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Young hamsters reared on a fat-free diet having an easily absorbable sugar
as carbohydrate component develop cholesterol gallstones (1, 2).

The composition of the bladder bile of hamsters reared on such a diet (with
glucose) has been examined with respect to cholesterol, lipid phosphorus, bile
acids and pH and compared with the composition of the bladder bile of hamsters
reared on diets affording complete or partial protection against gallstones in
young individuals of this species (2).

Chicks do not develop gallstones when fed the “fat-free glucose diet” which
causes formation of cholesterol gallstones in young hamsters.

The purpose of the present study was to examine the bladder bile of chicks
reared on various diets, viz. 1. the “fat-free glucose diet’’, 2. a similar diet with
rice starch instead of glucose, 3. a diet containing 5%, cod liver oil, 4. a diet con-
taining 5%, hydrogenated palm kernel oil instead of the corresponding amount
of glucose, 5. a diet in which the protein was represented by 159, casein + 8%
gelatin instead of the usual 209, casein, and 6. a normal commercial ration for
growing chicks.

Experimental

Six groups, each of 8 day-old male chicks (New Hampshire x 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 & normal
commercial ration for growing chicks. The diets and tap water were available ad libitum.

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 autopsied, but their bile was not analyzed). Food but not:
waiter was removed about 16h 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). It 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 eolor. In the chromatogram for taurine con-
jugated bile acids, biliverdin had the same R; value as the dihydroxycholanic acids. By
variation of the proportion between the components of the mobile phase the green biliverdin
spot: could be shifted to cover the taurocholic acid spot instead of the spot: for taurodibydro-
xycholanic acids. It 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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Table 1. Experimental diets (g)

Group 1 I Group 2 Group 3 I Group 4 Group 6

Casein, crude?) 200 200 200 200 150
Gelatin 80
Glucose 743 693 693 713
Rice starch 743
Salt mixture (U.S.P. XIII no. 2) 50 50 50 50 50
Vitamin mixture?) 5 5 5 5 5
Choline chloride 2 2 2 2 2
Cod liver oil 50
Hydrogenated palm kernel oil

(mp 4042 °C) 50

1) From Dansk Mejeri Industri & Export Kompagni, Stege, Denmark.

2) See reference 1.

The diets weresupplemented with 50 mg dl-«-tocopherol acetate (Ephynal, Roche) perkg.
Vitamins A and D were given as an agueous solution, cf. 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 feeding?).

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 chenodeoxycholic 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 cholie acid from dihydroxyecholanic
acid but does not separate individual dihydroxycholanic acids from each other.,
The latter are therefore recorded merely as “dihydroxycholanic 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.

1) 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 dihydroxycholanic: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 low
values and seem to increase steadily throughout the feeding period.

The diet in which the protein is represented by 15%, casein and 8%, gelatin
instead of 209, 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 209, 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 that 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 2
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-:
trihydroxycholanic acids than the hamsters on the “fat-free glucose diet”. These
ratiosare, generally, even higher than those forthe hamsterson 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 that 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, pr 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 earbo-
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 1. in which 5% cod liver oil replaced 5% glucose.

4. A diet similar to 1. ind which 5% hydrogenated palm kerne] 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-:trihydroxycholanic 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 canse 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 pg was somewhat lower in the chicks than in the hamsters.

Zusammenfassung

Gruppen von Kiiken wurden von einem Alter von 3 Tagen an wihrend maximal 91
Tagen mit 6 verschiedenen Didten gefiittert, und ihre Blasengalle auf Cholesterin, Lipid-
Phosphor, Gallensiiuren und in einigen Féllen pr analysiert.

Die Diiiten waren:

Fiir Gruppe 1: eine kiinstliche fettfreic Nahrung mit Kasein (20%) als Protein-Kompo-
nente und Glukose (74.3%,) als Kohlenhydrat-Komponente. Diese Nahrung ruft bei jungen
Hamstern Cholesterin-Gallensteine hervor.

Fiir Gruppe 2: Eine Nahrung von derselben Zusammensetzung aber mit Reisstirke an-
statt Glukose als Kohlenhydrat-Komponente. Diese Nahrung schiitzt junge Hamster weit-
gehend gegen Cholesterin-Gallenstein-Bildung.

Fiir Gruppe 3: Bine Nahrung wie fiir Gruppe 1, in welcher 5% Dorschlebertran an-
statt der gleichen Menge Glukose eingemischt war.

Fiir Gruppe 4: Eine Nahrung wie fiir Gruppe 1, in welcher 5%, gehirtetes Palmenkerndl
anstatt der gleichen Menge Glukose eingemischt war.

Riir Gruppe 5: Bine Nahrung wie fiir Gruppe 1 mit der Veriinderung, dal die Protein-
Komponente aus Kasein (15%) und Gelatine (8%) bestand.

Fiir Gruppe 6: Ein normales, handelsiibliches Futtergemisch fiir wachsende Kiiken.

Gallensteine kamen in keiner der Gruppen vor.

Verglichen mit der (friiher mitgeteilten) Zusammensetzung der Blasengalle von jungen
Hamstern, welche mit der Cholesterin-Gallensteine hervorrufenden Nahrung gefiittert
wurden, zeigten simtliche Gruppen von Kiiken viel hohere Werte der Verhilltnisse Gesamt-
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Gallensiuren : Cholesterin und Dihydroxycholansiuren: Trihydroxycholansiuren und auch
hohere Werte des Verhiltnisses Lipid Phosphor: Cholesterin, wodurch das Ausbleiben der
Cholesterin-Gallenstein-Bildung bei Kiiken anscheinend erklirt ist.

Der Austausch von Glukose mit Reisstarke (Gruppe 2) fiihrte nicht zu Erhéhung des
Verhiltnisses Gesamt-Gallensiéuren: Cholesterin wie in fritheren Versuchen mit Hamstern.
Einfiihrung von 5% Fett (Gruppe 3 und 4) erhéhte den Gehalt an Lipid-Phosphor.

In Gruppe 4 (gehiirtetes Palmenkerndl) stieg der Cholesteringehalt anscheinend withrend
der Fiitterungsperiode an, withrend das Verhéltnis Gesamt-Gallensiiuren: Cholesterin ab-

nahm.

Die gelatinehaltige Nahrung (Gruppe b) fithrte nicht zur Bildung von Glyzin-konju-
gierten Gallensiuren.

Die Kiiken der Gruppen 1-5 wuchsen bedeutend schlechter als diejenigen der Gruppe 6,
welche die normale Futtermischung erhielten. Nichts destoweniger waren die Abweichungen
in der Zusammensetzung ihrer Blasengalle von der der normal-wachsenden Kiiken nicht

extremn.
Das pg der Blasengalle war etwas niedriger bei den Kiiken als bei den Hamstern.
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Zur Frage moglicher Beeintrichtigung
der ernihrungsphysiologischen Eigenschaften von Erdnufié]
durch lingeres Erhitzen

Von KARL BERNHARD und HERIBERT WAGNER

Mit 3 Tabellen
(Bingegangen am 23. September 1862)

Von verschiedener Seite wurden Beeinflussung von Wachstum und Ge-
sundheit von Versuchstieren (zumeist Ratten) beobachtet, denen auf hohe
Temperaturen erhitzte Fette oder Ole mit einer normalen Didt verfiittert wur-
den. Die Art des Erhitzens ist dabei nicht gleichgiiltig und kann zu nachweis-
baren strukturellen Verinderungen fiithren, welche die ernidhrungsphysio-
logischen Eigenschaften eines so behandelten Produktes herabsetzen und als
Ursache im Tierversuch beobachtbarer Schidigungen aufzufassen sind (1-3).

Das lingere Erhitzen von Fetten in Gegenwart von Sauerstoff praktizieren
zahlreiche Gaststitten. Es schien angezeigt, durch einige Versuche zu einer Ab-



