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c a r b o n y l  g roup  m u s t  be  loca ted  a t  C 3 or C a. Recent ly ,  
mic rob ia l  h y d r o x y l a t i o n  of cedrol  h a s  been  r epo r t ed  a. 
T h r e e  metabo l i t e s ,  3 e - h y d r o x y c e d r o l  VI ,  3-ketocedrol  
V I I  a n d  3f l -hydroxycedro l  V I I I ,  were i so la ted  a n d  
ident i f ied.  The  proof  of ox ida t ion  a t  C a was d e m o n s t r a t e d  
b y  t he  p r e p a r a t i o n  of I X  f rom V I I  a. I a n d  V I I  were 

obv ious ly  d i f fe ren t  c o m p o u n d s  b y  compar i son  of t h e i r  
phys ica l  da ta .  There fo re  t h e  c a r b o n y l  g roup  of I m u s t  be  
loca ted  a t  C a . This  a s s i g n m e n t  was  f u r t h e r  s u p p o r t e d  
w h e n  I gave  X and  X I  b y  t r e a t m e n t  w i t h  p - to luenesu l -  
phon ic  acid in i sopropeny l  a ce t a t e  a t  96 ~ The  m i n o r  
p r o d u c t  X exh ib i t s  I R - a b s o r p t i o n  b a n d s  a t  1755 a n d  
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1695 cm -1 ( - -C=C--OAc)  a n d  N M R - s p e c t r u m  signals  a t  
7.85 (3H, s, CH~COO--) a n d  4.66 (2H, b r s ,  CH~--C =C--H,  

a n d  A c O - - C = C - - H ) .  The  m a j o r  p r o d u c t  X I  shows two  
a c e t a t e  a b s o r p t i o n  b a n d s  in I R - s p e c t r u m  a t  1755 a n d  
1725 cm -~ a n d  N M R - s p e c t r u m  signals  a t  ~ 8.03 a n d  7.85 
(each of 3H, s ,  CHACO0- a n d  C H s C O O - - C = C - -  ) a n d  
4.59 ( l i t ,  b r  s, C H z C O O - - C = C - - H  ). F ina l ly ,  t h e  assign- 
m e n t  of t h e  h y d r o x y l  g roup  a t  C a in  I V a  is in  good agree-  

m e n t  w i t h  t he  o b s e r v a t i o n  t h a t  on  sod ium b o r o h y d r i d e  
r educ t i on  of I, t h e  r educ ing  a g e n t  app roaches  from t h e  
s ter ica l ly  less h i n d e r e d  fl-side, t h u s  g iv ing  exc lus ive ly  IVa .  

8 K. C. WANG, L. Y. HO and Y. S. CHENG, J. Chinese biochem. 
Soc. 7, 53 (1972). 

a Unpublished data (private communication from Dr. K. C. WANG). 
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Summary. A s ign i f ican t  cor re la t ion  be t w een  l iver  ascorbic  acid (AA) and  t o t a l  b i le  acids or  l iver  bi le  acids ha s  been  
e s t ab l i shed  in guinea-pigs  b y  d i rec t  d e t e r m i n a t i o n  of t he  bi le  acids, con f i rming  a n  ear l ier  hypo thes i s .  The  o x i d a t i o n  
of choles tero l  to  bi le  acids is d e p e n d e n t  on  t h e  AA s ta tus ,  b u t  i t  c a n n o t  be  f u r t h e r  s t i m u l a t e d  b y  A A  w h e n  t h e  an ima l s  
a re  a l r e ady  on  a n  a d e q u a t e  i n t a k e  of t h e  v i t a m i n .  This  suggests  t h a t  AA has  a hypocho les t e ro l aemic  effect  ove r  a 
l imi t ed  r ange  of A A  s ta tus .  

I n  guinea-pigs  w i t h  chron ic  ascorbic  acid (AA) 1 
h y p o s a t u r a t i o n ,  choles tero l  a c c u m u l a t i o n  in  t he  l iver  was  
s i g n i f i c a n t l y  e n h a n c e d  a n d  even  more  p r o n o u n c e d  w h e n  
feeding a n  a the rogen ic  d ie t  w i t h  added  choles tero l  re-  
su l t ing  in s ign i f i can t ly  ra ised  choles terol  levels in severa l  
t i s sues  2-a. Ca t abo l i sm of choles tero l  was  f o u n d  to  be  
decreased  in scorbu t ic  guinea-pigs ,  a n d  add i t i on  of A A  
e n h a n c e d  t he  conve r s ion  of (4-1aC) choles tero l  to  bi le  
acids b y  l iver  m i t o c h o n d r i a l  p r e p a r a t i o n s  f rom AA-de-  
f ic ient  guinea-pigs  5. T he  r a t e  of convers ion  of choles tero l  
to  bi le  acids is s ign i f i can t ly  cor re la ted  w i t h  t h e  h e p a t i c  
AA c o n c e n t r a t i o n  in guinea-pigs ,  as conc luded  f rom 
e x p e r i m e n t s  on  t h e  c a t a b o l i s m  of (26- t aC)cho les t e ro l  
;as ing laCO, e x h a l a t i o n  as a n  ind i r ec t  measu re  of t he  
f o r m a t i o n  of bi le  acids~-% I t  was  p o s t u l a t e d  t h a t  A A  is 
essen t ia l  in  t h e  h y d r o x y l a t i o n  of choles terol  and  t h a t  t he  
ac t ion  of A A  on i ts  c a t a b o l i s m  is m e d i a t e d  v ia  e y t o c h r o m e  

P-450 s. The  r a t e - l imi t ing  s teps  in  t h e  d e g r a d a t i o n  of 
choles terol  are  s ide-chain  ox ida t i on  a n d  7 e - h y d r o x y l a -  
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Table I. Effect of feeding graded oral doses of sodium ascorbate to male guinea-pigs on various parameters 

EXPERIENTIA 32/6 

Na-ascorbate (twice daily, mg) 

0.75 5 25 300 

Ascorbie acid 
Plasma(mg/100ml) 0.08 • 0.02 (9) 0.19 4- 0 .02  (14) c 0.36 4- 0.07 (10) c 0.65 -4- 0.19 (10) o 
Liver (mg) 0.31 • 0.05 (9) 0.79-4- 0 .04  (14) o 1.08-4- 0.16 (9) ~ 1.64-1- 0.46 (10) h 
Plasma 
Cholesterol(mg/100 ml) 49.8 4- 10.4 (9) 39.5 4- 8.0 (9)~ 37.4 4- 5.3 (10) 42.8 -t- 10.5 (10) 
Triglyeerides(mg/100ml) 24.7 4- 7.9 (9) 28.7 4- 4.7 (8) 24.7 q- 6.6 (10) 25.9 4- 9.7 (9) 
Free fatty acids([zeq/1) -- 465.5 4- 116.7 (9) 444.4 -t- 73.6 (10) 501.8 4- 85.9 (9) 

Bile adds (mg) 
Liver 83.3 -4-17.7 (9) 107.8 4- 17.6 (14) b 97.9 • 23.4 (10) 101.5 4- 18.1 (10) 
Gall bladder bile 9.1 4- 4.0 (9) 6.7 4- 0.9 (14) �9 6.9 • 3.1 (8) 9.3 4- 5.1 (10) 
Small intestine 18.5 -t- 4.6 (9) 33.9 4- 6.5 (10)o 35.1 4- 6.5 (10) 31.5 4- 5.5 (10) 

Total 110.0 4-19.0 (9) 142.2 q- 25.9 (10) b 141.1 4- 30.2 (8) 142.2 4-22.4 (10) 

The animals received the supplement twice daily over a period of 15 days and were maintained on an ascorbic acid-free diet. Figures repre- 
sent mean values 4- SD, number of animals is given in brackets. ~p < 0.025; bp ~ 0.005; op ~ 0.0005; always to preceding group. 

t ion  10. Whereas  the  7 e -hyd roxy la t i on  by  r a t  l iver micro-  
somes is unaf fec ted  b y  addi t ion  of AA, h y d r o x y l a t i o n  b y  
guinea-pig  l iver microsomes  is s t imula ted ,  b u t  no t  si- 
gni f icant ly  n .  On the  o the r  hand ,  a ma rked  reduc t ion  in 
hepa t i c  microsomal  7e -hydroxy l i c  ac t iv i ty  in scorbut ic  
guinea-pigs  as compared  to  AA-supp l emen ted  animals  
was shown,  suggest ing t h a t  AA affects  the  ra te  of syn thes i s  
or b r eakdown  of t he  cholesterol  7 a -hydroxy la t ing  sy s t em 1~ 
involving cy toch rome  P-450 la. The influence of AA on 
the  enzymes  involved  in t he  s ide-chain cleavage of cho- 
lesterol  suggests  a po ten t i a l  role of t he  v i t a m i n  as a 
physiological  cont ro l  mechanism,  since h igh  levels inh ib i t  
s ide-chain cleavage in i m m a t u r e  r a t  ova ry  and  bovine  and  
porcine adrena l  glands,  while a t  lower levels t he  reac t ion  
proceeds  14,15. 

The  effect  of g raded  oral  in takes  of AA on to ta l  bile 
acids (liver, ga l lb ladder  bile, small  intest ine)  was t h o u g h t  
to  be a d i rec t  means  of es tabl i sh ing  the  p red ic t ed  in- 
v o l v e m e n t  of AA in cholesterol  ca tabol ism.  In  addi t ion,  
t he  r e t en t ion  b y  var ious  t issues of r ad iaoc t iv i ty  der ived 
f rom (4-14C) cholesterol  was s tudied  in guinea-pigs in 

compar i son  w i t h  an imals  on a marg ina l  in take  of AA. 
Materials and methods. Male guinea-pigs were main-  

t a ined  pr ior  to  t he  expe r imen t  on an  AA-free die t  (Nu- 
t r i t ion  Biochemicals  Co.) s u p p l e m e n t e d  wi th  1 g AA/kg  
of diet ,  t h e n  subd iv ided  in to  4 groups  and  given the  AA- 
free die t  for 15 days  and  oral ly s u p p l e m e n t e d  dai ly as 
follows: group 1 : 2 x 0 . 7 5  mg  Na-AA;  s t a r t ing  we igh t  
253.1 • 5.8 (g 4- SEM), n = 9; group 2 : 2  • 5 mg Na-AA;  
259.7 • 2.9, n = 14; group 3 : 2  X 25 mg  Na-AA, 261.9 -4- 
11.5, n = 10; group 4 : 2  X300 rag, 249.2 i 16.6, n = 10. 
On the  12th day  of supp lemen ta t ion ,  each an imal  was 
oral ly admin i s t e red  a single dose of (4A4C) cholesterol  
(29.77 [zCi; 263 [zg) and  sacrificed 72 h la ter  following a 
6 h fas t ing  period.  Liver  AA was de t e rmined  b y  a colouri- 
met r ic  and  p l a sma  AA b y  a I luorometr ic  m e t h o d  16. Bile 
acids were  de t e rmined  b y  an enzymat i c  m e t h o d  using 3- 
hyd roxy- s t e ro id  dehydrogenase  (Worthington)l~,  cho- 
lesterol, t r ig lycer ides  and  free f a t t y  acids b y  au toana lyze r  
me thods .  Rad i o ac t i v i t y  was coun ted  b y  means  of a 
Nuclear  Chicago Uni lux  I I  l iquid scint i l la t ion spect ro-  
me te r  in solubil ized t issue samples  (dis in tegrat ions  per  

Table II. Total radioactivity (dpm • 105 4- SD) accumulated by tissues 72 h after a single orally administered dose of 29.77 [zCi (263.0 ~xg) 
(4-14C}eholesterol to guinea-pigs maintained on an ascorbic acid-free diet and supplemented twice daily with graded oral doses of Na-ascor- 
bate over 15 days 

Tissues Radioactivity (dpm x 10 ~) 

Na-ascorbate (twice daily, rag) 

0.75 5 25 300 

Liver 12.7 ! 0.88 7.34 i 1.08 b 5.25 ! 2.91 5.50 :h 3.30 
Spleen 4.82 4- 0.86 2.52 4- 1.23 o 1.73 4- 0.97 1.51 4- 0.91 
Kidneys 5.25 -4- 0.88 2.74 4- 0.33 o 2.12 -1- 1.23 2.40 -4- 1.42 
Lungs 16.1 -4-3.3 8.5 •176  6.2 =t=4.0 7.9 4-5.8 
Adrenals 4.44 4- 1.09 1.87 -t- 0.34~ 1.79 -t- 1.18 1.99 4- 1.44 
Smallintestine 28.9 4- 3.0 17.8 -t- 9.4 b 16.2 4- 8.0 16.3 -4- 7.8 
Gall bladder 5.57 4- 2.82 2.91 4- 1.96 ~ 3.24 4- 2.46 3.57 q- 2.11 
Hearta -- 9.31 -4- 4.64 7.69 4- 4.52 7.70 4- 4.47 
Testes a 4.60 4- 1.41 2.66 -I- 1.47 c 1.97 4- 1.18 1.88 4- 1.11 
Brain~ -- 5.4 q- 2.2 4.6 4- 2.7 4.4 4- 2.6 

The label was administered at day 12 (9 or more animals per group). ~p ~ 0.01; bp ~ 0.0025; ~ ~ 0.0005; always to preceding group; 
adpm x 104; edpm • l0 s. 
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Table III. Correlation coefficients r (Pearson-Bravais) of total liver 
ascorbic acid to total bile acids in liver, total bile acids, and plasma 
aseorbie acid concentrations, and of plasma aseorbic acid leveIs to 
plasma levels of cholesterol (n in brackets) 

Na-Ascorbate (twice daily, rag) 

0.75; 5.0 0.75; 5.0; 25.0; 300 

Liver aseorbie acid to 
mgliver bile acids 0.522b (23) 0.312 a (42) 

Liver ascorbic acid to 
mg totatbiIe acids 0.572~ (23) 0.408c (42) 

Liver ascorbic acid to 
plasmaascorbic acid 0.800a (23) 0.913a (42) 

Plasma ascorbic acid to 
plasma cholesterol -- 0.112 (23) 0.037 (42) 

�9 2cr 0.05; b 2 ~  0.025; ~2~< 0.01; a 2 ~  0.001. 

rain,  dpm) .  Fo r  s t a t i s t i ca l  e v a l u a t i o n  S t u d e n t ' s  t - tes t  was  
used,  cor re la t ion  coeff ic ients  were d e t e r m i n e d  accord ing  
to  Pea r son -Brava i s .  

Results.  P l a s m a  AA c o n c e n t r a t i o n  a n d  l iver  AA depend  
d i rec t ly  on t he  in take ,  sugges t ing  t h a t  s a t u r a t i o n  of 
p l a s m a  a n d  l iver  does n o t  occur  w i t h  i n t akes  of up  to  
600 m g  Na-AA/day .  W h e r e a s  t r ig lycer ides  a n d  free f a t t y  
acids were n o t  inf luenced  b y  t he  v a r y i n g  i n t a k e  of Na-AA,  
t h e  choles terol  levels were  s ign i f i can t ly  h ighe r  in  guinea-  
pigs rece iv ing  on ly  twice  da i ly  0.75 m g  Na-AA t h a n  in  
those  s u p p l e m e n t e d  w i t h  5 m g  N a - A A  twice  da i ly  ( p <  
0.025). A h ighe r  N a - A A  s u p p l e m e n t a t i o n  (twice 25 and  
300 rag) did  n o t  f u r t h e r  s ign i f i can t ly  reduce  t he  choles terol  
p l a s m a  concen t r a t i on .  To ta l  bile acids were s ign i f i can t ly  
decreased  in guinea-pigs  on  t he  m a r g i n a l  i n t a k e  of AA 
(p < 0.005) and  i n t akes  h ighe r  t h a n  twice  5 m g  N a - A A  
h a d  no  f u r t h e r  s t i m u l a t i n g  inf luence  on  bile acid fo rma-  
t ion.  Marg ina l  s u p p l e m e n t a t i o n  w i t h  N a - A A  (twice 
0.75 rag) caused a s ign i f ican t  r educ t i on  in bile acids in  
l iver  (p < 0.0025) a n d  smal l  i n t e s t i ne  (p < 0.0005), 
whereas  bi le  acids in  gall  b l adde r  bile were increased  
(most  p r o b a b l y  an  effect  of volume)  in compar i son  w i t h  
va lues  in  an ima l s  s u p p l e m e n t e d  twice  5 m g  or  25 m g  
N a - A A  (Table  I). The  d ispos i t ion  of label led  ma te r i a l  
a c c u m u l a t e d  b y  10 t issues 72 h a f t e r  single oral  admin i -  
s t r a t i o n  of (4-1'C) choles terol  showed  t h a t  an ima l s  sup-  
p l e m e n t e d  w i t h  on ly  twice  0.75 m g  N a - A A / d a y  h a v e  a 
s ign i f i can t ly  h ighe r  r e t e n t i o n  of l~C-radioact iv i ty  b y  t he  
t i ssues  t h a n  those  s u p p l e m e n t e d  twice  da i ly  w i t h  5 m g  
Na-AA; in animals receiving more than twice 5 mgAA/ 
day the retention of label by the tissues was slightly, but 
not significantly, further decreased (Table II). 

Correlation coefficients r were calculated on the basis 
of pooled data from all 4 groups of animals, as well as 
from the 2 low-dose groups only. The correlation of 
total liver to plasma AA concentration was highly sig- 
nificant, The correlation of total liver AA to liver or 
total bile acids was stronger among the 2 low-dose groups 
than among all 4 groups together. The plasma AA and 
cholesterol correlation was not significantly affected by 
supplementation of AA (Table III). 

Discussion. This finding confirms the hypothesis that 
the rate of conversion of cholesterol %o bile acids is 
correlated with the concentration of AA in the liver as 
drawn from indirect evidence using 14CO~ exhalation after 
(26-14C) cholesterol as a measure of bile acid produc- 
tion ~, ~, is. In addition, our results demonstrate that the 
formation of bile acids is inhibited only in the low-dosed 

animals ,  a n d  t h a t  s u p p l e m e n t i n g  h igh  a m o u n t s  of AA 
does n o t  f u r t h e r  s t i m u l a t e  bile acid f o r m a t i o n  w h e n  t h e  
an ima l s  are  a l r eady  on  a n  a d e q u a t e  19 i n t a k e  of AA (twice 
5 m g  daily).  Th i s  suggests  t h a t  t he  ox ida t i on  of choles tero l  
to  bi le  acids is d e p e n d e n t  on  t he  A A  s t a t u s  on ly  over  a 
l imi ted  range  of concen t r a t i on ,  imp ly ing  a cor re la t ion  
be tween  l iver  AA a n d  bile acid f o r m a t i o n  in m a r g i n a l  or  
h y p o v i t a m i n o t i c  condi t ions .  Th i s  v iew is in accordance  
w i t h  s tud ies  on  t he  7 a - h y d r o x y l a t i o n  of choles tero l  b y  
hepa t i c  mic rosomal  p r e p a r a t i o n s  f rom n o r m a l l y  s u p p l i e d  
guinea-pigs  wh ich  failed to  show a s t a t i s t i ca l ly  s ign i f ican t  
increase  in t h e  r a t e  of h y d r o x y l a t i o n  b y  add i t i on  of AA n .  
The  cor re la t ion  of t o t a l  l iver  AA to t he  bile acid pool  was  
fa r  s t ronge r  w h e n  cons ider ing  on ly  t he  va lues  o b t a i n e d  
f rom guinea-pigs  s u p p l e m e n t e d  twice  da i ly  0.75 a n d  5 m g  
N a - A A  (r = 0.572) t h a n  w h e n  us ing  t h e  pooled d a t a  f r o m  
all  4 groups  (r = 0.408). Similar ly ,  a s t ronge r  co r re l a t ion  
was found  in t he  low-dosed groups  be tween  l iver  AA a n d  
l iver  bile acids, wh ich  c o n t r i b u t e  t he  l a rges t  a m o u n t  of t he  
t o t a l  pool  (r = 0.522 a n d  0.312). W i t h  t h e  decrease  in 
bile acid f o r m a t i o n  f rom choles terol  u n d e r  m a r g i n a l  sup-  
p l e m e n t a t i o n  w i t h  A A  the  p l a s m a  choles terol  c o n c e n t r a -  
t i on  was increased,  b u t  doses of N a - A A  larger  t h a n  twice  
5 m g  da i ly  h k d  no  a d d i t i o n a l  choles tero l - lower ing effect,  
sugges t ing  AA to  be  of a d v a n t a g e  as a hypocho les t e ro l -  
aemic  s u b s t a n c e  in guinea-pigs  on ly  up  to  a da i ly  i n t a k e  of 
twice  5 m g  u n d e r  our  e x p e r i m e n t a l  cond i t ions  (i.e. low 
f a t - con t a in ing  diet) .  F r o m  ou r  expe r imen t s ,  one  could 
deduce  a m i n i m a l  p l a s m a  AA c o n c e n t r a t i o n  (a t  leas t  
0.20 rag/100 ml  p l a s m a  fol lowing a 6 h f a s t ing  period) a n d  
a m i n i m a l  l iver  AA c o n t e n t  (at  l eas t  0.8 rag) a t  w h i c h  t h e  
ox ida t i on  of choles terol  to  bi le  a c i d s  c a n n o t  be  f u r t h e r  
s t i m u l a t e d  b y  add i t i ona l  AA in take .  I f  t h i s  f ind ing  is 
app l icab le  to  h u m a n s ,  i t  m i g h t  exp la in  t h e  r a t h e r  con-  
t r a d i c t o r y  conclusions  d r a w n  f rom s tudies  on  t h e  effect  of 
AA on p l a s m a  choles tero l  levels,  a n d  would  seem to  
i nd ica t e  a s u b s t a n t i a l  d i f ference in t h e  AA s t a t u s  of t h e  
p r o b a n d s  ~s, ~0- 24. 

The  increased  r e t e n t i o n  capac i t y  of t i ssues  for 14C- 
r a d i o a c t i v i t y  f rom (4-14C) choles terol  in  guinea-pigs  w i t h  
a m a r g i n a l  s u p p l y  Of AA in  compar i son  w i t h  an ima l s  
rece iv ing  la rger  supp lemen t s ,  suggests  a h ighe r  accumula -  
t ion  of choles terol  or of i t s  m e t a b o l i c  p roduc t s ,  or a fas te r  
t u r n o v e r  of t h e  newly  i n t r o d u c e d  choles tero l  in  an ima l s  
on  suff ic ient  AA s u p p l e m e n t a t i o n ,  as sugges ted  b y  GINTER 
a n d  ZLOCH ~. 
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