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SUMMARY

1. Sodium taurocholate or cholate was administered systemically at
a constant rate of about 2-9 #mole/min.kg body wt. to anaesthetized
dogs in which the common bile duct had been cannulated. In steady-state
conditions blood was sampled from systemic and hepatic veins and the
fraction of bile salt removed in a single passage through the liver was
determined. Total hepatic blood flow was estimated by application of the
Fick principle.

2. The hepatic extraction fraction for synthetic taurocholate in ten
experiments was 92 % ± 5% (S.D.) over the blood flow range encountered
(1.1-2.8 ml./min.g liver). The extraction of cholate extensively con-
jugated in the liver before excretion into bile was 79% ± 8% (S.D.)
(twenty-one observations, thirteen experiments). In circumstances of
similar hepatic blood flow the extraction of cholate transferred to bile in
the free form (after acute taurine depletion) was significantly less than that
of either synthetic taurocholate or cholate which could be actively con-
jugated before excretion. These results, which are discussed and criticized,
support previous work on the advantage of conjugation in the transfer of
cholic acid from blood to bile.

3. The hepatic clearance ofbile salt decreases with increasing administra-
tion rate, but the values obtained may be influenced by changes in hepatic
blood flow. With regard to taurocholate an increase in total hepatic flow
was observed when its administration rate exceeded about 5 ,umole/min . kg
body wt.

4. The secretory maximum for glycocholate, a bile salt not normally
found in dog bile, was of the same order as that for taurocholate.
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INTRODUCTION

In the early phase of a constant intravenous infusion of cholic acid in
the anaesthetized dog in which the common bile duct is cannulated most
of the administered cholate is first conjugated with taurine before excre-
tion into bile. The small fraction of cholate which escapes conjugation with
taurine appears in bile in the free (or unchanged) form. However, after a
few hours of such cholic acid infusion a state of acute taurine depletion is
produced during which most of the administered cholate appears free in
bile; this condition can be reversed by the administration of taurine. In
a previous study (O'Maiille, Richards & Short, 1965a), it was found that
conjugation of cholic acid with taurine afforded certain advantages in the
transfer of this substance from blood to bile. This was inferred from the
findings that (a) the maximal excretory rate of synthetic taurocholate, or
of cholate actively conjugated in the liver before excretion into bile, was
much greater than that of cholate secreted in the free form; and (b) the
hepatic clearance of synthetic taurocholate or of actively conjugated
cholate was greater than that of cholate transferred from blood to bile
without change. The present experiments were carried out to extend our
information on the influence of conjugation on cholic acid transport by
determining the hepatic extraction (the fraction of a test substance removed
from the blood in a single passage through the liver) of (a) synthetic
taurocholate, (b) cholic acid actively conjugated with taurine in the liver
before excretion, and (c) cholic acid transferred to bile in the unconjugated
form. These studies also give us an estimate of the total liver blood flow
and this factor is discussed in relation to changes in hepatic extraction and
clearance of bile salt. A brief report of some of these findings has already
been published (O'Maiille, Richards & Short, 1965 b).

METHODS

Adult mongrel dogs which had been fasting for 16 hr were anaesthetized with pento-
barbitone (Nembutal, Abbot Laboratories). Some animals were premedicated with diethyl-
thiambutene (Themalon, Burroughs Weilcome and Co.). The abdomen was opened by a
median incision, the common bile duct cannulated and the cystic duct ligated. In some
experiments a catheter was inserted into a radicle of the splenic vein for the purpose of
infusions into the portal system. When urine was to be collected both ureters were cathe-
terized intra-abdominally. Hepatic venous blood was obtained from a polythene catheter
(i.d. 1 mm) directly inserted through the wall of the left common hepatic vein (see Shoe-
maker, Walker, van Itallie & Moore, 1959). The vein was first punctured with a No. 14
needle (which was bent at a convenient angle near its tip), the catheter passed through and
the needle withdrawn. A small clip was placed on the catheter at its entrance through the
vein wall to prevent it slipping into the vein more then the desired distance (1-2 cm). In
later experiments 'angiocaths' (Desert Angiocath, 16 ga., 0-044 in. (0.112 cm) i.d., 2i in.
(5.7 cm), Bard-Davol Ltd.) were found to be more convenient. A 'stop' in the form of a
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tight rubber ring was placed about 1 cm from the end of the catheter which entered the
vein. It was found unnecessary to take any measures to prevent either catheter from slipping
out of the vein. In twenty dogs (9.5-25.2 kg body wt., mean wt. 14 kg) the distance between
the puncture site in the left common hepatic vein and the inferior vena cava was 3-6 cm,
mean 4-2 cm. To test if the catheter were sampling caval as well as hepatic venous blood
a rapid injection of bromsulphthalein was given into the femoral vein at the end of each
experiment and blood withdrawn through the hepatic venous catheter over the succeeding
12 sec. These blood samples were free of bromsulphthalein in almost all instances. The left
common hepatic vein drains about 40% of the total liver mass and blood sampled from it
has been found to be representative of hepatic venous blood in general (Shoemaker, 1960,
1964).

Bile salt solutions were administered systemically (either the right femoral or one of the
external jugular veins was used) and taurine solutions portally by means of constant
infusion pumps. Systemic blood samples were withdrawn from the left femoral vein and
both these and the hepatic venous samples were transferred to tubes containing 2-3 drops
of heparin solution (1000 i.u./ml., Evans Medical) and gently shaken. Bile and urine were
collected in graduated tubes. Cholic acid (B.D.H.) and pure preparations of synthetic sodium
taurocholate and glycocholate (L. Light and Co.) were used. The ways in which solutions of
these substances and of taurine were made up have been described in previous papers
(O'Maille et al. 1965a; O'Maille, Richards & Short, 1966).

Analyses
The methods used for the determination of bile salts in bile and blood have been described

previously (O'Maille et al. 1965a). The following modifications were adopted:
Bile. Following chromatography the taurocholate spots were eluted with distilled water

instead of phosphate buffer.
Plasma. Analyses were according to the modification of the original method described

at the end of the 'Methods' section of O'MAille et al. (1965a). In the later experiments
1 extra ml. of acetic acid was added to both test and blank samples in the final stage of the
analysis to provide sufficient fluid to fill the 2 cm cuvettes of an E.E.L. 'Spectra' photo-
meter. Each sample was read against its own blank at 600 m,u. Control blood samples were
taken before bile salt infusion and the readings given by these (which were largely due to
non-bile acid chromogen) were subtracted from the remainder of the experimental readings;
the net readings were used in the calculation of the plasma cholate concentration due to bile
salt administration. In this series of experiments standard plasma samples designed to cover
the expected range of bile salt concentrations were prepared on every occasion, usually
from the experimental animals' own plasma. The method gives the plasma concentration of
total cholate (i.e. conjugated plus free cholate).

Uptake of bile salt by red cells
Plasma, rather than whole blood, was used for the above analyses on the assumption that

bile salt is effectively confined to this fraction of the blood. To find out if the red cells remove
any bile salt, in vitro tests were carried out in which a measured quantity of taurocholate
or cholate was added to (a) whole blood, and (b) a volume of plasma equal to the plasma
content ofthe whole blood sample as determined from the haematocrit value. The whole blood
samples, which were left standing (with occasional agitation) at room temperature for
periods up to 280 min, were centrifuged and the plasma was analysed according to the
above method. The recovery of taurocholate from whole blood was only slightly less than
that from plasma so that for practical purposes this bile salt is confined to plasma. However,
in the blood concentration range 0-10-0*16 mm, with respect to sodium cholate, 22-26% of
the total blood cholate content was taken up by the red cells (haematocrit range of samples,
49-54%). No correction for this uptake of cholate by the red cells was made in these
experiments for the following reasons. The plasma cholate concentration of samples used
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for analysis in the in vivo experiments was in equilibrium with the red cells. On the reason-
able assumption that the distribution of cholate between cells and plasma is similar through-
out the range of concentrations obtained the same correction factor would be applied to
systemic and hepatic venous samples so that the extraction fraction as calculated below
would not be affected. Not applying a correction factor leads to over-estimation of the
hepatic blood flows and clearances determined during cholate infusion, but the relative
values obtained in these experiments should not be altered.

Blood transfuion
In most instances the blood removed for standards and samples from the experimental

animal was replaced with fresh blood, which was obtained as required from an anaesthetized
donor dog kept in the laboratory during the experiment.

RESUJLTS

General design of experiments
In all experiments bile salt was administered systemically at constant

rate, and blood samples were taken when over-all steady-state conditions
were attained (i.e. when the output rate of bile salt in bile equalled the
infusion rate). In these circumstances E = (F - H)/F, where E is the
hepatic extraction and F and H are the concentrations of bile salt in blood
plasma entering and leaving the liver, respectively. The extraction fraction
may be expressed as a percentage by multiplying by 100. In steady-state
conditions the concentration of bile salt in a peripheral vessel, e.g. the
femoral vein is equal to that of blood entering the liver. The total hepatic
blood flow (B) was calculated by application of the Fick principle and was
given by

Q 1 100
F-H liver wt. 100-haematocrit'

where Q was the administration rate of bile salt which in turn equalled the
excretory rate (less the very low control output of bile salt), since extra-
hepatic loss or removal of bile salt was negligible at the rates employed in
these experiments. If Q is in ,umole/min, F and H in mm and the liver
weight in g, blood flow has the units ml./min . g liver. In the rest of this
paper when the word 'extraction' is used without further qualification the
meaning intended is that of 'extraction fraction' as defined above.

Blood sampling procedure. In the earlier cholate-infusion experiments
blood was sampled during steady-state conditions once in each phase
(before taurine depletion, after taurine depletion and again after the
administration of taurine), enough blood being withdrawn for duplicate or
triplicate analyses. In later experiments blood samples were taken during
each phase at from 15 to 35 min intervals for periods up to 120 min.

Hepatic extraction of cholate during continuous infusion. In the first group
of experiments to be described cholic acid was infused throughout at a
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constant rate of about 2-9 ,umole/min .kg body wt. Extraction and blood
flow studies were carried out at three phases of the experiment: (a)
60-105 min from the beginning of the infusion when most (> 87 %) of the
administered cholate was being conjugated with endogenous taurine before
excretion, (b) after 300-500 min. when most of the infused cholate was
appearing free in bile (following depletion of the taurine 'pool'), and (c)
when extensive conjugation was restored by taurine infusion, sampling
during this phase taking place from 60 to 240 min after the start of the

Extraction (blood flow
87% 30rml./gliver.min)

-S- ---- C in

Extraction (blood flow
35% 2-8 ml./g liver. min)

e 2 Cout ,/I

0

0~~~~~~~~~~~~~

C out

100 200 300 400
Time (min)

Fig. 1. Sodium cholate was administered systemically throughout the experiment
at a constant rate of 2-71 ,umole/kg body wt./min.------- C in; A-A T. out, out-
put rate of taurocholate in bile; x- x C out, output rate of free cholate in bile.
Systemic and hepatic venous samples were removed at the times indicated by the
axrows, and the hepatic extraction fractions and blood flows calculated as described
in the text. Note that the hepatic extraction of cholate which was extensively con-
jugated before excretion into bile was much greater than that of cholate trans-
ferred to bile largely in the free form, in circumstances of approximately similar
hepatic blood flows. (Liver wt. = 3 05 % of body wt.; haematocrit = 51 %.)

taurine administration. As in the previous study (O'Maille et al. 1965a)
taurine was given portally as a priming dose (usually about 0-5 m-mole/kg
body wt.) followed by constant infusion at a rate 3-6 times (molar) the
corresponding cholate administration rate.

Since hepatic extraction may vary with blood flow rate it is necessary
to take this factor into account when assessing any changes in cholatc
extraction that may occur in the various phases of an experiment. The
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simplest circumstances in which to compare cholate extraction during any
two phases of an experiment is when blood flow rate is the same in both
phases. This was approximately the situation in the experiment illustrated
in Fig. 1. The times of blood sampling are indicated by the arrows. Here
the cholate extraction during the phase of extensive conjugation was
87 % as against 35% when most of the infused cholate was being excreted
free in bile. Blood flow was approximately the same in both phases so that
the hepatic clearance (extraction fraction x blood flow) changed in the
ratio of the extractions (clearance first phase 2-6 ml./min.g liver, second
phase 1-0 ml./min. g liver). However, this experiment is one of a minority
with respect to blood flow constancy. In the larger group the variation
most commonly seen was an increase in the blood flow rate during the
taurine-depleted phase (when free cholate secretion predominated), which
tended to revert to a lower value after restoration of conjugation by taurine
administration. We will return to a consideration of these when the next
group of experiments has been described.

Comparison of hepatic extraction of synthetic taurocholate and
actively conjugated cholate

The extractions of taurocholate and of actively conjugated cholate
were compared in the same dog in four experiments. In these (one of which
is illustrated in Fig. 2) taurocholate was first administered at a constant
rate similar to that used for cholate in the above series. Systemic and
hepatic venous blood samples were withdrawn when steady-state condi-
tions obtained (60-100 min later). The infusion was then stopped and
130-185 min allowed for the removal of taurocholate from the animal.
When this had been achieved a constant infusion of cholate (sometimes
with a supplementary portal infusion of taurine) at approximately the
same rate was begun and again blood was sampled when steady conditions
prevailed. In the instance depicted in Fig. 2 the extraction of taurocholate
was 100 %, that of cholate extensively conjugated (11 % of the administra-
tion rate was appearing in bile as free cholate) was 71 %. In general, taking
all experiments into consideration, the hepatic extraction of synthetic
taurocholate, when its administration rate was in the region of 2-9 ,tmole/
min.kg body wt., was 92 % ± 5 % (S.D.) (ten experiments) over the blood
flow range encountered, 1 1-2-8 ml./min.g liver. The hepatic extraction
of cholate extensively conjugated before excretion (< 13% of infusion
rate appearing free in bile) was 79 % ± 8% (S.D.) (twenty-one observations,
thirteen experiments). The data from these experiments are gathered
together in Fig. 3 which is a plot of clearance (E x B) against blood flow (B).
The slopes of the lines joining the points in each of these two groups are
the respective extraction fractions; in Fig. 3 the lines drawn represent the
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mean extractions. The experiments of this group are further discussed
below.

Extraction (blood flow Extraction (blood flow
_ 100% 1-6 ml./g liver. min) 71% 1-6 ml./g liver. min)

5 3 (T i C in

Tout Tout

1.2

0 40 80 120 220 260 300 340 380
Time (min.)

Fig. 2. To show the plan of experiments in which the hepatic extractions of tauro-
cholate and actively conjugated cholate were compared in the same dog. Symbols
and notation as in Fig. 1. Taurocholate was first infused at a constant rate of
2*98, mole/kg body wt./min for 100 min. The infusion was then stopped and
165 min allowed for the removal of taurocholate from the animal. Sodium cholate
was then infused systemically at a constant rate of 2-91 ,umole/kg body wt./min
together with a supplementary intraportal infusion of taurine at 5.9 /umole/kg body
wt./min for 115 min. Systemic and hepatic venous blood samples were taken at the
times indicated by the arrows. (Liver wt. = 2-92% of body wt.; haematocrit
- 46.5%.)

The relation between hepatic extraction, blood flow and clearance
It has already been pointed out that changes in hepatic blood flow from

one phase of an experiment to another, which occurred in the majority of
cases in the first group described, complicate the use of the extraction
fraction as a comparative index of the liver's performance in removing
substances from the blood. Brauer, Leong, McElroy & Holloway (1956),
using [32p] Cr P04 have investigated the relation between total hepatic
blood flow rate and extraction in the isolated perfused rat liver, and have
shown that in general, as perfusion rate was increased the extraction ratio
of radio colloid fell. The hepatic clearance (C) of a substance from the
blood reflects the combined effects of changes in extraction and blood flow
rate and is given by C = B x E. The advantage of a plot of the type shown
in Fig. 3 (clearance v. blood flow) in circumstances of variable blood flow
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is that one can see at a glance, for any given blood flow rate, the dif-
ferences in clearance (and hence extraction) between cholate transferred
to bile with and without previous conjugation, and synthetic taurocholate.
The entire data for this plot are drawn from twenty-three experiments (ten
with synthetic taurocholate and thirteen with cholate). It can be seen
(Fig. 3) that in general for a given blood flow rate the hepatic clearance
(and therefore extraction) of taurocholate and cholate extensively con-
jugated before excretion (< 13 % appearing free in bile) was greater than
that of cholate transferred from blood to bile without undergoing con-
jugation in transit (> 65% of infusion rate appearing as free cholate in

e I I I II

tauro¢holate (/\ TC) choic aid wich as frst ¢tivlCconjugated
A~~~~~~~~~~
x~~~~~~~~~~~

x A~~~~~~~~~~~~~~
A~~~~~~~~~

A A A

toAileinChefreffrm x- xa re). taneeentht,illgeera,orgveree

x~~~~~

0 12 3
Blood flow (B) ml./min . g liver

Fig. 3. Collected data from twenty-three experiments (which are described in
detail in the text) to show the relation between hepatic clearance and blood flow for
taurocholate (A-A T,), cholic acid which was first actively conjugated in the liver
before excretion to bile (A- A C' conjugated) and for cholate largely transferred
to bile in the free form (x- x C free). It can be seen that, in general, for a given
hepatic blood flow rate the clearance and hence the extraction of taurocholate
or cholate actively conjugated before excretion is greater than that of cholate
transferred to bile unchanged. (Liver wt. = 2-730% body wt.; haematocrit =
46-3 %: means for twenty dogs.)
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bile). It should be pointed out that since these experiments were performed
on whole animals the blood flows depicted in Fig. 3 represent (a) variations
from animal to animal, and (b) variations in the same animal from one
phase of the experiment to another. The points for cholate extensively
conjugated before excretion include both those obtained during the phase
before taurine depletion (when endogenous taurine was being used for
conjugation) and those after the restoration of conjugation by taurine
administration following on the phase of taurine depletion.

Extraction of taurocholate at different rates of administration
It had been noticed (but not commented upon) in previous experiments

in which taurocholate or cholate had been administered at several constant
rates in stepwise fashion (see O'Maille et al. 1965a) that the hepatic
clearance of bile salt declined with increasing administration rate. How-
ever, this decline was not always steadily progressive, e.g. two adjacent,
but different, rates of administration occasionally gave the same value
for hepatic clearance. It was therefore decided to repeat some of those
experiments with hepatic venous in addition to systemic blood sampling,
to determine the hepatic extraction and blood flow at a series of steady-
state rates of taurocholate administration.
In three such experiments taurocholate was administered at several

constant rates (1. 3-8 0 jsmole/min.kg body wt.) each lasting for about
90 min. Systemic and hepatic venous blood samples were taken near the
end of each stage. The results of one of these experiments are illustrated in
Fig. 4, which is a plot of taurocholate administration rate against the
taurocholate concentration of systemic plasma. It is evident from the
curvature of the plot that the clearance (infusion rate/plasma concn.)
decreases with increasing administration rate. However, if the hepatic
blood flow figures for each stage (Fig. 4) are examined it will be seen that
there was a progressive increase in this parameter with increasing admini-
stration rate. A well-marked increase (up to 85% over initial flow) in
hepatic blood flow rate was observed in two out of three experiments when
the administration rate of taurocholate exceeded about 5 #tmole/min.kg
body wt. The blood flow changes in the third experiment were in the same
direction but less marked. The possible significance of these variations is
discussed below.

Glycocholate experiments
Some preliminary steady-state experiments in which glycocholate was

administered at a series of constant rates (1.6-7.8 ,tmole/min .kg body wt.)
indicate that the hepatic clearance of this bile salt also declines with
increasing administration rate. The hepatic extraction fraction for glyco-
cholate was of the same order as that for taurocholate. The maximal rate
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atwhich glycocholate could beexcretedinto bile (Tm) was determined intwo
experiments which gave values of 8x5 and 7.8#mole/min .kg body wt.; these
fall within the range of values obtained for the taurocholate Tm (8.6 + 1-5
(S.D.) ,umole/min.kg body wt.; nine experiments).

8-~~~~~~~~~~~~~~~~~~.
0n 0¢

A3.0

6 2
0 2.6

0 A
119

0Q2 0.4 06 08 1-0
Plasma taurocholate conen. mM

Fig. 4. Five steady-states of taurocholate administration are plotted against the
plasma concentration obtaining in each stage. The figures under each point
indicate the hepatic blood flow inml./min . g liver calculated forthatparticular stage.
The hepatic clearance (infusion rate/plasma concn.) declines with increasing
administration rate, but the values obtained are likely to be modified by the
progressive increase in hepatic perfusion (see text for discussion). (Liver wt. =
2-08 % of body wt.; haematocrit = 48%.)

DISCUSSION

The phenomenon of acute taurine depletion and the reduced hepatic
clearance of cholate which is excreted in the free form have been discussed
in a previous paper (O'Maiille et al. 1965 a). Inthat study hepatic blood flow
determinations were not made, so it was not possible with certainty to
attribute the reduced clearance to reduced hepatic extraction. The present
studies show that for a given hepatic blood flow the extraction of cholate
transferred to bile in the free form is significantly less than that of either
synthetic taurocholate or cholate actively conjugated before excretion.
The authors can find no account of quantitative studies on bile salt

extraction of the kind reported here in the literature. However, the high
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hepatic extraction of conjugated bile salt described above is in complete
accord with the observations of Greene, Aldrich & Rowntree (1928) and
Bollman & Mann (1936) who, after feeding large amounts of bile salts to
dogs, found no significant rise in the bile acid concentration of peripheral
blood. Josephson & Rydin (1936) reported large differences between the
bile acid concentration of portal and systemic blood after sodium cholate
or glycocholate had been injected into the intestine of the cat, rabbit and
horse. Recently Portman & Shah (1962) using tracer doses of radioactive
bile salts, determined the bile salt concentration of peripheral, portal and
hepatic venous blood in fasted monkeys by means of an isotope dilution
principle. (The portal and hepatic venous samples were obtained in the
course of an acute terminal operation.) No hepatic blood flow measure-
ments were made but on the assumption that four fifths of the total hepatic
flow is through the portal vein they give the extraction ratio for tauro-
cholate as 44-99 %; in half of their experiments the ratio was over 87 %.
These authors (Portman & Shah, 1962) also noticed no consistent change
in the bile salt concentration of peripheral blood, after the monkeys had
been given a fat meal. Finally, Olivecrona & Sjovall (1959) have estimated
the bile salt concentration of portal venous blood in the rat (this species
does not have a gall-bladder) to be about 2 mg/100 ml.; in a separate study
(Grundy & Sjovall, 1961) the systemic bile salt concentration of the rat
was found to be approximately 0-08 mg/100 ml. Calculation from these
figures gives the hepatic extraction fraction to be about 95 %. All studies,
therefore, concur in the finding that at low presentation rates conjugated
bile salt is almost completely removed from the blood in a single passage
through the liver.

Criticism of taurine depletion experiments
The lower hepatic extraction and maximal rate of secretion of free

cholate compared to taurocholate and actively conjugated cholate would,
at first sight, seem to indicate simply a less-efficient transport system for
free cholate arising from the difference in molecular structure between
cholic and taurocholic acids. However, the following alternative possibili-
ties must be considered:

(a) Since, in the course of washing out the taurine pool by means of
continuous cholate administration, depletion of metabolically active
taurine precursors such as cysteine, cystine and possibly methionine is
likely to occur to some extent (O'Maille et al. 1965a), inferior secretory
performance with free cholate might be due to metabolic ill-effects rather
than a less efficient transfer system for this molecular species as against
taurocholate or glycocholate.

(b) In the guinea-pig (Elliott, 1956 a; Siperstein & Murray, 1956) and rat
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(Bremer, 1956), the enzymic synthesis of taurocholic acid has been shown
to occur according to the following reactions:

ATP, Mg2+ or Mn +
cholic acid +CoA',= - cholyl CoA, (1)
cholyl CoA+ taurine > taurocholic acid+ CoA. (2)

If conjugation in the dog liver involves similar reactions, then when
taurine is available reaction 1 above would not go to equilibrium due to
the rapid conversion of cholyl CoA to taurocholic acid and CoA. However,
when reaction 2 is substantially reduced (following taurine depletion)
cholyl CoA would accumulate in the cell until its equilibrium concentration
was reached and hence a greater amount of CoA would be sequestrated as
cholyl CoA. In the steady state of free cholate secretion (when the net rate
of cholate entry into the liver equalled its rate of exit into the bile) the
concentration of cholyl CoA would not change further with time. Inferior
free cholate secretion might, therefore, be the result of (i) relative CoA
deprivation (due to the increased amount bound as cholyl CoA), or (ii)
competitive inhibition due to the occupying of excretory sites by cholyl
CoA.
The evidence against (a) being the case is that secretory performance is

fairly promptly restored by the administration of taurine, a procedure
which would not replenish the liver content of taurine precursors. Taurine
itself is an end-product of sulphur metabolism and is not known to have
any cellular function other than that of acting as a conjugant for bile acids.

It is difficult to assess the importance ofthe possibilities mentioned in (b).
A maximal conjugation rate of cholic acid with taurine could occasionally
be demonstrated (O'Maille et al. 1965a), in which experiments very high
excretory rates of bile salt (mostly taurocholate) were achieved. If
reaction 2 (above) were rate limiting in these circumstances (but we have
no evidence that this was so) then neither CoA deprivation nor competitive
inhibition by cholyl CoA can be important factors which affect bile salt
secretion, because in those experiments designed to demonstrate a maximal
conjugation rate, cholyl CoA would have accumulated in the liver cell but,
despite this, high rates of bile salt secretion were maintained. There are two
circumstances in which the above problems would not arise. First, ac-
cording to Elliott (1957) a cholyl CoA deacylase (an enzyme which catalyses
the reaction cholyl CoA + H20 - cholic acid+ CoA) probably exists in
liver and is most likely to be significantly operative when the conversion
of cholyl CoA (in Elliott's case to cholylhydroxamic acid) is slow. If this
enzyme is definitely present in liver its activity would prevent or minimize
accumulation of cholyl CoA. Secondly, Elliott (1956b) found that when
cholic acid and hydroxylamine were incubated with a pig liver enzyme
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fraction cholylhydroxamic acid was readily formed in the absence of
CoA and ATP. (The formation of cholylhydroxamic acid may be regarded
as a reaction similar to taurocholic acid formation from cholic acid and
taurine.) If a similar simple condensation of cholic acid and taurine takes
place in the dog liver cholyl CoA accumulation should again be avoided.
In either of these two circumstances the possible complications mentioned
in (b) above, which beset interpretation of the results, would no longer
exist, and the less efficient transfer of free cholate could be considered to
result from different membrane kinetics as discussed previously (O'Maille
et al. 1965a).

Changes in taurocholate clearance. Taurocholate is actively transferred
from blood to bile by an excretory mechanism which has been shown to
exhibit 'saturation' at administration rates above a certain level (Wheeler,
Mancusi-Ungaro & Whitlock, 1960; O'Maille et al. 1965a). It is, therefore,
to be expected that the hepatic clearance of taurocholate would decline
with increasing plasma concentration (resulting from increases in admini-
stration rate) particularly at infusion rates approaching the taurocholate
Tm. The observations reported above, however, indicate that these
clearance changes may be modified by changes in total hepatic blood flow.
Since the full plot of clearance versus blood flow is curvilinear (see Brauer,
1958), and taurocholate is a 'high-extraction substance' the effect that an
increase in hepatic blood flow would be expected to produce is an increase
in clearance for any given administration rate. Thus in the experiment
depicted in Fig. 4 the clearance for each administration rate after the first
is relatively higher than it would have been had the blood flow remained
constant throughout, so that the effect of the progressive increases in blood
flow is to 'linearize' the excretory rate versus plasma taurocholate con-
centration curve. However, such gains in clearance from increases in
hepatic blood flow become smaller as infusion rates approaching that
required to produce saturation of the excretory membrane are used.

Finally, with regard to the glycocholate experiments, it is of interest to
point out that even though the dog lacks a glycine-conjugation mechanism
for bile acids it can handle synthetic glycocholate (judging from the
hepatic extraction and secretory maximum achieved) almost as well as its
native taurocholate.
We wish to thank Mr A. Liddy and Mr G. Nevins for invaluable technical assistance.
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