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Abstract—Changes in biliary permeability during cholephilic dye-induced choleresis, as assessed by measuring
the movement into bile of two permeability probes, ['*C]sucrose and horseradish peroxidase, were analyzed
following an i.v. infusion (60 nmol/min per 100 g body wt) of the model cholephilic organic anion sulfobro-
mophthalein in rats. Dye infusion led to a progressive increase of the ['*Clsucrose bile-to-plasma ratio, which
reached a maximum value after 100 min of dye infusion (+97%). Paracellular entry of horseradish peroxidase,
as evaluated by the early peak of its biliary appearance curve, was also selectively increased (+69%), without
changes in the later (transcytotic) access of the protein. Additional dose-response studies of biliary permeability
to [**Clsucrose, using sulfobromophthalein and rose bengal, showed that this effect was dose-dependent and
rapidly reversed by interruption of dye administration. The influence of hydrophobic/hydrophilic balance on this
effect was also studied by infusing four dyes covering a broad range of hydrophobicity (phenol red, bromocresol
green, sulfobromophthalein, and rose bengal), so as to attain a similar value of dye hepatic content at the end
of the experiment (=150 nmol/g liver wt). Under these conditions, a strong positive correlation was found
between the increase in biliary permeability to ['“C]sucrose and dye hydrophobicity. These results suggest that
cholephilic dyes increase tight junctional permeability in a reversible and dose-dependent manner, and that this
effect depends on the hydrophobic/hydrophilic balance of the dye.
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Biliary permeability is closely related to the functional
regulation and integrity of the tight junctions (zonulae
occludens). These structures seal the lumen of bile
canaliculi between adjacent hepatocytes, thus delineat-
ing the canalicular lumen and selectively retaining the
bile content within it [1]. Evidence from physiological
and morphological studies indicate that tight junctions
have selective permeability for fluid and certain solutes,
thus suggesting a regulatory role in bile formation [2]. In
line with this view, permeability along this pathway was
shown to be modulated by a variety of physiologic reg-
ulators of bile secretion such as bile acids [3-5] and
various hormones [6]). However, the effect of changes in
biliary permeability on bile flow does not appear to be
simple. Whereas moderate increases in biliary perme-
ability were suggested to be involved in choleresis in-
duced by osmotic choleretics [3, 4, 7, 8], higher in-
creases, enough to allow regurgitation of actively trans-
ported solutes from the canaliculus into the plasma, were
proposed to be a primary cause of cholestasis [9]. This
dual effect may help to explain why bile salts have both
choleretic and cholestatic effects, depending on the dose
administered [10].

Cholephilic dyes comprise a group of structurally re-
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lated compounds that are selectively and efficiently
transported by the liver. This property, as well as its easy
quantitation by direct spectrophotometry, justifies their
wide use as indicators of hepatic function. Additionally,
they serve as an ideal experimental model of choleresis
and cholestasis induced by drugs. In fact, like bile acids,
cholephilic dyes induce either choleresis or cholestasis
depending on the doses administered [11, 12]. Thus, it is
conceivable that these compounds can influence biliary
permeability as well. We addressed this issue by per-
forming studies on the effect of BSP,f a model chole-
philic dye, on biliary permeability by measuring the ac-
cess into bile of two permeability probes, [**C]sucrose
and HRP. In addition, the influence of dye hydrophobic-
ity was analyzed by performing comparative studies of
[**C]sucrose biliary access using three additional chole-
philic dyes covering a wide range of hydrophobicity.
Our results suggest that cholephilic dyes increase biliary
permeability in a reversible and dose-dependent manner,
and that the magnitude of this effect depends on the
hydrophobic/hydrophilic balance of the dye.

MATERIALS AND METHODS

Animals and surgery

Adult male Wistar rats weighing 320-360 g were
used. Before the experiments, the animals were main-
tained on a standard diet and water ad lib., housed in a

} Abbreviations: BSP, sulfobromophthalein; HRP, horserad-
ish peroxidase; PR, phenol red; BCG, bromocresol green; RB,
rose bengal; (1 — 0), sieving coefficient; and &, diffusion per-
meability coefficient.
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Fig. 1. (A) Relation between ['*Clsucrose bile-to-plasma ratio and bile flow during BSP administration. Following a basal
collection period, BSP was infused (60 nmol/min per 100 g body wt), and blood and bile samples were collected in seven
consecutive periods; the basal value is denoted with a number symbol (#). The bottom curve was obtained by fitting basal
bile-to-plasma ratios and bile flow to Equation 3 (see Materials and Methods), assuming a sieving coefficient (1 — o) of
0.115. The upper curve was calculated using the same equation, assuming a sieving coefficient of 0.227. The diffusion
permeability coefficient (k) was set at 0.121. Values are means + SEM of five experiments. (B) Biliary output of HRP
during a BSP infusion of 60 nmol/min per 100 g body wt. HRP was administered at 100 min of dye infusion in five control
(@) and five BSP-infused () rats. At this time, constant levels of bile flow and dye biliary output had already been
reached. Values are means = SEM of five experiments. Key: (*) significantly different from the control group (P < 0.05).

temperature- (21-23°) and humidity- (45-50%) con-
trolled room under a constant 12-hr light—dark cycle.
The surgical procedure was performed so that bile
collection was started between 9:00 and 11:00 a.m. to
minimize the influence of circadian variations. Animals
were anesthetized with a single dose of sodium pento-
barbital (50 mg/kg body wt, i.p.), and were maintained in
this condition throughout the experiment. The abdomi-
nal cavity was opened by a midline incision and, when
['“C]sucrose was administered, the renal pedicles were
systematically ligated to prevent urinary excretion of the
label. The common bile duct was then exposed and can-
nulated with a PE-10 polyethylene catheter (Intramedic,
Clay Adams, Parsippany, NJ). Surgical preparation also
included cannulation of the femoral vein (for fluid infu-
sion) and the carotid artery (for blood withdrawal), using
PC-50 polyethyiene tubing (Intramedic). Body temper-
ature was measured with a rectal probe connected to a
constant temperature monitor, and maintained at 37.5-
38.0° with an external heat lamp to prevent hypothermic

alterations of bile flow. At the end of each experiment,
the animals were killed by exsanguination, and then the
livers were perfused with ice-cold saline, removed, and
weighed.

Experimental procedure

Changes in biliary permeability were first evaluated
by using [**C]sucrose as a probe [3, 4, 13, 15]. For this
purpose, 5 uCi of ['*Clsucrose was injected into the
femoral vein after dissolving in 0.3 mL of saline, and
flushed with 0.2 mL of solvent. A 60-min equilibration
period was established to ensure that the distribution of
the isotope between plasma and bile reached a steady
state. Then, a basal period of 20 min was established
followed by i.v. infusions of the dyes dissolved in 1%
albumin in saline (or albumin-saline alone in controls).
In dose-response studies, either BSP (30, 60, 90 and 120
nmol/min per 100 g body wt) or RB (4, 8, 13 and 18
nmol/min per 100 g body wt) was administered i.v. for
140 min. In reversibility studies, either BSP (90 nmol/

Table 1. Bile flow, [!“C]sucrose bile-to-plasma (BIP) ratio and calculated permeability parameters in BSP-infused rats

Time Bile flow {'“C]Sucrose

(min) (pl/min per g liver wt) B/P ratic -0 k

Basal 2.44 £ 0.08 0.126 £0.003 0.115 £0.006 0.121 £ 0.008
0-20 2.69 £ 0.10* 0.145 £ 0.006* 0.139 £ 0.006* 0.208 £ 0.015*
20-40 2.80+£0.11* 0.161 £ 0.006* 0.157 £ 0.005* 0.282 £ 0.012*
40-50 2.82 £0.09* 0.175 £0.012* 0.172 £ 0.012* 0.200 £ 0.014*
60-80 2.83+£0.11* 0.201 £0.014* 0.200 £ 0.014* 0.422 +0.039%*
80-100 2.80£0.12% 0.220 £0.016* 0.219 £ 0.016* 0.472 £ 0.045*
100-120 2.81£0.10* 0.225 £0.018* 0.224 £ 0.018* 0.513 £ 0.055*
120-140 2.82 £0.08* 0.228 £0.019* 0.227 £0.019* 0.535 £ 0.064*

After a basal bile collection period, BSP (60 nmol/min per 100 g body wt) was infused during the following 140 min. Sieving
coefficients (1 — o) were calculated by solving Equation 3 for 1 — o, assuming a diffusion permeability coefficient (k) of 0.121.
The k values were calculated by solving Equation 3 for £, assuming 1 — ¢ to be 0.115. Initial values of 1 — o and k were obtained
by fitting basal ['*C]sucrose bile-to-plasma ratios and bile flow to Equation 3. Values are means = SEM of five experiments.

* Significantly different from basal values (P < 0.005).



Effect of cholephilic dyes on biliary permeability

Table 2. Biliary cumulative output of HRP in control and BSP-
infused rats

Controls BSP-Infused
Cumulative output (%
dose per g liver wt) x
10°
First peak (0-10 min) 1.48£0.23 2.51£0.27*
Second peak (10-80
min) 18.39 £3.27 20.49 £ 3.66

After 100 min of a steady infusion of BSP (60 nmol/min per
100 g body wt), HRP (0.5 mg/100 g body wt) was injected into
the portal vein. Bile was collected in appropriate sampling pe-
riods (2-10 min) for the remainder of the experiment. Quanti-
tative resolution of para- and transcellular HRP access was
achieved by calculating the cumulative output of the protein
during the first peak (0-10 min) and the second peak (10-80
min) of the HRP biliary appearance curve, respectively. Values
are means + SEM of five experiments.

* Significantly different from control values (P < 0.01).

min per 100 g body wt) or RB (13 nmol/min per 100 g
body wt) was administered i.v. during 100 min and then
stopped; ['“C]sucrose bile-to-plasma ratios were further
determined for the following 140 or 350 min for BSP
and RB, respectively. Finally, to assess the influence of
dye hydrophobicity on biliary permeability, four dyes
were administered at different rates for 140 min so as to
attain a similar dye hepatic content at the end of the
experiment (=150 nmol/g liver wt). The dyes adminis-
tered were BSP, PR, BCG and RB, and the infusion rates
were 90, 110, 30, and 13 nmol/min per 100 g body wt,
respectively. During dye infusions, bile was collected at
20-min intervals, and blood was collected at the mean
times of the bile-sampling intervals.

Quantitation of the early (paracellular) access of HRP
into the bile was carried out to confirm by a separate
method the effect of BSP administration on biliary per-
meability [15]. Details of this procedure, adapted to be
used in the whole rat, have been described previously by
our laboratory [16]. In brief, the animals received an i.v.
steady infusion of BSP (60 nmol/min per 100 g body wt)
for 160 min, and HRP (0.5 mg/100 g body wt) was
injected into the portal vein 100 min after starting dye
administration. Bile was collected in appropriate sam-
pling periods (2-10 min) for the remainder of the exper-
iment.

Analytical methods

Bile flow was determined gravimetrically assuming
the specific gravity of bile to be 1.0. Dye biliary con-
centration was determined by direct spectrophotometry
after an appropriate dilution of bile with water (BCG,
RB) or 0.1 N sodium hydroxide (PR, BSP) at the fol-
lowing wavelengths: BCG: 600 nm, BSP: 580 nm, and
RB: 550 nm. Total PR (non-conjugated plus PR-gluc-
uronide) was determined spectrophotometrically at 560
nm after hydrolysis of the conjugated moiety of the dye
according to the method of Hart and Schanker {17]. Bil-
iary output was calculated by multiplying bile flow by
biliary concentration after correcting for the transit time
within the biliary tree and the bile duct catheter [18].
Dye liver content was assessed spectrophotometrically
following extraction of the dye from the liver homoge-
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Fig. 2. Relationship between the changes in the sieving coeffi-
cient for ['*C)sucrose (1 — 6) and BSP infusion rates (30 nmol/
min per 100 g body wt, N =6; 60, N =5;90,N=5; 120, N =
6) or RB infusion rates (4 nmol/min per 100 g body wt, N = 5;
8, N =4; 13, N = 6; 18, N = 4). The respective basal sieving
coefficients for BSP were 0.106, 0.115, 0.119 and 0.123, and
the respective basal diffusion permeability coefficients were
0.126, 0.119, 0.124 and 0.122. For RB, basal sieving coeffi-
cients were 0.136, 0.124, 0.110 and 0.128, and basal diffusion
permeability coefficients were 0.131, 0.125, 0.131 and 0.122.
Final sieving coefficients were calculated by solving Equation 3
(see Materials and Methods) using the ['*Clsucrose bile-to-
plasma ratio and the bile flow values obtained during the last
(120-140 min) infusion period, and assuming that no change in
the diffusion permeability coefficient occurred over the whole
experimental period. Values are means + SEM.

nate with 66% ethanol {19]. Recovery was consistently
over 95%, irrespective of the dye considered.

The degree of hydrophobicity of the dyes was deter-
mined by reverse-phase HPLC, as reported previously
[20]. A hydrophobicity index for dye X (HI,) was cal-
culated using the following equation [21]:

HI, = In (Ry)/In (Reg) (1)

where R, is the relative retention factor of the dye X,
which is defined as follow:

Ry =Ty — To)/(Tpg — Tp) (2

where T is the retention time for the dye X and T, is the
retention time of the solvent front. Thus, an HI, value of
0 is assigned to PR and a value of 1 is assigned to RB.

[**C]Sucrose is plasma (100 pL) and bile (100 uL)
was measured in a liquid scintillation counter (RackBeta,
Pharmacia Wallac Oy, Finland), using OptiScint ‘Hi
Safe’ (LKB, England) as a scintillation fluid. Quenching
was corrected by the use of ['*C]toluene as an external
standard. HRP in bile was determined spectrophotomet-
rically by measuring the rate of oxidation of 4-aminoan-
tipyrine at 510 nm [22].

Data analysis

The bile-to-plasma concentration ratio of ['“C]sucrose
was determined for each collection period after correct-
ing for the transit time within the biliary system and the
bile duct tubing [18]. Basal sieving coefficients (1 ~ o)
and diffusion permeability coefficients (k) for each ex-
perimental group were determined by fitting the respec-
tive basal ['“C)sucrose bile-to-plasma ratios (B/P) and
bile flows (F) to the following equation {4, 13, 14]:

BP=(1-0o)[l —c-exp- (1l —0)- Fk)} (3)

Evaluation of the changes in biliary permeability during
dye infusion was performed as previously described by
others [4]. As Equation 3 states, changes in biliary per-
meability to the isotope could be due to an alteration of
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Fig. 3. Changes in biliary dye excretion and the sieving coefficient for ['“Clsucrose (1 —0) in five animals during

administration (100 min) and subsequent interruption of either a BSP infusion of 90 nmol/min per 100 g body

wt or an RB infusion of 13 nmol/min per 100 g body wt. Sieving coefficients were calculated by solving

Equation 3 (see Materials and Methods), assuming that no change occurred in the diffusion permeability

coefficient throughout the experiment (basal values: 0.134 and 0.120 for BSP and RB, respectively). Values are
means + SEM. Key: (*) significantly different from preinfusion values (P < 0.05).

the sieving coefficient and/or to changes in the diffusion
permeability coefficient. Each of these parameters quan-
tifies a different transport process of the marker, namely
diffusion and solvent drag, respectively. Current exper-
imental techniques, unfortunately, do not allow simulta-
neous quantitation of both processes. As an alternative,
changes in biliary permeability may be addressed by
evaluating the increments of one of these parameters (i.e.
either the sieving coefficient or the diffusion permeabil-
ity coefficient) necessary to account for the increments
in [**C]sucrose bile-to-plasma ratios, assumning that no
change has occurred in the other one [4]. For example,
by assuming that changes in the ['*C]sucrose bile-to-
plasma ratio were due only to changes in the sieving
coefficient, Equation 3 can be solved for (1 - o©), k
values being assumed to be equal to that in basal con-
ditions. This approach allows changes in biliary ['“C]su-
crose leakage due to modifications in tight junctional
permeability to be distinguished from that due to
changes in bile flow.

Statistical analysis

All results are expressed as means + SEM. Student's
paired #-test was used for comparison within groups, and
Student’s unpaired #-test was used for comparison be-
tween groups, after testing the equality of variances with
an F test [23]. The level of significance was set at P <
0.05. Equation 3 was fitted to the basal experimental

data to estimate the initial (1 — o) and k values by a
least-squares curve-fitting technique. Values of (1 - 6)
or k during dye infusion were obtained by solving Equa-
tion 3 with the aid of a mathematical computer program.

Chemicals

[*“C]Sucrose was purchased from New England Nu-
clear (Boston, MA). PR, BCG, BSP, RB and HRP (type
II) were obtained from the Sigma Chemical Co. (St.
Louis, MO). All the other reagents were of the highest
analytical grade available.

RESULTS

The effect of BSP (60 nmol/min per 100 g body wt)
on biliary access of both ['*CJsucrose and HRP is de-
picted in Fig. 1. As expected, BSP infusion induced a
choleretic effect, which paralleled the increments in the
biliary excretion of the dye. Both bile flow and BSP
biliary output reached a plateau after 100 min of BSP
infusion. Dye administration led to a gradual increase in
the {**CJsucrose bile-to-plasma ratio (Fig. 1A and Table
1), producing a progressive displacement toward curves
of higher permeability. The ['“CJsucrose bile-to-plasma
ratio also reached a maximum value after 100 min of dye
infusion. On the other hand, in controls, virtually no
change in either bile flow or the bile-to-plasma ratio of
[*“C]sucrose was recorded over the whole experimental
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Fig. 4. Changes in bile flow and biliary output of PR (O, N =

5), BCG (O, N = 5), BSP (O, N = 5) and RB (A, N = 6)

following an i.v. infusion of 110, 30, 90 and 13 nmol/min per

100 g body wt, respectively. These infusion rates were chosen

so as to attain a similar dye hepatic content at the end of the

experiment in the four experimental groups (=150 nmol/g liver
wt). Values are means + SEM.

period (data not shown). The early (paracellular) peak of
the HRP biliary excretion curve was also clearly in-
creased by BSP administration, whereas no change was
recorded in the late (transcellular) access of the protein
(Fig. 1B and Table 2).

The dependence of this phenomenon on the adminis-
tered dose was evaluated further, using ['“C)sucrose as a
probe. Under steady-state conditions of dye excretion, a
linear relationship between the increment in the sieving
coefficient for the marker and the BSP infused dose
could be obtained (Fig. 2), suggesting that the dye in-
creases biliary permeability in a dose-dependent manner.
Essentially the same results were obtained when changes
in the diffusion permeability coefficient for ['*C]sucrose
(assuming no change in the sieving coefficient) were
plotted. Similarly, a linear dose—effect relationship was
apparent when RB was administered (Fig. 2).

Changes in both dye biliary output and the sieving
coefficient for ['“Clsucrose during administration and
subsequent interruption of a steady infusion of BSP and
RB are depicted in Fig. 3. Once dye infusion was
stopped, the sieving coefficient returned rapidly to the
preinfusion value, and virtually the same pattern was
discernible when changes in the diffusion permeability
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coefficient were analyzed. This restoration was linked
closely to the decay in the biliary output of the dyes.
The role that dye hydrophobic/hydrophilic balance
has in determining the changes in biliary permeability to
[**C]sucrose was examined by administrating four dif-
ferent dyes covering a wide range of hydrophobicity.
Relative hydrophobicity indices of the individual dyes
(obtained according to Equation 1) were as follows: PR
= 0, BCG = 0.20, BSP = 0.59 and RB = 1. Figure 4
shows the changes in the bile flow and biliary excretion
of the four compounds following i.v. infusions of 110,
30, 90 and 13 nmol/min per 100 g body wt, respectively.
These doses were chosen so as to attain a similar dye
hepatic content in the four experimental groups at the
end of the experiment (PR =154+ 13, BCG =148 £ 17,
BSP =152 £+ 4 and RB = 156 + 12 nmol/g liver wt). At
such doses, all dyes increased bile flow. However, none
of them influenced biliary excretion of endogenous bile
salts (median value during the infusion period: PR =56.6
+ 3.3, BCG = 54.7 £ 5.0, BSP = 57.3 £ 4.7 and RB =
54.6 + 4.2 nmol/min per g liver wt). As can be seen in
Fig. 5, all dyes increased the ['*Clsucrose bile-to-plasma
ratio with the exception of PR, which had virtually no
effect on this parameter. The changes in the sieving co-
efficient induced by the dyes under steady-state condi-
tions of dye excretion correlated well with their respec-
tive hydrophobicity indices (Fig. 6). Again, the same
results were obtained when changes in the permeability
diffusion coefficient (assuming no change in the sieving
coefficient) were plotted (data not shown). These results
suggest that the capability of the cholephilic dyes to
increase biliary permeability to sucrose depends on its
hydrophobic/hydrophilic balance.

DISCUSSION

The present study was undertaken to determine
whether cholephilic dyes modify tight junctional perme-
ability in the rat. To achieve this goal, we analyzed the
effect of the model cholephilic dye BSP on the access
into bile of two permeability probes, ['“C]sucrose and
HRP. The former served as a continuous monitor of the
paracellular biliary access [3, 4, 13, 14], whereas the
latter was employed as an indicator of both paracellular
and transcellular biliary access of the marker [15]. It
should be noted, however, that although commonly used
to evaluate biliary permeability, both methods have
some shortcomings. A minority, microtubule-dependent
transcytotic pathway for the entry of sucrose into the
canaliculus has been claimed [24-26}, thus introducing
uncertainty as to whether this route is involved in the
enhanced biliary access of the marker. Likewise, a small
contribution of a rapid, microtubule-independent trans-
cellular access of HRP to the early peak of HRP biliary
excretion curve was described previously [27]. How-
ever, the fact that concordant conclusions could be
drawn even though two independent methods were em-
ployed allows us to suppose that methodological arti-
facts probably do not account for our results. Further-
more, transcellular biliary access of HRP, which like that
of sucrose occurs predominantly by fluid-phase endocy-
tosis [28], was not altered significantly by BSP admin-
istration (see Fig. 1B and Table 2). Therefore, the sup-
position of a contribution of this pathway to the increase
in the [**C]sucrose bile-to-plasma ratios could be dis-
carded.
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Upper curves were obtained by fitting the [*“Clsucrose bile-to-plasma ratio and the bile flow recorded during the
last (120-140 min) bile collection period to the same equation, assuming that no change occurred in the diffusion
permeability coefficient (k) throughout the experiment. Values are means + SEM.

The results of this study suggest that cholephilic dyes
increase biliary permeability in a reversible and dose-
dependent manner, and that this effect depends on the
hydrophobic/hydrophilic balance of the dye. This phe-
nomenon was observed even though low, choleretic
doses of the dyes were administered. Such doses were
far below those needed either to reach the maximal bil-
iary secretory rate or to influence biliary excretion of
endogenous bile salts. This excludes the possibility that
the origin of the changes observed could be due to overt
forms of hepatotoxicity or to intrahepatic accumulation
of bile acids.

The precise site and mechanism by which cholephilic
dyes increase biliary permeability cannot be determined
from this study. However, our results raise some points
about the possible action mechanisms.

Tight junctional permeability is influenced by a num-
ber of physical factors, including osmotic and hydro-
static pressure [29]. Following canalicular excretion of
osmotically active compounds, osmotic gradients are
created and biliary pressure is elevated by the resultant
choleresis [30]. By acting in concert, therefore, it is con-
ceivable that both factors may increase tight junctional
permeability during cholephilic dye-induced choleresis,
as was proposed previously for bile salts [3]. Our results,
however, are clearly not in line with this possibility,

RB
0.3 —
0.2 -] BSP
G
I
< 0.1 ~ BCG
3O
7 PR
0—.
T T T T T
Q 0.5 1

Hydrophobicity index

Fig. 6. Dependency of the changes in the sieving coefficient for
[**C]sucrose (1 — o) shown in Fig. 4 on the hydrophobicity
index of the infused dyes, calculated according to Equation 1
(see Materials and Methods). Final sieving coefficients were
obtained by solving Equation 3 (see Materials and Methods)
using the {'*C]sucrose bile-to-plasma ratio and bile flow values
obtained during the last (120-140 min) bile collection period
and assuming that no change occurred in the diffusion perme-
ability coefficient during dye infusion. Values are means &
SEM, N = 5-6.
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since no correlation could be obtained between the
changes in biliary permeability induced by each dye and
its respective biliary outputs or choleretic effects. This
concept became evident from experiments in which PR
was administered, but no effect on biliary permeability
was apparent despite both dye biliary output and bile
flow reaching comparatively high values. Thus, the ob-
served effects appear to be more in response to a specific
effect of the dyes than to canalicular choleresis itself.

Recently, different intracellular mechanisms have
been proposed to regulate tight junctional permeability
in the liver. Elevated intracellular Ca®* concentrations
have been reported to increase biliary permeability, pre-
sumably through mechanisms involving Ca**-dependent
kinases and/or Ca**-dependent contraction of microfila-
ments [6, 31, 32]. Interestingly, cholephilic dyes were
shown to inhibit hepatic mitochondrial oxidative phos-
phorylation [33, 34], and chemical hypoxia was de-
scribed to increase hepatocellular Ca®* [35]. The in-
volvement of this mechanism, however, must remain
speculative since, as far as we know, neither direct mea-
surement of intracellular Ca®* levels nor the onset of
mitochondrial dysfunction following dye administration
has been established. In addition, a direct effect on either
hepatocellular tight junctions or microfilaments, whose
normal functioning was shown to be necessary to pre-
serve both morphological and functional integrity of
junctional structures [36], should be considered. In turn,
direct interaction of the dyes with junctional structures,
if present, may occur from both intrahepatocytic or in-
tracanalicular sites. Whichever is the case, hydrophobic
interactions appear to be involved, as suggested by the
partial dependence of the observed effects on dye li-
pophilicity. This is not surprising since interactions of
this nature are presumed to be important in determining
association of dyes to subcellular structures [37].

In summary, this study provides the first evidence that
cholephilic dyes increase tight junctional permeability in
the rat and that dye hydrophobic/hydrophilic balance
would be a key factor governing this effect.
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