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Semipur i f i ed  l i t h o g e n i c  d ie ts  for  h a m s t e r s  c o n t a i n  
c a s e i n  as  the  p r o t e i n  source .  S i n c e  s u b s t i t u t i o n  o f  
s o y  pro te in  i s o l a t e  for  c a s e i n  r e d u c e s  s e r u m  cho les -  
tero l  c o n c e n t r a t i o n s  in several  s p ec i e s ,  we  s t u d i e d  
r e p l a c e m e n t  o f  c a s e i n  by soy  p r o t e i n  for e f fec t s  o n  
g a l l s t o n e  f o r m a t i o n .  Feed ing  s o y  p ro te i n  c o n s i s -  
t en t ly  re su l t ed  in a s ign i f i cant ly  r e d u c e d  i n c i d e n c e  
o f  g a l l s t o n e s .  S w i t c h i n g  to  a s o y - b a s e d  diet  a f ter  
i n d u c t i o n  o f  g a l l s t o n e s  re s u l t ed  in d i s s o l u t i o n  o f  
a s ign i f i cant  p e r c e n t a g e  o f  the  s ton es .  Part ia l  sub-  
s t i tu t ion  o f  s o y  for  c a s e i n  gave  re s u l t s  i n t e r m e d i a t e  
b e t w e e n  100% c a s e i n  a n d  100% soy. T h e  lys ine /ar -  
g i n i n e  rat io  o f  t h e  p r o t e i n s  m a y  be  r e s p o n s i b l e  for  
the  o b s e r v e d  d i f f erences  in cho le l i th ias i s .  T h e  re- 
d u c t i o n  in l i t h o g e n i c i t y  a s s o c i a t e d  w i t h  f e e d i n g  
soy  pro te in  a p p e a r s  to be  m e d i a t e d  p r i m a r i l y  
t h r o u g h  d e c r e a s e d  s e c r e t i o n  o f  c h o l e s t e r o l  into  
bile.  

Factors  t h a t  have been associa ted wi th  occurrence of 
cholesterol  ga l l s tones  in h u m a n  popula t ions  include 
obesity, gender  and  aging.  I t  has  been  e s t ima ted  t h a t  
surgical  and  medica l  t r e a t m e n t  for gal l  b ladder  disease  
accounts  for more  t h a n  10% of to ta l  medical  costs in 
the Uni ted  Sta tes .  An imal  models  for cholesterol  
cholel i thiasis  include the  pra i r ie  dog and Syr i an  ham-  
ster. We have used the  h a m s t e r  to s tudy d ie ta ry  modifi- 
cat ion of gal ls tone formation.  This  pape r  s u m m a r i z e s  
our  work to date  on the  effects of a l t e r ing  d ie ta ry  pro- 
te in  while  m a i n t a i n i n g  other  components  of the  diet. 

The  diet  which is used for induct ion of ga l l s tones  in 
h a m s t e r s  was in t roduced by D a m  and Chr i s t ensen  (1). 
I t  conta ins  74.3% sucrose,  20% casein,  5% m i ne r a l  mix,  
0.5% v i t a m i n  mix  and  0.2% choline chloride. D a m  and  
his  coworkers fed num erous  v a r i a n t s  of th i s  basic  
l i thogenic  diet  in which fats  were added or different  
types  of ca rbohydra te  were subs t i tu ted  for the  suga r  
(2). However, va r i a t ion  of the prote in  source was not  
sys t ema t i ca l ly  inves t iga ted  for effects on induct ion of 
gal ls tones.  In  l igh t  of the  documented  hypocholes- 
terolemic  effect of subs t i tu t ion  of vege tab le  pro te in  for 
a n i m a l  prote in  in the  diets of h u m a n s  (3-6), r abb i t s  
(7,8) and  swine (9), we decided to examine  the  effects 
of  rep lac ing  casein  in the  s t andard  l i thogenic  die t  wi th  
soy prote in  isolate.  Ini t ial ly,  we carr ied  out  four  con- 
secut ive s tudies  in which 25 to 30 h a m s t e r s  pe r  group 
were  fed soy or casein  for different  l eng ths  of t ime  (Table 
1). In  each ins tance ,  feeding soy prote in  resu l ted  in 
s ignif icant ly  fewer gal ls tones  t h a n  did the  s t anda rd  ca- 
se in-based diet  (p<0.001) (10). Incidence of 
cholel i thiasis  in an i m a l s  fed soy prote in  was approxi-  
m a t e l y  one-quar te r  t h a t  of those fed casein. 

The effect of feeding soy pro te in  on exis t ing  
gal l s tones  was also studied (10) (Table 2). Seventy-five 
h a m s t e r s  were fed the  case in-based l i thogenic  diet  for 
40 days. At t h a t  t ime  one- th i rd  of  the a n i m a l s  were 
examined  for ga l l s tones  and  a 50% incidence was ob- 
served. The r e m a i n i n g  50 a n i m a l s  were randomized  
into two groups t h a t  were e i ther  cont inued on the  casein  
diet  or t r ans fe r r ed  to the  soy pro te in  diet. Af te r  an  

addi t ional  34 days, the  incidence of ga l l s tones  in the  
h a m s t e r s  fed casein was s l ight ly  increased to 58%, 
whereas  gal ls tones  were observed in only 32% of the  
an ima l s  fed soy protein.  This  suggests  dissolut ion of 

TABLE 1 

Gallstone Formation in Hamsters: Substitution of Soy Protein 
for Casein in a Lithogenic Diet ~ 

Duration (days) Protein Incidence of gallstones (%) 

45 Casein 56 
Soy isolate 13 

45 Casein 62 
Soyisolate 15 

70 Casein 64 
Soyisolate 17 

100 Casein 48 
Soy isolate 11 

aDiet formula: 74.3% sucrose; 20% protein; 5% minerals; 1% vita- 
mins; 0.2% choline chloride. 

TABLE 2 

Effect of Soy Protein of Existing Gallstones in Hamsters a 

Protein Duration (days) Incidence of gallstones (%) 

Casein 40 50 

Casein 74 58 

Casein 40 
Soy isolate 34 32 

aSee Table 1 footnote for dietary composition. Adapted from Refer- 
ence 10. 

TABLE 3 

Gallstone Incidence in Hamsters Fed Varied Proportions of 
Casein and Soy Protein a 

Protein (%) Incidence of gallstones (%) 

Casein (100) 44 

Casein (75) 
Soy isolate (25) 38 

Casein (50) 
Soy isolate (50) 23 

Casein (25) 
Soy isolate (75) 15 

Soy isolate (100) 12 

aSee Table 1 footnote for dietary composition. 
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TABLE 4 

Bile C o n s t i t u e n t s  (mM/dl) a n d  L i t h o g e n i c  I n d e x  o f  H a m s t e r s  Fed  V a r y i n g  
Proportions of Casein and Soy Protein a 

Lithogenic 
Protein Cholesterol Phospholipid Bile acids index 

Casein 1.15 ± 0.54 2.51 _+ 0.11 14.56 --+ 0.83 0.66 ± 0.29 

Casein (75%) 
Soy(25%) 0.94 --+ 0.27 2.21 - 0.28 18.62 -.+ 1.42 0.52 ± 0.14 

Casein (50%) 
Soy (50%) 0.56 - 0.19 2.42 _.+ 0.33 18.18 ± 1.96 0.34 ± 0.11 

Casein (25%) 
Soy (75%) 0.35 -+ 0.08 2.05 +_. 0.21 20.16 -+ 2.39 0.20 -+ 0.04 

Soy 0.27 - 0.03 1.66 ± 0.06 17.33 +_. 1.33 0.18 ± 0.01 

aSee Table 1 footnote fbr dietary composition. 

gal ls tones  in one- th i rd  of the  a n i m a l s  fed soy protein.  
We (11) and  others  (12) had  shown previously  t h a t  

d i lu t ion of d ie ta ry  a n i m a l  prote in  wi th  vege tab le  pro- 
t e in  reduced se rum cholesterol  levels and  degree  of aor-  
tic a theroscleros is  in expe r imen ta l  an imals .  In  those  
studies,  equal  pa r t s  of  an i m a l  and  vegetab le  p ro te ins  
yielded resu l t s  comparab le  to 100% vegetab le  prote in .  
In  l ight  of  those f indings we inves t iga ted  the  d i lu t ion  
of casein  in the  l i thogenic  diet  by addi t ion of g raded  
a m o u n t s  of soy pro te in  isolate. Five d ie ta ry  t r e a t m e n t  
groups  were: (A) 100% casein; (B) 75% casein,  25% soy; 
(C) 50% casein,  50% soy; (D) 25% casein,  75% soy, and  
(E) 100% soy protein.  Di lu t ion  of casein wi th  soy pro te in  
resul ted  in a dose-dependent  decrease in gal ls tone for- 
ma t ion  (Table 3). The corre la t ion coefficient for 
gal ls tone incidence versus  soy prote in  concent ra t ion  
was - 0 . 9 7 7  (P<0.005).  In th is  s tudy we also ob ta ined  
bile a t  the t ime  of necropsy by direct  asp i ra t ion  wi th  a 
}xl syringe.  Cholesterol  (13), phosphol ipid  (14) and  bile 
acid (15) concent ra t ions  in the  bile were de te rmined  
and the  l i thogenic index calcula ted  us ing  the polyno- 
mia l  equa t ion  of Th om as  and H o f m a n n  (16). Al though  
the presence of ga l l s tones  decreased the  volume of bile 
ob ta ined  (which would tend  to decrease l i thogenic fac- 
tors  in pooled bile samples)  f rom those an i m a l s  wi th  
la rge  and/or  mul t ip le  gal ls tones ,  the re  were s ignif icant  
nega t ive  corre la t ions  of  cholesterol  (r = - 0 . 9 7 9 ,  p <  
0.005), phosphol ipid  (r = - 0 . 8 7 3 ,  p<0.025) ,  and  the  
l i thogenic  index (r = - 0 . 9 7 6 ,  p<0.005)  wi th  the  
pe rcen tage  of soy pro te in  in the  diet  (Table 4). Choles-  
terol  concent ra t ion  in the  bile was mos t  a m e n a b l e  t o  
a l t e ra t ion  by changes  in d ie ta ry  prote in  wi th  a four-fold 
r ange  in the  sterol.  Graded  decreases  in the  l i thogenic  
index para l le led  decreased cholesterol  concentra t ion  in 
the  bile as soy prote in  replaced casein  in the  diet. 

In  an a t t e m p t  to e lucidate  the  m e c h a n i s m  of 
hypocholes te ro lemia  associa ted  wi th  consumpt ion  of 
vegetable  proteins,  we have inves t iga ted  the  influence 
of the  lys ine /arg in ine  ra t io  of  d ie ta ry  prote ins  on l ipid 
metabo l i sm.  The lys ine /arg in ine  ra t io  of casein is ap- 
p rox imate ly  2.0 and  t h a t  of soy prote in  isolate  is abou t  
1.0. We have shown t h a t  the  a l t e ra t ion  of the lys ine/ar-  
g inine ra t io  of these  two prote ins  by the  addi t ion of 

TABLE 5 

In f luence  o f  L y s i n e / A r g i n i n e  Rat io  o f  D i e t a r y  Pr o te in  o n  
G a l l s t o n e s  ~ 

Protein Incidence of gallstones (%) 

Casein 26 
Soy isolate 8 
Casein plus arginine 18 
Soy plus lysine 36 

aSee Table 1 footnote for dietary composition. 

lysine to soy or the addi t ion of a rg in ine  to casein to 
approx imate  the  lys ine /arg in ine  ra t io  of the  other  pro- 
te in  a l t e r s  the  se rum cholesterol  response of rabbi t s  
and  the  a m o u n t  of a theroscleros is  they  develop (17,18). 
An examina t i on  of th ree  an ima l  prote ins  wi th  va ry ing  
lys ine /arg in ine  ra t ios  (but  s imi la r  absolute  lysine con- 
tents)  for a therogenic i ty  resul ted  in a s ta t i s t ica l ly  sig- 
nif icant  posit ive corre la t ion  be tween aortic a thero-  
sclerosis and lys ine /arg in ine  ra t io  (19). 

Because our  previous s tudies  impl ica ted  the  lysine/  
a rg in ine  ra t io  of d ie ta ry  prote ins  as a significant 
med ia to r  of se rum cholesterol and aort ic  a thero-  
sclerosis,  we inves t iga ted  whe the r  the  lys ine/arginine  
ra t io  of  d ie ta ry  prote in  was also a d e t e r m i n a n t  of  bile 
cholesterol s a tu ra t ion  as reflected by gal ls tone inci- 
dence (20). To this  end, we fed groups of 25 ha ms t e r s  
the  s t andard  l i thogenic diet  conta in ing  casein,  a soy 
prote in  diet,  19.0% casein  plus 1.0% arginine ,  or 18.8% 
soy prote in  plus 1.2% lysine.  As usual ,  feeding soy pro- 
te in  resul ted  in s ignif icant ly  fewer gal ls tones  t h a n  feed- 
ing casein.  Addition of a rg in ine  to casein had a s l ight  
protect ive  effect aga ins t  l i thogenesis ,  while  addit ion of 
lysine to soy protein had  a significant  enhanc ing  effect 
on fo rmat ion  of gal ls tones  (Table 5). 

A recent  repor t  on gal l s tones  in vege t a r i an  women 
as compared  wi th  m e a t  ea te r s  sugges ts  some factor in 
the  diet  of  vege ta r i ans  protec ts  aga ins t  gal ls tone forma- 
t ion (21). The incidence of gal ls tones  in 632 female  non- 
vege t a r i ans  was 25%, whi le  in 130 vege t a r i ans  the  in- 
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cidence of stones was 12% (p<0.01). While vegetar ians  
may be character ized by a number  of d ie tary  differences 
tha t  may impinge upon development of gallstones,  this  
study does support  the hypothesis  t ha t  vegetable pro- 
tein may decrease risk of cholelithiasis in humans .  

Our series of studies in hamsters  demonst ra tes  repro- 
ducibly tha t  the type of protein influences cholesterol 
sa tura t ion  of bile and the incidence of cholelithiasis. 
Soy protein feeding results  in significantly fewer 
gallstones than  does casein feeding. Mixing the two 
proteins results  in decreased gallstone formation as the 
proportion of soy protein increases. This effect appears 
to be mediated pr imar i ly  via decreased cholesterol con- 
cent ra t ion in bile. 
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