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Alimentary Production of Gallstones in Hamsters 

17. Influence of  butter fat and the fat of  a dietetic margarine 
rich in linoleic acid on gallstone formation and composition of  the bladder bile*) 
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Previous  work from our labora tory  (1) has shown tha t  fats counterac t  
the deve lopment  of cholesterol gallstones in  young hamsters  fed a diet  contain-  
ing a high level of glucose. When  the fats were given in  low amounts ,  i t  could 
be shown t h a t  soybean oil and  cod l iver off, i. e. fats rich in  po lyunsa tu ra t ed  
f a t ty  acids, are more efficient t h a n  lard in  counterac t ing  the  deve lopment  of 
this  type  of gallstones. 

The present  work concerns the deve lopment  of gallstones unde r  the influence 
of two different fats used in  h u m a n  nu t r i t ion ,  viz. bu t t e r  fat  and  the fat  of 
a dietet ic margar ine  having  a high conten t  of linoleic acid. 

Experimental 

The hamsters (Mesocricetus auratus auratus) were young from out stock colony, about 
one month old at the beginning of the experiment. They were caged individually, and 
each of them received 0.1 ml of a 0.5% solution of Mepacrine hydroehloride (3-Chloro-7- 
methoxy-9-(1-methyl-4-diethylaminobutylamino)acridine dihydrochloride) by month on 
3 consecutive days before the experimental feeding started, as a measure to prevent spre- 
ading of a protozoal intestinal infection. 

The results were based only on animals living through the entire experimental period 
of 6 to 7 weeks and not having diarrhea. 

At the end of each experiment, the animals were killed with chloroform and autopsied 
immediately thereafter. Examination for the presence of gallstones and determination of 
the type of stones found were carried out as described earlier (1). 

*) P~rt of 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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In  one of the experimental series (G 117), bile was collected from the gallbladder at 
autopsy for quantitative determination of cholesterol, bile acids and lipid soluble phos- 
phorus as described in an earlier communication (2). I t  was not  possible to obtain bile 
from all the animals in this series, and in several eases it  was necessary to pool bile from 2 
or 3 animals in order to get enough material for the determinations. 

The composition of the fat-free basal diet is shown in table 1. Vitamins A and Da were 
included in the vitamin mixture instead of  being given separately as in most of our pre- 
vious studies. Further, the salt mixture contained added trace elements as shown in the 
footnote to table 1. 

Table 1. Composition of the fat-free basal diet 

Casein 1) . . . . . . . . . . . . . . . . . . . . .  20.0 g 
Glucose . . . . . . . . . . . . . . . . . . . . .  62.3 g 
Rice starch . . . . . . . . . . . . . . . . . .  12.0 g 
Salt mixture 2) . . . . . . . . . . . . . . .  5.0 g 
Vitamin mixture a) . . . . . . . . . . . .  0.5 g 
Choline chloride . . . . . . . . . . . . . .  0.2 g 

I00.0 g 

a) "Vitamin Test Casein" from Genatosan Ltd., Loughborough, England. 
~) Sodium chloride, 0.3 g;  magnesium subcarbonate, 0.25 g; potassium chloride, 

0.35 g; dipotassium phosphate, 0.85 g; monosodium phosphate (2 aq.), 0.5 g; mono- 
calcium phosphate (1 aq.), 0.85 g; calcium lactate (approx. 5 aq.), 1.8 g; ferric citrate 
(16.7% Fe), 0.1 g; potassium iodate, 0,25 rag; zinc carbonate, basic, (56% Zn), 3.6 nag; 
manganese carbonate (47.8% Mn), 2.1 rag; cupric carbonate (50-55~/o Cu), 0.95 rag; 
sodium fluoride, 2.0 rag; sodium molybdate (2 aq.), 0.25 rag; chromium sulfate (15 aq.), 
0.065 rag; selenium dioxide, 0,016 rag; total 5.009 g. 

8) Biotin, 0.05 rag; folio acid, 0.2 rag; ascorbic acid, 10 rag; thiamine hydroclfloride, 
1.5 mg; riboflavin, 1.5 rag; pyridoxine hydrochloride, 1.5 mg; calcium pantothenate, 
5 rag; nicotinic acid amide, 5 mg; inositol, 5 rag; p-aminobenzoic acid, 1 rag; menadiol 
diphosphate tctrasodium salt (6 aq.) ("Synkavit" ,  Roche), 0.5 rag; a-tocopherol acetate 
("Ephynal" ,  Roche), 5 rag; cyanocobalamin, 0.003 mg (furnished in the form of ":Bendo- 
gen", GEA);  vitamin A, 1000 I. U., and vitamin Da, 100 I. U. (furnished in the form of 
"Rovimix  50/5", Roche, 20 rag); sucrose to make a total of 500 rag. 

The whole amount of butter fat and margarine fat necessary for one experiment was 
prepared in advance by melting and separation from non-lipid material. The fats so 
prepared were stored in several 0.5 liter plastic containers at minus 20 ~ until use. 

The fats were incorporated into the basal diet instead of an equal amount by weight 
of glucose. Two kg of diet lasting for 4-5 days were prepared at a time and stored at 4 ~ 
when not in use. 

The dietetic margarine was of the brand " M I F U "  which is commonly used in Denmark. 
I t  contains 40% or more of linoleic acid in the fat which according to information obtai- 
ned from the manufacturer consists of cottonseed oil, 82.7% ; hydrogenated palm oil, 17~/o ; 
and sesame oil, 0.3% ; plus the prescribed addition of vitamins A and D*). 

In  two experimental series (G 112 and G 117), the effect of this margarine fat was 
compared with that  of butter fat at the dietary level of 10%. In  a third experimental 
series (G 113), the effect of the fats were compared at the 3% dietary level. 

The fat ty acid composition of the fats used in each of the experimental series was 
determined by gas liquid chromatography of the methyl esters. The results of these deter- 
minations are shown in table 2. 

*) In  Denmark, margarine shall contain 14 i.u. preformed vitamin A, 6 i.u. vi tamin A 
in the form of carotene, and 0.5 i.u. vi tamin D per g. 
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Table 2. Fatty acid composition of the fats used. 
Per cent of the methyl esters of the individual fatty acids in the methyl esters of the 

total fatty acids from each fat 

Fatty acid ~) (Number of carbon Butter fat Margarine fat "MIFU" 
atoms and double bonds) O 112 O 113 G 117 G 112 G 113 O 117 

4:0 0.8 0.9 t 
6:0 0.9 0.7 t 
8:0 0.8 1.1 0.3 

10:0 1.7 2.4 2.2 
11:0 0.6 0.8 0.2 
12:0 2.9 3.2 4.0 0.3 
13:0 0.6 0.8 0.8 
14:0 8.8 9.3 15.3 0.7 
14:1 3.2 2.3 

3.6 

0.2 0.4 

0.7 0.9 

15:0 2.2 2.0 
16:0 br.? 2) 0.8 0.6 0.4 
16 : O 22.9 26.4 38.2 24.4 22.4 30.3 
16:1 5.2 6.6 6.6 2.5 2.7 1,1 
17:0 2.1 1.3 0.9 
18:0 br.? 2) 0.5 0.5 t 
18:0 11.3 10.6 6.7 3.1 3.2 3.6 
18:1 27.7 25.6 17.5 26.6 26.4 21.0 
18:2 3.8 3.0 1.9 41.1 43.3 40.0 
18: 3 2.5 2.0 0.8 1.0 0.9 2.6 
20:1 0.7 t t 
22:1 0.3 0.3 t 

1) The amoungs of fatty acids of 8:0 and lower are undoubtedly low 
volatility of esters of these acids. 

~) br. = branched. 

because of high 

R e s u l t s  and  D i s c u s s i o n  

The incidences of the various types  of gallstones are shown in  table  3. 
The results of  the analyses of b ladder  bile from animals  in  the  exper imenta l  

series G 117 are shown in tables  4 and  5 and  in  figs. 1, 2, and  3. 
I n  each of the  two exper imenta l  series (G 112 and  G 117), in  which the 

fats of bu t t e r  and  dietet ie m;trgarine were compared a t  the  10% level, the  
incidence of cholesterol gallstones was much  less wi th  the margar ine  fat  t h a n  
with bu t t e r  fat. For  each sex this difference is significant  with a probabi l i ty  
of more t h a n  99% [the me thod  for eva lua t ing  the  significance was t h a t  describ. 
ed by  KOr,L~,~ (3)]. 

I n  the exper imenta l  series (G 113) in  which the two fats were compared 
a t  the 3 % level, the incidence of cholesterol gallstones was also less with the 
margar ine  fa~ t h a n  with the bu t t e r  fat, bu t  the  significance of the  difference 
was lower, viz. 95% for the females, and  also for the two sexes considered 
together.  

The incidences of amorphous  p igmented  gallstones and  of "mixed  gall- 
s tones"  were low in  each of the experimental  series of the present  s tudy.  
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The growth of the animals was about the same with the two fats and faster 
at  the 10% than at the 3% fat level. 

The cause of the lower incidence of cholesterol gallstones obtained with the 
fat of the dietetic margarine as compared with butter fat is, apparently, the 
much higher content of linoleic acid in the margarine fat. 
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Fig. 1. Molar ratios bile acids/cholesterol (horizontal) and  lipid-soluble phosphorus/cholesteroI (vertical) 
in bladder bile of hamsters from Experimental  Series O 117. Logarithmic scale. 

Linoleic acid, however, is not the only polyenoic fa t ty  acid capable of 
keeping the incidence of cholesterol gallstones low, since in previous experiments 
drastic reduction of the formation of cholesterol gallstones has been obtained 
also with cod liver off (]), cod liver oil freed from vitamin A, and with ethyl 
esters of the fa t ty  acids from menhaden oil (4). 

The analyses of the bladder bile from animals receiving butter  fat  and 
margarine fat, resp., at the 1 0 0  dietary level (tables 4 and 5 and figs. 1, 2, 
and 3) show the following: 

The ratios bile acids/cholesterol and -lipid P/cholesterol are particularly 
scattered in the butter  fat  group. In  more than half of the eases in the butter  
fat  group, these ratios are lower than the lowest value obtained in the marga- 
rine fat group (fig. ] ). 

The concentrations of cholesterol are also particularly scattered in the 
butter  fat  group, but  in more than haft of the eases higher than the highest 
cholesterol concentration found in the margarine fat group (figs. 2 and 3). 

Furthermore, in the butter  fat group there is a general trend for the values 
of the two ratios to decline with increasing concentrations of cholesterol 
(figs. 2 and 3). 

The data recorded in figs. l, 2, and 3 may represent part  of the explanation 
why the occurrence of cholesterol gallstones is much more frequent in the 
10% butter  fat  groups than in the 10% margarine fat groups. The validity of 
an explanation based on these data is, of course, dependent upon the correctness 
of the assumption that  low values of the two ratios together with high chole- 
sterol concentration withi~ the ranges observed are incompatible with keeping 
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cholesterol in solution in the bile. An exact sett lement of this question will 
require suitable in vitro solubilization experiments. 
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Fig.  2. Molar ra t ios  bile acids/cholesterol (vert ical)  and mil l imolar  concentra t ions  of  cholesterol (horizontal) ,  
of  b ladder  bile o f  hams te r s  f rom Exp.  Series G 117. Logar i thmic  scale. Symbols  as  or fig. 1 
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Fig.  3. Molar ra t ios  lipid-soluble phosphorus/cholesterol  (vert ical)  and  min imola r  concent ra t ion  of  cholesterol 
(horizontal)  of  bladder  bile of  h a m s t e r s  f r o m  ]~xp. Series G 117. Loga r i t hmic  ~calc. Symbols  as  for  fig. 1 

From the figs. i t  is evident, tha t  in the but ter  fat  group there is not in 
every case correlation between the trend of the analytical data  and the oc- 
currence or absence of cholesterol gallstones. The absence of cholesterol gall- 
stones in some of the cases having high cholesterol concentrations and low 
ratios bile acids/cholesterol and lipid-P/cholesterol is, however, not surprising 
since precipitated cholesterol or small gallstones may  have passed out of  the 
gallbladder. More interesting is the occurrence of cholesterol gallstones in one 
or two cases in the but ter  fat  group having data within or close to the range 
of the corresponding data  in the margarine fat  group. Further ,  there is even 
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one case of cholesterol gallstones in  the margar ine  fat  group. This suggests 
t ha t  other features besides those hi ther to  considered ma y  p lay  a role in deter- 
min ing  the occurrence of cholesterol gallstones. 

I n  a previous series of exper iments  (5), young  hamsters  received diets with 
10% bu t t e r  fa t  and  with 10% of the fat  f rom a high linoleic acid margar ine  
of the same b rand  and  essential ly the same fa t ty  acid composi t ion as t ha t  
used in the present  experiments .  (The fat-free basal  diet  was one t ha t  did not  
grea t ly  favor the occurrence of cholesterol gallstones.) I t  was then  found 
tha t  the bile leci thin of the animals  receiving the margar ine  fat  conta ined 
much  more linoleic acid and  correspondingly less oleic acid t h a n  did the bile 
leci thin from the animals  receiving bu t t e r  fat. 

The f a t ty  acid composit ions of the  bile phosphat ides  of the bu t t e r  and  
margar ine  fa t  groups in  the present  exper iment  were no t  examined,  bu t  there 
can hard ly  be a n y  doub t  t h a t  they  have had  differences s imilar  to those found  
in  the  earlier s tudy.  

The quest ion therefore arises whether  the bile phosphat ides  characterist ic 
of the margar ine  fat  group are more efficient in  prevent ing  format ion  of 
cholesterol gallstones t h a n  are the  bile phosphat ides  characterist ic of the bu t t e r  
fat  group. 

A t t empt s  to decide this quest ion mus t  be made  in  fu ture  studies, i. a. by  
comparing the solubil izat ion properties of phosphat ides  wi th  different fa t ty  
acid pa t te rns ,  towards cholesterol in  the presence of bile acids. 

S u m m a r y  

Young hamsters were reared on diets containing butter fat and fat of a high linoleic 
acid margarine, respectively. 

The basM diet without the fat had previously been shown to produce a very high 
incidence of cholesterol gallstones m young hamsters. 

In two trials, in which the fats were compared at the 10% dietary level, the incidence 
of cholesterol galstones was much less with the diets containing margarine fat than with 
the diets containing butter fat. The difference was significant with a probability of more 
than 99%. 

In a third trial, in which the fats were compared at the 3% dietary level, the incidence 
of cholesterol gallstones was also less with margarine fat than with butter fat. Here the 
difference was significant with a probability of more than 95% but less than 99%. 

The superior effect of the margarine fat in counteracting the development of cholesterol 
gallstones is ascribed to its high content (about 40%) of linoleic acid. 

In one of the trials in which the two fats were given at the 10% dietary level the bladder 
bile was analyzed for cholesterol, bile acids and lipid soluble phosphorus, with the following 
results: 

For the animals receiving the butter fat the concentrations of cholesterol were found to 
be more scattered and, in more than haft of the cases, higher than for animals receiving 
margarine fat. 

The ratios between the molar concentrations of bile acids and cholesterol and between 
the molar concentrations of lipid soluble phosphorus and cholesterol were also more scatter- 
ed for animals receiving the butter fat diet, but in more than half of the cases in the butter 
fat group these ratios were lower than in the margarine fat group. 

In the butter fat group the values for the two aforementioned ratios tended to decrease 
with increasing concentrations of cholesterol. 

A more exact correlation of the composition of the bladder bile with the occurrence 
of gallstones must take into account not only the analytical data summarized above, but, 
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probably, also a previous finding according to which the bile lecithin from hamsters 
receiving a diet with 10% of the high linoleic acid margarine fat contained much more 
linoleic acid and correspondingly less oleic acid than did the bile lecithin from hamsters 
receiving a diet with 10% butter fat. 

Zusammen/assung 

Junge Hamster wurden mit Nahrungen, die Butterfett  bzw. das Fet t  einer linols~ure. 
reichen Diiitmargarine enthielten, geffittert. 

Friihere Versuche hatten gezeigt, dab die fcttfrcie Bas~l-:Nahrung sine hohe Incidenz 
yon Cho]esterin-Gallensteinen in jungen Hamstern hervorruft.  

In  zwei Versuchen, in welchcn die zwei Fette in der HShe yon 10~/o der Nahrung ge- 
gcben wurden, war die Incidenz yon Cholesterin-Gallcnsteincn viel lfiedriger in den mit  
Margarinefett gefiitterten als in den mit Butterfet t  geffittcrten Gruppen yon Tieren. Die 
Difibrenz war mit mehr als 99% Sicherheit signifikant. 

In einem drit ten Versuch, in welchem die Forte in der HShe yon 3% gegeben w~rden, 
war die Ineidenz yon Cholesterin-Ga]lensteinen auch niedriger in der mit  Margarinefett 
geffitterten Gruppe als in der mit  Butterfet t  gcffitterten. Die Differenz war signifikant 
mit 95~/o aber nicht mit  99% Sicherheit. 

Die Uberlegenheit des Margarinefettes in bezug auf die Unterdriickung der Cholesterin. 
Gallensteinbildung wird dem hohen LinolsEuregehalt (ungef/ihr 40%) dieses Fetts zu. 
geschrieben. 

In  einem der Versuche, in welehem die Fette  in der HShe yon 10% gegeben wurdcn, 
wurde die Blasengalle auf Cholesterin, Gallens/~urcn und lipid-16slichem Phosphor analy- 
siert. Die Hauptergebnisse waren die folgenden: 

In der Butters waren die Einzelwerte der Konzentrationen des Cholesterins 
besonders zerstreut und, in mehr als der H/ilfte der F~ille hSher als in der Margarinefett- 
Gruppe. 

Die Einzelwerte der Verh~ltnisse der molEren Konzentrationen yon Gallens/~urcn zu 
Cholestcrin und yon lipid-16slichem Phosphor zu Cholesterin waren auch besonders zer- 
streut in der mit  Butterfett  gefiitterten Gruppe. In mchr als der H~ilfte der F~lle in der 
Butterfott-Gruppe waren diese VerhEltnisse niedriger als in der Margarinefett-Gruppe. 

In  der Butterfett-Gruppe zeigten die beiden Verh~ltnisse eine Neigung zur Abnahme 
mit  zunehmenden Cholesterin-Konzentrationen. 

Eine gonauere Korre]ation der Zusammonsetzung der B]asengat]e mi t  dem Vorkom- 
men yon Gallensteinen in den zwei Gruppen muB neben den obenerwiihnten analytischen 
Befundon wahrseheinlich aueh die in friiheren Untersuchungen geflmdene verschiedene 
Fettsi~urezusammensetzung der Gallenphosphatide in Betracht ziehen. Naeh diesen 
Untersuchungen enthielt das Gallenlecithin der mit  10% linols~urereicher Diiitmargarine 
gefiitterten Hamster viol mehr LinolsEure und ontspreehend weniger 01s~iure als das 
Gallenlecithin der mit  10% Butterfett  gefiitterten Hamster. 
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