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The present study was designed to examine the metabolism of 1-anilino-8-naphthalene
sulfonate (ANS), an anionic compound which is transported into liver via "multispecific organic
anion transporter’, with rat hepatic microsomes. TLC analysis indicated that the fluorescent
metabolites were not produced to a measurable extent, which made it possible to assess the
ANS metabolism by measuring the fluorescence disappearance. The metabolism of ANS was
remarkably inhibited by the presence of SKF-525A as well as by the substitution of O, by CO
gas. ANS metabolism by microsomes also required NADPH as a cofactor. These results
indicated that the microsomal monooxygenase system might be mainly responsible for the ANS
metabolism. The maximum velocity (V,,,) and Michaelis constant (K,) were calculated to be 4.3
+0.2 nmol/min/mg protein and 42.1+2.0 uM, respectively. Assuming that 1 g of liver contains
32 mg of microsomal protein, the V,,, value was extrapolated to that per g of liver (V,.,,'). The
intrinsic metabolic clearance (CL,) under linear conditions calculated from this in vitro
metabolic study was 3.3 ml/min/g liver, being comparable with that (3.0 ml/min/g liver)
calculated by analyzing the in vivo plasma disappearance curve in a previous study.
Furthermore, the effects of other organic anions on the metabolism of ANS were examined.
Bromophenolblue (BPB) and rose bengal (RB) competitively inhibited the metabolism of ANS,
while BSP inhibited it only slightly. The inhibition constant (K) of BPB (6 uM) was much
smaller than that of RB (200 uM). In conclusion, the microsomal monooxygenase system plays
a major role in the metabolism of ANS, and other unmetabolizable organic anions (BPB and RB)
compete for this metabolism.
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INTRODUCTION

Recently, we have clarified the hepatic transport of
1-anilino-8-naphthalene sulfonate (ANS), an anionic
fluorescent dye, on the basis of inhibition studies or
known transport characteristics (Chung et al., 1990a).
ANS was taken up by the liver, being mediated by a
common transport carrier with the other organic
anions such as BSP, RB, and BPB. Moreover, we
determined the dose-dependent hepatic transport of
ANS, measuring the time-profiles of its plasma disap-
pearance at various doses (3~100 pmol/kg) (Chung et
al, 1990b). We have confirmed the saturability in
the sequestration process assessed from the analysis
of the plasma disappearance curve. After i.v. bolus
administration, ANS was mainly taken up by the liver
within 10 min.
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Organic anions are rapidly and selectively taken up
from circulation into hepatocytes via more than one
uptake system (Elferink er a/, 1995). Examples of
such systems are the Na'-coupled secondary active
transport and Na*-independent uptake for bile acids
(Anwer et al., 1978a), Na'-dependent uptake for long-
chain free fatty acids (Stremmel et a/., 1986), and Na'-
independent uptake for nonbile acid cholephils such
as bilirubin (Paumgartner et al, 1976), bromosulfo-
phthalein (BSP) (Laperche et a/., 1981; Schwenk et al.,
1976; Wolkoff et al, 1987), and indocyanine green
(ICG) (Scharschmidt er al., 1975). Na'-dependent bile
acid uptake system has been dubbed the "multispecific
Na'-dependent bile acid transport system" (Zimmerli
et al,, 1989; Petzinger et al,, 1984; Petzinger et al, 1989;
Ziegler et al, 1985). Furthermore, Na'-independent
bile acid uptake and organic anion transport proved
to be mediated by a common transport carrier (Anwer
et al., 1978b; Laperche et al, 1981), which is designated
as a "multispecific organic anion transporter" (Meier
1988; Blom et al, 1981; Tsuji et al, 1986). On the
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other hand, organic anions can be classified into two
groups in terms of ATP dependency in hepatic uptake,
i.e., via active transport or facilitated diffusion (Yamazaki
et al,, 1992). Dibromosulfophthalein (DBSP) and benzyl-
penicillin belong to the former group, whereas BSP,
rose bengal (RB), and bromophenol blue (BPB) belong
to the latter (Yamazaki et a/, 1992). ANS, a fluorescent
model compound for studing hepatic transport of
anionic drugs, appears to be taken up via "multispecific
organic anion transporter" by the liver (Chung et a/,
1990a). The amount of the parent ANS excreted into
the bile was less than 2% (Chung et al,, 1990b). ANS
excretion into the urine was also negligible, suggesting
that the disposition of ANS in the whole body might
be attributed mainly to the metabolism in liver. How-
ever, direct demonstration of ANS metabolism in the
liver has not been obtained yet.

In the present study, we examined whether the
saturable metabolism of ANS occurred in hepatocytes,
using rat hepatic microsomes. Furthermore, we attempt-
ed to reconstruct the sequestration clearance in vivo,
based on the metabolic parameters determined in vitro
with rat hepatic microsomes.

METERIALS AND METHODS

Meterials

1-Anilino-8-naphthalene sulfonate (sodium salt) and
bromophenol blue were purchased from Tokyo Chem-
ical Co. (Tokyo, Japan). Rose bengal was purchased
from Wako Pure Chemical Co. (Tokyo, Japan). Bro-
mosulfophthalein and SKF-525A were purchased from
Daiichi Chemical Co. (Tokyo, Japan). NADPH and
8-glucuronidase/arylsulfatase were purchased from
Boehringer Mannheim Gmbh (W. Germany). All other
reagents were commercial products and of analytical
grade. Male S.D. rats (Samuk Animal Farm, Kyunggi-
Do, Korea) weighing 240~280 g were used.

Metabolism of ANS by microsomes

Rat hepatic microsomes was isolated as described
previously (Chung et al, 1990a). Fifty mM Tris-HClI
buffer (pH 7.4) containing 1 mg/ml microsomal protein,
10 mM MgCl,, and ANS of various concentrations (5~
200 uM) were used as a reaction mixture. After prein-
cubation for 5 min at 37°C, an aliquot of NADPH
was added to the incubation mixture to start the
metabolic reaction (initial NADPH concentration: 1
mM). An aliquot of the incubation mixture (100 pl)
was taken at given times (0, 2, 5, 10, 20, 30 min)
and added to 3.5 ml of ethanol to stop the reaction.
After centrifugation, ANS in the supernatant was fluoro-
metrically determined at 470 nm (excited at 410 nm),
using an Hitachi MPF4 fluorescence spectrophotometer
(Hitachi Co., Tokyo, Japan). The experiments were
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also performed under the following conditions to
examine whether ANS is metabolized by the microso-
mal monooxygenase system; 1) the incubation medium
bubbled with CO gas, 2) the incubation medium
containing heat-denatured microsomes, 3) the incubation
medium in the absence of NADPH, 4) the incubation
medium in the presence of SKF-525A, and 5) the
incubation on ice. During 5 min of preincubation
without NADPH, the fluorescence intensity of ANS
remained unchanged, suggesting that ANS was not
metabolized during this period.

Analysis by thin layer chromatography (TLC)

To determine whether a fluorescent metabolite was
produced by hepatic microsomes, we separated the
fluorescent molecules in the incubation medium by
TLC (Chung et al, 1990a). A hundred pl of the
incubation medium was added to the equivalent
volume of ethanol, followed by centrifugation (1000x
g, 10 min), and then 150 pl of the supernatant was
applied to a TLC plate (silica gel G, 20x 20 cm). The
TLC plate was developed in a mixture of chloroform/
methanol/water (65:25:4, v/v). Every 1.5 cm length
of the TLC plate was scraped and extracted with 4 ml
of ethanol. The ANS in the supernatant was fluoro-
metrically determined at 470 nm (excited at 410 nm).

Effect of organic anions on the metabolism of ANS

We determined the effect of other organic anions
(RB, BPB and BSP) on the ANS metabolism by
hepatic microsomes. After 5 min of preincubation at
37°C, an aliquot of NADPH (initial concentration: 1
mM) was added to the incubation mixture. An aliquot
of the incubation mixture (100 ul) was taken at given
times and added to 3.5 ml ethanol. The initial
concentration of ANS in the incubation mixture was
kept at 20 uM, while those of other organic anions
ranged from 10 to 200 uM. The ANS concentrations
in the incubation mixture were fluorometrically deter-
mined as described above. The quenching effects in-
duced by organic anions on the fluorescence intensity
of ANS were checked, and the fluorescent intensities
were corrected for the "inner-filter" effect, if necessary
(Sugiyama er al., 1983).

Kinetic analysis

The initial velocity (v) of the ANS metabolism was
calculated from the initial decay slope of the fluore-
scence disappearance curve by linear regression (within 5
min). A double reciprocal linear transformation of the
data (Lineweaver-Burk plot) yielded a straight line.
The data for the ANS metabolism were fitted to the
Michaelis-Menten equation, and the enzymatic para-
meters (K., Vi) Were calculated with a nonlinear least
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squares method (Yamaoka et a/, 1981). Furthermore,
we determined the intrinsic clearance for ANS meta-
bolism, which is calculated as V,,/K,, after extrapolating
the V,, value to that per gram of liver (V,.»"),
considering that 1 gram of liver contains 32 mg of
microsomal proteins (Lin et a/, 1980; Joly et al., 1975).

RESULTS AND DISCUSSION

ANS metabolism by microsomes

We previously detected the fluorescent metabolite
in bile samples using TLC analysis (Chung et al,
1990a). The amount of fluorescent metabolite excreted
into the bile was, however, at most 2% of the dose.
This metabolite was not detected in the plasma. These
findings suggested that the metabolism of ANS to the
fluorescent molecules was negligible. In the present
study, we examined whether fluorescent metabolite
was produced after 30 min-incubation with hepatic
microsomes. The fluorescence atiributable to only parent
ANS (Rf=0.45) was detected, suggesting that the meta-
bolism of ANS to the fluorescent metabolites might
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Fig. 1. The time profiles of the disappearance of ANS fluore-
scence in rat hepatic microsomes. After preincubation for 5
min at 37°C, an aliquot of NADPH (initial concentration: 1
mM) was added to the incubation mixture containing 10 pM
ANS and 1 mg protein/ml hepatic microsomes. An aliquot of
the incubation mixture (100 pl) was taken at given times
and added to 3.5 ml of ethanol to stop the reaction. ANS
concentration was fluorometrically determined at 470 nm
(excited at 410 nm). The fluorescence intensity was expressed
as the percentage of that at time zero. Each point represents
the average value obtained using two different preparations
each of those was prepared using 3 rats. Key; (©), control;
(@), incubation in the presence of 1 mM SKF-525A; (A),
incubation at 4°C; (A), incubation with bubbled CO gas;
(M), incubation with heat-denatured microsomes; (), incu-
bation in the absence of NADPH.
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be negligible. Consequently, the ANS metabolism in
hepatic microsomes was assessed by directly measuring
the fluorescence disappearance (Fig. 1).

Fig. 1 shows the time courses of the disappearance
of ANS fluorescence. The ANS metabolism was marked-
ly inhibited by SKF-525A as well as by the substitution
of O, by CO gas, both of which are well known to
inhibit oxidation by the hepatic microsomal monooxy-
genase system(Conney et al., 1968; Schenkman 1972;
Jenner 1972). ANS metabolism also required NADPH
as a cofactor and showed a temperature dependence
(Fig. 1). These results indicate that the microsomal
monooxygenase system might be mainly responsible
for the ANS metabolism. The incubation mixture ob-
tained after 30 min-incubation in a control experiment
was further treated with 6-glucuronidase/arylsulfatase,
but the fluorescent intensity was unchanged, suggesting
that the conjugation of ANS and/or its oxidative fluo-
rescent metabolites was negligible.

Kinetic analysis

When the initial velocity of ANS metabolism assess-
ed from the initial decay slope of the fluorescence
disappearance curve was plotted against its initial
concentration, a hyperbolic curve was obtained. A
Lineweaver-Burk plot yields a straight line (Fig. 2). The
maximum velocity (V,,) and the Michaelis constant
(K,) were calculated to be 4.3+0.2 nmol/min/mg
protein and 42.1+£2.0 uM, respectively. Considering
that 1 gram of liver contains 32 mg microsomal of
protein (Lin et al., 1980; Joly et al, 1975), the Vmax
value was extrapolated to that per gram of liver
(V). The intrinsic clearance (CLint) under linear
conditions is given by the ratio of V,,,' to K, value
and was calculated to be 3.3 mil/min/g liver. We
previously determined the intrinsic clearance of ANS
representing the sequestration process by analyzing
the plasma disappearance curve after iv administrations.
In that study, the plasma disappearance curves of ANS
at various doses were simultaneously analyzed, based
on a nonlinear kinetic model which incorporated the
saturable binding to intracellular proteins and the satur-
able elimination in hepatocytes. This analysis based
on the in vivo data gave the V,,,, and K, values to be
30 nmol/min/g liver and 10 pM, respectively. The
CL,, value (V,,/K.) thus was calculated to be 3 ml/
min/g liver from the in vivo data and was comparable
to that (3.3 ml/min/g liver) determined with hepatic
microsomes. These results may suggest that the se-
questration process determined from the in vivo ex-
periment mainly reflects the metabolic process by the
microsomal monooxygenase system. Such an extra-
polation of intrinsic clearance from in vitro to in vivo
was also successful in the metabolism of several
drugs (Lin et al, 1980; Joly et al, 1975). However,
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Fig. 2. Lineweaver-Burk plot of ANS metabolism by hepatic microsomes. The initial velocity of ANS metabolism was calculated
by measuring the decrease in ANS amount from the incubation mixture (0~5 min). The solid line represents the best fit to
the data based on the Michaelis-Menten equation. Each point represents the mean+S.E. of four preparations.

comparing the K, and V,,, values individually, these
parameters determined from the /n vitro study were
several times larger than those determined from the
in vivo study. In the present study, the discrepancy of
the K., values between the in vivo and in vitro might
be partly due to the binding of ANS to microsomes.
To calculate the in vivo parameters, we used the
unbound fraction of ANS in the liver, determined
using the equilibrium dialysis with diluted cytosol
(Chung et al, 1990a). Possible errors in estimating
the unbound fraction in the liver by such a method
might also cause the discrepancy between the K, and
V... values in the /n vivo and in vitro studies.

Inhibitory effect of organic anions on the ANS meta-
bolism

We determined the effects of other organic anions
(BPB, BSP, or RB) on the metabolism of ANS (Fig. 3).
BPB and RB markedly inhibited the metabolism of
ANS in a concentration dependent manner, while
BSP only slightly inhibited the metabolism of ANS.
The inhibitory effect of BPB on the metabolism of
ANS was larger than that of RB. Fig. 4 shows the
Lineweaver-Burk plots of ANS metabolism in the
presence and absence of other organic anions (BPB
or RB). Such analysis indicated that these organic
anions competitively inhibited ANS metabolism. The
kinetic parameters are summarized in Table |, indicating
that the inhibition constant (K) for BPB was much
smaller than that for RB.

Recently, we have demonstrated that pulse administ-
ration of an excess amount of other organic anions
(BSP, BPB) at 10 min after iv administration of ANS
induced transient increase in the ANS plasma con-
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Fig. 3. Effects of organic anions (BPB, BSP, or RB) on ANS
metabolism by hepatic microsomes, determined by the fluo-
rescence disappearance of ANS. After preincubation for 5
min at 37°C, NADPH was added to the incubation mixture
containing 20 uM ANS and 0~100 pM organic anion and 1
mg protein/ml hepatic microsomes. An aliquot (100 pl) of
the incubation mixture was taken at 5 min and added to 3.5
ml ethanol. After centrifugation, ANS in the supernatant
was fluorometrically determined at 470 nm (excited at 410
nm). The fluorescence disappearance rate was expressed as
the percentage of that in the absence of organic anions.
Each point represents the mean+S.E. of three different
preparations. Keys: (@)+BPB; (0)+RB; (A)+BSP.

centration (Chung et al, 1990b). This phenomenon
has been called "in vivo counter transport' (Scharschmidt
et al, 1975). The kinetic analysis indicated that this "/n
vivo counter transport" phenomena may be explained
not only by the inhibition of the uptake via the carrier
on the plasma membrane but also by the displacement
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Fig. 4. Lineweaver-Burk plots of ANS metabolism by hepatic
microsomes in the absence and presence of other organic
anions. Each point represents the mean+S.E. of four different
preparations. Keys; (@), control (20 pM ANS); (A)+50 pM RB;
(AM+5 UM BPB.

Table I. Effect of BPB or RB on the metabolic parameters of
ANS by rat liver microsomes®

v b) K by \Y; 1) Kid)
max m,app max
(nmol/min (nmol/min
/mg protein) (UM) /g liver)  (UM)
Control 4.3+0.2 4214+20 138£6.0
+RB (50 uM) 4.2+0.2 55.5+2.8 136%+5.0 196+63.0
+BPB (5 uM) 3.6+0.4 82.4+85 116120 6.0+1.3

“Mean = S.E. of four different preparations.

Vo and K,,.o values were calculated by nonlinear least
squares method (Yamaoka et al., 1981).

NV, value per gram liver. See details in the text.

“Calculated assuming competitive inhibition.

of ANS binding from its intracellular binding sites
(Chung et al, 1990b). It is also possible that the
inhibition of ANS metabolism by other organic anions
increases the intracellular ANS concentration, leading
to the delay of its plasma disappearance by enhancing
its back diffusion to the plasma. Therefore, the "in
vivo counter transport" phenomenon induced by these
organic anions might be affected also by the inhibition
of ANS metabolism.

CONCLUSION

The metabolism of ANS was inhibited by SKF-525A
as well as by the substitution of O, by CO gas. ANS
metabolism also required NADPH as a cofactor. These
results suggest that the microsomal monooxygenase
system plays a major role in the metabolism of an
anionic fluorescent dye, ANS, in the rat liver. The
other amphiphatic unmetabolizable organic anions,
BPB and RB competitively inhibited the ANS metabolism
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by microsomes.
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