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ABSTRACT 

An experimental procedure based on the use of stable Isotopes 
spiked molecules of cholesterol, allows the measurement in faecal 
cholesterol of the relative parts coming from the plasma by 
transfer (deuterium spiked molecules), from the non absorbed 

13 alimentary cholesterol ( C spiked molecules)and from the external 
intestinal secretion (not labelled way). 

The patient receive a dose of D. (2, 2' 3, 4, 4', 6, 7, 7') 
13, cholesterol intravenously and an oral dose of 3,4 C cholesterol 

\ 

The plasmatic cholesterol transfer is calculated from the ratio 
of the measured dilutions of the faecal and plasmatic D g choles
terol. The non absorbed cholesterol is estimated from the per
centage of C cholesterol measured in the faecal sterols within 
the six days following the oral dose ingestion. 

The Dg cholesterol dilutions are measured using the GC-MS tech
nique on the trimethyleilyl derivatives of cholesterol. Dilu
tions up to 1/4000 can be measured. 
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The C enriched faecal cholesterol is converted into CO- and 
13 12 

the C/ C ratios are measured on a dual collector mass spectro
meter. Dilutions up to 1/5000 of the 3,4 C cholesterol can 
be detected. 
The details of the analytical procedure are given. 

INTRODUCTION 

In the rat, faecal cholesterol results from the relative efficiency 
of three processes : 

1 - the faecal excretion resulting from a transfer of plasmatic 
cholesterol in the lumen of the digestive tract. 

2 - the external secretion corresponding to the direct transfer 
in the lumen of the digestive tract of biosynthetized choles
terol by intestinal wall. 

3 - the dietary cholesterol ingestion. 

During the digestive transit, one part of the cholesterol issued 
from these three origins is absorbed and transferred into the 
"milieu intérieur" in the organism, the other part is found in 
the faeces. Thus,in the faeces are present cholesterol from non 
absorption, from excretion and from external secretion 

In order to determine the daily flux of excreted cholesterol in 
the faeces, it is necessary to label the plasmatic cholesterol 
without using the oral way, therefore this labeled cholesterol 
is introduced by a parenteral way : subcutaneously or intrave
nously/ the question is then to divide the amount of labeled 
cholesterol appearing in the faeces by its concentration in 
the plasmatic cholesterol. 

To determine the daily flux of non absorbed cholesterol, a dietary 
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cholesterol labeled with another isotope is used, and the amount 
of this labeled cholesterol found, during the following days, 
in the faeces, is then divided by its concentration in the 
dietary cholesterol. 

The daily flux of secreted cholesterol is finally calculatd from 
the difference between the flux of faecal cholesterol, determined 
by a chemical method, and the sum of the flux of the non absorbed 

1 2 and excreted cholesterol ' . It is necessary to take into account 
that during the intestinal transit, bacteria transform partly 
cholesterol into coprostanol . 

In the man, the faecal external secretion is not acknowledged. 
In order to prove its existence, experiments have been set up 
using cholesterol labeled with stable isotopes, deuterium and 
13 
C. The detailed experimental procedures have been described and 4 discussed 

LABELED MOLECULES 

The labeled molecules used are Octa deuterated cholesterol 
(2, 2', 3, 4, 4', 6, 7, 7' - D cholesterol : cholesterol D Q) 

13 enriched with 95 % D on each labeled position, and 3, 4 C 
cholesterol (enriched at 83 % and 87 % respectively on C, and 
C.). These molecules were synthetized in the Service des 
Molécules Marquées at Saclay. 

The quantities of labeled molecules used for each patient were 
100 mg of cholesterol D Q introduced by intravenous perfusion, 13 ° and 50 mg of 3, 4 JC cholesterol (mixed with 10 g of butter) 
ingested by oral way. 

CHOLESTEROL D g ISOTOPIC ANALYSIS 

The relative amounts of cholesterol D a and natural cholesterol are 
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measured on purified cholesterol fractions extracted from blood 
and faeces samples, regularly collected during two weeks from 4 patients, eight days after the intravenous perfusion . The 
relative amounts of deuterated and natural coprostanol are also 
measured.' 

The isotopic analyses of cholesterol are performed by computer 
controlled gas chromatography mass spectrometry. The quadripole 
mass spectrometer (R'BERMAG 10-10), coupled to a PCP 8 m computer 
is directly connected to a gas chromatograph (INTERSMAT IGC 120) 
through a glass coated stainless steel capillary (internal dia
meter 0.25 mm, length 30 cm). The chromatographic column is a 
1.5 m lono stainless steel column, packed with VAROPORT 80-100 
mesh, coated with 5 % of SE 30. A 1 m long nickel column packed 
with VAROPORT 80-100 mesh, coated with 5 % of OV 17 has also been 
used. 

To perform che chromatography, trimethylsilyl ether derivatives 
of cholesterol and coprostanol are prepared in adding BSA (N, 0 bis 
trimethylsilyl acetamide) to the samples dissolved in methylene 
chloride. 

With an helium flow of 20 ml min" and a 270 °C constant temperature 
for the injector and- the chromatographic column, the retention time 
is approximately 7 minutes both for the derivatives of normal and 
deuterated cholesterol and 6 minutes for the corresponding deri
vatives of coprostanol. The injected amounts in the column are in 
the range 0.1 yg to 1 ug. 

The molecular peaks of the trimethylsilyl ether derivatives at 
m/e 458 and m/e 466, respectively for the natural and deuterated 
cholesterol are measured in using the multiple ion monitoring 
technique. The integration time on each peak are respectively 
3 ms and 1 s. During the elution of the chromatographic peak it 
ic possible to make about 30 measurements on each selected peak, 
and calculate the corresponding integrated signals. The ratio of 
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the integrated signals is proportional to the ratio of the con
centrations of the labeled and unlabeled components present in 
the sample. 

The proportionality coefficient is determined from a calibration 
curve obtained by analysing standard mixtures of cholesterol D« 
diluted with natural cholesterol. The relative concentrations 
of cholesterol Dfl in normal cholesterol are m the range 
2 10"*2 - 2,5 10~ 4 . 

The calibration curve obtained is shown on figure 1, it is a 
straight line which does not intercept the y axis at the origin 
because the silylated natural cholesterol gives an appreciable 

-3 -2 peak at m/e 466. In the range 10 -10 the reproducibility of the 
measurements is around 5 i. as it is shown in table 1 where are 
indicated the results obtained from several consecutive analysis j 
of the same standard solution of cholesterol DQ,at a relative 
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concentration of 2 10 in natural cholesterol. i 
From the calibration curve it is seen that the limit of detection 
of the relative concentration of cholesterol D a in normal choles-
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terol is around 2,5 10 . 

Coprostanol is analyzed under similar conditions, but, because 
of the weak intensity of the molecular peak of the silyltated 
coprostanol, ion monitoring is achieved on the fragment peak 
resulting from the departure of the silyl radical. This fragmen
tation does not affect the number of deuterium atoms present in 
the cyclic part of the molecule. However, the formation of copros
tanol from cholesterol D g occurs with partial elimination of one 
deuterium atom. 

Thus, the measurements of the ratio of labeled to unlabeled copros
tanol cannot be calibrated with standard mixtures because of the 
absence of synthetic deuterated coprostanol labeled as coprostanol 
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extracted from faeces. However for a series of coprostanol samples 
analysed under very similar conditions the relative values of 
the deuterium enrichment were compared with those obtained from 
cholesterol isolated from the same faeces. They vary in parallel. 

3,4 1 3 C CHOLESTEROL ISOTOPIC ANALYSIS 

Faeces and blood samples are regularly collected during the 6 days 
following the oral ingestion of the 3,4 C cholesterol. The relative 
amounts are measured on purified CO- samples prepared from dry 
combustion of isolated plasmatic cholesterol and faecal sterols. 

13 12 The C/ C ratios of the CO. samples are compared c.i a dual 
collector mass spectrometer (Micromass 602 C) to a C0 2 isotopic 
standard prepared from combustion of unlabeled cholesterol. The 
results are expressed in S *» relative to this standard. The 
measured S %c range from more than 50 %«down to 0.1 - 0.2 %c . 
The reproducibility of replicate measurements is .2 % 9. The ©"values 
may be calibrated in dilution values of ingested cholesterol C 
in cholesterol samples. 

CONCLUSION 

The deuterium and C enrichments of human faecal and plasmatic 
cholesterol can be measured by mass spectrometric techniques. The 

13 
sensitivity of both methods used,i.e. precise isotopic C enrich
ment on CO, and deuterium enrichment by GC-MS are compatible with 
the dilution ranges which are encountered in such studies. From 
these isotopic enrichments and from the measurements of the daily 
cholesterol dietary intake, and of the mass and composition of faecal 
sterols it is possible to determine the relative proportions of 
faecal neutral sterols from their different origins. The detailed 4 calculations have already been given . 

It will be only recalled that from this study, carried out on 15 
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healthy subjects, it is possible to precise that for a mean 
daily mass of 652 mg of faecal cholesterol, the exogenous part is 
131 mg (20 % ) , the endogenous part frou excretion is 404 mg (67 %) 
and the external secretion part is 85 mg (13 % ) . 
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TABLE I 

Reproducibility of the analysis of a standard solution of 
cholesterol D g in natural cholesterol (relative concentra

tion 2 10"3) 

Analysis 1 2 3 4 5 6 7 8 9 

Measured ratio 
x 10 3 .89 .85 .87 .88 .88 .89 .0.88 0.83 .87 
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FIGURE CAPTION 

Figure 1 Calibration curve : Ratios of Integrated signals at 
xn/e 466 and m/e 458 versus relative concentrations 
of cholesterol D_ in natural cholesterol. 
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