
174 Zeitschri/t ]iir Erniihrungswissenscha]t, Band 5, He/t 3-4 

Ern~ihrungsforschung 8, H. 4, 715 (1963). --  14. PE~c~'v, P., Erni~hrungsforschung 8, 
It .  4, 604 (1963). --  15. RAVEIr H., Biochemisehes Taschenbuch, Nghrwerttabellen von 
K~AVT, I-I., H. B~AMS~L und W. Wn~T~s (Berlin-GSttingen-Heidelberg 1956). --  
16. SZCZ~'OI~L, A., :Ern~hrungsforschung 8, H. 4, 659 (1963). --  17. T),~X~, R., Ern~h- 
rungsforschung 8, H. 4, 676 (1963). --  18. WIaTHS, W., Wandel der Ern~hrungsgewolm- 
heiten, ihre Ursachen und Wirkungen auf  Nahrungsmittel- mid Konservierungsforschung, 
das Nahrungsmittelgewerbo und den Handel mit  Giitern der Ern~hrungswirtschaft, 
I~ndesausschul3 fiir ]andwirtsehaftliehe Forschung, Erziehung und Wirtsehaftsberatung 
beim Ministerium ffir ErnKhrung, Landwirtschaft mid Forsten des Landes Nordrhein- 
Westfalen (Diisseldorf 1963). --  19. WhiTeS, W., Agrarwirtsehaft 12, H. 6, 153 (1963). -- 
20. Britisch Medical Association, Report  of the Committee on Nutrition (London 1950). --  
21. Canadian Council on Nutrition, Bulletin Nutrition 2, 1 (1950). --  22. Die wiinsehens- 
werte t tShe der Nahrungszufuhr, Empfehlungen des Aussehusses fiir Nahrungsbedarf der 
Deutschen Gesellschaft fiir Erniihrung e. V, Frankfltrt/SL, 2. iiberarb. Ausgabe (Frank- 
furt/M. 1962). -- 23. Einzelschriften zur Statistik des Deutschen Reiches, Nr. 22/I, Die 
Lebenshaltung yon 2000 Arbeiter-, Angestelltcn- und Beamtenhaushaltungen - Er-  
hebungen yon Wirtsehaftsrechnungen im Deutschen Reich vom Jahre 1927]28, Stati- 
stisehes Rcichsamt (Berlin 1932). --  24. Food and Agriculture Organization of the United 
:Nations, Production Yearbook 16, 1962 (Rome 1963). - -  25. Kleine Nghrwerttabelle, 
[dcr Deutschen Gesellschaft fiir El~iihrung, zusammengest, v. W. WmT~S] 12. verbr. 
Auflage (l~rankfurt/M. 1964). --  26. Recommended Dietary Allowances, Food and 
Nutrition Board, National Research Council, No. 129, Oct. 1948 (Washington, D. C. 
1948) ; Publication 302, Revised 1963 (Washington, D. C. 1953) ; Publication 589, l~v i sed  
1958 (Washington, D. C. 1958) ; Publication 1146, Sixth Revised Edition 1964 (Washington, 
D. C. 1964). --  27. Statistisches Bundesamt Wiesbaden, Preise, L6hne, Wirtsehaftsrech- 
nungen, Rcihe 13 - Wirtschaftsrectmm~gen, Verbrauch in Arbeitnehmerhs, ushalten 1937, 
Tell I ;  Einze]hausha]te, Sdhft. 4 (1960). - -  28. Statistisches Bundesamt Wiesbaden, Preise, 
LShne, Wirtschaftsreehnungen, Reihe 13 - Wirtschaftsrechnungen, Verbraueh in Haus- 
halten yon Arbeitern der Montan-Industrien 1956/57, Sdhft. 5 (1961). - -  29. Statistisehes 
Bundesamt Wiesbaden, Preise, L51me, Wirtsehaftsrechnungen, Reihe 13 - Wirtschafts- 
rechnungen, I. Verbrauch in Arbeitnehmerhaushalten 1961 (1962). --  30. Voorliehtings 
bureau voor de Voeding, Nederlandes Voedingsmiddelen Tabel (1961). 

Anschrift dcr Verfasser: 
Priv.-Doz. Dr. WILI, I WUtTHS, Dipl.-Vv. H~.R~ItV BRAMSEL, l~ax-Planck-Institut fttr Ern~thrungsphysiologie, 

Dortmund,  Rhcinlanddamm 201 

From the .Department of Biochemistry and Nutrition, Polytechnic Institute 
Copenhagen ( De~nmar]c) 

The effect of  orally ingested cerebroside on the excretion 
of coprostanol in cholesterol-fed rats 

B y  I .  B n R c  HA~SE~*) ,  A. SNoG-KJAER, I .  PRANGE, G. HOLMER, 
E .  S O ~ D ~ G A A ~ D  a n d  H .  DAM 

With 4 tables 

(Received August 27, 1964) 

R O S ] ~ H n ~  a n d  W]~]~STER (1941) s h o w e d  t h a t  in  rat,s f ed  cho les te ro l  (e.g.,  
138-200  m g  per  ra~ pe r  day) ,  t h e  e x c r e t i o n  o f  c o p r o s t a n o l  was  g r e a t e r  w h e n  
cho le s t e ro l  was  i n g e s t e d  t o g e t h e r  w i t h  d r i e d  cho les te ro l - f ree  b r a in  (1 .0-1 .6  g) 

*) Present address: Makerere University College, Kampala (Uganda). 
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or with the cerebroside phrenosine  (300 or 330 rag) t h a n  when cholesterol was 
fed together  with dried cholesterol-free tissues such as pancreas,  kktney,  l iver 
or horse flesh. 

CARI~OLL (1960) examined the effect of cerebroside prepara t ions  on stcrol 
excret ion in rats  fed diets wi thout  added cholesterol and  found  tha t  the  ex- 
cretion of fecal LIEBERMA~a~-BoRcI~ARD-positive sterols (mainly  cholesterol) 
was greater when cerebrosidcs were h~gested. The fa t ty  acid esters ob ta ined  by  
hydrolyz ing  the cercbrosides had a similar b u t  less marked  effect on the  ex- 
cretion of LB-posi t ive  sterols. 

J o n E s  et al. (1953) found  tha t  ingest ion of a lipid-poor and  cholesterol-free 
residue of b ra in  mi t iga ted  hypercholesterolemia and  atherosclerosis in chol- 
esterol-fed chicks. Fur ther ,  JoN~s et al. (1961) found tha t  the rate  of disappea- 
rance of l~C-total ac t iv i ty  of serum cholesterol in two pat ients  after  receiving 
1-~4C sodium acetate  was increased by  ingest ion of cerebroside. They  ascribed 
these effects to the abi l i ty  of cerebrosides to b ind  fecal sterols and  bile acids 
sufficiently to prevent  their  rcabsorpt ion and  promote their  fecal excretion. 

Pure  cerebrosides are no t  easy to prepare in subs tan t ia l  quan t i ty .  However,  
th rough the courtesy of Professor E. KT.ESK, Physiologisch-Chemisches I n s t i t u t  
der Universi t / i t ,  KSln,  we have received a q u a n t i t y  of sterol-free cerebroside 
prepared in  his l abora tory  from brain.  Thereby  we have been able to repeat  
ROSE~g~IM and  WEBSTEg'S exper iments  in  a sl ightly modified form, a nd  to 
provide more comprehensive evidence for the  assumpt ion  t h a t  adsorpt ion of 
cholesterol to cerebroside is the explana t ion  of the effect of ingested ccrebroside 
on coprostanol  excretion. 

Experimental 
Young female rats were kept on an ordinary stock diet until they reached a body 

weight of about 119 g. They were then distributed into 7 groups of 10. At time intervals of 
a few days the various groups were started on the basal diets indicated in tabIe 1. 

Three groups (nos. 20, 21, and 22) received the diet with rice starch, two groups (nos. 23 
and 24) received the diet with glucose, and two groups (nos. 25 and 26) received the diet 
with lactose. 

After two weeks, 1% cholesterol was incorporated into the diets of groups 21, 24 and 
26, whereas 1% cholesterol and 3 % cerebroside were incorporated into the diet of group 22, 
at the expense of the corresponding amount of carbohydrate. 

Immediately thereafter, feces were collected (in e~hanol) from all groups during ~hrce 
consecutive periods of three days each, whereafter the rats were killed with chloroform. 

The content of the colon was taken out for determination of p~ (semi-micro glass 
electrode) and for bacteriological studies as described below. 

The fecal sterols were extracted in the following way: Portions representing the ex- 
cretion during three days for each group were ground in a mortar with ethanol (50 ml) and 
extracted in Soxhlet (3-4 hours) with diethylether-ethanol (10:1 v/v) (prolonged ex- 
traction did not further increase the amount of sterol in tbe extract). Tim extracts were 
evaporated to dryness and saponificd with 10-15 ml methanolic K0H (4n), in the presence 
of 100 mg pyrogallol as antioxidant, on stealn bath under reflux for 1 hour. After addition 
of an equal volume of water, the non-saponifiable fraction was extracted with 3 X 30 ml 
diethyl ether, w~shed with water and dried with anhydrous sodium sulfate, evaporated, and 
the residue dissolved in chloroform (25 or 50 ml according to the quantities). 

The components of the non-saponifiable fraction were separated by thin-layer chromato- 
graphy on silicagel G (Merck), moving phase petroleum ether : diethyl ether (70 : 30, v]v) 
or, in some cases, diethyl ether : petroleum ether: glacial acetic acid (70:30:1) in a jar 
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Table 1. Basal diets for the various groups 

Groups  Groups Group s 
20, 21, 2~ 2~, 24 25, ~6 

Casein, crude 1) 20 g 20 g 20 g 
Rice starch ~) 59.3 g 
Glucose 59.3 g 
Lactose 59.3 g 
Lard 15 g 15 g 15 g 
Salt mixture ~) 5 g 5 g 5 g 
Vitamin mixture') 0.5 g 0.5 g 0.5 g 
Choline chloride 0.2 g 0.2 g 0.2 g 

saturated with solvent vapor. The spots were developed by spraying with sulfuric acid 50% 
(v/v) and heating on an electric hot plate, 300 ~ C. The density of the charred spots was 
measured semi-quantitatively on Densicord with integrator (Photovolt Corporation, 
New York, N.Y.) and compared with standards of pure sterols, all determinations being 
made in triplicate. 

Vitamins A and D were given as an aqueous solution containing 2000 I.U. vitamin A 
and 200 I.U. vitamin Ds per ml (gift from Ferrosan, Ltd., Copenhagen). O.1 ml of this solu- 
tion was given twice a week to each animal, corresponding to 57 I.U. vitamin A and 5.7. I.U. 
vitamin D3 per animal per day. 

The four sterols used as standards are listed below in the order of increasing mobility: 

A ~-cho/estenol, 
Cholesterol and cholestanol (moving at the same rate), 
Coprostanol. 

They showed the following characteristic colors after being sprayed with sulquric acid 
but before being charred: 

A~-cholestenol: red-orange / 
Cholesterol: red-violet after a few minutes' heating. 

J 
Cholestanol: yellow-brown / 
Coprostanol: yellow-brown, after being heated somewhat longer. 

In some cases the amount of total and saturated sterols were also determined by 
digitonin precipitation with and without bromination according to SCH6~HEIM~R (1930). 

PE was determined in the colonic content of all the animals with exception of three 
animals fed the glucose diet. 

1) "Dairinex" from Danish Dairy Industry and Export Company, Ltd., Stege, Denmark. 
'~) Amylum oryzae, Ph. Dan. 1948, from Northern Drug and Chemica~ Company, Ltd., 

Copenhagen. 
3) McCoLLUM and SI~o~Ds '  No. 185 (1918), supplemented with Cu, Mn and I: NaC1, 

0.2335 g; MgSO4, 0.3595 g; NaH2P04, H20, 0.469,g; K2HPO4, 1.289 g; Ca(H2P04)2, ti20 , 
0.730 g; Ca-lactate, 5 H20, 1.758 g; ferric citrate, 0.1595 g; CuSO4, 5 H20, 6.5 rag; Y[nSO,, 
H~O, 19.7 mg;KI,  0.65 rag. 

*) Biotin, 0.05 mg; folio acid, 0.05 rag; thiamine hydrochloride, 5 mg; riboflavin, 5 mg; 
pyridoxine hydrochloride, 5mg;  calcium pantothenate, 5mg; nicotinic acid, 8mg; 
p-aminobenzoie acid, 35 rag; inositol, 15 mg; aseorbie acid, 5 mg; vitamin K substitute 
(dioalcium salt of 2-methyl-l,4-naphthohydroquinone diphosphorie acid ester, "Synkavit", 
Roche), 1 rag; d,l-c~-tocopheryl acetate ("Ephynal", Roche), I0 mg; and sucrose to make 
500 rag. 
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Bacteriological examination of the colonic content was carried out in all the groups, 
viz. from six animals in each of the groups fed rice starch diets containing cholesterol 
(group 21) or rice starch diets containing cholesterol plus cerebroside (group 22), and from 
a few of the animals in each of the other groups. 

The total number of bacteria per g colonic content was determined by spreading in 
AC-medium (Difco) and tomato agar containing sodium azide (S~roo-KJAER et al., 1963). 
The number of colonies obtained with the two media did not differ to any great extent; 
the highest figure was considered as representing the total count of bacteria. 

Simultaneously, inoculations were made with 1 ml of different dilutions of the colonic 
content (10 -2, 10 ~4, 10-t  and 10 -s) in 10 ml ofa  substrate suitable for growth of coprostanol 
producing bacteria, prepared in the following way: 

40 g beef brain was suspended into 500 ml water, adjusted to pE 7.2 with KOH, and 
autoclaved at 120 ~ C for 1 hour on two successive days, whereafter the following ingredients 
w ere added: 

0.8 g NaH.,P0o H20 
0.8 g K2HPO 4 
0.I g soluble starch 
0.1 g ascorbic acid 
0.05 g cysteine hydrochloride. 
The p~ was adjusted to 7.4-7.6, and the autoclaving repeated (for 1/2 hour). 
Growth in this medium was continued for at least six days. 

Formation of coprostanol during the incubation was examined by applying a smMl 
quantity of the mixture, by means of an inoculation loop, on the thin-layer plate and run- 
ning the chromatogram as already described. 

Results and Discussion 

The  ths  c h r o m a t o g r a m s  of  t he  non-saponi f iab le  m a t t e r  f rom feces 
showed comple te  sepa ra t ion  of  cholesterol  f rom the  fas ter  mov ing  copros tanol ,  
and  the  spo ts  cor responding  to  these  two sterols  showed the  ear l ier  men t ioned  
charac te r i s t i c  colors wi th  sulfuric acid. A spo t  mov ing  slower t h a n  cholesterol  
showed the  color wi th  sulfuric  acid charac te r i s t i c  of  A 7-eholestenol, and,  pro-  
b a b l y  was iden t i ca l  wi th  t h a t  sterol .  I n  add i t i on  to  these  one more  spo t  was 
found,  viz.  one mov ing  fas te r  t h a n  copros tanol .  This  las t  men t ioned  spo t  migh t  
represent  t h e " s t e r o l  1)" descr ibed  b y  COT.EtaAN et al. (1956). 

The  spots  p r e s u m a b l y  r ep resen t ing  A T-cholestenol and  "s te ro l  D "  were  
m a r k e d  on ly  in the  cases where  t he  r a t s  had  n o t  rece ived  cholesterol  in the  d ie t  
because  t he  non-saponi f iab le  m a t t e r  f rom these  r a t s  h a d  to  be  app l i ed  to  the  
p l a t e s  in quan t i t i e s  r epresen t ing  a much la rger  a m o u n t  of  feces t h a n  was 
necessary  in the  caseswhere  the  rat, s had  received d i e t a ry  cholesterol .  A p p a r e n t l y  
the  subs tances  represen ted  b y  these  spots  d id  no t  or ig ina te  f rom cholesterol .  

As  shown in t ab le  2 (last ver t ica l  column),  some eopros tano l  was p resen t  in  
the  feces from all  the  groups.  I n  t he  groups  no t  receiv ing d i e t a r y  cholesterol ,  the  
r a t i o  copros tanol /cholcs tc ro t  was h ighes t  in the  glucose group  a n d  lowest  in the  
lac tose  group.  W h e n  cholesterol  was given (wi thout  cerebroside),  the  ra t io  
copros tano l /cho les te ro l  was lower t h a n  in t h e  cor responding  groups  w i thou t  
d i e t a r y  cholesterol .  The  h ighes t  ra t io  copros tanol /cho les te ro l  occurred  in  the  
r ice s t a rch  group  receiv ing cholesterol  and  cerebroside;  (the amount,  of  cerebro- 
side a v a i l a b l e  was no t  sufficient, for  supp lemen t ing  the die t s  of  t he  o the r  
g roups  wi th  th i s  subs tance  u n d e r  t he  c i rcumstances  of  the  presen t  exper iment ) .  

12  
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Tab/e 2. Data for fecal sterols 

Group 
no. 

20 

21 

22 

23 

24  

25  

26 

Diet 
characteristics 

Rice starch 

Rice starch, 
cholesterol 

Rice starch, 
cholesterol, 
cerebroside 

Glucose 

Glucose ,  
cholesterol 

Lactose 

Lactose, 
cholesterol 

Wet Section of weight 
experimen- tal period') of feces 

g 

I I  
[II  
I I  
1II 
I 
I I  
[ I I  
I 
I I  
I I I  
I 
I I  
I I I  
I 
I I  
I I I  
I 
I I  
I l l  

10 
9 

10 
8 

20 
20 
20 
10 
11 
10 
10 
11 
13 
13 
14 
15 
15 
15 

8terola determined by digitonin 
precipitation without and with 

preceding brominat~on 
Total sterol 

rag 

111 
115 
712 
789 

1010 
1272 
1300~ 

116 
117 
113 
954 

1360 
1238 

93 
101 
112 
230 
566 
569 

1) I = first third of the 9-day experimental period. 
I I  = second th i rdof the  9-day experimental period. 
I I I  -~ last third of the 9-day experimental period. 

Saturated Ratio 
sterol saturat, 

mg 

231 O.48 
304 0.63 
564 1.21 
851 2.02 
920 2.42 

316 0.49 
420 0.45 
376 0.44 

t) Determined by thin-layer chromatography and measured on Densicord. 

Ratio 
coprostanol 
cholesterol') 

1.34 
1.41 
0.58 
0.61 
1.3 
2.2 
2.4 
1.72 
1.82 
1.87 
0.55 
0.82 
0.47 
1.03 
1.08 
0.69 
0.20 
0.18 
0.11 

I n  t h e  cases where  t he  ra t io  s a t u r a t e d / u n s a t u r a t e d  s terols  was ca lcu la ted  
f rom de t e rmina t ions  of  t o t a l  and  s a t u r a t e d  s terols  b y  d ig i ton in  p rec ip i t a t ion  
w i t h o u t  a n d  wi th  p reced ing  b romina t ion ,  th is  r a t io  cor responded  fa i r ly  well  
wi th  the  ra t io  copros tanol /choles te ro l  d e t e r m i n e d  b y  t h in - l aye r  chromato-  
g r a phy .  

The  figures for t o t a l  fecal s terols  were h igher  in  t he  groups  receiv ing d i e t a r y  
cho le s~ ro l  t h a n  in the  cor responding  groups  wi thou t  d i e t a r y  cholesterol .  I n  t he  
groups  receiving d i e t a ry  cholesterol  (but  w i thou t  eerebroside) ,  t he  h ighes t  
figures for  t o t a l  fecal s terols  occurred in group 24 (glucose), and  the  lowest  in 
g roup  26 (lactose).  I n  t he  group receiv ing the  rice s t a rch  d ie t  wi th  choles terol  
and  eercbroside (group 22), the  a m o u n t  of  t o t a l  fecal s terol  was as high as in t he  
glucose group wi th  cholesterol .  

The  a m o u n t  of  s a t u r a t e d  fecal  s terols  was two to  th ree  t imes  as high in t he  
group  receiving cholesterol  and  cerebroside (group 22) as in the  cor responding  
group  receiv ing choles terol  w i thou t  cerebroside (group 21), whereas  the  
a m o u n t  of  u n s a t u r a t e d  s terols  was a b o u t  the  same in bo th  groups.  

The wet  weight  of  feces was h ighes t  in  the  group  receiv ing cerebroside,  a n d  
second h ighes t  in t he  lactose  group.  The  reason for th is  is, appa ren t l y ,  t h a t  t he  
inges ted  cerebroside ( a p p r o x i m a t e l y  9 g for  10 ra t s  in th ree  days)  is excre ted ,  
and  the  feces f rom the  lac tose  fed  an imals  con ta in  more  wa te r  t h a n  the  feces 
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Tab/e 3. Bacter io logica l  e x a m i n a t i o n s  o f  colonic  c o n t e n t  o f  rats  o n  the  var ious  diets  1) 

Coprostanol formation as determined Total number of 
by TLC bacteria • 10 ~ Group Diet characteristics no. Dilution Dilution Dilution per g colonic 

10-' 10-' 10 -I content 

20 Rice  s tarch  

21 

22 

23 

24 

25 

26 

Rice starch, cholesterol 

Rice  s tarch,  cholesterol, 
cerebrosido 

Glucose  

Glucose, cholesterol 

Lactose 

Lactose, cholesterol  

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 

1) The figures in each horizontal line refer to  

+ 
+ 
0 
0 
+ 
+ 
0 
0 
0 
+ 
0 
+ 
0 
+ 
+ 
0 
0 
+ 
+ 
0 
0 
0 
0 

+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

the  colonic  co n ten t  o f  one  an imal .  

1 
2 
1.6 
1 
6 
4 
2 
1 
7 
2 
3 
6 
4 
3 
0.7 
1.1 
1.8 
2 
1 

40 
23 

100 
60 

from the other groups. (The food consumption during the 9-day experimental  
period was 10 g per day  per ra t  in the rice starch groups rigs. 20, 21, and 22). 

The conclusion to be drawn from the above mentioned results is tha t  
ingestion of cerebroside causes an increase of the conversion of ingested choleste- 
rol to coprosC, anol, in accordance with the observations of ROSENHEr~ and 
WEBSTER (1941). 

I t  is obvious to explain this phenomenon in accordance with J o ~ s  c t a l .  
(1953) by  assuming tha t  the cerebroside carries cholesterol through the entire 
length of the intestine whereby more cholesterol becomes exposed to the action 
of the intestinal flora. 

This mode of explanation is supported by  the fact tha t  more sterol is ex- 
creted with the feces when cholesterol is fed together with eerebrosidc (table 2). 

As seen from table 3, the limit for conversion of cholesterol to coprostanol 
by incubation with colonic content in vitro is found at  the same dilution (10 -6) 
for groups 21 and 22. 

The tota l  count of bacteria is approximately  the same in all the groups 
except the lactose groups where the count is much higher, apparent ly due to 
abundant  growth of lactic acid bacteria. 

As seen from table 4, great variations of PH of the colonic content do not 
occur. However,  the "average PH" of the colonic content in all the groups 

12" 



180 Zeitschri/t /iir Erndhrunyswissenscha]l, /Band 5, He]t 3~1 

receiving d ie tary  cholesterol is shght ly  lower t h a n  t h a t  in  the corresponding 
group wi thout  d ie ta ry  cholesterol. Fur ther ,  in  the group receiving cerebroside 
and  cholesterol, the  "average pH" is sl ightly lower t h a n  in the  corresponding 
group receiving cholesterol only. The cause of these apparen t  var ia t ions  is no t  
clear. 

Table 4. pn of colonic content of rats on the various diets 

pK of colonic content Group Diet characteristics no. from individual rats 

20 

21 

22 

23 

24 

25 

26 

Rice starch 

Rice starch, cholesterol 

Rice starch, cholesterol, 
cerebroside 

Glucose 

Glucose, cholesterol 

Lactose 

Lactose, cholesterol 

6.4 6.4 
7.0 7.0 
6.2 6.3 
6.6 6.7 
5.8 5.8 
6.7 6.7 
6.4 6.6 
6.9 
6.1 
6.~ 
5.~ 
6.C 
5.~ 
6.1 

6.3 
6.9 
5.6 
6.8 
5.7 
6.4 

6.7 
7.4 
6.3 
6.8 
6.1 
6.8 
6.7 

6.4 
7.0 
5.7 
6.9 
5.8 
6.4 

6.8 5.8 
7.5 
6.3 ~.4 
7.0 
6.4 8.5 
7.0 
6.8 6.8 

6.5 6.5 
7.2 
6.4 6.5 
7.3 
5.9 6.0 
6.5 

averageq 

6.9 6.77 

6.6 6.46 

6.6 6.25 

6.8 6.68 

6.5 6.51 

6.6 6.04 

6.0 5.95 

~) "Average PIt" is the negative logarithm of the average hydrogen mn concenbration. 

The adsorpt ion of cholesterol to cerebroside was demons t ra ted  direct ly,  by  
shaking 2 ml  of a t r anspa ren t  colloidal solut ion of cholesterol in  48 mi l l imolar  
sodium deoxycholate wi th  60 mg cerebroside, separat ion of the cerebroside from 
the  solution by  high speed centr i fugat ion and  de te rmina t ion  of the  cholesterol 
concen t ra t ion  of the  supe rna t an t  and  in  a similarly t rea ted  solut ion wi thou t  
cerebroside, Cholesterol was extracted from 0.5 ml  supe rna t an t  by  addi t ion  of 
0.1 ml  absolute e thanol  and  shaking 3 t imes wi th  2 ml  die thyl  e ther ;  af ter  
evapora t ion  cholesterol was de te rmined  b y  the  LInB~g~AN~-BVgGHAnD re- 
action.  

Three such exper iments  gave the following resul ts :  

Cholesterol Cholesterol 
mieroMol/ml microMol/ml 

Exp. no. 1 : Without cerebroside treatment 1 .11  After cercbrosidc treatment 0.57 
Exp. no. 2 : Without cerebroside treatment 1 . 0 8  After cerebroside treatment 0.56 
Exp. no. 3 : Without cerebroside treatment 1 . 0 6  After cerebroside treatment 0.57 

The cerebroside precipi tates  from the above men t ioned  adsol]3tion ex- 
per iments  were dried in  Ne-stream and  extracted 3 t imes with 3 ml  e thy l  ether 
which was separated from the precipi tate  by  centr i fugat ion each t ime.  The  
follo~dng amount s  of cholesterol (determined by  the LB-reaction) were re- 
covered : 

Exp. no. 1 : 0.35 mieroMol from the cerebroside precipitate from 1 ml 
Exp. no. 2:0.35 micro~ol from the cerebroside precipitate from 1 ml 
Exp. no. 3:0.27 microMol from the cerebroside precipitate from 1 ml 
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Thus,  the  recovery  was no t  quant i ta t ive .  
The difficulty involved in quant i ta t ive  extract ion of  cholesterol @om eere- 

broside containh:g mat te r  has previously been reported by  J o z ~ s  et al. (1961). 
Since the publicat ion of  our experiments  on bacterial conversion of  chol- 

esterol into coprostanol  independent  of cerebrosides in the  medium (PRAI~GE et  
al., 1958), th in- layer  ch romatography  has been int roduced whereby it is possible 
to  detect  impurit ies in the  medium more accurately than  before. 

We have, therefore, repeated these in  vitro incubat ion experiments  with the  
modification t h a t  a solution of  cholesterol in chromatographical ly  purified egg 
lecithin was used instead of  a solution of  cholesterol in soybean lecithin and  
tween 80. The absence of  eerebroside f rom the  purified egg lecithin was verified 
b y  th in- layer  ch romatography  according to  WAG~EI~ et al. (1961). The  chol- 
esterol solution had  the following composi t ion:  5 mg cholesterol, 10rag  
lecithin in 5 ml of  water.  I t  was stet4l~ed by  autoclaving at  115 ~ 15 rain. and 
added  to 5 mI of  the  similarly sterilized medium described iu our  previous 
publicat ion (PRA~GE et al., 1958). A bacterial  culture f rom feces of  rats  in group 
20 which had  been reinoculated twice th rough  a medium of the  above ment ioned  
composit ion was used as inoculum. After  incubat ion at  37 ~ C for 6 days,  con- 
version of  cholesterol to  coprostanol  was demons t ra ted  by  thin-layer  chromato-  
g r aphy  as described in the foregoing section. I t  is therefore certain t h a t  the  
bacterial  conversion does not  require the  presence of  cerebroside in the  incuba-  
t ion medium. 

The following tests showed that the cerebroside preparation used in this study was free 
from cholesterol and contained no phospholipids except a trace of shingomyelin. 

By thin-layer chromatography on Silicagel G (lV[erck) with petroleum ether:diethyl 
ether:glacial acetic acid (80:20:1) in saturated vessel and comparison with standards of 
cholesterol (1-r ~ 0.13), cholesterol palmit~te (1~/~ 0.86) and tripalmitin ( R / =  0.63), no 
impurity migrating in this system could be found. 

Thin-layer chromatography on silicagel G with chloroform : methanol: water (65 : 25 : 4) 
in saturated vessel showed spots with the following R/values: 

0.84 
cerebros:~,~s 0.79 

0.52 
cerebrosidc-sulfurie acid esters 0.50 

0.41 
sphingomyelins 0.39 

trace of ganglioside 0.18 

The iden%ification of the spots was based on the P~] values indicated by WxGl~m~ et al. 
(1961). 

The heaviest spot was that with R! = 0.79, which is assumed t~ represent phrenosin~ 
(cerebron, containing the saturated Ce4-hydroxy acid cerebronic acid). 

Since lecithin, if present, would migrate as the cerebroside sulfuric acid esters, the 
chromatogram was sprayed with DRAGENDOR~'F'S reagent (mixture of basic bismuth 
nitrate in acetic acid, and aqueous potassium iodide), which yields an orange-red color with 
choline phosphatides. The only region which gave a positive reaction was that corresponding 
to sphingomyelins, and here the reaction was very weak. The R! value 0.50 for lccithins in 
the system used was verified by staudards. 
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S u m m a r y  

The influence of orally ingested cerebroside on the conversion of cholesterol into 
coprostanol in the intestine of rats has been reexamined. 

Ingestion of cerebroside to rats receiving a diet containing cholesterol increased the 
fecal excretion of total and saturated sterols, the ratio saturated to unsaturated sterols 
determined by digitonin precipitation with and without preceding bromination, and the 
ratio coprostanol to cholesterol determined by thin-layer chromatography. 

Ingestion of cerebrosido did not change the total count of bacteria per g of colonic 
content of the rats. 

By incubation of a brain substrate with a series of dilutions of colonic content from rats 
receiving the cholesterol containing diet with and without cerebroside, the limit for con- 
version of cholesterol to coprostanol was found at dilutions of the same order of magnitude. 

Cholesterol held in solution by chromatographically purified lecithin, shown by thin- 
layer chromatography to be free from cerebroside, could be converted into eoprostanol by 
incubation in vitro with a culture of bacteria. Presence of cerebroside, therefore, is not a 
condition for formation of coprostanol. 

Approximately half of the cholesterol present in an aqueous transparent solution of 
cholesterol in sodium deoxycholate could be adsorbed to eerebroside merely by being 
shaken with it. 

These results confirm the assumption that the effect of ingested cerebroside on the ex- 
cretion of coprosterol is due to adsorption of a considerable part of the cholesterol present 
in the intestine on the insoluble cerebroside, whereby an increased amount of cholesterol 
becomes exposed to the action of bacteria in the coecum and large intestine. 

Zusammenla~ung 
Der EinfluB yon oral verabreichtem Cerebrosid auf die Umbildung yon Cholesterin in 

Coprosterin im Darmtractus der Ratte wurde yon neuem untersueht. 
Verabreichung von Cerebrosid an l~atten, die mit eiuer cholesterinhaltigen Nahrung 

gefiittert wurden, erhShte die Exkretion yon Gesamt-Sterin und ges~ttigtem Sterin, das 
VerhEltnis von ges~ttigtem zu ungesEttigtem Sterin (ermittelt durch Digitoninf~llung mit 
und ohne Brombehandlung), sowie das Verh~ltnis yon Coprosterin zu Cholesterin (durch 
Diinnschicht - Chromatographic bestimmt). 

Verabreichung von Cerebrosid ver~nderte nieht die Gesamtzahl der Bakterien pro 
Gramm Coloninhalt der Ratten. 

Bei Inkubation yon einem I-Iirnsubstrat mit verschiedenen Vcrdiinnungen yon Colon- 
inhalt yon Ratten, die mit einer cholest~rinhaltigen :Nahrung mit und ohne Cerebrosid ge- 
fiittert waren, wurde die Grenze fiir Coprosterinbildung bei Verdiinnungen yon derselben 
GrSflenordnung gefunden. 

Cholesterin, gelSst in einer wiiaserigen kolloiden LSsung von auf chromatographisohem 
Wege gereinigtem Lecithin, das sich durch Diinnschicht-Chromatographie als cerebrosid- 
frei erwies, konnte dutch Inkubation mit einer Baktcrienkultur in Coprosterin umgebildet 
werden. Anwesenheit yon Cerebrosid ist deshatb keine Bedingung fiir die Coprosterin- 
bildung. 

Wenn eine transparente w~sserige LSsung von Cholesterin in Natriumdesoxycholat mit 
Cerebrosid geschiittelt wurde, adsorbierte das Cerebrosid ungefghr die H~lft~ des Chole- 
sterins. 

Die vorliegenden Ergebnisse best~tigen die Annahme, dab die Wirkung des Cerebrosids 
auf die Exkrction yon Coprosterin dadurch zustandekommt, dab ein betr~chtlieher Teil des 
sich im Darmtraktus befindlichen Cholesterin auf das unlSsliche Cerebrosid adsorbiert, und 
dadurch der Resorption entzogen und der Wirkung der Bakterien im Dickdarm und Coecum 
ausgesetzt wird. 
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Introduction 

There is substant ial  evidence t h a t  divalent  cations have a s t rong t endency  
to  form part ial ly dissociated complexes in solution with the  anions of  some 
organic acids. I n  a number  o f  cases this effect has been studied quant i ta t ive ly  
and expressed in terms of  well defined dissociation constants  (1, 2). Some 
reports  indicate t ha t  calcium and or thophosphates  m a y  form similar complexes 
and the  p K  values of  these complexes, calculated wi th  the  aid o f  some as- 
sumptions  (3), have been reported (4, 5, 6). 

Polyphosphates  are well known  as excellent complexing agents for alkaline 
ear th  metals (6) and for some of  these the  stabil i ty of  their  calcium complexes 
has been described (4). 

One of  the  major  difficulties encountered in this field has been the  lack of  a 
reliable and simple method  for the  de terminat ion  of  calcium ions in solution. 
Since such a me thod  is now available (7) i t  was decided to  s tudy  the  fo rmat ion  
of  calcium complexes with citrate and phosphates  as t hey  are of  considerable 
impor tance  in biological systems such as milk, blood, and muscle tissue. 
Polyphosphates  were included in this s tudy  because of  their  known complexing 
ability and possible usefulness in pract ical  applications of  this effect. 

*) Financial support for this work was received from the National Research Council of  
Canada. 
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