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Previous studies from this laboratory have shown tha t  diets without fat  
give rise to abundant  formation of cholesterol gallstones in young hamsters 
when the carbohydrate is entirely or mainly represented by glucose (1, 2), 
whereas there is little or no formation of gallstones when the carbohydrate  is 
entirely represented by  rice starch (1, 3). A diet of a more complicated com- 
position ("the curative diet") was found capable of bringing already-formed 
cholesterol gallstones into solution (4). 

Analyses of bladder bile from young hamsters reared on diets of  the afore- 
mentioned three types (3) showed tha t  the ratios between bile acids and 
cholesterol were highest with the "curat ive diet",  somewhat  lower with the 
"rice starch diet",  and lowest with the "glucose diet".  The ratios between 
lipid-soluble phosphorus and cholesterol varied similarly. The concentrations 
of cholesterol were lowest ~fith the "curat ive  diet" and highest with the "glu- 
cose �9 et". 

Incorporation of a single dose of intraperitoneally injected 1-14C-acetate into 
cholesterol in vivo was found to be greater with the "glucose diet"  than with the 
"rice starch diet"  and the "curat ive diet"  (5). 

I f  cholesterol in the bile originates, partly,  by  "elut ion" of cholesterol 
contained in the liver through the action of secreted bile acids (and lecithin), 
the conditions for production of cholesterol in young hamsters  receiving the 
fat-free "glucose-diet" might  be thought  to be due to a particularly high 
content of unesterified cholesterol in the livers of hamsters reared on tha t  diet. 

We have, therefore, determined the content of cholesterol, esterified and 
unesterified, in the livers of hamsters reared on diets of the above.mentioned 
three types. 

The results showed clearly tha t  the animals on the "cura t ive"  diet had less 
estcrified and unesterified cholesterol per g liver than  the animals on the 
"glucose diet".  But  the animals on the "rice starch diet"  had almost exactly 
the same content of unesterified cholesterol per g liver as the animals on the 
"glucose diet".  The animals on the "rice starch diet"  had somewhat  more 
esterified cholesterol per g liver than the animals on the "glucose diet",  but  
the difference was of low significance. 

Experimental 

The hamsters were young females from our stock colony, 36-41 days of age at the 
beginning of the experiment. They were housed in individual cages with wire screen bottom, 
and given the diets indicated in table I. Diet and water were available ad libitum. After 
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having received the experimental diets for 56-58 days the animals were killed with chloro- 
form, autopsied and examined for gallstones as previously described (6). The livers were 
taken out, weighed, wrapped in aluminum foil (paper coated on the inside with a water- 
tight layer of aluminum) and stored at minus 20 ~ until analysis. 

Table 1. Diets 

Glucose Rice starch "Curative 
diet diet diet" 

g g g 

Casein, "Vitamin Test ''~) 20.0 20.0 
Casein, crude ~) 20.0 
Glucose 62.3 
Rice starch 12.0 74.3 
Ground polished rice 28.3 
Dried yeast, Fleischmann 50 B 3) 36.0 
Lard 10.0 
Salt mixture 4) 5.0 5.0 5.0 
Vitamin mixture ~) 0.5 0.5 0.5 
Cholin chloride 0.2 0.2 0.2 

100.0 100.0 100.0 

1) From Genatosan Ltd., Loughborough, England. 
2) "Dairinex", from Dansk Mojeri Industri & Export Kompagni, Stege, Denmark. 
~) From Standard Brands, Inc., New York, N. Y., U.S.A. 
') The salt mixture specifed in (12). 
6) The vitamin mixture specified in (12). 

For analysis the whole liver was cut into small cubes and extracted in an electrically 
driven homogenizer (from Measuring and Scientific Equipment Ltd., London) England) 
with chloroform:methanol 2:1 (v/v), 20 times the weight of the liver, according to the 
procedure of FoLc~ et ai. (7). 

The neutral lipid fraction was separated from the phosphatide fraction by column 
chromatography on silicic acid according to GLEI~N eta]. (8), All aliquot part of the neutral 
lipid fraction in chloroform was subjected to thin layer chromatography on Silica gel G 
(Merck, Darmstadt), thickness of the layer 0.25 ram. The sample was applied to the plate 
as a long streak. Standards of pure cholesterol and cholesteryl palmitate were applied to 
the plate as spots. The solvent system used as mobile phase was a mixture of petroleum 
ether:diethyl ether:glacial acetic acid 70:30:1 (v:v:v). After development the spots 
were visualized with iodine vapor. 

The zone representing unesterified cholesterol was scraped off and the cholesterol 
eluted by extraction 3 times with 5 ml of a mixture of equal volumes of chloroform and 
diethyl ether. The solvent was evaporated under nitrogen and the residue transferred to 
chloroform. Aliquots of the chloroform solution were used for the LIEBEI~AI~I~-BuRoHARD 
reaction as described by D~,~ et al. (9). The absorbancy was read at 625 nm and compared 
with the absorbancy obtained with a standard of pure cholesterol. 

The cholesterol ester zone was scraped off, eluted as described for unesterified chole- 
sterol, evaporated to a small volume and subjected again to thin-layer chromatography as 
described. After elution, the amount of esterified cholesterol was determined by the 
LIEBERMANN-BURCHARD reaction. Pure cholesteryl palmitate was used as standard, but 
the results were expressed as the amount of free cholesterol equivalent with the palmitaCe. 
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Results 
The results are presented in table 2. 
I t  is seen tha t  the mean value for un- 

esterified cholesterol per g liver obtained 
with the "glucose diet"  was almost iden- 
tical with tha t  obtained with the "rice 
starch diet".  The mean value for non- 
phosphatide lipid per gliver was also almost 
the same whether the one or the other of 
these two diets was used. The mean value 
for esterified cholesterol per g liver was 
somewhat  higher with the "rice starch diet" 
than  with the "glucose diet",  but  the differ- 
ence was of low significance. 

Therefore, the marked difference be- 
tween the "glucose diet" and the "rice starch 
diet"  with respect to formation of gall- 
stones cannot be ascribed to differences 
in the contents of  cholesterol or non-phos- 
phatide lipid in the liver. 

The mean values for unesterified and 
esterified cholesterol and for non-phos- 
phatide lipid per g liver were lower with 
t h e "  curative diet" than  with the two other 
diets. Vc'hether this circumstance is of im- 
portance to previously established supe- 
riority of t h e "  curative diet"  over the "rice 
starch diet"  with respect to avoidance of 
gallstone formation is an unsettled question. 

The fact tha t  the content of cholesterol 
in the liver was lower for hamsters on the 
"curat ive diet"  than  for hamsters on the 
two diets without added fa t  is probably 
due to the presence of fat  in the "curat ive 
diet".  I n  previous experiments with chicks 
reared on diets without added cholesterol 
and with and without  added fa t  (10% 
peanut  oil), the livers contained less total  
cholesterol when the diet contained fat  
than  when the diet was fat-free (10). Simi- 
larly, ALSIN-SLArE~ et al. (11) found 
higher contents of total  and unesterified 
cholesterol per g liver of rats, when the 
diet was fat-free than  when the diet 
contained 12.5% cottonseed off. 

9* 
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Summary 
Esterified and unesterificd cholesterol were determined in the livers from groups of 

young female hamsters reared for 56-58 days on three different diets, viz.: 1. a cholesterol- 
gatlstons producing diet containing no added fat  and having glucose as the major carbo- 
hydrate;  2. a diet likewise containing no added fat but  having rice starch as the only 
carbohydrate, a type of diet with which the ~ndcncy  to production of gallstones is verylow; 
and 3. a diet of a more complicated composition containing I0 % lard and no sugar, a type of  
diet previously found capable of bringing already formed cholesterol gallstones into solution. 

Compared with the animals on diets 1 and 2, the animals on diet 3 had lower contents 
of csterified and unesterified cholesterol per g liver. 

No significant difference could be found between the ~nimals on diet 1 and the animals 
on diet 2 with respect to the content of unesterified cholesterol per g liver. The amount 
of esterified cholesterol per g liver was somewhat higher for the animals on diet 2 than for 
the animals on diet I, but  the difference was of low significance. Thus, the marked difference 
between diet 1 and diet 2 with respect to production of gallstones is not  dependent upon 
differences in the content of cholesterol in the liver. 

Zusammentazsung 
Gruppen yon jungen wciblichen I{amstorn wurden wi~hrend 56-58 Tags mit  drei ver- 

sehiedenen klinstlichen Nshrungen gefiittert. Die Nahrungen waren: 1. sine Cholesterin- 
Gallensteine in reichlicher Menge hervorrufende Nahrung ohne Fettzusatz und mit  Glucose 
als haupts~chlichste Kohlenhydratkomponente;  2. sine Nahrung, gleichfalls ohne Fett-  
zusatz, aber mit  Reisst/irke als einzigstes Kohlenhydrat,  sin Nahrungstypus, bei welchem 
die Neigung zu Gallensteinbildung nur gsnz gering ist; und 3. sine etwas komplizierter 
zusammengesetzte Nahrung, welche 10% Schweineschmalz und keinsn Zucker enthielt, 
sin Nahrungstypus, welsher friiher zur AuflSsung schon gebildeter Cholesterin-Gallensteine 
benntzt worden ist. 

Nseh Ablsuf der Fiitterungsperiode wurde der Gehalt der Leber an verestertem und 
unverestertem Cholesterin bestimmt. 

Die Tiere, welehe mit der Nahrung 3 gcfiittert worden waren, hatten weniger estori- 
fiziertes und unesterifiziortes Cholesterin pro Gramm Leber als dis Tiers, welchs dis 
Nahrungen I, bzw. 2 erhalten hatten. 

Zwischen den mit Nahrung I gefiitterten Tieren auf der einen Seite und den mit Nab- 
rung 2 geffitterten TJeren auf der anderen Seite, kormte kein signifikanter Unterschied 
in bezug auf unesterifiziertes Cholesterin pro Gramm Lober festgestellt werden. Dis mit 
Nahrung 2 geffitterten Tiers bat ten einen etwss h6heren Gehalt an esterifiziertem Chole- 
sterin pro Gramm Leber als die mit  Nahrung 1 gefiitterten Tiers. Dieser Unterschied war 
aber yon niedriger Signifilmnz. Der markierte Unterschied zwischen den Nahrungen 1 
und 2 in bezug auf Gallensteinbildung kann somit nicht auf  Verschiedenheiten in bezug 
auf  den Cholesteringehslt der Leber zuriiel~gefi~hrt wcrden. 
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