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A Simplif ied Isolation Procedure of Four Cocarcinogenic Phorbolesters  f r o m  C r o t o n  Oil 

W h e n  ear l ier  pu r i f i c a t i on  e x p e r i m e n t s  succeeded in 
i so la t ing  2 g roups  of c o m p o u n d s  r e p r e s e n t i n g  t h e  t o t a l  
t ox i c ,  v e s i c a n t  a n d  cocarc inogen ic  p o t e n c y  of Croton 
tiglium L., t h e y  were  classif ied g roups  A a n d  B, respec t i -  
ve ly  1. A l t h o u g h  t h e  ear l ier  s e p a r a t i o n  p r o c e d u r e  could  be  
s impl i f ied  in t h e  m e a n t i m e  ~, so fa r  no  de ta i l ed  i n fo rma-  
t i o n  a b o u t  t h e  p r e p a r a t i o n  of a m o u n t s  suf f ic ien t  for  
a n a l y t i c a l  a n d  b iochemica l  i n v e s t i g a t i o n s  was  ava i lab le .  
T h e  fol lowing s t u d y  prec ise ly  descr ibes  t he  i so la t ion  pro-  
cedure  l ead ing  to  t h e  p u r e  cocarc inogen ic  c o m p o u n d s  b y  
3 d i f f e ren t  s t eps  only .  

Methods. T e s t  for  cocarc inogen ic  ac t ion .  7-week-old 3 
a lb ino  mice  (SaB) i n b r e d  for  m a n y  g e n e r a t i o n s  a t  t h e  
Sandoz  l abo ra to r i e s  4 were  used  in  all  e x p e r i m e n t s .  T h e  
m a n i p u l a t i o n s  were  p e r f o r m e d  as desc r ibed  b y  t3OUT- 
W~-LL, BOSCH a n d  R u s c n  ~ in  a s l igh t ly  modi f i ed  
m a n n e r  z,3,~. 

I so l a t i on  p rocedure .  P r e c e d i n g  e x p e r i m e n t :  coun t e r -  
c u r r e n t  d i s t r i b u t i o n  of 3.3 g c r o t o n  oil D A B  6 ~ in a 
Craig a p p a r a t u s  s (49 tubes ,  u p p e r  p h a s e  a n d  lower  p h a s e  
10 ml  each  of t he  s y s t e m  ~ N - h e p t a n e - m e t h a n o l - w a t e r  = 
1 : 1 : 0.1, 48 t rans fe rs )  a c h i e v e d  s e p a r a t i o n  i n to  t h e  f rac-  
t i ons  s h o w n  in  F i g u r e  1. 

O 'Kee f fe  c o u n t e r c u r r e n t  d i s t r i b u t i o n :  c r o t o n  oil d i l u t ed  
w i t h  t h e  u p p e r  p h a s e  ( ra t io  1:2)  of t h e  a b o v e  h e p t a n e  
s y s t e m  was fed in  15-ml po r t i ons  i n to  t u b e  12 of a n  
a u t o m a t i c  48 - tube  a p p a r a t u s  9 w i t h  a lower  p h a s e  v o l u m e  
of 25 ml.  A b o u t  95% of t h e  c r o t o n  oil r e m a i n e d  in t h e  
u p p e r  phase ,  inc reas ing  i ts  v o l u m e  to  40 ml.  

C o l u m n  c h r o m a t o g r a p h y :  a n  8 × 150 cm c o l u m n  was  
fi l led w i t h  si l icagel  a n d  e lu t ed  w i t h  a n  e t h y l a c e t a t e -  
c h l o r o f o r m - m i x t u r e  (1:3) .  U p  to  20 g of t h e  res inous  
f r ac t i on  can  be  app l i ed  to  such  a co lumn.  

Craig  c o u n t e r c u r r e n t  d i s t r i b u t i o n :  t h e  a u t o m a t i c  a p p a -  
r a t u s  9 w i t h  200 t u b e s  (both ,  lower  a n d  u p p e r  p h a s e  25 ml)  
was  fed once  w i t h  u p  to  6 g of t he  a c t i v e  c o m p o n e n t  
A or  B e lu ted  f r o m  t h e  co lumn.  T h e  s y s t e m  c a r b o n -  
t e t r a c h l o r i d e - m e t h a n o l - w a t e r  = 2 : 1 : 0 . 3  was  used  a n d  
1000 t r ans f e r s  pe r fo rmed .  

Results. Cocarc inogenic  ac t iv i ty .  I n  all  t h e  mice  pre-  
t r e a t e d  w i t h  d i m e t h y l b e n z a n t h r a c e n e ,  t h e  c o m p o u n d s  
i so la ted  s t i m u l a t e d  d u r i n g  t h e i r  12 weeks  a p p l i c a t i o n  t h e  
a p p e a r a n c e  of p a p i l l o m a s  up  to  1.4 c m  in d i a m e t e r .  T h e  
ave rage  va lues  obse rved  were  8.1 p a p i l l o m a / m o u s e  for  
A,,  6.5 for  A 3, 6 for  Bz, a n d  6.4 for  132. 
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Fig. 1. Craig-countercurrent distribution (3.3 g croton oil, heptane- 
system). Lower phase = upper phase ~ 10 ml, 48 transfers. Tubes 
0-6 contain the resin, tubes 7-21 a colourless inactive oil, tubes 22-32 
free fa t ty  acids, tubes 33-48 neutral  lipids. Abszissa: tube No. 
(fractions), ordinate:  weights of the dried fractions in mg. 

I so l a t i on  p rocedure .  P r e c e d i n g  e x p e r i m e n t :  t he  frac- 
t ions  s h o w n  in F igu re  1 c o n t a i n e d  t h e  fol lowing m i x t u r e s  : 
t h e  ac t ive ,  res inous  f r ac t i on  w i t h  a p a r t i t i o n  coeff ic ient  
p = 0.05 was  f o u n d  in t he  t u b e s  0-6, r e p r e s e n t i n g  2.5% 
of t h e  n a t i v e  c ro ton  oil;  t h e  t u b e s  7-21 cons i s ted  of a 
colourless,  i n a c t i v e  oil, p = 0.3, 3 .5% of t he  oi l ;  t h e  t u b e s  
22-32 c o n t a i n e d  t h e  free f a t t y  acids,  p = 1.2, 2%,  and  
f ina l ly  t h e  n e u t r a l  l ip ids  were  r ecovered  in t he  t u b e s  
33-48,  p : 15.4, 92%.  

O 'Kee f fe  d i s t r i b u t i o n :  d i sso lved  in t h e  u p p e r  phase ,  
a b o u t  80% of t he  colourless  oil, all t h e  f a t t y  ac ids  a n d  all  
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Figs. 2 and 3. Craig-countercurrent distribution (carbontetra- 
chloride-system) of 4.4 g A (Figure 2) and 4.3 g B (Figure 3), re- 
spectively. Lower phase = upper phase = 25 ml, 1000 transfers. 
Abszissa: tube No. (fractions), ordinate: weights of the dried frac- 
tions in mg. 
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the tipids could be eliminated, i.e. about  97% of the in- 
active material of the original oil. Thin-layer chroma- 
tography (silicagel, ethylacetate-chloroform = 1:2) of 
the lower phase produced 9 distinct spots, representing 
the colourless oil (RI = 0.9) and the active agents A 
(Rf = 0.25) and B (Rf = 0.35), mainly. 

Chromatography: applying 12 g of the active resin 
obtained by evaporating the lower phase of the O'Keeffe 
distribution to the column, the active principles were 
found in fractions (100 ml each) 235-300 (B, 29% of the 
resin) and 345-405 (A, 16%). These components migrate 
as single spots in thin-layer chromatography 1. 

Craig distribution: group A separated into the pure 
compounds A: (0.45% of the original croton oil) and A s 
(0.15%), group B into B~ (0.4%) and B2 (0.8%). The 
diagrams shown in Figures 2 and 3 are asymmetric, be- 
cause the part i t ion coefficients are dependent upon the 
concentration (Figure 4). This behaviour was most pro- 
nounced with compound B 2. Consequently, the counter- 
current distribution of B2 resulted in the most asymmetric 
diagram. The effect decreases from 132-B :, from B~A: ,  

P 
02 i 

8~ 
AI 
B1 

Fig. 4. Partition coefficients {ordinate) of the isolated compounds, 
determined in the carbontetrachloride-system. They show marked 
dependence on the concentration (abszissa) of the compounds. 

and from A:-A,,  respectively, as may be concluded Iron: 
Figures 2 and 3 as well as from Figure 4. 

Chemical characterization. IR-absorption spectra of the 
compounds isolated revealed hydroxylbonds, carbonyl- 
and esterbonds, and olefinic C=C absorptionbands~ 
Hydrolysis liberated the following fat ty acids: from A 1 
(C~6H5608) myristic and acetic acid :0, from A~ (CssH60Os) 
palmitic and acetic acid ~, from B~ (C37H~sOs) lauric acid 
and 2-methyl-butanoic acid and from B 2 (C35H~4Os) capric 
and 2-methyl-butanoic acid u. All these compounds were 
shown to be diesters of the polyalcohol phorbol, C20H280 6, 
analysed in 1934 by FLASCHENTRAGER 1~. As phorbolesters 
are known to undergo alkaline hydrolysis easily 1~,13 i t  
may be of importance that  the simplified procedure no 
longer uses the elimination of free fat ty acids by 2N 
alkalicarbonate, pH = 10.951"2,:3,:4. I t  is not yet  experi- 
mentally excluded that  this t reatment  may cause saponifi- 
cation and re-esterification 12, possibly thus leading to 
artifacts. 

Zusammenfassung. Die schonende Reindarstellung von 4 
kokarzinogenen Phorbolestern aus Kroton61 gelingt b e -  
reits nach 3 konsekutiven Trennoperationen (O'Keeffe- 
Gegenstromver teilung, Adsorptionschromatographie, 
Craig-Verteilung), deren Ausfiihrung pr~zis beschrieben 
wird. 
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S e c o n d  In terna t iona l  Conference  on Med ica l  P h y s i c s  

Boston 10-14 August 1969 

To be held at the Sheraton-Boston Hotel, Boston 
(Mass.) under the sponsorship of the U.S. National 
Committee for Medical Physics and the Internat ional  
Organization for Medical Physics. The conference will in- 
clude symposia and profferred papers on many  aspects of 
medical physics of significance in radiology and nuclear 

medicine and also on the broader aspects of physics in 
medicine. 

Further  details are available from the Secretary- 
General, Dr. Edward W. Webster, Dept. of Radiology, 
Massachusetts General Hospital, Boston, Mass. 02114. 


