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F e t a l  l i v e r s  f rom r a b b i t s  a t  30 days o f  ges ta t i on  were grown i n  
organ c u l t u r e  and t h e  e f f e c t  o f  human m i l k  added t o  t he  c u l t u r e  
medium on t he  a b i l i t y  o f  l i v e r  t o  excre te  b i l e  ac ids  
( c h o l y l g l y c i n e )  was examined. Human breas t  m i l k  promoted a  
concent ra t ion  r e l a t e d  inc rease i n  c h o l y l g l y c i n e  accumulat ion i n  t h e  
medium. The f a c t o r ( s )  present  i n  m i l k  r espons ib l e  f o r  t h i s  e f fec t  
appear t o  be non-prote in i n  na tu re  and i s  associated w i t h  t he  
f l o a t i n g  1 i p i d  f r a c t i o n .  Furthermore, m i l k  enhances t he  i n t e g r i t y  
o f  l i v e r  explants,  as es tab l i shed by l i g h t  microscopy. a 1986 S o c i e t y  

f o r  E x p e r i m e n t a l  B i o l o g y  and Medic ine  

B i l e  a c i d  syn thes is  develops l a t e  
i n  ges ta t i on  and i s  no t  complete ly  
mature a t  b i r t h  (1 ) .  I n  t h e  newborn, 
t h e  b i l e  a c i d  pool  s i z e  and t he  r a t e  o f  
b i l e  ac i d  syn thes is  are reduced when 
compared t o  adu l t s  (2). A f t e r  b i r t h ,  
b i l e  ac i d  syn thes is  develops markedly 
reach ing  a d u l t  l e v e l s  by  weaning (1,3). 
The f ac to r s  invo lved  i n  t h e  matura t ion  
of b i l e  a c i d  s y n t h e t i c  pathways are  no t  
known. 

Human breas t  m i l k  has been shown t o  
con ta i n  some b i o l o g i c a l l y  a c t i v e  growth 
f ac to r s  (4-7). Premature weaning i n  
animals t o  s o l i d  d i e t s  has been shown t o  
cause changes i n  cho les te ro l  homeostat ic 
mechanisms some o f  which p e r s i s t  i n t o  
a d u l t  l i f e  (8-9). Th is  suggests t h a t  
m i l k  migh t  con ta in  f a c t o r s  essen t i a l  f o r  
t h e  normal development o f  a  cho les te ro l  
c a t a b o l i c  pathway which i s  immature a t  
b i r t h  (1 ) .  Recently, s tud ies  f rom our 
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l a b o r a t o r y  showed t h a t  human breas t  m i l k  
markedly s t imu la tes  t he  a c t i v i t y  o f  
hepa t i c  cho les te ro l  7a-hydroxyl ase ( r a t e  
1  im i  t i n g  enzyme invo lved  i n  cho les te ro l  
metabol ism) i n  v i t r o  (10) .  

I n  t h i s  study, t he  capac i t y  of 
r a b b i t  f e t a l  l i v e r  i n  organ c u l t u r e  t o  
excre te  b i l e  ac ids  under t h e  i n f l uence  
o f  m i l k  and t he  h i s t o l o g i c a l  aspects of 
t h e  l i v e r  exp lan ts  were evaluated and we 
show t h a t  m i l k  s t imu la tes  t h e  sec re t i on  
o f  b i l e  ac ids  by  f e t a l  l i v e r s .  

Human breas t  m i l k  samples were 
obta ined f rom vo lun teers  i n  t h e i r  e a r l y  
twen t i es  du r i ng  t he  4 t h  week of 
l a c t a t i o n .  M i l k  was subjected t o  
p r o t e o l y s i s  by t reatment  w i t h  t r y p s i n  
and chymotrypsin as descr ibed by 
Klagsbrun (3 ) .  Bo i l ed  m i l k  was obta ined 
by  b o i l i n g  samples f o r  30 min. M i l k  
samples were a l s o  c e n t r i f u g e d  a t  3000 
rpm f o r  30 min., and t he  i n f r a n a t a n t  was 
used f o r  t he  assays (skimmed m i l k ) .  

Fe ta l  l i v e r s  from New Zealand 
r a b b i t s  (Kingswheel Rabbi t r y ,  M t .  
Vernon, OH) a t  30 days o f  ges ta t i on  
( normal ges ta t i on  31 -32 days were 
d issec ted  under s t e r i l e  cond i t ions ,  
removed r a p i d l y  and p laced i n  p e t r i  
d ishes w i t h  s t e r i l e  Hank's S a l t  So lu t i on  
(Gibco Company, Grand Is land ,  NY) on 
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FIGURE 1: His to l ogy  o f  f e t a l  r a t  l i v e r  a f t e r  7 days i n  organ c u l t u r e  i n  t h e  
absence (a)  and presence (b)  o f  m i l k  (1%). Note i n  ( a )  
pro1 i f e r a t i  ng c e l l  s  i n  t h e  per iphery  and occasional  b i  1 i ary  
c a n a l i c u l i  and hepatocytes i n  t h e  center.  Note i n  ( b )  t h e  
numerous hepatocyte p l  a tes  and b i  1 i ary  canal i cu l  i . T o l u i  d i  ne 
Blue, X100. 

i ce .  Explants o f  l i v e r ,  approximately  2 
mm, were prepared, and t h ree  exp lan ts  
were mainta ined on a s t e r i l e ,  scored 
Falcon p l a s t i c  p e t r i  d i s h  w i t h  cen ter  
w e l l  (Beckon, Dick inson and Co., 
Cockeysv i l le ,  MD) w i t h  2.0 ml o f  c u l t u r e  
medium. The c u l t u r e  medium cons is ted  o f  
Basal Eagle Medium ( 3 9 m l % )  (MA 
Bioproducts, Wa l ke rsv i l l e ,  MD) and Ham's 
F-12 medium (39 ml%) (Gibco 
Labora to r ies ,  L i f e  Technologies Inc., 
Chagrin F a l l  OH), and was supplemented 
w i t h  f e t a l  bovine serum ( 2 0 m l % )  
(Hyclone Labora to r ies ,  Logan, Utah), L- 
g lutamine ( 1  ml%), gentamycin (0.1 ml%) 
and fungizone (1 ml%). The experimental 
c u l t u r e  medium a l so  conta ined m i l k  o r  
i t s  f r a c t i o n s .  The medium was prepared 
a f t e r  f i l t e r i n g  i t s  c o n s t i t u t e n t s  w i t h  a 
s t e r i l i z a t i o n  f i l t e r  u n i t  w i t h  pore s i z e  
of 0.8 um (Nalge Company, Rochester, 
NY). 

Dishes w i t h  exp lan ts  and medium 
were covered i n  order  t o  prevent  
evaporat ion.  Incubat ions  were c a r r i e d  
o u t  f o r  per iods  up t o  7 days i n  a 
chamber a t  37OC i n  a 5% C02-95% a i r  
atmosphere. The medium was changed w i t h  
s t e r i l e  p recaut ions  a t  24 h r  and every 
24 o r  48 h r  t he rea f t e r ,  according t o  t he  
experiment. 

The a b i l i t y  o f  l i v e r  t o  excre te  
b i l e  ac ids was evaluated by measuring 
t h e  c h o l y l g l y c i n e  accumul a t i o n  i n  t he  
c u l t u r e  medium by  s p e c i f i c  
radioimmunoassay (Abbot t  Laborator ies,  
North Chicago, I L )  us ing  an Auto-Logic 

Gamma Counter (Abbot t  Labora to r ies ) .  
B i l e  a c i d  sec re t i on  was expressed on t he  
bas i s  of p r o t e i n  con ten t  o f  t h e  l i v e r  
explants,  measured by t he  method o f  
Brad ford  (11). 

For 1 i g h t  microscopy, 1 i ver 
exp lan ts  were f i x e d  i n  4% g lu ta ra ldehyde 
and 4% paraformaldehyde i n  0.1 M sodium 
cacodylate, trimmed i n t o  0.5 mm cubes, 
washed tw i ce  i n  cacodylate bu f f e r ,  and 
p o s t f i x e d  i n  1% osmium t e t r o x i d e  i n  0.1 
M cacodylate b u f f e r  a t  pH 7.4. Tissues 
were s ta ined  i n  b lock  w i t h  2% 
urany l  acetate, dehydrated through 
ascending concent ra t ions  of 
e t h y l  a1 coho1 , t r a n s f e r r e d  t o  propylene 
oxide, and embedded i n  Spur r ' s  embedding 
r e s i n .  Sect ions were c u t  a t  1 urn and 
s ta i ned  w i t h  0.1% T o l u i d i n e  Blue. 

Cont ro l  and experimental va lues 
were compared us ing  t he  Student 's  t 
t e s t ,  w i t h  p-values < 0.05 being 
considered as s t a t i s t i c a l l y  s i g n i f i c a n t .  

F i gu re  l a  shows t he  h i s t o l o g i c a l  
appearance o f  these 1 i v e r  exp lan ts  a f t e r  
7 days i n  cu l t u re .  Heal t h y  
p r o l i f e r a t i n g  hepatocytes cou ld  be seen 
a t  t he  per iphery.  The center  o f  t he  
exp lan t  demonstrated occasional  b i l i a r y  
canal i c u l  i and sca t te red  heal t h y  
hepatocytes as w e l l  as a c e r t a i n  degree 
o f  c e l l  deb r i s  and g r a n u l a r i t y  from 
degenerat ing c e l l s .  A f t e r  t h e  a d d i t i o n  
o f  m i l k  (1%) (F igu re  l b ) ,  hepatocyte 
p l  ates and b i  1 i ary  canal i c u l  i appeared 
more numerous. Numerous l i p i d  d rop le t s  
were a l so  present  w i t h i n  t he  exp lan t .  
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TABLE I : Cholyl  g l y c i  ne accumulation i n  f e t a l  1  i v e r  c u l t u r e  medi urn: e f f e c t  
o f  m i l k  (1X)a 

Choly l  g l y c i  ne accumul a t  i on (ug/100 ug o f  1  i ver  p r o t e i n )  
Days o f  i ncuba t i on  

M i l k  added (n)  

None 4 1.69 + 0.34 2.05 + 0.31 2.68 + 0.23 3.39 + 0.20 

M i l k  4 1 .92k0 .66  3 .21+0 .81  5.79+1.16* 8.85+1.92* 

a ~ x p r e s s e d  as mean + SEM 

Table I shows t he  c h o l y l g l y c i n e  
accumulat ion w i t h  t ime i n  t he  medium 
u n t i l  t h e  7 t h  day of cu l t u re .  B i l e  ac i d  
sec re t i on  increased p rog ress i ve l y  w i t h  
t ime. M i l k  (1%) added t o  t he  medium 
promoted a  gradual increase i n  
c h o l y l g l y c i n e  sec re t i on  by t he  l i v e r  
exp lan ts  w i t h  n e a r l y  100% increase by  
t h e  7 t h  day of c u l t u r e .  

Table I1 shows t h a t  a  
p r o p o r t i o n a l l y  l i n e a r  increase i n  t he  
sec re t i on  o f  c h o l y l g l y c i n e  by t h e  l i v e r  
exp lan ts  r e l a t e d  t o  t he  m i l k  
concent ra t ion  was observed. 

Fu r t he r  s tud ies  were done t o  
examine t he  na ture  o f  f a c t o r s  i n  m i l k  

respons ib le  f o r  s t i m u l a t i n g  b i l e  a c i d  
synthesis.  Table . 111 shows t he  
c h o l y l g l y c i n e  accumulat ion i n  t h e  medium 
between 24 and 48 hours o f  incubat ion  as 
a f f e c t e d  by t h e  d i f f e r e n t  m i l k  
f r a c t i o n s .  P ro teo l ys i s  and b o i l i n g  o f  
t h e  m i l k  d i d  n o t  change t h e  s t i m u l a t i n g  
e f f e c t  o f  m i l k .  However, skimmed m i l k ,  
ob ta ined  by c e n t r i f u g a t i o n  ( t o  remove 
f l o a t i n g  f a t ) ,  abo l i shed t h e  s t i m u l a t o r y  
e f f e c t  o f  m i l k .  Th is  i n d i c a t e d  t h a t  t he  
f a c t o r ( s )  i s  non-pro te in  i n  na tu re  and 
i s  associated w i t h  t he  f l o a t i n g  l i p i d  
f r a c t i o n .  

Human s tud ies  have suggested t h a t  
mi l k  has t h e  p o t e n t i a l  t o  decrease serum 

TABLE 11: Cho l y l g l yc ine  accumulation i n  f e t a l  1  i v e r  c u l t u r e  medium. E f f e c t  
o f  mi 1 k concen t ra t i  ona 

Cholyl  g l y c i  ne accumul a t i  on (ug/100 ug o f  1  i ver  p r o t e i n )  
Hours o f  i ncuba t i on  

M i l k  added (n )  
( % I  

None 3 0.52 + 0.15 1.93 + 0.49 2.98 + 0.78 

M i l k  2% 3 2.73 + 0.74* 7.42 + 0.65** 11.18 + 0.79** 

a  Expressed as mean + SEM 

*p < 0.05 i n  comparison t o  c o n t r o l s  

**p < 0.01 i n  comparison t o  m i l k  1% 
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TABLE 111: Cholyl glycine accumulation i n  f e ta l  l i v e r  cul ture medium upon 24 
hours of incubation: Ef fect  o f  d i f fe ren t  f ract ions o f  the mi lka 

Milk or Cholyl g lyc i  ne concent ra t ion  i n  medi um 
f r a c t  i on added (n) (ug/100ug o f  1 i ver prote i  n/24 hours) 

(1%) 

None 3 

Milk 3 

Proteol i zed M i  1  k 3 

Boi led Milk 3 

Skimmed Milk 3 

a Expressed as mean + SEM 

*p < 0.05 i n  comparison t o  controls 

cho les te ro l  l e v e l s  (12,131 a1 though t h e  
mechanism o f  t h i s  e f f e c t  i s  no t  
complete ly  c l ea r .  Studies by Bogulawski 
and Wrobel (141, Ward e t  a l .  (15) and 
Mann (12)  suggested t h e  presence o f  a  
f a c t o r  i n  m i l k  t h a t  i n h i b i t e d  t he  
syn thes is  o f  s t e r o l s  f rom rad io l abe led  
ace ta te  and mevalonate. I n  t h i s  
l a b o r a t o r y  i t  was a l so  shown i n  v i t r o  
(10)  t h a t  human breas t  mi 1 k  s t imu la tes  
r a t  1  i ver chol  ester01 7  a-hydroxyl ase 
a c t i v i t y .  The r e s u l t s  o f  t h e  present  
s t ud ies  s t r o n g l y  support  t he  concept 
t h a t  human m i l k  s t imu la tes  t he  exc re t i on  
o f  b i l e  a c i d  by t h e  l i v e r .  Th is  
s t i m u l a t i o n  migh t  a l so  c o n t r i b u t e  t o  t he  
hypocholestero l  emic e f f e c t  o f  mi 1  k. 

Th i s  s t i m u l a t i n g  e f f e c t  o f  m i l k  i s  
n o t  l i k e l y  t o  be due t o  an increased 
presence o f  subs t ra te  ( c h o l e s t e r o l )  i n  
t h e  medium s ince  t he  amount o f  
c h o l e s t e r o l  present  i n  t he  m i l k  
(measured by GLC) added t o  t he  medium 
was very  small  (64-86 ug%) compared t o  
t h e  cho les te ro l  a l ready  present  i n  t h e  
medium i t s e l f  (6.40 mg%). Furthermore, 
m i l k  i t s e l f  conta ined undetectable 
amounts o f  b i l e  acids, as measured by  
RIA. 

P re l  im i  nary  examination o f  t he  
na ture  o f  t he  f a c t o r  i n  m i l k  i n d i c a t e d  
t h a t  b o i l i n g  and p r o t e o l y s i s  w i t h  
t r y p s i n  and chymotrypsin d i d  no t  a l t e r  
t h e  s t i m u l a t i n g  a c t i v i t y  o f  m i l k .  These 
f a c t s  i n d i c a t e  t h a t  t h e  p o t e n t i a l  f a c t o r  
i s  n o t  a  p ro te i n .  I t  i s  most l i k e l y  
t h a t  t h i s  f ac to r  may be a  l i p i d  

associated w i t h  f l o a t i n g  f a t  f r a c t i o n  o f  
m i l k .  Fur ther  s tud ies  t o  p u r i f y  t he  
a c t i v e  f a c t o r ( s )  are c u r r e n t l y  i n  
progress. 
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