
186 Zeitschrifl fiir Erniihrungswissenschafl 

From the Department of Biochemistry and Nutritio~ 
Polytechniv Institute, Copenhagen (Denmark) 

Alimentary Production of Gallstones in Hamsters 

13. Influence of highly unsaturated fats and certain minerals 
on gallstone production*)**) 

By F. CH~*STENSE~r I.  PRA~GE, and H. DAM 

With 1 figure and 3 tables 

(Received June22,1963) 

In  an earlier s tudy (1) we have compared the influence of 3 different fats, 
viz. lard, soybean oil and cod liver oil, on gallstone formation in young ham- 
sters, when these fats were incorporated at  the level of 2% (at the expense of 
glucose) in a fat-free basal diet containing 20% casein, 62.3% glucose, and 12% 
rice starch as protein and carbohydrate  components. The fat-free basal diet 
produced a very high incidence of cholesterol gallstones. The incidence of 
cholesterol gallstones was somewhat  reduced by  lard, much reduced by  soy- 
bean off, and apparent ly  eliminated by  cod liver oil. The fats, especially soy- 
bean oil and cod fiver oil, were found to favor  formation of amorphous pigmen- 
ted gallstones. 

The present communication deals with the influence of 1. cod liver oil, 
2. cod liver oll f rom which v i tamin  A and a large par~ of other unsaponiflable 
constituents have been removed by  adsorption on filtrol, 3. distilled ethyl esters 
of f a t ty  acids from menhaden body oil, 4. soybean off, and 5: soybean oil with 
added cholesterol. All the fats  being incorporated a t  the 3% level a t  ~he 
expense of glucose into the same basal diet with 20% casein, 62.3% glucose and 
12% rice starch. 

Besides the necessary control groups receiving the fat.free basal diet, a 
further  group on fat-free diet was introduced in which the salt mixture was 
supplemented with copper, manganese and iodide. 

Experimental 

As usual, the animals were young hamsters from our own stock colony. The experlmen. 
tal conditions were as described in our previous communications (e.g., 1, 2). 

The fatty acid composition of the fats was analyzed by gas liquid chromatography. The 
fat-conf~ining diets were made up fresh every day. 

Table 1 shows the composition of the diets, Table 2 the fatty acid composition of the oils. 
The filtrol-treatment of the cod liver oil was carried out by passing a 10% solution of 

the oil in petroleum ether through a column of filtrol and subsequent evaporation of the 
solvent. This treatment removed vitamin A completely as shown by the CA~R-PRIcV. 
reaction, and, in the three different portions prepared, it brought the content of cholesterol 
down from the original level of 0.450% to 0.095%, 0.111%, and 0.093%, resp. The diet 
containing filtrol-treated cod liver oil was tested for oxidative destruction of the oil by 

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

**) Herrn Prof. Dr. Dr. K. LxNo zum 65. Oeburtstag gewidmet. 



Cl~ristensen u. Mitarb., Alimentary Production o[ Gallstones in Hamsters X I I I  187 

determination of peroxide value and fatty acid composition (gas liquid chromatography of 
the methyl esters) immediately after incorporation of the oil into the diet and after the diet 
had been left in food cups in the animal room for 5.5 and 24.5 hours, resp. Very little change 
took place (compare Table 2). 

Table 1. Composition of diets 

Casein, crude 1) 
Glucose 
Rice starch 
Salt mix 2) 
Sal~ mix with Cu, Mn, I s) 
Vitamin mix 4) 
Choline chloride 
COd liver oil, Ph. Dan., 

1948, untreated 5) 
COd liver oflg, Ph. Dan., 

1948, filtrol-treated 
Distilled ethyl esters of 
fatty acids from Men- 
haden body oil 6) 

Soybean off 7) 
Cholesterol 

Basal, 
fat-free 

20 
62.3 
12 
5 
0 
0.5 
0.2 

I 3% 
3 % "Fl l t rol .  

"C.L.O."  treated 
C.L.O." 

20 20 
59.3 59.3 
12 12 
5 5 
0 0 
0.5 0.5 
0.2 0.2 

3 0 

0 3 

0 0 
0 0 
0 0 

3% 
"M.O. 
ethyl 

esters" 

2O 
59.3 
12 
5 

0.2 

0 

0 

3 
0 
0 

3% 
Soybean 

oil 

20 
59.3 
12 
5 
0 
0.5 
0.2 

0 
3 
0 

3% 
Soybean 
oil + 
0.1% 
chole- 
sterol 

2O 
59.2 
12 
5 
0 
0.5 
0.2 

0 

0 

0 
3 
0.1 

"s 
+ Cu, 

Mn and I" 

20 
62.3 
12 
0 
5 
0.5 
0.2 

0 

0 

1) "Dairinex", fi~m Dansk Mejeri Industri & Export Kompagni, Stege, Denmark. 
3) McCoLLUM, E. V. and N. Sr~MONDS, NO. 185; J. Biol. Chem. 33, 55 (1918) (nearly 

identical with salt mix no. 2, U.S.P. XIII). 
s) Same as above plus 6.5 mg CuSOo 5 H20, 19.7 rag MnSOo H~O, and 0.65 nag KI  

per 5 g salt mixture. 
4) Biotin, 0.050 g; folie acid, 0.050 g; aseorbie acid, 5 g; thiamine hydroehioride, 5 g; 

riboflavin, 5 g; pyridoxine hydrochloride, 5 g; calcium panthotenate, 5 g; nicotinic acid, 
8 g; inositol, 15 g; p-aminobenzoic acid, 35g; vitamin K ("Synkavit", Roche), 1 g; dl- 
~-toeopheryl acetate ("Ephynal", Roche), 5 g; and sugar up to 500 g. 

Vitamin~ A and D~ were given as an aqueous solution, containing 2000 I.U. vitamin A 
and 200 I.U. vitamin D, per ml. 0.1 ml of this solution was given twice a week to each 
animal, corresponding to 57 I.U. vitamin A and 5.7 I.U. vitamin Ds per animal per day. 

5) From Northern Drug and Chemical Company Ltd., Copenhagen, Denmark. 
5) Gift from U.S. Fish and Wildlife Service, Bureau of Commercial Fisheries, Seattle, 

Washington, U.S.A. 
~) From Dansk Sojakagefabrik A/S, Copenhagen, Denmark. 

Table 3 shows a summary of the experiment: number of animals at the beginning of the 
feeding period, maximal lenght of the feeding period, number of survivors in each group 
after 42 days of experimental feeding, average initial weight and weight gain during 42 days, 
and the number of the survivors which on autopsy were found to have the various types of 
gallstones recorded. The incidences in per cent of the various types of gallstones among the 
survivors are also represented graphically in Fig. 1. Mentioning of the gallstones in animals 
which died or were killed before 42 days of feeding (usually in connection with diarrhea) is 
made in the text in cases where it is of special importance. 
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The animals belonging to the same experimental series (same G no.) were fed simul- 
taneously. 

Table 2. Fatty acid composition of the dietary fats. (Gas liquid chromatography on Silicone 
grease and Rcoplex)*) 

a. As percent of methyl esters in total methyl esters, b. As percent of ethyl esters in total 

C ~  ~ 
C14 ~ 
C15 ~ Orbranched } 
C151 Orbranched 
Cm ~ 
C161 
C~ s 
CXT~ Orbranched } 
(~171 Orbranched 
C18 0 
C181 
C18 | 
C18 $ 
C18 4 
C~o 1 
C,o'~ 
Cso 4 
C,o 6 
C.  ~ orOJ 
C . '  
e l i  5 
c . .  

C.L.O. 

a 

~race 
5.08 

0.73 

4.35 
1 .O0 
0 

1.86 

4.31 
6.72 
4.28 
0 
1.36 
2.26 

7.47 
4.25 

6.34 

ethyl esters. 

Fflt~l- 
treated 
C.L.O. 

a 

~race 
5.62 
0.68 
0.35 
4.94 
1.39 
0 

1.51 

4.29 
5.27 
4.74 
0 
1.64 
2.60 

6.89 
3.65 

6.45 

Filtrol-treated C.L.O. 
extracted from diet 

1. 2. 3. 
a & a 

~race ~race ~race 
4.70 4.64 4.02 
0.59 0.63 0.47 
0.34 0.36 0.27 
6.55 4.06 4.90 
9.91 0.92 9.51 
0 0 0 
0.26 0.37 0.40 
0.74 0.80 0.68 
3.74 3.54 4.55 
:9.95 :9.38 ;0.26 
3.44 2.83 2.48 
0 0 0 
1.62 2.37 1.81 
1.25 2.16 2.44 

6.48 7.24 7.07 
5.13 4.97 5.18 

5.30 5.74 5.75 

1. Immediately after incorporation into the diet, peroxide value 7.4. 
2. 5.5 hours after incorporation into the diet, peroxide value 7.1. 
3. 24.5 hours after incorporation into the diet, peroxide value 9.8. 

"M.O. 
ethyl Soybean 

esters" ella 

trace 0 
8.58 0 
0.66 0 

0 
~1.33 12.53 
[4.69 0 
1.14 0 
1.87 0 
1.39 0 
3.76 1.47 

15.88 27.79 
1.67 51.07 
1.46 7.13 

0 
4.43 0 
0.46 0 
1.07 0 

12.85 0 
0 0 
1.48 
1.92 
5.38 0 

*) These determinations were carried out by Mrs. G. HoLMER, Danish Fat Research 
Institute. 

*) f 

**) C 

C, a 

Foot~otes ]or Table 3: 

= females ,  m ~-~ ma le s .  

= cholesterol gallstones only. 
= cholesterol gallstones -}- ml-ed gallstones occurring together. 
= cholesterol gallstones + amorphous pigmented gallstones occurring together. 

c, m, a = cholesterol gallstones + mixed gallstones -}- amorphous pigmented gallstones 
occurring together. 

m = mixed gallstones only. 

a = amorphous pigmented gallstones only. 
o = no gallstones. 
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Results and Discussion 

Fig. 1 clearly demonstrates the high incidence of cholesterol gallstones in all 
the groups receiving the basal diets without added fat. A low or moderate 
incidence of amorphous stones and "mixed stones", i.e., stones containing 
cholesterol and amorphous material, is also found in some of the groups fed the 
fat.free diet, especially among the females. Equally clear is the absence of 
cholesterol stones and the occurrence of amorphous stones in the survivors in 
all the groups receiving the unsaturated fats at the 3% level. With one, appa- 
rently accidental, exception (the group receiving filtrol-treated cod liver oil in 

% 
100 

8 0  

6 0  

zlO- 

20- 

Free 

f m 

G 92 ' G 9 5  G 9 6  "G 9z~ 
3 %  3% 3% f o f - i  3 %  3%soy. f a r -  3% fe~- f a i -  

C.L.O. f/Itrol- M.O. f r ee  $oyb~n:beanoil f ree t~lfro/- f ree tree+ 
freafeo ethyl o/I +0,1% freate~ Cu, Hn 
C, L.O. e3fer~ cho/ea~.. C. LO. a n d [  

f m f m f m f m " t  m :  f m s  f,,m, ' s  f m % 
100 

. . : . . : . .  _ : . : .  ..... ~ 4 o  

~ a  ~c,m,a []c,a 
~ m  ~c,m ~ v  

l~ig. 1. Graphica l  represen ta t ion  of  the  incidence of  gal ls tones a m o n g  the  su rv ivor s  in  the  va r ious  groups ,  
corresponding to Table  8. 

C.L.O. = cod l iver  off. M. O. e thy l  es ters  -- disti l led ethyl esters of  fatty acids f r o m  Menhaden  body  oil. 

series G 92), the incidence of amorphous stones in these groups is higher among 
the females than among the males. This agrees with earlier observations 
regarding the frequency of occurrence of amorphous stones in the two sexes of 
hamsters (3). 

Among the animals not surviving the first 42 days of the feeding period the 
following observation was of interest: 

In the group receiving soybean off (series G 95), one animal autopsied after 
only 7 days had cholesterol stones, and in one of the groups receiving filtrol- 
treated cod liver oil (G 96), two animals autopsied after 9 days and after 24 days 
had cholesterol stones. As previously observed (4), cholesterol stones can be 
farmed very early in the feeding period. Apparently, it takes some time before 
the protective effect of small amounts of unsaturated fats becomes fully 
developed. 
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The occurrence of amorphous pigmented gallstones was more frequent in 
the groups receiving untreated cod liver oil, than  in the groups receiving 
filtrol-treated cod liver oil or distilled ethyl esters of f a t ty  acids from menhaden 
oil. This might suggest tha t  factors in the non-saponifiable fraction increase the 
tendency to development of amorphous gallstones (as shown in Table 2, the 
f a t ty  acid composition was essentially the same before and after the filtrol 
t reatment) .  In  an earlier (unpublished) experiment,  ingestion of 1 ~ cholesterol 
did not  cause formation of cholesterol stones but  increased the incidence of 
amorphous stones in animals fed a starch diet with 15% of a fat  of low un- 
saturation. But  the addition of 0.1~/o cholesterol to the soybean oil diet (series 
G 95) did not  seem to influence the incidence of amorphous stones. Elucidation 
of the role of dietary non-saponifiable matter ,  therefore, requires further  
experimentation. 

The animals in series G 92, G 95 and G 96 received trace elements only 
through impurities in the food ingredients, and, especially as far as zinc is 
concerned, by  gnawing the zinc coated metal  wires of the cages. Therefore, a 
group of animals receiving addition of copper, manganese and iodide was 
included in the present experiment (series G 94). The quantities of copper, 
manganese and iodide added were the same as those used in some of our earlier 
experiments with chicks. The amounts  of copper (1.66 mg per 1O0 g) and, 
especially, t ha t  of manganese (6.4 mg per 100 g) are relatively large, tha t  of 
iodide (0.5 mg per 100 g) moderate.  

F rom Fig. 1 it  is apparent  tha t  the addition of copper, manganese and  
iodide has not influenced the development of gallstones. As far as copper is 
concerned, this result is in agreement with previous experiments (5, 6) in 
which the effect of copper was tested with a fat-free basal diet containing 
sucrose as carbohydrate  component. When the effect of copper was tested with 
a similar basal diet containing lard, some protective action against gallstone 
formation was observed. 

Analyses of the bladder bile of animals from some of the groups of the 
present experiment (experimental series G 96 and G 94) will be presented in a 
separate communication. 

S u m ~  

Five groups of young hamsters were fed a "fat-free" basal diet containing 20% casein, 
62.3% glucose and 12% rice starch as protein and carbohydrate components. Six other 
groups received the same basal diet in which 3% glucose was replaced by cod liver oil, 
filtrol-treated cod liver off, distilled ethyl esters of the fatty acids from menhaden body oil, 
soybean oil, or soybean oil and 0.1% cholesterol, respectively. One of the groups fed the 
fat-free basal diet received an addition of 6.5 mg CuSO~, 5 H~O, 19.7 mg lVInS04, H~O, and 
0.65 mg KI  per 100 g diet. 

Among the animals surviving the first 42 days of the feeding period, those receiving 
the fat-free basal diet had a very high incidence of cholesterol gallstones and a very low or 
moderate incidence of amorphous pigmented gallstones or "mixed stones" (i.e. stones 
containing both cholesterol and amorphous material in considerable amounts). The 
surviving animals in the groups receiving the unsaturated fats had no cholesterol gall- 
stones but a much more pronounced tendency to formation of amorphous pigmented 
gallstones than the survivors in the corresponding groups fed the fat-free diet. The incidence 
of amorphous pigmented gallstones was higher in the group receiving untreated cod liver 
oil than in the groups receiving filtrol-treated cod liver oil or distilled ethyl esters of fatty 

13" 
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acids from menhaden oil. The addition of 0.1% cholesterol to the soybean oil diet did not 
alter the incidence of gallstones. In  the groups fed the fat-containing diets, the incidence of 
amorphous pigmented gallstones wag (with one exception) higher among the females than 
among the males. 

Supplementation of the fa~-frec diet with copper, manganese and iodide did not alter 
the incidence of gallstones significally. 

Zusammen/assung 

Fiinf Gruppen yon jungen Hamstern erhielten eine fett-freie Basal-l~lahrung, deren 
Protein- und Kohlenhydratenkomponenten aus 20% Casein, 62,3~ Glucose nnd 12% Reis- 
st~ixke bestanden. Sechs andere Gruppen erhielten dieselbe Basal-Nahrung, in wcleher 3% 
Glucose dutch Dorscklebertran, bzw. Filtrol-behandelten Dorschleber~ran, distillierte 
Me~hylester der Fetts~uren yon ~Ienhaden-K(irperS1, SojabohnenS1, und SojabohnenS1 
plus 0,1% Cholesterol ersetzt worden wares. In  einer der fettfrei erni~hrten Gruppen 
wurde die l~ahrung mit 6,5 mg CuS04, 5 H~O, 19,7 mg MnS04, HaO und 0,65 mg KI 
supplementiert. 

Unter den Tieren, wclche die ersten 42 Tage der Ftitterungsperiode iiberlebten, war das 
Vorkommen yon GaUensteinen wie unten angegeben: 

In den mit der fettfreien Basal-Nahrung gefiitterten Gruppen war die Incidenz yon 
Cholesterin-Gallensteinen sehr hoeh, w~hrend die Incidenz yon amorphen pigmenticrten 
oder gemischten Ga]lensteinen (d. h. Gallensteinen, die aus Cholesterin und amorpher 
Substanz in reichlicher Menge bestandcn) sehr niedrig oder nur moderat war. 

Die Tiere, welehe die Zulage yon 3 ~  der unges~ttigten 01e erhiclten, hasten keinc 
Cholesterin-Gallensteine, dagegcn war die Neigung zur Bildung yon amorphen pigmen- 
tierten Gallens~incn viel grSBcr al8 in den entsprechenden fettfrei ernKhrten Gruppen. Die 
Incidenz yon amorphen pigmentierten GaUensteincn war hSher in den Gruppen, welche 
mit dem unbehandelten Dorsehleber~ran gefiittert wurden, als in denjenigen, welche 
Filtrol-behandeltcn Dorschlebertran oder ~i.thylester yon ~Fetts~uren aus Menhaden-0] 
crhielten. Zulage yon 0,1 ~ Cholesterin zu der SojabohnenS1-BTahrung hatte keinen Einflu~ 
auf die EnSwieklung yon Gallensteinen. Das Vorkommen yon amorphen pigmentierten 
GaUensteinen in den mit fetthaltiger Nahrung gefiitterten Gruppen war (mit einer Aus- 
nahme) h~ufiger bei den Weibchen als bei den l~nnehen.  

Zulage von Kupfer, i~Iangan und Iod zur fettfreien Basal-Nahrung hatte keinen sicheren 
EinfluI3 auf das Vorkommen yon Gallenstsinen. 
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