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2. Eine erh6hte Ausseheidung yon ~3XT im Stuhl wurde bei diesen Patienten beobaehtet. 
Insofern hat der Test fiir diese Gruppe diagnostische Bedeutung. 

3. Festal bewirkte einen bemerkenswerten Effekt auf den Absorptions-Test bei dieser 
Gruppe yon Patienten, ebenso bei der Kontro]lgruppe yon Personen mit  ausreichender 
Verdauung. 

4. Symptome, welche zu unzureichender Verdauung fiihren (insbesondere Meteorismns) 
konnten dureh Festal gebessert werden. 

5. Die Stuhlzusammensetzung wurde dutch die Anwendung yon Festal ebenfalls ver- 
bessert. 

6. Festal zeigte keine Nebeneffekte. 
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Alimentary Production of Gallstones in Hamsters 
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gallstones in hamsters fed'a fat-free diet with glucose as carbohydrate component*) 
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F o r m a t i o n  of  choles tero l  ga l l s tones  in  y o u n g  h a m s t e r s  t akes  p lace  w i th  
g r e a t  r e g u l a r i t y  when  t h e  an imals  a r e  r e a r e d  on  a fa t - f ree  d i e t  in  which  t h e  
c a r b o h y d r a t e  source is an  eas i ly  abso rbab le  sugar  such as  glucose ( D ~  a n d  
CH~ST~NSV.~, 1961 a, b, a n d  the  p re sen t  communica t ion) .  

W i t h  a basa l  d i e t  o f  th is  compos i t ion  the  eff icacy o f  d i e t a r y  add i t i ons  in 
p r even t i ng  f o r m a t i o n  o f  cholesterol  ga l l s tones  can be tes ted ,  so t h a t  on ly  t h e  
mos t  ac t ive  subs tances  will  show a m a r k e d  effect. 

I n  t h e  p re sen t  s t u d y  f ive  di f ferent  bi le  ac ids :  cholic, deoxychol ic ,  dehy-  
drochol ic ,  l i thoehol ic  a n d  hyodeoxyeho l i c  ac ids  have  been  t e s t e d  in  th i s  w a y  
a t  a d i e t a r y  level  o f  0.1 p e r  cent .  

*) This work was supported by a grant from National Institutes of Health, United 
States Public Health Servie (Grant no. A-4964). 
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Experimental 

The animals were golden hamsters from our own stock colony, 31 to 37 days old at the 
beginning of the experimental feeding period which lasted maximally 55 days. 

The composition of the basal d/et was as indicated in Table 1. 

Table 1. Composition of the basal diet 

Glucose 
Vitamin Test Casein*) 
Salt mixture (U. S. P. :~Trf no. 2) 
Vitamin mi~ure**) 
Choline chloride 

*) Genatosan Ltd, Loughborough, England. 

g 
74.3 
20.0 

5.0 
0.5 
0.2 

**) Biotin, 0.050 g; relic acid, 0.050 g; ascorbio acid, 5.000 g; thiamine hydrochlorlde, 

5.000g; riboflavin, 5.000g; pyridoxine hyclrochloride, 5.000g; calcium pantothenate, 
5.000 g; nicotinic acid, 8.000 g; inositol, 15.000 g; p-aminobenzoic acid, 85.000 g; vitaminK 
{"Synkavi~", Roche), 1.000 g; dl-c~-tocopheryl acetate ("Ephynal", Roche), 5.000 g; and 
sugar up to 500 g. 

Vitamins A and D3 were furnished in the form of an aqueous solution of the following 
composition: Vitamin A concentrate, 0.62 g (1 g ~,~ 1.67 • 106 I. U.); vitamin I) s, 0.051 g 
in vegetable oil (1 g ,~  2 x 106 I. U.); Tween 80, 2.5 g; BHT (antioxidant), 0.03 g; citric 
acid, 0.1 g; sorbic acid, 0.5 g; distilled water to make 500 ml. 0.1 ml of this suspension was 
given twice a week, corresponding to 59 I. U. vitamin A and 5.8 I. U. vitamin Ds per animal 
per day. 

Twenty-nine hamsters (15 males and 14 females) received the basal diet without 
addition, whereas five groups of 18 to 20 hamsters (7--10 males and 13---8 females in each) 
received the basal diet with addition of 0.1 per cent of the bile acids to be testedl). 

Otherwise the details of the experiment were as previously described (1, 2). 

Results and Discussion 

The results are presented in Tables 2 and  3. 
Table 2 contains the  recordings for the  individual  animals. 
Table 3 presents a s u m m a r y  of  the  f requency  o f  cholesterol gallstones in 

the animals  surviving more  t h a n  10 days.  
Only  2 animals died before the  10th day,  b u t  m a n y  died or had  to  be sacri- 

riced before the  end of  the  p lanned experimental  period o f  55 days,  because 
they  had  diarrheaS). I t  is seen f rom Table 2, however,  t h a t  with the  basal  
diet  used in the  present exper iment  cholesterol gallstones devcloped so ear ly  
t h a t  shor tening of  the  feeding period was no t  a ma t t e r  o f  great  importance.  
We therefore consider i t  justifiable to  conclude t h a t  the  addit ion o f  0.1 per  cent  
hyodeoxyehol ic  acid to  the  basal diet  afforded a marked  degree of  protec t ion 
against  fo rmat ion  of  cholesterol gallstones, whereas a similar effect could no t  be 
observed for  any  of  the  o ther  bile acids tested. 

z) The cholic acid used in this experiment was from Eastman Kodak Company, 
Rochester, N. Y.; deoxycholie, dehydrocholic, lithocholic and hyodeoxycholic acids were 
obtained from Nutritional Biochemicals Corporation, Cleveland, Ohio. 

s) As mentioned previously (2), the diarrhea influences the development of gallstones 
only by shortening the feeding period. (Animals with diarrhea are always sacrificed on the 
day when the disorder is observed). 
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Table 2. 
Influence of five different bile acids on formation of gallstones ~vhen 

Basal diet Basal diet -5 0.1% Basal diet -5 0.1% 
without addition Cholic acid Deoxyeholie acid 

Males 
53 16 
50 21 
82 21 
64 23: 
68 23 

107 23 i 
67 26 
37 28 
65 28 
29 48 
45 48 
47 48 
87 48 

102 48 
96 48 

1" 
13" 
13" 
10" 
10" 
12" 
10" 
10" 
9* 

14 
15 
2O 
17 
3 
1 

+ 

@ 

r5 

Males 
111 7 3 

Males 
0 66 

Females 
57 Ii 

7 48 II 
19 48 17 
27 48 19 
97 48 9 
40 49 12 

4 49 11 
55 49 18 
61 49 19 
77 49 8 
89 4 9  7 
8 i55 6 

81 55 11 
106 155 18 

? 
+ 
0 
+ 
+ 
+ 
+ 

C 
(3 
C 
C 
C 
(3 
C 
C 

0 C 
0 (3 
0 C 
0 C 
0 C 

C 

CA 
0 C 
0 C 
0 C 
0 C 
0 C 
0 0 
0 0 
0 (3 
0 (3 
0 C 
0 C 
0 C 
0 C 

104 24 1 
57 25 - -11  
15 28 - -12  
17 29 6 
33 29 - - 3  
69 129 9 
21 !32 7* 
83 32 - - 7  

101 35 - - 5  

Females 
32 21 - -15  
46 25 9* 
97 28 - -18  
11 31 9* 
10 33 2* 
59 35 9* 
64 40 7 
89 40 7"i 
54 44 13" 
96 45 9 

. . . .  + Oi 
+ C 
.p C 
.P C 
.P C 
-I-' C 
+ C 

C 
.p C 

+ 0 
+ C 
+ 0 
.P C 

C 
.P, C 
+ [ 0  
.Pi 0 
+ C 
0 C 

40 
95 

3 
4 

75 
100 

16 
18 
35 

Females 
86 
27 
36 
56 
71 
82 

106 
78 

31 14" .P C 
40 - - 5  -P C 
41 7* .P C 
53 9* 0 C 
53 8* 0 C 
53 6* .P (3 
53 18" 0 C 
55 15 0 C 
55 18 0 O 
55 6 0 0 

7 - -14  + 0 
12 10" + C 
19 - -  1" + C 
27 7* + C 
34 1" + (3 
35 2 + (3 
35 - - 1  + C 
48 13 + 0 

C means that  the animal had cholesterol stones only. 
CA means that  the animal had cholesterol stones and amorphous pigmented stones. 

As  fa r  as  s t a t i s t i c a l  t r e a t m e n t  o f  t h e  r e s u R s  is pe rmiss ib l e ,  a c a l c u l a t i o n  
[ accord ing  t o  (3)] shows  t h a t  t h e  p r o b a b i l i t y  is we l l  b e l o w  one  p e r  c e n t  for  t h e  
c h a n c e  o c c u r r e n c e  o f  t h e  o b s e r v e d  d i f fe rence  in  f r e q u e n c y  o f  cho les t e ro l  s tones  
in  t h e  h a m s t e r s  on  t h e  ba sa l  d i e t  a n d  in  t h o s e  on  t h e  d i e t  w i t h  0.1 p e r  c e n t  
h y o d e o x y e h o l i c  acid.  
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Table 2 (Continuation) 

added to the basal "fat-free glucose diet" in the amount of 0.1% 

Basal diet + 0.1% Basal diet + 0.1% Basal diet + 0.1% 
Dehydroeholio acid Lithocholic acid Hyodeoxyeholic acid 

'-'d 

Males 
80 27 9* 
38 32 9* 
47 33 12" 

109 40 --10 
1 48 29 
6 48 4 

25 48 10" 
52 48 22 
92 [48 22* 

Females 
48 23 6* 

5 24 - - 9 *  
34 25 5* 
49 27  2* 
51 28 2* 
67 29 6* 
88 29 I* 

110 33 7* 
90 34 13" 
~O 35 8 

105 35 3 

+ O 
+ O 
0 O 
+ 0 
0 0 
0 0 
0 O 
0 61 
0 C1 

+ C 
+ C 
+ D 
+ C 
+ C 

+ A 

+ 
+ 0 
+ C 

Males 
30 25 - -  4 + 
19 26 9* 

107 28 3* 0 
23 42 --13 + 
68 48 9 0 
60 55 4 '  + 
65 55 2 ? 
74 55 4 + 

Females 
41 21 ~ 5* + 
44 28 ~ 4  + 
93 29 1 + 
79 42 4 + 
87 46 5 + 
37 51 6* ? 

103 53 14 + 
2 55 19 ? 

53 55 6 0 
77 55 17 0 

108 55 ~ 7  0 

0 

Males 
C 24 4 7  
CO 61 47 

84 47 
C 98 47 
C 7 50 
C 31 50 
0 39 50 
0 

Females 
C 42 39 
C 45 40 
C 28 42 
C 22 45 
C 14 47 
0 20 47 
C 50 47 
C 58 47 
C 72 47 
C 73 47 
C 85 50 

91 50 

v 

16 
15 
4 

10 
15 
14 

- - 3  

0 
0 
0 
0 
0 
0 
0 

~9 + 
7* + 

--II + 
6* + 

~2 + 
3 0 
9 0 

~I 0 
II 0 

~5 + 
5 0 
0 + 

0 

e~ r~ 

0 
0 
0 
0 
C 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

The animals were weighed only once ~ week. An asterisk after the figure indicating the weight 
gain during the experiment means that the Iast weighing day was in the week before the day when 
the animal was sacrificed, otherwise the last weighing took place on the day of sacrifice. 

The  occurrence of cholesterol gallstones was less f requent  among  the  females 
t h a n  among the  males. This  difference, however,  was of low significance. 

I t  is l ikely t h a t  some of the  other  bile acids tes ted would have shown pro- 
tect ive effect if  t hey  had  been given a t  a higher  d ie ta ry  level, or  if  the  basal  

3* 
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d ie t  h a d  been so composed  t h a t  t he  ten-  
d e n c y  to  fo rma t ion  of  cholesterol  gall- 
s tones  in t he  control  g roup  was less 
marked .  Thus ,  in two  ear l ier  exper i -  
men t s  wi th  10 an imals  in  each group  
and  a basa l  d i e t  con ta in ing  2 %  la rd  a n d  
hav ing  sucrose i n s t ead  of  glucose as  
c a r b o h y d r a t e  componen t ,  0 .1% de- 
oxychol ic  ac id  p r o t e c t e d  aga ins t  chole- 
s terol  gal ls tones,  whereas  t he  p ro t ec t ive  
effect o f  cholic ac id  was less cer ta in .  

Consider ing the  obse rved  h igh  po- 
t e n c y  o f  hyodeoxycho l i e  ac id  in  coun- 
t e r ac t i ng  cholesterol  ga l l s tone  forma-  
t ion  i t  is o f  i n t e re s t  to  no te  t h a t  HowE,  
BOSSHARDT a n d  HUFF ( 4 ) h a v e  found  
t h a t  hyodeoxycho l i c  acid  was more  effec- 
t i ve  t h a n  l i thochol ic  in neu t ra l i z ing  the  
hypercho les te remic  effect of  cholie acid.  

The  bile ac ids  do n o t  seem to  have  
h a d  a n y m a t e r i a l  influence on the  g rowth  
of  t h e  an imals  which is u sua l ly  poor  on 
the  basa l  diet ,  nor  do t h e y  seem to have  
a l t e r ed  the  t e n d e n c y  to  d i a r rhea  which 
of ten  occurs in h a m s t e r s  fed  a d i e t  
wi th  a h igh  sugar  con ten t .  

Summary 

A fat-free diet in which the carbohydrate 
component consists of glucose is particularly 
suited for rapid and regular production of 
cholesterol gallstones in young hamsters. 

Testing of the ablity of substances to 
counteract dietary formation of cholesterol 
gallstones can be carried out under the stric- 
test possible conditions known when the com- 
position of the basal diet fallows the above 
principle. 

In  a test of this type the addition of 0.1 
per cent hyodeoxycholic acid to the basal diet 
afforded a high degree of protection against 
cholesterol gallstones, whereas a similar pro- 
tection could not be demonstrated when cholic, 
deoxycholic, dehydroeholic or lithoeholic 
acids were given at  the same dietary level. 

In  earlier experiments with a basal diet 
containing sucrose instead of glucose and in 
addition 2 per cent lard, 0,1 per cent de- 
oxycholic acid protected against cholesterol 
gallstones, whereas it was less certain that  
eholie acid at  the same level was protective. 



Wachholder u. Mitarb., Die Einwlrkung einer fettreichon Mahlzeil I 159 

Zusammenfassung 

Eine fettfrele Nahrtmg mit Glucose als :Kohlenhydratkomponente ist besonders ge- 
eignet um Choles~erin-GalIenstein-Bildung in jungen Hamstem regelmal3ig und in kurzer 
Zeit zu cn~wickeln. 

Die Priifung yon Substanzen auf Sehutzwirkung gegen aliment~re Cholesterin-Gallen- 
stein-Bfldung ist besonders seharf, wenn die Grundnahrung naeh dem oben erw~hnten 
Prinzip zusammengesetzt ist. 

In einem Versueh yon diesem Typ zeigte Hyodesoxyehols~ure in einer Menge yon 0,I% 
der Grundnahrung sehr gute Schutzwirkung, w~hrend Chols~ure, Desoxyehols~ure, 
Dehydroehols~ure nnd Lithoehols~uro in der Menge yon 0,1% der I~ahrung keino siehere 
Schutzwirkung erkennen liel3en. 

In friiheren Versuchen, we die Grundnahrung 2% Schweineschmalz enthielt, und die 
Kohlenhydmtkomponente aus Saeeharose bestand, zeigto Desoxyehols~ure in einer Menge 
yon 0,1% der Nahrung gute Sehutzwirkung, w~hrend die mit 0,1% Cholsi~ure erreiehte 
Schutzwirkung weniger sicher war. 
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Aus dem Physlologlschen Insti~u~ der Universitat Bonn 
(Direktor: Prof. K. Wachholder  f )  

Die Einwirkung einer fettreichen Maldzeit 
auf die GeriDnharkeit des Blutes 

I. Bel fettarm und bei fettreieh sieh ernlihrenden (fettungewohnten 
und fettgewohnten) jungen Leuten*) 

Von K. W.&CHHOLDER "~, H. EGLI, K. K:ESSELER, H. BUSCH.A.und E. FEL1)ERaO~ 

Mit 5 Tabellen 

(Etngegangen am 26. ;Ianuar 1962) 

Einleitung mad Fragestellung 

Die starke, seit einer Reihe yon Jahren anhaltende Zunahme yon Herz- 
infarkten hat  zu einer Flut  yon VerSffentlichungen mit Uberlegungen und 
Untersuchungen fiber die Griinde dieser auff~lligen Erscheinung geftihrt. I n  
diesen spielt die Arteriosklerose (Atherosklerose, Atheromatose) eine besondere 
Rolle, fiir deren Pathogenese Einflfisse seitens eines erhShten Lipoid- bzw. 
Cholesteringehaltes des Blutes im Sinne der alten Imbibitionstheorie der 

*) ])urchgefiihrt dank einer Unterstiitzung seitens der Deutschen Forschungsgemein- 
schaft. 


