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Results. The  d a t a  in t h e  Tab le  show t h a t  e t h a n o l  h a d  
no  obv ious  effect  on  t he  basa l  re lease of glycerol  f rom 
iso la ted  fa t  ceils. However ,  w h e n  l ipolysis  was  p r o v o k e d  
b y  r a t  serum,  t h e r e  was a l inea r  co r re l a t ion  b e t w e e n  t he  
degree  of i n h i b i t i o n  of glycerol  re lease a n d  t he  concen-  
t r a t i o n  of e t h a n o l  in  t h e  i n c u b a t i o n  m ed i um .  The  calcu- 
l a t ed  regress ion l ine in t he  F igure  c lear ly  shows this .  

Discussion. The  lack  of pha rmaco log ic  effect  of e t h a n o l  
(10 -7 M - 1 . 0  M) on  t he  basa l  l ipolysis  of free f a t  cells 
o b t a i n e d  f rom fas ted  r a t s  (Table) is in  keep ing  w i t h  t he  
obse rva t i ons  of BlzZI a n d  CAI~LSONK T he  i n h i b i t i o n  of 
h o r m o n e  (i.e. serum) s t i m u l a t e d  l ipolysis,  b y  e thano l ,  in  
i so la ted  f a t  cells o b t a i n e d  f rom fas ted  r a t s  ove r  t h e  
c o n c e n t r a t i o n  r ange  of a lcohol  of 10 -7 3//-1.0 M, c o n t r a s t s  
w i t h  t h e  p r o m o t i o n  of l ipolysis,  obse rved  in fed ra ts ,  b y  
e t h a n o l  a t  a p p r o m i m a t e l y  5 •  -2 M - 5  •  -1 M.  
However ,  i t  is k n o w n  t h a t  adipose  cells f r om fas ted  r a t s  
are more  sens i t ive  to  l ipo ly t ic  h o r m o n e s  t h a n  are cells 
f rom fed rats .  Th i s  dua l  effect  of e thano l ,  d e p e n d e n t  u p o n  
t he  n u t r i t i o n a l  s t a t u s  of t he  f a t  cell, could  be  exp la ined  in 
t h e  fol lowing t e r m s :  in  l ipocytes  f rom fed r a t s  t he re  is 
p r e sen t  a q u a n t i t y  of d i e t ry  l ip id  f rom t he  c i rcu la t ion  
no t  as ye t  i n c o r p o r a t e d  in to  t he  s to rage  pool  of n e u t r a l  
fat .  I f  t h i s  is s u b s e q u e n t l y  es ter i f ied  w i t h  glyceride-  
glycerol  fo rmed  f rom e t h a n o l  r a t h e r  t h a n  g lucose /a lpha  
g l y c e r o p h o s p h a t e  ( the a lcohol  would  e n t e r  t he  f a t  cell a t  
a fas te r  r a t e  t h a n  glucose owing to  h igher  l ip id  so lub i l i ty  
a n d  smal le r  molecu la r  mass)  t h e n  glycerol  fo rmed  v ia  t he  
~ -g lyce rphospha t e  p a t h w a y  is surp lus  to  r e q u i r e m e n t s  
and  effuses f rom t h e  f a t  cells. I n  t h e  f a s t ing  s ta te ,  

l ipogenesis  is min imal ,  e t h a n o l  sti l l  p e n e t r a t e s  t he  f a t  cells 
and  becomes  p a r t i t i o n e d  b e t w e e n  t h e  w a t e r  soluble  
c o m p a r t m e n t  and  t he  l ip id  soluble  c o m p a r t m e n t  of t h e  
f a t  cell t h u s  r educ ing  ava i l ab le  in t e r face  where  t he  
l ipase(s) act(s),  in  effect  b lock ing  t h e  e n z y m e  f rom the  
s u b s t r a t e  so i n h i b i t i n g  l ipolysis  16 

Rdsumd. I1 y a u n e  connex ion  l in6aire  en t r e  la concen-  
t r a t i o n  progress ive  de l ' 6 t h a n o l  et  l ' i n h i b i t i o n  de la 
I ipolyse s t imul6e  p a r  le s6rum dans  les cellules l ibres  du  
t i ssu  a d i p e u x  de r a t s  affam6s.  L ' 6 t h a n o l  n ' a  pas  affect6 
la d6charge  has s l e  du  glycerol.  
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Comparison of Sterol Composition and Transformation in Chicken and Pigeon Intestines 

D u r i n g  our  s tud ies  us ing  t h e  s p o n t a n e o u s l y  a the ro -  
sc leros is-suscept ib le  W h i t e  Carneau  pigeon,  we n o t e d  
t h a t  cop ros t ano l  a n d  o the r  5/%stanols were a b s e n t  f rom 
the  feces of th i s  species whi le  ch icken  feces c o n t a i n e d  a 
s ign i f i can t  a m o u n t  of copros tanoD,  2. Th i s  s t i m u l a t e d  us 
to  c o m p a r e  t h e  n a t u r e  of t h e  s terols  a n d  t h e i r  t r ans fo r -  
m a t i o n  p r o d u c t s  in  t h e  i n t e s t i n e  a n d  i n t e s t i n a l  c o n t e n t s  
of these  2 species. Specif ical ly,  2 aspec t s  of s terol  t r a n s -  
f o r m a t i o n  in t h e  i n t e s t i ne  were e x a m i n e d :  1. f o r m a t i o n  
of cop ros t ano l  a n d  2. t h e  n a t u r e  of p l a n t  s tero ls  in  t he  
i n t e s t i n a l  t i s sue  and  t h e i r  r e l a t i on  to  t he  p l a n t  s terols  in  
t he  d i e t  The  u p t a k e  of p l a n t  s terols  b y  t h e  a v i a n  in tes-  
t ines  has  p r e v i o u s l y  been  d e m o n s t r a t e d  a, 4. 

Materials and methods. A d u l t  W h i t e  Carneau  p igeons  
were o b t a i n e d  f rom t h e  P a l m e t t o  P igeon  P l a n t  (Sumter ,  
S.C.) a n d  were  fed a m i x e d  g ra in  d ie t  ( Pu r i na  P igeon  
Chow, R a l s t o n  P u r i n a  Co., St. Louis ,  Mo.). Roos te r s  a n d  
hens  o b t a i n e d  local ly  were fed ch icken  feed (Laudon  Bros.  
Feed  a n d  Seed Co., Dover ,  Minn.) .  Cholesterol-4-14C 
(specific ac t iv i ty ,  60.9 mCi /mole)  a n d  reference  s terols  
were o b t a i n e d  commerc ia l ly .  I n t e s t i n a l  t i s sue  segmen t s  
a n d  t h e i r  c o n t e n t s  were o b t a i n e d  a f t e r  t h e  b i rds  were 
killed. The  i n t e s t i n a l  t i ssues  were r insed  w i t h  sal ine a n d  
1 m M  sod ium t a u r o d e o x y c h o l a t e  so lu t ion  and  weighed.  

Sterols  and  s t e ry l  es ters  were e x t r a c t e d  f rom t h e  t i ssue  
samples  a s a p o r t i o n  of t he  t o t a l  l ip id  ex t rac t ,  as descr ibed  
b y  FOLCH et  al. s Free  s terols  and  s te ry l  es ters  were t h e n  
s epa ra t ed  f rom each  o t h e r  a n d  o t h e r  l ipids  b y  t h i n  
l ayer  c h r o m a t o g r a p h y  (TLC) on  sil ica gel G w i t h  t he  
so lven t  sys tem,  h e p t a n e - i s o p r o p y l  e the r - ace t i c  acid 
(65:40:4, v /v /v )6 .  The  s terols  of t h e  i n t e s t i n a l  c o n t e n t s  
were e x t r a c t e d  and  pur i f i ed  as desc r ibed  p rev ious ly  for  
t he  fecal  s te ro ids  1, 3. 

After TLC, the trimethyl silyl ether derivatives of 
the sterols were identified by gas-liquid chromatography 
(GLC) in an F & M 402 high-efficiency gas chromatograph 
equipped with a flame ionization detectorL The sterols 
were chromatographed on glass columns packed with 
3,8% -W-98 on Diatoport (80 to 120 mesh)i, 3 The sterols 
were quantitated by gas chromatography with 5a-cho- 
l e s tane  as a n  i n t e r n a l  s t a n d a r d  1, 2, 7. 

Results and discussion. Sterols  of t h e  i n t e s t i n a l  c o n t e n t s  
r ep re sen t  a m i x t u r e  of s terols  de r ived  f rom the  bile, 
i n t e s t i n a l  wall,  and  d ie t  a n d  t h e i r  bac t e r i a l  p roduc t s .  On 
TLC, ch icken  i n t e s t i n a l  c o n t e n t s  c o n t a i n e d  a b a n d  corre- 
s p o n d i n g  to  copros tano] ,  b u t  no  such  b a n d  was found  in 
p igeon  i n t e s t i n a l  con ten t s .  The re  was no  b a n d  cor respond-  
ing to  c o p r o s t a n o n e  in e i the r  species. The  presence  of 
copros t ano l  de r iva t i ve s  in  t h e  ch icken  b u t  n o t  in  t h e  
p igeon  is in  a g r e e m e n t  w i t h  our  p rev ious  s tud ies  on  t h e  
fecal s terols  of these  2 species i, 3. 

On  GLC, t h e  b a n d  co r r e spond ing  to  cop ros t ano l  gave  
peaks  co r r e spond ing  to  cop ros t ano l  a n d  t he  5fi-stanols of 
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SteroI composition ~ and coprostanol-forming capacity of intestinal 
contents 

Chicken Pigeon 

zJ s Sterols (%) 
Cholesterol 56.4 

Campesterol } 14.4 
Stigmasterol 
~-Sitosterol 29.2 

5 ~-Stanols (%)~ 
Coprostanol 18.7 
CoprocampestanoI } 
Coprostigmastenoi 18.7 

Coprostigmastenol 62.6 
Coprostanol-forming capacity~ + 

"Total sterol concentration: chicken, 2.21 mg/g; pigeon, 0.58 mg/g. 
~5 ~-Stanols = 7.6% of total sterols. ~ by incubating 
cholesterol-4-I~C with fecal cultures. 
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B) Sterols of chicken's diet 
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8) Sterols of chickens diet 

t h e  p l a n t  sterols.  The  l a t t e r  were iden t i f i ed  as coprocam-  
pes tanol ,  copros t igmas te ro l ,  a n d  copros t igmas tano l .  The  
a rea  of t he  gel co r r e spond ing  to copros t anone ,  w h e n  
e lu ted  a n d  ana lyzed  b y  GLC, gave  peaks  co r r e spond ing  
to copros tanone ,  c a m p e s t a n o n e ,  s t i gmas tenone ,  and  #- 
s i tos terone.  E lua t e s  f rom the  a rea  of t he  gel co r r e spond ing  
to copros tano l  and  cop ros t anone  f rom the  p igeon in tes t i -  

39.7 na l  c o n t e n t s  gave  no peaks  on  GLC. Var ious  s terol  
f rac t ions  f rom ch icken  a n d  p igeon i n t e s t i n a l  c o n t e n t s  

17.3 were q u a n t i t a t e d  us ing  5e-choles tane  as t he  i n t e rna l  
43.0 s t a n d a r d  (Table).  

I n c u b a t i o n  of fecal cu l tu res  of these  2 species w i t h  
cholesterol-4-1~C b y  m e t h o d s  p rev ious ly  used ~, 9 i nd i ca t ed  

Nil t h a t  p igeons  are  u n a b l e  to  fo rm labe led  copros tanol .  The  
Nil [ chickens ,  however ,  showed  a conve r s ion  of 2 .13% u n d e r  

J s imi la r  condi t ions .  This  di f ference in t he  copros tano l  
Nil f o r m a t i o n  b e t w e e n  ch icken  a n d  p igeon m a y  be  due  to  a 
-- d i f ference in  i n t e s t i n a l  bac t e r i a l  f lora  ~0. 

The  s terols  of sma l l  i n t e s t i n a l  t i ssue  of t he  ch icken  
were :  cholesterol ,  86 .6%;  copros tanot ,  5 .9%;  a n d  p l a n t  
s terols  7.5%. Only  a smal l  f r ac t ion  of t he  s terols  were 
p r e sen t  as es ters  (3.2%). The  m a j o r  p l a n t  s terols  p r e sen t  
in t he  i n t e s t i n a l  t i s sue  were campes te ro l ,  a t r ace  of 
s t igmas te ro l ,  and  #-s i tos tero l  (Figure  I ,A).  The  p r o p o r t i o n  
of campes t e ro l  in  t h e  smal l  i n t e s t i n a l  t i s sue  was h ighe r  
c o m p a r e d  to i ts  p r o p o r t i o n  in t he  d ie t  (Figure  1,B) ; in  t he  
smal l  i n t e s t i ne  i t  a c c o u n t e d  for 68.5 % of t h e  p l a n t  s tero ls  
( campes te ro l / s i tos te ro l  [C/S] ra t io ,  2.16) whi le  t he  d ie t  
c o n t a i n e d  onIy 6 .8% (C/S ra t io ,  0.06). Th i s  i nd ica t e s  a 
p re fe ren t i a l  u p t a k e  of campes t e ro l  in  t he  ch icken  in tes t ine .  
S imi la r  h igh  C/S ra t ios  were  found  in t he  large in te s t ine  
(2.41) and  cecum (2.05). C/S ra t ios  in  t he  l iver  a n d  p l a s m a  
of t he  ch i cken  were also h i g h  ( >  2.0), i n d i c a t i n g  t h a t  t he  
u p t a k e  a n d  successive t r a n s f e r  of c a m p e s t e r o l  to  t h e  
sys temic  c i rcu la t ion  are  h ighe r  t h a n  those  of #-si tosterol .  
Th i s  is cons i s t en t  w i t h  t he  p re fe ren t i a l  u p t a k e  of campe-  
s terol  in  t he  p igeon i n t e s t i ne  ~. 

I n  t h e  p igeon smal l  in tes t ine ,  choles tero l  c o n t r i b u t e d  
97 .9% of t h e  t o t a l  sterols,  t h e  r e m a i n d e r  (2.1%) be ing  
p l a n t  sterols.  The  C/S r a t i o  was 2.34 in c o n t r a s t  to  0.23 
in  t he  diet .  P l a s m a  and  l iver  of these  p igeons  also showed 

4~Smin h i g h  C/S ra t ios  ( >  4.0), i n d i c a t i n g  t h e  p re fe ren t i a l  e n t r y  
of c ampes t e ro l  in to  t he  sys t emic  c i rcu la t ion .  

These  s tud ies  i nd i ca t e  a s t r i k ing  di f ference in t he  
i n t e s t i n a l  m e t a b o l i s m  of sterols,  p a r t i c u l a r l y  t h e  fo rma-  
t i on  of copros tanol ,  b y  t he  i n t e s t i n a l  b a c t e r i a  in  these  
2 species. I n  a d d i t i o n  t h e  s tud ies  in t h e  ch icken  conf i rm 
our  ear l ier  o b s e r v a t i o n  in  t h e  p igeon  3 t h a t  c ampes t e ro l  
is be ing  t a k e n  up  to a g rea te r  e x t e n t  t h a n  #-s i tos terot  11. 

5 

; 16 24 3'2 4; 48min 

Gas-liquid chromatography of sterols. Sterols were chromatographed 
as trimethyI silyl ethers; conditions are described in text. A) In small 
intestine of chicken. B) Sterols oi chicken's diet. Peak identification: 
1. coprostanol; 2. cholesterol; 3. eampesterol; 4. stigmasterol; and 5. 
~-sitosterol. Peak'S '  represents internal standard (5 ~-eholestane) in 
both chromatograms. 

Zusammen/assung. Es b i lden  sich 5# -S tano l -Der iva t e  
yon  S te ro len  im V e r d a u u n g s t r a k t  des t t u h n s ,  n i c h t  aber  
be i  der  Taube .  Die  i n t e s t i n a l e n  Gewebe  be ider  V6gel  be-  
vo rzugen  be i  ih re r  R e s o r p t i o n  Campes te ro l  vo r  #-Si to-  
sterol.  
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