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THE EFFECTS OF PRIMARY BILE ACIDS ON THE HEPATIC 

SYNTHESIS OF CHOLESTEROL IN THE FEMALE RAT

CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW

Chenodeoxycholic ac id  (CDCA) has r e c e n t l y  been repor ted to be 

e f f e c t i v e  in  decreasing the l i t h o g e n i c  p o te n t ia l  o f  human b i l e  (1) and 

in  d i s s o lv i n g  human c h o le s te ro l  g a l ls to n e s  (2 -3 ) .  However, p o te n t i a l  

s id e - e f f e c t s  t h a t  accompany the a d m in is t r a t i o n  o f  t h i s  b i o l o g i c a l  com

pound to g a l l s t o n e  p a t ie n ts  have no t  y e t  been es tab l ished  (3 -4 ) .  C u r ren t ly ,  

on ly  a few c l i n i c a l  s tud ies  have been repor ted  (2 -3 ) ;  evidence is  i n s u f f i 

c ie n t  to  in d ic a te  p o s i t i v e  the rapeu t i c  e f f e c t s  o f  t h i s  drug. Notably 

lack ing  are any s tud ies  th a t  reveal  whether CDCA might a l t e r  the regu

la t i o n  o f  va r ious  b i o lo g i c a l  systems. In the i n v e s t i g a t i o n  descr ibed in 

t h i s  th e s is ,  the e f f e c t s  o f  CDCA and c h o l i c  ac id  (CA) on the hepa t i c

synthes is  o f  c h o le s te ro l  and re la te d  neu t ra l  l i p i d s  in  the female ra t

were s tud ied .

In l i v e r ,  smooth endoplasmic r e t i c u lu m  is  the major s i t e  f o r  de 

novo synthes is  o f  c h o le s te ro l  (5 ) .  A l l  enzymes requ i red  f o r  c h o le s te ro l  

syn thes is  are loca ted in  the microsomal f r a c t i o n .  In r a t  l i v e r ,  the max

imal ra te  o f  c h o le s te ro l  syn thes is  i n v i  t r o  requ i res  the 105,000 x g

supernatant  f r a c t i o n ,  which con ta ins  n o n c a ta l y t i c  s te ro l  c a r r i e r  p ro te in



(sep) ( 6 ) .  Sea l len a_L. (6) c la im  SCP to  be nondîa lyzab le ,  h e a t - l a b i l e  

and d e s t r u c t i b l e  by t r y p s i n ;  supposedly,  i t  is der ived from endoplasmic 

re t i cu lu m  and y i e l d s  a p r o t e in  peak on Sephadex chromatography. R i t t e r  

and Dempsey (7-8 )  r e p o r t  t h a t  SCP is a h e a t - s ta b le  p r o te in  and t h a t  cho le 

s t e r o l  precursors are metabo l ized markedly f a s te r  i f  they are bound w i th  

SCP than i f  they are i n i t i a l l y  unbound.

Cho les tero l  is  synthes ized from a s imple p recursor ,  acetyl-CoA 

(9 ) .  Acetyl-CoA undergoes successive condensat ions w i th  o ther  acetyl-CoA 

molecules to  form 3 -hyd roxy -3 -m e thy lg lu ta ry l -CoA  (HMG-CoA), which is 

converted to  HMG-S-Enzyme (F igure  1). Then 2 moles o f  NADPH are u t i l i z e d  

f o r  convers ion o f  HMG-S-Enzyme to mevalonic ac id  by HMG-CoA reductase. 

Compounds formed p r i o r  to mevalonic ac id  may en te r  m u l t i p l e  metabo l ic  

pathways, w h i le  compounds subsequent to  mevalonic ac id  are s p e c i f i c  p re 

cursors  f o r  c h o le s te ro l  syn thes is ,  in  the presence o f  magnesium ion and 

3 moles o f  ATP, mevalonic ac id  is  pyrophosphory la ted a t  the 5 - p o s i t i o n  

and phosphory la ted a t  the 3 - p o s i t i o n  to form 3-phospho-5-pyrophospho- 

mevalonate.  This is then converted to  isopenteny l-pyrophosphate  a f t e r  

deca rboxy la t ion  and removal o f  the phosphate group a t  the 3 - p o s i t i o n .

The a c t io n  o f  isomerase turns isopenteny l -pyrophosphate  in to  d im e thy l -  

a l l y l - p y ro p h o s p h a te .  Head-to-head condensat ion o f  isopen teny l -pyrophos

phate and d im e th y la l l y l - p y ro p h o s p h a te  forms geranyl-pyrophosphate .  This 

condenses ( h e a d - t o - t a l l ) w i t h  isopentenyl -pyrophosphate  to form f a r n e s y l -  

pyrophosphate.  Squalene is made by t a i l - t o - t a i l  condensat ion o f  two f a r 

nesyl -pyrophosphate molecules a t  the expense o f  NADPH (F igure 2) .  Mole

c u l a r  oxygen is  used to  convert  squalene to  squa lene-2 ,3 -ox ide .  Lanostero l  

is  formed a f t e r  c y c l i z a t i o n  o f  squa lene-2 ,3 -ox ide  and rearrangement o f
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methyl groups a t tached to  the C and D r in g s .  I t  appears t h a t  there  are 

more than two pathways f o r  the fo rmat ion  o f  c h o le s te ro l  f rom la n o s te r o l .  

However, the two pathways shown in  Figure 3 are supported by most o f  the 

evidence (10) .

There are two r a t e - l i m i t i n g  steps in  the c h o le s te ro l  b i o s y n t h e t i c  

pathway. One o f  them is HMG-CoA reductase, which ca ta lyzes  the convers ion 

o f  HMG-CoA to  mevalonic ac id .  Al though the s i t e  o f  the second r a t e - l i m i t 

ing step has not  been def ined e x a c t l y ,  there is  general agreement th a t  

i t  appears to  be between lanos te ro l  and c h o le s te ro l  (10-12) .  According 

to  a recent r e p o r t ,  t h i s  second r a t e - l i m i t i n g  step is  i n h i b i t e d  by var ious  

s t e r o id s ,  in c lu d in g  s t e r o id  hormones (11) .  A lso ,  3 -h y d roxy -3 -m e thy lg lu -  

t a r i c  ac id  has r e c e n t l y  been repor ted  to be a p o te n t i a l  i n h i b i t o r  f o r  

c h o le s te ro l  syn thes is  in  the l i v e r  and in  the i n t e s t i n e  in  some species ,  

such as the r a t  ( 13) .

D ie ta ry  c ho les te ro l  i s  absorbed from the i n t e s t i n a l  lumen w i t h  

the a id  o f  b i l e  s a l t s .  I n t e s t i n a l  abso rp t ion  o f  c h o le s te ro l  is  enhanced 

more e f f i c i e n t l y  by tau r ine -con juga te d  b i l e  s a l t s  than by the c o r re s 

ponding g lyc ine -con jug a te d  b i l e  s a l t s  (14) .  Yet,  the i n t e s t i n a l  reab

s o r p t io n  o f  t a u r ine -c on juga te d  b i l e  s a l t s  is  much poorer than t h a t  o f  

g l y c ine -c on jug a te d  b i l e  s a l t s  o r  unconjugated b i l e  ac ids  (15-16) .  I n 

t e r e s t i n g l y ,  the ta u r in e  o r  g l y c in e  con jugates o f  d ihydroxy  b i l e  acids 

p lay  a spec ia l  r o le  in  the e s t é r i f i c a t i o n  o f  the s t e r o l  du r ing  i n t e s t i n a l  

abso rp t ion  (14).

F o u r - f i f t h s  o f  hepa t i c  c h o le s te ro l  and tw o - th i r d s  o f  plasma 

c h o le s te ro l  are e s t e r i f i e d  w i t h  f a t t y  a c id  a t  the 3 -hydroxy l  group (1?) ,  

whereas more than 95% o f  b i l i a r y  c h o le s te ro l  is  f re e  (18) ,  B i l i a r y  sec re -
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t i o n  o f  f re e  c h o le s t e r o l ,  exc lud ing  c h o le s te ro l  e s te r ,  may r e la te  to  

d i f fe re n c e s  in  m ic e l l a r  s o l u b i l i t y .  A l t e r n a t i v e l y ,  the exp lana t ion  may 

be th a t  most o f  the c h o le s te ro l  in  l i v e r  c e l l  membranes is  u n e s te r i f i e d  

( 19) .  However, there is  a p o s s i b i l i t y  th a t  e s t e r i f i e d  c h o le s te ro l  is  

secreted i n t o  b i l e  and is  r a p id l y  reabsorbed (20).

Hepat ic,  plasma, and b i l i a r y  cho les te ro l  are in  rap id  i s o to p ic  

e q u i l i b r i u m  (21).  They c o n s t i t u t e  the major p o r t i o n  o f  the ra p id l y  ex

changing c ho les te ro l  poo l ,  p a r t  o f  which is  a lso  c o n t r i b u te d  by the small 

i n t e s t i n e  in the human (22) ,  the baboon ( 23) ,  and the s q u i r r e l  monkey 

(24).  In the human, the mean s ize  o f  t h i s  r a p id l y  exchanging c h o le s te ro l  

pool is about 28 grams ( 25) .  However, there is  no r e l a t i o n s h i p  between 

the c ho les te ro l  concen t ra t ions  in  b i l e  and in  serum (26) .

D ie ta ry  f a t s  have an e f f e c t  on the serum c h o le s te ro l  concen

t r a t i o n .  In man, the s e ru m -c h o le s te r o l - r a i s i n g  e f f e c t  o f  sa tu ra ted  f a t t y  

acids w i th  12 to 16 carbon atoms is  twice as g re a t  as the serum-chole- 

s t e r o l -dépress ing e f f e c t  o f  the po lyunsa tu ra ted  f a t t y  ac ids ( 27) .  Satu

rated f a t t y  acids w i t h  fewer than 12 carbon atoms and s t e a r i c  ac id ,  which 

do not a f f e c t  serum c h o le s te ro l  c oncen t ra t ion ,  e leva te  serum t r i g l y c e r i d e  

concen t ra t ion  ( 27) .

B i le  ac ids are the major c a ta b o l i c  and e x c re to ry  products o f  

c ho les te ro l  (28-29) .  Hepat ic synthes is  o f  b i l e  acids f rom cho les te ro l  

c o n t r ib u te s  more than one h a l f  o f  the t o ta l  c h o le s te ro l  ca tabo l ism (30). 

The major b i l e  ac ids found in  human b i l e  are the g l y c i n e ; t a u r i n e  (=3:1) 

conjugated d e r i v a t i v e s  o f  c h o l i c ,  chenodeoxychol ic,  and deoxycho l ic  acids 

( 30) in  the approximate p ropo r t ion s  o f  40 :40:20 w i th  o n ly  t racé  amounts 

o f  l i t h o c h o l i c  ac id  (31-32) .  B i le  ac id  composi t ion d i f f e r s  in  d i f f e r e n t
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species;  i t  a lso  va r ie s  a t  d i f f e r e n t  developmental stages w i t h i n  species

(33) .

in  the hepa t ic  syn thes is  o f  pr im ary  b i l e  ac ids ( c h o l i c  ac id  and 

chenodeoxychol ic ac id )  f rom c h o le s t e r o l ,  the i n i t i a l  s tep invo lves hydroxy

l a t i o n  o f  the s t e r o i d  nucleus a t  the 7 - p o s i t i o n .  There are two a l t e r n a t i v e  

pathways in  the smooth endoplasmic re t i cu lu m .  The 1 2 -p o s i t io n  o f  the 

s t e r o id  nucleus can be f u r t h e r  hydroxy la ted  in  the c h o l i c  ac id  pathway 

to  form 5 P -c h o le s ta n e - }a ,7 2 ,1 2 % - t r io l  (F igure  4 ) .  A l t e r n a t i v e l y ,  the 

s t e r o id  nucleus can d i r e c t l y  undergo change to  form 58-cho les tane-3a ,7&-  

d i o l  v ia  the chenodeoxychol ic a c id  pathway (F igure  5) .  O x ida t ion  o f  the 

s id e -c h a in  begins w i t h  h y d ro x y la t io n  a t  the 2 6 -p o s i t i o n  in m i tochondr ia  

and c y to s o l .  However, in  the human (F igure  S )> chenodeoxychol ic ac id  can 

a lso  be syn thes ized from 26-hyd roxycho les te ro l  (34) ,  whereas t h i s  is  not 

t rue  f o r  c h o l i c  ac id  syn thes is  (34).  Microsomal enzymes conve r t  b i l e  acids 

to  t h e i r  CoA d e r i v a t i v e s ;  then the carboxyl  groups o f  b i l e  acids undergo 

con juga t ion  w i t h  the amino groups o f  e i t h e r  g l y c in e  or  ta u r in e  to  form 

a pept ide l inkage.  This con juga t ing  re a c t io n  takes place in  microsome and 

is  f a c i l i t a t e d  by lysosomal con juga t ing  enzymes (35).

B i le  s a l t s  are necessary f o r  s o l u b i l i z a t i o n  o f  l e c i t h i n  (36) ,  

and l e c i t h i n ,  in  t u rn ,  is  requ i red  f o r  d i s s o lv i n g  the q u a n t i t i e s  o f  

c h o le s te ro l  found in  b i l e  (37) .  Choles te ro l  is r e a l l y  s o l u b i l i z e d  in 

mixed m ic e l le s  formed by b i l e  s a l t s  and l e c i t h i n  (38) .  The type o f  f a t t y  

ac id  in  the l e c i t h i n  and the type o f  b i l e  ac id  found in  the m ic e l l e  can 

a f f e c t  the ch o ie s t e r o l - s o l u b i 1i z i n g  capa c i ty  o f  the m ic e l l e .  The c ho le 

s t e r o l - h o l d i n g  capac i ty  is h ighe r  i f  the l e c i t h i n  conta ins  po lyunsa tu ra 

ted f a t t y  ac id  than i f  the l e c i t h i n  conta ins  sa tu ra ted  f a t t y  ac id  (39) .



NAMES OF COMPOUNDS DESIGNATED BY ROMAN 

NUMERALS IN FIGURE 4 (OPPOSITE)

I ------  Cho les te ro l

1 1  ya-Hydroxychole s te ro l

I I I  ------  7o“ Hydroxycho les t-4 -ene-3-one

IV ------  7 # , 12#-D ihydroxycho les t-4 -ene-3-one

V ------  7a,12&-D ihydroxy-5B-cho les tan-3 -one

VI ------  3a ,7a ,12a -T r ihyd roxy -5p -cho les tane

VII  - — -  3a ,7a ,12a ,26-Te t rahydroxy -Sp-cho les tane  

V I I I  — — 3 a ,7 a ,12 a -T r ihyd roxy -5 P -cho les ta no ic  ac id  

IX — — 3a,7a, 12o'-Tr ih yd ro xy -5 3 “ cholestanoyl -CoA 

X - - - -  Cholyl -CoA 

XIa - — -  G lycocho la te  

XIb — — Taurochola te  

XII  -  7a, 12a-D ihyd roxycho les te ro l  

X I I I  — -  3a ,7a-D ihydroxy-5P-cho les tane



'♦OH (V)

••OH (VI I )

I

CHaOH

COOH

c-C«A

‘•OM (X)

A -  —  A
(XIa) <3lj(cinft Tftvring

Figure 4. Conversion o f  c h o le s te ro l  to  g lycocho la te  and 
tau rocho la te .



NAMES OF COMPOUNDS DESIGNATED IN ROMAN 

NUMERALS IN FIGURE 5 (OPPOSITE)

I ------  Choles te ro l

I I  Tof-Hydroxycho les t e ro l

I I I  ------  7#-Hydroxycholes t-4-ene-3-one

IV ------ 3a ,7#-0 ihydroxy -5P-cho les tane

V - - — 3a ,7a ,26 -T r ihyd roxy -53 -cho les tane

V I ------  3a ,7a -D ihyd roxy -5P-cho les tano ic  ac id

V I I  Chenodeoxychol ic ac id

V I I I  ------  26-Hydroxycho les te ro l

IX  ----- 7 a , 26-D ihyd roxycho les te ro l

X ------  7 a , 26-D ihydroxycho les t -4 -ene -3 -one
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hoHO

HO HO

I

OH

I 1 f

MO" •OH

I
COON OOH

(VI) HO*

Figure 5* Conversion o f  c ho les te ro l  to  chenodeoxychol ic ac id .



There is  a h igher  cho ies t e r o l - s o l u b i 1Î z ing  capac i ty  f o r  the m ic e l le  

formed by d ihy d rox y la ted  b i l e  acids (chenodeoxycho l ic ac id  and deoxycho

l i c  ac id )  than f o r  the m ic e l le  formed by t r i h y d r o x y la te d  b i l e  acids 

( c h o l i c  ac id )  (16) .  Choles te ro l  s a t u r a t i o n  o f  75-90% is normal in  human 

b i l e  (40).  A g a l l s t o n e  may be formed by the p r e c i p i t a t i o n  o f  c h o le s te ro l  

in  b i l e .  Choles te ro l  p r e c i p i t a t i o n  may r e s u l t  f rom changes in  r e l a t i v e  

concen t ra t ions  o f  c h o le s t e r o l ,  b i l e  s a l t s ,  and l e c i t h i n .

Hepat ic syn thes is  and s e c re t io n  o f  b i l e  ac id  and l e c i t h i n  i n t o  

b i l e  is determined by the q u a n t i t i e s  o f  b i l e  s a l t s  in  the en te rohepa t ic  

c i r c u l a t i o n  (41).  These q u a n t i t i e s ,  in  t u rn ,  depend on the i n t e s t i n a l  

reabsorp t ion  o f  b i l e  s a l t s .  G lyc ine (pK = 4) and tau r ine -con juga tes  

(pK = 2),  which are s t ronger  ac ids than f re e  b i l e  ac ids (pK = 6 ) ,  are 

f u l l y  ion ized a t  j e j u n a l  pH. V i r t u a l l y ,  no j e j u n a l  abso rp t ion  o f  con

juga ted  b i l e  s a l t s  occurs except f o r  g lyc ine -con jug a te d  d ihydroxy  b i l e  

ac ids ( l 6 ) .  Free b i l e  ac ids ,  which are presen t  on ly  in  disease s ta te s ,  

can be absorbed pas s iv e ly  throughout  the in t e s t i n e s  (20).  In a normal 

human co lon,  i n t e s t i n a l  b a c te r ia  can deconjugate and remove the 7#- 

hydroxyl  group, conve r t in g  pr imary b i l e  s a l t s  i n t o  the secondary b i l e  

s a l t s ,  deoxycholate and l i t h o c h o la t e  (42) (F igure  6 ) .  Deoxycholatè is 

absorbed in  p a r t  by passive d i f f u s i o n  as w e l l  as by a c t i v e  i l e a l  t r a n s 

p o r t ;  l i t h o c h o l a t e ,  which is  the leas t  s o lub le  in  wa te r ,  is  excreted in  

the feces (16) .  The reabsorbed b i l e  ac ids are re tu rned  v ia  the p o r ta l  

c i r c u l a t i o n  to  the l i v e r ,  where they are recon jugated w i th  g ly c in e  or 

t a u r in e  and are incorpora ted  i n t o  the c i r c u l a t i n g  b i l e  ac id  pool (43-44) .  

The l i v e r  is  able to  remove b i l e  ac ids complete ly  from p o r t a l  b lood in  

one hepa t ic  passage (45).  The d a i l y  loss in  the feces o f  a smal l f r a c t i o n
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d i® ’
( I )

OOH ! I l l X  CODM

( I I )

(VI I )

H

(VI11)

( IV)

jX pC loO H

OOH COOH

Figure 6. The main m e ta bo l i te s  o-f the pr imary  b i l e  ac ids  formed 
by the a c t io n  o f  i n t e s t i n a l  microorganisms. I -  Cho l i c  Ac id ;  I I — Deoxy
c h o l i c  Ac id ;  I I I -  l2a -Hydroxy -5P-cho lan -3 -one-24 -o ic  A c id ;  IV- 3P,12#-D i-  
hydroxy-5P-cho lano ic  Ac id ;  V- 3a -Hyd roxy -5P -cho lan - l2 -one-24 -o ic  Ac id ;
V I -  3P“ Hydroxy-5P-choIan-12 -one -24 -o ic  A c id ;  V I I -  Chenodeoxycholic Ac id ;  
V I I I -  L i t h o c h o l i c  Ac id ;  IX -  5P<-Cholan"3-one-24-oic A c id ;  X- 33-Hydroxy- 
5p“ cho lano ic  Ac id .
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o f  the t o t a l  b i l e  ac id  pool i s  replaced by the hepa t i c  s yn thes is .  This 

syn thes is  o f  b i l e  ac ids from c h o le s te ro l  causes the b i l e  ac id  pool to 

remain cons tant  (30).

Coronary hea r t  d isease is re la te d  to  a t h e r o s c le ro s is ,  which,  in  

tu rn ,  is assoc ia ted  w i th  an e leva ted  leve l  o f  serum c h o le s t e r o l .  Chole

l i t h i a s i s  is a disease w i th  a r e l a t i v e  excess o f  b i l i a r y  c h o le s t e r o l .  In 

the human, hype rcho les te ro lem ia  is assoc ia ted w i t h  decreased b i l e  ac id  

s e c re t io n ,  w h i le  a combinat ion o f  hypercho les te ro lem ia  and a h y p e r t r i 

g lyce r idem ia  is  assoc ia ted  w i t h  increased b i l e  ac id  s e c r e t io n  (46) .

Therefore,  i f  a p a t i e n t  o r  an animal is t re a te d  w i th  e i t h e r  

chenodeoxychol ic ac id  o r  c h o l i c  ac id ,  and i f  e i t h e r  b i l e  ac id  cou ld  

augment hepa t ic  syn thes is  o f  c h o le s te ro l  and o the r  neu t ra l  l i p i d s ,  what 

w i l l  be the fa te  o f  the increased q u a n t i t y  o f  c h o le s te ro l  t h a t  might  be 

synthes ized dur ing  b i l e  ac id  t rea tment? W i l l  i t  be exc re ted  in  the feces 

o r  deposi ted on the a r t e r i a l  w a l l s  to  form a t h e r o s c l e r o t i c  plaques and 

e v e n tu a l l y  lead to  coronary he a r t  disease?



CHAPTER 11 

MATERIALS AND METHODS 

M a te r ia ls  

Animals

A d u l t  female ra ts  o f  the Stanley-Gumbreck s t r a i n  o f  K in g -H o l t z -  

man hyb r id  species were purchased from the I n te r n a t i o n a l  Foundat ion f o r  

the Study o f  Rat Genet ics and Rodent Pest Con t ro l ,  Oklahoma C i ty ,  Oklahoma.

Chemicals

[ C a r b o x y l - i * C ] - c h o l i c  ac id  [ s p e c i f i c  a c t i v i t y :  3.3 mCi/mmole],

iod ine ,  KCl, KHgPO^, and NaHCOg were products o f  Mai 1in ck rod t  Chemical 

Works, St . Louis,  M issou r i .

NagHPO^, d i e th y l  e the r ,  and pet roleum e the r  (bp 30-60°) were 

bought from Baker Chemical Company, P h i11ipsburg.  New Jersey.

S i l i c a  gel H was purchased from E. Merck A. G., Darmstadt,

Germany.

Chenodeoxycholic ac id  (A grade) was bought from Calbiochem,

San Diego, C a l i f o r n i a .

Toluene was obta ined from Eastman Kodak Company, Rochester,

New York.

PPO (2 ,5 -d ip h e n y lo x a z o le ) ,  POPOP ( l , 4 - b i s - [ 2 - ( 4 - m e t h y 1 - 5 - p h e n y l -  

o x a z o ly 1 ) ]-benzene),  and T r i t o n  X-100 ( s c i n t i l l a t i o n  grade) were purchased 

from Packard Ins trument  Company, Downers Grove, I l l i n o i s .

14
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MgClg, MgSO^, GSH (reduced form),  D(+)-glucose,  G-6-P (D-glucose-  

6-phosphate) ,  ATP (a d e n o s in e -5 ' - t r i p h o s p h a te ) ,  NADH (n ico t inam ide  adenine 

d in u c ie o t id e ,  reduced form, d ipotass ium s a l t ) ,  NADPH (n ico t inam ide  adenine 

d in u c le o t id e  phosphate, reduced form, te trasod ium s a l t ) ,  sodium cho la te ,  

and l i p i d  standard ( c on ta in ing  20 mg each o f  c h o le s te r o l ,  c h o le s te ry l  

o le a te ,  o l e i c  ac id ,  o l e i c  ac id  methyl e s te r ,  and t r i o l e i n )  were bought 

from Sigma Chemical Company, St.  Lou is,  M issou r i .

[2 - i *C ] -S od ium  aceta te  [ s p e c i f i c  a c t i v i t y :  55.5 mCi/mmole] was

obta ined from I n te rn a t i o n a l  Chemical and Nuclear Corpora t ion,  I r v i n e ,

Cal i  f o r n ia .

[2 -^^C]-DL-Meva lon ic  ac id  (N ,N ' -d ibenzy le thy lened iam ine  s a l t )  

[ s p e c i f i c  a c t i v i t y :  ac id ,  6.33 mCi/mmole; s a l t ,  12.66 mCi/mmole], Aqua-

s o l ,  and Protoso l  were purchased from New England Nuclear Corpora t ion,  

Boston, Massachusetts.

NaCl, methanol ,  ch loro fo rm,  g l a c ia l  a c e t i c  ac id .  C e l i te ,  KOH, 

and NaOH were bought from Fisher  Chemical Company, Fa i r  Lawn, New Jersey.

P e n i c i11 in -s t re p to m yc in  s o l u t i o n  (5000 u n i ts  p e n i c i l l i n  and 5000 

pg s t rep tomyc in  per ml) was ob ta ined from Grand Is land  B io lo g ic a l  Company, 

Grand Is land ,  New York.

Methods

C e l i te was suspended in d i s t i l l e d  wate r  to  make 20 mg C e l i te 

per ml water suspension.

Chenodeoxycholic ac id  s o l u t i o n  was prepared by d i s s o lv i n g  cheno- 

deoxycho l ic  ac id  in  an equ iva len t  q u a n t i t y  o f  sodium hydroxide s o l u t i o n .

The s o lu t i o n  was then ad jus ted to  pH 7.5 and d i l u t e d  w i th  d i s t i l l e d  water  

(pH 7. 5) .  E ight  d i f f e r e n t  concen t ra t ions  were prepared, as f o l l o w s :  0.02 M,
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0.04 M; 0.08 M, 0.12 M, 0.16 M, 0.20 M, 0.40 M, 0.60 M.

Cho l ic  ac id  s o l u t i o n  was prepared by d i s s o lv i n g  sodium cho la te  

in  d i s t i l l e d  wa ter .  The s o l u t i o n  was then ad jus ted  to  pH 7-5 and d i l u t e d  

w i t h  d i s t i l l e d  water (pH 7 .5 ) .  E ight  d i f f e r e n t  concen t ra t ions  were p re 

pared, corresponding to  those in  the p repa ra t ion  o f  chenodeoxychol ic ac id  

s o lu t i o n .

[ 2 - ^ ^ C]-Sodiurn ace ta te  was d i l u t e d  w i th  d i s t i l l e d  water  to  make

a 45 pCi/ml water  s o l u t i o n  (8.11 x 10 ^  M). [2 -^*C ]-DL-Meva lon ic  ac id

DBE.D s a l t  was d i l u t e d  w i th  d i s t i l l e d  water  to  make a 10 pCi/ml water

-4s o lu t i o n  (15 .8  x 10 M). These were then used f o r  i n j e c t i o n  in the ex

per iments j_n v i v o .

Sodium cho la te  s o lu t i o n s  a t  fou r  d i f f e r e n t  concen t ra t ions  

(5 X 10"3 M, 15 X 10"3 M, 50 X 10"^ M, and 150 x lO” ^ M, one ml o f  each 

s o lu t i o n  c on ta in in g  approx imate ly  5-8 pCi [ c a r b o x y l - ^ * C ] - c h o l i c  ac id )  

were prepared by m ix ing  sodium cho la te  and [ c a r b o x y l C ] - c h o l a te in 

d i s t i l l e d  water .  The s p e c i f i c  a c t i v i t y  o f  each prepared s o l u t i o n  was 

determined, as f o l l o w s :  2,288,000 dpm/pmole, 826,400 dpm/pmole, 228,680 

dpm/pmole, 101,787 dpm/pmole f o r  5 x 10 ^ M, 15 x 10 ^ M, 50 x 10 ^ M,

150 X 10 M cho la te  s o l u t i o n s ,  r e s p e c t i v e ly .  These s o lu t i o n s  were then 

used fo r  i n t r a p e r i t o n e a l  i n j e c t i o n  in the exper iments f o r  de termin ing 

the e f f e c t s  o f  d i f f e r e n t  doses on ra te  o f  i n c o rp o ra t io n  o f  In jec ted  

cho la te  i n t o  l i v e r  and i n t e s t i n a l  contents .

A l l  hypo ton ic  s o lu t i o n s  used f o r  i n j e c t i o n  had been adjus ted 

to  i s o to n i c  leve l  (0 .14 M) w i th  O.56 M s a l i n e  be fore  they were used f o r  

i n j e c t i o n  in  the experiments in v i v o .

The m od i f ied  Hank's s o l u t i o n  was prepared by d i s s o lv i n g  8OOO mg
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NaCl, 400 mg KC1, 100 mg MgSO^.yHgO, 100 mg MgClg.ôHgO, 60 mg KHgPO^,

60 mg NagHP04. 2HgO, 1000 mg D(+)-g lucose,  and 350 mg NaHCOg in  d i s t i l l e d  

water  to  make 1 l i t e r .  The s o l u t i o n  was ad jus ted  to  approx im ate ly  pH 10- 

11 w i th  potassium hydrox ide s o l u t i o n .  This y ie ld e d  a pH o f  7*5 to  7*6 

in  the 7,000 x g l i v e r  supernatant  f r a c t i o n  a t  0°. The s o l u t i o n  was kept 

i c e - c o ld  f o r  l a t e r  use.

The l i p i d  s tandard was d i l u t e d  w i t h  to luene/methanol  (9 /1 )  to 

make 10 ml s tock  s o l u t i o n .

The compos i t ion o f  the s c i n t i l l a t i o n  f l u i d  was as f o l l o w s :  7 9 

PPO, 0 .35 ,9  POPOP, 333 ml T r i t o n  X-100, and 667 ml to luene.

Experiments In Vi t r o

Prepa ra t ion  o f  7,000 x g l i v e r  supernatant  f r a c t i o n . A r a t ,  

weigh ing about 150 g, was decap i ta ted  w i t h  one s t rok e .  The l i v e r  was 

q u i c k l y  exc ised,  weighed, and r insed  two to three t imes in  i c e -c o ld  

mod i f ied  Hank's s o l u t i o n .  The l i v e r  t i s s u e  was then minced and homogenized 

in the i c e -c o ld  m od i f ied  Hank's s o l u t i o n ,  a t  a r a t i o  o f  one p a r t  o f  f resh  

l i v e r  t issue  (by w e igh t )  to three p a r ts  o f  m od i f ied  Hank's s o l u t i o n  (by 

volume),  w i th  a Ten-Broeck homogenizer a t  medium speed f o r  three to  fou r  

complete s t rokes .  The homogenate was then sub jec ted  to  c e n t r i f u g a t i o n  a t

9.000 rpm (7,000 x g) f o r  20 minutes in  the Spinco r o to r  #30. The r e s u l t i n g

7.000 X g l i v e r  supernatant  f r a c t i o n ,  which conta ined both microsomal and 

s o lu b le  f r a c t i o n s ,  was decanted and r e f r i g e r a t e d  f o r  l a t e r  use. The p ro 

cessing  y ie lde d  3 ml o f  7,000 x g l i v e r  supernatant  f r a c t i o n  per gram o f  

f resh  l i v e r  t i s sue .

Incu b a t io n . B a c te r ia l  a c t i o n  dur ing  in cuba t ion  was prevented 

by adding p e n i c i 11 in -s t re p to m y c in  s o l u t i o n  to  the in cuba t ion  m ix tu re .
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The volume o f  p e n i c i 11 in -s t re p to m y c in  s o l u t i o n  used was approx imate ly  

1% o f  the f i n a l  incuba t ion  volume (20 u n i t s  p e n i c i l l i n  and 20 pg s t r e p t o 

mycin per i n c u b a t io n ) .

In exper iments w i th  ^ *C -ace ta te  as a p recu rso r ,  each incuba t ion  

m ix tu re  conta ined 2.8 x 10 ^ moles NADH, 2 .4  x 10 ^ moles NADPH, 11.7 x 

10 ^ moles ATP, 7» 1 x 10 ^ moles G-6-P, 0.45 |iCi o f  [2 -^ *C ]-sod ium  aceta te  

(55*5 mCi/mmole), 0.3 ml 7,000 x g l i v e r  supernatant  f r a c t i o n ,  and 5 pi  

o f  e i t h e r  sodium chenodeoxycholate or  sodium cho la te  s o l u t i o n  a t  one o f  

the e i g h t  d i f f e r e n t  concen t ra t ions  l i s t e d  in  the e a r l i e r  p a r t  o f  the 

methods s e c t io n .  In c o n t ro l  p repa ra t io ns ,  5 p i  b i l e  ac id  s o l u t i o n  was 

om i t ted ,  and ins tead,  5 pi  d i s t i l l e d  water  was added to  each incuba t ion  

m ix tu re .  F ina l  incuba t ion  volume was 360 p i ,  and f i n a l  in cuba t ion  pH 

was 7-5-

In exper iments w i th  C-mevalonate as a p recu rso r ,  each incu 

b a t io n  m ix tu re  conta ined 7 x lO” ^ moles NADH, 6 x 1Q~^ moles NADPH,

4 .5  X 10"7 moles ATP, 17.8 x l o ” ^ moles G-5-P, 35-2 x lo "?  GSH, 0.045 pCi 

o f  [ 2 - ^ ^ C]-DL-mevalonic ac id  (6.33 mCi/mmole), 0.3 ml 7,000 x g l i v e r  

supernatant  f r a c t i o n ,  and 5 pi  o f  e i t h e r  sodium chenodeoxycholate or  

sodium cho la te  s o l u t i o n  a t  one o f  the e i g h t  d i f f e r e n t  concen t ra t ions  

l i s t e d  in  the e a r l i e r  p a r t  o f  the methods s ec t ion .  In con t ro l  Prepara t ions ,  

5 p i  b i l e  ac id  s o l u t i o n  was om i t ted ,  and ins tead,  5 p i  d i s t i l l e d  water 

was added to  each incuba t ion  m ix tu re .  F ina l  in cuba t ion  volume was 360 p i ,  

and f i n a l  in cuba t ion  pH was 7*5

Each incuba t ion  m ix tu re  was conta ined in  a 20 ml t e s t  tube, 

covered w i th  aluminum f o i l .  A l l  incubat ions  were c a r r i e d  ou t  in  a water  

bath (made by P rec is ion  S c i e n t i f i c ,  Subs id ia ry  o f  GLA Corpora t ion,
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Chicago, I l l i n o i s )  a t  37°C f o r  20 hours,  shaken a t  a speed o f  100 rpm.

E x t r a c t i o n . A t  the end o f  the incuba t io n  pe r iod ,  12 ml c h l o r o 

form; methanol (2 :1 )  was added to  each in cuba t ion  m ix tu re  f o r  e x t r a c t i n g  

t o t a l  l i p i d s .  Each tube was v ig o ro u s ly  mixed f o r  1 minute a t  medium speed 

w i t h  a Po ly t ron  homogenizar (made by Kinematica GMBH, Luzerne, S w i tze r 

land; d i s t r i b u t e d  by Brinkmann Ins truments ,  Westbury,  New York ) .  The 

m ix tu re  was then f i l t e r e d  through Whatman #4l  f i l t e r  paper, and the 

f i l t r a t e ,  which conta ined t o t a l  l i p i d s ,  was comple te ly  d r ied  a t  reduced 

presure a t  room temperature.

A n a l y s i s . The d r ie d  residue was d isso lved  in  80 p i  r e d i s t i l l e d  

ch lo ro fo rm  and app l ied  to  a t h i n - l a y e r  p la te  coated w i th  s i l i c a  gel H.

The l i p i d  standard was a lso  app l ied  to the same t h i n - l a y e r  p la te  f o r  

i d e n t i f y i n g  the p o s i t i o n s  o f  cor responding spots .  The t h i n - l a y e r  p la te  

was developed in  a s o lv e n t  system c o n s is t i n g  o f  petroleum e th e r :  d i e th y l  

e t h e r :  a c e t i c  ac id  (80 :20 :2 )  f o r  25 to 30 minutes.  The p la te  was then 

d r ied  and exposed in  an iod ine  vapor chamber f o r  d e te c t io n  o f  the spots 

o f  c h o le s t e r o l ,  f ree  f a t t y  ac id ,  t r i g l y c e r i d e ,  and c h o le s te r y l  es te r .  

These were scraped i n t o  separate s c i n t i l l a t i o n  v i a l s ,  then 10 ml Aquasol 

were added. The samples were v ig o ro u s ly  shaken and then counted in  a 

Packard T r i  Carb L iq u id  S c i n t i l l a t i o n  Spectrometer.  The data obta ined 

were converted to dpm and then p l o t t e d  ag a in s t  molar concen t ra t ion  o f  

COCA o r  CA.

Uptake o f  I n je c te d  B i le  Ac id  i n to  L iv e r  

and Excre t ion  i n to  I n t e s t i n e

Each animal received an i n t r a p e r i t o n e a l  I n j e c t i o n  o f  labeled 

sodium cho la te  s o l u t i o n  a t  one o f  the fo u r  d i f f e r e n t  concen t ra t ions  f o r
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determin ing  the e f f e c t s  o f  d i f f e r e n t  doses on ra te  o f  i n c o rp o ra t io n  o f  

in je c te d  cho la te  i n to  l i v e r  and i n t e s t i n a l  contents l i s t e d  in  the e a r l i e r  

p a r t  o f  the methods sec t ion .  Each s o l u t i o n  was admin is tered according to 

the body we igh t  o f  the in d iv i d u a l  an imal,  namely 200 p,l per 100 g body 

we igh t.  One hour a f t e r  i n j e c t i o n ,  the r a t  was k i l l e d .  L i v e r , s m a l l  and 

large i n te s t in e s  were removed, r insed in running wa te r ,  and kept in  a 

f ree ze r  f o r  l a t e r  process ing.  The l i v e r  t i s s u e  was weighed, homogenized 

in  d i s t i l l e d  water w i th  a Po ly t ron  homogenizer a t  a r a t i o  o f  approx imate ly  

one p a r t  f resh  l i v e r  t i s s u e  (by we igh t)  to  three par ts  d i s t i l l e d  water 

(by volume).  An a l i q u o t  o f  homogenate ( e q u iv a le n t  to 0.1 g f resh  l i v e r  

we igh t )  was d igested in  1 ml Protosol  a t  55°C o v e rn ig h t  in  a glass s c in 

t i l l a t i o n  v i a l  covered w i th  a p l a s t i c  cap. A t  the end o f  d ig e s t io n ,  10 

ml s c i n t i l l a t i o n  f l u i d  ( c o n ta in ing  T r i t o n  X-100) was added. The sample 

was then mixed we l l  and counted in  a l i q u i d  s c i n t i l l a t i o n  coun ter.  The 

q u a n t i t y  (pmoles), Q, o f  i n je c te d  b i l e  ac id  incorpora ted  i n to  l i v e r  t i s sue  

per 100 g body we igh t,  was c a lc u la te d  accord ing to  the f o l l o w in g  fo rmula ;

, CPM X 100 L.W. X 10 X 100
Q = ----------------  X   Eq. 1

SA X E f f .  B.W.

where CPM is the observed r a d i o a c t i v i t y  (counts per minute) obtained

from 0.1 g l i v e r ;  SA is  the s p e c i f i c  a c t i v i t y  (dpm per pmole) o f  the

cho la te  s o l u t i o n  used f o r  i n j e c t i o n ;  E f f .  is  the coun t ing  e f f i c i e n c y  (%)

f o r  th a t  p a r t i c u l a r  sample, as determined from a quenching curve; L.W.

is the t o t a l  we igh t  (g) o f  l i v e r ;  B.W. Is the body we igh t.  The f i r s t  p a r t

o f  equat ion 1 converts  observed CPM to  pmoles per 0.1 g l i v e r  t i s s u e ;

the second p a r t  normal izes the r e s u l t  to  a bas is  o f  100 g body we igh t.
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A quenching curve was made by p l o t t i n g  the observed count ing  

e f f i c i e n c y  (%) aga ins t  the channel r a t i o .  This exper iment was done by 

prepar ing  a se t  o f  14 samples, each contained 2 ml o f  Protosol  and a 

q u a n t i t y  o f  l i v e r  homogenate (o r  homogenate o f  i n t e s t i n a l  contents) 

eq u iv a le n t  to  300, 275, 250, 225, 200, 175, 150, 125, 100, 75, 50, 30,

10, and 0 mg o f  wet l i v e r  t i s s u e  (or  wet i n t e s t i n a l  con ten ts )  from a 

normal, un t rea ted  a d u l t  r a t .  These samples were contained in  glass s c i n 

t i l l a t i o n  v i a l s  covered w i th  p l a s t i c  caps and d iges ted  a t  55°C ove rn igh t .

A t  the end o f  d ig e s t io n ,  each sample was brought to  a volume o f  2.3 ml 

w i t h  d i s t i l l e d  water.  Then, 4.17 x 10^ dpm o f  ^^C- to luene and 10 ml 

s c i n t i l l a t i o n  f l u i d  were added to each sample. The samples were mixed 

w e l i  before the r a d i o a c t i v i t y  was counted.

The smal l i n t e s t i n a l  contents were squeezed i n to  ta red 25 ml 

graduated c y l i n d e r s ,  weighed, and homogenized in  d i s t i l l e d  water  w i th  

a Po ly t ron  homogenizer, a t  a r a t i o  o f  approx im ate ly  one p a r t  i n t e s t i n a l  

contents  to  fo u r  pa r ts  d i s t i l l e d  water.  Then, an a l i q u o t  o f  the homogenate 

(equ iv a le n t  to  0.1 g i n t e s t i n a l  contents)  was removed and processed in  

the same manner as in  the exper iment f o r  de term in ing  the uptake o f  i n 

j e c te d  b i l e  ac id  i n t o  l i v e r  t i s sue .

The contents  o f  the la rge i n t e s t i n e  between cecum and anus were 

t rea ted  In the same way as the small i n t e s t i n a l  contents .  The fo l l o w in g  

formula was used to  c a l c u la te  the q u a n t i t y  (pmoles),  Q, o f  in jec ted  b i l e  

ac id  excreted i n t o  i n t e s t i n e  per 100 g body we igh t .

CPM X 100 I.C.W. X 10 X 100
Q, =    X . ..     i -  Eq. 2

SA X E f f .  B.W.
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where I.C.W. is the t o t a l  we igh t  (g) o f  i n t e s t i n a l  con ten ts ;  o the r  terms 

are def ined as in  equat ion  1.

In the exper iments to  determine the e f f e c t  o f  t ime on uptake o f  

i n je c te d  b i l e  ac id  i n t o  l i v e r  and i n t e s t i n a l  con ten ts ,  each r a t  received 

an in t r a p e r i t o n e a l  i n j e c t i o n  o f  labe led sodium cho la te  s o l u t i o n  (15 x 10 M) 

a t  a dose o f  200 p i  cho la te  s o l u t i o n  per 100 g body we igh t.  Animals were 

k i l l e d  a t  t ime i n te r v a l s  a f t e r  i n j e c t i o n  o f  30, 60, 90, and 120 minutes.

The l i v e r s ,  small  and la rge  i n t e s t i n a l  contents  were t rea ted  as descr ibed 

above.

Cho les tero l  Synthesis h i  Vivo

P repara t ion  o f  an ima ls . Each animal s im u l taneous ly  received 

i n t r a p e r i t o n e a 1 i n j e c t i o n  o f  e i t h e r  sodium chenodeoxycholate o r  sodium 

cho la te  s o l u t i o n  (a t  a dose o f  e i t h e r  3 x 10 moles o r  10 x 10 moles 

per 100 g body w e igh t )  and one o f  the r a d io a c t i v e  precursors .  The labe led  

precursors  were admin is te red as f o l l o w s :  app rox im a te ly  9 pCi [ 2 - ^ ^ C ] -  

sodium aceta te  (55.5 mCi/mmole) per 100 g body we igh t ,  and 2 pCi [ 2 - ^ * C ] -  

DL-mevalonic ac id  (6.33 mCi/mmole) per 100 g body we igh t.  Control  animals 

received on ly  an in t r a p e r i t o n e a l  i n j e c t i o n  o f  one o f  the labeled p re 

cursors .  One hour a f t e r  i n j e c t i o n ,  animals were k i l l e d .  The ir  l i v e r s  were 

q u i c k l y  exc ised,  weighed, r insed  in  d i s t i l l e d  wa te r ,  and kept in  a f re e z e r  

a t  -10°C.

A n a ly s i s . The l i v e r  t i s s u e  was homogenized in  d i s t i l l e d  wa te r ,  

a t  a r a t i o  o f  one p a r t  f resh  l i v e r  t i s s u e  to  two pa r ts  d i s t i l l e d  wa te r ,  

w i t h  a P o ly t ron  homogenizer. a t  medium speed. Three- ten ths  m i l l i l i t e r  o f  

homogenate (e q u iv a le n t  to 0.1 g f resh  l i v e r )  and 12 ml ch lo ro fo rm :  me-
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thano) (2 :1 )  were v ig o ro u s ly  mixed together  f o r  one minute a t  medium 

speed on the homogenizer. The m ix ture  was f i l t e r e d  through Whatman #41 

f i l t e r  paper. The f i l t r a t e  was comple te ly d r ie d  a t  reduced pressure a t  

room temperature.  The d r ie d  res idue was d isso lved  In 0.1 ml r e d i s t i l l e d  

ch lo ro fo rm  and then processed In the same manner as In the exper iment 

In v l t r o . The f o l l o w i n g  equat ion  was used to  conver t  the data obtained 

to  dpm, Q, o f  ^ *C -cho les te ro1 ,  ^ ^C - f ree  f a t t y  ac id ,  ^ * C - t r l g l y c e r l d e ,  

and C -cho les te ry l  e s te r  synthes ized per 100 g body we igh t.

CPM X 100 L.W. X 10 X 100
Q. = ------------------  X   Eq. 3

E f f .  B.W.

where the terms are de f ined as In equat ion 1.

E f fec ts  o f  I r r i t a t i o n  and s t r e s s . Each animal s imu l taneous ly  

received 1n t ra p e r i t o n e a l  I n j e c t i o n s  o f  e i t h e r  Cel l  te a t  a dose o f  5 mg 

per 100 g body we igh t  (4?) o r  0.42 M s a l i n e  a t  a dose o f  200 p i  per 100 

g body we igh t ,  and one o f  the r a d io a c t i v e  precursors  a t  the same doses 

t h a t  were used In the exper iments r e l a t i n g  In je c te d  b i l e  ac ids w i th  

c h o le s te ro l  syn thes is .  The l i v e r  t issue  was then sub jec ted  to  the p ro 

cedure descr ibed above.



CHAPTER I I I

RESULTS

Uptake o f  I n je c te d  B i le  Ac id  in to  L i v e r  

and Excre t ion  in t o  I n te s t i n e

When the q u a n t i t y  o f  admin is te red cho la te  was Increased, the 

uptake o f  i n je c te d  ^^C -cho la te  In to  l i v e r  was a lso  Increased a t  the end 

o f  one hour,  w i th  the g re a te s t  change In the uptake occur ing  below 10 

(imoles per 100 g body we igh t  (p = 0.002 f o r  comparing the doses o f  3 and 

10 pmoles per 100 g body w e ig h t ) (F ig u re  7)-  The e x c re t io n  o f  In je c te d  

^ ^C-cho la te  In to  the la rge  I n t e s t i n e  r a p id l y  reached a p la teau a t  3 pmoles 

per 100 g body we igh t  (p = 0.025 f o r  comparing the doses o f  1 and 3 pmoles 

per 100 g body w e ig h t ) .  The e x c re t io n  o f  In je c te d  ^^C-cho la te  In to  the 

small I n t e s t i n e  and the t o t a l  recovery o f  labeled cho la te  from l i v e r  and 

from the small and la rge  I n t e s t i n a l  contents Increased l i n e a r l y  below 

10 pmoles per 100 g body we igh t.

The uptake o f  In je c te d  ^^C-cho la te  In to  l i v e r  was near ly  con

s t a n t  a t  d i f f e r e n t  t ime I n te r v a l s ,  30, 60, 90, and 120 minutes (F igure  

8 ) .  The e x c r e t io n  o f  In je c te d  ^^C-cho la te  In to  small I n t e s t i n e  markedly 

Increased 90 minutes a f t e r  I n j e c t i o n .  The recovery peak f o r  e x c re t io n  

o f  labeled cho la te  I n to  the la rge I n te s t i n e  observed a t  60 minutes a f t e r

2 4
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Figure 7* E f fe c t  o f  cho la te  dose on uptake o f  ^ *C -cho la te  i n t o  
l i v e r  and e x c re t io n  i n to  smal l and large i n t e s t i n e s  in  one hour a f t e r  
i n t r a p e r i t o n e a l  i n j e c t i o n .

# m, #---------9, #— X — • ,  and #--------- # represent  recover ies  from
l i v e r ,  small and la rge i n t e s t i n a l  contents ,  and t o t a l  recovery ,  respec
t i v e l y .

I represents s tandard d e v ia t io n  c a lc u la te d  from 6 ra ts .  

Each p o in t  represents an average o f  6 ra ts .
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Figure 8. Uptake o f  ^ ^C-cho la te  i n to  l i v e r  and e x c r e t io n  i n t o  
i n te s t in e s  as a fu n c t io n  o f  t ime. ^^C-Cholate was in je c te d  i n t r a p e r i -  
t o n e a l l y  a t  a dose o f  3 pmoles per 100 g body we igh t.

#------------ • , -----m------------m, #— X— • ,  and #-# represent recover ies  from
l i v e r ,  small and la rge i n t e s t i n a l  contents ,  and t o t a l  recovery ,  respec
t i v e l y .

Irepresents  s tandard d e v ia t io n  ca lc u la te d  from 6 ra ts .  

Each p o in t  represents an average o f  6 ra ts .
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i n j e c t i o n  was probably  not s i g n i f i c a n t .  The t o t a l  recovery o f  ’■'^C-choIate 

from l i v e r  and from the small and la rge i n t e s t i n a l  contents  increased 

s t e a d i l y  w i th  t ime.

Choles te ro l

Experiments h i  V i t r o

Increas ing  concen t ra t ions  o f  e i t h e r  chenodeoxychol ic ac id  (CDCA) 

or  c h o l i c  ac id  (CA) up to  about 2 x 10 ^ M markedly suppressed c ho les te ro l  

syn thes is  from [2-^^C ]-sod ium ace ta te  (F igure  9A).

When [2 - i ^C ] -D L -m eva lon ic  ac id  DBED s a l t  was used as a precursor

(F igure  9B), c h o le s te ro l  syn thes is  was g r e a t l y  reduced by in c reas ing  con-

-■? _ -3
c en t ra t io n s  o f  CDCA up to about 0.5 x 10 M or  CA up to  2 .8  x 10 M.

A less pronounced decrease in  c h o le s te ro l  syn thes is  occurred w i th  CDCA

concen t ra t ion  between 0.5 to  2 .8  x 10 ^ M.

Experiments Jhi Vivo

In c o rp o ra t io n  o f  iso tope i n t o  c h o le s te ro l  was increased by both 

CDCA and CA (F igure  10). The s t im u la t o r y  e f f e c t  o f  CDCA (F igure  lOA) on 

in c o rp o ra t io n  o f  ^^C-aceta te  i n t o  c ho les te ro l  was more pronounced than 

the e f f e c t  o f  CA (F igu re  lOB). Rats t rea ted  w i th  CA showed an augmented 

in c o rp o ra t io n  o f  ^^C-ace ta te  (F igu re  lOB) o f  approx im ate ly  the same ex

te n t  as the in c o rp o ra t io n  o f  ^^C-mevalonate in  ra ts  i n je c te d  w i th  CDCA 

(F igure  lOC). I n c o rp o ra t io n  o f  C-mevalonate i n t o  c h o le s te ro l  was not 

s i g n i f i c a n t l y  a f fe c te d  by CA (F igure  lOD).
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Figure  S. E f fe c ts  o f  CDCA and CA on in c o rp o ra t io n  o f  [ 2 - ^ * 0 ] -  
sodium ace ta te  (F igure  A) and [ 2 - ^ ^ C]-DL-mevalonic ac id  DBED s a l t  
(F igure  B) i n t o  C -cho les te ro l  in  r a t  l i v e r ,  in  v i  t r o .

and #---------# represent  in cuba t ion  m ix tures  c on ta in in g
CDCA and CA r e s p e c t i v e l y .  Each p o in t  represents  an average o f  6 ra ts .  
Each in cuba t ion  contained 7,000 x g l i v e r  supernatant  f r a c t i o n  e q u i 
v a le n t  to 0.1 g f resh  l i v e r .  Cofactors  l i s t e d  in  the methods s ec t ion .

r e p r e s e n t s  s t a n d a r d  d e v i a t i o n  c a l c u l a t e d  f r o m  6  r a t s .
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Figure 10. E f f e c t s  o f  CDCA and CA on he p a t i c  i n c o rp o ra t io n  o f  
i n t r a p e r i t o n e a l l y  adm in is te red  [2 -^ *C ]-sod ium  ace ta te  (F igures A & B) 
and [2 - i *C ] -DL-meva1on ic  ac id  DBED s a l t  (F igures  C & D) i n t o  ^*C-cho1e-  
s t e ro l  in  one hour.

I represents  standard d e v ia t io n  c a l c u la te d  from 6 r a ts .  

Each p o in t  represents  an average o f  6 ra ts .
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Figure 11. E f fec ts  o f  0.42 M s a l in e ,  C e l i te,  CDCA, and CA on 
hepa t i c  i n c o rp o ra t io n  o f  I n t r a p e r i t o n e a l l y  admin is te red [2 - i *C ] - s o d iu m  
aceta te  (F igure A) and [ 2 - ^ * C]-DL-mevalonic ac id  DBED s a l t  (F igure  S) 
i n t o  C -cho les te ro l  in  one hour.

Q ,  ^  ^ ^  , and 0  represent  con t ro l  r a ts  and ra ts
t rea ted  w i th  0.42 M s a l i n e .  C e l i te ,  CDCA, and CA, re s p e c t i v e ly .  Parenteral  
dosage o f  CDCA or  CA was 10 pmoles per 100 g body we igh t.

I represents standard d e v ia t io n  c a lc u la te d  from 6 r a ts .  

Each bar represents an average o f  6 ra ts .
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Chenodeoxycholîc ac id ,  CA, and Ce lî t e  increased the inco rpo ra 

t i o n  o f  ^^C-aceta te  i n t o  c h o le s te ro l  to about the same e x te n t ,  whereas 

0.42 M s a l i n e  f a i l e d  to  show any (effect  on in c o rp o ra t io n  (F igure  l l A ) .  

Chenodeoxycholic ac id ,  C e l i te ,  and 0.42 M s a l in e  increased the in c o r 

po ra t ion  o f  ^^C-mevalonate i n to  c ho les te ro l  to the same e x te n t  (Figure 

I IB ) ,  whereas the e f f e c t  o f  CA was i n s i g n i f i c a n t .

Free Fat ty  Acid 

Experiments In Vi t r o

Free f a t t y  ac id  syn thes is  from [2-^^C]-sod ium aceta te  was s i g n i 

f i c a n t l y  i n h ib i t e d  by both CDCA and CA up to  1.7 x 10 ^ M (F igure  12A). 

Fur ther  increases in  e i t h e r  CDCA o r  CA concen t ra t ions  had l i t t l e  f u r t h e r  

e f f e c t  on syn thes is .

S i g n i f i c a n t  q u a n t i t i e s  o f  f ree  f a t t y  ac id  were synthes ized from 

[ 2 - ^ ^ C]-DL-mevalonic ac id  DBED s a l t  (F igure  12B). No s i g n i f i c a n t  e f f e c t s  

on f ree f a t t y  ac id  syn thes is  were observed a t  concen t ra t ions  o f  CDCA 

below 0.2  X 10 M and CA below 0.5 % 10 M. Synthesis was markedly 

reduced by inc reas ing  concentra t ions  o f  e i t h e r  CDCA o r  CA; a t  concen- 

t r a t i o n s  below 2 x 10 M, CDCA was s i g n i f i c a n t l y  more i n h i b i t o r y .

Experiments j_n Vivo

Inc o rp o ra t io n  o f  ^^C-ace ta te  i n t o  f ree  f a t t y  ac id  was decreased 

in  the ra ts  t rea ted  w i th  e i t h e r  CDCA o r  CA (F igure  13), whereas in c o r 

po ra t ion  o f  C-mevalonate was s l i g h t l y  increased by e i t h e r  CDCA or  CA
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Figure 12. E f fec ts  o f  CDCA and CA on in c o rp o ra t io n  o f  [2 -^^C ] -  
sodium aceta te  (F igure  A) and [2 - i *C ] -D L -m e v a lo n lc  ac id  DBED s a l t  
(F igure  B) In to  ^^C - f ree  f a t t y  ac id  In r a t  l i v e r .  In v i t r o .

-e and #---------# represent  Incuba t ion  m ix tures  c o n ta in in g
CDCA and CA r e s p e c t i v e ly .  Each p o in t  represents  an average o f  6 r a ts .  
Each incuba t ion  conta ined 7,000 x g l i v e r  superna tan t  f r a c t i o n  e q u i 
v a le n t  to 0.1 g f resh  l i v e r .  Cofactors  l i s t e d  in  the methods s e c t io n .

I r e p r e s e n t s  s t a n d a r d  d e v i a t i o n  c a l c u l a t e d  f r o m  6  r a t s .
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F igure 13. E f f e c t s  o f  CDCA and CA on h e p a t i c  in c o rp o r a t i o n  o f  i n t r a p e r i t o n e a l l y  admin is tered 
[ 2 - i * C ] - s o d iu m  ace ta te  (F igu re  A & B) and [2 - i *C ] -D L -m e v a lo n ic  ac id  DBED s a l t  (F igu re  C & D) i n to  
i ^ C - f r e e  f a t t y  ac id  in  one hour.

represents  s tandard d e v ia t i o n  c a l c u la te d  from 6 ra ts .  

Each p o in t  represents  an average o f  6 ra ts .
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a t  10 limoles per 100 g body we igh t.

I n c o rp o ra t io n  o f  ^^C-aceta te  i n to  f ree  f a t t y  ac id  was s i g n i f i 

c a n t l y  increased by C e l i te ,  bu t  suppressed by CDCA, CA, and 0.42 M s a l i n e  

(F igure  14A); whereas the in c o rp o ra t io n  o f  ^^C-mevalonate i n t o  f ree  f a t t y  

ac id  was reduced by 0.42 M s a l i n e ,  enhanced by CDCA and CA, and una ffec ted  

by C e l i te (F igure  14B).

T r ig l y c e r id e s  

Experiments Jjn Vi t r o

Both CDCA and CA a t  concen t ra t ions  below 0.5 x 10 ^ M markedly 

reduced t r i g l y c e r i d e  syn thes is  from [2 -^ *C ]-sod ium  aceta te  (F igure  15A). 

Fur ther  increases in  e i t h e r  CDCA o r  CA concen t ra t ions  had on ly  a s l i g h t  

e f f e c t  on syn thes is .

T r i g l y c e r i d e  syn thes is  from [ 2 - ^ ^ C]-DL-mevalonic ac id  DBED s a l t  

(F igure  15B) was not  s i g n i f i c a n t l y  a f fe c te d  by e i t h e r  b i l e  ac id  a t  con

c e n t ra t i o n s  below I x  10 ^ M, whereas a t  h igher  c oncen t ra t ions ,  both CDCA 

and CA in h i b i t e d  syn thes is  to  about the same e x te n t .

Experiments h i  Vivo

Both CDCA and CA enhanced s l i g h t l y  the in c o rp o ra t io n  o f  ^*C- 

ace ta te  i n t o  t r i g l y c e r i d e ,  and were assoc ia ted w i th  a more pronounced 

e f f e c t  on in c o rp o r a t i o n  o f  C-mevalonate (F igure  16).

The e f f e c t s  o f  0.42 M s a l i n e .  C e l i te ,  CDCA, and CA on the in c o r 

p o ra t io n  o f  i * C -a c e ta te  i n t o  t r i g l y c e r i d e  were n e g l i g i b l e  (F igure  17A);
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Figure 14. E f fe c ts  o f  0.42 M s a l in e ,  C e l i t e ,  CDCA, and CA on 
hepa t ic  in c o rp o ra t io n  o f  i n t r a p e r i t o n e a l l y  admin is te red [2 -^*C ]-sod ium 
aceta te  (F igure  A) and [2 - i *C ] -D L -m eva lon ic  ac id  DBED s a i t  (F igure  B) 
i n to  ^ *C - f ree  f a t t y  ac id  in one hour.

□  ^  B  B
, ^ Q ,  and ^  represent  con t ro l  ra ts  and ra ts  

t re a te d  w i th  0.42 M s a l i n e ,  C e l i t e ,  CDCA, and CA, re s p e c t i v e ly .  Parenteral
dosage o f  CDCA o r  CA was 10 pmoles per 100 g body we igh t.

represents  standard d e v ia t io n  c a lc u la te d  from 6 ra ts .

Each b a r  r e p r e s e n t s  an  a v e r a g e  o f  6  r a t s .



36

o

X

E
o

0)■D
X_
0)
u

O)
L.H
I(_)

H

2 30

[CDCA] or  [CA] 

(M X 10 3)

o

X

EQ

(UtJ
U
(U
u

en

Io

2 30

[CDCA] or  [CA] 

(M X 10 3)

F igure 15* E f fec ts  o f  CDCA and CA on in c o rp o ra t io n  o f  [2 -^^C ] -  
sodium aceta te  (F igure  A) and [2 - i *C ] -D L -m eva lon ic  ac id  DBED s a i t  
(F igure  B) i n to  ^ * C - t r i g l y c e r i d e  in  r a t  l i v e r ,  in  v i  t r o .

-# and #---------# represent  incuba t ion  m ix tures  c on ta in in g
CDCA and CA re s p e c t i v e ly .  Each p o in t  represents an average o f  6 ra ts .  
Each incuba t ion  contained 7,000 x g l i v e r  supernatant  f r a c t i o n  eq u i 
va len t  to 0.1 g f resh  l i v e r .  Cofactors l i s t e d  in  the methods sec t ion .

r e p r e s e n t s  s t a n d a r d  d e v i a t i o n  c a l c u l a t e d  f r o m  6  r a t s .
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Figure 16. E f fe c ts  o f  CDCA and CA on hepa t i c  i n c o rp o r a t i o n  o f  i n t r a p e r i t o n e a l l y  adm in is te red  
[2 - i *C ] -s o d Iu m  ace ta te  (F igures  A & B) and [2 -^ *C ] -DL-m eva lon ic  ac id  DBED s a l t  (F igures C £■ D) i n t o  

C - t r i g l y c e r i de in  one hour.

^  represents  s tandard d e v ia t i o n  c a lc u la te d  from 6 r a t s .  

Each p o in t  represents  an average o f  6 r a ts .
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Figure 17- E f fe c ts  o f  0.42 M s a l i n e ,  C e l i t e ,  CDCA, and CA on 
hepa t ic  in c o rp o ra t io n  o f  i n t r a p e r i t o n e a l l y  adm in is te red  [ 2 -  C]-sodium 
aceta te  (F igure  A) and [2 -^ *C ]-DL-m eva lon ic  ac id  DBED s a i t  (F igure  B) 
i n t o  C - t r î g l y c e r i d e  in  one hour.

, ^ ,  and ^  represent  c o n t ro l  ra ts  and ra ts  
t rea ted  w i th  0.42 M s a l i n e ,  C e l i t e ,  CDCA, and CA, r e s p e c t i v e l y .  Parenteral  
dosage o f  CDCA o r  CA was 10 pmoles per 100 g body we igh t .

represents standard d e v ia t io n  c a lc u la te d  from 6 ra ts .

Each b a r  r e p r e s e n t s  an  a v e r a g e  o f  6  r a t s .
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but  the in c o rp o ra t io n  o f  C-mevalonate i n to  t r i g l y c e r i d e  was s i g n i f i 

ca n t l y  increased by a l l  o f  them, w i th  the most pronounced e f f e c t  f o r  

0.42 M s a l i n e  and C e l i t e  (F igure  I7B).

Cho les te ry l  Esters 

Experiments in Vi t r o

A s i g n i f i c a n t  decrease in  c h o le s te r y l  e s te r  synthes is  from [ 2 -  

i4 c ] -s od ium  ace ta te  occurred a t  CDCA o r  CA concen t ra t ions  below I x 10 ^ M 

(F igure  I8A).  A f u r t h e r  increase in  the concen t ra t ions  o f  e i t h e r  pr imary 

b i l e  ac id  showed l i t t l e  f u r t h e r  e f f e c t  on syn thes is .

When [ 2 - ^ ^ C]-DL-mevaIonic ac id  DBED s a l t  was used as a p recursor  

(F igure  I SB), a marked drop in c h o le s te r y l  e s te r  syn thes is  occur red a t  

CDCA concen t ra t ions  lower than 0.5 x 10 ^ M, then the syn thes is  decreased 

s lo w ly  a t  h igher  concen t ra t ions .  At  concen t ra t ions  below 0.5 x 10 ^ M,

CA had no marked e f f e c t  on s yn thes is ;  whereas a t  h igher  concen t ra t ions ,  

the e f f e c t s  o f  the two b i l e  acids became more nea r ly  equal .

Experiments j_n Vivo

Both pr imary  b i l e  acids i n h i b i t e d  in c o rp o ra t io n  o f  ^^C-ace ta te  

i n t o  c h o le s te r y l  e s te r ,  but  they s t im u la te d  in c o rp o ra t io n  o f  ^*C-meva- 

lonate  (F igu re  19).

The in c o rp o ra t io n  o f  ^^C-aceta te  i n t o  c h o le s te r y l  e s te r  (F igu re  

20A) was not  a f f e c te d  by 0.42 M s a l i n e  and C e l i t e ,  but  suppressed by 

CDCA and CA. In c o rp o ra t io n  o f  ^^C-mevalonate i n t o  c h o le s te ry l  e s te r
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Figure 18. E f fe c ts  o f  CDCA and CA on Inco rp o ra t io n  o f  [ 2 - i * C ] -  
sodium ace ta te  (F igure  A) and [2 - i *C ] -D L-m eva lon ic  ac id  DBED s a l t  
(F igure B) i n t o  ^ * C -c h o le s te ry l  e s te r  in  r a t  l i v e r ,  in  v i t r o .

-# and #---------# represent  incuba t ion  mix tures  con ta in in g
CDCA and CA re s p e c t i v e l y .  Each p o in t  represents an average o f  6 ra ts .  
Each incuba t ion  conta ined 7,000 x g l i v e r  supernatant  f r a c t i o n  e q u i 
v a le n t  to  0.1 g f resh  l i v e r .  Cofactors l i s t e d  in  the methods sec t ion .

r e p r e s e n t s  s t a n d a r d  d e v i a t i o n  c a l c u l a t e d  f r o m  6  r a t s .
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Figure  19. E f fec ts  o f  CDCA and CA on hep a t i c  i n c o rp o ra t i o n  o f  
i n t r a p e r i t o n e a l l y  admin is te red [ 2 - i * C ] - s o d iu m  ace ta te  (F igures A & B) 
and [2 - i *C ] -D L -m ev a lon ic  ac id  DBED s a l t  (F igures C & D) i n t o  ^ *C -cho le -  
s t e r y l  e s te r  in  one hour.

represents  standard d e v ia t io n  c a lc u la te d  from 6 ra ts .

Each p o in t  represents  an average o f  6 r a ts .
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Figure 20. E f fe c ts  o f  0.42 M s a l i n e ,  Ce l l  te ,  CDCA, and CA on 
hepa t i c  in c o rp o ra t io n  o f  i n t r a p e r i t o n e a l l y  adm in is te red  [ 2 -  C]-sodium 
aceta te  (F igu re  A) and [2 -^^C ]-DL-meva lon ic  ac id  DBED s a i t  (F igure  8) 
i n to  i * C - c h o le s t e r y l  es te r  i'n one hour.

û  ; B  / ^  ^  , and ^  represent  c o n t ro l  ra ts  and ra ts
t rea ted  w i t h  0742 M s a l i n e ,  C e l i t e ,  CDCA, and CA, r e s p e c t i v e l y .  Parenteral  
dosage o f  CDCA or  CA was 10 nmoles per 100 g body we igh t .

I represents  s tandard d e v ia t io n  c a l c u la te d  from 6 ra ts .  

Each bar represents  an average o f  6 r a t s .
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(F igure  20B) was s i g n i f i c a n t l y  s t im u la ted  by 0.42 M s a l i n e ,  C e l i t e ,  

CDCA, and CA, w i t h  the most pronounced e f f e c t  f o r  C e l i t e  and CDCA.



CHAPTER IV 

DISCUSSION

Knowledge concern ing the hepa t i c  uptake and r e te n t i o n  o f  i n t r a 

pe r i  toneal  l y  adm in is te red  b i l e  ac id  is  necessary to  eva lua te  the e f f e c t  

o f  admin is te red b i l e  a c id  on he p a t i c  metabo l ic  processes in  v i v o . Because 

pa ren te ra l  ^ * C - b i l e  a c id  is  l a r g e l y  t ranspor ted  to  the l i v e r  and excre ted  

i n t o  the i n t e s t i n e ,  the t o t a l  recovery  o f  labe led  b i l e  ac id  from l i v e r  

and from the smal l and la rge  i n t e s t i n a l  contents  may represent  the t o t a l  

q u a n t i t y  o f  pa ren te ra l  b i l e  ac ids  taken up by the l i v e r .  This is  not  t rue  

i n  the case o f  o r a l l y  adm in is te red  labe led b i l e  ac ids ,  because the e n t i r e  

dose w i l l  pass i n t o  the i n t e s t i n e  and mix w i th  the b i l e  acids excre ted 

by the l i v e r .  The knowledge de r ived  from pa ren te ra l  a d m in is t r a t i o n  could 

p rov ide  a more accurate  comparison between the re s u l t s  obta ined in  the 

exper iments j jn v i  t r o  and j_n v i  vo .

Uptake o f  I n je c te d  B i le  Ac id  i n t o  L iv e r  

and E xc re t ion  i n t o  i n t e s t i n e

A s i g n i f i c a n t  increase in  the hepa t ic  uptake o f  in je c te d  b i l e  

ac id  occurred w i t h  in c rea s ing  doses up to  10 (j,moles per ICO g body we igh t  

(F igure  7) .  A f u r t h e r  increase in  pa ren te ra l  dosage caused no f u r t h e r  

s i g n i f i c a n t  change In t o t a l  recovery from l i v e r  and from the small and 

la rge  I n t e s t i n a l  con ten ts .  This Ind ica tes  t h a t  the mechanism respons ib le

4 4
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f o r  absorp t ion  o f  b i l e  ac ids from the in t r a p e r i t o n e a l  space becomes 

sa tu ra ted  a t  a dose leve l  o f  about 10 pmoles per 100 g body we igh t.

A t  a dose leve l  o f  3 pmoles per 100 g body we igh t  (F igure  8 ) ,  

the low recover ies  o f  in je c te d  cho la te  from the contents o f  la rge i n t e s 

t i n e  might in d ic a te  t h a t  there  was i n s u f f i c i e n t  t ime f o r  the small i n 

t e s t i n e  to d e l i v e r  labe led cho la te  i n t o  the large i n t e s t i n e .  The nea r ly  

constant  uptake o f  pa ren te ra l  cho la te  i n to  l i v e r  was reasonable,  because 

the normal hepa t ic  f u n c t io n  is  to  syn thes ize  and to excrete  b i l e  ac ids ,  

but  not to  r e ta in  them. The inc reas ing  recover ies  o f  paren te ra l  cho la te  

f rom the contents o f  the small i n t e s t i n e  w i th  t ime might in d ic a te  th a t  

la rge q u a n t i t i e s  o f  i n je c te d  cho la te  were being taken up by the l i v e r  

and excreted i n t o  the smal l i n t e s t i n e .

A d m in is t ra t i o n  o f  a la rge dose o f  b i l e  ac id  to  a sub jec t  might 

cause a sharp increase in  the b i l e  ac id  pool conta ined in  the l i v e r  and 

smal l i n t e s t i n e .  This could produce i r r i t a t i o n  and even cause t issue  

damage. In view o f  these disadvantages, f requen t  a d m in is t ra t i o n  o f  small 

doses o f  b i l e  ac id  to a s u b je c t  m ight  preven t many si d e -e f fe c ts ,  e s p e c ia l l y  

those r e s u l t i n g  from s t res s  and i r r i t a t i o n .  The l a t t e r  w i l l  be discussed 

in subsequent sec t ions .

The twenty-hour  incubat ions  in  the experiments performed in  v i t r o  

could have favored b a c t e r ia l  growth in the incuba t ion  media, e s p e c ia l l y  

in  con t ro l  p repara t ions  and in  p repa ra t ions  w i th  low b i l e  ac id  concen

t r a t i o n s .  To preven t t h i s  from happening, p e n i c i l l i n  and s t rep tomyc in  

were added to the incuba t ion  m ix tu re .

In the experiments in  v i v o ,  s t ress  and i r r i t a t i o n  in  the ra ts  

rece iv ing  i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  b i l e  ac ids could have had an
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e f f e c t  on some metabo l ic  processes (48) .  This e f f e c t  o f  s t re s s ,  which 

would mask the t rue  e f f e c t  o f  b i l e  ac id ,  had to be eva luated, in  t h i s  

work,  C e l i t e  (5 mg per 100 g body we igh t)  and 0.42 M s a l in e  (84 pmoles 

NaCl per 100 g body we igh t)  were used as s t ress -p rodu c ing  agents.  How

ever,  the e f f e c t  o f  s t ress  caused by pa ren te ra l  0.42 M s a l i n e  might not  

be e x a c t l y  the same as t h a t  caused by pa ren te ra l  C e l i t e .  Poss ibly the 

c o n t ro l  animals were a lso  a f fe c te d  by the phys ica l  s t ress  o f  hand l ing ,  

and by the s t ress  r e s u l t i n g  from i n t r a p e r i t o n e a l  i n j e c t i o n  o f  labeled 

p recursor .  However, these phys ica l  s t res s  should a lso  occur in  the animals 

t rea ted  w i th  0.42 M s a l i n e ,  C e l i t e ,  CDCA, or  CA.

The aim o f  t h i s  research was to  s tudy  the e f f e c t s  o f  paren te ra l  

a d m in is t r a t i o n  o f  pr imary b i l e  acids on the hep a t i c  syn thes is  o f  cho le 

s te ro l  and re la te d  neu t ra l  l i p i d s .  In the exper iments discussed he re in ,  

the b i l e  ac id  concen t ra t ions  tha t  were employed were a t  leve ls  which 

correspond to those th a t  could r e s u l t  from o ra l  a d m in is t r a t i o n  o f  b i l e  

ac id  to human sub jec ts  in  the t rea tment o f  c h o l e l i t h i a s i s  (1 -4 ) .

Choles te ro l

In v i  t r o ,  the i n h i b i t o r y  e f f e c t s  o f  both pr imary b i l e  acids on

hepat ic  syn thes is  o f  c h o le s te ro l  from ^ *C -ace ta te  and ^^C-mevalonate were

approx imate ly  the same (F igures 9A & B). The more pronounced e f f e c t  o f  

CDCA a t  lower concen t ra t ions  on syn thes is  from ^*C-mevalonate might i n 

d ica te  e i t h e r  t h a t  CDCA is a b e t t e r  i n h i b i t o r  o f  the cho les te ro l  s y n th e t i c  

pathway than CA o r  t h a t  CDCA is more t o x i c  to enzymes.

In v iv o ,  the s t im u la to r y  e f f e c t  o f  e i t h e r  CDCA o r  CA on the i n 

c o rpo ra t ion  o f  labeled precursors i n t o  c h o le s te ro l  (F igure  10) might be
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due to increased c h o le s te ro l  syn thes is .  This cou ld  occur in  several  

poss ib le  ways :

1. Since augmented in c o rp o ra t i o n  o f  both ^ *C-ace ta te  

and C-mevalonate i n t o  hepa t ic  c ho les te ro l  was a lso  observed in  the ra ts  

t rea ted  w i th  pa ren te ra l  C e l i t e  (Figure 11), the r e s u l t  observed in  the 

ra ts  t rea ted  w i t h  CDCA and CA might be due to the e f f e c t  o f  s t ress  (48).  

The pos tu la ted  increase in the in c o rp o ra t io n  o f  ^ *C -ace ta te  i n t o  cho le 

s t e r o l  in the ra ts  t re a te d  w i t h  e i t h e r  pr imary b i l e  ac id  might be caused 

by enhanced enzymatic a c t i v i t y  o r  increased enzyme le ve ls  in  the steps 

p r i o r  to  mevalonate,  and is  c o n s is te n t  w i th  the re s u l t s  repor ted by de 

Mat te is  (48) .  However, i t  is improbable t h a t  enzyme le ve ls  increased 

s i g n i f i c a n t l y  in such a s h o r t  t ime. Parentera l  0.42 M s a l i n e  a lso  i n 

creased in c o rp o ra t io n  o f  C-mevalonate i n t o  c h o le s t e r o l ,  bu t  f a i l e d  to  

show any e f f e c t  on in c o rp o r a t i o n  o f  ^^C-ace ta te  i n t o  c h o le s te r o l .  These 

r e s u l t s ,  appa ren t ly ,  suggest t h a t  the e f f e c t  o f  s t re s s  caused by C e l i t e  

suspension and the e f f e c t  o f  s t ress  produced by 0.42 M sodium c h lo r i d e  

s o l u t i o n  are not the same. An i n h i b i t o r y  e f f e c t  o f  sodium ion on a c e t y l -  

Co A synthetase i n v i  t r o  has been repor ted by Webster (49) .  I t  is  not  

c le a r  whether t h i s  i n h i b i t i o n  a lso  occurs in  the system in v iv o ,  s ince 

we do not know to  what e x ten t ,  i f  any, pa ren te ra l  0.42 M s a l i n e  or  so

dium s a l t s  o f  CDCA and CA a f f e c t  the i n t r a c e l l u l a r  sodium ion concen

t r a t i o n  o f  l i v e r  c e l l s .

2. Hepat ic c ho les te ro l  syn thes is  in  v i t r o  can be i n 

creased by s t e r o i d  c a r r i e r  p r o t e in  (SCP), which is  conta ined in  the

105,000 X g l i v e r  supernatant  f r a c t i o n  (6 -8 ) .  In v iv o ,  CDCA and CA might 

be able to  s t im u la t e  syn thes is  o r  release o f  SCP. An e leva ted  SCP leve l
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due to increased c h o le s te ro l  syn thes is .  This could occur in  severa l  

poss i b le  ways :

1. Since augmented in c o rp o r a t i o n  o f  both ^^C-ace ta te  

and i *C-mevalonate  i n t o  hepa t ic  c h o le s te ro l  was a lso  observed in  the ra ts  

t rea ted  w i t h  pa ren te ra l  C e l i t e  (F igure  11), the r e s u l t  observed in  the 

ra ts  t rea ted  w i t h  CDCA and CA might  be due to  the e f f e c t  o f  s t res s  (48) .  

The pos tu la ted  increase in the in c o rp o r a t i o n  o f  ^ *C -ace ta te  i n t o  cho le 

s t e r o l  in  the ra ts  t re a te d  w i th  e i t h e r  pr im ary  b i l e  ac id  might be caused 

by enhanced enzymatic a c t i v i t y  o r  increased enzyme le ve ls  in  the steps 

p r i o r  to  mevalonate,  and is c o n s is te n t  w i t h  the r e s u l t s  reported by de 

M at te is  (48).  However, i t  is  improbable t h a t  enzyme le ve ls  increased 

s i g n i f i c a n t l y  in  such a s h o r t  t ime.  Paren te ra l  0.42 M s a l in e  a lso  i n 

creased in c o rp o ra t io n  o f  C-mevalonate i n t o  c h o le s t e r o l ,  bu t  f a i l e d  to  

show any e f f e c t  on in c o rp o ra t io n  o f  ^^C -ace ta te  i n t o  c h o le s te r o l .  These 

r e s u l t s ,  app a ren t ly ,  suggest t h a t  the e f f e c t  o f  s t re s s  caused by C e l i t e  

suspension and the e f f e c t  o f  s t ress  produced by 0.42 M sodium c h lo r i d e  

s o l u t i o n  are not  the same. An i n h i b i t o r y  e f f e c t  o f  sodium ion on a c e t y l -  

Co A synthetase in  v i t r o  has been repor ted  by Webster (49).  I t  is  not  

c le a r  whether t h i s  i n h i b i t i o n  a lso  occurs in  the system in  v iv o ,  s ince  

we do not  know to  what ex te n t ,  i f  any, p a re n te ra l  0.42 M s a l i n e  or  so

dium s a l t s  o f  CDCA and CA a f f e c t  the i n t r a c e l l u l a r  sodium ion concen

t r a t i o n  o f  l i v e r  c e l l s .

2. Hepat ic c h o le s te ro l  syn thes is  in v i t r o  can be i n 

creased by s t e r o i d  c a r r i e r  p ro te in  (SCP), which is contained in  the

105,000 X g l i v e r  supernatant  f r a c t i o n  (6 -8 ) .  In v iv o ,  CDCA and CA m ight  

be able to  s t im u la t e  syn thes is  o r  re lease o f  SCP. An e levated SCP leve l
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would enable c h o le s te ro l  s y n t h e t i c  enzymes to  work more e f f i c i e n t l y .  There 

is no evidence,  however, to  suppor t  t h i s  specu la t io n .  The pos tu la ted  i n 

crease in  SCP le ve l  could be measured a f t e r  in cuba t ing  labe led cho les te ro l  

or  in te rmed ia tes  o f  the c h o le s te ro l  s y n t h e t i c  pathway w i t h  p u r i f i e d  l i v e r  

s o lub le  f r a c t i o n s  i s o la t e d  from unt rea ted ra ts  and from ra ts  t rea ted  w i th  

paren te ra l  b i l e  ac id .  The stero id-SCP complex could then be i s o la te d ,  and 

q u a n t i t a t i v e l y  determined.

3. The dete rgen t  p ro p e r t ie s  o f  b i l e  ac ids might  a l t e r  

the t ra n s p o r t  mechanism o f  l i v e r  c e l l  membranes, so t h a t  the entrance o f  

labeled p recursors  and o th e r  e x t r a c e l l u l a r  components i n t o  l i v e r  c e l l s  

would be f a c i l i t a t e d .

4. Since c h o le s te ro l  e x c re t io n  and the s p e c i f i c  ac

t i v i t i e s  o f  h e p a t i c  c h o le s te ro l  were not  determined, and s ince  b i l e  ac ids ,  

e s p e c ia l l y  chenodeoxychol ic ac id ,  can promote i n t e s t i n a l  reabso rp t ion  o f  

c h o le s te r o l ,  there  is a p o s s i b i l i t y  t h a t  c h o le s te ro l  e x c r e t io n  was d i 

minished by the i n t r a p e r i t o n e a l 1 y adm in is te red  b i l e  ac id .  There fore ,

C -cho les te ro l  syn thes ized from labeled precursors  would accumulate in  

the l i v e r ,  and the increased r a d i o a c t i v i t y  o f  l i v e r  c h o le s te ro l  would 

r e f l e c t  accumula t ion,  not  increased syn thes is .

5. I t  is  a lso  poss ib le  t h a t  some o th e r  unknown me

chanism might be in vo lved  in  t h i s  increased in c o rp o r a t i o n  o f  precursors 

i n to  c h o le s te r o l .

According to  some in v e s t i g a t o r s ,  b i l e  acids can i n h i b i t  both 

c h o le s te ro l  and b i l e  ac id  syn thes is  in the r a t  h i  v i  t r o  and j_n v ivo  

(50- 55) ,  whereas o the rs  (56-57) have concluded t h a t  b i l e  ac ids  p lay  no 

d i r e c t  ro le  in  the c o n t ro l  o f  hepa t ic  cho les te rogenes is .  They asse r t
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t h a t  the hepa t ic  c h o le s te ro l  syn thes is  is  d i r e c t l y  regu la ted by the quan

t i t y  o f  c h o le s te ro l  i t s e l f  In a pool which is  undergoing en te rohepat ic  

c i  r c u la t i o n .

The i n h i b i t o r y  e f f e c t  o f  b i l e  acids on hepa t ic  cho les te ro l  syn

thes is  in  vi t r o  in  t h i s  study was c o n s is te n t  w i th  previous  repor ts  (52-54) 

al though there is  a d i f f e r e n c e  in  procedure.  For ins tance,  an i n h i b i t i o n  

o f  c h o l i c  ac id  on hepa t ic  c h o le s te ro l  syn thes is  has been shown by Back 

fJL* (54).  They fed male Sprague-Dawley ra ts  weigh ing 100-200 g w i th  

a d i e t  supplemented w i t h  ]% c h o l i c  acid  f o r  va r ious  per iods  o f  t ime, and 

incubated l i v e r  s l i c e s  f rom these animals w i t h  ^^C-aceta te  in  a medium 

e q u i l i b r a t e d  w i t h  Og/COg (95%/5%) a t  37°C f o r  10 minutes.

In v iv o ,  the d isc repanc ies  between r e s u l t s  ob ta ined in  t h i s  study 

and those in o the r  i n v e s t i g a t io n s  (55) may be due to d i f fe re n c e s  in p ro 

cedures and animals.  For example, Schriewer e t  al_. (55) t rea ted  male 

Wis tar  r a ts ,  we igh ing approx imate ly  200 g, w i t h  a s in g le  i n t r a p e r i t o n e a l  

i n j e c t i o n  o f  5- 75-23 mg sodium deoxycholate to  produce, w i t h i n  6-8 hours, 

severe l i v e r  i n j u r y ,  u l t r a s t r u c t u r a l  a l t e r a t i o n s ,  and a general  decrease 

in  h e p a t i c  neu t ra l  f a t ,  f re e  f a t t y  ac id ,  and phospho l ip ids .  In c o n t ra s t ,  

in  the presen t study female Holtzman ra ts  weigh ing 110-150 g were used, 

which had been t rea ted  w i th  i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  b i l e  ac id  and 

labeled precursor  s im u l taneous ly ;  one hour a f t e r  i n j e c t i o n ,  the animals 

were k i l l e d ,  the l i v e r s  were homogenized, and the le ve ls  o f  ^ *C -cho le -  

s t e ro l  in  these homogenates were measured. The male W is ta r  ra ts  used in 

the experiments o f  Schr iewer e_t aj_. were much o ld e r  than the female 

Holtzman ra ts  used in  t h i s  study. Choles te ro l  syn thes is  might be a f fe c te d  

by sex, age, and s t r a i n .  Schr iewer et^ £ ].. a lso  used a d i f f e r e n t  b i l e  ac id
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a t  d i f f e r e n t  pa ren te ra l  dosages and c a r r i e d  out  t h e i r  exper iment f o r  a 

longer t ime.

The general  decrease in  neu t ra l  f a t  and f ree  f a t t y  ac id  caused 

by the paren te ra l  b i l e  ac id  in  the experiments o f  Schr iewer e t  aj_. (55) 

might have been the consequence o f  l i v e r  i n j u r y .  This i n j u r y  has become 

increas ing  severe w i th  prolonged exper imenta l  t ime, because the in je c te d  

b i l e  acid was being inco rpo ra ted  i n t o  the en te rohepa t ic  c i r c u l a t i n g  pool ,  

e v e n tu a l l y  reaching a t o x i c  leve l  and leading to  p rogress ive  t i s sue  damage. 

In  c o n t ra s t ,  the presen t  study d id  not invo lve  these problems, because 

t ime did not  a l low  ex tens ive  r e c i r c u l a t i o n  o f  the admin is te red b i l e  acid.

In the course o f  c l i n i c a l  d i s s o lu t i o n  o f  human c h o le s te ro l  g a l l 

stones w i t h  CDCA, the o ra l  dosage is large enough to cause d ia r rhea  (3 ).  

This means t h a t  o ra l  a d m in is t r a t i o n  o f  CDCA to  a p a t i e n t  can a lso  produce 

s t ress .  Al though the e f f e c t  o f  s t ress  caused by o ra l  CDCA might  d i f f e r  

from tha t  produced by pa ren te ra l  b i l e  ac id ,  cau t ion  is in d ica ted  in  using 

CDCA f o r  t r e a t i n g  c h o le s te ro l  g a l l s to n e s ,  s ince CDCA has been shown in  

the present study to  cause increased synthes is  o f  r e te n t i o n  o f  c h o le s te r o l ,  

a t  leas t  when admin is te red p a r e n te r a l l y .

In t h i s  s tudy ,  one o f  the metabo l ic  e f f e c t s  o f  paren te ra l  b i l e  

acids was an increased syn thes is  o r  accumulat ion o f  hepa t i c  c h o le s te r o l .  

W i l l  t h i s  accumulated c h o le s t e r o l ,  o r  the increased q u a n t i t y  th a t  is  syn

thes ized,  be ca tabo l ized  and excre ted? Or w i l l  i t  be incorpora ted  in  the 

P -1 ip o p ro te in  and undergo systemic c i r c u l a t i o n ,  e v e n tu a l l y  to  be seques

tered by a r t e r i a l  w a l l s  and lead to  a th e ro s c le ro s is ?  These quest ions 

might  be answered a f t e r  s o l v in g  the f o l l o w in g  problems:

1. De te rm ina t ion  o f  c h o le s te ro l  ca tabo l ism dur ing  and



51

a f t e r  b i l e  ac id  t rea tment  to see whether i t  is  a f fe c te d  by b i l e  ac id .

2. Determinat ion o f  the e x c re t io n  ra tes  o f  b i l e  ac id  

and c h o le s te ro l  dur ing  and a f t e r  b i l e  ac id  t rea tment .

3. Determinat ion o f  p -1 ip o p r o te in  pa t te rn s  in  the 

l i v e r  and in  the c i r c u l a t o r y  system dur ing  and a f t e r  b i l e  ac id  t rea tment .  

Knowledge concern ing the e f f e c t  o f  b i l e  ac id  on the fo rmat ion  o r  d i s s o 

c i a t i o n  o f  the c h o l e s t e r o l - p - l i p o p r o t e i n  complex in  blood o r  l i v e r  might  

he lp  to eva lua te  the p o s s i b i l i t y  t h a t  c h o le s te ro l  might be depos i ted in  

the a r t e r i a l  w a l l s  as a r e s u l t  o f  b i l e  ac id  t reatment.

Since b i l e  ac ids ,  e s p e c ia l l y  chenodeoxychol ic a c id ,  are known to  

be capable o f  a l t e r i n g  many s u b c e l l u l a r  s i t e s  (55, 58) ,  t h e i r  t o x i c i t y  

to  o the r  hep a t i c  r e g u la to ry  systems might  be worth  s tudy ing  be fore  the 

s t a r t  o f  long term treatment.

Free F a t t y  Acids

In  v i  t r o ,  f re e  f a t t y  ac id  syn thes is  f rom  ^ '^C-acetate and ^ *C-  

mevalonate (F igure  12) was i n h i b i t e d  by both CDCA and CA. The i n s i g n i 

f i c a n t  e f f e c t  o f  CA a t  very  low concen t ra t ions  on f ree  f a t t y  ac id  syn

thes is  f rom i*C-mevalonate  m ight  bè because CA is  less t o x i c  to  enzymes 

(58).

Mevalonic  ac id  is  supposed to  be a s p e c i f i c  p recursor  f o r  cho le 

s t e r o l  syn thes is .  However, the exper iments in  v i  t r o  and in  v i v o  showed 

th a t  s u b s ta n t ia l  q u a n t i t i e s  o f  f ree  f a t t y  ac id  were syn thes ized from ^*C-  

mevalonate ( i n  a p r i v a te  communication.  Dr. W. H. E l l i o t t  o f  St . Louis 

U n iv e r s i t y  School o f  Medicine, repor ts  s i m i l a r  y i e l d s  o f  f ree  f a t t y  acids 

from ^*C-mevalonate in  v i t r o ) . This unexpected r e s u l t  might  be a t t r i b u t e d  

to  several  f a c t o r s :
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1. Separat ion  o f  microsomal and so lub le  f r a c t i o n s  from 

m itochondr ia  m igh t  have been im per fec t ,  a l lo w in g  the presence o f  the 

l a t t e r  in  the 7,000 x g l i v e r  supernatant  f r a c t i o n .  This would have al lowed 

c h o le s te ro l  s i  de-cha in  c leavage enzymes to  s p l i t  the c h o le s te ro l  s id e -  

chain In to  prop iony l -CoA,  which could have been inco rpo ra ted  i n t o  f re e  

f a t t y  ac id  (10) .

2o One o f  the th ree  methyl groups (a t tached to  the 

s t e r o i d  nucleus be fore  déméthy la t ion)  was labe led ,  having been de r ived  

from the labe led  carbon o f  the mevalonic ac id  p recursor .  These labe led 

methyl groups e l im in a te d  from the 4 - p o s i t i o n  as ^*COg could have been 

captured by a carboxy lase system and then in co rpo ra ted  i n t o  f re e  f a t t y  

ac id  (59).

3. Microsomes may have conta ined some o th e r  s t e r o i d  

s id e -c h a in  c leavage enzymes, which might have caused the l i b e r a t i o n  o f

which subsequent ly became a v a i l a b le  f o r  f r e e  f a t t y  ac id  sy n th e s is .  

However, the re  is  no evidence to  suppor t  t h i s .

4. There might  be some enzymes which can conve r t  meva

lonate  d i r e c t l y  i n t o  a p recursor  f o r  f r e e  f a t t y  a c id  syn thes is  (59) .

Among these p o s s i b i l i t i e s ,  number 4 may account best  f o r  the 

convers ion o f  labe led  mevalonate to  f re e  f a t t y  ac ids .  Accord ing to Popjak's  

suggest ion  (59) ,  d i m e t h y l a l l y l  pyrophosphate syn thes ized  from mevalonate 

could be a t tacked  by a phosphatase to y i e l d  d i m e t h y l a l l y l  a l c o h o l ;  t h i s  

could then be metabol ized by a route i n v o l v i n g  COg f i x a t i o n  to  3 -hydroxy -  

3-methy1g l u t a r y 1-CoA, which is  c o n v e r t i b l e  to  acety l-CoA, a p recu rso r  o f  

f a t t y  ac ids .

The i n h i b i t o r y  e f f e c t  o f  CDCA and CA on in c o rp o ra t io n  o f  ^ *C -
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ace tate  i n to  f re e  f a t t y  ac id  in  v i v o  (F igures 13A & B) is c o n s i s te n t  w i th  

the i n h i b i t i o n  by both pr imary b i l e  ac ids  o f  f ree  f a t t y  ac id  syn thes is  

f rom i ^ C -a c e ta te  in  v i  t r o  (F igure  12A).

The n e g l i g i b l e  e f f e c t  o f  e i t h e r  b i l e  ac id  a t  low concen t ra t ions  

on f ree f a t t y  ac id  syn thes is  from C-mevalonate in  v i  t r o  (F igure  12B) is  

a lso  c o n s is te n t  w i th  the i n s i g n i f i c a n t  e f f e c t  in  v iv o  (F igures 13C & D).

T r i g l y c e r i d e s

Since t r i g l y c e r i d e  is syn thes ized  from f ree  f a t t y  a c id ,  the 

observed i n h i b i t o r y  e f f e c t s  o f  CDCA and CA on t r i g l y c e r i d e  syn thes is  

f rom ^^C-aceta te  and C-mevalonate i n v i  t r o  (Figures 15A & B) might be 

the consequence o f  the l i m i t e d  a v a i l a b i l i t y  o f  ^ *C - f re e  f a t t y  ac id .

in  v iv o ,  an increased in c o rp o ra t i o n  o f  C-mevalonate i n t o  t r i 

g ly c e r id e  (F igure  17B) was observed in  the animals t re a te d  w i th  pa ren te ra l  

C e l i t e  and 0.42 M s a l i n e ,  i . e .  as a r e s u l t  o f  s t re s s .  The s t im u la t o r y  

e f f e c t s  o f  both b i l e  ac ids  on the in c o rp o ra t io n  o f  C-mevalonate i n to

t r i g l y c e r i d e  (F igures l6C & D) might  be in te r p r e te d  as being due to  the 

e f f e c t  o f  s t re s s .  The n e g l i g i b l e  e f f e c t s  o f  CDCA and CA on the in c o rp o ra 

t i o n  o f  ■̂‘ C-acetate i n t o  t r i g l y c e r i d e  (F igures 16A & B) are c o n s i s te n t  

w i th  the n e g l i g i b l e  e f f e c t  o f  s t re s s  (F igure  17A).

Cho les te ry l  Esters

In v i  t r o ,  c h o le s te r y l  e s te r  syn thes is  from ^ *C -ace ta te  and ^*C-  

mevalonate was decreased by in c rea s ing  b i l e  ac id  concen t ra t ions  (F igures 

18A & B). The more pronounced i n h i b i t i o n  o f  c h o le s te r y l  e s te r  syn thes is  

from ^*C-mevalonate by CDCA (F igure  18b) m ight  have been due t o  the f a c t  

t h a t  ^ * C - f r e e  f a t t y  ac id  syn thes ized  from ^^C-mevalonate occur red  in
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sm a l le r  amounts, or  t h a t  CDCA is  more t o x i c  to enzymes (58) .

In v iv o ,  the observed i n h i b i t o r y  e f f e c t s  o f  both b i l e  acids on 

the in c o rp o ra t io n  o f  ^ *C -ace ta te  in to  c h o le s te r y l  es te r  (F igures  19A & B) 

m ight  r e s u l t  from reduced a v a i l a b i l i t y  o f  ^ *C - f r e e  f a t t y  ac id  (F igures 

13A & B), inasmuch as the e f f e c t  o f  s t re s s  is  n e g l i g i b l e  (F igu re  20A).

The increased in c o rp o ra t io n  o f  C-mevalonate i n t o  c h o le s te r y l  es te r  under 

the e f f e c t  o f  e i t h e r  CDCA o r  CA (F igures 19C & D) might be caused by the 

increased amounts o f  labe led  c h o le s te ro l  (Figures IOC £• D) and f ree  f a t t y  

ac id  (F igures 13C & D) and the s i g n i f i c a n t  e f f e c t  o f  s t ress  (F igure  20B).



CHAPTER V 

SUMMARY

1. In v i t r o ,  the hepa t ic  syn thes is  o f  c h o le s t e r o l ,  f ree  f a t t y  

ac id ,  t r i g l y c e r i d e ,  and c h o le s te ry l  e s te r  in  the female r a t  were i n h i b i t e d  

by both c h o l i c  ac id  and chenodeoxychol ic ac id ,  a l though the l a t t e r  may 

have had a more pronounced e f f e c t .  But the g e n e r a l i t y  o f  the e f f e c t ,  and 

the f a c t  t h a t  r e l a t i v e l y  high  concen t ra t ions  (10 ^ M) o f  b i l e  ac id  were 

necessary f o r  i n h i b i t i o n ,  suggest t h a t  b i l e  acids were a c t in g  as enzyme 

poisons, and not as s p e c i f i c  re g u la to ry  agents.

2. The r e s u l t s  o f  the s tudy in  v iv o  on uptake o f  i n t r a p e r i -  

t o n e a l l y  in je c te d  c h o l i c  ac id  i n to  l i v e r  and e x c re t io n  i n to  i n t e s t i n e  

show th a t  the mechanism respons ib le  f o r  process ing pa ren te ra l  b i l e  ac id  

becomes sa tu ra ted  a t  a b i l e  ac id  dose o f  about 10 pmoles per 100 g body 

wei ght.

3. In v iv o ,  the in c o rp o ra t io n  o f  i n t r a p e r i t o n e a l l y  in je c te d  

r a d io a c t i v e  precursors  i n t o  hepa t ic  c h o le s te r o l ,  f re e  f a t t y  ac id ,  t r i 

g l y c e r id e ,  and c h o le s te r y l  e s te r  i n  one hour was u s u a l l y  a l t e r e d  by 

s imultaneous i n j e c t i o n  o f  one o f  the f o l l o w in g  agents:  C e l i t e  (5 mg per 

100 g body w e ig h t ) ,  0.42 M s a l i n e  (200 p i  per 100 g body w e ig h t ) ,  sodium 

cho la te ,  and sodium chenodeoxycholate ( b i l e  ac id  doses were 3 or  10 pmoles 

per 100 g body w e ig h t ) .  C e l i t e  was used as s t ress -p rodu c ing  con t ro l  

( i r r i t a n t ) ;  0.42 M s a l i n e  was a lso  used as a s t res s  c o n t ro l .
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A. In c o rpo ra t ion  o f  I n je c te d  ^^C-aceta te  i n t o  hepa t ic  

c h o le s te ro l  was s t im u la ted  by C e l i t e ,  but  not  a f fe c te d  by 0.42 M s a l i n e ;  

whereas in c o rp o ra t i o n  o f  paren te ra l  ^*C-mevalonate i n to  hepa t ic  cho le 

s t e r o l  was enhanced by both C e l i te  and 0.42 M s a l in e .

B. Inco rp o ra t io n  o f  i n je c te d  ^ *C-ace ta te  i n t o  hepa t ic  

f ree  f a t t y  ac id  was s t im u la ted  by C e l i t e ,  bu t  i n h i b i t e d  by 0.42 M s a l i n e ;  

whereas in c o rp o ra t io n  o f  pa ren te ra l  C-mevalonate in t o  hepa t i c  f re e  f a t t y

ac id  was not  a f f e c te d  by C e l i t e ,  bu t  reduced by 0.42 M s a l i n e .

C. I n co rpo ra t ion  o f  in je c te d  ^^C-aceta te  i n t o  hepa t ic  

t r i g l y c e r i d e  was not a f fe c te d  by e i t h e r  C e l i t e  o r  0.42 M s a l i n e ;  whereas 

in c o rp o ra t io n  o f  paren te ra l  ^*C-mevalonate in t o  hepa t ic  t r i g l y c e r i d e  was 

s t im u la te d  by both C e l i te  and 0.42 M s a l i n e .

D. I n c o rp o ra t io n  o f  i n je c t e d  ^^C-aceta te  i n t o  hepa t ic  

c h o le s te r y l  e s te r  was not a f fe c te d  by e i t h e r  C e l i t e  o r  0.42 M s a l i n e ;

whereas in c o rp o ra t io n  o f  paren te ra l  C-mevalonate in to  hepa t ic  cho le 

s t e r y l  e s te r  was augmented by C e l i t e  and 0.42 M s a l in e .

These re s u l t s  (A-D) suggest t h a t  hepa t ic  syn thes is  o f  cho le 

s t e r o l ,  f ree  f a t t y  ac id ,  t r i g l y c e r i d e ,  and c h o le s te r y l  e s te r  was us u a l l y  

s t im u la te d  by s t res s .

E. I n c o rp o ra t io n  o f  i n je c t e d  ^^C-aceta te  i n t o  hepa t ic  

c h o le s te ro l  was enhanced by both CDCA and CA; whereas in c o rp o ra t i o n  o f  

paren te ra l  ^^C-mevalonate i n t o  he p a t i c  c h o le s te ro l  was s t im u la te d  by 

CDCA, but  not s i g n i f i c a n t l y  a f f e c te d  by CA.

F. Inc o rp o ra t io n  o f  i n je c te d  ^ *C-ace ta te  i n t o  hepa t ic  

f ree  f a t t y  ac id  was i n h i b i t e d  by both CDCA and CA; whereas in c o rp o ra t io n  

o f  pa ren te ra l  C-mevalonate i n t o  hep a t i c  f ree  f a t t y  ac id  was increased
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by both CDCA and CA.

G. In c o rp o ra t io n  o f  pa ren te ra l  ^ *C -ace ta te  and ^*C- 

mevalonate i n t o  hep a t i c  t r i g l y c e r i d e  was s t im u la te d  by both CDCA and CA.

H. In c o rp o ra t io n  o f  in je c te d  ^ *C -ace ta te  i n t o  hepa t ic  

c h o le s te r y l  e s te r  was suppressed by CDCA and CA; whereas in c o rp o ra t io n  

o f  pa ren te ra l  ^*C-mevalonate in to  hep a t i c  c h o le s te r y l  e s te r  was enhanced 

by both CDCA and CA.

These re s u l t s  (E-H),  taken toge ther  w i t h  the re s u l t s  from the 

i n v e s t i g a t io n s  on the e f f e c t s  o f  s t re s s  (A-D), i n d ic a te  th a t  the a l t e r a 

t ions  in  neu t ra l  l i p i d  metabol ism under the e f f e c t s  o f  pa ren te ra l  CDCA 

and CA may be caused in p a r t  by s t r e s s .  I t  is not  c le a r  whether the i n 

creased in c o rp o r a t i o n  o f  labe led  precursors  i n t o  c h o le s t e r o l ,  caused by 

b i l e  ac ids ,  r e f l e c t s  accumulat ion or  an augmented s y n t h e t i c  ra te .

4. No e f f e c t  o f  b i l e  acids on hepa t ic  c h o le s te ro l  syn thes is  

was found, e i t h e r  in  v i  t r o  o r  in  v iv o ,  th a t  could no t  be exp la ined  by 

fa c to rs  such as s t re s s  or  general  t o x i c i t y .  No suppor t  has been found 

f o r  the ro le  o f  b i l e  acids as s p e c i f i c  re g u la to rs  o f  hep a t i c  c h o le s te ro l  

synthes is .
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ERRATA

Page 8 1î ne 17
change mîcrosome to rnicrosomes.

Page 11 l i n e  7
change deconjugate ^  c leave the conjugate.

Page 18 l i n e  20
change Prepara t ions  p repa ra t ions .

Page 19 l i n e  9
change presure ^  pressure.

Page 21 l i n e  3
change conta ined ^  con ta in ing .

Page 22 l i n e  12
change i n j e c t i o n  ^  i n j e c t i o n s .

Page 24 l i n e  7
change o c c u r ! ng to occu r r ing .

Page 46 l i n e  9
change s t ress  s t resses .

Page 47 1 i ne 24
change s t e r o i d  ^  s t e r o l .

Page 50 l i n e  5
change has would have.

Page 50 1i ne 6
change i ncreas i ng to  in c re a s in g ly .

Page 50 1i ne 7
change e n te rohe pa t ic  ^  e n te r o h e p a t i c a l l y .

Page 50 1i ne 23
in s e r t  f r a c t i o n  a f t e r  g - l i p o p r o t e i n .

Page 60 l i n e  15
i n s e r t  the be fore  i leum.


