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Young  hams te r s  r ea r ed  on a fa t - f ree  d ie t  hav ing  a n  eas i ly  abso rbab le  sugar  
as c a r b o h y d r a t e  componen t  develop  cholesterol  ga l l s tones  (1, 2). 

The composi t ion  of  t he  b l adde r  bile of  hams te r s  r ea red  on such a d ie t  (with 
glucose) has  been  e x a m i n e d  wi th  respec t  to  cholesterol ,  l ip id  phosphorus ,  b i le  
acids  and  p H  and  c o m p a r e d  wi th  t he  compos i t ion  of  t he  b l a d d e r  bile of  h a m s t e r s  
r ea red  on d ie ts  affording comple te  or p a r t i a l  p ro t ec t i on  aga ins t  ga l l s tones  in 
y o u n g  ind iv idua l s  of  th is  species (2). 

Chicks do no t  develop  gal ls tones  when fed t h e  " fa t - f ree  glucose d i e t "  which  
causes fo rma t ion  of  cholesterol  ga l l s tones  in young  hamste rs .  

The  purpose  of  t h e  p resen t  s t u d y  was to  examine  the  b l adde r  bile of  chicks 
r ea r ed  on va r ious  diets ,  viz.  1. t h e  " fa t - f ree  glucose d i e t " ,  2. a s imi la r  d ie t  w i th  
r ice s t a rch  in s t ead  of  glucose, 3. a d ie t  eontahf ing 5~/o cod l iver  oil, 4. a d ie t  con- 
t a in ing  5 %  h y d r o g e n a t e d  p a l m  kerne l  oil i n s t ead  of t he  cor responding  a m o u n t  
of  glucose, 5. a d ie t  in  which  t h e  p ro t e in  was r ep resen ted  b y  15~/o casein -~ 8~ 
ge la t in  i n s t ead  of  t he  usual  20~ casein, and  6. a n o r m a l  commerc ia l  r a t i on  for 
growing chicks.  

Exper imenta l  

Six groups, each of 8 day-old male chicks (New Hampshire • White Leghorn) were 
used. They received for 3 days the stock diet (3) used in our hamster colony. Groups 1-5 
were then given the experimental diets listed in table 1, whereas group 6 was given a normal 
commercial ration for growing chicks. The diets and tap water were available ad libltum. 

After 42 days the chicks were sacrificed by decapitation at  weekly intervals, one chick 
from each group on the same day, except when chicks died accidentially during the feed- 
ing period (chicks that  died were auC~psied, but their bile was not analyzed). Food but not 
water was removed about 16 h before the chicks were sacrificed. Immediately after sacrifice 
autopsy was performed, the content of the gallbladder inspected and samples of bile taken 
out for analysis as in the experiments with hamsters (2). I t  was not necessary to pool bile 
from several chicks. The bile acid analyses were limited to taurine conjugates except in a 
few cases, including samples of bile from group 5, in which chromatograms for glycine con- 
jugates were also carried out; no glycine conjugates were found. 

The bile of all the chicks had a normal green color. In  the ehromatogram for taurine con- 
jugated bile acids, biliverdin had the same R! value as the d~ydroxycholanic acids. By 
variation of the proportion between the components of the mobile phase the green biliverdin 
spot could be shifted to cover the tau~oeholic acid spot instead of the spot for taurodihydro- 
xycholanic acids. I t  was thereby found that  the overlapping with biliverdin had no in- 
fluence on the results. 

*) This work was supported by a grant from National Institutes of Health, United 
States Public Health Service (Grant No. A-4964-Met). 
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Casein, crude/) 
Gelatin 
Glucose 
Rice starch 
Salt mixture (U.S.P. XIII  no. 2) 
Vitamin mixture ~) 
Choline chloride 
Cod liver oil 
Hydrogenated palm kernel off 

(mp 40-42 ~ 

Table 1. Experimental diets (g) 

Group 1 Group 2 Group 3 

200 200 200 

743 693 
743 

50 50 
5 5 
2 2 

50 
5 
2 

50 

Group 4 

I 200 

I 693 

5O 
5 
2 

50 

Group 5 

150 
80 

713 

50 
5 
2 

z) From Dansk Mejeri Industri & Export Kompagni, Stege, Denmark. 
~) See reference 1. 
The diets were supplemented with 50 mg dl-ct-tocopherol acetate (Ephyna], Roche) perkg. 
Vitamins A and D were given as an aqueous solution, eL reference 1. 

Results and Discussion 
Tables 2-7 show the results of the Bladder bile analyses and the weights of 

the individual chicks at  the beginning and end of the experimental feeding1). 
None of the chicks had gallstones. 
As shown by the figures for initial and final weights of chicks, the diets 

used for groups 1-5 are not well suited for growth of chicks. The chicks receiv- 
ing the commercial chicken mash grew at a normal rate. 

The bile acids of chicks are present as taurine conjugates only (4, 5). The 
major component is chenodeoxycholie acid (6, 7). Cholic acid also occurs (8), 
but  in much smaller amount. The system for chromatography of taurine con- 
jugated bile acids used in our study separates cholic acid from dihydroxycholanic 
acid but does not separate individual dihydroxycholanic acids from each other. 
The latter are therefore recorded merely as "dihydroxycholanie acids", even 
though this fraction mostly consists of chenodeoxycholic acid. 

The analytical data for bladder bile of chicks on the "fat-free glucose diet" 
(table 2) are to be compared with the corresponding data for young hamsters 
on the same diet shown in tables 4 and 5 in our previous communication (2). 
The figures for cholesterol are of the same order of magnitude in the two species 
but seem to be more scattered in the chicks than in the hamsters. However, this 
may in some measure be due to the fact that  the data for the chicks refer to in- 
dividual animals, whereas most of the data for hamsters are obtained with 
pooled samples of bile from two animals. 

Lipid phosphorus and the ratio lipid phosphorus:cholesterol are higher in 
the chicks than in the hamsters. 

Total bile acids and the ratio total bile acids:cholesterol are also higher 
(aBout 7 times) in chicks than in hamsters. 

x) The average figures for the components of the bile are to be considered with the follow. 
ing reservation: In group 4 there is a continuous rise in cholesterol during the experimental 
period, and in some of the groups, e. g., nos. 1 and 5, a (less pronounced) tendency for lipid 
phosphorus to be higher at the beginning of the experiment than at the end. 
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The ratio dJhydroxycholanie:trihydroxycholanic acids is about 30 times as 
high in the chicks as in the hamsters. 

These differences parallel the differences between the two species with 
respect to gallstone formation, i. e., the marked tendency to  formation of cho- 
lesterol gallstones in young hamsters on the "fat-free glucose diet"  and the 
absence of gallstones in chicks. 

In  the cases where pH was determined, the values were lower than previous- 
ly found for hamsters. This seems to hold for chicks on all the diets in the pre- 
sent experiment. 

The chicks on the "fat-free rice starch diet" do not  show a higher content 
of total  bile acids or a higher ratio total  bile acids: cholesterol than  the chicks 
on the "fat-free glucose diet",  such as it  might have been expected from the 
corresponding data in the hamster experiment [tables 5 and 9 in our previous 
communication (2)]. The most marked difference between the chicks on these 
two diets is the lower ratio dihydroxy- :trihydroxycholanic acids in the "rice 
starch diet".  

Compared with the "fat-free glucose diet",  the two diets containing 5% of 
fat  have caused an increase in the content of lipid phosphorus of the bladder 
bile, but  they have not  increased the total  amount  of bile acids. Cod liver oil 
has not lowered the cholesterol concentration. In  the group fed hydrogenated 
palm kernel oil, the cholesterol concentrations begin (at 42 days) with tow 
values and seem to increase steadily throughout  the feeding period. 

The diet in which the protein is represented by 15~/o casein and 8~/o gelatin 
instead of 20~/o casein seems to have caused less scattering of the cholesterol 
values. The ratio dihydroxy- : trihydroxycholanic acids is lower than  in the group 
receiving the "fat-free glucose diet" with 20% casein. In  two cases (chicks nos. 
4042 and 4044) chromatography for glycine conjugated bile acids was carried 
out, but  no such conjugates were found. Thus, the supply of glycine through the 
gelatin does not  seem to have altered the conjugation. 

When, finally, the normal commercial chicken diet is compared with the 
"fat .free glucose diet",  it is apparent tha t  the cholesterol values of chicks on the 
normal diet are lower except for one animal (no. 4053), which behaved diffe- 
rently from the others by  having a much higher value for cholesterol and a 
somewhat lower value for total  bile acids than the other chicks in the group. 

The ratio lipid phosphorus: cholesterol is higher and the ratio dihydroxy- : 
trihydroxycholanic acids lower on the normal chicken diet than on the "fat- 
free glucose diet".  

Generally, the chicks on all the diets examined show higher values for the 
ratios lipid phosphorus: cholesterol, total  bile acids: cholesterol and dihydroxy-:  
trihydroxyeholanie acids than  the hamsters on the "fat-free glucose diet".  These 
ratios are, generally, even higher than those for the hamsters on the"  curative diet". 

This circumstance tends to stabilize the solution of cholesterol in the bile of 
the chicks. The lower pH  may  to some extent  act in the opposite direction. 
However, the final result is a much better  stabilization of the chicken bile, 
in which formation of gallstones has never been observed. 

The results strengthen the assumption tha t  the occurrence of cholesterol 
gallstones in young hamsters reared on the "fat-free glucose diet" is due largely 
to the low ratios lipid phosphorus:cholesterol and total  bile acids:cholesterol, 
although the influence of additional factors cannot be excluded. 

11" 
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Summary 

Cholesterol, lipid phosphorus, bile acids and, in some cases, p~ were determined in the 
bladder bile of young chicks reared for maximally 91 days on the following diets: 

1. "A fat-free" diet in which the protein was furnished as casein (20~ and the carbo- 
hydrate as glucose (74.3%). (This diet causes formation of cholesterol gallstones when fed 
to young hamsters.) 

2. A diet similar to 1., but with rice starch instead of glucose. (This diet largely protects 
against gallstone formation in young hamsters.) 

3. A diet similar to l. in which 5% cod liver oil replaced 5% glucose. 
4. A diet similar to 1. ind which 5% hydrogenated palm kernel oil replaced 5% glucose. 
5. A diet similar to 1. but containing 15% casein, 8% gelatin and 71,3% glucose. 
6. A normal commercial ration for growing chicks. 
Compared with the composition of bladder bile of young hamsters reared on the cho- 

lesterol gallstone-producing diet, the chicks in all groups had much higher values for the 
ratios total bile acids:cholesterol and dihydroxy-:trihydroxyeholanie acids and also a 
higher value for the ratio lipid phosphorus: cholesterol, whereby the absence of gallstone 
formation in the chicks apparently is explained. Replacement of glucose by rice starch did 
not increase the ratio total bile acids: cholesterol, such as it was found in hamsters. Intro- 
duction of 5% cod liver oil or hydrogenated palm kernel oil caused an increase of lipid phos- 
phorus. On the diet with hydrogenated palm kernel oil, the cholesterol values seemed to 
increase and the ratio total bile acids: cholesterol to decrease during the feeding period. The 
diet with 15% casein and 8% gelatin did not cause formation of glycine conjugated bile 
acids. 

In  spite of the fact that the chicks on the artificial diets 1-5 did not grow at a normal 
rate the composition of their bladder bile was not extremely different from that of the chicks 
on the commercial chicken ration. The order of magnitude of the cholesterol content was 
about the same as in hamsters. 

Bladder bile pH was somewha~ lower in the chicks than in the hamsters. 

Zusammen/assung 

Gruppen yon Ktiken wurden yon einem Alter yon 3 Tagen an w~hrend maximal 91 
Tagen mit 6 verschiedeuen Di~ten geffittert, und ihre Blasengalle auf Cholesterin, Lipid- 
Phosphor, Gal]ens~uren und in cinigen F~llen pH analysiert. 

Die Diiiten waren: 
Fiir Gruppe 1 : eine kiinstliche fettfreie Nahrnng mit Kasein (20%) als Protein-Kompo- 

nente und Glukose (74.3~ als Kohlenhydrat-Komponente. Diese Nahrung tuft bei jungen 
Hamstern Cholesterin-Gallensteine horror. 

Fiir Gruppe 2: Eine Nahrung yon derselben Zusammensetzung aber mit Reisst~rke an- 
start Glukose ale Kohlenhydrat-Komponcnte. Diese Nahrung schiitzt junge Hamster weit- 
gehond gegen Cholesterin-Gallenstein-Bildung. 

Fiir Gruppe 3: Eine Nahrung wie fiir Gruppe it in welcher 5% Dorsehlebertran an- 
start der gleichen Mcnge Glukose eingemischt war. 

Fiir Gruppe 4: Eine Nahrung wie fiir Gruppe I, in welcher 5% geh~rtetes Palmenkern51 
anstatt der gleiehcn Menge Glukose eingemiseht war. 

Fiir Gruppe 5: Eine Nahrung wie fiir Gruppe 1 mit der Vcriinderung, dab die Protein- 
Komponente aus Kasein (15%) und Gelatine (8%) bestand. 

Fiir Gruppe 6: Ein normales, handelsfibliehes Futtergemisch for wachsende Kiiken. 
Gallensteine kamen in keiner der Gruppen vor. 
Verglichen mit der (friiher mitgeteilten) Zusammensetzung der Blasengalle yon jungen 

Hamstern, welche mit der Cholesterin-Gallensteine hervorrufenden Nahrung gefiittert 
wurden, zeigten s~mtliche Gruppcn yon Kiiken viol hGhere Werte der Verh~ltnisse Gesamt- 
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Gallens~uren: Cholesterin und DihydroxychoIans~uren: TrihydroxyehoIansi~uren und auoh 
h6here Worte des Verh~ilmisses Lipid Phosphor: Cholesterin, wodureh das Ausbleiben der 
Cholest~rin-Gallenstein-Bfldung bei Kiiken anseheinend erklErt ist. 

Der Austauseh yon Glukose mit Reisstiirke (Gruppe 2) fiihrte nicht zu ErhShung des 
Verh~ltnisses Gesam~-GaUens~uren: Cholesterin wie in friiheren Versuehen mit H~mstern. 

Einfiihrung yon 5% Fett  (Gruppe 3 und 4) erh6hte den C-ehalt an Lipid-Phosphor. 
In  Gruppe 4 (geh~rtetes PalmenkernS1) stieg der Cholesteringehalt anseheinend w~hrend 

der Fiitterungsperiode ~n, wEhrend das Verh~ltnis Gesamt-GallensEuren: Cholesterin ab- 
nahm. 

Die gelatinehaltige Nahrung (Gruppe 5) fiihrte nicht zur Bildung yon Glyzin-konju- 
gierten Gallens~uren. 

Die Kiiken der Gruppen 1-5 wuchsen bedeutend schleeh~er als diejenigen der Gruppe 6, 
welehe die normale FuCtermischung erhielten, l~iehts destoweniger waren die Abweiehungen 
in der Zusammensetzung ihrer Blasengalle von der der normal-wachsenden Kiiken nieht 
oxtrem. 

Das PH der Blasengalle war etwas niedriger bei den Kiiken als bei den Hamstern. 
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Zur Frage miiglicher Beeintr~ichtigung 
der ern~Jlrungsphysiologischen Eigenschaften yon Erdnufliil 

dutch l~ingeres Erhltzen 

Von KARL B~RNHARD und  HERIBERT WAGNER 

Mit 3 TabeUen 

(Eingegangen am 23. September 1962) 

Von versohiedener  S~ite wurden  Beeinf lussung y o n  Wachs~um und  Ge- 
sundhe i t  yon  Versuchs t ie ren  (zumeis t  R a t t e n )  beobach te t ,  denen  au f  hohe 
TemperaCuren erhiCzte F o r t e  odor 01e m i t  e iner  n o r m a l e n  Di~r ve r f i i t t e r t  wur-  
den.  Die  A r t  des Erh i t zens  is t  dabe i  n ieht  gleichg/i l t ig u n d  k a n n  zu n~chweis-  
baron  s t ruk tu re l l en  Ver/~nderungen f i ihren,  welche die  ern/~hrungsphysio- 
logischen E igensehaf t en  eines so behande l t en  P r o d u k t e s  he rabse tzen  und  als 
Ursache  im Tie rve r such  b e o b a e h t b a r e r  Sch~digungen  aufzufassen s ind (1-3). 

D~s ls  E r h i t z e n  yon  Fet~en in Gegenwar t  yon  Sauers to f f  p rak t i z i e ren  
zahlre iche Gas t s t s  E s  sehien angezeigt ,  du rch  einige Versuche zu ehmr Ab-  


