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I t  has  been  f o u n d  p r e v i o u s l y  (1) t h a t  a d d i t i o n  of cho les te ro l  a t  the  l eve l  
of 1 %  to a g a l l s t o n e  p r o d u c i n g  d ie t  fo r  y o u n g  h a m s t e r s  m a r k e d l y  r e d u c e d  
f o r m a t i o n  of cho les te ro l  ga l l s t ones  in  h a m s t e r s  of bo th  sexes  a n d  g r e a t l y  
i n c r e a s e d  f o r m a t i o n  of a m o r p h o u s  p i g m e n t e d  g a l l s t o n e s  in  t he  f e m a l e  
h a m s t e r s .  

In  t he  p r e s e n t  s t u d y  we  h a v e  f u r t h e r  e x a m i n e d  the  effects of  d i e t a r y  
choles te ro l  on g a l l s t o n e  p r o d u c t i o n  in  h a m s t e r s  and  c o m p a r e d  these  effects  
w i t h  those  of squa lene ,  choles tanol ,  7 -dehyd roc ho l e s t e ro l ,  e rgos te ro l ,  com-  
m e r c i a l  p r e p a r a t i o n s  of l a n o s t e r o l  a n d  s o y b e a n  s te ro l s ,  a n d  the  k n o w n  
p r o t e c t i v e  effects  of  fish oi l  f a t t y  ac id  e t h y l  e s t e r s  (2) a n d  s u b s t i t u t i o n  of 
r ice  s t a r ch  for  g lucose  in t he  b a s a l  d i e t  (3, 4). In  mos t  cases,  t he  inf luence  
of  the  v a r i o u s  d i e t a r y  m a n i p u l a t i o n s  on the  l eve l s  of cho les te ro l  in s e r u m  
and  l i v e r  was  also e x a m i n e d .  

Materials and methods 

The following prepara t ions  of sterols, squalene, nonabsorbable  antioxidant ,  
and fats were  used: 

Colesterol, U.S.P., XVII, E. Merck, Darmstadt .  
Lanosterol,  Calbiochem. 
~-Sitosterol,  crystall ine,  pract ical  grade from soybeans, Sigma, in the fol low- 

ing refer red  to as "Soy bean sterols". 
7-Dehydrocholesterol,  Sigma. 
Cholestanol, Sigma. 
Squalene, grade 1, 98-100%, Sigma. 
Ionox 330 2,4,6-tr i-(3 ' ,5 '-ditert .-butyl-4 'hydroxybenzyl)  mesitylene,  gift  from 

Shell  Neder land Chemie, Rot te rdam through Dansk Shell  A/S, Copenhagen. 
Pa lmkerne l  oil, gifts from Dansk Sojakagefabr ik  A/S, Copenhagen, and 

Arhus  Oliefabrik  A/S, Arhus.  
Disti l led menhaden  oil fa t ty  acid ethyl  esters, gift  from U.S. Fish and Wild-  

life Service, Bureau of Commercial  Fisheries,  Seattle,  Wash. (U.S.A.). 
Ergosterol,  gift  f rom F. Hoffmann-La Roche A.G., Basel. 
But ter  fa t  was prepared  and stored as described in our paper  (5). 
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T h e  s t e ro l s  w e r e  t e s t e d  for  p u r i t y  b y  t h i n  l a y e r  c h r o m a t o g r a p h y  o n  Si l ica  
gel  G (Merck,  D a r m s t a d t ) .  A m o u n t s  of s t e ro l  100 to 200 ~g, s o l v e n t  s y s t e m :  
p e t r o l e u m  e t h e r / d i e t h y l  e t h e r / g l a c i a l  ace t ic  ac id  70/30/1 (v/v/v).  V i s u a l i z a t i o n  
b y  c h a r r i n g  w i t h  50 ~ H2SO4, 

Cho l e s t e ro l  g a v e  on ly  one  spot.  T h e  o t h e r  s t e ro l s  g a v e  each  one  spo t  fo l -  
lowed  b y  a ta i l  of u n i d e n t i f i e d  i m p u r i t i e s .  I n  t h e  case  of cho le s t ano l  t h e  ta i l  
w a s  v e r y  fa in t .  

S q u a l e n e  w a s  also t e s t e d  b y  t h i n  l a y e r  c h r o m a t o g r a p h y  on  Si l ica  gel  G. 
A m o u n t  70 #g,  s o l v e n t  s y s t e m  a n d  v i s u a l i z a t i o n  as above .  

S q u a l e n e  g a v e  one  spot  a c c o m p a n i e d  b y  a f ew  f a i n t  spots  of u n i d e n t i f i e d  
impur i t i e s .  T h e  iod ine  v a l u e  d e t e r m i n e d  b y  t h e  m e t h o d  of Rosenmund a n d  
Kuh~henn (6) w a s  385, 

T a b l e  1. F a t t y  ac id  com pos i t i on  o f  t h e  t wo  p r i n c i p a l  fa t s  u sed  1) 

F a t t y  ac id  ffi) P a l m k e r n e l  oil 8) M e n h a d e n  off f a t t y  
" a  . . . .  b "  ac id  e t h y l  es te r s  

8 : 0  0.5 0.1 
10 : 2 2.4 1.8 
12 : 0 58.4 58.5 t r ace  
14 : 0 17.0 18.6 6.4 
14 : 1 0.2 
1 5 : 0  (or 14 :  2) 0.5 
16 a ld  O.2 
16 : 0 7.9 8.8 16.9 
1 6 : 1  co 7 12.9 
16 : 2 ( o r  17  : O) 1 . 0  
? 1.9 
? 1.7 
18 : 0 1.9 2.7 2.8 
1 8 : 1  oJ 9 1 0 . 0  9 . 0  1 1 . 9  
18 : 2 o~ 6 1.9 0,5 1.2 
? 0.4 
18 : 3 co 3 0,3 

0.5 
? 1.2 

0.1 
20 : 1 4.9 
20 : 2 0.4 

0.3 
2 0 : 4 c o  6 1.5 
22 : 1 1.7 
20 : 5 eo 3 20.0 
24 : 1 (or 21 : 5) 0.9 
2 2 : 5 c a  3 0.6 
? 1.8 
22 : 6 eo 3 7.6 

1) P e r  c en t  of  t h e  m e t h y l  es te rs  of  t h e  i n d i v i d u a l  f a t t y  acids  in  t h e  m e t h y l  es te rs  
of  t h e  t o t a l  f a t t y  acids  f rom each  fat .  

s) I n d i c a t e d  b y  n u m b e r  of  c a r b o n  a t o m s  a n d  doub le  bonds .  
8) Two b a t c h e s  of  p a l m k e r n e l  oil were  u sed  in  t he  e x p e r i m e n t s .  

" a "  in  G 148, G 155, G 156 a n d  G 157. 
" b "  in  G 158, G 159, G 161 a n d  G 163. 
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The fat ty  acid pat terns of palmkernel  oil and distilled ethyl esters of fat ty 
acids of menhaden body oil were  determined as described in our paper (7) and 
are shown in table 1. 

Measurements  of the absorption in ul traviolet  at 282 nm of the preparat ions 
of 7-dehydrocholesterol and ergosterol in absolute ethanol solution and com- 
parison with the data for the absorption in references 20 and 9 showed these 
preparations to be approximately  95 % pure. 

The methods ~or determination of cholesterol were:  
For  l iver  cholesterol: the method described in our paper (7) utilizing the 

Liebermann-Burchard reaction in the form indicated in our paper (8). 
For serum cholesterol: the method described by Watson (10), slightly modi- 

fied, in which the color reaction is carried out on the serum without  prior  
extraction, and the reagent  mixture  contains 2,5-dimethylbenzene-sulfonic acid. 
The blood samples, 2 ml, were  taken by hear t  puncture under ether anesthesia 
in a syringe rinsed with 0.9 % NaC1, left  at room tempera ture  for ca. 1 h o u r  
and centrifuged. 

Table 2. Composition of the stock diet "Mouse pills 66" used in the breeding colony 
from which the hamsters were obtained 

15% ground wheat 
18% ground oats 
8% ground barley 

10% ground yellow corn 
23% wheat bran 

3% alfalfa meal 
1.5% dried yeast 
5 ~o skim milk powder 
2.5~/o meat-and-bone meal 
8 % fish meal 
3% crushed sunflower seed 
1% vitamin mixture 1) 
2% mineral mixture 2) 

lOO.O% 

x) One g of the vi tamin mixture contains: 
1100 i. u. vi tamin A 

330 i. u. vi tamin D s 
0.612 mg thiamine 
0.816 mg riboflavin 
2.625 mg pantothenie acid 
0.408 mg pyridoxine hydrochloride 
0.00255 mg cyanocobalamin 
0.0153 mg biotin 
0.153 mg relic acid 

40.000 mg choline 
8.000 mg alpha-tocopherol acetate 

mixed with a blend of 98.750/o finely ground 
wheat bran and 1.25% ethoxyquine to make 
a total of 1 g. 

*) The mineral mixture consists of 
48.425% calcium carbonate 
35.000% sodimn chloride 

1.250% ferrous sulfate, 
dried (30% Fe) 

0.150% cupric oxide (80% Gu) 
0.150% manganese oxide 

(72% ~_~) 
0.025% potassium iodide 

(76.5% I) 
15.000% magnesium oxide 

I f  the absorbancies at 625 nm obtained with the color reagents and choles- 
terol are set at 100, then the absorbancies obtained wi th  the other sterols 
will  be: 
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For the method used with  l iver:  For  the method used with serum: 

cholestanol 0 cholestanol 0 
lanosterol 11 lanosterol 26 
soybean sterols 66 soybean sterols 66 
7-dehydrocholesterol 165 7-dehydrocholesterol 150 
ergosterol 117 ergosterol 107 

Thus, if the amount of sterol in a sample is calculated using the absorbancy 
valid for cholesterol, then the amount  of cholesterol will  be correctly deter-  
mined if the cholesterol is accompanied by cholestanol, but  the total amount 
of sterols will  be underestimated.  If the cholesterol in the sample is accom- 
Panied by lanosterol or soybean sterols, the total amount  of sterols will  also 
be underestimated.  When the cholesterol in the sample is accompanied by 
7-dehydrocholesterol or ergosterol, the total amount  of sterol will  be over-  
estimated. 

The hamsters 

For the t ime being we have no breeding colony for hamsters  in our labora-  
tory, but  are obtaining hamsters  from the breeding center of the State Serum 
Institute. 

According to information from the Serum Institute, the diet used in their  
breeding colony for hamsters  is "Mouse Pills 66" of the composition indicated 
in table 2. As drinking liquid is used a mix ture  of 1 part  of whole milk, heated 
in closed containers at 90 ~ C for 15 minutes, and 1 part  of tap water.  The total 
content of fat in the pills 3.95%, and the fatty acid pat tern of the fat, shown 
in table 3, were  determined in our laboratory by methods previously used. 

During the first 6 to 7 days after ar r ival  of the hamsters in our laboratory 
they were given the commercial  stock diet "Restock Mixture"  described in our 
Paper (11) and tap water.  Thereaf ter  they received the exper imental  diets (and 
tap water) for a period of 42 to 44 days. 

During the experiments  the hamsters  were  housed and treated as described 
previously (1). 

Table 3. Fa t ty  acid pat tern  of the fat in the stock diet "Mouse pills 66" 
specified in table 2 

Fa t t y  acid 1) As percent AS percent 
of total fa t ty  of diet 2) 
acids 

12 : 0 0 .2  0 .01 
14 : 0 1.8 0.07 
16 : 0 16.0 0 .61 
1 6 : 1  oJ 7 2 .3  0 .09  
18 : 0 3 .2  0 .12  
1 8 : 1  ~ 9 22.1 0 .84  
18 : 2 oJ 6 36 .6  1.39 
18 : 3 co 3 4 .6  0 .17 
20  : 1 3.5 0 .13  
22  : 1 3.8 0 .14  
20  : 5 eo 3 2 .5  0 .09  
22 : 6 co 3 3 .4  0 .13  

1) Indicated by number of  carbon atoms and double bonds, and distance from 
the terminal methyl-group to nearest double bond. 

~) Assuming total  fa t ty  acids equal to 95% of total  fat. 
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The experimental diets 
The fa t - f ree  basal diet used in the present study was the diet containing 

20.0% casein, 74.3% glucose, 5.0% salt mixture,  0.5% vi tamin mixture  and 
0.2 c/0 choline chloride as specified in our paper  (12). 

In order to facili tate intestinal absorption of cholesterol and other sterols, 
most of the diets used contained a certain amount  of fat which was incor- 
porated into the basal diet at the expense of glucose. 

Sterols, squalene etc. were added to the diets containing the fat. 
For  protection of easily oxidizable supplements such as squalene, 7-dehydro- 

cholesterol, ergosterol, fish oil fa t ty  acid ethyl esters etc. 0.5% of the non- 
absorbable ant ioxidant  Ionox 330, in the following referred to as Ionox, was 
added to the diets in the exper imental  series in which these components 
occurred. This substance was also added to the diets in several  of the other 
exper imental  series. 

Plan o] the di~erent experimental series 
The first three exper imental  series G 148, G 153, G 155 served to examine:  

1. the effect of incorporating fat  into the diets (10% palmkernel  oil, G 148; 
80/o but ter  fat, G 153; 7% palmkernel  oil, O 155); 2. the influence of adding 
excessive amount  (3%) of cholesterol and squalene (G 148); 3. the influence 
of adding graded lower amounts of cholesterol (G 153, O 155); 4. the influence 
of adding Ionox, 0.05 % to the diets (G 153). 

Since fairly high incidences of cholesterol gallstones were  observed with the 
diet containing 7 % palmkernel  oil, and Ionox had little influence on formation 
of gallstones, the following exper imental  series were  carried out with diets 
containing 7 ~ palmkernel  oil and 0.05 % Ionox. 

In Exp. Series G 156 the effects of commercial  soybean sterols are com- 
pared with  the effects of cholesterol, in both cases at the dietary levels of 
0.5 ~ and 1 ~ 

Exp. Series G 157 shows the effects of distilled menhaden oil fatty acid 
ethyl esters, cholesterol, commercial  lanosterol, 7-dehydrocholesterol and squa- 
lene all at the 10/0 dietary level. 

Exp. Series G 158 shows the effects of squalene and distilled menhaden oil 
fat ty acid ethyl esters, both at the 0.5 % and 1% dietary level  compared with  
the effect of substituting rice starch for glucose in the basal diet. 

Exp. Series G 159 and G 160 show the effects of cholesterol and of squalene 
at the 1% dietary level  using a larger  number  of hamsters than in the fore-  
going series. 

Exp. Series G 161 shows the effects of cholestanol at the levels of 0.125~ 
and 0.5 % compared with the effects of cholesterol at the same dietary levels 
and with the effects of ergosterol at the 0.5 % dietary level. 

Exp. Series G 153 shows the effects of cholestanol at the dietary levels of 
0.5% andl% . 

R e s u l t s  a n d  d i s c u s s i o n  

T h e  resu l t s  a re  s h o w n  in  t ab les  4 to 13 and  4 A  to 13 A1). 

1. Influence o] the diets on production of gallstones 

F r o m  Exp.  Ser ies  G 148, G 153 and  G 155 ( tables 4, 5 and  6) i t  is seen 
t h a t  i nco rpo ra t i on  of  the  fa ts  has  r e d u c e d  the  inc idence  of choles te ro l  con-  

1) Abbreviat ions used in the tables: m ~ males, f = females, C = choles- 
terol gallstones, M = mixed gallstones (i.e. gallstones containing both cholesterol 
and amorphous material), A = amorphous gallstones, 0 = no gallstones, hg 
hectogram (100 g), d l =  deciliter (100 ml). 
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raining gallstones, i.e. cholesterol gallstones (C-gallstones) and  "mixed  
gallstones" (M-gallstones). The reduct ion - significant wi th  9 5 %  proba-  
bil i ty 2) for  the males  in G 148 and G 153 - was  more  marked  among the 
male  than  among the female  hamsters .  The effect of incorporat ing the 
fats is pa r t l y  due to the fats  as such [it has prev ious ly  been shown tha t  
fats rich in po lyunsa tura ted  fa t ty  acids are par t i cu la r ly  effective in pre-  
vent ing format ion  of cholesterol containing gallstones (3, 5)], and pa r t l y  
due to the concurrent  modera te  reduct ion of the amount  of glucose in 
the diets. 

Both cholesterol (G 148, G 153 and G 155) and squalene (G 148) m a r -  
kedly inhibi ted fo rmat ion  of cholesterol containing gallstones, and the 
inhibition was more  m arked  in the males  than  in the females.  As fa r  as 
squalene is concerned, the difference in degree of inhibit ion in the two 
sexes seen in G 148 is not significant, bu t  it is confirmed by  the results 
f rom G 158, G 159 and G 160 (tables 9, 10 and 11). 

Cholesterol, but  not squalene, m a rked l y  s t imulated product ion of 
amorphous  p igmented  gallstones in the female  hams te r s  when  added at 
the level of 0 .5% or more.  This effect of cholesterol was  also seen in our 
first s tudy on the influence of d ie tary  cholesterol (at the level of 1%) 
on gallstone product ion (1) which was carr ied out wi th  hams te r s  f rom 
our own breeding colony. But  the more  efficient inhibit ion of product ion 
of cholesterol containing gallstones in the males  than  in the females  now 
observed was not seen in the earl ier  exper iment  (1). The reason for  this 
must  be  the different origin and feeding of the hams te r s  before  s ta r t  of 
the exper iments  in the two studies. 

If  addit ion of 0.05 % Ionox to the diets has had any  influence on gall-  
stone production, this effect m a y  have  been a slight s t imulat ion of the 
product ion of cholesterol containig gallstones (G 153). 

Exp. Series G 156 (table 7) shows tha t  commercia l  soybean sterols 
were  less efficient than  cholesterol as inhibitors of product ion of cholesterol 
containing gallstones and as s t imulators  of product ion of amorphous  gall-  
stones, both at the 0.5 % and the 1 %  die tary  level. 

F rom Exp. Series G 157 (table 8) it is seen tha t  at  the 1 %  die tary  
level, cholesterol, squalene and distilled menhaden  oil fa t ty  acid ethyl  
esters were  a lmost  equal ly  (and a lmost  fully) effective in protect ing 
against  format ion  of cholesterol containing gallstones, but  only cholesterol 
ma rked ly  s t imulated product ion of amorphous  gallstones. 7-dehydro-  
cholesterol was less efficient than  cholesterol as inhibi tor  of product ion 
of cholesterol containing gallstones, and commercia l  lanosterol,  apparent ly ,  
intensified product ion of cholesterol containing gallstones. Taking males  
and females  as one group, the difference in incidence of cholesterol con- 
taining gallstones obtained wi th  7-dehydrocholesterol  and commercial  
lanosterol is significant wi th  95 ~ significance. Nei ther  7-dehydrocholesterol  
nor  commercia l  lanosterol  s t imulated product ion of amorphous  gall-  
stones. Whether  the effects of the lanosterol  p repara t ion  are due to lano- 
sterol  itself or to impuri t ies  in the p repara t ion  can only be decided when  
a sufficient amount  of the pure  sterol  has become available.  

') Assessed as indicated in reference (13). 
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Table 10. Exp.  Series G 159. Summary of occurrence and non-occurrence 
of gallstones 

Group Diet  characteristics Number  Animals Animals Animals 
no. of having C having A having no 

animals gallstones gallstones gallstones 
in group only only 

no .  % no .  % no. 

1411 7% palmkernel  oil, 18 m 3 16.7 0 0 15 83.3 
0.05%o Ionox 20 f 12 60 0 0 8 40 

1412 7%0 palrakernel  oil, 20 rn 0 0 3 15 17 85 
0.05 % Ionox 
1.0%o cholesterol 20 f 0 0 7 35 13 65 

1413 7% palmkernol oiJ, 20 m 0 0 0 0 20 100 
0.05%o Ionox, 
1.O~o squalene 20 f 1 5 2 10 17 85 

Age of the animals a t  s ta r t  of the  experiment 37-47 
Durat ion of the feeding period 42-44 days. 

Table 10A. Exp.  Series G 159. Mean values of body 
with st. d. 

days. 

weight and liver weight 

Group Diet  characteristics No. of Body weight Weight  Weight  
no. animals a t  after gain in of 

in group s tar t  6 weeks 6 weeks liver 
g g g g 

1411 7% palmkernel  oil, 18 m 59.4 91.3 31.9 4.49 
0.05% Ionox 4-2.2 4.3.7 4-4.3 4-0.20 

20 f 59.5 89.4 29.9 4.55 
4-1.3 -4-2.3 •  •  

1412 7% palmkernel  oil, 20 In 60.0 87.6 27.6 4.63 
0.05%o Ionox, 4-1.7 4-3.1 4-3.5 -4-0.22 
I %  cholesterol 20 f 59.6 87.2 27.6 4.87 

4.1.6 i 2 . 2  4-2.7 •  

1413 70/o palmkernel  off, 20 m 60.1 87.6 27.5 3.98 
0.05% Ionox,  •  4-3.1 4-3.9 4-0.77 
1~o squalene 20 f 59.5 91.7 32.2 4.55 

4-1.3 4-2.2 •  4-0.17 

Exp.  Se r i e s  G 158 ( tab les  9, 9A)  shows  t h a t  a t  t he  1 %  d i e t a r y  leve l ,  
s q u a l e n e  a n d  d i s t i l l ed  m e n h a d e n  oil  f a t t y  ac id  e t h y l  e s te r s  a f fo rded  fu l l  
p r o t e c t i o n  a g a i n s t  f o r m a t i o n  of  cho les te ro l  c o n t a i n i n g  ga l l s tones ,  and  
t h a t  t he  s a m e  effect  cou ld  be  o b t a i n e d  b y  s u b s t i t u t i n g  r i ce  s t a r ch  fo r  
g lucose  in  t h e  die t .  A t  t h e  0 . 5 %  d i e t a r y  leve l ,  s q u a l e n e  a n d  d i s t i l l ed  
m e n h a d e n  oil  f a f f y  ac id  e t h y l  e s te r s  g a v e  on ly  fu l l  p r o t e c t i o n  a g a i n s t  fo r -  
m a t i o n  of cho les te ro l  c o n t a i n i n g  g a l l s t o n e s  in  t he  males .  I n  t he  females ,  
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where  the protect ion was only partial ,  squalene may  have  been sl ightly 
more  efficient than distilled menhaden  oil f a t ty  acid ethyl  esters. 

Ergosterol  at the 0.5% die tary  level (Exp. Series G 161, tables 12, 
12A), was less effective than  cholesterol in inhibi t ing format ion  of choles- 
terol containing gallstones, and did not s t imulate  product ion of amor -  
phous gallstones. Under  the polarizing microscope, small  needle-shaped 
bi ref r ingent  crystals  could be seen in the b ladder  bile f rom 5 of the 
10 male  hamsters  in the ergosterol  group listed as not having cholesterol 
containing gallstones. The na ture  of these crystals  was not identified. 

Cholestanol (Exp. Series G 161 and G 163, tables 12, 12 A and 13, 13 A) 
at d ie ta ry  levels of 0.125, 0.5 and 1 %  gave  no protect ion against  pro-  
duction of cholesterol containing gallstones, but  r a the r  seems to have  
intensified product ion of such gallstones. I t  mus t  be noted, however ,  that  
the cholesterol containing gallstones occurr ing in the cholestanol fed 
group contained a certain amount  of another  s terol  besides cholesterol. 
The sterols of these gallstones could be separa ted  by  thin layer  chroma-  
tography  on Silica gel (moving phase chloroform/diethylester /glacial  acetic 
acid, 97:2.3:0.5 (v:v:v) and migra ted  as cholesterol and cholestanol resp. 

2. Inf luence of the  diets on se rum choZesterol 

The levels of se rum cholesterol in the var ious groups of the exper i -  
menta l  series (except G 148, G 159 and G 160) are recorded in the tables 
marked  A. Some of the tables m a rked  A also contain data for l iver  
cholesterol. 

In most  cases there  is a tendency for the mean  value  of se rum choles- 
terol  to be  higher  for the females  than  for  the males  in the same group, 
and in most  cases where  cholesterol containing gallstones occur the in- 
cidence of such gallstones is higher  among the females  than  among the 
males. Otherwise  the relat ionship be tween  se rum cholesterol and occur- 
rence of cholesterol containing gallstones is ve ry  variable.  

Incorpora t ion  of the fats  (8% but te r  fa t  or 7 %  pa lmkerne l  oil) which 
decreased the incidence of cholesterol containig gallstones in the male  
hamsters  caused increase of se rum cholesterol in both sexes (table 5A 
and 6 A). 

Addit ion of cholesterol at the levels of 0.5o/o or 1 ~ which marked ly  
decreased the incidence of cholesterol containing gallstones in hamste rs  
of both sexes caused ve ry  m arked  increase of se rum cholesterol (tables 
5A, 6A, 7A, 8A). 

Addit ion of squalene 0.5% or 1 ~ which gave  approx ima te ly  the same 
degree of protect ion against  cholesterol containing gallstones as tha t  
which could be obtained with  d ie ta ry  cholesterol at the same levels did 
not  marked ly  raise se rum cholesterol (tables 8 A, 9 A). 

With soybean sterols (table 7A), commercia l  lanosterol  (table 8A) 
7-dehydrocholesterol  (table 8A), and ergosterol  (table 12A), no a t t empt  
was made  to de te rmine  individual  sterols in the serum. Therefore,  the 
figures for  " se rum cholesterol" in these groups are not s t r ic t ly  com- 
parab le  wi th  the figures for se rum cholesterol in the other  groups in the 
same series, and do not w a r r a n t  definite conclusions. 

With distilled menhaden  oil f a t ty  acid ethyl  esters, 1 %  (tables 8A, 
9A), and 0.5~ (table 9A), protect ion against  product ion of cholesterol 
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containing gallstones was clearly accompanied by  lowering of serum 
cholesterol, and the same was t rue  in the group receiving the diet wi th  
rice starch instead of glucose (table 9 A). 

I t  is not  l ikely tha t  the low level of se rum cholesterol per se is the 
cause of the protect ion against  product ion of cholesterol containig gall-  
stones seen in these groups, since protect ion against  this type  of gall-  
stones can also be obtained when the level of serum cholesterol is high 
such as is the case in the cholesterol fed groups. 

Decreased biosynthesis  of cholesterol in the l iver  is the most  l ikely 
cause of the protect ion against  cholesterol containing gallstones obtained 
by  addit ion of distilled menhaden  oil f a t ty  acid e thyl  esters, by  replace-  
men t  of d ie tary  glucose by  starch, or by  addit ion of squalene or choles- 
terol to the diet. 

This assumption is suppor ted  by  the following observations:  
In  hamsters ,  decrease of biosynthesis  of cholesterol has been  found 

when  starch is int roduced into the diet  instead of glucose [in vivo with 
whole  animals  (14)], in vitro with  l iver  slices (15), and when a poly-  
unsa tura ted  f a t ty  acid in the fo rm of ethyl  l inoleate is added to the high 
glucose diet [in vitro with  l iver slices (15)]. The inhibit ion was found to 
occur before mevalona te  (15). Die tary  cholesterol which increases se rum 
cholesterol, and d ie ta ry  squalene which has little influence on serum 
cholesterol have  been shown to inhibit  biosynthesis  of cholesterol in rats  
[in vitro with l iver  slices (16)]. The inhibit ion takes place at a stage 
before meva lona te  [shown for d ie tary  cholesterol (17)] viz. at  the reduction 
of 3-hydroxy,  3 -methyl -g lu ta ra te  to mevalona te  [shown for  d ie ta ry  choles- 
terol  (18)]. Finally,  in m a n y  m am m al s  bi l iary  cholesterol is assumed to 
depend largely  on the hepatic  synthesis of cholesterol (19). 

The decrease of se rum cholesterol coinciding with  the protect ion against  
cholesterol containing gallstones seen in the groups receiving distilled 
menhaden  oil f a t ty  acid ethyl  esters or the diet in which glucose is re-  
placed by  starch, apparent ly ,  is also a consequence of the inhibit ion of 
biosynthesis  of cholesterol. Assuming that  squalene inhibits the biosyn-  
thesis of cholesterol in hamste rs  at the stage before meva lona te  wi thout  
in terfer ing with  its own conversion to cholesterol it is unders tandable  
tha t  se rum cholesterol m a y  remain  largely  una l te red  or be sl ightly in- 
creased if a sufficiently large amount  of squalene is taken up f rom the 
intestine. 

Cholestanol 0.S~ and l~ (tables 12A, 13A) which seems to have  
increased product ion of cholesterol containing gallstones, lowered the 
level of se rum cholesterol. The mechanisms b y  which these effects of 
cholestanol are b rought  about  remain  to be examined.  

3. In]~uence of the diets on the content of cholesterol in the liver 

In the cases where  the l ivers were  assayed for  cholesterol, substant ia l  
changes of the mean  values of total  cholesterol and of percentage  of 
esterified cholesterol in total  cholesterol were  only found in the groups 
receiving cholesterol in the diet. 

Incorporat ion of the fats, 8 %  but te r  fa t  or 7~ pa lmkerne l  oil, both  
of which caused significant increases of se rum cholesterol, did not pro-  
duce significant increases of l iver  cholesterol (tables 5 A, 6 A). 
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F r o m  Exp .  Se r i e s  G 155 ( tab le  6 A) i t  is seen  t h a t  a d d i t i o n  of 0.125~ 
choles te ro l  was  no t  suf f ic ien t  to p r o d u c e  s ign i f i can t  i nc r ea se s  of l i v e r  
choles tero l .  I n c r e a s e s  b e g a n  in  t he  g r o u p  r e c e i v i n g  0.25 ~ choles terol ,  a n d  
v e r y  g r e a t  i n c r e a s e s  o c c u r r e d  in  bo th  sexes  in t he  g r o u p  r e c e i v i n g  0 .5% 
choles tero l .  Here ,  t he  m e a n  v a l u e s  of t o t a l  cho les te ro l  w e r e  a b o v e  2000 m g  
p e r  100 g l ive r ,  a n d  the  p e r c e n t a g e  of e s te r i f i ed  cho les te ro l  in t o t a l  choles-  
t e r o l  w e r e  a b o u t  90. 

S ince  i n d i v i d u a l  s t e ro l s  w e r e  no t  d e t e r m i n e d  in  t he  g r o u p s  r e c e i v i n g  
c o m m e r c i a l  l a n o s t e r o l  ( t ab le  8A),  7 - d e h y d r o c h o l e s t e r o l  ( t ab le  8A)  a n d  
e r g o s t e r o l  ( t ab le  12A), t he  va lue s  for  " l i ve r  cho les te ro l "  in  t hese  g r o u p s  
a r e  s u b j e c t  to r e s e r v a t i o n s  s i m i l a r  to those  h o l d i n g  for  " s e r u m  choles te ro l" .  

In  Exp .  Se r i e s  G 158 ( tab le  9A),  squa lene ,  1~ a n d  0.5~ caused  m o d -  
e r a t e  bu t  s ign i f i can t  i nc reases  of l i v e r  cho les te ro l  in t he  m a l e  h a m s t e r s  b u t  
n o t  in  t he  f emales .  I n  Exp .  S e r i e s  G 157 ( tab le  8A),  t h e  i n c r e a s e  of l i v e r  
cho les te ro l  o b t a i n e d  w i t h  1 %  s q u a l e n e  was  no t  s ign i f i can t  in  t he  males ,  
a n d  in  t he  f ema le s  i t  was  nega t i ve .  

D i s t i l l ed  m e n h a d e n  oil  f a t t y  ac id  e t h y l  e s t e r s  1 %  ( tab le  8A)  caused  
s ign i f i can t  dec rea se s  in  l i v e r  cho les te ro l  in  m a l e s  an  f e m a l e s  in G 157, 
b u t  th i s  was  no t  con f i rmed  in G 158 ( t ab le  9A) .  

R e p l a c e m e n t  of  d i e t a r y  g lucose  w i t h  r i ce  s t a rch  ( tab le  9A)  d id  no t  
l e ad  to s ign i f i can t  changes  of  l i v e r  choles te ro l .  

Thus,  p r o t e c t i o n  a g a i n s t  p r o d u c t i o n  of cho les te ro l  c o n t a i n i n g  ga l l s t one s  
has  o c c u r r e d  b o t h  w i t h  g r e a t l y  i n c r e a s e d  a n d  w i t h  l a r g e l y  u n a l t e r e d  con-  
t en t s  of cho les te ro l  in  t he  l iver .  

4. Other  observat ions 
Since  in  m a n y  of  ou r  e a r l i e r  e x p e r i m e n t s  wh ich  w e r e  c a r r i e d  ou t  w i t h  

h a m s t e r s  f r o m  our  o w n  b r e e d i n g  colony,  t he  w e i g h t  of t he  tes tes  v a r i e d  
g r e a t l y  f rom t i m e  to t ime ,  t he  w e i g h t  of t he  t e s tes  was  a lso  r e c o r d e d  in  
t he  p r e s e n t  e x p e r i m e n t s .  I t  was  f o u n d  to be  b e t w e e n  1.0 a n d  1.6 g a t  t he  
end  of each e x p e r i m e n t .  

Summary  

Dietary squalene was found to counteract  format ion of cholesterol contain-  
ing gallstones in young hamsters .  

Complete or almost complete protection against  production of cholesterol 
containing gallstones could be obtained in hamsters  of both sexes by addit ion 
of 1 %  squalene, 1 %  cholesterol or 1 %  dist i l led menhaden oil fa t ty  acid ethyl  
esters to the gallstones producing diet  used, or by subst i tut ion of rice starch 
for glucose in this diet. 

Cont rary  to d ie tary  cholesterol, d ie tary  squalene did not s t imulate  produc-  
tion of amorphous gallstones in the female hamsters.  

The incidence of amorphous gallstones in the female hamsters  was high 
a l ready  at  the 0.5 % level of d ie ta ry  cholesterol. 

Commercial  soybean sterols and 7-dehydrocholesterol  fed at  the 1% die tary  
level, and ergosterol  fed at the 0.5% die tary  level afforded some protect ion 
against  production of cholesterol containing gallstones, but  the degree of pro-  
tection obtained with  these sterols was less than that  which could be obtained 
with cholesterol fed at the same die tary  levels. In  the group of hamsters  fed 
ergosterol,  small  needle-shaped crystals  could be observed in this b ladder  bile 
of several  of the animals  not having gallstones. 
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C o m m e r c i a l  l a n o s t e r o l  f ed  a t  t he  1% level ,  a n d  cho le s t ano l  fed  a t  l eve l s  
of 0.125a/o, 0 . 5% a n d  1~ f u r t h e r e d  p r o d u c t i o n  of  cho les te ro l  c o n t a i n i n g  ga l l -  
s tones .  T h e  cho les te ro l  c o n t a i n i n g  g a l l s t o n e s  p r o d u c e d  in  h a m s t e r s  f ed  choles-  
t ano l  c o n t a i n e d  some  cho le s t ano l  bes ides  choles tero l .  

W i t h  a l l  t h e  p r o t e c t i v e  a g e n t s  tes ted ,  c o m p l e t e  p r o t e c t i o n  a g a i n s t  p r o d u c t i o n  
of cho les t e ro l  c o n t a i n i n g  ga l l s t ones  w a s  p a r t i c u l a r l y  easy  to o b t a i n  in  t he  m a l e  
h a m s t e r s .  W i t h  t he  u n s u p p l e m e n t e d  b a s a l  d ie t s  w h i c h  c o n t a i n e d  a m o d e r a t e  
a m o u n t  of  f a t  ( 7 %  or  1 0 %  p a l m k e r n e l  oil  or  8 %  b u t t e r  fat),  in  o r d e r  to f ac i l i -  
t a t e  i n t e s t i n a l  a b s o r p t i o n  of s terols ,  t h e  i n c i d e n c e  of cho les te ro l  c o n t a i n i n g  
g a l l s t o n e s  a lso w a s  l o w e r  a m o n g  t h e  m a l e  t h a n  a m o n g  t he  f e m a l e  h a m s t e r s .  
Th i s  c i r c u m s t a n c e  is a s c r i b e d  to t h e  o r ig in  a n d  p r e e x p e r i m e n t a l  f eed ing  of t he  
h a m s t e r s  u s e d  in  t h e  p r e s e n t  s tudy .  

P r o t e c t i o n  a g a i n s t  p r o d u c t i o n  of cho les t e ro l  c o n t a i n i n g  ga l l s t ones  w a s  
a c c o m p a n i e d :  1. b y  l o w e r e d  s e r u m  cho les t e ro l  in  t h e  g roups  fed  d i s t i l l ed  m e n -  
h a d e n  oil f a t t y  ac id  e thy l  e s t e r s  or  t h e  d ie t  w i t h  r ice  s t a r c h  i n s t e a d  of glucose,  
2. b y  g r e a t l y  i n c r e a s e d  s e r u m  cho les t e ro l  in  t h e  g r o u p s  f ed  choles tero l ,  a n d  
3. b y  l a r g e l y  u n a l t e r e d  s e r u m  cho les te ro l  in  t h e  g r o u p s  f ed  squa l ene .  

P r o t e c t i o n  a g a i n s t  p r o d u c t i o n  of cho les t e ro l  c o n t a i n i n g  ga l l s t ones  was  ac -  
c o m p a n i e d :  1. by  i n c o n s i s t e n t l y  l o w e r e d  l i v e r  cho les t e ro l  in  t he  g r o u p s  f ed  
d i s t i l l ed  m e n h a d e n  oil f a t t y  ac id  e t h y l  es ters ,  2. b y  l a r g e l y  u n a l t e r e d  l i v e r  
cho les te ro l  in  t h e  g r o u p  r e c e i v i n g  t he  d ie t  w i t h  r ice  s t a r c h  i n s t e a d  of glucose,  
3. b y  g r e a t l y  i n c r e a s e d  l i v e r  cho les t e ro l  in  t he  g r o u p s  f ed  choles te ro l ,  a n d  
4. b y  i n c o n s i s t e n t l y  i n c r e a s e d  or u n a l t e r e d  l i v e r  cho les t e ro l  in  t he  g r o u p s  f ed  
squa lene .  

T h e  cause  of t he  p r o t e c t i o n  a g a i n s t  p r o d u c t i o n  of cho les t e ro l  c o n t a i n i n g  
g a l l s t o n e s  o b t a i n e d  b y  a d d i t i o n  of squa lene ,  cho les te ro l  or  d i s t i l l ed  m e n h a d e n  
oil f a t t y  acid e t h y l  e s t e r s  to t h e  g a l l s t o n e  p r o d u c i n g  d ie t  or  b y  s u b s t i t u t i o n  
of g lucose  b y  r ice  s t a r c h  in  t h e  d ie t  is d i scussed .  I n h i b i t i o n  of b i o s y n t h e s i s  of 
cho les t e ro l  in  t h e  l i v e r  is h e l d  to b e  t h e  m o s t  l i ke ly  cause.  

Zusammenfassung 

S q u a l e n ,  m i t  d e r  N a h r u n g  e ingegeben ,  schfi tzt  j u n g e  H a m s t e r  v o r  B i l d u n g  
y o n  c h o l e s t e r i n h a l t i g e n  G a l l e n s t e i n e n .  

Vo l l s t~nd ige  o d e r  f a s t  vo l l s t ~nd i ge  S c h u t z w i r k u n g  gegen  B i l d u n g  y o n  chole-  
s t e r i n h a l t i g e n  G a l l e n s t e i n e n  k o n n t e  in  H a m s t e r n  yon  b e i d e n  G e s c h l e c h t e r n  
e r r e i c h t  w e r d e n  d u r c h  Z u g a b e  y o n  1 %  S q u a l e n ,  1 %  C h o l e s t e r i n  o d e r  1~ 
d e s t i l l i e r t e n  ,K thy le s t e rn  y o n  M e n h a d e n - O 1 - F e t t s ~ u r e n  zu  d e r  N a h r u n g ,  die 
G a l l e n s t e i n e  h e r v o r r u f t ,  o d e r  d u r c h  A u s t a u s c h  d e r  in  d e r  N a h r u n g  e n t h a l t e n e n  
Glucose  d u r c h  Re i ss t~rke .  

I ra  G e g e n s a t z  zu Cho les t e r in ,  das  m i t  d e r  N a h r u n g  e i n g e g e b e n  wi rd ,  b e -  
w i r k t e  m i t  d e r  N a h r u n g  zuge f f i h r t e s  S q u a l e n  n i ch t  e r h S h t e  B i l d u n g  v o n  a m o r -  
p h e n  G a l l e n s t e i n e n  in  d e n  w e i b l i c h e n  H a m s t e r n .  

Schon  be i  e ine ra  G e h a l t  y o n  0 ,5% C h o l e s t e r i n  in  d e r  N a h r u n g  w a r  das  
V o r k o m r a e n  y o n  a m o r p h e n  G a l l e n s t e i n e n  in  d e n  w e i b l i c h e n  H a m s t e r n  b e -  
t r~cht l ich .  

Hande l s f i b l i che  S o j a b o h n e n - S t e r i n e  u n d  7 - D e h y d r o c h o l e s t e r i n  je  in  d e r  
HShe  v o n  1 ~ de r  N a h r u n g  u n d  E r g o s t e r i n  in  d e r  HShe  y o n  0 ,5% d e r  N a b -  
r u n g  ze ig t en  S c h u t z w i r k u n g  gegen  B i l d u n g  v o n  c h o l e s t e r i n h a l t i g e n  G a l l e n -  
s t e inen .  Die  r a i t  d i e sen  S t e r i n e n  e r r e i c h t e  S c h u t z w i r k u n g  w a r  a b e r  g e r i n g e r  als  
j ene ,  d ie  m a n  m i t  C h o l e s t e r i n  in  d e n s e l b e n  H 6 h e n  e r r e i c h e n  konn t e .  

E i n  H a n d e l s p r o d u k t  y o n  L a n o s t e r i n  in  d e r  HShe  yon  10/0 d e r  N a h r u n g  u n d  
C h o l e s t a n o l  (D ihyd rocho le s t e r i n )  in  d e n  H 6 h e n  y o n  0,12B% , 0 ,5% u n d  1 %  fSr -  
d e r t e n  die  B i l d u n g  yon  c h o l e s t e r i n h a l t i g e n  G a l l e n s t e i n e n .  Die  c h o l e s t e r i n h a l -  
t i g e n  G a l l e n s t e i n e  d e r  m i t  C h o l e s t a n o l  g e f i i t t e r t e n  H a m s t e r  e n t h i e l t e n  aul3er 
d e m  C h o l e s t e r i n  auch  e t w a s  Cho les tano l .  
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Mit  s~mt l ichen  u n t e r s u c h t e n  Agenz ien ,  die  e ine  S c h u t z w i r k u n g  zeigten,  w a r  
es b e s o n d e r s  leicht,  vol le  S c h u t z w i r k u n g  gegen  Bi ldung  yon  cho le s t e r inha l t i gen  
G a l l e n s t e i n e n  in d e n  m ~ n n l i c h e n  H a m s t e r n  zu e r re ichen .  1Yiit den  n i c h t s u p p l e -  
m e n t i e r t e n  B a s a l n a h r u n g e n ,  welche,  u m  die  D a r m r e s o r p t i o n  de r  S t e r i n e  zu 
e r le ich te rn ,  e~ne m~13ige M e n g e  yon  F e t t  (7c/0 oder  10% Pa lmkern61  oder  8 %  
Bu t t e r f e t t )  en th i e l t en ,  w a r  die Inz idenz  von cho le s t e r inha l t i gen  G a l l en s t e i n en  
auch ge r i nge r  u n t e r  den  m a n n l i c h e n  als u n t e r  den  we ib l i chen  H a m s t e r n .  Eine  
E r k l ~ r u n g  hierfs ist  wahr sche in l i ch  in d e m  U r s p r u n g  u n d  d e r  Fs  de r  
H a m s t e r  vo r  d e m  Versuch  zu f inden.  

Die S c h u t z w i r k u n g  gegen  B i l d u n g  yon  cho le s t e r inha l t i gen  G a l l en s t e i n en  
w u r d e  beg le i t e t  yon:  1. h e r a b g e s e t z t e m  S e r u m - C h o l e s t e r i n  in  den  G r u p p e n ,  die 
die N a h r u n g  m i t  Zugabe  yon  des t i l l i e r t en  A t h y l e s t e r n  von  N i e n h a d e n - O 1 - F e t t -  
s~u ren  oder  die N a h r u n g  mi t  Re i s s t~ rke  a n s t a t t  Glucose  e rh ie l t en ,  2. m i t  s eh r  
e r h S h t e m  S e r u m - C h o l e s t e r i n  in den  mi t  Cho le s t e r in  ge f i i t t e r t en  G r u p p e n  u n d  
3. m i t  im w e s e n t l i c h e n  u n v e r ~ n d e r t e m  S e r u m - C h o l e s t e r i n  in den  mi t  Sq u a l en  
gefs  Gruppen .  

Die S c h u t z w i r k u n g  gegen  Bi ldung  yon  cho le s tg r inha l t i gen  G a l l e n s t e i n e n  
w u r d e  beg le i t e t  von:  1. unregelmfi l ] ig  h e r a b g e s e t z t e m  L e b e r - C h o l e s t e r i n  in  den  
Gruppen ,  die  die N a h r u n g  m i t  Zugabe  y o n  des t i l l i e r t en  A t h y l e s t e r n  von  M e n -  
h a d e n - O 1 - F e t t s ~ u r e n  e rh ie l ten ,  2. m i t  irn w e s e n t l i c h e n  unver~ inder t em L e b e r -  
Cho le s t e r in  in de r  Gruppe ,  die die N a h r u n g  m i t  l%eisst~rke a n s t a t t  Glucose  
erhie l t ,  3. mi t  s eh r  e r h S h t e m  L e b e r - C h o l e s t e r i n  in  den  mi t  Cho les t e r in  ge f f i t t e r -  
t en  G r u p p e n  u n d  4. mi t  unregelm.~13ig e r h 6 h t e m  oder  im w e s e n t l i c h e n  u n v e r -  
~ n d e r t e m  L e b e r - C h o l e s t e r i n  in den  m i t  S q u a l e n  ge f f i t t e r t en  G r u p p e n .  

Die Ursache  de r  S c h u t z w i r k u n g  gegen  B i ldung  yon  cho le s t e r inha l t i gen  Gal -  
l ens t e inen ,  die  m a n  durch  Zugabe  v o n  Squa len ,  Cho le s t e r in  ode r  des t i l l i e r t en  
A t h y l e s t e r n  yon  M e n h a d e n - O 1 - F e t t s ~ u r e n  ode r  durch  Aus tausch  yon Glucose  
durch  Reiss t f i rke in  de r  N a h r u n g  er re icht ,  w i r d  e r6r te r t .  H e m m u n g  der  Bio-  
s y n t h e s e  y o n  Cho les t e r in  in de r  L e b e r  w i r d  als die  w ah r s ch e i n l i ch s t e  Erklf i -  
r u n g  a n g e n o m m e n .  
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