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SUMMARY The authors have studied the influence of rose bengal, and, by comparison, oft3
uranin, on choleresis in the rabbit. Uranin induced an increase in bile flow and a decrease inS
bile salt concentration in bile. These results are consistent with an osmotic mechanism, asy
proposed by Sperber (1959). By contrast, rose bengal induced a marked decrease in bile flows
and an increase in bile salt concentration. In rose bengal-treated animals (30 wmoles perg
kilogram body weight intravenously), bile flow was 659, lower and bile salt concentratlonm
95 % higher than in control animals studied during the same periods. The relationship between;h
bile flow and bile salt excretion is consistent in the rabbit, with the existence of a bile salt-S
independent secretion of 60 mg per minute per kilogram body weight, that is, 60% of bileZ

flow. In rose bengal-treated animals, this fraction was only 15 mg per minute per kilogram 2
body weight. It is concluded that rose bengal inhibits the bile salt-independent fraction.

Rose bengal, as other phtalein dyes, is excreted by the liver cells. Its effect on the bile salt-?
independent fraction suggests that this fraction is secreted by the hepatocytes.

In the course of studies on dye elimination by
the liver in the rabbit, marked differences have
been observed between the effects of various
phtalein dyes on bile flow. Uranin, as previously
noted by others, Sperber (1959), was choleretic.
By contrast, rose bengal induced a marked
decrease in bile flow, and studies were therefore
1To whom requests for reprints should be addressed.
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designed to examine the mechanism of this effect. o

Present concepts on organic anion transport o
by the liver cell suggested that the decrease of-S
choleresis observed after rose bengal adminis-S,
tration could be due to a ‘competition’ for trans-
port between rose bengal and bile salts (Fauvert, *
Benhamou, and Loverdo, 1958). The results
indicate that such a ‘competition’ alone cannot
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account for the reduction in bile flow, which
appears to be due mainly to inhibition of a
bile salt-independent fraction recently demon-
strated in the rabbit (Erlinger, Dhumeaux,
Benhamou, and Fauvert, 1969).

Material and Methods

All the experiments were performed on rabbits
weighing 2-5 to 3-5 kilograms.

EXPERIMENTAL PROCEDURES

After intravenous mebubarbital anaesthesia, the
trachea was connected to a respirator. Body
temperature was maintained between 37-5 and
38:5°C. Arterial pressure was measured through-
out the experiment. After cystic duct ligation, the
common bile duct was cannulated with a poly-
ethylene catheter. Bile was collected in weighed
tubes during successive 10-minute periods. Fluid
and electrolyte losses were replaced continuously
by 0-15 M Nacl infusion.

In five animals, after a control period of 40
minutes, a single dose of 30 pmoles per kilogram
body weight of rose bengal (mol wt 1,018) was
given intravenously. Bile was collected during
the following 50 minutes. Bile flow and glycode-
oxycholic acid concentration in bile were mea-
sured in each 10-minute sample. The same
parameters were studied in five control animals
receiving no rose bengal.

Five animals received uranin (disodium fluor-
escein, mol wt 376) instead of rose bengal; the
experimental procedure was modified as follows:
because of significant urinary elimination of the
dye, ureters were ligated in order to achieve
higher biliary concentrations, and because of the
transient effect of uranin on choleresis after a
single injection, an initial ‘priming’ dose of 80
pmoles per kilogram body weight was followed
by a continuous infusion at a rate of 8 umoles
per minute per kilogram body weight. Bile was
again collected during 50 minutes. Bile flow and
glycodeoxycholic acid concentration were mea-
sured. Five control animals with ligated ureters
received no uranin and were studied under the
same conditions.

ANALYTICAL PROCEDURES
Glycodeoxycholic acid concentration in bile was
determined by spectrophotometry after thin-
layer chromatography; details are given else-
where (Erlinger et al, 1969). The presence of rose
bengal or uranin in bile did not influence the
results: the chromatographic Rf of rose bengal
and uranin were different from that of glycode-
oxycholic acid; the addition of either dye to the
eluate did not modify the optical densities
obtained with the bile acid alone.

Bile Flow! Before Rose After Rose Percentage
Bengal Bengal Decrease
(mg/min/kg body weight)
100-5 279 722
100-3 30-2 70-0
1131 282 751
875 36-8 58-0
96-6 255 736
Mean 99-6 29-7 69-8
Standard
deviation 92 4-3 68

Table I Effect of rose bengal (30 pmoles/kg body
weight intravenously) on rabbit bile flow

1Bile flow was measured during the first 40 minutes of the experi-
ments and again from 10 to 50 minutes after rose bengal injection.

Glycodeoxy- Before After Percentage
cholic Acid Rose Rose Increase
C ation gal Bengal
(wmoles/ml)
5-1 12-5 145-1
9-8 96 —-02-0
65 10-5 61-5
7-8 83 06-4
63 10-7 69-8
Mean 71 10,3 562
Standard
deviation 1-8 1-5 59-1

Table II Effect of rose bengal (30 pmoles/kg body
weight intravenously) on glycodeoxycholic acid con-
centration in rabbit bile
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Fig. 1 Influence of rose bengal on bile flow and

bile acid concentration in the rabbit. An infusion

of 0-15 M NaCl is given throughout the experiment

to replace water and electrolyte losses. Bile salt
concentration is represented by the mean of two
duplicate determinations. The vertical bar indicates the
standard error of the method, obtained from 51
duplicate determinations.
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Fig. 2 The effect of rose bengal on bile flow (on
the left), bile salt concentration (in the middle), and
excretion (on the right) in rabbit bile. The animals
receiving rose bengal are represented by the open
circles (O) and the control animals by the black
circles (@).

The initial bile flow was measured during the first
40 minutes (0-40) and is represented as 100 %, ‘
The rose bengal was injected at 40 minutes (30 pmoles
per kg body weight). The period after rose bengal
injection was 50 to 90 minutes (50-90). -

In rabbit bile, glycodeoxycholic acid repre-
sents approximately 809, of total bile acids
(Erlinger er al, 1969; Gregg and Poley, 1966). In
four experiments, the concentration of glycode-
oxycholic acid and of the other bile acids varied
in parallel. In all other experiments, only
glycodeoxycholic acid was measured, and its
concentration was assumed to be a satisfactory
estimate of total bile acid concentration. The
implications of this approximation on the inter-
pretation of the results will be mentioned.

Results

ROSE BENGAL STUDIES

Effect on bile flow
Rose bengal induced a prompt and marked
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decrease in bile flow. A typical experiment is-
represented in Figure 1. In the five animals, when S
the mean bile flow from the 10th to the 50th N
minute after rose bengal injection was compared S
with bile flow during the 40-minute control period, @
a decrease of 69-8 + SD 6-8%; was observed. 3
The corresponding decrease in the five animals —
receiving no rose bengal was only 158 + SD 3
7-0% (Table I, Figure 2). The difference between 3
the two groups is highly significant (t = 23-80, %
P < 0-001). If the spontaneous decrease of bile =
flow is considered, the actual decrease due to2
rose bengal is only 63 %. 8

A decrease in bile flow was observed with a2
dose of 5 umoles per kilogram body weight; the g
maximal decrease in bile flow seemed to be ob- =
served for a dose of 30 umoles per kilogram
body weight (Figure 3).

The decrease in bile flow was prolonged: bile
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Bile flow

Effects of rose bengal on bile secretion in the rabbit:
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Fig. 3 Relationship between the administered dose
of rose bengal and the decrease in bile flow. Bile
flow is indicated as a percentage of initial bile flow.
It can be noted that the spontaneous decrease in bile
flow, observed in control animals during the same
period, is approximately 109,

flow did not return to normal during periods up
to two hours after injection.

Effect on bile acid excretion

After rose bengal administration, biliary con-
centration of glycodeoxycholic acid increased.
The mean glycodeoxycholic acid concentration
was 7-1 £ SD 1-8 umoles/ml during the control
period and 10-3 + SD 1-5 after rose bengal
injection. This represented a mean increase of
56:2 + SD 59-19%;, whereas a decrease of 20-6 +
SD 18-39; was observed during the same period
in the control animals (Table II, Figure 2). The
difference between the two groups is significant
(t =277, p < 0-05). If the spontaneous decrease
in bile salt concentration is considered, the
increase due to rose bengal is 95%.

As a result of the marked decrease in bile
flow, and in spite of the increase in glycode-
oxycholic acid concentration, bile acid excretion
was lower after rose bengal administration than
in the control animals. The mean spontaneous
decrease was 33-8 + SD 15-89;,, whereas the
decrease after rose bengal was 559 + 14-79;
(Table III, Figure 2). The difference is significant
(t = 2-32, P < 0-05). If the spontaneous decrease
in bile salt excretion is considered, the decrease
due to rose bengal is 339

Bile flow-bile acid excretion relationship

The bile flow-bile acid excretion rate relationship
was studied in the four samples collected from
10 to 50 minutes after rose bengal injection. It
was observed that bile flow was linearly related
to bile salt excretion rate; the slope, ie, the
increment of bile flow per umole of bile salt
excreted, was 48-9 mg/umole; extrapolation to a
zero bile salt excretion indicated a flow of 15-2
mg per minute per kilogram body weight (confi-
dence interval: 3-2 - 27-1) (Figure 4).

inhibition of a bile salt-independent fraction

Glycodeoxy- Before After Percentage
cholic Acid Rose Rose - Decrease
Excretion Bengal Bengal
(wmoles|min/kg body weight)
0-52 0-35 327
0-99 0-29 70-7
0-85 0-29 659
0-68 0-31 54-4
0-61 0-27 55-8
Mean 0-73 0-30 55-9
Standard
deviation 0-19 0-03 147

Table IIl Effect of rose bengal (30 pmolesikg body
weight intravenously) on glycodeoxycholic acid excre-
tion in rabbit bile

Bile Flow* Before During Percentage
Uranin Uranin Increase
Infusion Infusion
(mg/min/kg body weight)
61-1 92-9 52-0
762 107-4 409
70-9 93-4 31-7
40-4 70-4 740
55-0 104-3 89-6
Mean 60-7 937 57-6
Standard
deviation 140 14-5 23-8

Table IV  Effect of uranin (8 pmoles/min/kg body
weight intravenously) on rabbit bile flow

1Bile flow was measured during the first 40 minutes of the experi-
ments and again from 10 to 50 minutes after the uranin infusion
was started.

Glycodeoxy- Before During Percentage
cholic Acid Uranin Uranin Decrease
Concentration  Infusion Infusion

(wmoles|ml)

10-3 4-0 612

96 31 67-7

12-1 49 59-5

112 34 69-6

10-5 34 67-6
Mean 107 3-8 65-1
Standard
deviation 1-0 0-7 45

Table V Effect of uranin (8 pmoles/min/kg body
weight intravenously) on glycodeoxycholic acid con-
centration in rabbit bile

Glycodeoxy- Before During Percentage
cholic Acid Uranin Uranin Decrease
Excretion Infusion Infusion
(wmoles/minlkg body weight)
0-65 0-38 41-6
0-75 0-34 54-7
0-85 0-47 44-7
0-45 0-24 467
0-58 0-35 39-7
Mean 0-66 0-36 455
Standard
deviation 0-16 0-08 58

Table VI Effect of uranin (8 umoles/min/kg body
weight intravenously) on glycodeoxycholic acid excre-
tion in rabbit bile :
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Fig. 4 Relationship between bile flow and bile salt
excretion in the rabbit. Nine animals receiving

0-15 M NaCl infusion are represented by the black
circles (@), the equation of the lineis y=52-8x + 64:1;
extrapolation to a zero bile salt excretion

indicates a bile salt-independent output of 64-1 mg

per minute per kg body weight ( confidence interval:
52-1-76'1) (Erlinger et al, 1969). The animals receiving
rose bengal are represented by the open circles (O);
the equation of the line is y = 48-9x + 15-2;

100 extrapolation to a zero bile salt excretion indicates a
bile salt-independent output of 15-2 mg per minute per
kg body weight (confidence interval 3-2-27-1).
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Fig. 5 Bile flow, bile salt concentration and excre-
tion in animals receiving uranin infusion (open squares:
0), compared with control animals (black circles: @).
The initial bile flow was measured during the first

40 minutes (0-40) and is represented as 100%.

Uranin infusion was started at 40 minutes, at a rate
of 8 umoles per minute per kg body weight, and the
uranin test period was 50 to 90 minutes (50-90).
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URANIN STUDIES

Effect on bile flow

Venous infusion of 8 wmoles per minute per
kilogram body weight of uranin induced a signi-
ficant increase in bile flow. In the five animals,
the mean increase was 57-6 + SD 23-8%; com-
pared with a mean decrease of 14-4 + SD 12:09,
in the control animals during the same period
(Table 1V, Figure 5). The difference is highly
significant (t = 6:04, p < 0-001).

Effect on bile acid excretion

Uranin induced a significant decrease in glycode-
oxycholic acid concentration: during uranin
infusion, concentration decreased by 65-1 + SD
4-59%, whereas in the control animals, it decreased
by 77 + SD 16:3% (Table V, Figure 5). The
difference is highly significant (t = 7-56, p <
0-001). The bile acid excretion rate was lower
in the animals receiving uranin (mean decrease
455 + SD 5-8%) than in the controls (mean
decrease 20-9 + SD 21-7%) (Table VI, Figure 5).
The difference is again significant (t = 2-49,
P < 0-05).

Comments

It is generally admitted that the energy necessary
to initiate bile formation is provided by active
secretion of bile salts by the hepatocytes into the
canaliculi (Sperber, 1956). According to Sperber
(1959), the mechanism through which bile salts
promote choleresis is osmotic in nature. This
concept is supported by the observation that
other osmotically active compounds may also
have a choleretic effect: uranin in the rat
(Sperber, 1959) and bromsulphalein in the dog
(Hoenig and Preisig, 1969) possess such a pro-
perty. The results observed with uranin are
consistent with this hypothesis and confirm the
choleretic effect of this phtalein dye in the rabbit.
The osmotic gradient created by the high con-
centration of uranin in the canaliculi provides the
driving force for water. As a result, bile flow
increases and bile salt concentration decreases.

Although highly concentrated in bile, rose
bengal, by contrast, induced a marked and prompt
decrease in bile flow and an increase in bile salt
concentration. Two tentative explanations can
be proposed. The first could be a decrease of the
osmotic activity of bile salts in the presence of
rose bengal. This hypothesis is very unlikely for
the following reason: as already established
(Erlinger et al,1969 ; Preisig, Cooper, and Wheeler,
1962), the slope of the linear relationship
between bile flow and bile salt excretion rate
indicates the amount of water excreted per mole

inhibition of a bile salt-independent fraction

of bile salt; the present data indicate that the
slope is not significantly modified by rose bengal
administration (Figure 4).

The alternative explanation for the effect of
rose bengal on choleresis is a decrease in a
bile salt-independent fraction. The results of
earlier studies (Erlinger ez al, 1969) are consistent
with the secretion, in the rabbit, of a large bile
salt-independent fraction, representing approxi-
mately 60 9; of spontaneous bile flow. The amount
of the bile salt-independent fraction can be
calculated indirectly by extrapolation of the
relationship between bile flow and bile salt
excretion rate to a zero bile salt excretion
(Erlinger er al, 1969). It can be observed that the
assimilation of glycodeoxycholic acid excretion
to total bile acid excretion modifies the slope
of the relationship between bile flow and bile
salt excretion; however, it does not modify the
calculation of the bile salt-independent fraction.
The bile salt-independent fraction, which amounts
to 60 mg per minute per kilogram body weight
in the controls, was only 15 mg per minute per
kilogram body weight after rose bengal adminis-
tration (Figure 4). Rose bengal appears, therefore,
to decrease markedly the bile salt-independent
fraction. Moreover, the observation of a lower
bile flow after rose bengal for a given bile salt
excretion (Fig. 4) supports the existence of this
bile salt-independent fraction.

A decrease in bile salt excretion was noted after
the administration of both dyes, uranin as well
as rose bengal. Such a decrease can be inter-
preted in terms of ‘competition’ phenomena.
‘Competition’ has been observed whenever two
organic anions presumably excreted in bile
through similar pathways are injected simul-
taneously: dehydrocholate decreases bromsul-
phalein elimination (Cantarow, Wirts, Snape, and
Miller, 1948a); bromsulphalein decreases bili-
rubin excretion (Cantarow et al, 1948b). Simi-
larly, the present results demonstrate that uranin
and rose bengal decrease bile salt excretion. The
decrease in bile salt excretion is approximately
30% and cannot explain the marked reduction
in bile flow (approximately 659%) observed
after rose bengal administration.

Rose bengal, like other organic anions, is
excreted by the hepatocytes. Its effect on the
bile salt-independent fraction in the rabbit can
be offered as indirect evidence of the hepatocytic
origin of the bile salt-independent fraction in
this animal. Such a hepatocytic bile salt-
independent fraction has recently been postu-
lated in the dog (Wheeler, Ross, and Bradley,
1968); however, in the latter animal, its output
is considerably lower (Wheeler er al, 1968).
Other dyes excreted by the liver through similar
mechanisms seem to have the same effect as rose
bengal; indocyanine green was found to induce
a marked decrease of bile flow in the rabbit
(Dhumeaux, unpublished data).
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