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T h e  rat io of the  c o n c e n t r a t i o n  of b i le  acids ,  p a r t i c u l a r l y  c h e n o d e o x y -  
chol ic  ac id  to choles te ro l ,  a p p e a r s  to be  r e l e v a n t  to t he  a p p e a r a n c e  a n d  
d i s a p p e a r a n c e  of cho le s t e ro l  ga l l s tones  (1, 2). S e ve r a l  p a p e r s  (3, 4, 5) h a v e  
had  e n c o u r a g i n g  succe s s  w i t h  p s y l l i u m  seed  h y d r o c o l l o i d  a n d  l i g n i n  in  
a l t e r i ng  the  a m o u n t  of c h e n o d e o x y c h o l i c  ac id  a n d  d e o x y c h o l i c  i n  t he  
b o d y  pool  or c o n c e n t r a t i o n  in  bile.  Heaton a n d  his  co l l e agues  h a v e  s h o w n  
tha t  b r a n  (6) d e c r e a s e d  the  p r o p o r t i o n  of d e o x y c h o l i c  ac id  in  h u m a n  b i le  
w i th  a re la t ive  i n c r e a s e  in  the  p r o p o r t i o n  of c h e n o d e o x y c h o l i c  acid.  T h e y  
were  u n a b l e  to d e m o n s t r a t e  a n y  s u c h  effect  of l i g n i n  on  b i l i a ry  b i le  ac ids  
(7). 

I n  th i s  s t u d y  the  effects  of p s y l l i u m  h y d r o c o l l o i d  a n d  l i g n i n  o n  b i le  
c o m p o s i t i o n  h a v e  b e e n  inves t i ga t ed .  

M a t e r i a l  a n d  m e t h o d s  

Two groups of Swedish patients with uncomplicated cholesterol gallstone 
disease were studied; one group of 10 and a second group of 11. Three quarters of 
both groups were female, and the age distribution was 30 to 71 years (median age 53 
years). Both groups were taking their habitual diet before and during treatment 
with either l ignin 2 g t.i.d, or psyllium hydrocolloid 10 g t.i.d. The lignin was Indul in  
A.T., a gift from Westvaco, Charleston, South Carolina, U.S.A.; the psyllium hydro- 
colloid (metamucil) was obtained from G. D. Searle & Co. Fasting samples of bile 
were obtained before treatment following intubation. Duodenal  bile was sampled 
without stimulation of the gallbladder. After three weeks of t reatment hepatic bile 
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was sampled from the common bile duct through the cystic duct. The samples of 
bile so obtained were frozen on aspiration and stored at -20 ~ before being packed 
in solid carbon dioxide in an insulated box and transported by air. The total sample 
was extracted twice with 10 volumes of isopropanol at 60 ~ for 30 minutes  and the 
extracts pooled. 

The bile acid conjugates were hydrolysed and measured as methyl ketone 
derivatives using a modification (8) of the method of Evrard and Janssen (9) on a 
Pye Series 104 Gas Chromatograph; 2, 2 dimethoxy propane being used as methyla- 
ring agent. 

Cholesterol was measured as free cholesterol using stigmasterol as internal 
standard, with similar gas chromatographic conditions to those used for the separa- 
tion of bile acid methyl ketones. 

Phospholipid was measured using the method of Meun and Smith (10). Inorga- 
nic phophorus was measured using the method of Kuttner and Lichtenstein (11). 

The effect of storage on phospholipid concentration in duodenal bile was inve- 
stigated, using bile aspirated during a Lund Test Meal. Aliquots were either stored 
frozen at - 20 ~ or diluted in isopropanol prior to storage at -20 ~ Storage time varied 
from 2-4 months. 

Resul t s  

T h e  effect  of s to rage  on  b i l i a ry  p h o s p h o l i p i d  c a n  be  s e e n  in  t ab l e  1. T h e  
m e a n  fall i n  p h o s p h o l i p i d  c o n c e n t r a t i o n  wa s  7 %. T h i s  fall  is m u c h  less  
t h a n  r e p o r t e d  by  M u r i s o n  (12) w h o  f o u n d  losses  of as m u c h  as 50 % in  4 
Weeks. T h e  i n o r g a n i c  p h o s p h o r u s  i n c r e a s e d  in  s o m e  of t he se  samples .  I n  
s o m e  of the  m o r e  d i l u t e  bi les ,  t he  p h o s p h o l i p i d  c o n c e n t r a t i o n  e x p r e s s e d  
as a m o l a r  p e r c e n t a g e  f r ac t i on  of t he  to ta l  b i l e  ac ids  p l u s  cho le s t e ro l  p lu s  
P h o s p h o l i p i d  was  v e r y  low, i.e. 2-10%. I n  t he se  s a m p l e s  the  i n o r g a n i c  
p h o s p h o r u s  leve ls  i n  t he  b i l e  w e r e  i n  g e n e r a l  h i g h e r  (2-6 mmols/1)  t h a n  in  
o thers  (0.1-1.5 mmols/1).  I t  was  felt  t ha t  t he re  h a d  b e e n  a loss  of p h o s p h o l i -  
Did p h o s p h o r u s  in  s o m e  s a m p l e s  a n d  so i t  was  t h o u g h t  to be  i n a p p r o p r i a t e  
to r e p o r t  p h o s p h o l i p i d  c o n c e n t r a t i o n s  or u s e  t r i a n g u l a r  c o o r d i n a t e  ana ly -  
sis i n  th is  s tudy .  

B i l i a ry  b i le  ac id  a n d  cho le s t e ro l  c o n c e n t r a t i o n s  on  t he  d i f f e r e n t  d i e t a r y  
r e g i m e s  are  s h o w n  in  t ab l e  2. T h e  i n c r e a s e d  c o n c e n t r a t i o n  of choles te ro l ,  
to ta l  b i le  ac ids  a n d  i n d i v i d u a l  b i le  ac ids  af ter  t r e a t m e n t  ref lec t  t he  
s a m p l i n g  site. P a i r e d  da t a  w e r e  a n a l y s e d  u s i n g  W i l c o x o n ' s  m a t c h e d  pa i r s  
s i g n e d  r a n k  test .  T h e r e  is n o  effect  of e i t he r  p s y l l i u m  h y d r o c o l l o i d  or 
l i g n i n  o n  t he  l i thocho l ic ,  c h e n o d e o x y c h o l i c ,  d e o x y c h o l i c  or chol ic  ac id  
c o n t e n t  of the  bile.  T h e  ra t io  of b i le  ac id  to ch o l e s t e r o l  is u n i n f l u e n c e d  b y  
t r e a t m e n t .  

Discuss ion  

O u r  r e su l t s  for p h o s p h o l i p i d s  u n d e r l i n e s  the  w a r n i n g  b y  M u r i s o n  a n d  
his  co l l eagues  (12). T h e  loss of p h o s p h o h p i d  p h o s p h o r u s  i n  t he  m o r e  d i l u t e  
b i les  m a y  be  c a u s e d  b y  b i h a r y  a l k a l i n e  p h o s p h a t a s e s  in  the  d u o d e n u m .  To  
an  e x t e n t  the  la rge  losses  o b s e r v e d  b y  M u r i s o n  (12) c a n  be  o v e r c o m e  b y  
u s i n g  i s o p r o p a n o l  r a the r  t h a n  the  F o l c h  e x t r a c t i o n  m e t h o d .  T h e  F o l c h  
e x t r a c t i o n  m e t h o d  fails to ex t r ac t  t he  m o r e  po la r  l y so l ec i th in ,  w h i c h  is a 
d e c o m p o s i t i o n  p r o d u c t  w h i c h  r e su l t s  f r o m  storage.  

P r e v i o u s  a u t h o r s  h a v e  r e p o r t e d  a l t e r a t i ons  in  b i le  ac id  p a t t e r n s  b y  
d i e t a ry  p s y l l i u m  h y d r o c o l l o i d  a n d  l i g n i n  in  a n i m a l s  a n d  h u m a n s  (3, 4, 5). 
S u c h  effects  h a v e  n o t  b e e n  d e m o n s t r a t e d  in  the  g r o u p  s t u d i e d  here .  T h i s  is 
in  acco rd  in  pa r t  w i t h  t he  r e su l t s  of H e a t o n  (7) for l i gn in .  
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T h e  r e a s o n s  m a y  be  m e t h o d o l o g i c a l :  w e  u s e d  gas  l i q u i d  c h r o m a t o g r a -  
p h y  w h e r e a s  t h e  o t h e r  a u t h o r s  u s e d  t h i n  l aye r  c h r o m a t o g r a p h y  to s e p a r a t e  
t h e  t w o  b i le  a c id s  c h e n o d e o x y c h o l i c  a n d  d e o x y c h o l i c  acid.  C l ea r  sepa ra -  
t i o n  of t h e s e  t w o  is i m p o r t a n t  a n d  m a y  be  ea s i e r  u s i n g  gas  l i q u i d  c h r o m a -  
t o g r a p h y .  T h e r e  m a y  b e  s p e c i e s  d i f f e r e n c e s  w i t h  d i f f e r e n t  b i l i a ry  l i p id  
m e t a b o l i s m  in  m a n ,  t h e  ra t  a n d  t h e  h a m s t e r .  I n  t h e  a n i m a l  e x p e r i m e n t s  
t h e  l i g n i n  a n d  p s y l l i u m  s e e d  h u s k  w e r e  g i v e n  as 4-5% of t h e  diet .  I t  is 
u n l i k e l y  t h a t  6 g of l i g n i n  or  30 g of  i s p a g h u l a  r e a c h  t h a t  p r o p o r t i o n  of t h e  
d i e t s  in o u r  sub j ec t s .  H o w e v e r ,  B e h e r  (4) o b t a i n e d  e f f ec t s  on  t h e  d e o x y -  
cho l i c  a c i d  p o o l  w i t h  12 g /day .  

W h e r e a s  o t h e r  a u t h o r s  h a v e  b e e n  a b l e  to m o d i f y  t h e  b i l i a ry  b i l e  ac id  
c o m p o s i t i o n  u s i n g  l i g n i n  a n d  p s y l l i u m  s e e d  husk ,  w e  h a v e  b e e n  u n a b l e  to 
a c h i e v e  s u c h  c h a n g e .  

Summary  

Animal exper iments  suggest that supplementing the diet with either psyllium 
seed husk or lignin alters the ratio of deoxycholic acid to chenodeoxycholic  in bile. 
In this study dosages of psyllium seed husk or lignin acceptable to patients with 
gallstones do not appear to alter the relative amounts of cholesterol, or individual 
bile acids in the bile. 

Zusammenfassung 

Die Ergebnisse yon Experimenten mit Tieren fs zu der Feststellung, dab 
ein F~tterungszusatz yon entweder Psyllium-Samenkernen oder Lignin das Ver- 
h~iltnis yon Desoxychols~ure zu Chenodesoxychols~iure in der Galle ~indert. In 
dieser Untersuchung scheint bei Patienten nait Gallensteinen eine akzeptable Dosis 
yon Psyllium-Samenkernen oder Lignin die relativen Mengen yon in der Galle 
befindlichem Cholesterin oder den einzeln verschiedenen Gallens~uren nicht zu 
~ndern. 
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