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m e n t s  of lowest  m o b i l i t y  (azo p i g m e n t s  134.3, Bs. 3 a n d  
Bs.3) were i n c o m p l e t e l y  s e p a r a t e d  f rom those  of in te r -  
m e d i a t e  m o b i l i t y  (azo p i g m e n t s  B4. 3, ]35. 2 a n d  136.2) a n d  
were the re fo re  no t  o b t a i n e d  pure.  Second,  e lu t ion  of t he  
sub~ract ions  f rom t h e  p la t e s  r e su l t ed  in p a r t i a l l y  solubil iz-  
ing t he  c h r o m a t o g r a p h i c  suppor t ,  t h u s  c o n t a m i n a t i n g  t he  
p r e p a r a t i o n s  w i t h  depo lymer ized  ma te r i a l .  

Summary. A t h i n - l a y e r  c h r o m a t o g r a p h i c  sys t em on 
po lyamide  was deve loped  ~hat  a l lowed a f u r t h e r  frac- 
t i o n a t i o n  of p rev ious ly  i so la ted  azo p i g m e n t s  f rom bile. 
Aldobiouronic ,  h e x u r o n o s y l h e x u r o n i c  a n d  pseudoa ldo-  
b iouron ic  acids i nvo lved  in  b i l i r ub in  con j uga t i on  t h u s  
a p p e a r  to  be  he te rogeneous .  S t r u c t u r a l  e luc ida t ion  is in  
progress  4. 

Zusammen/assung. Die Aldobiouronid- ,  Hexuronosy l -  
h e x u r o n i d -  u n d  P s e u d o a l d o b i o u r o n i d k o n j u g a t e  des Bili- 
r u b i n s  lassen sich d u r c h  P o l y a m i d - D i i n n s c h i e h t c h r o m a t o -  
g raph ic  in  je 3 S u b f f a k t i o n e n  un te r t e i l en .  
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Evidence of Major Role of the Intest ine in Cholesterol  Synthes i s  in the Adult  Male Rat 

I t  h a s  r ecen t l y  been  s h o w n  b y  m e a n s  of i nd i r ec t  p roof  
t h a t  t h e  d iges t ive  t r a c t  is t h e  source of 65% of t he  chol- 
es terol  syn thes i zed  pe r  d a y  in t he  r a t  1. U s ua l l y  t he  l iver  
has  been  cons idered  respons ib le  for p r o d u c i n g  m o s t  of t he  
b o d y  cholesterol1.  W e  fel t  t h a t  i t  was  essent ia l ,  in  o rder  to  
chal lenge th i s  t r a d i t i o n a l  theory ,  to  p rov ide  a d i rec t  p roof  
of t he  m a j o r  role p l ayed  b y  t he  in tes t ine .  

Material and methods. Our  a r g u m e n t  runs  as fol lows:  
ace ty l  CoA is used b y  severa l  p a t h w a y s ,  some of wh ich  are 
i r revers ible ,  such  as o x y d a t i o n  and  choles terol  synthes is ,  
whereas  o t h e r  p a t h w a y s ,  such  as t h e  syn thes i s  of f a t t y  
acids coupled  w i t h  t h e i r  b r e a k d o w n ,  are revers ible .  I i  we 
label  ace ty l  CoA a t  a s t a r t i n g  p o i n t  0, no  label led  ace ty l  
CoA can  be  p roduced  b y  b r e a k d o w n  of f a t t y  acids,  
p rov ided  t he  e x p e r i m e n t a l  t i m e  is suf f ic ien t ly  shor t .  
F r o m  the  r a d i o a c t i v i t y  s t a n d p o i n t ,  therefore ,  revers ib le  
sys t ems  can  be  l inked  to  i r revers ib le  sys tems .  H e n c e  t he  
d i s t r i b u t i o n  of labe l led  ace ty l  CoA in each  me tabo l i c  
rou te  where  i t  is used depends  on t h e  r a t e  of u t i l i za t ion  
alone. I f  ms is t h e  r a t e  of choles tero l  syn thes i s ,  mr: t h e  
sum of t he  r a t e s  of all  t ypes  of ace ty l  CoA ut i l i sa t ion ,  
Rs t h e  r a d i o a c t i v i t y  of t h e  syn thes i zed  s terols  a n d  R u  
t he  r a d i o a c t i v i t y  of al l  c o m p o u n d s  in al l  t h e  me tabo l i c  
rou tes  involved ,  we o b t a i n  

ms  R s  

my R v  

The  ca lcu la t ion  of ms is va l id  no m a t t e r  w h a t  v a r i a t i o n s  
t h e r e  m a y  be  in t h e  specific r a d i o a c t i v i t y  of t he  ace ty l  CoA 
or in  t he  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  a m o n g s t  t h e  va r ious  
c o m p o u n d s  w i t h i n  one a n d  t h e  same  m e t a b o l i c  chain.  

E m p l o y i n g  t h i s  m e t h o d ,  we used a d u l t  ma le  r a t s  
we igh ing  350 g on a con t ro l  feed s. Acetate-1-14C was 
infused  b y  a c a t h e t e r  p laced  in to  t h e  j ugu l a r  ve in  some 
days  before  3. Only  r a t s  h a v i n g  a n o r m a l  food i n t a k e  d u r i n g  
t he  days  p receed ing  t he  e x p e r i m e n t  were used. Specific 
r a d i o a c t i v i t y  of t he  e x p i r a t o r y  14CO2 was recorded  
c o n t i n u o u s l y  4. An  equ i l i b r ium va lue  was a t t a i n e d  f rom t h e  
3rd h of in fus ion  onwards  (Figure  1). 3 groups  of 5 r a t s  
each  were ki l led a t  t he  end  of t he  fol lowing per iods  of 
in fus ion  re spec t ive ly :  3.5 h, 6 h, a n d  10 h. W e  t h e n  
d e t e r m i n e d  t he  r a d i o a c t i v i t y  of free s terols  (RF) a n d  
es ter i f ied s terols  (RE) f rom 22 organs  or f r a g m e n t s  of 
t i ssue  s. These  c rude  r ad ioac t iv i t i e s  were cor rec ted  to  a 
same  specific equ i l i b r ium r a d i o a c t i v i t y  of t he  a n i m a l ' s  
14CO~ (1 [zCi/1% CO2). F r o m  th i s  i t  was  possible  to  ca lcu la te  
t h e  ac t iv i t i e s  of t h e  free and  ester i f ied s terols  of t h e  
whole  r a t  e a n d  t h e i r  s u m  (Rs) (Table  I). F u r t h e r m o r e ,  
R e  is t he  dif ference b e t w e e n  t he  r a d i o a c t i v i t y  of a ce t a t e  

a d m i n i s t e r e d  a n d  t h a t  of t he  u n u s e d  label led  ace ty l  CoA. 
The  l a t t e r  va lue  can  be de t e rmined ,  since we know the  
pool  of ace ty l  CoA (M) (see below), a n d  i ts  specific 
r a d i o a c t i v i t y  ca lcu la ted  f rom t h a t  of t he  14CO26. 

F ina l ly ,  to  d e t e r m i n e  t he  mr: va lue  w i t h  precision,  we 
in jec ted  50-100 ~Ci of 1-14C-acetate i n to  t h e  j ugu l a r  ve in  
of 8 a d d i t i o n a l  r a t s  a n d  c o n t i n u o u s l y  recorded  t he  
l o g a r i t h m  of t h e  specific r a d i o a c t i v i t y  of t h e  44CO2 
(Figure  2). I n  a f i rs t  a p p r o x i m a t i o n ,  t he  curves  can  be  
decomposed  in to  2 s t r a i g h t  lines% The  f i rs t  (steep slope) 
cor responds  to  t he  overa l l  u t i l i za t ion  of acetyl-CoA. 
F r o m  th i s  l ine  t he  f r ac t iona l  t u r n o v e r  r a t e  of ace ty l  CoA 
(K = 1.37 h -1) and  t he  size of i ts  pool  (M = 3.08 m M )  
can  be  de t e rmined ,  and  f rom th i s  t he  r a t e  of t u r n o v e r  
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Fig. 1. Logarithm of specific activity ([xCi/l% C%) of laC% expired 
by a rat as a function of time (h) during an i.v. infusion of 1-14C - 
acetate, rzQ: specific activity at equilibrium. 
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Table I. Mass of cholesterol synthesized by rats. Calculation of data and results 

EXPERIENTIA 31/6 

Duration of experiment (t) 3.5 h 6 h 10 h 

Radioactivity (dpm) of acetate administered (0-t) 

Radioactivity (dpm) of acetate utilised (R~j) (0-t) 

Radioactivity (dpm) of whole rat sterols (Rs) (04) 

Rs/R U • 100 
Mass (rag) of cholesterol synthesized by rat  (04) 

Average mass of cholesterol synthesized per h/rat  (rag/h) (0-t) 

(188 :t_ 21.6) x 10 ~ (322 4- 37) • l0 s (537 4- 61.6) x 106 

(161 4- 15.7) • 106 (295 • 28.8) x 106 (510 4- 49.8) • 106 

(582 4- 94) • 10 s (2806 4- 446) • 108 (3185 • 692) • 10 a 

0.36 -4- 0.09 0.71 i 0.18 0.62 4- 0.19 

1.36 4- 0.52 4.6 4- 1.7 6.7 4- 2.9 

0.39 4- 0.15 0.77 4- 0.28 0.67 4- 0.29 

Table II. Radioactivity (dpm • 10 -3) of free and esterified sterols (Rp, RE) contained in the liver, intestine and the whole animal after 3.5 h 
of 1-t4C-acetate infusion. Radioactivity of free and esterified cholesterol of plasmatic origin (RPF and RPE) contained in those organs and 
the whole animal. Radioactivity of free and esterified sterols synthesized in those organs and remaining in situ (RsF, Rs~). 

RF Rvv R sP Rz  RPz R sE 

Liver 87.5 4- 2.6 28.3 ~ 2.7 59,2 • 5.3 19,8 -t- 1.9 4.7 ~: 2.6 15.1 • 4.5 

Intestine 269 ~ 41 1.4 4- 0.3 267.6 -1- 41.3 6.9 4- 1.9 0.28 4- 0.11 6.6 4- 2 

Whole animal 472.5 4- 38.9 41.1 4- 4.1 431.4 4- 43 109.2 4- 55.4 7.7 4- 3.6 100.5 ~ 59 

c a n  be  d e d u c e d :  m v =  t f M  = 4.2 m M h  -1. T h e  s e c o n d  
s lope  p r o b a b l y  r e f l e c t s  t h e  r e d i s t r i b u t i o n  of a c t i v i t y  from. 
fatty acids. Let us remark that the extrapolated specific 
activity of 14CO2 furnished by this pool represents only 
I% of the initial specific activity of 14CO~. 

Resu l t s  a n d  d i scuss ion .  T h e  a v e r a g e  q u a n t i t y  of  
c h o l e s t e r o l  s y n t h e s i z e d  p e r  r a t  p e r  h o u r  d u r i n g  t h e  3.5 h 
e x p e r i m e n t  is  l ower  t h a n  t h e  q u a n t i t i e s  o b t a i n e d  in  t h e  
6- a n d  10-h  e x p e r i m e n t s  (T ab l e  I).  F r o m  F i g u r e  2, i t  is 
c l ea r  t h a t  t h e  c o n t r i b u t i o n  of  r e c y c l e d  ~4C-ace ty l -CoA for  
f u r t h e r  u t i l i z a t i o n  for  c h o l e s t e r o l  s y n t h e s i s  is n e g l i g e a b l e  
w h a t e v e r  t h e  sac r i f i ce  t i m e  of  o u r  e x p e r i m e n t s ,  a s  t h e  
e x p e r i m e n t a l  p e r i o d  is s h o r t .  T h e  d i f f e r e n c e  o b s e r v e d  
b e t w e e n  t h e  q u a n t i t i e s  o b t a i n e d  in  t h e  6- a n d  10- h 
e x p e r i m e n t s  c a n  m o s t  p r o b a b l y  be  e x p l a i n e d  b y  t h e  cir-  
c a d i a n  v a r i a t i o n  i n  t h e  r a t e  of  c h o l e s t e r o l  s y n t h e s i s  
w h i c h  is h i g h e r  b y  n i g h t  t h a n  b y  d a y  7. I n  o u r  w o r k ,  t h e  
3.5 h e x p e r i m e n t  w a s  p e r f o r m e d  b y  d a y ,  w h e r e a s  t h e  
6- a n d  10 -h  e x p e r i m e n t s  w e r e  d i v i d e d  r o u g h l y  e q u a l l y  
b e t w e e n  d a y  a n d  n i g h t .  O n  t h e  b a s i s  of  p r e l i m i n a r y  
a s s e s s m e n t ,  t h e  a v e r a g e  h o u r l y  r a t e  o b t a i n e d  in  t h e  l a s t  
2 s e t s  of  e x p e r i m e n t s  w o u l d  a p p e a r  t o  b e  r e p r e s e n t a t i v e  of  
t h e  a v e r a g e  h o u r l y  r a t e  for  t h e  w h o l e  d a y .  W e  c o n c l u d e  
t h a t  r a t s  s y n t h e s i z e  16 t o  18 m g  of  c h o l e s t e r o l  p e r  d a y .  I t  

should be noted that these figures are identical to those 
obtained using an isotopic equilibrium method s. 

In respect of the different organs, the method used may 
only be regarded as strictly reliable provided 2 conditions 
are fulfilled. First, we should only consider the radio- 
activity of synthesized molecules remaining in situ. For 
this purpose we need to know the manner in which labelled 
cholesterol from the plasma is transferred to the various 
organs under precisely the same experimental conditions. 
Preliminary results concerning this problem are known 3. 
(Final publication by F. D'HOLLANDER, T. MAGOT and 
F. CHEVALLIER, in preparation). Radioactivity of free 
and esterified cholesterol of plasmatic origin (RpF and 
RpE) contained in each organ is calculated over periods 
indicated. Subtracting them from the radioactivity of 
free and esterified sterols (RF and RE), we obtain the 
radioactivity of synthesized sterols remaining in the 
organs (Rsv and RsE). Results pertaining to the liver and 
the intestine for the 3.5 h experiment can be seen in 
Table II. Furthermore, the method used may only be 
regarded as strictly reliable if there is no elimination of 
radioactive sterols and biliary acids by the considered 
system (whole rat or individual organ). This elimination 
by the whole rat is negligible during the experiments and 
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Fig. 2. Logarithm of specific activity ([zCi/1% 
CO2) of 1~CO2 expired by a rat  as a function of 
time (h) after an i.v. injection of 1A4C-acetate. 
ro : extrapolated specific activity at zero time. 
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has  no  apprec i ab le  effect  u p o n  t h e  ca lcu la t ions  shown  
above .  B u t  t he  e l i m i n a t i o n  b y  a n  i n d i v i d u a l  o rgan  m u s t  
be  t a k e n  in to  account .  W e  k n o w  t h a t  labe l led  choles tero l  
syn thes i zed  in t he  o rgans  passes  in to  t he  p l a s m a  a n d  i ts  
r a d i o a c t i v i t y  is equa l  to  t h e  s um  of RpF a n d  -~PE of t he  
whole  a n i m a l  (or RsP) (Table  I I ) .  A ce r t a i n  a d j u s t m e n t  
the re fore  h a d  to  be  made,  so we d iv ided  r a d i o a c t i v i t y  
Rsp in  p r o p o r t i o n  to  t h e  syn thes i zed  s terols  r e m a i n i n g  
b e h i n d  in each  organ.  F o r  in tes t ine ,  for ins tance ,  we h a v e  

Rsp  ( in tes t ine)  = RsF + RSE ( in tes t ine)  
RSF + RsE (whole ra t )  • Rsp (whole ra t ) .  

I t  shou ld  be  s t ressed  t h a t  t h e  sho r t e r  t he  e x p e r i m e n t a l  
per iod,  t he  smal le r  th i s  cor rec t ion  (like t he  p rev ious  one) 
has  to  be, i.e. resu l t s  o b t a i n e d  f rom t he  3.5 h e x p e r i m e n t s  
are  sub jec t  to  t h e  smal les t  m a r g i n  of error.  

Regard less  of w h e t h e r  we t a k e  free s terol  r a d i o a c t i v i t y  
(RsF) or t h e  sum of free a n d  ester i f ied s terol  r a d i o a c t i v i t y  

(RsF + RsE), and  w h e t h e r  we m a k e  t he  second ad jus t -  
m e n t  (Rsp), i t  becomes  a p p a r e n t  t h a t  t he  in t e s t ine  is t h e  
m a i n  o rgan  conce rned  in choles tero l  syn thes i s  (Table  I I I ) .  
The  l iver  c o n t r i b u t e s  a mere  13.5% to  t h e  to ta l .  F ina l ly ,  
t he  p a r t  p l ayed  b y  t h e  colon a n d  t h e  s t o m a c h  lies some-  
where  b e t w e e n  4 a n d  5% so t h a t  i t  is in  t h e  d iges t ive  
t r a c t  t h a t  5 5 - 5 6 %  of choles tero l  syn thes i s  in  t he  r a t  
t akes  place, a p e r c e n t a g e  wh ich  is close to  t he  one 
p roposed  before  1. So ev idence  of t h e  m a j o r  role of 
i n t e s t i n  e in  choles terol  syn thes i s  in  t h e  a d u l t  ma le  r a t  is 
furn ished .  I n v e s t i g a t i o n s  are  car r ied  ou t  for e x t e n d i n g  t h i s  
conc lus ion  to  female  a n d  y o u n g  male  rats ,  or to  var ious  
d i e t a r y  cond i t ions  9. 

Summary. B y  a new in v ivo  m e t h o d  us ing  1-~C-aceta te ,  
i t  becomes  a p p a r e n t  t h a t  t he  in t e s t ine  is t h e  m a i n  o rgan  
concerned  in  choles tero l  synthes is .  The  l iver  c o n t r i b u t e s  a 
mere  13.5% to t he  to ta l .  These  resu l t s  chal lenge t h e  
t r a d i t i o n a l  t h e o r y  wh ich  considers  t he  l iver  as respons ib le  
for p r o d u c i n g  mos t  of choles tero l  syn thes i zed  b y  t h e  ra t .  

Table III. Sterols synthesized remaining in situ in free form in the 
liver and the intestine (msF). Synthesized sterols remaining in situ 
but detected in esterified form (rosE). Sterols synthesized and passing 
into the plasma (rasP). Sterols definitely synthesized (ms = rasp + 
raze + razp) expressed as a percentage of the cholesterol synthesis 
in the whole rat. 
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Liver 10.2 =[: 2.5 2.6 ~= 1.2 0.7 i 0.2 13.5 • 3.9 
Intestine 46 -4- 14.5 1.2 • 0.5 3.5 • 1.1 50.7 • 16.1 
Whole animal 74.6 ~ 19.5 18.7 J= 14 6.7 • 1.7 100 
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The Oak Leaf Roller (Archips semiferanus Walker)  Sex P h e r o m o n e  Complex  : Field and 
Laboratory Evaluat ion of Requisite  Behavioral  St imul i  

The  t ree  defo l ia t ing  insec t  Archips semi/eranus Walker ,  
b e t t e r  k n o w n  as t he  oak  leaf  rol ler  m o t h  (OLR), has  
caused  ex tens ive  d a m a g e  in t h e  fores ts  of t he  N o r t h -  
ea s t e rn  U n i t e d  S ta te s  1. A t t e m p t s  to  con t ro l  t h i s  pes t  
b e g a n  w i t h  a c o m p r e h e n s i v e  s t u d y  of t h e  sexual  b e h a v i o r  
of t he  a d u l t  m o t h .  I n  a d d i t i o n  to  d e t e r m i n i n g  t h a t  a 
sex p h e r o m o n e  was p r e s en t  in  O L R  females  e, over  20 
pr inc ip les  3 were ident i f ied  in t h e  a t t r a c t a n t  po r t i on  of 
female  a b d o m i n a l  ex t rac t s .  P rev ious  r epor t s  ~ h a v e  dea l t  
w i t h  chemica l  ana lyses  a n d  syn theses  of t he  a t t r a c t a n t s  
an d  p r e l i m i n a r y  i nves t i ga t i on  of t he i r  ac t iv i ty .  W e  wish  
to r e p o r t  here  on  t he  e v a l u a t i o n  of these  pr inc ip les  b y  
l a b o r a t o r y  e l e c t r o a n t e n n o g r a m  s tudies  a n d  b y  field 
t r a p p i n g  in order  to  b e t t e r  u n d e r s t a n d  t he  role of these  
agen t s  in  t he  sexual  message  of t h e  oak  leaf roller. 

A series of 14 c a r b o n  m o n o u n s a t u r a t e d  ace t a t e  i somers  
wh ich  were found  in t he  oak  leaf rol ler  female  a t t r a c t a n t  
f r ac t ion  were t e s t ed  in field t r a p s  in  P e n n s y l v a n i a  forests.  
17 of t he  21 i somers  t e s t ed  c a u g h t  a g rea te r  n u m b e r  of 
ma le  insec ts  t h a n  cont ro l s  (Figure 1). The  same set  of 
i somers  was t e s t ed  in t he  l a b o r a t o r y  us ing  t he  electro-  
a n t e n n o g r a m  t e c h n i q u e ;  all of t he  i somers  gave  b e t t e r  
e l e c t r o a n t e n n o g r a m  responses  t h a n  cont ro l s  (Figure 2). 
A desc r ip t ion  of these  e x p e r i m e n t s  follow. 

T w e n t y - o n e  Z a n d  E t e t r a d e c e n y l  ace ta t e s  h a v i n g  
double  b o n d s  in t he  2-5  and  7-13 pos i t ions  were syn the -  
sized, pur i f ied  b y  AgNOa t h i n  layer  c h r o m a t o g r a p h y  and  

assessed for p u r i t y  b y  compu te r i z ed  gas c h r o m a t o g r a p h -  
mass  s p e c t r o m e t r y  (GC-MS) a ided  b y  mass  f r agmen to -  
g r a p h y  a. All i somers  were found  to be  b e t t e r  t h a n  97% 
pure  5. Fie ld  e v a l u a t i o n  of t he  a t t r a c t a n c y  of these  
isomers  to  O L R  males  was c o n d u c t e d  in M o s h a n n o n  
S t a t e  Fores t ,  Pa .  (USA), a n  a rea  of h e a v y  O L R  defolia- 
t ion,  f rom Ju ly  5 to  J u l y  16, 1974. 48 v a n e  t r a p s  were 
cons t ruc t ed  as p rev ious ly  descr ibed 6 a n d  a r r anged  in a 
square  b lock  design w i t h  50 m be tween  each  t r ap .  
500 n a n o g r a m s  of each  i somer  were spo t t ed  in a t r a p  
beg inn ing  J u l y  5 and  samples  were rep len i shed  w i t h  t he  
same a m o u n t  eve ry  2 days  un t i l  J u l y  16; dup l ica te  t r a p s  
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