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The sources of rat biliary cholesterol and bile acid
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Abstract The precursor sources of bile acid and bile neu-
tral sterol were evaluated in the rat using Triparanol to
inhibit the terminal reduction in the synthesis of choles-
terol. During the initial period of Triparanol administration,
the accumulation of hepatic desmosterol acts to segregate
relatively newly synthetic hepatic sterol from the bulk of
the equilibrated sterol mass. Biliary excretion of newly syn-
thetic sterol can then be determined in acute studies, as-
suming no great differences between desmosterol and
cholesterol as precursors of biliary neutral sterol or bile
acid. It has been determined in this model that newly syn-
thetic sterol comprises a mean of about 28% of the total
biliary neutral sterol output. This fraction fell when hepatic
cholesterogenesis was suppressed by prior cholesterol feed-
ing. By using this approach in conjunction with the admin-
istration of labeled mevalonate to a renal pedicle-ligated
rat, it was possible to calculate the amount of bile acid
produced from either newly synthesized sterol or the equili-
brated sterol pool. It has been estimated that the bulk of
bile acid synthesis arises from this equilibrated source when
these determinations were made within two hours of creat-
ing the fistula. With more prolonged fistula times, more of
the bile acid originated from the newly synthesized sterol.

Supplementary key words desmosterol * Triparanol

The kinetic analysis of human biliary bile acid and
cholesterol specific activities after injecting radioactive
cholesterol suggests that the primary bile acids and
biliary cholesterol are solely derived from the rapidly
miscible sterol pool (1). However, this pool is appar-
ently made up of several anatomically and kinetically
distinct subpools, some of which may be the preferred
source of biliary lipid. A number of studies (2-4)
indicate that bile acid does not come from the entire
rapidly miscible pool but from one or more of these
subpools. Some data (2) suggest that the preferred
substrate? for biliary bile acid is a newly synthesized
cholesterol molecule which is converted to bile acid
prior to equilibration with the entire rapidly miscible
cholesterol pool. Since it is difficult to ascertain the
mass of newly synthesized cholesterol and its corre-
sponding specific activity, semiquantitative estimations
of the amount of synthesized cholesterol that is con-
verted to bile acid prior to equilibration with body
pools are not available.

The origin of bile neutral sterol is also not estab-
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lished. When labeled cholesterol is injected in the
plasma of humans (1), the biliary cholesterol has a
specific activity similar to that of plasma after 24 hr,
suggesting ready equilibration within the rapidly
miscible pool. However, little activity data are avail-
able at early times, which would be necessary to deter-
mine the subpool source of biliary cholesterol. The
precursor sources of bile neutral sterol and bile acid
probably significantly influence the net biliary secre-
tion of both these lipids. If synthesized cholesterol
were a preferred substrate for bile acid production
and not for biliary neutral sterol delivery, enhanced
hepatic cholesterol synthesis might be anticipated
to provoke higher ratios of bile acid to neutral sterol
in bile. If the reverse were the case, the opposite ob-
servation should follow for bile.

When Triparanol is acutely administered to an ani-
mal to block reduction of desmosterol to cholesterol,
an estimate of the mass of newly synthesized sterol
can be made. This newly synthesized sterol by defini-
tion has not equilibrated with the bulk of the body
cholesterol (i.e., equilibrated cholesterol) and its ap-
pearance in bile in either neutral or acidic sterol form
in effect short circuits its metabolism. The relative
amount of desmosterol that has equilibrated with
plasma in comparison to that in bile permits a semi-
quantitative estimate of the newly synthesized con-
tribution to bile neutral sterol. When the synthesized
and equilibrated cholesterol pools are separately
labeled, the precursor role of these two pools for the
bile acids of bile can be estimated.

Three major assumptions underly this approach.
It is first assumed that brief exposure to Triparanol
has no toxic effect on the animal. Second, it is assumed
the desmosterol that accumulates in response to this
treatment is metabolized by the liver similarly to cho-
lesterol, at least as far as the biliary system is concerned.
Third, the calculation of bile acid synthesis assumes
that the labeled precursor of synthesized sterol is in
large measure diverted to desmosterol after brief

! Preferred substrate, in effect, means that the sterol is converted
to biliary lipid prior to equilibrating with the entire rapidly miscible
sterol pool or is enriched in bile in comparison to this pool.
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(<48 hr) exposures to Triparanol. This experimental
approach was used in the rat to define the origin of
these biliary lipids shortly after bile duct interruption
when the enterohepatic cycle was relatively intact, and
after a period of fistula drainage when the entero-
hepatic bile acid pools were depleted.

MATERIALS AND METHODS

Male Sprague-Dawley rats (150-250 g) were housed
under controlled lighting conditions. The basic diet
of rat chow (Ralston Purina, St. Louis, MO) was supple-
mented with 2% (w/w) cholesterol, or 0.1% Triparanol,
or both for varying periods in the experimental groups.
Triparanol was obtained from Richardson Merrill
(Cincinnati, OH) and dietary cholesterol from Fisher
(Pittsburgh, PA). Bile duct cannulations were per-
formed under light ether anesthesia with a PE-50
tube (Clay Adams, Parsippany, NJ) inserted into the
common duct at 1 cm distal to the bifurcation of the
main hepatic ducts. Some of the animals had cannulas
implanted in the femoral veins for intravenous injec-
tions and blood collection. Most of the animals had
ligation of both renal pedicles to obstruct arterial in-
flow and delete the renal influence on systemic sterol
metabolism. Only those animals having renal pedicle
ligations were used to calculate the fraction of bile
acid synthesis arising from different precursor sources.
The animals were placed in restraining cages and
allowed access to water and appropriate chow.

Immediately after cannulating the bile duct, chro-
matographically pure radioactive cholesterol or des-
mosterol dispersed on rat lipoproteins (5) and either
[5-*H] or [2-**C]pL-mevalonic acid was injected intra-
venously in animals in many of the studies. The [4-*C]-
and [1,2-3H]cholesterol, [5-*H]- and [2-*C]pL-meva-
lonate, and [26-*C]desmosterol used were obtained
from New England Nuclear, Boston, MA. The mev-
alonate was recovered from its DBED salt by an estab-
lished method (6) prior to use. Bile was collected at
regular intervals (hourly for the first 4 hr and every
2 hr thereafter) by use of a fraction collector (LKB,
Sweden). The bile was collected in methanol (4 vol-
umes of methanol per volume of bile) at room temper-
ature and, after recording volume, was stored at 4°C
prior to further analyses. All solvents used were rea-
gent grade and were redistilled before use.

At the end of the experiment, the animals were
killed and the livers were removed. The hepatic ve-
nous system was perfused with iced 0.1 M phosphate
buffer at pH 7.4 to remove blood and aliquots of
whole liver and various homogenate fractions were
taken for neutral sterol analysis. Hepatic sediment
and mitochondrial, microsomal, and supernatant

fractions were prepared as previously described (7).
The plasma was separated from the red cells by cen-
trifugation at 3,000 rpm in an L 2-B centrifuge (Sor-
val, Norwalk, CT) at 7°C; it was frozen before analysis.

The neutral sterols were extracted from 4 ml of
the bile-methanol mixture by adding 20 ml of petro-
leum ether (bp 40-60°C), agitating for 4 min, and
centrifuging for 10 min at 2,000 rpm in an Inter-
national centrifuge (Model K, International Equip-
ment Co., Boston, MA) at room temperature. The
petroleum ether fraction was removed and the infra-
natant was re-extracted with an additional 20 ml of
petroleum ether. The combined petroleum ether
fractions were evaporated and backwashed with meth-
anol-water 1:1. Experiments using labeled tauro-
cholate showed that this procedure resulted in recov-
eries of more than 95% of neutral sterols with less
than 1% bile acid contamination, and more than 92%
of the bile acid was recovered in the infranate with
no neutral sterol contamination. Thirty minutes after
the labeled mevalonate injection, all of the radioac-
tivity in the acidic sterol fraction chromatographed
as bile acid. Plasma and liver homogenates were ex-
tracted with chloroform methanol 2:1 (20 volumes
per volume) by the method of Folch, Lees, and Sloane
Stanley (8).

The neutral sterols were quantitated by colorimetry
(9, 10) or by gas—liquid chromatography (11) on 3%
SP-2250 on 100/120 mesh Supelcoport (Supelco Inc.,
Bellefonte, PA) using a Packard 7400 series gas chro-
matograph (Downers Grove, IL). Bile acids were
methylated and acetylated and analyzed by gas—liquid
chromatography (12) using 3a,7a-dihydroxy-12-keto-
5B-cholanoic acid as the reference standard. For sub-
sequent specific activity determinations, desmosterol
was readily separated from cholesterol by thin-layer
chromatography (13). No cross contamination of the
two neutral sterols was observed in this system. Radio-
activity was assayed in a Packard model 3375 liquid
scintillation spectrometer using Aquasol (New Eng-
land Nuclear) as the fluor. Experiments with *C and
*H in the same sample were counted under double-
label conditions (14) and appropriate corrections were
used to calculate disintegrations per minute.

The biliary secretion of unequilibrated newly syn-
thesized sterol was estimated by correcting the des-
mosterol output in bile by the amount of desmosterol
that had equilibrated with the plasma using Equation A.

Synthetic sterol (pmol/hr)
= bile desmosterol (umol/hr)
Bile cholesterol (wmol/hr)

- . Eq. A
Plasma cholesterol/Desmosterol ratio 1
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TABLE 1. Rat bile neutral and acidic sterol outputs
with Triparanol feeding®

Triparanol-fed

Control 1 day 5-6 days 10-14 days
umollhr
Neutral
sterols  0.30 (0.06) 0.31(0.04) 0.30(0.05) 0.28 (0.04)
Acidic
sterols 14.18(6.1) 13.24(6.0) 12.3 (4.0) 17.6 (4.8)

¢ The outputs of both acidic and neutral sterols were determined
between hours 1 and 2 after the fistula was established (9
animals in each group). The numbers within the parentheses
represent the mean + SEM of nine determinations.

The amount of bile acid derived from newly syn-
thetic sterol was calculated using Equation B after
administering [*H]mevalonate.

Synthetic sterol bile acid (wmol/hr)
3H-labeled bile acid (dpm)/hr

bile desmosterol specific activity

dpm Eq. B
p,mol)
The amount of bile acid derived from equilibrated

cholesterol was calculated using Equation C after
administering [**C]cholesterol.

Equilibrated sterol bile acid (uwmol/hr)
1C-labeled bile acid (dpm)/hr

= . ——( dpm
bile cholesterol specific activity

Eq.C
;.cmol)

RESULTS

Three major assumptions are implicit in the use of
Triparanol to segregate newly synthesized cholesterol
in these studies. It is important to document that
Triparanol is not toxic to the animal and, in particular,
that it does not influence the process of biliary secre-
tion. Second, to make analogies to the physiologic
situation, desmosterol must not be favorably or un-
favorably converted to bile acid or secreted as neutral
sterol, since desmosterol is the synthetic product in
this model. The third major assumption is that the
Triparanol dose used during these brief times does,
in fact, stop the terminal conversion of mevalonic acid
to cholesterol.

Toxic effects from the brief exposures to Tripara-
nol were not observed either by gross or histologic
assessment of the livers of treated rats. The bile flows
and the total biliary outputs of neutral and acidic sterol
were not significantly different for controls and ani-
mals fed Triparanol for different periods of time
(Table 1). To assess the relative degree of biliary secre-
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tion of desmosterol and cholesterol, [26-1*Cldesmos-
terol was mixed with [1-23H] cholesterol, dispersed
on rat lipoproteins and injected into bile-fistula Tri-
paranol-treated animals. The ratio of [*H]cholesterol/
[**Cldesmosterol in bile was similar to that of plasma
for up to 8 hr (Table 2). This observation, and the
neutral sterol outputs of animals treated with Tripara-
nol (Table 1) and controls suggest that the transports
of both neutral sterols into bile are not appreciably
different. The similarity of biliary bile acid hourly
outputs from 1 to 3 hr after surgery for Triparanol
and control animals (Table 1) also suggests that des-
mosterol is handled similarly to cholesterol in terms
of net conversion to bile acid and biliary excretion.
The similarity of desmosterol and cholesterol as pre-
cursors for bile acid transport is also documented by
the similarity of mevalonate radioactivity recovered
in bile acid in Triparanol-treated and control animals
during the initial 12 hr of bile collection (Table 3).
The bile acid compositions of these Triparanol-treated
animals were similar to controls containing predomi-
nantly cholic acid.

The final assumption of the model, that Triparanol
blocks the completion of cholesterol synthesis, was
tested in a number of animals that had been fed Tri-
paranol for only 24 hr prior to receiving [*C]lmeva-
lonic acid. It was recognized that the relative incor-
porations of labeled mevalonate into desmosterol and
cholesterol in the Triparanol-treated animals were
dramatically affected by whether or not the kidneys
were able to metabolize the mevalonate. If the kidneys
were intact when mevalonate was injected, an appre-
ciable amount of the mevalonate activity was recovered
in biliary cholesterol despite 2 days of Triparanol
treatment (Table 4). However, if the renal pedicles
of both kidneys were ligated just prior to injecting
the labeled mevalonate, the recovery of label was pre-
dominantly in desmosterol. Over 93% of the label
recovered in biliary neutral sterol was in desmosterol
in 1-3 hr after the bolus. This would suggest that
desmosterol was in fact the predominant synthesized

TABLE 2. Plasma and bile neutral sterol radioactivity ratios after
[*Hlcholesterol and [**C]desmosterol injection®

Bile 3H/"C
Time (hr) Plasma 3H/**C
1 0.94 (12)
3 1.12 (13)
5 1.15 (13)
8 1.20 (14)

® The data represent the means of the *H and "C ratios of
bile divided by those of plasma in eight animals. The number
within parentheses is the fractional standard deviation of this
value expressed as a percent.
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TABLE 3. [*H]Mevalonate incorporation into acidic sterols of
control and Triparanol-treated rats®

TABLE 5. Plasma and bile neutral sterol ratios in
Triparanol-fed rats®

1-3 hr 9-11 hr after fistula

[fraction injected *H/2 hr X 10°

0.84 (0.35)° 0.09 (0.02)
1.1 (0.21) 0.13 (0.04)

Control (6)®
48 hr Triparanol (6)°

? All 12 animals were injected with 20 uCi of [*H]pL-mevalonate.
® Number of animals.
¢ Standard deviation.

neutral sterol of bile after 24 hr of Triparanol expo-
sure in a renal pedicle-ligated rat. The specific activity
of desmosterol after labeled mevalonate in these acute
Triparanol feeding studies should provide a fair re-
flection of the synthetic pool. Although it is impossible
to define the newly synthesized sterol pool that is the
substrate for the 7a-hydroxylation reaction and thus
impossible to determine the precise amount of bile
acid arising from this source, the pool defined by this
intervention provides an approximation of newly syn-
thesized sterol when acute studies are performed.
The data arising from the calculations can be regarded
only as an approximation.

As would be anticipated, the relative amounts of
plasma desmosterol would increase the longer the
exposure to Triparanol. This is reflected by a decreas-
ing cholesterol/desmosterol ratio in all tissues at longer
times (Table 5). As was previously observed (11), the
plasma appeared to contain a greater concentration
of desmosterol relative to cholesterol than the liver
after Triparanol administration. In each of the pres-
ent studies, the bile was always found to contain sig-
nificantly more desmosterol than the plasma. The liver
was always noted to contain less desmosterol relative
to cholesterol than plasma and this was true for specific
organelles as well. As was previously documented
(11), cholesterol feeding markedly decreased the
amount of desmosterol in plasma (Table 5), but the
bile still had relatively more desmosterol than did
plasma.

TABLE 4. ["“C]Mevalonate recovery in neutral sterols of
Triparanol-treated rats®

Mean % Total Recovered Biliary
Neutral Sterol (Range)

Desmosterol Cholesterol
% recovery®
Intact kidneys 49 (38-64)¢ 51 (36-62)
Renal pedicle
ligated 93 (88-96) 7 (4-12)

¢ The values presented are the mean percents of a 1-3-hr bile
collection after a 48-hr Triparanol exposure for eight rats in each
group.

% Percentage recovery (mean) of **C in biliary neutral sterols.

¢ Values in parentheses represent ranges.

Cholesterol/Desmosterol Molar Ratio

Time of Triparanol

Feeding Liver Plasma Bile
days
1 3.22 2.24
1 4.31 2.17
5 2.56 1.69 0.84
5 2.36 1.69
6 1.68 1.28
10 1.10 0.82
11 1.10 1.02 0.52
14 2.11 0.72 0.36
7 (2% cholesterol) 69.2 21.06
10 (2% cholesterotl) 39.5 14.65

@ Concentrations were determined by gas-liquid chromatog-
raphy as described in the text. Each indicated time represents the
studies on a single rat.

The previous data (Table 1 and 2) suggest that des-
mosterol is not a preferred substrate for bile neutral
sterol transport. The marked enrichment of bile with
desmosterol would then suggest that some newly syn-
thesized neutral sterol is secreted prior to becoming
equilibrated with body sterol. When the bile desmos-
terol content is corrected for that equilibrated frac-
tion richest in desmosterol (i.e., plasma), the contribu-
tion of synthesized unequilibrated desmosterol to
total neutral sterol secretion can be estimated. These
calculations (Table 6) indicate that from 10 to 40%
of the biliary neutral sterol appears to arise from a
newly synthesized source when the animal is fed the
usual chow diet. With cholesterol feeding, the frac-
tion from this source was less. Biliary neutral sterol
outputs 24 hr after creating the fistula were substan-
tially less than the acute values, but the fractions com-

TABLE 6. Newly synthesized neutral sterol transport in bile

Total Synthesized®
Triparanol Fistula Neutral Neutral Sterol Percent
Feeding Time Sterol uM/hr Synthetic
days hr pumollhr

1 2 0.343 0.073 21

24 0.125 0.020 16

5 2 0.286 0.030 10

24 0.121 0.036 30

11 2 0.201 0.086 43

24 0.075 0.024 32

14 2 0.197 0.065 33

24 0.052 0.019 36

7 (2% chol.) 2 0.331 0.011 3

24 0.281 0.009 3

¢ The synthesized neutral sterol was determined by the formula
described in the text. Data for days 1 and 5 are the means of
two animals; data for days 11, 14, and 7 were from single animals.
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TABLE 7. Origins of bile acid in rats fed Triparanol for 1 day®

Acute Fistula (1-3 hr)

Chronic Fistula (9-11 hr)

Experi- Synthetic ~ Equilibrated Total Bile Synthetic ~ Equilibrated Total Bile
ment Source Source Acid Output Source Source Acid Output

pmolfhr nmol pumolihr pmol

28 0.47 0.85 7.4 0.72 048 L5

29 0.19 0.34 4.9 0.78 0.38 1.4

30 0.33 0.59 6.7 0.59 0.40 1.8

32 0.43 0.32 9.4 1.00 0.49 2.3

33 0.19 1.21 8.56 0.32 0.59 2.2

34 0.17 1.08 8.44 0.52 1.10 1.45

35 0.21 1.25 9.25 0.32 0.84 1.65

36 0.16 0.77 9.11 0.47 0.90 1.6

¢ Calculated from the total acidic sterol counts between hours 1-3 or 9-11 and the mean
[*H]desmosterol and [**C]cholesterol at 2 and 10 hr, respectively, as described in the text. Each
experiment represents the results of a single animal.

ing from the synthesized source were similar (Table 6).
Since the hepatic synthesis of cholesterol (15) is sig-
nificantly enhanced in control rats after 18 hr of fistula
drainage, it might be anticipated that the fraction of
newly synthesized biliary neutral sterol would increase.
This appeared to be the case for both of the rats fed
Triparanol for 5 days (Table 6) but for no other set
of animals. However, the time for derepression of
cholesterol synthesis in a Triparanol-treated animal
is unknown. Although enhanced hepatic cholesterol
synthesis was not reflected in the bile, the suppres-
sion of synthesis with cholesterol feeding was seen
in the bile neutral sterol partition.

The ability to identify a presumed synthesized
pool of cholesterol makes possible the calculation
of the conversion of this pool to bile acid. The spe-
cific activity of this pool, after a labeled cholesterol
precursor such as mevalonate, permits the sequential
non-steady state estimate of synthetic sterol conver-
sion to bile acid. Although these calculations imply
that bile desmosterol specific activity reflects newly
synthesized sterol, obviously an approximation, it
is a better estimate of synthesized sterol specific
activity than that using total biliary sterol mass. The
conversions of unequilibrated synthesized sterol
and equilibrated cholesterol to bile acid were esti-
mated after brief Triparanol exposures (24 hr). These
estimates were made between 1 and 3 hr after the
acute fistula, at a time when the animal and bile flows
recovered from the effects of surgery. Although sub-
stantial variability was noted in the hourly bile acid
outputs (Table 7), and substantial differences were
seen for the acute bile acid turnover, these acute fis-
tula estimates revealed a greater contribution from
the equilibrated sterol source than from newly syn-
thesized sterol. Approximately 75% of newly synthe-
sized bile acid appears to arise from this equilibrated
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source. The bile acid turnover in these animals varied
from 10 to 20% in the acute studies. At later fistula
times (Table 7, 9-11 hr), a reversal of the contribution
from newly synthesized or equilibrated sterol sources
for bile acid synthesis was observed for many of the
animals. After depletion of much of the bile acid pool,
there was an increment in the newly synthesized sterol
contribution to bile acid synthesis in each animal when
contrasted to the 2-hr fistula data. On the other hand,
the relative amount of synthesized bile acid coming
from equilibrated sterol appeared to decrease or
remain stable with fistula drainage in most animals.

DISCUSSION

The precursor source of biliary neutral and acidic
sterols may be important in determining the relative
amounts of these materials in bile. If either biliary
bile acid or neutral sterol was preferentially derived
from newly synthesized cholesterol, a tight coupling
of hepatic synthesizing activity and respective biliary
lipid output would be anticipated. It has been observed
that humans with gallstone disease who have high
biliary ratios of cholesterol to bile acids (16) have en-
hanced hepatic HMG CoA reductase or cholesterol
synthesis (17). One might infer from such data that
newly synthesized sterol would be a tightly coupled
secretory source for biliary cholesterol. Recent studies
using labels for the synthesized and equilibrated cho-
lesterol pools, and compartmental analysis suggested
that the bile acids and neutral sterols of humans with
chronic bile fistulae had distinct precursor pools, both
of which received equal inputs from newly synthesized
cholesterol (4). Data obtained from rats indicate that
bile acids preferentially arise from synthesized choles-
terol (2).
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The use of Triparanol-treated animals in relatively
acute studies enables the segregation of a synthesized
pool of cholesterol from the bulk of equilibrated sterol.
This assists in estimating the relative importance of
these two sources of bile neutral sterol and acidic sterol
but introduces some hazards in interpreting the data.
Although the present studies would indicate that Tri-
paranol does not significantly affect the process of
biliary lipid secretion and that desmosterol is handled
in a manner similar to cholesterol in this system, the
identity of these preparations with normal physiology
cannot be definitely established. The calculation of
bile neutral and acidic sterols arising from the “syn-
thesized” and “equilibrated” sterols source can only
be regarded as approximations.

The mean enrichment of bile neutral sterol with
28% of newly synthesized sterol is equivalent to a
mean daily biliary output of unequilibrated synthe-
sized neutral sterol of about 0.6 mg. In these 200-g
rats on sterol-free diets, it would be anticipated that
about 4 mg of bile acid and 4 mg of neutral sterol
would be lost in the feces daily (18). In the rat, half
of the fecal neutral sterol is not from the synthesized
pool (19), leaving a systemic turnover of about 6 mg/
day in this size animal. This would mean that about
10% of the total daily synthesis enters the bile of the
rat prior to equilibration with the systemic pool.

These results indicate that inhibiting cholesterol
synthesis significantly decreased the synthesized neu-
tral sterol fraction of bile but accelerated synthesis
is not accompanied by a larger synthesized fraction.
Data of Wilson (20) indicate that cholesterol feeding,
which increases the hepatic content of cholesteryl
esters, enhances the biliary output of both neutral
sterols and bile acids. When hepatic cholesterol syn-
thesis is accelerated by either a bile fistula or lecithin
perfusions (7), alower net biliary neutral sterol output
is observed. In most of the animals the newly synthe-
sized fractions of biliary neutral sterol do not increase
with increasing hepatic synthesis. This suggests that
hepatic cholesterol synthesis is a poor stimulus for
increasing biliary neutral sterol outputs. In fact, greater
biliary cholesterol outputs appear to be correlated
with larger hepatic cholesterol contents (i.e., choles-
terol feeding), a condition associated with suppressed
cholesterogenesis.

The finding of approximately a 3:1 preference for
equilibrated cholesterol in the formation of bile acids
in rats with relatively intact enterohepatic circuits
contrasts with data that suggest a preference for
newly synthesized sterols (2). It is similar to estimates
in the chronically bile-fistulized human who, by simu-
lation and analysis (4), appears to have a 2:1 prefer-
ence for the equilibrated source. However, our data

would indicate that the imposition of a fistula in the
system shifts the preference for bile acid formation
to newly synthesized sterol. Such a state might also
occur in a stagnant enterohepatic circuit as occurs
postprandially. In light of the accelerated cholesterol
synthesis preceding the recovery of bile acid synthesis
of chronic bile fistula rats described by Myant and
Eder (15), it was anticipated that newly synthesized
cholesterol would be a major source for bile acid pro-
duction in this state.

The bile acid fractional turnover obtained after
these acute studies (i.e., 0.08-0.18) are somewhat
lower than those calculated by Lindstedt (21) (i.e.,
0.24-0.36) using fecal data and following the expo-
nential decay. The acute turnovers determined here
are similar to the extrapolations of Myant and Eder’s
data (15), assuming that the bile acid output occurring
immediately after drainage of the pool represents
synthesis.Bf

We wish to thank Mrs. Sally Menzel for her excellent secre-
tarial aid and Ms. Helen Hilderman and Mrs. Mary Ruth
Greenfield for their valuable technical assistance. This work
was supported in part by a research grant (2 RO1 HL14313-
04), National Heart and Lung Institute, National Institutes
of Health and by institutional support from the Veterans
Administration, 7226-01.

Manuscript received 7 September 1976 and in revised form 27 December
1977; accepted 28 March 1978.

REFERENCES

1. Quarfordt, S. H., and M. F. Greenfield. 1973. Estima-
tion of cholesterol and bile acid turnover in man by
kinetic analysis. J. Clin. Invest. 52: 1937-1945.

2. Mitropoulos, K. A., N. B. Myant, G. F. Gibbons, S.
Balasubramaniam, and B. E. A. Reeves. 1974. Choles-
terol precursor pools for the synthesis of cholic and
chenodeoxycholic acids in rats. J. Biol. Chem. 249:
6052-6056.

3. Schwartz, C. C., Z. R. Vlahcevic, L. G. Halloran, D. H.
Gregory, J. B. Meck, and L. Swell. 1975. Evidence for
the existence of definitive hepatic cholesterol precursor
compartments for bile acids and biliary cholesterol in
man. Gastroenterology 69: 1379-1382.

4. Schwartz, C. C., Z. R. Vlahcevic, M. Berman, L. G.
Halloran, D. H. Gregory, and L. Swell. 1976. Kinetic
analysis of the metabolic pathways of cholesterol for
bile acid (BA) synthesis and biliary cholesterol (BC)
secretion in man. Gastroenterology 70: 992.

5. Goodman, D. W., and R. P. Noble. 1968. Turnover
of plasma cholesterol in man. J. Clin. Invest. 47: 231-241.

6. Schwartz, C. C., M. Berman, Z. R. Vlahcevic, L. G.

—Halloran, D. H. Gregory, and L. Swell. 1978. Mult-
compartmental analysis of cholesterol metabolism in
man. J. Clin. Invest. 61: 408-423.

7. Jakoi, L. L., and S. H. Quarfordt. 1974. The induction
of hepatic cholesterol synthesis in the rat by lecithin
mesophase infusions. J. Biol. Chem. 249: 5840-5844.

Long et al. Precursor sources of rat biliary sterols 877

2T0Z ‘6T aunr uo ‘1sanb Aq Bio 1) mmm wouy papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

i

10.

11.

12.

13.

14.

878

. Folch, J., M. Lees, and G. H. Sloane Stanley. 1957.

A simple method for the isolation and purification of
total lipids from animal tissues. J. Biol. Chem. 266:
497-509.

. Avigan, J., D. Steinberg, H. E. Uroman, M. J. Thomp-

son, and E. Mosetting. 1960. Studies of cholesterol
biosynthesis. The identification of desmosterol in serum
and tissue of animals and man treated with MER-29.
J. Biol. Chem. 235: 3123-3126.

Talalay, D. 1960. Enzymic analysis of steroid hormones.
Methods Biochem. Anal. 8: 119-143.

Bricker, L. A., H. J. Weis, and M. D. Siperstein. 1972.
In vivo demonstration of the cholesterol feedback sys-
tem by means of a desmosterol suppression technique.
J. Clin. Invest. 51: 197-205.

Roovers, J., E. Evrard, and H. Vandermaeghe. 1968.
The improved method for measuring human blood bile
acids. Clin. Chim. Acta 19: 449-457.

Wolfman, L., and B. A. Sachs. 1964. Separation of
cholesterol and desmosterol by thin-layer chromatog-
raphy. J. Lipid Res. 5: 127-128.

Quarfordt, S. H., and D. S. Goodman. 1966. Incorpora-

Journal of Lipid Research Volume 19, 1978

15.

16.

17.

18.

19.

20.

21.

tion of labeled cholesterol esters into chylomicrons in
vitro. J. Lipid Res. 7: 708-710.

Myant, N. B., and H. A. Eder. 1961. The effects of
biliary drainage upon the synthesis of cholesterol in
the liver. J. Lipid Res. 2: 363-368.

Admirand, W. H., and D. M. Small. 1968. The physico-
chemical basis of cholesterol gallstone formation in
man. J. Clin. Invest. 47: 1043-1052.

Nicolau, B., S. Shefer, G. Salen, and E. H. Mosbach.
1974. Determination of hepatic 3-hydroxy-3-methyl-
glutaryl CoA reductase activity in man. J. Lipid Res.
15: 94-98.

Kellogg, T. F., and B. S. Wostmann. 1969. Fecal neutral
steroids and bile acids from germ-free rats. J. Lipid Res.
10: 495-503.

Chevallier, F. 1967. Dynamics of cholesterol in rats,
studied by the isotopic equilibrium method. Adv. Lipid
Res. 5: 209-239.

Wilson, J. D. 1962. Relation between dietary cholesterol
and bile acid excretion in the rat. Amer. J. Physiol. 203:
1029-1032.

Lindstedt, S., and A. Norman. 1957. The turnover of
bile acids in the rat. Acta Physiol. Scand. 38: 121-128.

2T0Z ‘6T aunr uo ‘1sanb Aq Bio 1) mmm wouy papeojumoq


http://www.jlr.org/

