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The fact that ingestion of cholesterol in an easily absorbable form such as egg
yolk tends to increase serum cholesterol in man is well established (1), but the possible
influence of dietary cholesterol on the composition of human bile does not seem to
have been examined. :

The experiments described in the present paper were carried out in order to
ascertain whether daily intake of a substantial amount of cholesterol in the form of
whole eggs markedly influences the composition of bile in healthy subjects especially
with respect to the molar percentages of each of the main bile acids in the total bile
acids and the molar ratios between total bile acids and cholesterol, between lipid-
soluble phosphorus and cholesterol, and between total bile acids and lipid-soluble
phosphorus.

Experimental

Nine healthy volunteers, 19 to 22 years of age, received diets furnishing from 5 to 10
eggs per day through two consecutive periods of 3 weeks. The constituents of the daily
rations were adjusted so as to keep the total amounts of protein and fat constant at 20 and 42
calorie per cent respectively. Further, the daily intake of calories was adjusted with a view
to enable each volunteer to maintain constant body weight during the experiment.

Preparation and administration of the diets were undertaken by the Diet Kitchen of the
Medical Department A of the University Hospital.

Examples of the diets used are shown in table 1 A. The volunteers were allowed to drink
water, tea and coffee without sugar and cream. Other food items than those shown in the
table were not introduced in any of the diets.

It was not considered necessary to begin the experiments with a period in which the
subjects received a fixed diet without eggs, because continuous intake of 5 to 10 eggs per
day is quite unusual and furnishes a much larger amount of cholesterol than does any com-
monly used diet. Further, previous experiments (2) had failed to show any significant change
of the data to be determined in the present study as a consequence of replacing butter with a
high-linoleic acid margarine.

Immediately before, and 3 and 6 weeks after beginning of the egg regimen, samples of
duodenal bile were collected fasting after intravenous injection of cholecystokinin. Those
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fractions of the bile samples having a pH higher than 6,9 were analyzed for bile acids, chole-
sterol and lipid-soluble phosphorus.

The methods for collection and analysis of the bile samples were as described in our
previous studies (2, 3).

Simultaneously with the collection of bile, blood samples were taken for determination
of serum total cholesterol.

Collection of bile was performed in the Gastro-enterological Laboratory, determination
of serum cholesterol in the Central Laboratory of the University Hospital. Analysis of bile
was undertaken in the Department of Biochemistry and Nutrition of the Polytechnic Institute
to which the bile samples were speedily transferred.

The eggs used were chicken eggs of the Danish type ,,C*, weighing from 55 to 60 g with
shell. Their content of cholesterol was found to be 206 mg per egg. Estimates of the volun-~
teers’ daily intake of egg-cholesterol were based on this figure.

The cholesterol content was determined by hard-boiling of 6 eggs, cooling and division
of each yolk in quarters by weight. One quarter from each yolk were combined and treated
with 100 ml 609, KOH (w/v) on boiling water bath for 3 hours. The non-saponifiable fraction
was shaken out quantitatively with ether. After washing with alkaline water and distilled
water to neutrality, the ethereal solution was dried with anhydrous sodium sulfate, evaporated
to dryness and dissolved in chloroform. The LIEBERMANN-BURCHARD reaction was performed
on an aliquot of the solution as described previously (4) whereafter the absorbancy at 625 nm
was measured and compared with the absorbancy obtained with a standard of pure choleste-
rol. Earlier one of us (5) had found a content of 239,5 mg total cholesterol per egg for chicken
eggs of the size used in the present experiment. The commonly used food tables by Soucy,
FacaManN & Kraut (6) indicate 238 mg cholesterol for eggs of the size in question.

Results and Discussion

The results are shown in tables 1-12.1)

Table 1 shows the amounts of egg cholesterol consumed and the variation of
serum cholesterol during the egg regimen.

Table 2 shows pH, per cent Dry Matter, and the millimolarities of Cholesterol
(C), Lipid-soluble Phosphorus (P), and Total Bile Acids (TBA) in the bile samples
before and after 3 and 6 weeks of egg diet. TBA is taken as the sum of Glycocholic
Acid (GC), Glycochenodeoxycholic Acid (GCD), Glycodeoxycholic Acid (GD),
Taurocholic Acid (TC), and Taurochenodeoxycholic plus Taurodeoxycholic Acids
(TCD -+ TD). (If it had been possible to determine other bile acids that are present in
small amounts, the value for TBA would have been a little higher).

Tables 3-7 show the molar percentages of GC, GCD, GD, TC and TCD + TD
in TBA.

Tables § and 9 show the molar ratios between Glycine-conjugation and Taurine-
conjugation (G/T), and between Dihydroxycholanoic Acids and Trihydroxycholanoic
Acids (Di/Tri), respectively.

Tables 10-12 show the other ratios to be considered.

From table 1 it is obvious that the egg diet produced a more or less pronounced
increase of serum total cholesterol, apparently without marked relation to the quan-
tity of cholesterol consumed per kg body weight. The mean value of serum cholesterol
was higher after 6 weeks than after 3 weeks. For one of the volunteers (LVM), whose

1) In tables 1 and 3-12, figures in parenthesis indicate per cent of the values before the egg
diet.
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body weight declined during the experiment, serum cholesterol remained practically
constant. '

The mean value of the molar precentage of GC in TBA is almost exactly the
same after 3 and 6 weeks of egg diet as before the diet (table 3).

The mean values of the molar percentage of GCD and TCD + TD in TBA are
also nearly the same after 3 and 6 weeks of diet as before the diet (tables 4 and 7).

The mean value of the molar percentage of GD in TBA seems to increase some-
what during the dietary reginem (table 5), and the mean value of the molar percentage
of TC in TBA seems to decrease from the beginning to 3 weeks of diet and to remain
at the same level after 6 weeks as after 3 weeks (table 6). Increase of GD and decrease
of TC would mean a change in the direction of increased solubility of cholesterol in
the bile, since among the six bile acids in question, GD is the most efficient, and TC
the least efficient solubilizer for cholesterol in aqueous solution. (studies to be publish-
ed later). It is, however, difficult to determine, whether the moderate increase of
GD and the moderate decrease of TC represent significant changes, because, in the
present experiment there is only one bile sample for each volunteer before the diet.

As far as the molar ratios G/T (table 8) and Di/Tri (table 9) are concerned, there
is no obvious variation of the mean values during the dietary reginem.

The molar ratio TBA/C (table 10) was increased in 6 out of the 9 cases after 3
weeks and in 7 cases after 6 weeks on egg diet. The mean value of this ratio was
slightly increased after 3 weeks and more after 6 weeks.

The molar ratio P/C (table 11) was increased in 7 out of the nine cases after 3
weeks and in 8 cases after 6 weeks, The mean value of P/C was slightly increased after
3 weeks and slightly higher after 6 weeks than after 3 weeks.

The mean value of the molar ratio TBA/P (table 12) did not show any consistent
change (decrease after 3 weeks, increase after 6 weeks).

The mean value after 6 weeks was completely normal (compare reference 3).

All in all, the results of the present study do not give support to the assumption
that liberal supply of cholesterol in the form of eggs changes the composition of the
bile in a direction which is unfavorable to maintaining cholesterol in solution. The
predominant, although moderate changes found, rather point in the opposite direction.

In the absence of direct observation on the effect of dietary cholesterol on gall-
stone formation in man it may be of some interest to mention the results of certain
studies on the influence of ingested cholesterol on gallstone formation in experimental
animals.

In young hamsters, addition of 1% cholesterol to a gallstone inducing diet has
been found to decrease the incidence of cholesterol gallstones in both sexes and to
increase the incidence of amorphous pigmented gallstones among the females (7).

In mice, cholesterol feeding has been found to produce cholesterol gallstones,
only when cholic acid was also ingested (8).

According to an earlier less detailed report (9) addition of 1% cholesterol to a diet
for guinea pigs caused production of gallstones ,,rich in calcium phosphate although
they contained some cholesterol.

Thus, in three mammalian species, ingestion of cholesterol not accompanied by
cholic acid did not produce formation of gallstones in which cholesterol is the major
component, but in hamsters and guinea pigs it favored formation of gallstones of
other types.
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Table 2. pH, per cent of Dry Matter, and millimolarities of Cholesterol (C), Lipid-soluble
Phosphorus (P), and Total Bile Acids (TBA) in the bile samples before and during the egg

regimen.
Volunteer Sample pH Dry matter C P TBA

% (W:v) mM mM mM
LT Before diet 6,9 4,2 1,9 5,9 28,2
LT 3 weeks on diet 7.3 9,4 7,7 21,5 78,1
LT 6 weeks on diet 7,8 9,5 53 17,7 69,0
TH Before diet 7,1 5,6 4,1 10,7 428
TH 3 weeks on diet 7.5 53 31 8,8 38,0
TH 6 weeks on diet 7.1 6,5 3,3 16,3 41,4
™ Before diet 7,9 39 2,2 5,0 24,8
IM 3 weeks on dict 7,6 3,7 2,7 7,3 27,0
IM 6 wecks on dict 7,5 3,1 1,6 4,3 26,6
HH Before diet 71 2,3 2,2 4,5 11,9
HH 3 weeks on diet 7,3 5,1 4,2 10,0 27,9
HH 6 weeks on diet 7,7 3,1 2,2 8,5 24,8
NM Before dict 71,5 4,7 3,0 9,2 38,2
NM 3 weeks on diet 7,8 7.3 2,6 12,1 35,0
NM 6 weeks on dict 7.5 58 2,2 8,5 37,0
LVM Before diet 8,0 10,5 8,6 19,9 74,5
LVM 3 weeks on diet 7.4 5,1 3,3 9,7 40,1
LVM 6 weeks on diet 1,6 6,7 6,5 13,6 51,0
RE Before diet 1,5 52 4.0 8,4 27,8
RE 3 weeks on diet 72 51 30 7,5 28,6
RE 6 weeks on diet 7,9 5,1 2,8 7.1 25,3
HP Before diet 7,4 4,4 34 10,3 34,5
HP 3 weeks on dict 13 6,2 4,9 14,6 37,6
HP 6 weeks on diet 7,0 52 3,0 10,5 48,0
LRH Before diet 7,6 54 4,7 11,6 20,1
LRH 3 weeks on diet 6,9 7,0 54 15,1 35,2
LRH 6 weeks on diet 7,3 438 4.4 11,5 29,3

Table 3. Mol per cent Glycocholic Acid in Total Bile Acids (100 GC/TBA)

Volunteer Before diet 3 weeks on diet 6 weeks on diet
LT 13,2 16,8 (128) 15,5 (117)
TH 30,7 27,9 ( 91) 23,5(77)
IM 12,5 15,5 (124) 20,8 (166)
HH 15,0 25,9 (173) 14,9 ( 99)
NM 34,6 31,6 ( S1) 19,7 ( 57)
LVM 35,1 29,8 ( 85) 43,7 (124)
RE 20,7 11,1 ( 54) 23,5 (113)
HP 28,2 21,8( 77) 12,7 ( 45)
LRH 12,5 25,7 (206) 26,9 (215)

Mean value 22,5 22,9 224
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Table 4. Mol per cent Glycochenodeoxycholic Acid in Total Bile Acids (100 GCD/TBA)

Volunteer Before diet 3 weeks on diet 6 weeks on diet
LT 17,6 16,5 ( 94) 22,5 (128)
TH 24,1 20,0 ( 83) 22,9 ( 95)
IM 13,7 14,3 (104) 15,0 (110)
HH 18,7 18,2 ( 97) 24.1 (129)
NM 20,0 14,4 ( 72) 13,7 ( 69)
LVM 18,4 30,9 (168) 6,3 ( 34)
RE 36,6 17,6 ( 48) 19,9 ( 54)
HP 4,3 23,2 (540) 18,3 (426)
LRH 20,6 13,2 ( 64) 23,7 (115)
Mean value 19,3 18,7 18,5

Table 5. Mol per cent Glycodeoxycholic Acid in Total Bile Acids (100 GD/TBA)

Volunteer Before diet 3 weeks on diet 6 weeks on diet
LT 21,4 19,8 ( 92) 16,8 ( 79)
TH 15,1 18,2 (120) 28,9 (191)
M 23 6,6 (287) 5,9 (256)
HH 12,6 11,2 ( 89) 21,1 (168)
NM 9,7 72( 74) 13,1 (135)
LVM 3,6 7,6 (211) 10,6 (294)
RE 18,2 36,7 (202) 27,9 (153)
HP 19,7 14,3 ( 73) 9.6 ( 49)
LRH 16,5 21,5 (130} 16,4 (100)
Mean value 13,2 15,9 16,7

Table 6. Mol per cent Taurocholic Acid in Total Bile Acids (100 TC/TBA)

Volunteer Before diet 3 weeks on diet 6 weeks on diet
LT 14,1 15,3 (108) 12,1 ( 86)
TH 10,5 12,8 (122) 9,9 ( 94)
M 37,6 26,8 ( 71) 30,9 ( 82)
HH 20,9 17,2 ( 82) 9,1 ( 43)
NM 14,4 11,5 ( 80) 13,8 ( 96)
LVM 21,7 11,8 ( 54) 14,2 ( 65)
RE 11,0 7,1 ( 64) 6,0 ( 55)
HP 21,7 15,0 ( 69) 22,0 (101)
LRH 19,4 12,3 ( 63) 11,8 ( 61)

Mean value 19,0 14,4 14,4
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Table 7. Mol pef cent Taurochenodeoxycholic Acid + Taurodeoxycholic Acid in Total

Bile Acids (100 (TCD + TD/TBA))

Volunteer Before dict 3 weeks on diet 6 weeks on diet
LT 33,7 31,6 ( 94) 33,1 ( 98)
TH 19,7 21,1 (107) 14,9 ( 76)
M 33,9 36,8 (108) 27,3 ( 80)
HH 32,9 27,5( 84) 30,8 ( 93)
NM 21,3 35,3 (166) 39,8 (186)
LVM 21,2 19,9 ( 93) 25,3 (119)
RE 13,4 27,6 (206) 22,7 (170)
HP 26,2 25,7 ( 98) 37,4 (143)
LRH 31,2 27,3 ( 87) 21,2 ( 68)
Mean value 25,9 28,1 28,1

Table 8. Molar ratio Glycine-conjugation / Taurine-conjugation (Ratio G/T)

Volunteer Before diet 3 weeks on diet 6 weeks on diet
LT 1,10 1,13 (103) 1,22 (111)
TH 2,31 1,95 ( 85) 3,04 (132)
M 0,40 0,57 (142) 0,72 (180)
HH 0,86 1,24 (144) 1,51 (176)
NM 1,82 1,14 ( 63) 0,87 ( 48)
LVM 1,33 2,16 (163) 1,53 (115)
RE 3,09 1,88 ( 61) 2,49 ( 81)
HP 1,09 1,46 (134) 0,68 ( 62)
LRH 0,98 1,52 (155) 2,03 (207)
Mean value 1,44 1,45 1,57

Table 9. Molar ratio Dihydroxycholanoic acids / Trihydroxycholanoic acids (Ratio Di/Tri)

Volunteer Before diet 3 weeks on diet 6 weeks on diet
LT 2,67 2,12 ( 80) 2,63 ( 99)
TH 1,43 1,46 (102) 2,00 (140)
M 1,00 1,36 (136) 0,93 ( 93)
HH 1,79 1,20 ( 67) 1,19 ( 67)
NM 1,04 1,51 (145) 1,99 (191)
LVM 0,76 1,40 (184) 0,73 ( 96)
RE 2,15 4,52 (210) 2,40 (112)
HP 1,73 1,72 (170) 1,88 (109)
LRH 2,13 1,63 (77 1,59 ( 75)
Mean value 1,63 1,88 1,70
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Table 10. Molar ratio Total Bile Acids / Cholesterol (Ratio TBA/C)

Volunteer Before diet 3 weeks on diet 6 weeks on diet
LT 14,83 10,15 ( 69) 13,06 ( 88)
TH 10,46 12,12 (116) 12,41 (119)
IM 11,51 10,13 ( 88) 16,33 (142)
HH 5,52 6,62 (120) 11,25 (204)
NM 12,62 13,69 (108) 16,81 (133)
LVM 8,68 12,13 (140) 7,87 ( 91)
RE 6,96 9,63 (138) 9,08 (130)
HP 10,20 7,68 ( 75) 15,82 (155)
LRH 4,29 6,49 (151) 6,66 (155)
Mean value 9,45 9,85 12,14

Table 11. Molar ratio Lipid-soluble Phosphorus / Cholesterol (Ratio P/C)

Volunteer Before diet 3 weeks on diet 6 weeks on diet
LT 3,09 2,80 ( 91) 3,35 (108)
TH 2,61 2,79 (107) 4,88 (187)
IM 2,33 2,75 (118) 2,66 (114)
HH 2,10 2,37 (113) 2,68 (128)
NM 3,03 4,74 (156) 3,87 (128)
LVM 2,31 2,93 (127) 2,11 ( 91)
RE 2,10 2,54 (121) 2,55 (121)
HP 3,04 2,98 ( 98) 3,45 (113)
LRH 2,48 2,79 (113) 2,60 (105)
Mean value 2,57 2,97 3,12

Table 12. Molar ratio Total Bile Acids / Lipid-soluble Phosphorus (Ratio TBA/P)

Volunteer Before diet 3 weeks on diet 6 weeks on diet
LT 4,79 3,63 ( 76) 3,90 ( 82)
TH 4,01 4,33 (108) 2,54 ( 63)
M 4,95 3,69 ( 75) 6,13 (124)
HH 2,63 2,79 (106) 4,20 (160)
NM 4,15 2,89 ( 70) 4,34 (105)
LVM 3,76 4,14 (110) 3,74 (100)
RE 3,31 3,79 (115) 3,56 (108)
HP 3,36 C o 258(7D) 4,59 (136)
LRH 1,73 2,33 (136) 2,56 (148)

Mean value 3,64 3,35 3,95
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Summary

Nine healthy young volunteers received diets furnishing from 5 to 10 eggs (1.03-2.06g egg
cholesterol) per day through two consecutive periods of 3 weeks. The amounts of proteins
and fat per 100 calories were the same in all the diets.

Immediately before, and 3 and 6 weeks after beginning of the egg regimen, samples of
duodenal bile were collected, after injection of cholecystokinin, and analyzed with respect
to pH, dry matter, cholesterol, lipid-soluble phosphorus, glycocholic acid, glycochenodeoxy-
cholic acid, glycodeoxycholid acid, taurocholic acid and taurochenodeoxycholic plus
taurodeoxycholic acids. Simultaneously with the collection of bile, blood samples were taken
for determination of serum total cholesterol. The main results were as follows:

Serum total cholesterol increased during the egg regimen.

In the bile no great changes occurred in the distribution of the different bile acids in the
total bile acids. The predominant change of the ratios between total bile acids and cholesterol
and between lipid-soluble phosphorus and cholesterol was a slight to moderate increase.

Thus, the results did not provide evidence for a lessening of the solubility of cholesterol
in the bile in spite of the fact that serum cholesterol increased.

Zusammenfassung

Neun junge gesunde Versuchspersonen erhielten wihrend zwei aufeinander folgenden
Perioden von je 3 Wochen Didten, welche 5 bis 10 Eier (1.03-2.06 g Ei-Cholesterin) pro Tag
zufithrten. Die Mengen von Protein und Fett pro 100 Calorien waren in allen Diiten gleich-
bleibend.

Unmittelbar vor und 3 und 6 Wochen nach dem Beginn der Ei-Diiit wurde Duodenal-
Galle, nach Injektion von Cholecystokinin, gesammelt. Die Gallen wurden auf pH, Trocken-
substanz, Lipid-Phosphor, Glycocholsidure, Glycochenodesoxycholsiure, Glycodesoxychol-
siure, Taurccholsiure und Taurochenodesoxycholsidure plus Taurodesoxycholsidure analy-
siert. Gleichzeitig mit der Aufnahme von Duodenal-Galle wurden Blutproben fiir Bestim-
mung von Gesamt-Cholesterin im Serum entnommen.

Die Hauptergebnisse waren:

Mehr oder weniger ausgepriigte ErhShung des Gesamt-Cholesterins im Serum.

In der Galle wurde keine erhebliche Verinderung in der Verteilung der einzelnen Gallen-
siuren in den Gesamt-Gallensiuren festgestellt. Die vorherrschende Verinderung der Ver-
hiltnisse zwischen Gesamt-Gallensiuren und Cholesterin, und zwischen Lipid-Phosphor
und Cholesterin war eine geringe bis missige Erhéhung.

Die Versuche deuten somit nicht darauf, daB die Einnahme von Eiern eine Minderung
der Loslichkeit des Cholesterins in der Galle herbeigefiihrt hat.

References

1. Editorial: Dietary cholesterol and serum lipids in man, Nutr. Reviews 19, 293 (1961). —
2. Dam, H., I. Krusg, M, KroGH JENSEN & H. E. KALLEHAUGE, Scand. J. clin. Lab. Invest.
19, 367 (1967). — 3. Dam, H., 1. Krusg, I. PRANGE, H. E. KALLEHAUGE, H. J. FENGER & M.
KRroGH JENsEN, Z. Erndhrungswiss. 10, 160 (1971). — 4. Dawm, H., L. PRANGE & E. S@NDER-
GAARD, Acta Pathol. Microbiol. Scand. 31, 172 (1952). — 5. Dawm, H., Biochem. Z. 215, 475
(1929). — 6. Souct, S. W., W. FAcCHMANN & H. KrauT, Die Zusammensetzung der Lebensmit-
tel. Ndhrwert-Tabellen, (Stuttgart 1962-1964). — 7. DaMm, H., I. PRANGE & E. SGNDERGAARD,
Z. Ernadhrungswiss. 9, 43 (1968). — 8. TEPPERMAN, J., F. T. CALDWELL & H. M. TEPPERMAN,
Amer. J. Physiol. 206, 628 (1964). — 9. OkEY, R., Proc. Soc. Exp. Biol. Med. 51, 341 (1942).

Authors’ address:
Prof. Dr. H. DaMm et al.
@stervoldgade 10L II, DK-1350 Copenhagen (Denmark)



