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P o d o l a c t o n e  E (4), ClsH1sO6 a (molecular - ion  peak  a t  
m/e 330), m.p.  261-262 ~ shows h y d r o x y l  a b s o r p t i o n  a t  
3500 cm -1 in i ts  I R - s p e c t r u m  a n d  forms a m onoace t a t e ,  
C20H2007, m.p .  256-257 ~ [e~6 - -30  ~ A n  I R - b a n d  a t  
1770 cm -1 ind ica tes  a y- lac tone  group,  whi le  a b a n d  a t  
1720 cm -1 a n d  U V - a b s o r p t i o n  a t  257 n m  (e 14400) sugges t  
t h e  p resence  of a d iene- lac tone  group  s imi la r  to  t h a t  
f ound  6 in a n t i b i o t i c  LL-Z1271e  (5). The  N M R - s p e c t r u m  
of podo lac tone  E (Table) bea r s  a n  obv ious  s imi l a r i t y  to  
t h a t  of i n u m a k i l a c t o n e  B (3), whi le  t he  differences  in  t he  
spec t ra  are a c c o m m o d a t e d  by  a s s i g n m e n t  of s t r u c t u r e  (4) 
to  p o d o l a c t o n e  E. T h u s  t he  s ignal  a t t r i b u t e d  to  H-7 
appea r s  in  t he  v iny l ic  region of t he  s p e c t r u m  (clearly seen 
in  t h e  s p e c t r u m  of 15, 16 -d ihydro -podo lac tone  E ace t a t e  
[see below I as a m u l t i p l e t  a t  d 6.27), and  exh ib i t s  coupl ings  
to H-6,  H-11,  and  H-14,  whi le  H-6  shows homoa l ly l i c  
coupl ing  to  H-14.  A v i n y l  side chain ,  as in  i n u m a k i l a c t o n e  
]3, was  ass igned  to podo lac tone  E on  t he  bas is  of t he  close 
s imi l a r i t y  of t he  a p p r o p r i a t e  regions of t h e  N M R  spec t ra  
of b o t h  compounds .  Th i s  a s s i g n m e n t  was s u p p o r t e d  b y  
h y d r o g e n a t i o n  of podo lac tone  17; ace t a t e  to  t h e  15,16- 
d i h y d r o d e r i v a t i v e ,  C20H2207, m.p.  282 ~ (dec.), Zma~ 258 n m  
(e 13 800), w h i c h  in i ts  N M R - s p e c t r u m  e x h i b i t e d  a 3 p r o t o n  
t r i p l e t  (d 1.05, J 7 Hz  in pyr id ine)  a t t r i b u t e d  to t h e  C-16 
m e t h y l  group.  

The  close a g r e e m e n t  of t h e  coupl ing  c o n s t a n t s  found  
for t he  A- r ing  p ro tons  in  t he  N M R - s p e c t r u m  of (4) w i t h  
t he  co r r e spond ing  c o n s t a n t s  for (3), a n d  for t he  B- and  

C-r ing p ro tons  w i t h  those  of (5), i nd i ca t e  t h a t  t he  stereo- 
c h e m i s t r y  dep ic ted  in (4) can  be  con f iden t ly  ass igned to 
podo l ac tone  E. 

Podo l ac tone  E is v e r y  l ikely a b iogene t i c  p recursor  of 
i n u m a k i l a c t o n e  13, w h i c h  can  be  fo rmed  b y  epox ida t i on  
of t he  7, 8-double  b o n d  : h y d r a t i o n  of t he  side cha in  of t he  
l a t t e r  c o m p o u n d  m a y  t h e n  lead to i n u m a k i l a c t o n e  A. The  
s t r u c t u r a l  s imi la r i ty  of podo lac tone  E and  LL-Z1271c~ (5), 
w h i c h  exh ib i t s  6 a n t i t u n g a l  ac t iv i ty ,  is of in te res t .  

Rdsumd. Le P o d o l a c t o n e  E, qu i  a la s t r uc tu r e  (4), em- 
p~che t r6s  a c t i v e m e n t  la croissance des cellules v6g6tales.  
C 'es t  le plus  act i f  des podo lac tones  isol6s j u s q u ' h  pr6sent .  
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Molecular formulae of all new compounds were established by 
microanalysis. 
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Anti-Hypercholesterolemic Effect of a Sulfur Containing Amino Acid, S-Methyl-L-Cysteine Sulfo- 
xide, Isolated from Cabbage 

S-methy l -L-cys te ine  sulfoxide ( C H 3 - S - C H 2 - C H ( N H 2 ) -  

O 
COOH) (SMCS) is d i s t r i b u t e d  a b u n d a n t l y  in  n u m b e r s  of 
species of Cruciferae  a n d  Li l iaceae p l a n t s  1-3 Fo r  example  
accord ing  to  t h e  s t u d y  of TSUNO 4 of our  d e p a r t m e n t ,  
a m o u n t s  of SMCS are 590 mg/100  g in cabbage ,  650 mg/  
100 g in caul i f lower  or 60 mg/100 g in radish .  The  produc-  
t i on  of m a i n  Cruciferae p l a n t s  in  J a p a n  r ep resen t s  some 
7 mi l l ion  t ons  annua l ly .  Accordingly ,  a n n u a l  p r o d u c t i o n  
of SMCS a n d  i ts  ana logues  is e s t i m a t e d  to be a b o u t  12,000 
tons .  Div i s ion  of these  a m o u n t s  accord ing  to  J a p a n e s e  
p o p u l a t i o n  resu l t s  in  ove r  300 m g  of SMCS per  person  
dai ly.  Th i s  fac t  suggests  thane th i s  a m i n o  acid f rom 
vege t ab l e  food m a y  be  one of t he  la rges t  sources  of sulfur-  
c o n t a i n i n g  a m i n o  acids for J a p a n e s e ;  however ,  nu t r i -  
t i o n a l  va lues  of th i s  a m i n o  acid are st i l l  obscure.  T he  pre-  
sen t  r e p o r t  descr ibes  t he  an t i - hype r cho l e s t r o l em i c  effect 
of t h i s  a m i n o  acid. 

Crys ta ls  of SMCS (m.p. 173~ used in t he  e x p e r i m e n t  
were i so la ted  f rom cabbage  and  rec rys ta l l i zed  b y  the  
m e t h o d  of T s u N o  et  al. 4, a mod i f i ca t i on  of t he  m e t h o d  of 
MORRIS and  THOMPSON 2. 

T w e n t y - f o u r  ma le  W i s t a r  r a t s  weighing  a b o u t  100 g were 
s epa ra t ed  in to  4 groups.  A s y n t h e t i c  d ie t  was a d m i n i s t e r e d  

to each  group  a n d  h y d r o g e n a t e d  cocoanu t  oil was used as 
t h e  source of fat .  Compos i t i on  of t he  basa l  d ie t  is shown  in 
Tab le  I. Group  1 was g iven  a basa l  diet ,  g roup  2 a basal  
d ie t  s u p p l e m e n t e d  w i t h  1% choles tero l  and  0.2~o cholic 
acid, group 3 a basa l  d ie t  s u p p l e m e n t e d  w i t h  0.25~o 
SMCS, 1~o choles terol  a n d  0.2% cholic acid. A d ie t  wh ich  
c o n t a i n e d  0.5yo SMCS, 1% choles tero l  and  0.2% cholic 
acid was a d m i n i s t e r e d  to  t he  4 th  group.  A re s t r i c t ed  d ie t  
(7-10 g) was p resc r ibed  eve ry  morn ing .  Dai ly  food i n t a k e  
a m o u n t s  of each  group  was t h e  same t h r o u g h o u t  the  
e x p e r i m e n t a l  per iod  (average  8.6 g /day / ra t ) .  Dosage  ra tes  
of SMCS in group  3 a n d  group 4 were 182.2 m g  and  

Table I. Composition of the basal diet 

g/100 g diet 

Casein 15.0 
Sucrose 68.3 
Hydrogenated cocoanut oil 10.0 
Salt mixture ~ 4.0 
Cellulose 2.0 
Vitamin mixture b 0.5 
Choline chloride 0.2 
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The salt mixture contained : (% in the mixture) NaC1, 4.6 ; Na2HPO~- 
H20, 9.3; K2HPO4, 25.6; CaH4(PO4) ~ - H~O, 14.5; Fe(C~HsOT) �9 5H~O, 
3.2; Ca(CaHs0a) 2 5H20 , 34.9; MgSO4, 7.0; KI, 0.9. b100 g of the vit- 
amin mixture contained: (in mg) riboflavin, 150; thiamine, 100; nico- 
tinic acid, 1000; pyridoxin, 100; eyanocobalamin, 1; pantothenic 
acid, 500; folio acid, 50; aseorbic acid, 3750; vitamin E, 100; vitamin 
A, 250,000 IU; vitamin D2, 20,000 IU; and sucrose to 100 g. 
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Table II. Effect of SMCS supplement on cholesterol, phospholipid levels and cholesterol phospholipid ratio in blood 
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Group No. Diet Cholesterol Phospholipid 
(mg/dl) (mg/dl) 

Cholesterol/phospholipid 

1 Basal 145 j_ 11 211 i 7 0.69 ~= 0.06 

2 Basal + cholesterol 497 4- 81 236 4- 17 2.16 4- 0.34 

3 Basal + cholesterol + 0.25% SMCS 395 4- 70 ~ 241 4- 18 1.62 ~_ 0.23 ~ 

4 Basal + cholesterol + 0.5% SMCS 276 4- 46 b 202 4- 8 1.38 4- 0.23 b 

Values represent mean 4- S.D. of 6 rats. ~Significant difference at 0.01 < p < 0.05 compared with No. 2 group, b Significant difference at 
p < 0.01 compared with No. 2 group. 

Table 111. Effect of SMCS supplement on total and free cholesterol levels, total lipid level in liver and cholesterol level in aorta 

Group No. Diet Liver Aorta 

Total cholesterol Free cholesterol Total lipid Total cholesterol 

(rag/100 g wet wt.) (rag/100 g wet wt.) (g/100 g wet wt.) (mg/100 g wet wt.) 

1 Basal 6884-12151 3134-42 

2 B . + c h o l .  32294-297 4494-54 

3 B. + ebol. + 0.25% SMCS 28874-246~ 4 4 9 •  

4 B. + ehol. + 0.5% S M C S  2758~=300~ 3584-46 

9.84-3.8 146~_48 

2 3 . 6 i 3 . 6  3544-[-87 

20.14-4.6 2704-50 

15.94-2.6 �9 311-t 68 

Values represent mean 4- S.D. of 6 rats. ~0.01 < p < 0.05, Significant difference compared with No. 2 group. 

364.4 m g / k g  b o d y  w t . / day ,  respec t ive ly .  Af te r  2 weeks  of 
t h i s  d i e t a ry  reg imen ,  t h e  a n i m a l s  were kil led b y  decap i t a -  
t ion.  T h e  blood, l iver  a n d  ao r t a  were r e m o v e d  i m m e d i a t e l y  
a n d  po r t ions  of t h e se  t i s sues  were e x a m i n e d  to  d e t e r m i n e  
cholesterol ,  p h o sp h o l i p id  or t o t a l  l ipid levels. Leve l s  of 
b lood a n d  a o r t a  choles te ro l  were d e t e r m i n e d  b y  t he  
p rocedure  of ABELL et  al. 5. Free  and  to t a l  choles tero l  
levels  in l iver were d e t e r m i n e d  by  t he  m e t h o d  of SPERRY 
a n d  WEBB 6. TO d e t e r m i n e  t he  phospho l i p id  level in t he  
blood, t h e  m e t h o d  of KING 7 was  used  a f te r  e x t r a c t i o n  w i t h  
ch lo ro fo rm:  m e t h a n o l  (2:1).  To t a l  l ipid level in l iver was  
d e t e r m i n e d  b y  the  m e t h o d  of LEVEILLE a n d  SAUBERLICH s. 

AS s h o w n  in Tab le  II ,  t h e  blood choles terol  level  in  r a t s  
fed 1% choles tero l  a d d e d  diet  was  e l eva ted  to app rox .  
500 m g / d l  an d  s u p p l e m e n t a t i o n  of SMCS to  the  choles terol  
d ie t  depressed  t h i s  e l eva t ion  s ign i f ican t ly .  I n  con t ra s t ,  
phos p h o l i p id  levels  r evea led  no s ign i f i can t  change  in t he  
e x p e r i m e n t a l  groups .  T h e  e l eva ted  cho les te ro l -phospho-  
l ipid ra t io  in  t h e  choles te ro l  feeding  g roup  was  a l l ev ia ted  
m a r k e d l y  b y  t h e  s u p p l e m e n t a t i o n  of SMCS to the  diet .  
T h e  ad d i t i o n  of 0.5% SMCS a p p e a r e d  to be more  effect ive  
t h a n  0.25% SMCS. 

Tab le  I I I  revea l s  t h e  free and  to t a l  choles terol  levels  
a n d  t o t a l  l ipid level  in t h e  l iver a n d  to t a l  choles terol  level  
in t h e  aor ta .  To t a l  choles te ro l  a n d  to t a l  l ipid of t h e  l iver  
decreased  s ign i f i can t ly  b y  t he  add i t i on  of SMCS to  h y p e r -  
cho les te ro lemic  d ie t  b u t  free choles tero l  in l iver  and  to t a l  
choles terol  in ao r t a  revea led  no s ign i f i can t  change .  

A l t h o u g h  f u r t h e r  s t u d y  is ne c e s sa ry  to  e luc ida te  t he  
m e c h a n i s m  in t h e  a n i m a l  body,  i t  is ce r t a in  t h a t  SMCS 
h a s  t he  p o t e n t  anti-hypercholesterolemic effect.  Th i s  
effect  of SMCS conce rn ing  n u t r i t i o n  of vege t ab l e s  showed  
t he  g iven  cons idera t ion .  

Zusammenfassung. Die A n t i h y p e r c h o l e s t e r i n w i r k u n g  
der  aus  d e m  K o h l  isol ier ten S -Me thy l cys t e in su l fox ide  
(SMCS) w u r d e  u n t e r s u c h t .  Bei  IRatten m i t  expe r imen te l l  
i nduz i e r t e r  Hype rcho le s t e r in / imie  k a m  es zu e ine m Abfal l  
der  Choles te r inwer te  im  Blu r  u n d  in der  Leber .  
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