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It has been found previously (1) that addition of cholesterol at the level
of 1% to a gallstone producing diet for young hamsters markedly reduced
formation of cholesterol gallstones in hamsters of both sexes and greatly
increased formation of amorphous pigmented gallstones in the female
hamsters.

In the present study we have further examined the effects of dietary
cholesterol on gallstone production in hamsters and compared these effects
with those of squalene, cholestanol, 7-dehydrocholesterol, ergosterol, com-
mercial preparations of lanosterol and soybean sterols, and the known
protective effects of fish oil fatty acid ethyl esters (2) and substitution of
rice starch for glucose in the basal diet (3, 4). In most cases, the influence
of the various dietary manipulations on the levels of cholesterol in serum
and liver was also examined.

Materials and methods

The following preparations of sterols, squalene, nonabsorbable antioxidant,
and fats were used:

Colestercl, U.S.P., XVII, E. Merck, Darmstadt.

Lanosterol, Calbiochem,

f-Sitosterol, crystalline, practical grade from soybeans, Sigma, in the follow-
ing referred to as “Soy bean sterols”.

7-Dehydrocholesterol, Sigma.

Cholestanol, Sigma.

Squalene, grade 1, 98-100%,, Sigma.

Ionox 330 2,4,6-tri-(3',5’-ditert.~-butyl-4’hydroxybenzyl) mesitylene, gift from
Shell Nederland Chemie, Rotterdam through Dansk Shell A/S, Copenhagen.

Palmkernel oil, gifts from Dansk Sojakagefabrik A/S, Copenhagen, and
Arhus Oliefabrik A/S, Arhus.

Distilled menhaden oil fatty acid ethyl esters, gift from U.S. Fish and Wild-
life Service, Bureau of Commercial Fisheries, Seattle, Wash. (U.S.A.).

Ergosterol, gift from ¥. Hoffmann-La Roche A.G., Basel.

Butter fat was prepared and stored as described in our paper (5).
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The sterols were tested for purity by thin layer chromatography on Silica
gel G (Merck, Darmstadt). Amounts of sterol 100 to 200 ug, solvent system:
petroleum ether / diethyl ether/ glacial acetic acid 70/30/1 (v/v/v). Visualization

by charring with 509 H,SO,.

Cholesterol gave only one spot. The other sterols gave each one spot fol-
lowed by a tail of unidentified impurities. In the case of cholestanol the tail

Was very faint.

Squalene was alsoc tested by thin layer chromatography on Silica gel G.

Amount 70 ug, solvent system and visualization as above.

Squalene gave one spot accompanied by a few faint spots of unidentified
impurities. The iodine value determined by the method of Rosenmund and

Kuhnhenn (8) was 385,

Table 1. Fatty acid composition of the two principal fats used?)

Fatty acid?) Palmkernsl oil®) Menhaden oil fatty
“a” “b” acid ethyl esters
8:0 0.5 0.1
10:2 2.4 1.8
12: 0 58.4 58.6 trace
14:0 17.0 18.6 6.4
14:1 0.2
15:0 (or 14: 2) 0.5
18 ald 0.2
16: 0 7.9 8.8 16.9
16:1w 7 12.9
16: 2 {or 17: 0) 1.0
? 1.9
? L7
18: 0 1.9 2.7 2.8
18:1w 9 10.0 9.0 11.9
18:2w 6 1.9 0.5 1.2
? 0.4
18:3w 3 0.3
? 0.5
? 1.2
? 0.1
20:1 4.9
20:2 0.4
b; 0.3
20:4 w6 1.5
22:1 1.7
20: 5w 3 20.0
24:1 (or 21: 5) 0.9
22:5w 3 0.6
? 1.8
22:603 7.6

1) Per cent of the methyl esters of the individual fatty acids in the methyl esters

of the total fatty acids from each fat.

3) Indicated by number of carbon atoms and double bonds.
) Two batches of palmkernel oil were used in the experiments.

“a” in G 148, G 155, G 156 and G 157,
“b” in G 158, G 159, G 161 and G 183.
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The fatty acid patterns of palmkernel oil and distilled ethyl esters of fatty
acids of menhaden body oil were determined as described in our paper (7) and
are shown in table 1.

Measurements of the absorption in ultraviolet at 282 nm of the preparations
of 7-dehydrocholesterol and ergosterol in absolute ethanol solution and com-
parison with the data for the absorption in references 20 and 9 showed these
preparations to be approximately 95 %, pure.

The methods for determination of cholesterol were:

For liver cholesterol: the method described in our paper (7) utilizing the
Liebermann-Burchard reaction in the form indicated in our paper (8).

For serum cholesterol: the method described by Watson (10), slightly modi-
fied, in which the color reaction is carried out on the serum without prior
extraction, and the reagent mixture contains 2,5-dimethylbenzene-sulfonic acid.
The blood samples, 2 ml, were taken by heart puncture under ether anesthesia
in a syringe rinsed with 0.9% NaCl, left at room temperature for ca. 1 hour
and centrifuged.

Table 2. Composition of the stock diet “Mouse pills 86" used in the breeding colony
from which the hamsters were obtained

159, ground wheat
189, ground oats
89, ground barley
109, ground yellow corn
239, wheat bran
39, alfalfa meal
1.9, dried yeast
59 skim milk powder
2.69% meat-and-bone meal
89, fish meal
39, crushed sunflower seed
19 vitamin mixture?)
29, mineral mixture?)

100.09%,
1) One g of the vitamin mixture eontains: 2) The mineral mixture consists of
1100 i. u. vitamin A 48.42569, calcium carbonate
3301, u. vitamin D, 35.0009, sodium chloride
0.612 mg thiamine 1.2509, ferrous sulfate,
0.816 mg riboflavin dried (309 Fe)
2.625 mg pantothenic acid 0.180%, cupric oxide (809, Cu)
0.408 mg pyridoxine hydrochloride 0.1509, manganese oxide
0.00255 mg cyanocobalamin (72% Mn)
0.0153 mg biotin 0.0259, potassium iodide
0.153 mg folic acid (76.5% I)
40.000 mg choline 15.0009, magnesium oxide

8.000 mg alpha-tocopherol acetate
mixed with a blend of 98.759%, finely ground
wheat bran and 1.269%, ethoxyquine to make
a total of 1 g.

If the absorbancies at 825 nm obtained with the color reagents and choles-
terol are set at 100, then the absorbancies obtained with the other sterols
will be:
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For the method used with liver: For the method used with serum:
cholestanol 0 cholestanol 0
lanosterol 11 lanosterol 26
soybean sterols 66 soybean sterols 66
7-dehydrocholesterol 165 7-dehydrocholesterol 150
ergosterol 117 ergosterol 107

Thus, if the amount of sterol in a sample is calculated using the absorbancy
valid for cholesterol, then the amount of cholesterol will be correctly deter-
mined if the cholesterol is accompanied by cholestanol, but the total amount
of sterols will be underestimated. If the cholesterol in the sample is accom-
banied by lanosterocl or soybean sterols, the total amount of sterols will also
be underestimated. When the cholesterol in the sample is accompanied by
T-dehydrocholesterol or ergosterol, the total amount of sterol will be over-
estimated.

The hamsters

For the time being we have no breeding colony for hamsters in our labora-
tory, but are obtaining hamsters from the breeding center of the State Serum
Institute,

According to information from the Serum Institute, the diet used in their
breeding colony for hamsters is “Mouse Pills 66” of the composition indicated
in table 2. As drinking liquid is used a mixture of 1 part of whole milk, heated
in closed containers at 90° C for 15 minutes, and 1 part of tap water. The total
content of fat in the pills 3.95%, and the fatty acid pattern of the fat, shown
in table 3, were determined in our laboratory by methods previously used.

During the first 6 to 7 days after arrival of the hamsters in our laboratory
they were given the commercial stock diet “Rostock Mixture” described in our
paper (11) and tap water. Thereafter they received the experimental diets (and
tap water) for a period of 42 to 44 days.

During the experiments the hamsters were housed and treated as described
previously (1).

Table 3. Fatty acid pattern of the fat in the stock diet ‘““Mouse pills 66"
specified in table 2

Fatty acid!) As percent Ag percent
of total fatty of diet?)
acids

12: 0 0.2 0.01

14: 0 1.8 0.07

16: 0 16.0 0.61

16: 1w 7 2.3 0.09

18: 0 3.2 0.12

18:1 w9 22.1 0.84

18: 2w 6 36.6 1.39

18:3 w 3 4.6 0.17

20:1 3.5 0.13

22:1 3.8 0.14

20: 5w 3 2.5 0.09

22:86w 3 3.4 0.13

1) Indicated by number of carbon atoms and double bonds, and distance from
the terminal methyl-group to nearest double bond.
%) Agsuming total fatty acids equal to 959, of total fat.
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The experimental diets

The fat-free basal diet used in the present study was the diet containing
20.0% casein, 74.3% glucose, 5.0% salt mixture, 0.5% vitamin mixture and
0.2 %o choline chloride as specified in our paper (12).

In order to facilitate intestinal absorption of cholesterol and other sterols,
most of the diets used contained a certain amount of fat which was incor-
porated into the basal diet at the expense of glucose.

Sterols, squalene etc. were added to the diets containing the fat.

For protection of easily oxidizable supplements such as squalene, 7-dehydro-
cholesterol, ergosterol, flsh oil fatty acid ethyl esters etc. 0.5% of the non-
absorbable antioxidant Ionox 330, in the following referred to as Ionox, was
added to the diets in the experimental series in which these components
occurred. This substance was also added to the diets in several of the other
experimental series.

Plan of the different experimental series

The first three experimental series G 148, G 153, G 155 served to examine:
1. the effect of incorporating fat into the diets (10%, palmkernel oil, G 148;
8% butter fat, G 153; 7% palmkernel oil, G 155); 2. the influence of adding
excessive amount (3%) of cholesterol and squalene (G 148); 3. the influence
of adding graded lower amounts of cholesterol (G 153, G 155); 4. the influence
of adding Ionox, 0.05% to the diets (G 153).

Since fairly high incidences of cholesterol gallstones were observed with the
diet containing 7% palmkernel oil, and Ionox had little influence on formation
of gallstones, the following experimental series were carried out with diets
containing 7% palmkernel oil and 0.05% Ionox.

In Exp. Series G 1568 the effects of commercial soybean sterols are com-
pared with the effects of cholestercl, in both cases at the dietary levels of
0.5% and 1%e.

Exp. Series G 157 shows the effects of distilled menhaden oil fatty acid
ethyl esters, cholesterol, commercial lanosterol, 7-dehydrocholesterol and squa-
lene all at the 1% dietary level.

Exp. Series G 158 shows the effects of squalene and distilled menhaden oil
fatty acid ethyl esters, both at the 0.5% and 1%, dietary level compared with
the effect of substituting rice starch for glucose in the basal diet.

Exp. Series G 159 and G 160 show the effects of cholesterol and of squalene
at the 19 dietary level using a larger number of hamsters than in the fore-
going series.

Exp. Series G 161 shows the effects of cholestanol at the levels of 0.125%
and 0.5% compared with the effects of cholesterol at the same dietary levels
and with the effects of ergosterol at the 0.5 % dietary level.

Exp. Series G 163 shows the effects of cholestanol at the dietary levels of
0.5%0 and 1%,

Results and discussion

The results are shown in tables 4 to 13 and 4 A to 13 AY).

1. Influence of the diets on production of gallstones

From Exp. Series G 148, G 153 and G 155 (tables 4, 5 and 6) it is seen
that incorporation of the fats has reduced the incidence of cholesterol con-

1) Abbreviations used in the tables: m = males, f = females, C = choles-
terol gallstones, M = mixed gallstones (i.e. gallstones containing both cholesterol
and amorphous material), A = amorphous gallstones, 0 = no gallstones, hg =
hectogram (100 g), dl = deciliter (100 ml).
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taining gallstones, i.e. cholesterol gallstones (C-gallstones) and “mixed
gallstones” (M-gallstones). The reduction - significant with 95% proba-
bility?) for the males in G 148 and G 153 — was more marked among the
male than among the female hamsters. The effect of incorporating the
fats is partly due to the fats as such [it has previously been shown that
fats rich in polyunsaturated fatty acids are particularly effective in pre-
venting formation of cholesterol containing gallstones (3, 5)], and partly
due to the concurrent moderate reduction of the amount of glucose in
the diets.

Both cholesterol (G 148, G 153 and G 155) and squalene (G 148) mar-
kedly inhibited formation of cholesterol containing gallstones, and the
inhibition was more marked in the males than in the females. As far as
squalene is concerned, the difference in degree of inhibition in the two
sexes seen in G 148 is not significant, but it is confirmed by the results
from G 158, G 159 and G 160 (tables 9, 10 and 11).

Cholesterol, but not squalene, markedly stimulated production of
amorphous pigmented gallstones in the female hamsters when added at
the level of 0.5% or more. This effect of cholesterol was also seen in our
first study on the influence of dietary cholesterol (at the level of 1)
on gallstone production (1) which was carried out with hamsters from
our own breeding colony. But the more efficient inhibition of production
of cholesterol containing gallstones in the males than in the females now
observed was not seen in the earlier experiment (1). The reason for this
must be the different origin and feeding of the hamsters before start of
the experiments in the two studies.

If addition of 0.05%0 Ionox to the diets has had any influence on gall-
stone production, this effect may have been a slight stimulation of the
production of cholesterol containig gallstones (G 153).

Exp. Series G 156 (table 7) shows that commercial soybean sterols
were less efficient than cholesterol as inhibitors of production of cholesterol
containing gallstones and as stimulators of production of amorphous gall-
stones, both at the 0.5%0 and the 1%/ dietary level.

From Exp. Series G 157 (table 8) it is seen that at the 1%, dietary
level, cholesterol, squalene and distilled menhaden oil fatty acid ethyl
esters were almost equally (and almost fully) effective in protecting
against formation of cholesterol containing gallstones, but only cholesterol
markedly stimulated production of amorphous gallstones. 7-dehydro-
cholesterol was less efficient than cholesterol as inhibitor of production
of cholesterol containing gallstones, and commercial lanosterol, apparently,
intensified production of cholesterol containing gallstones. Taking males
and females as one group, the difference in incidence of cholesterol con-
taining gallstones obtained with 7-dehydrocholesterol and commercial
lanosterol is significant with 95 %/ significance. Neither 7-dehydrocholesterol
nor commercial lanosterol stimulated production of amorphous gall-
stones. Whether the effects of the lanosterol preparation are due to lano-
sterol itself or to impurities in the preparation can only be decided when
a sufficient amount of the pure sterol has become available.

?) Assessed as indicated in reference (13).
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Table 10. Exp. Series G 159. Summary of occurrence and non-oceurrence

of gallstones
Group Diet characteristics Number Animals Animals Animals
no. of having C having A having no
animals gallstones gallstones gallstones
in group only only
no. 9, no. % no. 9%
1411 79, palmkernel oil, 18 m 3 18.7 0 0 16 83.3
0.059% Tonox 20 f 12 60 0 0 8 40
1412 79 palmkernel 0il, 20 m 0 0 15 17 85
0.059% Ionox
1.0% cholesterol 20 f 0 7 35 13 65
1413 79, palmkernel 0il, 20 m 0 0 0 20 100
0.059, Ionox,
1.09% squalene 20 f 1 5 2 10 17 85

Age of the animals at start of the experiment 37-47 days.
Duration of the feeding period 42-44 days.

Table 10A. Exp. Series G 159. Mean values of body weight and liver weight
with st. d.

Group  Diet characteristics

No. of

Body weight

Weight Weight

no. animals  at after gain in  of

in group start 6 weeks 6 weeks liver
g 124 g g

1411 7%, palmkernel oil, 18 m 59.4 91.3 31.9 4.49
0.059% Ionox +2.2 +37 +43 1020
20 f 59.5 80.4 29.9 4.556
+1.3 +2.3 +2.6 +0.20
1412 79, palmkernel oil, 20 m 60.0 87.6 27.6 4.63
0.059%, Ionox, +1.7 +3.1 +3.5 4022
19, cholesterol 20 f 59.8 87.2 27.6 4.87
+1.6 +2.2 +2.9 +0.17
1413 7% palmkernel oil, 20 m 60.1 87.6 27.5 3.98
0.059%, Ionox, +23 +3.1 +3.9 41077
19 squalene 20 f 59.5 91.7 32.2 4,55
+1.3 +2.2 +2.5 4017

Exp. Series G 158 (tables 9, 9 A) shows that at the 1%/ dietary level,
squalene and distilled menhaden oil fatty acid ethyl esters afforded full
protection against formation of cholesterol containing gallstones, and
that the same effect could be obtained by substituting rice starch for
glucose in the diet. At the 0.5% dietary level, squalene and distilled
menhaden oil faffy acid ethyl esters gave only full protection against for-
mation of cholesterol containing gallstones in the males. In the females,
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where the protection was only partial, squalene may have been slightly
more efficient than distilled menhaden oil fatty acid ethyl esters.
Ergosterol at the 0.5% dietary level (Exp. Series G 161, tables 12,
12 A), was less effective than cholesterol in inhibiting formation of choles-
terol containing gallstones, and did not stimulate production of amor-
phous gallstones. Under the polarizing microscope, small needle-shaped
birefringent crystals could be seen in the bladder bile from 5 of the
10 male hamsters in the ergosterol group listed as not having cholesterol
containing gallstones. The nature of these erystals was not identified.
Cholestanol (Exp. Series G 161 and G 163, tables 12, 12A and 13, 13 A)
at dietary levels of 0.125, 0.5 and 1% gave no protection against pro-
duction of cholesterol containing gallstones, but rather seems to have
intensified production of such gallstones. It must be noted, however, that
the cholesterol containing gallstones occurring in the cholestanol fed
group contained a certain amount of another sterol besides cholesterol.
The sterols of these gallstones could be separated by thin layer chroma-
tography on Silica gel (moving phase chloroform/diethylester/glacial acetic
acid, 97:2.3:0.5 (v:v:v) and migrated as cholesterol and cholestanol resp.

2. Influence of the diets on serum cholesterol

The levels of serum cholesterol in the various groups of the experi-
mental series (except G 148, G 159 and G 160) are recorded in the tables
marked A. Some of the tables marked A also contain data for liver
cholesterol.

In most cases there is a tendency for the mean value of serum choles-
terol to be higher for the females than for the males in the same group,
and in most cases where cholesterol containing gallstones occur the in-
cidence of such gallstones is higher among the females than among the
males. Otherwise the relationship between serum cholesterol and occur-
rence of cholesterol containing gallstones is very variable.

Incorporation of the fats (8% butter fat or 7% palmkernel oil) which
decreased the incidence of cholesterol containig gallstones in the male
hamsters caused increase of serum cholesterol in both sexes (table 5A
and 6 A).

Addition of cholesterol at the levels of 0.5% or 1% which markedly
decreased the incidence of cholesterol containing gallstones in hamsters
of both sexes caused very marked increase of serum cholesterol (tables
5A,6A,7TA 8A).

Addition of squalene 0.5% or 1%, which gave approximately the same
degree of protection against cholesterol containing gallstones as that
which could be obtained with dietary cholesterol at the same levels did
not markedly raise serum cholesterol (tables 8§ A, 9 A).

With soybean sterols (table 7A), commercial lanosterol (table 8A)
7-dehydrocholesterol (table 8 A), and ergosterol (table 12 A), no attempt
was made to determine individual sterols in the serum. Therefore, the
figures for “serum cholesterol” in these groups are not strictly com-
parable with the figures for serum cholesterol in the other groups in the
same series, and do not warrant definite conclusions.

With distilled menhaden oil fatty acid ethyl esters, 1% (tables 8 A,
9A), and 0.5% (table 9A), protection against production of cholesterol
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containing gallstones was clearly accompanied by lowering of serum
cholesterol, and the same was true in the group receiving the diet with
rice starch instead of glucose (table 9 A).

It is not likely that the low level of serum cholesterol per se is the
cause of the protection against production of cholesterol containig gall-
stones seen in these groups, since protection against this type of gall-
stones can also be obtained when the level of serum cholesterol is high
such as is the case in the cholesterol fed groups.

Decreased biosynthesis of cholesterol in the liver is the most likely
cause of the protection against cholesterol containing gallstones obtained
by addition of distilled menhaden oil fatty acid ethyl esters, by replace-
ment of dietary glucose by starch, or by addition of squalene or choles-
terol to the diet.

This assumption is supported by the following observations:

In hamsters, decrease of biosynthesis of cholesterol has been found
when starch is introduced into the diet instead of glucose [in vivo with
whole animals (14)], in vitro with liver slices (15), and when a poly-
unsaturated fatty acid in the form of ethyl linoleate is added to the high
glucose diet [in vitro with liver slices (15)]. The inhibition was found to
occur before mevalonate (15). Dietary cholesterol which increases serum
cholesterol, and dietary squalene which has little influence on serum
cholesterol have been shown to inhibit biosynthesis of cholesterol in rats
[in vitro with liver slices (16)]. The inhibition takes place at a stage
before mevalonate [shown for dietary cholesterol (17)] viz. at the reduction
of 3-hydroxy, 3-methyl-glutarate to mevalonate {shown for dietary choles-
terol (18)]. Finally, in many mammals biliary cholesterol is assumed to
depend largely on the hepatic synthesis of cholesterol (19).

The decrease of serum cholesterol coinciding with the protection against
cholesterol containing gallstones seen in the groups receiving distilled
menhaden oil fatty acid ethyl esters or the diet in which glucose is re-
placed by starch, apparently, is also a consequence of the inhibition of
biosynthesis of cholesterol. Assuming that squalene inhibits the biosyn-
thesis of cholesterol in hamsters at the stage before mevalonate without
interfering with its own conversion to cholesterol it is understandable
that serum cholesterol may remain largely unaltered or be slightly in-
creased if a sufficiently large amount of squalene is taken up from the
intestine.

Cholestanol 0.5% and 19, (tables 12A, 13A) which seems to have
increased production of cholesterol containing gallstones, lowered the
level of serum cholesterol. The mechanisms by which these effects of
cholestanol are brought about remain to be examined.

3. Influence of the diets on the content of cholesterol in the liver

In the cases where the livers were assayed for cholesterol, substantial
changes of the mean values of total cholesterol and of percentage of
esterified cholesterol in total cholesterol were only found in the groups
receiving cholesterol in the diet.

Incorporation of the fats, 8% butter fat or 7% palmkernel oil, both
of which caused significant increases of serum cholesterol, did not pro-
duce significant increases of liver cholesterol (tables 5 A, 6 A).



229

Dam et al., Alimentary production of gallstones in hamsters (27)

suorsnbs %1

0807 06'% L'g¥ese €2 F 976 71 F%68 J 02 ‘xouoy %900
08’0 T 03°¥ 8'¢T¢ae gzT 188 91 F999 w 0% ‘o reuespuued %, 9TI¥1
[oaegso[oyd %1
080 F 1979 gz Fege 16 F0¢6 ¥'1Fe6g ¥ 02 ‘xouoy %200
080 F%6'% L% F 563 £3TF8gs ¢'1F99¢ w 03 ‘o peweurred % 4 e
0g'0 F 0%'% L'gFgee 3’ T €36 9’1 F 168 J oz xouof %200
081 Fog¥ 8'3 T ¢0¢ £z Fe698 9T F9'9¢ w05 ‘ro ouresuaped %2 1444}
g 3 3 8 dnoid wm
IOAT] SooM g ul seoM O JoqyB qre)s 98 s[euIus ‘ou
Jo ySem ured 1y3oA 1ySrem Apog Jjo "'oN S01ISLI030BIBYD J91( dnoay)
P 98 Y3 JySom 10A1] pus JyStem £poq Jo sonjea UBOIY 091 ©) soMeS *dXH VI Ol9BL
‘84Bp $F—g¥ poliad Surpesy ety Jo wonwIn(g
*s4wp 9F—9¢ Tuewiedxe oyj Jo 1r818 18 S[PTTUB oY) Jo oy
ouerenbs 9,1
6 61 0 0 0 0 g 1 302 ‘xouoy %80°0
001 0% 0 0 0 0 0 0 w07 ‘fro feurexqured %4 91%1
[oregsa0y0 941
574 6 q¢ 1 0 0 0 0 3 08 “xouoT %80°0
08 91 03 ¥ 0 0 0 0 w 03 ‘Tto [euexured %, 11841
0¢ 9 0 0 g I 29 el 30z xouoT %900
09 (A4 0 0 0 0 4 8 W 07 ‘Tto [eurexuiped %, 214!
% ‘ou % ‘ou % ‘ou % ‘ou
souo)s[jed Apuo Auo dnoi3 w
ou Surarvy souoqs[ed v souols[ed W pur o sou0ls[[B3 ) S[BUIIUE ‘ou
S[BWITTY Furawy spsunuy Burawy spemTUy Suiawy spemmuy Jo aequumNy SO1ISLIS}ORIBYD 90I(] dnoan

80U0)s[[BS JO GOUGLINDN0-UOU PUB GOULLINGDO JO Arewuimg ‘09T 1 seueg *dxq 'I1 o[qel,



Zeitschrift fiir Erndhrungswissenschaft, Band 13, Heft 4

230

o[iq 9ppBIq oY} Wt speysdio pedeys

-9[pesu JuadurIyel-o[qROp [[Bws ouIos peY seucs[ed Juravy j0u se payst] dnoid (019380810 oYY UT SIOISUIBY O[RUI (] OYd JO 10O G (¢
‘sep $3—gy poued Surpesy eyy Jo woneIn(g

‘8dep g5—9¢ JuswLIodxe oYy JO 4IBIS J8 S[BUITUR 611 JO 03y

jo1e3s03a9 9, 60

1} ¥ 01 I 0 0 0 0 0 0 0g g J o1 ‘xouo] %500
(wo1 (o1 0 0 0 0 0 0 0 0 0 0 w Q] ‘fo pputeywed %L 5gHI
[039989[0Y2 9600
0z z 08 8 0 0 0 0 0 0 0 0 301 ‘xouo] %800
08 8 01 I o .0 0 0 0 0 01 I w 01 o pweyuied %L 181
[0399891012> % GZT'0
0¥ ¥ 0 0 0 0 01 1 0 0 09 g 3 o1 ‘xouol %500
06 6 0 0 0 0 0 0 0 0 o1 I w gr  ‘To pueyuwed %L 0ZF1
Touess[oyo %50
01 1 0 0 0 0 0 0 01 I 08 8 3 o1 ‘xouo] %200
0¢ £ 0 0 0 0 01 I 0 0 09 9 w O ‘To ewesmed %L 6TFE
fousyseoyo %Cg1°0
o1 1 0 0 o1 I 01 I 0 0 0L L Jot ‘xouoy %60'0 -
o1 I 0 0 0 0 0 0 0 0 06 6 w91 ‘po pueyuwed %L 811
032 4 01 I ] 0 0 0 0 0 oL L J o1 xouoT %G00
0L L 0 0 0 0 0 0 0 0 0¢ 5 w o ‘fo pPumesured %L LIPL
% ou % ou % ‘oa % ‘ou o4 ‘ou % ou
Lo Amuo Amuo
sotrogsed gou0)s|[ed seuoge[[ed  souoys[el ¥ souops[[edS W seuogs[ed  dnoaf ur
ou Burasy Vv Sutamy W Suiavy  pue ) Sumaey pue ) Julasy 0 Junaey  srewtuw jo SOMSLIOJOBIBYD  “OU
S[ewIIuY s[Buuy s[RIy s[RUITY s[eunuy S[EUIUY  JequInpf q01(y dnous

S0U03S[[BS JO 00USLIMO0-UOU PUB SOUSLING00 JO Arewrumg 191 ¥) sewag "dx5y *ZT o[98,



231

Dam et al., Alimentary production of gallstones in hamsters (27)

torageo8ie %, ¢ 0

0T F #8338 LzoF sy % T 1°6% geF¥5i6 5% T 259 3ol *xouol %¢0°0
99 F 9'881 U0 F 93 ¥ g9F Loz 0'¢ Fgo8 $'¢F 809 w Q] ‘ro euzexuped % (441

[oansojoy %o

8’11 F9'61¢ 520 F 2¥'S aeFo03g 1'¢F5%6 8'1F 529 Jol ‘xouoT %500
36 T 6°6L% 120 F L9¥ 9z F¢es 03T 1'%8 L'1F8'09 w o] ‘Tio eureyuaped 9%, 1271

[oresse[oyd %SE1°0

0’11 F¢5L3 2¢'0F90°g £y Foge 8'¢ F 9'56 03 F 129 3ot ‘xouoy %¢c0"0
9% T 0°L3% ¥5°0 T 699 g'gFeLg 8¢ F L8s 8'1F609 w o1 ‘fro eueywyed % 03¥1

[ouBseod %60

$6Fz613 030 Fogy ¥ F 263 0z F L'16 92 F 329 Jol ‘xouoY %00
¥ F 1'881 Sz 0 F L0y YT LLE 8'¢ Fg88 0z F 809 ux g1 ‘o [eurexuayed %y, 61%1

[ousIse[oyd %Geg1 0

%'LF 8192 660 F59'% geTsog 851226 LTIF 979 JoI “xouo] %200
16 F 9661 %0 F30'% LreF1Lg 0% T 6L8 0% 809 w 0] ‘1o 1ewtesuayed 9% ST%I

8 Fz8%¢ 086 T 6L¥ reFoege LreFeLs 1T 5329 Jorl xouo] %%0°0
29T 1°L3% 620 Fc¥'3 9°6F 1’83 ¢y T ¢68 g'¢ F9°09 w0 ‘Tro euzexurred %/, LTFT

p/8w 3 3 3 3 dnoBuw

[o19388[0Y 0 JOAT] S¥oom g Ul Sxe0Mm g J09J% 31818 38 gpguras ‘ou
wrLIsg Jo 1yBreopp ured yydom qySom £pog Jjo ‘oN S01JSLIST0BIBYD 90T dnoxn

P "45 Y314 [OIO4SO[0YD WILISE PUB “QYTIeM Joal] ‘JySres Apoq Jo son[ea weely "19] O seueg 'dxq “VZ1 o[qBL



Zeitschrift fiir Erndhrungswissenschaft, Band 13, Heft 4

232

‘8d8p gp poued Surpes] ey yo uonmIn(y
*BARD LP~8g Justiizedxe 61} JO 9IBIS 98 B[EWIUR 0G4 JO 0Ty

joweyssioyd % |

01 1 0 0 06 6 JoI “xouo] %cp 0
o1 I 0 0 06 ) w 9| ‘o peuzerured %y 1651
Tousiseoyd %¢0

0 0 0 0 001 o1 JoI xouoy %¢€0°0
03 g 0 0 08 8 w o] ‘q10 rowreytuted %, 0g¥1
o1 1 ) 0 06 6 3ol xouoy %00
09 g 0 0 0S 9 w o1 ‘110 feweyuited 94, 63%1
o, gt o) -0 L) .
o ‘ 7 v % ou dnoi3 m

souoys(esd ou Apao seuosied v Ao seuoysyesd o s[ewIrue ‘ou
dmasy syewTEy Buiaey sppwNy Burasy spBwTUY Jo zequmN §O138116308IBYO J01(] dnouiy)

80U03s[[ET JO @OULINI00-UOU PUE GOUSLINVI0 Jo LIBUIIng ‘€91 ¥) souag "dxq '¢1 o[4R],



233

Dam et al., Alimentary production of gallstones in hamsters (27)

¥y gFF ovT g1+ g¥T ¥o+ gro+ 98+ oct LIF
G'6TC G'el 8°60¢ 8'1€ 9°'1%8 68 oL’e 1'18 9'gL g'ee Jo1 [ousysa[oyo 941
82+ o+ ¥eF 91+ 9¢F o+ gro+ se¢t LgF 83 F ‘xouo] %200
702 &4} z'¢0e 682 0688 ' 16°€ L'€g 1'%8 709 W o1 ‘o fewtoyured %L 18F1
19+ Lo+ v9F L1+ 99°F 7o+ 5g0F 6%cT 9gF FI1F
L1938 L'yl 1013 098 1°9%2 96 £6°¢ 898 ¥6L 9°2¢ 3ot [ousysafoyo %670
LLF 80+ 9¢F 81+  6¢+F o+ 6T0F ¥+ ¥eT ¢z+ ‘xouoy %¢0
L'881 811 0°L6T 0'¢e 0°8%3 (3] 89°¢ 2'0% g'08 €09 wor  pro pusesurred %y, 0€%1
18F 01+  T18F g%+ r1o1+ 90F g1+ g1+ L1+ 90F
G693 ¥'81 8118 '8y 098 66 18°¢ ¥'%c 0°LL 9'68 J 01
I'9F 9°0F gsT 0z+  19F 80+ ezoF+ 19T egeF gozF xouoT %80
9'182 9°G1 6605 ¢'Le ¥'0%6 96 IL'E L'ge 0'y8 £09 w01 ‘To pewsesuaied % 63F1
p/3w 3y/8w 8y/Sw  By/Fwm 3w 3 3 8 8
1e30% deAny
0% ojoym ut JOAT] SYOOMQ EJOoMQ 31838 dnosd ur
JoI9989[OY0 19989 91] 19980 [810%  [®B103 J0 uwuwd  Jeye 98  s[euIue §011811870%818YD ‘ou
ey IBATI] Ul [OI0IS3[O0YD U3rep 1S Sem Lpog Jo 'oN 101 dnoxn

P 98 UjIM ‘UILIOS PUB JOAT] UT [018780[0Y0 PUe ‘Iydlem Jeal] “yySiom Apoq jo sonpea usoly "g91 ¥ seueg *dxq "yeT o[98,



234 Zeitschrift fiir Erndhrungswissenschaft, Band 13, Heft 4

From Exp. Series G 155 (table 8 A) it is seen that addition of 0.125%6
cholesterol was not sufficient to produce significant increases of liver
cholesterol. Increases began in the group receiving 0.25%0 cholesterol, and
very great increases occurred in both sexes in the group receiving 0.5%0
cholesterol. Here, the mean values of total cholesterol were above 2000 mg
per 100 g liver, and the percentage of esterified cholesterol in total choles-
terol were about 90.

Since individual sterols were not determined in the groups receiving
commercial lanosterol (table 8 A), 7-dehydrocholesterol (table 8A) and
ergosterol (table 12A), the values for “liver cholesterol” in these groups
are subject to reservations similar to those holding for “serum cholesterol”.

In Exp. Series G 158 (table 9 A), squalene, 1% and 0.5%, caused mod-
erate but significant increases of liver cholesterol in the male hamsters but
not in the females. In Exp. Series G 157 (table 8 A), the increase of liver
cholesterol obtained with 1% squalene was not significant in the males,
and in the females it was negative.

Distilled menhaden oil fatty acid ethyl esters 1% (table 8 A) caused
significant decreases in liver cholesterol in males an females in G 157,
but this was not confirmed in G 158 (table 9 A).

Replacement of dietary glucose with rice starch (table 9A) did not
lead to significant changes of liver cholesterol.

Thus, protection against production of cholesterol containing gallstones
has occurred both with greatly increased and with largely unaltered con-
tents of cholesterol in the liver.

4. Other observations

Since in many of our earlier experiments which were carried out with
hamsters from our own breeding colony, the weight of the testes varied
greatly from time to time, the weight of the testes was also recorded in
the present experiments. It was found to be between 1.0 and 1.6 g at the
end of each experiment.

Summary

Dietary squalene was found to counteract formation of cholesterol contain-
ing gallstones in young hamsters.

Complete or almost complete protection against production of cholesterol
containing gallstones could be obtained in hamsters of both sexes by addition
of 1% squalene, 1% cholesterol or 1% distilled menhaden oil fatty acid ethyl
esters to the gallstones producing diet used, or by substitution of rice starch
for glucose in this diet.

Contrary to dietary cholesterol, dietary squalene did not stimulate produc-
tion of amorphous gallstones in the female hamsters.

The incidence of amorphous gallstones in the female hamsters was high
already at the 0.5%s level of dietary cholesterol.

Commercial soybean sterols and 7-dehydrocholesterol fed at the 1% dietary
level, and ergosterol fed at the 0.5% dietary level afforded some protection
against production of cholesterol containing gallstones, but the degree of pro-
tection obtained with these sterols was less than that which could be obtained
with cholesterol fed at the same dietary levels. In the group of hamsters fed
ergosterol, small needle-shaped crystals could be observed in this bladder bile
of several of the animals not having gallstones.
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Commercial lanosterol fed at the 1% level, and cholestanol fed at levels
of 0.125%, 0.5% and 1% furthered production of cholesterol containing gall-
stones. The cholesterol containing gallstones produced in hamsters fed choles-
tanol contained some cholestanol besides cholesterol.

With all the protective agents tested, complete protection against production
of cholesterol containing gallstones was particularly easy to obtain in the male
hamsters. With the unsupplemented basal diets which contained a moderate
amount of fat (7% or 10% palmkernel oil or 8% butter fat), in order to facili~
tate intestinal absorption of sterols, the incidence of cholesterol containing
gallstones also was lower among the male than among the female hamsters.
This cireumstance is ascribed to the origin and preexperimental feeding of the
hamsters used in the present study.

Protection against production of cholesterol containing gallstones was
accompanied: 1. by lowered serum cholesterol in the groups fed distilled men-~
haden oil fatty acid ethyl esters or the diet with rice starch instead of glucose,
2. by greatly increased serum cholesterol in the groups fed cholesterol, and
3. by largely unalfered serum cholesterol in the groups fed squalene.

Protection against production of cholesterol containing gallstones was ac-
companied: 1. by inconsistently lowered liver cholesterol in the groups fed
distilled menhaden oil fatty acid ethyl esters, 2. by largely unaltered liver
cholesterol in the group receiving the diet with rice starch instead of glucose,
3. by greatly increased liver cholesterol in the groups fed cholesterol, and
4, by inconsistently increased or unaltered liver cholesterol in the groups fed
squalene.

The cause of the protection against production of cholesterol containing
gallstones obtained by addition of squalene, cholesterol or distilled menhaden
oil fatty acid ethyl esters to the gallstone producing diet or by substitution
of glucose by rice starch in the diet is discussed. Inhibition of biosynthesis of
cholesterol in the liver is held to be the most likely cause.

Zusammenfassung

Squalen, mit der Nahrung eingegeben, schiitzt junge Hamster vor Bildung
von cholesterinhaltigen Gallensteinen.

Vollstandige oder fast vollstindige Schutzwirkung gegen Bildung von chole-
sterinhaltigen Gallensteinen konnte in Hamstern von beiden Geschlechtern
erreicht werden durch Zugabe von 1% Squalen, 1% Cholesterin oder 1%
destillierten Athylestern von Menhaden-Ol-Fettsduren zu der Nahrung, die
Gallensteine hervorruft, oder durch Austausch der in der Nahrung enthaltenen
Glucose durch Reisstirke.

Im Gegensatz zu Cholesterin, das mit der Nahrung eingegeben wird, be-
wirkte mit der Nahrung zugefiihrtes Squalen nicht erhéhte Bildung von amor-
phen Gallensteinen in den weiblichen Hamstern.

Schon bei einem Gehalt von 0,5% Cholesterin in der Nahrung war das
Vorkommen von amorphen Gallensteinen in den weiblichen Hamstern be-
trichtlich.

Handelsiibliche Sojabohnen-Sterine und 7-Dehydrocholesterin je in der
Hohe von 1% der Nahrung und Ergosterin in der Hohe von 0,5% der Nah-
rung zeigten Schutzwirkung gegen Bildung von cholesterinhaltigen Gallen-
steinen. Die mit diesen Sterinen erreichte Schutzwirkung war aber geringer als
jene, die man mit Cholesterin in denselben Héhen erreichen konnte.

Ein Handelsprodukt von Lanosterin in der Hthe von 1% der Nahrung und
Cholestanol (Dihydrocholesterin) in den Hthen von 0,125%., 0,5% und 1% f6r-
derten die Bildung von cholesterinhaltigen Gallensteinen. Die cholesterinhal-
tigen Gallensteine der mit Cholestanol gefiitterten Hamster enthielten auBler
dem Cholesterin auch etwas Cholestanol.
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Mit samtlichen untersuchten Agenzien, die eine Schutzwirkung zeigten, war
es besonders leicht, volle Schutzwirkung gegen Bildung von cholesterinhaltigen
Gallensteinen in den méinnlichen Hamstern zu erreichen. Mit den nichtsupple-
mentierten Basalnahrungen, welche, um die Darmresorption der Sterine zu
erleichtern, eine miBige Menge von Fett (7% oder 10%e Palmkernsl oder 8%
Butterfett) enthielten, war die Inzidenz von cholesterinhaltigen Gallensteinen
auch geringer unter den ménnlichen als unter den weiblichen Hamstern. Eine
Erkldarung hierfiir ist wahrscheinlich in dem Ursprung und der Fiitterung der
Hamster vor dem Versuch zu finden.

Die Schutzwirkung gegen Bildung von cholesterinhaltigen Gallensteinen
wurde begleitet von: 1. herabgesetztem Serum-Cholesterin in den Gruppen, die
die Nahrung mit Zugabe von destillierten Athylestern von Menhaden-0l-Fett-
sduren oder die Nahrung mit Reisstiirke anstatt Glucose erhielten, 2. mit sehr
erhdhtem Serum-Cholesterin in den mit Cholesterin gefiitterten Gruppen und
3. mit im wesentlichen unverindertem Serum-Cholesterin in den mit Squalen
gefiitterten Gruppen.

Die Schutzwirkung gegen Bildung von cholesterinhaltigen Gallensteinen
wurde begleitet von: 1. unregelmiBig herabgesetztem Leber-Cholesterin in den
Gruppen, die die Nahrung mit Zugabe von destillierten Athylestern von Men-
haden-0l-Fettsduren erhielten, 2. mit im wesentlichen unverindertem Leber-
Cholesterin in der Gruppe, die die Nahrung mit Reisstérke anstatt Glucose
erhielt, 3. mit sehr erhhtem Leber-Cholesterin in den mit Cholesterin gefiitter-
ten Gruppen und 4. mit unregelmifBig erhéhtem oder im wesentlichen unver-
dndertem Leber-Cholesterin in den mit Squalen gefiitterten Gruppen.

Dije Ursache der Schutzwirkung gegen Bildung von cholesterinhaltigen Gal-
lensteinen, die man durch Zugabe von Squalen, Cholesterin oder destillierten
Athylestern von Menhaden-Ol-Fettsduren oder durch Austausch von Glucose
durch Reisstdrke in der Nahrung erreicht, wird erodrtert. Hemmung der Bio-
synthese von Cholesterin in der Leber wird als die wahrscheinlichste Erkld-
rung angenommen.
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