o i d .  4 

EXPERIMENTAL 

a )  Labeling Procedure 

The appara tus  t h a t  we used f o r  l a b e l i n g  was e s s e n t i a l l y  t h a t  

descr ibed  by Ehrenkaufer e t  a l .  ( 4 ) ,  wi th  a s l i g h t  modi f ica t ion ,  

t h e  ex ten t ion  o f  the  t r i t i u m  i n l e t  t ube  d i r e c t l y  ove r  t h e  sample 

platform on t h e  "cold f i n g e r "  of t h e  bent  D e w a r  f l a s k .  The micro- 

wave gene ra to r  was a 100-watt, 2.45 GHz,  K I V A ,  Model MPG-2 (Opthos 

Instrument Co . , Rockvil le  , Maryland). The microwave c a v i t y  was o f  

t h e  Evenson type  ( 5 )  which w a s  f i n e l y  tuned f o r  minimum r e f l e c t e d  

power a f t e r  t h e  glow w a s  i n i t i a t e d  with a Telsa c o i l .  Tr i t ium 

pressure  was measured wi th  a Model AP-10 p res su re  t r ansduce r ,  

range 0-20 Torr (Validyne Engineer ing Co., Northr idge,  C a l i f o r n i a ) .  

C a r r i e r - f r e e  t r i t i u m  gas  was genera ted  from uranium t r i t i d e  

by hea t ing ,  j u s t  p r i o r  t o  u se ,  and was c a r e f u l l y  metered i n t o  t h e  

microwave system through a high vacuum valve .  S t e r o i d s  (0.15 t o  

2 mg) i n  0.05 m l  of deu te ra t ed  chloroform o r  methyl a l coho l  were 

p ipe t t ed  on t o  glass f i b e r  paper (Gelman Type A- no b i n d e r ) ,  

Mi l l ipore  f i l t e r  (Mitex f i l t e r  LCWP 013001 Mi l l ipo re  Corp.) ,  and 

micro cover g l a s s  which were a l l  8x10-mm i n  s i z e .  The d r i e d  sample 

w a s  placed on t h e  "cold f i n g e r " ,  which had been cooled by l i q u i d  

n i t rogen .  The system was evacuated t o  l e s s  t han  0.003 Torr  before  

t r i t i u m  w a s  admit ted t o  a p res su re  of  5 Torr .  The d u r a t i o n  of 

exposure t o  t r i t i u m  plasma was 2 0  minutes. The spent  t r i t i u m  gas 

w a s  t hen  pumped o f f .  This was followed by a few f l u s h e s  wi th  
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hydrogen gas  t o  remove adsorbed t r i t i u m  and t h e  system was opened 

and t h e  t r i t i a t e d  sample removed. Labeled ma te r i a l s  were ex t r ac t ed  

from t h e  s o l i d  support  wi th  e t h y l  a l coho l ,  t hen  t h e  s o l u t i o n  w a s  

evaporated t o  dryness  under reduced p res su re  t o  remove any ex- 

changeable t r i t i u m  a c t i v i t y .  

b )  Mater ia l s  

21-Diazo-21-deoxycorticosterone w a s  prepared by t h e  method 

previous ly  descr ibed  ( 6 ) .  6-Azido-6-dehydrodexamethasone was 

obta ined  as a g i f t  from Schering Gorp.. Testosterone ( S e a r l e )  was 

r e c r y s t a l l i z e d  from ace tone ,  mp 154-155°C, Xmax 242 nm ( E  1 . 6 ~ 1 0  ). 

5a-Dihydrotestosterone ( S e a r l e )  and 5$-d ihydro tes tos te rone  (Sigma) 

were used without  f u r t h e r  p u r i f i c a t i o n .  The s o l v e n t s  used i n  t h e  

p u r i f i c a t i o n  of  l abe led  s t e r o i d s  were r e d i s t i l l e d  o r  p u r i f i e d .  

c ) P u r i f i c a t i o n  

4 

After removal of  exchangeable t r i t i u m  a c t i v i t y ,  t h e  l abe led  

s t e r o i d s  were repeated1.y p u r i f i e d  by t h i n  l a y e r  chromatography 

(TLC) u n t i l 1  a cons tan t  s p e c i f i c  a c t i v i t y  was achieved.  TLC w a s  

c a r r i e d  out  on 5x20 cm g l a s s  p l a t e s  having O.25-mm l a y e r s  o f  s i l i ca  

g e l  GF ( E .  Merck). These p l a t e s  were prewahed by ascending chro- 

matography i n  methyl a l coho l  and r e a c t i v a t e d  j u s t  be fo re  use by 

hea t ing  i n  a n  oven a t  105OC f o r  15 minutes. 

p l a t e s  were v i s u a l i z e d  by f luorescence  quenching under UV (254 nm) 

i l l umina t ion .  

Spots  and bands on TLC 

The UV s p e c t r a  o f  t h e  t r i t i a t e d  s t e r o i d s  were obta ined  on a 

Beckman DB-G Grat ing Spectrophotometer. An a l i q u o t  o f  t h e  s o l u t i o n  

w a s  t hen  d i l u t e d  f o r  r a d i o a c t i v i t y  measurement by t h e  l i q u i d  s c i n -  

t i l l a t i o n  count ing us ing  a S e a r l e  Mark I11 Liquid S c i n t i l l a t i o n  

System. The count ing e f f i c i e n c y  (56-60$) was determined by t h e  

i n t e r n a l  s tandard  method us ing  'H-toluene ( N e w  England Nuclear ) .  

The s p e c i f i c  a c t i v i t y  o f  t h e  l abe led  material was c a l c u l a t e d  from 

t h e s e  measurements. 
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d ) Photo lys i s  

Photochemical r e a c t i o n  of  t h e  s t e r o i d s  were performed by 

i r r a d i a t i n g  s o l u t i o n s  of  s t e r o i d s  i n  methyl a l coho l  o r  95% e t h y l  

a l coho l  a t  concen t r a t ion  o f  3 . 6 ~ 1 0 - ~  N1 o r  6 ~ 1 0 - ~  M on a r o t a t i n g  

s t a g e  of  Rayonet Photochemical Reactor a t  254 nm a t  room tempera- 

t u r e .  The e x t e n t  o f  r e a c t i o n  was monitored with UV spectrophoto-  

meter and t h e  maximum absorbance w a s  determined a t  235-250 nm. 

RESULTS 

Tri t ium l abe led  21-diazo-21-deoxycorticosterone was p u r i f i e d  

by TLC us ing  chloroform-ethyl  a c e t a t e  (113, v :v)  as t h e  developing 

so lven t .  Figure 1 shows t h e  d i s t r i b u t i o n  of  r a d i o a c t i v i t y  of  t h e  

crude l abe led  s t e r o i d  before  p u r i f i c a t i o n  on a TLC p l a t e .  The 

l abe led  s t e r o i d  was repea ted ly  p u r i f i e d  by TLC u n t i l  a cons tan t  

s p e c i f i c  a c t i v i t y  w a s  achieved.  A radiochemical  p u r i t y  of  g r e a t e r  

than  96% was ind ica t ed  on TLC i n  t h e  so lven t  systems benzene-ethyl 

acetate (1 82, V I V )  and benzene-ethyl a l coho l  (981, v I V ) .  Spec i f i c  

a c t i v i t i e s  o f  p u r i f i e d  s t e r o i d s  on d i f f e r e n t  suppor ts  are given i n  

Table 1. 

I d e n t i t y  of  t h e  p u r i f i e d  'H-diazo s t e r o i d  w a s  confirmed i n  

s e v e r a l  ways, (i) t h e  UV spectrum of  t h e  l abe led  s t e r o i d  was iden-  

t i c a l  t o  t h a t  of  nonlabeled Xmax a t  247 nm and a 

shoulder  a t  280 nm: (ii) a d d i t i o n  of hydrochlor ic  acid caused a 

30% decrease i n  UV absorbance i n  both l abe led  and non-labeled 

s t e r o i d s  because of  t h e  d e s t r u c t i o n  of  21-diazo s u b s t i t u e n t ,  and 

t h e  product of  t h e  r e a c t i o n ,  21-chloro s t e r o i d  (Figure 2 ) ,  from 

both  l abe led  and non-labeled 21-diazo s t e r o i d s ,  had i d e n t i c a l  Rf  

va lues  on TLC as t h a t  of  a n  a u t h e n t i c  21-chloro s t e r o i d  ( 7 ) ;  (iii) 

pho to lys i s  o f  l a b e l e d  and non-labeled compounds i n  methyl a l coho l  

at 254 nm gave t h e  same i n i t i a l  r a p i d  decrease  i n  absorbance with 

i r r a d i a t i o n  time as shown i n  Figure 3 ,  and t h e  methyl e s t e r  

compound wi th  
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Figure 1. 
co r t i cos t e rone  l abe led  on g l a s s  f i b e r  paper a t  5 Torr ( l e f t )  o r  
9 Torr ( r i g h t ) .  
costerone chromatographed on the  same TLC p l a t e .  
chloroform-ethyl  a c e t a t e  (1 13, v I V )  . 

Radiochromatograms of  crude t r i t i a t e d  21-diazo-21-deoxy- 

Dark spo t  r e p r e s e n t s  pure 21-diazo-21-deoxycorti- 
Solvent  System1 

Table 1. 
wi th  t r i t i u m  atoms. 

Labeling of d iazo  and az ido  s t e r o i d s  on s o l i d  suppor ts  

Amount S p e c i f i c  Rat io  o f  
a c t i v i t y  s p e c i f i c  labeled materials mCi/mmol activity S t e r o i d s  l abe led  

mg 

21 -Diazo-21-deoxy- 2 Ga 2 .o 1 

0.15’ P 1000 500 

c o r t  i cos t e rone  0.15 Pb 560 280 

6 -Azido -6 -dehydro - 0 - 9  G 4.5 1 
dexamethasone 0.9 P 131 29 

a .  G = Nicro cover g l a s s .  
b. P = Glass f i b e r  paper .  
c .  A t  t r i t i u m  pressure  of  9 Torr .  
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Figure 2. Photochemical reaction of 21-diazo-21-deoxycorticosterone. 

L I I 1 I 

0 1 2 3 4 
Irradiation Time (min) 

Figure 3. Photolysis of 21-diazo-21-deoxycorticosterone (0) and 
21-deoxycorticosterone ( 0 )  in methyl alcohol (3.6~10’~ M) at 254 nm. 
Absorbance (max) was determined at 242-247 nm. Note the rapid 
(<l min) change in absorbance with the diazo steroid only. 
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(Figure 2 )  formed by photochemical Wolff Rearrangement o f  t hese  

compounds gave i d e n t i c a l  Rf va lues  on TLC. 

6-Azido-6-dehydrodexamethasone was s i m i l a r l y  t r i t i a t e d  and 

p u r i f i e d  t o  a cons t an t  s p e c i f i c  a c t i v i t y  by t h e  method descr ibed  

above. The r e s u l t s  are shown i n  Table 1. I d e n t i t y  of  t h e  p u r i f i e d  

3H-azido s t e r o i d  was confirmed as fol lows:  (i) t h e  UV spectrum 

showed 

a t  248 nm t o  t h a t  a t  jlO nm w a s  2 . 2 ,  i d e n t i c a l  t o  t h a t  obtained 

wi th  a u t h e n t i c  compound: (ii) pho to lys i s  o f  both l abe led  and non- 

l abe led  compounds a t  254 nm gave t h e  same i n i t i a l  r a p i d  decrease  i n  

absorbance wi th  i r r a d i a t i o n  time as shown i n  Figure 4 .  

h m a x ' s  a t  248 nm and 310 nm, and t h e  r a t i o  of absorbance 

Addit ion of  t r i t i u m  atoms t o  4 ,5  double bond i n  s t e r o i d  was 

s tud ied  wi th  t e s t o s t e r o n e  as t h e  model compound because of  t h e  

a v a i l a b i l i t y  o f  t h e  s a t u r a t e d  isomers, 5a- and 5p-dihydrotesto-  

s t e rone  ( D H T ) ,  f o r  comparison. Figure 5 shows t h e  radiochromato- 

grams of  crude l abe led  t e s t o s t e r o n e  before  and a f t e r  l y o p h i l i z a t i o n  

i n  e t h y l  a l coho l .  Por t ions  of  t h e  labeled p repa ra t ion  were added 

t o  c a r r i e r  t e s t o s t e r o n e ,  Sa-DHT, and 5$-DHT, o f  2x105 f o l d  excess .  

Testosterone w a s  c r y s t a l l i z e d  from acetone and 5a-DHT and 5$-DHT 

were c r y s t a l l i z e d  from e t h y l  a c e t a t e .  " r i t ium a c t i v i t y  of t h e s e  

compounds were determined. The remaining crude t e s t o s t e r o n e  w a s  

p u r i f i e d  by TLC us ing  benzene-ethyl a c e t a t e  (111, V I V )  as so lven t  

system and t h e  s p e c i f i c  a c t i v i t y  w a s  determined. These r e s u l t s  are 

g iv ing  i n  Table 2 .  

DISCUSSION 

The importance o f  h i g h - s p e c i f i c - a c t i v i t y  diazo s t e r o i d s  i n  t h e  

p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  of  r ecep to r  p r o t e i n s  has  been 

emphasized (8 ) .  Tri t ium l abe led  21-diazo s t e r o i d s  have been pre-  

pared i n  t h i s  l abora to ry  by c a t a l y t i c  t r i t i a t i o n  of  t h e  c o r r e s -  

ponding 3-oxoandrosta-~,6-diene-l~$-carboxylic a c i d  t o  3-0x0- 
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Figure 4. Photolysis of 6-azido-6-dehydrodexamethasone in 95% 
ethyl alcohol ( ~ x I O - ~  M) at 254 nm. 
mined at 235-250 nm. Note the rapid ((1 min) change in absorbance. 
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Figure 5 .  Radiochromatograms of 
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rude t itiated testosterone 
labeled on glass fiber paper before (left) arid after (right) lyo- 
philization in ethyl alcohol. 
( C )  and its saturated derivatives, 5a-DHT (A) and 58-DHT ( B ) ,  chro- 
matographed on the same TLC plate. 
acetate (1:1, VN). 

Dark spots represent testosterone 

Solvent system I benzene-ethyl 
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Table 2 .  S u b s t i t u t i o n  ve r sus  a d d i t i o n  i n  t h e  l a b e l i n g  of  t e s t o -  
s t e rone  by microwave method on s o l i d  suppor t s .  

Support  m a t e r i a l s  Micro 
cover  g l a s s  

Amount l abe led  (mg) 
Tr i t ium a c t i v i t y  ( m C i )  
I )  Crude p r e p a r a t i o n  ( A )  
2 )  Tes tos te rone  ( B )  

% r a d i o a c t i v i t y  (B/A)  

S p e c i f i c  a c t i v i t y  
( mC i/mmo 1 ) 

obta ined  by 
i )  TLC p u r i f i c a t i o n  
ii) c r y s t a l l i z a t i o n  

i )  5a-DHT 
i i)  56-DHT 
Tota l  
$ r a d i o a c t i v i t y  ( C / A )  

$ y i e l d  by weight' 

Addi t ion t o  s u b s t i t u t i o n  
r a t i o  (C/B) 

b 

3 )  Addit ion products  ( C )  

1 

0.59 ( l I a  
0.101 ( I )  
17.1$ 

32 
29 (1) 

0.082 (1) 
0.075 ( 1 )  

26.6% 

0.08% ( I )  

0 * 157 

1.55 

Mitex Glass f i b e r  
f i l t e r  Paper 

1 1 

0.411 ( 5 )  2.46 (30) 
0.409 ( 6 )  2.42 (32)  
0.820 4.88 
26.3% 30.5% 

0.4% ( 5 )  2.4% (30) 

I .66 I .72 

a .  Figures  i n  parentheses  a r e  r a t i o s .  
b. I n i t i a l  s p e c i f i c  a c t i v i t y .  
c .  Ca lcu la t ion  based on t h e  assumption t h a t  t h e  a d d i t i o n  w a s  

e f f e c t e d  by t r i t i u m  atoms only ,  wi th  t h e  s p e c i f i c  a c t i v i t y  of 
t h e  s a t u r a t e d  products  approaching 58 Ci/mmol. 

andros t  -4-ene-178 -carboxyl ic  ac id-6 ,  7-'H2 followed by t rea tment  

w i th  oxa ly l  c h l o r i d e ,  t hen  wi th  diazomethane ( 6 , 8 , 9 ) .  The p resen t  

s tudy  demonstrates  t h a t  s t e r o i d s  wi th  d iazo  and az ido  f u n c t i o n a l  

groups could be l abe led  by microwave d ischarge  a c t i v a t i o n  of  

t r i t i u m  gas .  The t r e a t e d  s t e r o i d s  showed no apparent  degrada t ion  

by UV abso rp t ion  and TLC, bu t  about  85 t o  90% of  t h e  t r i t i u m  

a c t i v i t y  i n  t h e  crude p repa ra t ions  was a s s o c i a t e d  wi th  small quan- 

t i t i e s  of  h igh ly  r a d i o a c t i v e  impur i t i e s ,  as shown by radiochromato- 

grams i n  F igures  I and 5. 



612 W. H. Chiu and C. T. Peng 

Tritium a c t i v i t y  of  t h e  l abe led  s t e r o i d s  is dependent on 

t r i t i u m  p res su re ,  l a b e l i n g  su r face  area, and t h e  amount of t h e  

sample t o  be l abe led .  A s  shown i n  Tables 1 and 2 ,  a t  5 Torr 

t r i t i u m  pressure  t h e  g l a s s  f i b e r  l a b e l i n g  produced a 30 f o l d  

increase  i n  s p e c i f i c  a c t i v i t y  and t h e  Mitex f i l t e r  l a b e l i n g  pro- 

duced a 5 f o l d  inc rease  compared t o  t h e  cover  g l a s s  r e a c t i o n  sur- 

f ace .  Reducing t h e  sample exposed from 2 rng t o  0.15 mg increased  

t h e  s p e c i f i c  a c t i v i t y  280 f o l d .  Increas ing  t h e  t r i t i u m  p res su re  

from 5 Torr t o  9 Torr caused an enhancement of t h e  s p e c i f i c  

a c t i v i t y  by 500 f o l d  t o  t h e  Ci/mmol l e v e l .  

noted here  t h a t  Hembree e t  a l .  r epor t ed  a decrease  i n  s p e c i f i c  

a c t i v i t y  of t h e  l abe led  material when t r i t i u m  p res su re  w a s  

c reased  from 4 mm H g  t o  12 mm Hg (Ref. 4, Table I V ) .  

However, it should be 

i n -  

Since 1974 we have used g l a s s  f i b e r  paper as a large l a b e l i n g  

su r face  f o r  t h e  s u b s t r a t e  f o r  t r i t i u m  l a b e l i n g .  This method not  

only y i e l d s  h igh  s p e c i f i c  a c t i v i t y ,  but a l s o  s i m p l i f i e s  sample 

handl ing.  Very r e c e n t l y ,  Ehrenkaufer e t  a l .  r epor t ed  a 10 t o  300 

f o l d  inc rease  i n  s p e c i f i c  a c t i v i t y  by us ing  c e l l u l o s e  Mi l l ipore  

f i l t e r  as l a b e l i n g  su r face  and reducing t h e  amount o f  sample t o  be 

exposed (10). The r e s u l t s  of  our  s tudy  i n d i c a t e  t h a t  g l a s s  f i b e r  

paper may be t h e  p re fe r r ed  l a b e l i n g  su r face  because it provides  

l a r g e r  r e a c t i o n  su r face  and con ta ins  f e w  i f  any exchangeable 

hydrogens and may y i e l d  a l abe led  product of h igher  s p e c i f i c  

a c t i v i t y .  

S a t u r a t i o n  of double bond by t r i t i u m  atoms occurs  i n  Wilzbach 

l a b e l i n g  (11) as w e l l  as i n  microwave l a b e l i n g  ( 1 2 ) .  In  our s tudy 

we confirmed t h i s  u s ing  t e s t o s t e r o n e .  The a d d i t i o n  of  t r i t i u m  atom 

ac ross  4,5 double bond i n  t e s t o s t e r o n e  proceeded from both s i d e s  of 

t h e  s t e r o i d  molecule, g iv ing  r i s e  t o  a mixture of  5a and 5p i so -  

mers (DHT) i n  about equal  q u a n t i t i e s .  The t r i t i u m  a c t i v i t y  of 
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t h e s e  s a t u r a t e d  d e r i v a t i v e s  o f  t e s t o s t e r o n e  (Dh’T) was approxi -  

mately 26% o f  t h e  i n i t i a l  t r i t i u m  a c t i v i t y  i n  t h e  c rude  p repa ra t ion .  

The a d d i t i o n  t o  s u b s t i t u t i o n  r a t i o  was about 1.6. The observed 

y i e l d  (by weight )  o f  s a t u r a t i o n  of  t e s t o s t e r o n e  on cover  g l a s s ,  

Mitex f i l t e r ,  and g l a s s  f i b e r  paper  w a s  0.08$, 0.4%, and 2.4% 

r e s p e c t i v e l y ,  based on t h e  assumption t h a t  t h e  a d d i t i o n  w a s  

e f f e c t e d  by nea t  t r i t i u m  atom only ,  wi th  t h e  s p e c i f i c  a c t i v i t y  o f  

t h e  s a t u r a t e d  products  approaching 58 Ci/mmol. 

crease i n  t h e  y i e l d  o f  s a t u r a t e d  s t e r o i d s  on glass f i b e r  paper and 

t h e  5 f o l d  inc rease  on Mitex f i l t e r  as compared t o  t h e  cover  g l a s s  

p a r a l l e l e d  t h e  inc rease  i n  s p e c i f i c  a c t i v i t y  of  t e s t o s t e r o n e  under 

same condi t ion .  

The 30 f o l d  i n -  
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