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NMR spectra of merolimonoI derivatives and quassin~ 
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C-methyls at  Other 
tt1~ Hv Hi0 H~ Cz3 C a C 4 assignments 

Merolimonol (7) 5.09 4.43 e (<23) 4.29 3.98 (3) 1.72 (g) 1.27 1.13 
4.44 (12) 1.05 

Merolimonot acetate (8) 6.09 4.56 d (<23) 4.3~ 4.01 (3) 1.8~ 1.~7 lAB Acetate2.22 
4.45 (14) 1.05 

Aahydromerolimonol (9) 4.39 a (<23) 4.45 3.96 (3) 1.87 (1) 1.28 1.18 Hi= , H14 , 5.57 b 
4.58 (13) 1.10 HI~ , H.., 5.51 o 

Quassin (1) 4.37 a (<23) 1.22 1.13 (6) H a 5.38 (2) 
S,, a.oo 

= The NMR spectra were recorded at 60 mc on a Varian A-6O, in deuterochloroform relative to TMS. Coupling constants given in parenthesis 
c/s. b Sharp singlet. ~ Broad, unresolved band. a Unsymmetrical; X part of an ABX pattern, e Partly obscured by Ht8 resonance. 

oxidized to  a ca rboxy l i c  ac id  group.  D e c a r b o x y l a t i o n  can  
now easi ly lead to  a quass ln  t y p e  A-ring.  

Nimbin (I0) 

Thi s  overa l l  b iogene t i c  process  would  impose  ce r t a i n  
obv ious  s t r u c t u r a l  a n d  s t e r eochemica l  r e s t r i c t ions  con-  
s i s t en t  w i t h  s t r u c t u r a l  v a r i a t i o n s  to  be  found  in  t h e  l imo-  
holds  on  t hose  s i m a r o u b a c e o u s  b i t t e r  p r inc ip les  of un-  
ass igned  s t ruc tu re .  One  could  p r e d i c t  t h a t  in  a d d i t i o n  to  
h a v i n g  t he  s ame  genera l  s t e r e o c h e m i s t r y  as quass in ,  t h e  

Cls h y d r o x y  g roup  in g l a u c a r u b o l  (3) shou ld  be  in t h e  
~-conf igura t ion  27 

Zusammen/assung. E i n  b i o g en e t i s ch e r  Vor sch l ag  ffir 
S i m a r u b a - B i t t e r s t o f f e ,  we lche r  ih re  c h e m i s c h e  S t r u k t u r ,  
S t e reochemie  u n d  ihre  E n t s t e h u n g  in  d e r  P f l anze  erkl/ ir t ,  
wird  vorgelegt .  

D. L. DREYER 

Fruit and Vegetable Chemistry Laboratory, ]Pasadena 
(California, USA),  Laboratory o/ the Western Utilization 
Research and Development Division, Agricultural Research 
Service, U.S. Department of Agriculture, January 27, 196& 

a7 Note added in pvool: J. B-soN BREDENBERG (Chem. and Ind. 
1964, 73) has proposed an identical biogenetic pathway for the 
simaroubaceous bitter principles. C. R. NARAYANAN et al. (Chem. 
and Ind. 1964, 322) has proposed a complete structure for Nim- 
bin 10. 

In vitro and in vivo Effects of X-Rays and of 
Iodoacetic Acid on pa2 Incorporation into Phos- 

phoethanolamine of Rat Thymus Cells 

O r t h o p h o s p h a t e  labe l led  w i t h  p32 h a s  b e e n  v e r y  largely  
emp loyed  in  t h e  s t u d y  of  t he  effects  of ion iz ing  r a d i a t i o n  
on  nucle ic  acid syn thes i s  a n d  on  t u r n o v e r  of nuc leo t ides  
r e l a t ed  to  t h a t  syn thes i s ,  in  m a n y  l iv ing  sy s t ems  1, 2 Only  
a few a u t h o r s  so fa r  h a v e  s tud ied ,  w i t h  t he  s a m e  p recu r -  
sor, t h e  r a d i a t i o n  effects  o n  t h e  t u r n o v e r  of p h o s p h o r y l -  
a ted  non -nuc l eo t i de  i n t e r m e d i a t e s  in  n a t u r e  s. 

T h e  i n c o r p o r a t i o n  of  Pa~-o r thophospha te  i n to  these  
i n t e r m e d i a t e s  h a s  been  e x a m i n e d  in p rev ious  e x p e r i m e n t s  
car r ied  o u t  in  t h i s  l a b o r a t o r y  in vitro w i t h  i so la ted  r a t  
t h y m u s  cells*. These  e x p e r i m e n t s ,  dea l ing  w i t h  t h e  s t u d y  
of t h e  m e c h a n i s m  of r ad iosens i t i z ing  effect  of iodoace t ic  
acid (IAA),  showed  t h a t  b o t h  X - r a y s  a n d  I A A  induced  a n  
i nh ib i t i on  of P3a- incorpora t ion  on ly  on  a s ingle compo-  

nen t ,  w h i c h  was  iden t i f i ed  as  p h o s p h o e t h a n o l a m i n e  
(PEA) .  

I n  t h e  p r e s e n t  p a p e r  t h e  r e su l t s  of a more  de ta i l ed  s t u d y  
of t h e  effects  of X - r a y s  a n d  of I A A  o n  t h e  i n c o r p o r a t i o n  of 
P3~-o r thophospha te  in  r a t  t h y m o c y t e s  in vivo a n d  i n  
vitro are  r epo r t ed .  

Carr ier  free P3*-or thophospha te ,  f rom R a d i o c h e m i c a l  
Centre ,  A m e r s h a m ,  was  d i lu t ed  w i t h  i n e r t  KHaPO4-  

i Z. M. BAcQ and P. ALEXANDER, Fundamentals of Radiobiology 
(Pergamon Press, 1961). 

z M. G. ORb and L. A. STOCKEd, in M. ERRERA and F. FOgSSEERG, 
Mechanisms in Radiobiology, (Academic Press, 1961), vol. 1. 

a F. BRESCIANI and K. DosE, Radiobiologia, Radioterapia c Fisica 
Medica 15, 313 (1959), 

4 p. MISITI DORELLO~ M, BoccAccl, M. QUINTILIANI, and E. STROP, 
Rend, Ist. Sup. SanitS, in stampa. 
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so lu t ion  so t h a t  a f inal  c o n c e n t r a t i o n  of 100 ~tg/ml of P 
w i th  a n  a c t i v i t y  of 500 /zc/ml was ob ta ined .  F e m a l e  
W i s t a r  Glaxo  ra ts ,  b r ed  in  th i s  I n s t i t u t e ,  we igh ing  8 0 -  
120 g were employed.  Me thods  for p r e p a r a t i o n ,  i r ra-  
d i a t i o n  a n d  i n c u b a t i o n  w i t h  p~z of t h y m u s  cell su sp en -  
sions were t he  same as r epo r t ed  in t he  p rev ious  p a p e r  4. 
The  pooled  c o n t e n t s  of two W a r b u r g  vessels,  c o n t a i n i n g  
suspens ions  t r e a t e d  in  t he  same  way,  were ana lysed .  

For  in vivo e x p e r i m e n t s  t h e  a n i m a l s  were  g iven  i n t r a -  
m u s c u l a r l y  0.1 ml  of d i lu ted  l:~2-solution (50 /zc), ki l led 
w i t h  e t h e r  2 h l a t e r  a n d  t he  t h y m u s  was qu ick ly  r e m o v e d  
a n d  h o m o g e n i z e d  in  chi l led  perch lor ic  acid.  Two  t h y m i  
were pooled a n d  homogen i zed  in 19 ml  of 0 , 5 M  per-  
chlor ic  acid.  X - i r r a d i a t i o n  was  a d m i n i s t e r e d  b y  m e a n s  of 
a S iemens  t h e r a p y  m a c h i n e  work ing  a t  220 kV, 15 m A  
w i t h  a n  a d d e d  f i l t r a t i on  of 0.5 m m  Cu a n d  1 r a m  A1. T h e  
an ima l s  - k e p t  in g roups  of 4 in  a wooden  c o n t a i n e r  - were 
i r r a d i a t e d  a t  a dose r a t e  of 110 r / ra in .  

P h o s p h o r y l a t e d  non -nuc l eo t i de  c o m p o u n d s ,  e x t r a c t e d  
a n d  pur i f ied  as  p rev ious ly  r e p o r t e d  4, were  s e p a r a t e d  b y  
c h r o m a t o g r a p h y  on  Dowex  50 × 8 resin,  200-400 mesh ,  
in c o l u m n  1 × 50 cm, w i t h  c i t r a t e  buf fe r  p H  2.53L On 
each  Muted  f rac t ion ,  t h e  r a d i o a c t i v i t y  was  m e a s u r e d  a n d  
t he  n i n h y d r i n  r e a c t i o n  p e r f o r m e d  ". The  iden t i f i ca t ion  of 
P E A  was  ach i eved  as  p rev ious ly  r e p o r t e d  4 

The  c h r o m a t o g r a p h i c  p a t t e r n  o b t a i n e d  w i t h  pur i f i ed  
e x t r a c t s  shows two  r a d i o a c t i v e  peaks ,  on ly  t h e  second of 
wh ich  is n i n h y d r i n  posi t ive .  All p h o s p h o r y l a t e d  in te r -  
m e d i a t e s  n o t  c o n t a i n i n g  bas ic  f u n c t i o n s  a re  c o n t a i n e d  in 
t he  f i rs t  peak .  I n  t h e  second  p e a k  a r a d i o a c t i v e  n i n h y d r i n e  
pos i t ive  c o m p o n e n t  was  found .  Th i s  c o m p o n e n t  ha s  b e e n  
iden t i f i ed  as  P E A ,  a n d  t h i s  is t he  on ly  c o m p o n e n t  of  t h i s  
f r ac t ion  label led  w i t h  p32 a n d  r eac t i ng  w i t h  n i n h y d r i n e .  

T h e  resu l t s  of in vitro e x p e r i m e n t s  are  r e p o r t e d  in  
Tab le  I. The  d a t a  show t h a t  X - r a y s  as well  as I A A  sig- 
n i f i can t ly  i n h i b i t  t h e  i n c o r p o r a t i o n  of p s ,  i n to  P E A ,  
whereas  t h e  a m o u n t  of t h i s  s u b s t a n c e  in t h e  a l i quo t  of 
t h e  cell e x t r a c t  e m p l o y e d  for  t h e  ana lys i s  r e m a i n s  u n -  
changed .  W i t h  b o t h  t r e a t m e n t s  t he  i n h i b i t o r y  effect  ap-  
pears  to  be  dose d e p e n d e n t  a n d  for  X - r a y s  th i s  depen-  
dence  is of e x p o n e n t i a l  type .  

Tab le  I I  shows t h e  resu l t s  of in vivo expe r imen t s .  A 
w h o l e - b o d y  i r r ad i a t i on  w i t h  1000 r induces  a s ign i f i can t  
i n h i b i t i o n  of PS*- incorporat ion i n to  t h y m u s  P E A .  T h e  
i n h i b i t i o n  increases  w i t h  t h e  t i m e  u p  to  8 h a f t e r  t h e  i r ra -  
d ia t ion .  Also in vivo, t h e  a m o u n t  of P E A  p r e s e n t  in  t h e  
a l i quo t  of t he  a n a l y s e d  t i ssue  e x t r a c t  is n o t  a l te red .  

The  p re sen t  o b s e r v a t i o n s  are  no t  suf f ic ien t ly  e x t e n d e d  
to  a l low a d iscuss ion  of t h e  b io logica l  s ignif icance of t h e  
r a d i a t i o n  a n d  I A A  effects  on  t he  i n c o r p o r a t i o n  of phos-  
p h a t e  i n to  P E A .  W e  can  on ly  recal l  t h a t  P E A  is con-  

Table I. Effects of iodoacetic acid and of X-rays on the incorpora- 
tion of :P~* into phosphoethanolamine of rat  thymus cells in vitro 

Specific activity PEA 
c.p.m./~g PEA [~g~ 

Table II. Incorporation of ps~ into phosphoethanolamine of rat  
thymus at various times after irradiation with 1000 r of X-rays. 
Rats were injected intramuscularly with 50 txc of ps~ 2 h before death. 
Times reported in the Table correspond to 1 h after p82 administra- 

tion 

Specific activity PEA 
c.p.m./izg PEA ~xg * 

Control 100 =/= 5 5.5 =/= 1.1 
1 h after irradiation 75 4- 7 (P = 0.05) 5.4 =[= 1.2 
5 h after irradiation 55 -t- 4 5.6 + t.0 
8 h after irradiation 25 4- 3 5.5 4- 1.3 

Amount present in the fraction on which the radioactivity was 
determined. 

s idered  to be  a n  i n t e r m e d i a t e  p r o d u c t  in  t h e  p h o s p h o -  
l ipid m e t a b o l i s m  7. I n  t h i s  l igh t  these  effects  could  be  of 
some i n t e r e s t  in  r e l a t i on  to  t h e  h y p o t h e s i s  sugges t ing  t h a t  
t h e  m e c h a n i s m  of ac t ion  of ioniz ing  r a d i a t i o n  in l iv ing  
s y s t ems  m a y  be p r i m a r i l y  conce rned  w i t h  a l t e r a t i o n s  of 
t h e  p e r m e a b i l i t y  of ce l lu lar  a n d  i n t r a c e l l u l a r  m e m b r a n e s  s 

Accord ing  to  r e c e n t  au tho r s ,  t h e  ac t ive  t r a n s p o r t  
p h e n o m e n a  a t  t h e  leve l  of these  m e m b r a n e s  would  be  
i n t i m a t e l y  c o n n e c t e d  w i t h  t h e  m e t a b o l i s m  of p h o s p h a -  
t id ic  acids  p r e s e n t  in  t h e  l ip id  f r ac t ion  of t h e  m e m b r a n e s  0. 
P h o s p h o e t h a n o l a m i n e  can  be  cons idered  a p r e c u r s o r  of 
t h e  p h o s p h a t i d y l e t h a n o l a m i n e .  

I n  t h i s  connec t ion ,  i t  c an  be  p o i n t e d  o u t  t h a t  a lower  
u p t a k e  of ps~ i n to  the  p h o s p h o l i p i d  f rac t ions ,  c o n t a i n i n g  
P E A ,  of the  l iver  a n d  spleen of i r r a d i a t e d  mice  h a s  re-  
cen t ly  been  r epo r t ed  10, ix 

Riassunto. Sono s taf f  s t u d i a t i  in vivo ed in vitro gli 
e f fe t t i  dei  raggi  e de l l ' ac ido  iodoace t ico  sul ta  i nco rpo ra -  
zione di p82 ne l la  f o s f o e t a n o l a m i n a  , ac ido  solubile~ del 
t i m o  di  r a t i o .  

]~ s t a t o  osse rva to  che a m b e d u e  i t r a t t a m e n t i  de t e rmi -  
n a n o  in vitro u n a  m a r c a t a  in ib iz ione  del la  i nco rpo raz ione  
ne l la  f o s f o e t a n o l a m i n a  del  p32, s o m m i n i s t r a t o  come  or to -  
fosfato,  e che l ' e n t i t ~  del la  in ib iz ione  ~ p roporz iona le  a l ia  
dose. 

P e r  i r agg i  ~ s t a t o  t r o v a t o  in vivo che l ' en t i tA del la  inibi-  
z ione a u m e n t a  p r o g r e s s i v a m e n t e  da l  m o m e n t o  de l l ' i r rag-  
g i a m c n t o  sino a r agg iunge re  va lor i  del 75% dopo 8 h. 

P. MISlTI DORELLO, M. BOCCACCI, 
a n d  M. QUINTILIANI 

tstituto Superiore di SanitY, Laboratori di Chimica 
Biologica, Roma (Italy), January 17, 1964. 

Control 100 -4- 4 3.7 -4- 1.2 
Iodoacetic acid 10-4M 68 4- 4 (P = 0.01) 3.6 4- 1.0 
Iodoacetic acid 5 × 10-4M 40 4- 3 3.6 =t= 1.1 

X-rays 720r 5 0 - t - 3 ( P ~ 0 . 0 1 )  3.54- 1.0 
X-rays 1 440 r 25 4- 1 3.7 :k: 1.2 
X-rays 2160 r 15 + ~2 3.6 4- 0.9 

Amount present in the fraction on which the radioactivity was 
determined. 
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