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A p r e v i o u s  r e p o r t  (1) f r o m  th is  l a b o r a t o r y  d e a l t  w i t h  t h e  in f luence  of 
o r a l l y  i n g e s t e d  b i le  ac ids  on the  a l i m e n t a r y  p r o d u c t i o n  of  g a l l s t o n e s  in  
h a m s t e r s .  The  b i l e  ac ids  e x a m i n e d  w e r e  c o m m e r c i a l l y  a v a i l a b l e  p r e p a r a -  
t ions  of cholic,  deoxycho l ic ,  dehydrocho l i c ,  l i thocho l ic  a n d  h y o d e o x y c h o l i c  
acids.  T h e y  w e r e  a d d e d  in  t he  a m o u n t  of  0 . 1 %  to a cho les te ro l  g a l l s t o n e  
p r o d u c i n g  f a t - f r e e  d i e t  h a v i n g  a l l  i t s  c a r b o h y d r a t e  in  t h e  f o r m  of glucose.  
Hyodeoxycholic  acid (3~-, 6 ~ - d i h y d r o x y - S f l - c h o l a n o i c  acid) w a s  f o u n d  to 
e x e r t  a m a r k e d  i n h i b i t i o n  on t h e  f o r m a t i o n  of ga l l s t ones  w h e r e a s  t he  o t h e r  
b i l e  ac ids  t e s t ed  s h o w e d  on ly  s l igh t  i n h i b i t o r y  effect  on g a l l s t o n e  f o r m a t i o n  
if  a n y  a t  all .  

W h e n  these  e x p e r i m e n t s  w e r e  c a r r i e d  out,  chenodeoxycholic acid (3~-, 
7 ~ - d i h y d r o x y - S f l - c h o l a n o i c  acid)  was  no t  a v a i l a b l e  in  q u a n t i t i e s  suf f ic ien t  
for  t e s t ing ,  b u t  r e c e n t l y  i t  has  b e c o m e  access ib le  in  a f a i r  d e g r e e  of 
p u r i t y .  

We  t h e r e f o r e  f o u n d  i t  w o r t h w h i l e  to  c o m p a r e  t he  in f luence  of o r a l l y  
i n g e s t e d  chenodeoxycho l i c  ac id  on g a l l s t o n e  f o r m a t i o n  w i t h  t h a t  of 
s i m i l a r l y  i n g e s t e d  h y o d e o x y c h o l i c  acid;  a n d  s ince  t h e  f i rs t  t r i a l  w i t h  th i s  
p u r p o s e  s h o w e d  t h a t  chenodeoxycho l i c  ac id  p r o m o t e s  f o r m a t i o n  of 
ga l l s t ones  - an  effect  wh ich  is t he  oppos i t e  of t h a t  of h y o d e o x y c h o l i c  ac id  -- 
w e  c a r r i e d  out  some f u r t h e r  e x p e r i m e n t s  w i t h  chenodeoxycho l i c  ac id  a lone.  

Experimental 

Chenodeoxycholic acid was obtained from dr. B. E. H4bert of Weddel  P h a r -  
maceutical  Ltd., London EC 1. I t  was tested for  pur i ty  by  thin layer  chromato-  
graphy (50 /~g on sil icagel H, solvent system benzene : e thanol  : glacial  acetic 
acid 30 : 10 : 2, visual izat ion by  charring with  50 % sulfuric acid). The substance 
was found to be accompanied by a small  amount  of impuri t ies  migrat ing 
slower than chenodeoxycholic acid. 

Hyodeoxycholic acid was provided by drs. U. Gloor and O. Wiss of F. Hoff- 
mann-La  Roche & Co. A.G., Basel, Switzerland.  When tested for pur i ty  by  thin 
layer chromatography as above only a very  fa int  spot migra t ing  slower than 
hyodeoxycholic acid could be seen besides the  spot respresent ing hyodeoxycholic 
acid. A gas- l iqu id-chromatogram of the t r imethy ls i lye ther  of the substance 
carr ied out by  drs. G/oor and Wiss revea led  no impur i ty  at  all. 
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Table 1. Composition of the basal diets 

g g 

Casein, crude 1) 20.0 20.0 
Glucose 74.3 0 
Rice starch 0 74.3 
Salt mixture 8) 5.0 5.0 
Vitamin mixture 8) 0.5 0.5 
Choline chloride 0.2 0.2 

100.0 100.0 

~) "Dairinex", from Dansk Mejeri Industr i  & Export  Kompagni,  Stege, Denmark. 
a) The salt mixture indicated in Reference 9. 
a} The vi tamin mixture indicated in Reference 9. 

The compositions of the basal diets used are indicated in table 1. 
Three experiments were carried out. 
The first experiment  (Experimental series G 139) was carried out with young 

hamsters (33-37 days of age at beginning of the experimental  feeding), and the 
basal diet with glucose as carbohydrate. The effects of the diet without addition, 
With addition of 0.1% chenodeoxycholic acid, and with addition of 0.1% hyode- 
OXycholic acid were observed. The experimental  feeding lasted 42-44 days. 

The second experiment  (Experimental series G 140) was also carried out with 
Young hamsters (30-32 days of age at beginning of the experimental  feeding) 
but with the basal diet having rice starch as carbohydrate. The effects of the 
diet without addition and with addition of 0.1% chenodeoxycholic acid were 
observed. The experimental  feeding lasted 42 days. 

The third experiment  (Experimental series G 141) was carried out with old 
hamsters (from 112 to about 320 days of age at beginning of the experimental  
feeding) and the basal diet with glucose as carbohydrate. The effects of the 
diet without and with addition of 0.1% chenodeoxycholic acid were observed. 
The experimental  feeding lasted 42 days. 

The young hamsters used in the first and second experiment  were newly 
Weaned from our stock colony. The old hamsters used in the third experiment  
had served as breeding animals in our stock colony. 

During the feeding experiments the hamsters were housed in wire screen 
cages, two hamsters of the same sex in one cage. Diet and water were available 
ad libitum. The hamsters were weighed weekly. At the end of the feeding period 
the animals were killed with chloroform, autopsied and inspected for gallstones 
as previously described, the type of gallstones being determined by the aid of 
dissecting and polarizing microscopes. The livers of all the animals and the 
testes of the males were weighed and the livers stored at minus  20 ~ C, individu-  
ally wrapped in a luminium foil, for later chemical examination. 

Results and discussion 

The i n d i v i d u a l  resu l t s  a re  p r e sen t ed  in  tab les  2-15. S u m m a r i e s  of 
each e x p e r i m e n t  w i t h  respec t  to ga l l s tone  f o r m a t i o n  are  g iven  in  
tables  16-18. 

None  of the  h a m s t e r s  had  d ia r rhea .  
E x p e r i m e n t  1. Young  hamste rs ,  g lucose diet  ( tables  1-7 a nd  16). 
I n  the  g roup  of an ima l s  r ece iv ing  the  d ie t  w i t h o u t  addition, 15 out  of 

22 males ,  and  16 out  of 26 females  had  cholesterol  gal ls tones .  A m o r p h o u s  
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Table 2 (Experiment l) 
Occurrence of gallstones, and other data for young male hamsters 

fed the glucose diet without addition 
(Exp. series G 139, group 1337) 

Animal Days Gall- Weight Weight Weight Weight Weight Weight 
number on stones') a t  after gain of of ]. of r. 

diet s tar t  6 weeks 6 weeks liver testis testis 
g g g g g g 

1 42 C 45 60 15 3.83 0.15 0.13 
2 42 O 48 63 15 3.58 0.09 0.06 
3 42 O 49 63 14 3.25 0.09 0.09 
4 42 C 51 68 17 3.82 0.11 0.12 
9 42 C 58 69 11 3.60 0.13 0.12 

10 42 C 62 76 14 3.88 0.20 0.18 
13 42 O 48 66 18 3.34 0.62 0.63 
14 42 O 48 65 17 3.45 0.13 0.14 
15 42 O 58 68 10 3.71 0.15 0.14 
16 42 C 60 69 9 3.72 0.10 0.10 
17 42 O 65 83 18 4.69 0.12 0.15 
18 42 C 47 56 9 3.09 0.12 0.11 
19 42 C 49 60 l l  3.35 0.09 0.09 
20 42 C 44 58 14 2.93 0.09 0.09 
21 42 C 56 68 12 3.60 0.24 0.24 
22 42 0 50 68 18 3.74 0.11 0.11 
23 44 O 48 59 11 2.97 0.07 0.08 
33 44 C 42 65 23 3.65 0.07 0.07 
34 44 O 36 57 21 3.13 0.04 0.03 
35 44 O 38 57 19 3.48 0.08 0.08 
36 44 O 43 60 17 3.26 0.08 0.09 
37 44 O 46 66 20 3.46 0.13 0.12 

Mean 49.6 64.7 15.1 3.52 0.14 0.14 
st.d. =t= 1.6 -t-1.4 •  ~0.28 -4-0.02 ~0.02 

1) C = cholesterol gallstones, O = no gallstones 

ga l l s tones  did no t  occur  in this  g roup .  The  bile,  usual ly ,  was  c lea r  and  
ye l low.  

Al l  t he  an ima l s  in  the  g roup  r e c e i v i n g  the  die t  w i t h  0.1 ~ chenodeoxy -  
cholic acid, 22 ma les  and  26 females ,  had  choles te ro l  gal ls tones .  T h e  ga l l  
b l adde r s  of these  an ima l s  w e r e  c o m p l e t e l y  f i l led up w i t h  und i s so lved  
cholesterol ,  p a r t l y  in  the  f o r m  of s ing le  crys ta ls ,  p a r t l y  in the  f o r m  of loose 
aggrega tes ,  and  p a r t l y  in  t he  f o r m  of sol id  a g g r e g a t e s  of c rys ta l s  (the 
usua l  f o r m  of choles te ro l  ga l l s tones  seen  in hamsters) l ) .  T h e  bi le  u s u a l l y  
was  c l ea r  and  ye l low;  in a f e w  cases r a t h e r  v iscous  (gelat inous) .  

1) From the gall bladders of 8 males and 12 females in the group receiving 
chenodeoxycholic acid the precipitated mater ial  was collected (and pooled for 
each sex) into small centrifuge tubes, washed with 0.9 % NaCI solution and with 
distilled water,  dried in vacuo over P~O~, weighed and extracted with ether, 
whereaf ter  the content of cholesterol in the ether  extractable fraction was deter-  
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Table 3 (Experiment 1) 
Occurrence of gallstones, and other data  for young female hamsters 

fed the glucose diet without  addition 
(Exp. series G 139, group 1337) 

Animal Days Gall- Weight Weight Weight Weight 
aumbor on stones 1) at  after gain of 

diet start  6 weeks 6 weeks liver 
g g g g 

2 42 C 47 66 19 3.77 
3 42 C 51 73 22 4.30 
5 42 C 53 62 9 3.28 
6 42 C 48 64 16 3.45 
7 42 C 41 60 19 3.15 
9 42 C 60 79 19 4.02 

11 42 C 56 72 16 4.32 
12 42 C 48 59 11 3.23 
13 42 C 52 66 14 3.23 
17 42 C 56 72 16 3.97 
18 42 O 62 77 15 3.94 
19 42 O 47 57 10 3.08 
20 42 O 52 66 14 3.79 
22 42 O 44 57 13 3.30 
23 42 O 52 64 12 3.33 
24 42 O 40 52 12 3.06 
25 43 C 43 56 13 3.18 
26 43 C 52 64 12 3.96 
27 44 C 42 57 15 3.00 
33 44 C 37 53 16 3.28 
34 44 O 45 64 19 3.35 
46 44 O 39 49 10 2.33 
53 44 O 39 48 9 2.23 
87 44 C 43 58 15 3.03 
92 44 O 46 52 6 1.70 

104 44 C 41 64 23 3.34 

i~Iean 47.5 62.0 14.4 3.33 
st.d. • 1.3 -4-1.5 •  •  

1) C --~ cholesterol gallstones, O ~ no gallstones 

In t he  g roup  of an ima l s  r e c e i v i n g  the  d ie t  w i t h  0.I % h y o d e o x y c h o l i c  
acid, only  1 ou t  of 22 ma le s  and  1 out  of 26 f e m a l e s  had  choles te ro l  
gallstones.  A m o r p h o u s  ga l l s tones  did no t  occur.  In  m a n y  cases, the  b i le  
was opaque ,  whi t i sh ,  and  u n d e r  the  mic roscope  s h o w e d  sma l l  f i l i fo rm 
Part icles  no t  e x h i b i t i n g  b i r e f r i n g e n c e  w h e n  v i e w e d  b e t w e e n  crossed  
l~icols. 

rained by the Liebermann-Burchard reaction. The percentage of cholesterol in 
the Washed and dried mater ial  amounted to 96 % for the sample f rom the males 
aad 93 % in the sample from the females. A correspondingly treated sample 
frora 9 males in the group receiving the unsupplemented diet contained 98% 
Cholesterol. 
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Table 4 (Experiment 1) 
Occurrence of  gallstones, and other data, for young male hamsters 
fed the glucose diet with additions of 0.1 ~o ehenodeoxycholie acid 

(Exp. series G 139, group 1338) 

Animal Days Gall- Weight Weight Weight Weight Weight Weight 
number on stones ~) at after gain of of 1. of r. 

diet s tar t  6 weeks 6 weeks liver testis testis 
g g g g g g 

5 42 C 51 56 5 3.52 0.22 0.20 
6 42 C 62 69 7 4.33 0.16 0.13 
7 42 C 54 63 9 4.07 0.15 0.12 
8 42 C 51 67 16 4.64 0.12 0.11 

11 42 O 51 61 10 3.92 0.10 0.11 
12 42 C 52 73 21 4.54 0.13 0.12 
24 42 C 52 64 12 4.76 0.42 0.38 
25 42 C 41 49 8 3.99 0.15 0.14 
26 42 C 54 75 21 5.43 0.15 0.14 
27 42 C 46 67 21 4.70 0.59 0.58 
28 42 C 57 67 10 5.05 1.00 0.97 
29 42 C 34 50 10 4.02 0.11 0.11 
30 42 C 36 64 28 4.56 0.08 0.07 
38 42 G 59 67 8 4.75 0.88 0.92 
39 42 C 51 70 19 4.90 0.16 0.17 
40 42 C 47 67 20 5.51 0.15 0.14 
41 44 C 42 56 14 4.53 0.06 0.08 
42 44 C 52 66 14 4.77 0.20 0.22 
43 44 C 50 65 15 4.67 0.05 0.06 
44 44 C 50 62 12 4.82 0.23 0.21 
45 44 C 45 55 10 4.03 0.05 0.07 
46 44 C 53 61 8 3.73 0.79 0.76 

Mean 49.5 63.4 13.8 4.51 0.27 0.26 
st.d. •  •  d-2.1 •  •  •  

l) C ---- cholesterol gallstones 

T h e  h a m s t e r s  r e c e i v i n g  the  diets  s u p p l e m e n t e d  w i t h  b i l e  acids  s h o w e d  
l o w e r  ga in  in  w e i g h t  d u r i n g  6 w e e k s  t h a n  d id  t he  h a m s t e r s  r e c e i v i n g  the  
u n s u p p l e m e n t e d  diet.  

F o r  the  h a m s t e r s  on the  d ie t  w i t h  h y o d e o x y c h o l i c  acid t he  d i f fe rence  
in  w e i g h t  ga in  was  s igni f icant  (0.01 ~ P fo r  t he  males ,  0.05 ~ P for  t he  
females )  w h e r e a s  fo r  the  h a m s t e r s  on the  d ie t  w i t h  chenodeoxycho l i c  acid  
the  d i f fe rence  was  of v e r y  low significance1). 

T h e  b i l e  acid  s u p p l e m e n t s  t e n d e d  to i nc r ea se  t he  w e i g h t  of the  l iver ,  
b u t  the  inc rease  in l i ve r  w e i g h t  was  on ly  s igni f icant  fo r  t he  an ima l s  on 
chenodeoxycho l i c  acid (0.05 > P fo r  the  males ,  0.1 > P for  the  females) .  

mean~- mean2 
1) S~gniflcances were  estimated by determinat ion of t 

2 § 

(reference 2) and interpretat ion of the probabil i ty on the basis of t and the 
number  of individual data as indicated in table 2. 4. of reference 3. 
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Table 5 (Experiment 1) 
Occurrence of gallstones, and other data, for young female hamsCers 
fed the glucose diet with additions of 0.1% chenodeoxycholie acid 

(Exp. series G I39, group 1338) 

Animal Days Gall- Weight Weight Weight Weigh~ 
number on stones 1) at  after gain of 

diet start  6 weeks 6 weeks liver 
g g g g 

1 42 C 47 60 13 4.20 
4 42 C 60 80 20 5.33 

15 42 C 56 68 12 4.89 
21 42 C 49 55 6 3.88 
29 42 C 46 47 1 3.58 
30 42 C 46 51 5 4.06 
31 42 G 43 45 2 4.21 
32 42 C 42 45 3 3.94 
35 42 C 46 64 18 4.89 
36 42 C 44 60 16 4.57 
37 42 C 57 77 20 5.32 
38 42 C 46 55 9 4.12 
39 42 C 52 62 10 4.29 
40 42 C 48 56 8 ~26 
41 42 C 52 50 --2 3.95 
42 42 C 55 71 16 5.47 
43 43 C 55 75 20 6.27 
44 43 C 44 58 14 5.02 
45 44 C 37 54 17 3.87 
47 44 C 44 52 8 3.99 
51 44 O 41 54 13 4.04 
52 44 O 41 54 13 4.65 
58 44 C 44 52 8 4.03 
75 44 C 51 58 7 3.70 

107 44 C 46 53 7 3.58 
108 44 C 44 56 12 4.09 

)/Iean 47.5 58.2 10.6 4.39 
St.d. ~1.1  ~1 .9  ~2 .2  ~0.43 

1) C = cholesterol gallstones 

In  the  males ,  the b i le  acid s u p p l e m e n t s  t ended  to inc rease  the  we igh t  
of the testes. For  bo th  b i le  acids the  inc rease  in  we igh t  of the  testes was  
raodera t ley  s igni f icant  (0.1 ~ P :> 0.05). 

E x p e r i m e n t  2. Young  hamste rs ,  rice s tarch diet  ( tables 8-11 a nd  17). 

Wi th  the  u n s u p p l e m e n t e d  rice s tarch diet,  f o r m a t i o n  of ga l l s tones  
USually is a b s e n t  or rare .  I n  the  p r e sen t  e x p e r i m e n t  n o n e  of the  hams te r s  
on the  u n s u p p l e m e n t e d  rice s tarch diet, 5 ma les  a nd  6 females ,  had  gal l -  
Stones, whe reas  in  the  g roup  r ece iv ing  the  r ice s tarch diet  w i t h  0 .1% 
chenodeoxycholic  acid, 5 out  of 6 males  and  5 ou t  of 5 females  had  chole- 
Sterol gal ls tones .  O the r  forms  of ga l l s tones  did no t  occur.  

2 ZI"E 2 
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Table 6 (Experiment  1) 
Occurrenee of gallstones, and  other  data ,  for young male hamsters  

fed the glucose diet  with addi t ion of  0.1% hyodcoxycholic acid 
(Exp. series G 139, group 1339) 

Animal  Days 
number  on 

diet  

Gall. Weight  Weight  Weight  Weight  Weight  Weight  
stones 1) a t  af ter  gain of  of  1. of  r. 

s t a r t  6 weeks 6 weeks liver testis testis 
g g g g g g 

47 42 O 43 50 7 3.95 0.23 0.23 
50 42 O 56 53 - -3  3.76 0.35 0.42 
51 42 O 49 50 1 3.70 0.18 0.16 
52 42 O 64 68 4 4.06 0.90 0.88 
53 42 0 57 65 8 4.38 0.25 0.24 
54 42 C 57 58 1 4.46 0.23 0.19 
55 42 O 60 61 1 4.07 0.25 0.21 
56 42  0 51 57 6 3 .89 0.15 0.13 
57 42 0 56 62 6 4 .25  0.16 0.19 
58 42 0 56 63 7 4 .24 0.17 0 .15 
60 42 0 48 55 7 3.90 0.74 0.70 
61 42 O 37 48 11 4.11 0.14 0.14 
62 42 O 36 47 11 3.49 0.11 0.09 
63 42 O 55 60 5 3 .60 0.19 0.15 
64 42  O 55 64 9 4 .32 0.38 0.32 
65 42 0 40 47 7 3.71 0.12 0.11 
66 44 O 43 53 10 3.45 0.05 0.07 
67 44  O 43 50 7 3.68 0.18 0.18 
68 44 O 49 50 1 3.49 0.07 0.07 
69 44  O 48 56 8 3.82 0.14 0 .14 
70 44 O 45 60 15 4.49 0 .06 0.07 
71 44 0 42 51 9 3.78 0.05 0.05 

l~Iean 49.5  55.8 6.3 3.98 0.23 0.22 
st.d. •  •  •  -t-0.35 :t=0.05 •  

')  O = no gallstones, C = cholesterol gallstones 

T h e  d i f f e rence  w i t h  r e s p e c t  to o c c u r r e n c e  of ga l l s t one s  b e t w e e n  the  
m a l e  h a m s t e r s  r e c e i v i n g  the  d i e t  c o n t a i n i n g  chenodeoxycho l i c  ac id  a n d  the  
m a l e  h a m s t e r s  r e c e i v i n g  the  u n s u p p l e m e n t e d  b a s a l  d i e t  is s ign i f i can t  w i t h  
95 ~ p r o b a b i l i t y  [cf. r e f e r e n c e  (4)]. F o r  t h e  f e m a l e s  t h e  d i f f e r ence  w a s  
s ign i f i can t  w i t h  99 % p r o b a b i l i t y .  

I n  t he  h a m s t e r s  on the  r i ce  s t a r ch  die t ,  a d d i t i o n  of 0.1 ~ c h e n o d e o x y -  
cholic ac id  d i d  no t  d e c r e a s e  t he  w e i g h t  g a i n  d u r i n g  6 w e e k s ;  b u t  r a t h e r  
s e e m e d  to h a v e  h a d  t h e  oppos i t e  effect.  

T h e  w e i g h t  of  t he  l i v e r  in  b o t h  sexes ,  a n d  t h e  w e i g h t  of t h e  t e s tes  of 
t he  m a l e s  w e r e  i n c r e a s e d  b y  a d d i t i o n  of 0 . 1 %  chenodeoxycho l i c  ac id  as in  
e x p e r i m e n t  1. 

T h e  d i f f e rence  in  l i v e r  w e i g h t  w a s  h i g h l y  s ign i f i can t  fo r  t h e  f e m a l e s  
(0.01 ~ P ~ 0.001) b u t  no t  fo r  t he  males .  

A m o n g  the  m a l e s  t h e  d i f f e rence  w i t h  r e s p e c t  to w e i g h t  of t e s t es  w a s  
s ign i f i can t  (0.05 ~ P ~> 0.02). 
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Table 7 (Experiment 1) 
Occurrence of gallstones, and other data, for young female hamsters 

fed the glucose diet with addition of 0.1% hyodeoxycholie acid 
(Exp. series G.139, group 1339) 

Animal Days Gall- Weight Weight Weight Weight 
21Uraber on stones 1 ) a t  after gain of 

diet start  6 weeks 6 weeks liver 
g g g g 

28 42 0 49 47 - -2  3.52 
48 42 0 34 45 11 3.29 
54 42 0 42 51 9 3.58 
55 42 0 49 62 13 4.26 
56 42 C 44 52 8 3.79 
57 42 0 43 57 14 4.12 
59 42 0 42 47 5 3.53 
60 42 0 48 65 17 4.52 
61 42 O 49 62 13 4.27 
62 42 0 48 55 7 4.16 
63 42 0 41 50 9 4.14 
64 42 0 50 61 11 3.75 
65 42 0 52 59 7 4.08 
66 42 O 53 57 4 4.48 
67 42 O 53 62 9 4.50 
68 42 O 49 60 11 4.02 
69 43 O 46 52 6 4.20 
70 43 0 48 55 7 3.98 
71 44 O 50 64 14 4.72 
72 44 O 59 60 1 4.12 
73 44 O 58 63 5 4.41 
74 44 O 60 67 7 5.46 
76 44 O 51 56 5 3.24 
77 44 O 46 58 12 3.38 
78 44 O 37 45 8 2.93 
79 44 0 35 44 9 3.24 

Moan 47.5 56.0 8.5 3.99 
St.d. • 1.3 -t- 1.3 :J: 1.9 -4- 0.33 

1) O ----- no gallstones, C ~ cholesterol gallstones 

E x p e r i m e n t  3. Old hams te r s ,  glucose diet  ( tables 12-15 a nd  18). 

W h e n  h a m s t e r s  are  t r a n s f e r r e d  f rom the  stock diet  to the  f a t - f r ee  
glucose diet  at  a m o r e  a d v a n c e d  age, e.g. 107-116 days, the  t e n d e n c y  to 
fo rma t ion  of cholesterol  ga l l s tones  as a consequence  of the  d i e t a r y  change  
is g r ea t l y  r educed  and  m a y  be rep laced  by  a t e n d e n c y  to f o r m a t i o n  of 
amorphous  p i g m e n t e d  ga l l s tones  (5). A m o r p h o u s  p i g m e n t e d  ga l l s tones  are  
also somet imes  obse rved  in  old h a m s t e r s  on  the  stock diet.  

In  the  p r e s e n t  e x p e r i m e n t  w i t h  old hamste rs ,  o n l y  1 of the  12 males  
and n o n e  of the  10 females  r ece iv ing  the  u n s u p p l e m e n t e d  glucose diet  ha d  
cholesterol gal ls tones .  W i t h  the  diet  c o n t a i n i n g  0 . 1 %  chenodeoxychol ic  acid 
6 out  of the  12 males  and  6 out  of the  10 females  ha d  cholesterol  gal ls tones .  
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Table 8 (Experiment 2) 
Occurrence of gallstones, and other data  for young male hamsters 

fed the rice starch diet without addition 
(Exp. series G 140, group 1341) 

Animal Days Gall- Weight Weight Weight Weight Weight Weight 
number on stones 1) at  after gain of  of 1. of r. 

diet s tar t  6 weeks 6 weeks liver testis testis 
g g g g g g 

2 42 O 51 58 7 2.81 0.85 0.95 
6 42 0 50 54 4 2.65 0.92 0.93 

10 42 O 40 54 14 2.70 0.68 0.72 
12 42 O 60 71 11 3.43 1.09 1.17 
20 42 O 41 60 19 3.23 0.91 0.91 

Mean 48.4 59.4 11.0 2.96 0.89 0.94 
st.d. •  4-3.1 4-4.8 ~-0.17 4-0.07 -/-0.07 

i) O ~- no gallstones 

Table 9 (Experiment 2) 
Occurrence of gallstones, and other data  for young female hamsters 

fed the rice starch diet without addition 
(Exp. series G 140, group 1341) 

Animal Days Gall- Weight Weight Weight Weight 
number on stones 1) at  after gain of 

diet s tar t  6 weeks 6 weeks liver 
g g g g 

3 42 O 51 65 14 3.38 
4 42 O 41 54 13 2.86 
5 42 O 43 62 19 2.58 
7 42 O 45 59 14 2.51 
8 42 O 48 54 6 2.31 

18 42 O 41 47 6 2.09 

Mean 44.8 56.8 12.0 2.62 
st.d. • 1.6 4-2.7 4-3.1 10 .19  

1) O ---- no gallstones 

W h e n  the  two  sexes  are  cons ide red  as one  group,  the  d i f fe rence  w i t h  
r e spec t  to occu r r ence  of choles te ro l  ga l l s tones  b e t w e e n  the  an im a l s  on the  
d ie t  w i t h  chenodeoxychol ic  acid and  the  an ima l s  on the  u n s u p p l e m e n t e d  
basa l  d ie t  is s igni f icant  w i t h  95 % probab i l i t y .  

(Because  of the  s o m e w h a t  i r r e g u l a r  o c c u r r e n c e  of a m o r p h o u s  ga l l s tones  
in old h a m s t e r s  on stock diet ,  i t  is less ce r t a in  to d r a w  conclus ions  f r o m  the  
o b s e r v e d  d i f fe rence  w i t h  r e spec t  to t he  p r e v a l e n c e  of th is  t y p e  of ga l l -  
stones.) 

T h e  m a i n  conc lus ion  f r o m  al l  t h r e e  e x p e r i m e n t s  is t h a t  add i t ion  of 
0 . 1 %  chenodeoxychol ic  acid to the  basa l  d ie t  g r e a t l y  inc reases  the  
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Table 10 (Experiment 2) 
Occurrence of gallstones, and other data for young male hamsters 
fed the rice starch diet 4- addition of 0.1% ehenodeoxycholie acid 

(Exp. series G 140, group 1342) 

hzfiraal Days Gall- Weight Weight Weight Weight Weight Weight 
nUmber on stones 1) a t  after gain of of 1. of r. 

diet start  6 weeks 6 weeks liver testis testis 
g g g g g g 

1 42 C 53 63 10 3.78 1.07 1.14 
13 42 C 50 73 23 4.73 1.05 1.06 
14 42 C 49 74 25 4.09 1.14 1.16 
16 42 C 51 72 21 4.53 1.12 1.09 
21 42 C 44 63 19 3.66 1.08 1.I1 
22 42 O 43 70 27 4.38 1.07 1.18 

Mean 48.3 69.2 20.8 4.20 1.09 1.12 
st.d. 4-1.7 4-1.8 4-2.4 4-0.95 4-0.02 4-0.02 

1) C -~ cholesterol gallstones, 0 = no gallstones 

Table 11 (Experiment 2) 
Occurrence of gallstones, and other data for young female hamsters 
fed the rice starch diet with addition of 0.1% chenodeoxyeholic acid 

(Exp. series G 140, group 1342) 

Animal Days Gall- Weight Weight Weight Weight 
number on stones 1) a t  after gain of 

diet starb 6 weeks 6 weeks liver 
g g g g 

9 42 G 51 67 16 5.17 
11 42 C 42 56 14 3.71 
15 42 C 55 97 42 6.23 
17 42 C 44 60 16 4.66 
19 42 C 47 58 11 3.63 

l~ean 47.8 67.6 19.8 4.68 
St.d. 4- 2.4 4- 7.6 4- 8.0 4- 0.48 

1) C ~ cholesterol gallstones, O = no gallstones 

t endency  to f o r m a t i o n  of cholesterol  ga l l s tones  no t  o n l y  a m o n g  y o u n g  
hamsters  on the  glucose d ie t  (which in  i tself  p roduces  cholesterol  ga l l -  
Stones in  y o u n g  hamsters) ,  b u t  also a m o n g  y o u n g  h a m s t e r s  on the  r ice 
Starch diet  (wi th  which p r o d u c t i o n  of cholesterol  ga l l s tones  u s u a l l y  is 
absent  or rare),  and  a m o n g  old hams te r s  on the  glucose diet  (which u s u a l l y  
is much less effectiv in  p r o d u c i n g  cholesterol  ga l l s tones  in  old h a m s t e r s  
than  in  y o u n g  hamsters) .  These  resul t s  are  d i f fe rent  f rom those of ThistZe 

Schoenf ie ld  (6), accord ing  to which  inges t ion  of 1 g chenodeoxychol ic  
acid per  day  to w o m e n  t h r o u g h  4 m o n t h s  inc reased  the  so lub i l i z ing  capa-  
city of bi le  for  cholesterol  thus  dec reas ing  l i thogenic  po ten t ia l .  
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T a b l e  12 ( E x p e r i m e n t  3) 
Occur rence  of  gal ls tones ,  a n d  o t h e r  d a t a  for  o ld  m a l e  h a m s t e r s  

fed t h e  glucose d ie t  w i t h o u t  a d d i t i o n  
(Exp .  series G 141, g roup  1343) 

A n i m a l  D a y s  
n u m b e r  on  

d ie t  

Gall. W e i g h t  W e i g h t  W e i g h t  W e i g h t  W e i g h t  Weight 
s tones  I) a t  a f t e r  ga in  of  of  1. of  r. 

s t a r t  6 weeks  6 weeks  l iver  t e s t i s  t e s t i s  
g g g g g g 

47 42 0 71 77 6 5.02 1.29 1.23 
48 42 0 106 86 - - 2 0  4.31 0.90 0.79 
49 42 0 73 87 14 4.95 1.06 1.26 
50 42 0 110 92 - -18  4.42 1.25 1.22 
55 42 0 112 116 4 9.47 2.73 1.94 
56 42 0 97 110 13 8.01 1.58 1.51 
57 42 0 114 102 - - 1 2  ; 7.66 1.68 1.49 
58 42 O 142 124 - - 1 8  7.01 1.82 1.73 
63 42 A 102 107 5 5.54 1.87 1.92 
11 42 O 113 93 - - 2 0  4.52 1.45 1.45 
59 42 O 70 60 - - 1 0  2.61 1.21 1.18 
92 42 G 67 73 6 3.56 1.21 1.20 

M e a n  98.1 93.9 - -  4.2 5.59 1.50 1.41 
s t .d .  + 6 . 7  i 5 . 4  -J- 8.6 ~ 0 . 5 8  : t :0.13 :k0.10 

1) O ~ no  gal ls tones ,  C = choles te ro l  ga l ls tones ,  A ~ a m o r p h o u s  ga l l s tones  

T a b l e  13 ( E x p e r i m e n t  3) 
Occur rence  of  ga l l s tones ,  a n d  o t h e r  d a t a  for  o ld  female  h a m s t e r s  

f ed  t h e  glucose  d ie t  w i t h o u t  a d d i t i o n  
(Exp .  series G 141, g r o u p  1343) 

A n i m a l  D a y s  Gall-  W e i g h t  W e i g h t  W e i g h t  W e i g h t  
n u m b e r  o n  s tones  1) a t  a f t e r  ga in  o f  

d le t  s t a r t  6 weeks  6 weeks  l iver  
g g g g 

45 42 A 176 144 - - 3 2  6.69 
47 42 A 135 113 - -22  5.78 
51 42 A 160 143 - -17  7.77 
53 42 0 139 118 - -21  7.46 
55 42 0 125 127 2 7.04 
56 42 A 141 128 - - 1 3  6.91 
57 42 O 93 88 --  5 5.02 
58 42 A 131 129 - -  2 7.78 
65 42 O 146 145 - -  1 9.98 
66 42 0 130 122 --  8 6.31 

M e a n  137.6 125.7 - -  11.9 7.07 
s t .d .  -4-6.9 ~ 5 . 5  -4-8.8 ~ 0 . 4 2  

1) 0 -~ no  gal ls tones ,  A ~ a m o r p h o u s  ga l l s tones  
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Table 14 (Experiment 3) 
Occurrence of  gallstones, and other data  for old male hamsters 

fed the glucose diet with addition of  0.1% chenodeoxycholic acid 
(Exp. series G 141, group 1344) 

Animal Days 
number on 

diet 

Gall- Weight Weight  Weight Weight  Weight  Weight  
stones 1) a t  after gain of of 1. of r. 

s tar t  6 weeks 6 weeks liver testis testis 
g g g g g g 

51 42 
52 42 
53 42 
54 42 
60 42 
61 42 
62 42 
12 42 
13 42 
31 42 
32 42 

100 42 

C 83 85 2 5.34 1.31 1.33 
C 92 87 - - 5  5.67 1.34 1.36 
C 93 90 -- 3 5.77 1.14 1.34 
C 117 101 --16 4.81 1.49 1.81 
O 129 112 --17 6.54 1.69 1.65 
O 122 115 - -  7 5.48 1.77 1.76 
A 118 101 --17 5.48 1.38 1.30 
0 107 98 -- 9 5.06 1.51 1.35 
C 77 70 -- 7 3.87 1.16 0.34 
C 68 72 4 3 .91 1 .58  1 .35  
O 79 80 1 4.04 1.04 1.02 
O 73 52 --21 3.56 0.60 0.58 

~v~e~tn 
st.d. 

96.5 88.6 -- 7.9 4.96 1.33 1.27 
4-6.1 4-5.3 4- 8.1 4-0.27 4-0.09 4-0.13 

~) G ---- cholesterol gallstones, A ---- amorphous gallstones, O -~ no gallstones 

Table 15 (Experiment 3) 
Occurrence of gallstones, and other data  for old female hamsters 
fed the glucose diet with addition of 0.1% chenodeoxycholic acid 

(Exp. series G 141, group 1345) 

Animal Days Gall- Weight  Weight  Weight  Weight  
number on stones ~) a t  after gain of  

diet s tar t  6 weeks 6 weeks liver 
g g g g 

43 42 C 110 102 --  8 5.42 
44 42 O 121 101 --20 6.34 
46 42 O 99 92 -- 7 9.50 
49 42 C 126 89 --37 7.00 
50 42 C 118 86 --32 4.33 
54 42 C 117 95 --22 5.61 
59 42 0 139 122 --17 7.70 
60 42 C 151 139 --12 6.80 
63 42 0 113 94 --19 5.34 
64 42 C 148 121 --27 7.41 

~Iean 124.2 104.1 --20.1 6.55 
St .d.  •  4-5.5 4- 7.7 4-O.46 

~) C ~ cholesterol gallstones, O ---- no gallstones 
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Table 16. Summary of occurrence and non-occurrence of  gallstones in Exper iment  1 
{young hamsters,  characterist ics of basal  diet : glucose, no added  fat) 

number  
of animals 
in group 

animals animals 
with cholesterol wi thout  
gallstones gallstones 
no .  % no.  % 

Basal diet  males 22 15 68.2 7 31.8 
without  f imales  26 16 61.5 10 38.5 
addi t ion 

t o t a l  48 31 64.6 17 35.4 

Basal diet  plus males 22 22 100.0 0 0.0 
0.1 ~o cheno- females 26 26 100.0 0 0.0 
deoxycholie acid 

t o t a l  48 48 100.0 0 0.0 

Basal  diet  plus males 22 1 4.5 21 95.5 
0.1% hyo- females 26 1 3.8 25 96.2 
deoxycholie acid 

t o t a l  48 2 4.2 46 95.9 

The  f ind ing  of a m o r e  or  less p r o n o u n c e d  i n c r e a s e  in  w e i g h t  of the  
l i v e r  a n d  w e i g h t  of t he  tes tes  as  a r e s u l t  of a d d i n g  chenodeoxycho l i c  ac id  
to  t he  d i e t  r e m i n d s  of the  f ind ing  b y  o t h e r  i n v e s t i g a t o r s  [e.g. H u n t  et  aI. (7)] 
of p r o l i f e r a t i o n  of b i l e  duc tu l e s  caused  b y  d i e t a r y  l i thocho l ic  acid.  S ince  
l i thochol ic  ac id  m a y  b e  f o r m e d  b y  the  ac t ion  of i n t e s t i n a l  b a c t e r i a  on 
chenodeoxycho l i c  acid,  i t  w i l l  be  of i n t e r e s t  to e x a m i n e  h o w  f a r  the  
effects of chenodeoxycho l i c  ac id  o b s e r v e d  in  t h e  p r e s e n t  e x p e r i m e n t s  a r e  
caused  b y  the  c o n v e r s i o n  p r o d u c t  l i thochol ic  acid.  

The  f ind ing  in exp.  1 of a g r e a t l y  r e d u c e d  i nc idence  of ga l l s t one s  a m o n g  
the  h a m s t e r s  r e c e i v i n g  h y o d e o x y c h o l i c  ac id  conf i rms  the  r e s u l t  of  t h e  
e a r l i e r  s t u d y  (1) c a r r i e d  out  w i t h  an  i m p u r e  p r e p a r a t i o n  of th i s  b i l e  acid.  
T h e  b i l e  of t he  h a m s t e r s  r e c e i v i n g  h y o d e o x y c h o l i c  ac id  was  no t  n o r m a l ,  
h o w e v e r ,  and  h y o d e o x y c h o l i c  ac id  was  f o u n d  to r e t a r d  g r o w t h  a n d  m o d e r -  
a t e l y  i n c r e a s e  w e i g h t  of t h e  tes tes .  

Beher  et al.  (8) h a v e  f o u n d  t h a t  h y o d e o x y c h o l i c  ac id  has  a hypocholo  
e s t e r e m i c  effect  in  mice  fed  choles te ro l .  W h e t h e r  th is  o b s e r v a t i o n  has  a n y  
r e l a t i o n  to t he  a n t i l i t h o g e n i c  effect  of h y o d e o x y c h o l i c  ac id  in  h a m s t e r s  is 
n o t  known .  
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Summary  

Chenodeoxycholic acid added at  the level of 0.1% to the diet:  
1. enhanced the production of cholesterol gallstones in young hamsters  

reared  on a diet  (having glucose as ca rbohydra te  and containing no added fat) 
which per se produces cholesterol gallstones in young hamsters,  
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Table  17. S u m m a r y  of  occurrence and  non-occur rence  of  gal ls tones in 
E x p e r i m e n t  2 

(young hamsters ,  character is t ics  of  basal  d ie t :  rice s tarch,  no added  fat) 

n u m b e r  an imals  animals  
of  animals  wi th  cholesterol  w i thou t  
in group gallstones gallstones 

no. ~/o no. % 

Basal d ie t  males  5 0 0.0 5 100.0 
without  add i t ion  females  6 0 0.0 6 100.0 

t o t a l  11 0 0.0 11 100.0 

Basal diet  plus males  6 5 83.3 1 16.7 
0.1~o cheno- females  5 5 100.0 0 0.0 
deoxycholic acid  

t o t a l  11 10 90.9 1 9.1 

2. produced choles terol  gal ls tones  in young  h a m s t e r s  r ea red  on a die t  {having 
rice starch as c a r b o h y d r a t e  and con ta in ing  no added  fat) w i t h  which p roduc t ion  
of gal ls tones  o the rwise  is r a re  or  absent,  

3. produced cholesterol  ga l l s tones  in old hams te r s  which usua l ly  exh ib i t  a 
considerable  degree  of res i s tance  to induc t ion  of choles terol  ga l l s tones  w h e n  
shif ted f rom the  stock die t  to the  die t  h a v i n g  glucose  as ca rbohydra t e  and con-  
taining no added  fat ,  and 

4. t ended  to increase  the  we igh t  of l i ve r  and testes  in t he  young  hamsters .  

Pu re  hyodeoxycholic acid added at  the  leve l  of 0 . 1 %  to a die t  h a v i n g  glucose 
as ca rbohydra t e  and con ta in ing  no added fa t :  

1. g rea t ly  inhibited fo rma t ion  of choles terol  ga l l s tones  in young  hams te r s  
( thereby conf i rming  the  resu l t  p r ev ious ly  ob ta ined  w i t h  i m p u r e  hyodeoxychol ic  
acid} bu t  in t roduced  ce r ta in  macroscopic  and microscopic  abnorma l i t i e s  in the  
SDpearance of the  bile,  

2. r educed  g r o w t h  rate,  and  

3. t ended  to increase  the  w e i g h t  of the  testes.  

Zusammenfassung 

Die Be igabe  yon 0 ,1% Chenodeoxychols~iure zur  N a h r u n g :  
L verstdrkte die B i ldung  yon  Cho le s t e r i n -Ga l l ens t e inen  bei j u n g e n  Hams te rn ,  

Wenn die B a s a l n a h r u n g  (Charak te r i s t ika :  Glukose  als Koh lenhyd ra t ,  ke in  F e t t -  
ZUsatz) an  sich die Bi ldung  yon  solchen Ga l l ens t e inen  bei  j u n g e n  H a m s t e r n  h e r -  
beif i ihrt ,  

2. induzierte Bi ldung  von  Cho le s t e r i n -Ga l l en s t e inen  bei  j u n g e n  Hams te rn ,  
Wenn die B a s a l n a h r u n g  (Charak te r i s t ika :  Reisstf i rke als Koh lenhydra t ,  ke in  
Fettzusatz)  an  sich nicht  oder  n u r  se l ten  zur  B i ldung  yon Ga l l ens t e inen  AnlaB 
gibt, 

3. induzierte Bi ldung  yon  Cho le s t e r i n -Ga l l ens t e inen  bei a l ten  Hams te rn ,  
~Velche sonst  e ine  betr~cht l iche Resis tenz  gegen  Bi ldung  yon C h o l e s t e r i n - G a l l e n -  
steinen aufweisen,  w e n n  sie yon der  , ,S tocknahrung"  zu der  Nahrung ,  welche  
Glukose als K o h l e n h y d r a t  und ke inen  Fe t t zusa tz  enth~ilt, t iberf t ihr t  w e r d e n  
und 

4. t end ie r t e  zu E rh6hung  des Gewichts  der  Lebe r  und der  Testes  de r  j ungen  
I-Iamster 
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Tab le  18. S u m m a r y  of  occur rence  a n d  n o n - o c c u r r e n c e  of  ga l l s tones  in  
E x p e r i m e n t  3 

(old h a m s t e r s ,  cha rac t e r i s t i c s  of  b a s a l  d i e t :  glucose,  n o  a d d e d  fa t )  

n twnber  a n i m a l s  a n i m a l s  a n i m a l s  
of  a n i m a l s  w i t h  w i t h  w i t h o u t  
in  g roup  choles te ro l  a m o r p h o u s  ga l l s tones  

ga l l s tones  ga l l s tones  
no.  % no.  ~o no.  % 

B a s a l  d i e t  ma les  12 1 8.3 1 8.3 10 83.3 
w i t h o u t  a d d i t i o n  females  10 0 0.0 5 50.0 5 50.0 

Basa l  d i e t  p lus  0 .1% 
ehenodeoxyeho l i e  ac id  

t o t a l  22 1 4.5 6 27.3 15 68.2 

ma le s  12 6 50.0 1 8.3 5 41.7 
females  10 6 60.0 - 0 0.0 4 40.0 

t o t a l  22 12 54.5 1 4.5 9 41.0 

Die Beigabe yon 0,1% reiner Hyodeoxychols~iure zur Nahrung: 

1. verhinderte weitgehend die Bildung von Cholesterin-Gallensteinen bei 
jungen Hamstern, wenn die Basalnahrung (Charakteristika: Glukose als Koh- 
lenhydrat, kein Fettzusatz) sonst die Bildung yon solchen Gallensteinen bei 
jungen Hamstern herbeiffihrt (wodurch das Ergebnis frtiherer mit unreiner 
Hyodeoxychols~ure angestellten Versuche best~tigt wurde) fiihrte aber gewisse 
makroskopisch und rnikroskopisch erkennbare Anomalitiiten der Galle herbei, 

2. verminderte die Gewichtszunahme der jungen Hamster wiihrend des Ver- 
suches und 

3. tendierte zu ErhShung des Gewichts der Leber und der Testes der jungen 
H a m s t e r .  
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