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Die Bedeutung von neu syntheti-
siertem Cholesterin fiir die
bilifire Cholesterinsekretion

des gesunden Menschen

Summary Hypersecretion of
biliary cholesterol appears to be
the key defect in the pathogenesis
of cholesterol galistones, and this
may be due to an enhanced
synthesis of cholesterol. To
measure fractional syntheses of
biliary and plasma cholesterol, five
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CHOLESTEROL METABOLISM

The contribution of newly synthesized
cholesterol to biliary cholesterol

in healthy humans

male and 3 female healthy humans
with an intact enterohepatic
circulation were infused
intravenously with [1-}3CJacetate
for 15 h. Samples of duodenal bile
and blood were taken hourly and
an enteral formula diet was given.
Free cholesterol mass distribution
was analyzed by gas chromato-
graphy mass spectrometry.

The Mass Isotopomer Distribution
Analysis (MIDA) technique
allowed to calculate fractional
synthesis. After 6 hours of
infusion, the [!3C]label of the
cytosolic acetate pool reached a
plateau of approximately 12 %.
Individual fractional cholesterol
synthesis in plasma and bile
correlated significantly (6 — 15 h)
and amounted to 4.2 % and 5.3 %
after 15 h, respectively. It may be
concluded from this study, that
newly synthesized cholesterol is
secreted into bile to a higher
extent than into plasma.

Zusammenfassung Die Hyper-
sekretion von bilidrem Cholesterin
scheint der Schliisseldefekt in der
Pathogenese der Cholesteringallen-
steine zu sein und ist moglicher-
weise bedingt durch eine erhohte
Cholesterinsynthese. Um die fraktio-
nelle Synthese von bilidirem
Cholesterin und Plasmacholesterin
zu messen, wurden 5 ménnliche
und 3 weibliche gesunde Proban-
den mit einer intakten enterchepa-

tischen Zirkulation intravends mit
[1-13CJAcetat fiir 15 h infundiert.
Proben duodenaler Galle und Blut-
proben wurden stiindlich gewonnen
und eine Formuladidt enteral verab-
reicht. Die Massenverteilung des
freien Cholesterins wurde mittels
Gaschromatographie mit Massen-
spektrometrie analysiert. Die An-
wendung der Mass Isotopomer
Distribution Analysis — (MIDA) -~
Technik erlaubte die Berechnung
der fraktionellen Synthese. Nach
6stiindiger Infusion erreichte die
[3C]Markierung des cytosolischen
Acetatpools etwa 12 %. Die indivi-
duellen fraktionellen Cholesterinsyn-
thesen im Plasma und in der Galle
korrelierten signifikant miteinander
(6 — 15 h) und betrugen 4,2 und
5,3 % nach 15 h. Aus dieser Stu-
die wurde die Schlufifolgerung ge-
zogen, daB neu synthetisiertes Cho-
lesterin gegeniiber dem Plasma zu
einem hoheren Anteil in die Galle
sezerniert wird.
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Cholesterol synthesis from [’3C]acetate—MIDA

Introduction

Cholesterol hypersecretion into bile is the pathophysi-
ological key defect that results in cholesterol gallstone
formation. The putative hepatic mechanisms resulting in
cholesterol hypersecretion are a decreased bile acid syn-
thesis, a reduced cholesterol esterification, an increased
lipoprotein uptake, or an increased cholesterol synthesis.
Although the origin of biliary cholesterol is well-defined
in experimental animals (1-3), only few data are available
for healthy humans with an intact enterohepatic circula-
tion (4). Employing ["*C]cholesterol to label preexisting
cholesterol, Mitchell et al. (4) estimated, that only 5 %
of biliary cholesterol was newly synthesized. Because
inhibition of HMG-CoA-reductase, the key enzyme of
cholesterol synthesis, reduces the cholesterol saturation
of bile (5, 6), cholesterogenesis may play an important
role for biliary cholesterol secretion. On the other hand,
in obese humans and in most studies with cholesterol
gallstone patients, an enhanced cholesterol synthesis
could be demonstrated (7, 8) while an increased biliary
cholesterol saturation is known for these individuals (9,
10). The specific aim of the present study was to directly
quantitate the fractional synthesis of newly synthesized
cholesterol secreted into bile and plasma of healthy vol-
unteers employing the Mass Isotopomer Distribution
Analysis (11, 12). In addition to the fractional synthesis,
the absolute cholesterol synthesis of the whole body
should be estimated in plasma and correlated to fractional
synthesis of biliary cholesterol.

Study design and methods

Five male and 3 female healthy volunteers (20-28 vears
of age) with a normal body mass index, a good gallblad-
der contractility, and without gallstones were included in
the study. To label newly synthesized cholesterol they
received an intravenous infusion of 0.125 mmol [1-13C]
sodium acetate per kg body weight per h from 10 am to
1 am. In addition, adjusted to the individual’s energy
requirements a liquid formula was infused continuously
via a nasoduodenal tubing with 3 lumina. During this
period 1 ml of duodenal bile and 5 ml of plasma were
collected hourly. These samples served for the measure-
ment of fractional cholesterol syntheses. On day two to
four, 9, 15, 21, 33, 39, 45, and 57 h after the end of
[13CJacetate infusion, the turnover rate of free plasma
cholesterol was determined from multiple ['3Cllabeled
cholesterol.

Following its extraction by isopropanol -~ metha-
nol/hexane and acetone/ethanol (13), unesterified biliary
and plasma cholesterol was silylated by bis-(trimethyl-
silyl)-trifluoroacetamide, respectively. The cholesterol
isotopomers with a mass to charge ratio of 368 (M),

369 (M41), 370 (My2), 371 (Mi3), and 372 (M.s) were
quantitated by gas chromatography mass spectrometry
and analyzed by Mass Isotopomer Distribution Analysis
(MIDA) (11, 12). This technique included the measure-
ment of the ratios of molar excesses of the individual
cholesterol isotopomers from collected samples, but also
the theoretical calculation of those ratios as a mathemati-
cal function of [!3Clacetate enrichment. Comparing meas-
ured and calculated ratios, especially of M1 and M.s,
the cytosolic [13Clacetate enrichments were estimated
hourly. In this regard it is noteworthy that Hellerstein et
al. (14, 15) demonstrated a good agreement of [?Clace-
tate enrichments derived by this algorithm and directly
measured enrichments. After the actual [13CJacetate en-
richments were derived as described above, the fractional
syntheses of cholesterol in plasma and bile could be
determined. The absolute whole body cholesterol synthe-
sis rates during ['3Clacetate infusion were estimated in
unesterified plasma cholesterol, which represents a frac-
tion of the rapid exchangeable M1 pool. Therefore, a
non-steady-state equation (12) was used, including the
measured fractional synthesis, an assumed equal pool size
of 9 g per person (16), and the measured turnover rate
constant from M,3 of free plasma cholesterol.

Results and discussion

The percentage of isotopomer Mg decreased from 73.9 %
in native plasma cholesterol to 69.72 % following 15 h
of [13C]Jacetate infusion, whereas M41, My2, Mys, and Mu4
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Fig.1 Fractional synthesis of biliary and plasma cholesterol (in %
of total cholesterol) during 15 h of [1-13Clacetate infusion. Data
are given as means + 1 SEM of 8 healthy volunteers. * p < 0.05, **
p < 0.01 between bile and plasma (13).
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increased from 22.97 to 23.33 %, from 3.50 to 4.75 %,
from 0.37 to 1.25 %, and from 0.14 to 0.56 %, respec-
tively. The mathematically predicted isotopomer distribu-
tion correlated well with that measured at the start of the
infusion.

The [*3Clacetate enrichments estimated from biliary
and plasma cholesterol showed an identical time course.
Six hours after [!3Clacetate infusion they reached a pla-
teau at approximately 12 %. We, therefore, speculate that
de novo cholesterol secreted into bile and plasma may
derive from a single acetate precursor pool (e.g., liver).

The fractional cholesterol synthesis in plasma (Fig. 1)
increased continuously during [**Clacetate infusion
reaching 4.2 % after 15 h. Other investigators published
a comparable fractional synthesis in plasma ranging from
3.8 % to 4.5 % using the MIDA technique (12,17). In
addition, a fractional synthesis of 5 — 8§ % resulted from
the alternative deuterated water technique (18-20) after a
longer experimental period of 24 h compared to 15 h in
the present study.

From 6 to 15 h fractional synthesis of biliary choles-
terol exceeded that of plasma cholesterol significantly
by 19 — 44 % to reach 5.3 % at the end of [**Clacetate
infusion (Fig. 1). If each individual’s data point from bile
was plotted against that from plasma (Fig. 2), both frac-
tional syntheses were highly correlated (r = 0.868; p
< 0.0001). This relationship could also be shown for
fractional synthesis in bile and total body cholesterol
synthesis after 15 h (r = 0.909; p < 0.01; Y% = 0.055
+ (1.22 * X)). As a consequence, an increased whole
body cholesterol synthesis, as measured in unesterified
plasma cholesterol, is followed by an enhanced propor-
tion of newly synthesized cholesterol in bile of healthy
humans. Possibly, some newly synthesized cholesterol is
directly secreted into bile without traversing the plasma
compartment, At least, the pathophysiological relevance
of this observation for biliary cholesterol hypersecretion
remains unclear until the quantitative influence of an
enhanced cholesterol synthesis on total biliary cholesterol
secretion is demonstrated.

Regarding the measured turnover rate of 0.0143 =
0.0019 from M3, a nearly constant total body cholesterol
synthesis of 8.6 + 1.6 mg/kg/d (602 mg/70 kg/d) could
be estimated hourly after 6 h of [3Clacetate infusion.
Because cholesterol synthesis peaks at 6 am in human
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Fig. 2 Correlation between fractional synthesis measured in bile
and plasma. Each data point represents one individual’s synthesis
measured hourly from hour 6 to 15 of the experiment (13).

subjects (20), the constancy of the measured values ar-
gues for the validity of MIDA. PFurthermore, this is in
good agreement with studies employed alternative tech-
niques, e.g., radioactive isotopic kinetic or sterol balance
technique (21).

Conclusions

Based on our data we conclude that newly synthesized
cholesterol is preferentially secreted into bile in healthy
humans. Future studies will investigate the effect of
varying cholesterol synthesis rates on biliary secretion of
newly synthesized and total cholesterol. This should
allow a clarification of the pathophysiological relevance
of an increased cholesterol synthesis for biliary choles-
terol hypersecretion.
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