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Role of Primary and Secondary Bile Acids as Feedback
Inhibitors of Bile Acid Synthesis in the Rat In Vivo
Eduard F. Stange, Jurgen Scheibner, and Hans Ditschuneit
Department of Internal Medicine II, University of Ulm, 7900 Ulm, Federal Republic of Germany

Abstract

The effect of various primary and secondary bile acids on the
rates of synthesis of all major bile acids was studied in the live
rat with an extracorporal bile duct. Bile acid synthesis was
determined using HPLCbased on mass or by isotope dilution.
Derepressed rates of bile acid synthesis (30-54 h) were inhib-
ited by an infusion of taurocholic acid only at a supraphysio-
logical dose of 500 gmol/kg per h, but not at 300 gsmol/kg per
h, which approximates the initial bile acid secretion (250
jmol/kg per h). Whenadministered together with taurocholic
acid (200 ,umol/kg per h) only a high dose of taurochenodeox-
ycholic acid (100 gmol/kg per h) decreased taurocholic but not
tauromuricholic or taurochenodeoxycholic acid synthesis. The
only bile acid suppressing taurocholic acid (36-71%) and tau-
rochenodeoxycholic acid (up to 33%) formation at an infusion
rate close to the normal portal flux was deoxy- or taurodeoxy-
cholic acid at 15-50 ;umol/kg per h. It may be concluded that
deoxycholic acid and possibly other secondary bile acids are
much more potent inhibitors than primary bile acids.

Introduction

The classical view that the rate of bile acid synthesis is under
the control of bile acids returning to the liver via the portal
vein is based on a large body of evidence. For example, both
bile acid synthesis and its rate-limiting enzyme, 7a-hydroxy-
lase, were suppressed when rats were administered a variety of
bile acids through dietary, intraduodenal, or intravenous
routes (1-7). This mechanism explained the rapid predomi-
nance in bile of any administered bile acid (8). During partial
or total interruption of the enterohepatic circulation of bile
acids with cholestyramine or bile diversion bile acid synthesis
increased (9-12) due to apparent derepression. These data ob-
tained in rats were confirmed by work in primates (13, 14) and
in humans (1 5-23) using both bile acid depletion and adminis-
tration.

However, agreement in the field on the existence of this
feedback regulation of bile acid synthesis has not been univer-
sal. First, bile acids failed to regulate their rates of synthesis
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both in isolated (24) and cultured (25, 26) hepatocytes. Sec-
ond, several in vivo studies in the rat, hamster, and man also
were unable to confirm the feedback concept uniformly
(27-34). Finally, other data were similarly difficult to reconcile
with the classical view, such as the stimulation of bile acid
synthesis in the bile duct-ligated rat despite a 10-fold increase
of hepatic bile acid concentration (35).

In an effort to gain more insight into the mechanisms of
control involved in bile acid synthesis, we have recently found
a distinct difference between taurocholic or cholic acid' given
as a dietary supplement as opposed to an intravenous infusion
(32). It was further demonstrated that colectomy stimulated
basal bile acid synthesis in the rat severalfold and partly pre-
vented the suppressive action of dietary cholate. Taken to-
gether these findings pointed to an important role of colon-de-
rived secondary bile acids as feedback regulators. The present
study, therefore, systematically defined the role of primary and
secondary bile acids in regulating hepatic synthesis of individ-
ual bile acids in the rat with an extracorporal bile duct.

Methods

Animals and surgical procedures. Male Wistar derived rats (Chbb-
THOM;Thomae, Biberach, FRG) weighing 250-300 g were given a
pelleted standard diet (Altromin 1314; Altromin, Lage, FRG) ad lib.
After 1 wk under light cycling conditions an extracorporal bile duct
was established as described by Weis and Barth (36).

Experimental setup and infusates. After another week with intact
enterohepatic circulation the animals were restrained in a Bollmann
cage. The external loop was cut and connected to a PE 86 tubing on
both ends for duodenal infusion and bile drainage via the distal and
proximal bile duct, respectively. Bile was collected at 3-h intervals
using a fraction collector.

While in the restraining cage the animals were administered food
and water ad fib. The average food consumption was 15 g/d and did
not differ between groups. In addition, they were infused with a stan-
dard solution including 33.8 mMbicarbonate (32). The various bile
acids (Sigma Chemical GmbH, Munich, FRG) were added to the
complete infusate at concentrations chosen to achieve the required
dose at an infusion rate of 2 ml/h using a precision pump (Unita Ib; B.
Braun, Melsungen, FRG).

Finally, labeled bile acids were included as specified to allow for the
calculation of recoveries and synthesis rates of the infused bile acids.
["4C]Taurocholic acid (46.7 mCi/mmol), [3H]taurocholic acid (2.7 Ci/
mmol), and ['4C]cholic acid (52 mCi/mmol) were obtained from New
England Nuclear (Dreieichenhain, FRG) and [14C]deoxycholic acid
(58 mCi/mmol) was purchased from Amersham Corp. (Braunschweig,
FRG). ['4C]Taurochenodeoxycholic acid was prepared by injecting a

1. The following commonnames have been substituted for the system-
atic names in this paper: cholesterol, 5-cholesten-3,3-ol; muricholic
acid, 3,6,7-trihydroxy-5j3-cholan-24-oic acid; cholic acid, 3a,7a, 12a-
trihydroxy-5#-cholan-24-oic acid; chenodeoxycholic acid, 3a,7a-dihy-
droxy-53-cholan-24-oic acid; deoxycholic acid, 3a, 12a-dihydroxy-5#-
cholan-24-oic acid.
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rat with [14Clchenodeoxycholic acid (50 mCi/mmol; Amersham
Corp.) intravenously and subsequently isolating the labeled taurine
conjugate of chenodeoxycholic acid by HPLCas described below.

A micellar solution of 46.7 mMtaurocholic acid, 0.3 mMcholes-
terol, and 4.9 mMdipalmitoyl lecithin (all from Sigma Chemical
GmbH)was prepared as described by Stone et al. (37). For a separate
set of experiments pooled rat bile from normal animals with a bile
fistula for up to 18 h was lyophilized and the residue dissolved in an
infusate volume adequate for the required bile acid dose. The total bile
acid concentration was 48.3 mMwith tauromuricholic acid account-
ing for 11.3% of bile acid mass, taurocholic acid 85.9%, taurocheno-
deoxycholic acid 1.5%, taurodeoxycholic acid 0.5%, and. cholic acid
0.8%. The concentrations of cholesterol and phospholipids were 0.36
and 5.7 mM, respectively. In the various experiments listed in Table I
the recoveries in bile of the infused labeled bile acids varied between
86.2 and 104%.

Two different types of experiments were performed. In the first set
bile acids were infused for 54 h and bile acid synthesis was quantitated
during the derepressed phase between 30-54 h under continuous infu-
sion directly using HPLC(mass), or by isotope dilution using HPLC
with on-line liquid scintillation counting. In the second set of experi-
ments bile acids were infused for 54 h, followed by a tracer dose during
the final 54-78 h of the experiment, allowing direct estimation of
synthesis from the secreted bile acid mass after depletion of the infused
bile acid pool after 60 h. At the end of the experiments the animals
were bled and glutamate-pyruvate transaminase (SGPT),2 glutamate
dehydrogenase (GLDH), and alkaline phosphatase activity were deter-
mined using Merckotest kits (E. Merck, Darmstadt, FRG).

Analytical methods. Bile acids were extracted from 0.5 ml of fresh
bile according to Tietz et al. (38). The various bile acids were quanti-
tated by HPLC as described previously (32) using a system with a
differential refractometer (Waters Associates, Milford, MA) and a
Lichrosorb RP 18 column (E. Merck). The radioactivity of the eluting
bile acid peaks was measured directly using an on-line liquid scintilla-
tion counter (Ramona 4 LS; Raytest, Pforzheim, FRG). Biliary lipids
were assayed as detailed (32).

Calculations. The synthesis rates of those bile acids that were not
administered or metabolites of infused bile acids were derived directly
from their rates of mass secretion after pool depletion. In contrast, the
synthesis rates of the bile acids infused were calculated using the Wil-
son formula (28) based on the difference in specific activity in bile and
infusate:

Bile acid synthesis (,umol/h)
dpm/h (bile) dpm/h (bile)

dpm/Amol (bile) dpm/,umol (infusate)
In previous work (32) it was established that this measurement is valid
provided the specific activity difference assayed by HPLCand scintil-
lation counting exceeds 3%. In the case of partial conversion of certain
precursor bile acids to other bile acid metabolites, e.g., chenodeoxy-
cholic acid to muricholic acid or deoxycholic acid to cholic acid, this
contribution was similarly assessed by measuring the radioactivity of
the respective precursor label in the product. Since the specific activity
of the infused precursor was known, its metabolism could be quanti-
tated and subtracted from the total amount of product secreted to yield
the rate of de novo synthesis of the product bile acid. The statistical
analysis was performed using the t test for unpaired samples.

Results

Bile acid secretion and synthesis under control conditions. To
assess the in vivo rates of bile acid secretion, bile was collected

2. Abbreviations used in this paper: GLDH, glutamate dehydrogenase;
SGPT, glutamate pyruvate transaminase.

during the initial 30 min after interrupting the extracorporal
bile duct. With 134 and 91 Amol/kg per h, tauromuricholic
acid and taurocholic acid were the two major bile acids se-
creted (Fig. 1). Minor bile acids were taurochenodeoxycholic
acid (10.3±1.8, means±SEM), taurohyodeoxycholic acid
(8.3±2.2), taurodeoxycholic acid (5.8±1.3), and taurourso-
deoxycholic acid (0.8±0.3). Thus, total bile acid secretion
amounted to 250 gmol/kg per h in these animals. After the
nadir between 6 and 9 h the derepression of synthesis was
proportionally much greater for taurocholic than for tauro-
chenodeoxycholic acid, and even less for tauromuricholic
acid. Conspicuously, all three major primary bile acids exhib-
ited a distinct diurnal rhythm, but the time of peak activity was
not synchronous but dissociated by 3-6 h.

Bile acid secretion and synthesis during the infusion of
taurocholic acid or cholic acid with and without cholesterol.
During the infusion of ['4C]taurocholic acid no radioactivity
was detectable in tauromuricholic or taurochenodeoxycholic
acid. Thus, after pool depletion the secretion rates of these bile
acids were identical with their rate of de novo synthesis even in
the presence of a taurocholic acid infusion.

Surprisingly, neither taurocholic acid nor cholic acid effec-
tively suppressed the derepressed tauromuricholic or tauro-
chenodeoxycholic acid synthesis even at a dose close to 300
Amol/kg per h (Fig. 2). It should be noted that this dose is
higher than the normal rate of total bile acid secretion in these
rats and also exceeds control taurocholic acid secretion three-
fold. Even a dose of 503 gmol/kg per h administered for 54 h
did not affect tauromuricholic acid synthesis at 60-63 h after
washout of the infused bile acid, although taurochenodeoxy-
cholic acid formation was decreased by 35% (Fig. 3).

Similarly, taurocholic acid synthesis was not altered during
the infusion of 302 gmol/kg per h of taurocholic acid (Figs. 2
and 3) and the slight decrease (28%) during the infusion of a
comparable dose of cholic acid was not statistically significant
(Fig. 2). However, at the high dose of 503 Atmol/kg per h of
taurocholic acid given for 54 h (Fig. 3), taurocholic acid nadir
secretion (i.e., synthesis) was inhibited by 33%. Taurodeoxy-
cholic acid appeared in bile at a rate of 2 Amol/kg per h during
this infusion (Table I). Both bile flow and cholesterol as well as
phospholipid secretion were stimulated during the bile acid
infusions, particularly during the infusion of cholate (Table I).

In an attempt to rule out specific effects of whole bile as
opposed to bile acids alone, a micellar solution of taurocholic
acid (308 ,moi/kg per h), phospholipids (32 ,umol/kg per h)
and cholesterol (2.1 Amol/kg per h) was infused. Under these
experimental conditions both tauromuricholic and tauro-
chenodeoxycholic acid synthesis were slightly inhibited (by 23
and 26%, respectively), but taurocholic acid synthesis again
was unchanged (Fig. 2). Comparable results were obtained
with lyophilized rat bile adjusted to a total bile acid infusion
dose of 321 ,mol/kg per h (data not shown).

Bile acid secretion and synthesis during the infusion of
taurocholic plus taurochenodeoxycholic acid. In another series
of experiments the effect of taurochenodeoxycholic acid on
rates of bile acid synthesis was determined in the presence of
taurocholic acid to reduce the potential toxicity of the former
bile acid. At the lower dose of 53 ,umol/kg per h of tauroche-
nodeoxycholic acid plus 263 of taurocholate, the rate of tauro-
muricholic acid formation was even stimulated despite correc-
tion for the flux of taurochenodeoxycholic acid into tauro-
muricholic acid (Fig. 4), but the other bile acids were
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Table I. Bile Flow and Biliary Lipid Secretion during Bile Acid Infusions

Secretion rates

Bile acid infused Dose n Bile flow TDC Chol. P.L.

Amol/kg per h mi/h jsmol/kg per h

TC (Control) 1 21 0.7±0.02 n.d. 0.7±0.03 10.7±0.4
TC 302 13 1.6±0.1 * n.d. 2.0±0.2* 32.4±1.3*
TC 503 m5 2.3±0.1* 2.0±0.8 1.3±0.1* 40.7±1.8*
C 310 6 1.6±0.1* n.d. 2.3±0.1* 42.6±1.1*

TC + Chol + P.L. 308 + 2 + 32 11 1.6±0.1* n.d. 2.0±0.2* 27.8±1.8*
Whole bile 321 10 1.8±0.05* n.d. 1.9±0.1* 40.8±0.6*

TC + TCDC 263 + 53 7 1.7±0.1* n.d. 1.8±0.1* 35.7±2.6*
205 + 102 9 1.3±0.1* n.d. 1.9±0.1* 36.6±1.3*

TC + DC 285 + 15 5 1.7±0.03* 6.7±0.9 1.6±0.03* 26.9±0.7*
TC + DC 259 + 24 9 1.3±0.04* 10.1±0.6 2.1±0.2* 29.2±1.2*
TC + DC 246 + 49 11 1.2±0.04* 26.8±1.2 2.2±0.2* 30.7±1.4*
TC + TDC 253 + 51 6 1.4±0.04* 32.6±1.8 2.0±0.2* 34.4±1.6*
DC 51 8 0.9±0.05$ 28.6±1.5 0.7±0.1 17.8±2.3*

Groups of animals with an extracorporal bile duct for 1 wk before the experiment were infused with taurocholic acid (TC), cholic acid (C),
taurocholic acid + cholesterol + phospholipid (TC + Chol + P.L.), whole bile, taurochenodeoxycholic acid (TCDC), deoxycholic acid (DC),
taurodeoxycholic acid (TDC), or combinations thereof at the doses indicated via the distal bile duct. Bile was collected from the proximal bile
duct during the period between 30 and 54 h after interrupting the enterohepatic circulation. Each value represents the mean± 1 SEMobtained
in n animals. * P < 0.0 1; t P < 0.05 compared with controls (TC 1 umol/kg per h); n.d., not detectable.

unaffected. The higher dose of 102 plus 205 gmol/kg per h of
taurochenodeoxycholic and taurocholic acid, respectively, had
a similar effect, except that in addition at this level taurocholic
acid production was decreased by 55%. These findings were
confirmed in the 78-h experiment (Fig. 3).

Bile acid secretion and synthesis during the infusion of
deoxycholic or taurodeoxycholic acid with and without tauro-
cholic acid. Deoxycholic acid infused at rates of 49-51 umol/
kg per h slightly stimulated tauromuricholic acid synthesis be-

120

O- 40

IDI

0 6 1 2 1 8 24 30 36 42 48 54 60 66 7 2 78

Secretion Period
( h)

Figure 1. Rates of taurocholic (TC), taurochenodeoxycholic
(TCDC), and tauromuricholic acid (TMC) secretion after interrup-
tion of the enterohepatic circulation via the extracorporal bile duct.
The initial rates are given for the 0-0.5-h period; after 3 h the bile
was collected during 3-h intervals. Values represent the means± 1
SEMof 11 animals. The frame denotes the period during which bile
acid synthesis was measured in Figs. 2, 4, and 5.

Bile Acid Infusion
(pjmol/ kg per h)

0 1:. 1I ~ ~ :.:^8
9t ~~~~TCDS

3 .l

10

Figure 2. Rates of tauromuricholic (TMC), taurocholic (TC), and
taurochenodeoxycholic acid (TCDC) synthesis at 3054 h during the
infusions of taurocholic acid (TC) cholic acid (C) or taurocholic
acid plus cholesterol plus phospholipids (TC + Chol). The precise
doses normalized to animal weights and the numbers of animals per
group are detailed in Table I. Values represent the means± I SEM.
**P < 0.01 vs. controls.
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Secretion Period taurochenodeoxycholic acid (TCDC) synthesis at 30-54 h during the
(h) infusions of taurocholic acid plus taurochenodeoxycholic acid (TC

+ TCDC) as detailed in Table I. Values represent the means±
Figure 3. Rates of tauromuricholic (TMC), taurocholic (TC), and SEM. **P < 0.01 controls.

taurochenodeoxycholic acid (TCDC) secretion between 60 and 78 h
after interruption of bile acid infusions at 54 h. The precise doses
given were 1 ,umol/kg per h of taurocholic acid (Control, n = 1 1),
302 of taurocholic acid (TC, n = 13), 503 of taurocholic acid (TC, n gated during its liver passage to taurocholic acid. The presence

= 5), and 263 of taurocholic acid plus 53 of taurochenodeoxycholic or absence of 246-259 ,umol/kg per h of taurocholic acid did
acid (TC + TCDC, n = 7). Values represent the means±l SEM. *P not affect this process, but the proportion was highest

< 0.05; **P < 0.01I vs. controls. (55-56%) at the lowest doses of deoxycholic acid. Thus, the

amounts of deoxycholic acid secreted in bile were only a frac-
tween 30 and 54 h, but suppressed taurocholic acid formation tion of the amount infused, despite excellent (102%) recovery

by 71%, more than any other bile acid at any dose. In the of infused deoxycholic acid derived '4C-label in bile (Table I).
presence of additional taurocholic acid, its effect on taurocho- Finally, it is important to note that none of the various bile
lic acid synthesis was even more pronounced and also ex- acids administered adversely affected SGPT, GLDH, or alka-
tended to taurochenodeoxycholic acid (-33%) (Fig. 5). line phosphatase levels (Table II). Onthe other hand, although

During the phase after cessation of the infusion, a combi- the various bile acids appeared to differ with respect to their
nation of taurocholic acid and deoxycholic acid at lower doses choleretic effect, none clearly diminished bile flow as an indi-
(254 plus 24 zmol/kg per h or 285 plus 15 ,tmol/kg per h, cation of a cholestatic effect.
respectively) also inhibited nadir secretion (i.e., synthesis) of
taurocholic acid by 41 and 36%, respectively (Fig. 6). By con- Discussion
trast, both tauromuricholic and taurochenodeoxycholic acid
synthesis remained unaffected at these relatively low doses. In Several methodological aspects of the present work deserve
comparison, after administration of taurocholic acid plus emphasis. Most importantly, the current rat model with an

taurodeoxycholic acid the decrease in taurocholic acid synthe- extracorporal bile duct as detailed by Weis and Barth (36)
sis was similar, but again the changes in tauromuricholic and avoids problems with surgical stress immediately preceding the
taurochenodeoxycholic acid synthesis were not statistically sig- experiment. With extracorporal bile duct techniques (32, 36,
nificant. 39) the rates of hepatic bile acid secretion were much higher

As judged from the amount of ['4C]deoxycholic acid label (250-400 .mol/kg per h) and probably more in the physiologi-
appearing in taurocholic acid, a significant proportion cal range than reported previously (1 1, 28). Therefore, it was

(40-56%) of deoxycholic acid was rehydroxylated and conju- necessary to infuse relatively large amounts of bile acids to
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Figure 5. Rates of tauromuricholic (TMC), taurocholic (TC), and
taurochenodeoxycholic acid (TCDC) synthesis at 30-54 h during the
infusions of taurocholic plus deoxycholic acid (TC + DC) and deoxy-
cholic acid (DC) alone as detailed in Table I. Values represent the
means±lSEM. *P < 0.05; **P < 0.01 vs. controls.

provide a physiological rate of transhepatic flux, since princi-
pally at least maintenance of this flux should be necessary to
prevent the derepression of bile acid synthesis.

Both the extracorporal bile duct technique and a complex
infusion mixture including bicarbonate to avoid metabolic
acidosis (30, 32) may have contributed to the virtual lack of
bile acid toxicity in the present studies. It should also be em-
phasized that in this study potentially toxic hydrophobic bile
acids like taurochenodeoxycholic or deoxycholic acid (40, 41)
were antagonized by a concomitant supply of the more hydro-
philic and less toxic (40) taurocholic acid. The lack of hepatic
toxicity was documented by near normal SGPT, GLDH, and
alkaline phosphatase activity at the end of the experiment.
None of the bile acid infusions reduced bile flow or the secre-
tion of biliary lipids as compared with controls. In addition,
the effects on bile acid synthesis were specific, since taurocho-
lic acid formation was more sensitive to feedback inhibition by
the dihydroxy bile salts than taurochenodeoxycholic acid, and
tauromuricholic acid was completely spared. Such a differen-
tial response is not consistent with overall hepatic toxicity of
these agents.

Taurocholic acid, as reported for the acute bile fistula rat
(32), was formed at normal rates even in the presence of a
taurocholic acid infusion rate up to 300 Amol/kg per h (i.e.,
more than threefold higher than the taurocholic acid secretion

60 63 66 69 72 75 78

Secretion Period
(h)

Figure 6. Rates of tauromuricholic (TMC), taurocholic (TC), and
taurochenodeoxycholic acid (TCDC) secretion between 60 and 78 h
after interruption of bile acid infusions at 54 h. The precise doses
given were 1 gmol/kg per h of taurocholic acid (Control, n = 1 1),
285 of taurocholic acid plus 15 of deoxycholic acid (TC + DC, n
= 5), 259 of taurocholic plus 24 of deoxycholic acid (TC + DC, n
= 9), and 253 of taurocholic plus 51 of taurodeoxycholic acid (TC +
TDC, n = 6). Values represent the means± 1 SEM. **P < 0.01 vs.
controls.

and equivalent to total bile acid secretion in the extracorporal
bile duct animals). However, at a very high dose of - 500
gmol/kg per h, which was accompanied by the appearance of

Table IL SGPT, GLDH, and Alkaline Phosphatase Activity
in Serum after Bile Acid Infusions

Group Dose SGPT GLDH Alkaline phosphatase

Amol/kg per h U/liter

Normals - 22±0.8 1.0±0.1 241±15
TC 302 27±1.6 0.8±0.07 199±6
TC + TCDC 205±102 24±1.5 1.4±0.09* 207±33
TC + DC 246±49 19±1.9 1.3±0.3 238±35
DC 51 23±0.8 1.1±0.3 128±11

Serum enzyme activity was measured in a group of normal animals
(n = 19) and in the groups detailed in Table I after the bile acid infu-
sions. Each value represents the mean± 1 SEM.
* P < 0.01 compared with normals.
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deoxycholate in bile, taurocholic acid synthesis was indeed
suppressed. Thus, taurocholic acid did not act as a strong in-
hibitor of its own synthesis.

The unconjugated cholate was somewhat more effective,
but the slight suppression achieved was not statistically signifi-
cant. Similar to taurocholic and cholic acid, the inhibitory
doses of taurochenodeoxycholic acid (100 ,umol/kg per h) ex-
ceeded the rates of normal biliary secretion 10-fold, suggesting
that this bile acid also is not a physiological inhibitor.

In contrast, both deoxycholate and its taurine conjugate
were found to be very effective inhibitors of taurocholic acid
formation at much lower doses between 15 and 50 ,mol/kg
per h both in the absence or presence of additional taurocholic
acid. Several points argue in favor of a physiological role of this
secondary bile acid. First, the minimal effective dose of de-
oxycholic acid used in this study of 15 ,umol/kg per h was
rehydroxylated efficiently in the liver, leaving only 7 umol/kg
per h for secretion in bile. This is quite close to the normal rate
of deoxycholic acid secretion of 6 ,umol/kg per h in these ani-
mals, which is almost certainly an underestimate of the physio-
logical flux to the liver. This flux is difficult to determine since
data on bile acid concentrations in rat portal blood are scanty
(24, 42). Wehave therefore determined deoxycholic acid levels
in postprandial rat portal serum by gas liquid chromatography
and found a mean of 21.7 gM (n = 8). If this concentration is
related to previous measurements of portal blood flow in the
rat (43) a deoxycholic acid flux to the rat liver of 23.4 tumol/kg
per h may be calculated. This value is comparable to the mini-
mal effective doses of 15-25 Asmol/kg per h of deoxycholic acid
used in the present study.

Second, the stimulation of bile acid synthesis after elimina-
tion of secondary bile acids by colectomy and the reduction of
the effect of cholic acid feeding in these animals is also consis-
tent with an important regulatory role of these secondary bile
acids in the live rat (32). Moreover, the induction of bile acid
formation during bile duct ligation despite an elevation of bile
acid concentrations in the liver (35) may also be explained,
since under these conditions deoxycholic acid formation in the
colon is prevented. The findings of the present study are also
compatible with the absence of feedback regulation by primary
bile acids in isolated or cultured hepatocytes (24-26), where
deoxycholic acid is too toxic to allow the direct experiment.
Finally, it is striking that the inhibition of synthesis by deoxy-
cholate of different bile acids (taurocholate > taurocheno-
deoxycholate > tauromuricholate) follows the same order as
the degree of derepression (Fig. 1), also suggesting a physiologi-
cal role of this secondary bile acid.

It is quite possible that the disagreement in the literature on
the question of a feedback regulation during intraduodenal
taurocholate infusion is due to variable formation of second-
ary deoxycholate (1, 5, 27-32). The lack of effect of taurocho-
late at a dose of 240-300 ,umol/kg per h is in agreement with
recent work in the field (29-32), but doses ranging from 360
(31) to 500 in the present study clearly were suppressive. How-
ever, it is possible that this effect was also mediated by deoxy-
cholate that appeared in bile.

Whether the proposed regulation by deoxycholic acid and
possibly other secondary rather than primary bile acids holds
true in other species is still unresolved, but recent findings in
the rabbit (44) are compatible with this concept. In the ham-
ster deoxycholic acid appears to be extremely toxic (45),

whereas in the baboon deoxycholic acid was the single most
potent feedback inhibitor of bile acid synthesis (14). In man,
most (16, 17, 19) but not all (34) of the available evidence
supports a role for deoxycholic acid as feedback inhibitor. It
has also been suggested that this bile acid is instrumental not
only in regulating bile acid pool sizes but also in affecting
biliary cholesterol saturation (46-49). This may well have a
bearing on cholesterol gallstone disease, since in some studies
there was a relationship between deoxycholic acid and choles-
terol in bile (50). On the other hand, at least a subgroup of
gallstone patients has low rates of bile acid synthesis (51) and
low pool sizes (52). Moreover, clinical situations with an in-
creased bile acid loss through dysfunction or resection of the
terminal ileum are accompanied by a compensatory increase
in bile acid synthesis (53) and are often characterized by a low
deoxycholate pool size (54).

In conclusion, deoxycholic acid appears to be a major de-
terminant of taurocholic and taurochenodeoxycholic acid syn-
thesis in the rat and possibly in other species. However, the
modulation of the synthesis of the various primary bile acids in
the rat differs, suggesting that their regulation is not coordi-
nated by the same mechanisms of control.
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