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Abstract

To confirm the assumption that 6-hydroxy-5,7-dimethyl-2-methylamino-4-(3-pyridylmethyl)benzothiazole (E3040) acts on urate
reabsorption by inhibiting urate—anion exchange at the luminal membrane of renal tubules, we investigated the inhibitory effect of E3040
and its two conjugated metabolites on hydroxyl ion (OH ™) gradient-dependent urate uptake into brush border membrane vesicles from rat
renal cortex and compared it with other uricosuric agents. The order of potency was AA193 (5-chloro-7,8-dihydro-3-phenylfurd[2,3-g]-
1,2-benzisoxazole-7-carboxylic acid) > benzbromarone > E3040 > probenecid > E3040 sulfate > E3040 glucuronide. Furthermore, ki-
netic analysis revealed that E3040 may be a competitive inhibitor of the OH™ gradient-dependent uptake of urate into brush border

membrane vesicles. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

6-Hydroxy-5,7-dimethyl-2-methylamino-4-(3-pyridyl-
methyl)benzothiazole (E3040), developed by Eisai (Tokyo,
Japan), is a novel anti-inflammatory drug used in the
treatment of bowel disease. We have reported that, in rats
and mice, E3040 also has a uricosuric effect and that its
site of action may be in the proximal tubules of the kidney
(Yamada et al., 19993,b).

Recent studies have demonstrated that an active trans-
port process (Frankfurt and Weinman, 1977; Kramp and
Lenoir, 1975; Weiman et al., 1976) drives the trans
epithelial reabsorption of urate in the proximal tubules of
rats. Furthermore, Kahn and Weinman (1985) have re-
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ported that the urate—anion exchanger in luminal mem-
branes, which mediates hydroxyl ion (OH™) gradient-de-
pendent urate uptake into brush border membrane vesicles,
acts as the initial step in the reabsorption of urate in the
renal proximal tubules. A hydroxyl ion or chloride gradient
provided a driving force for the uptake of urate into brush
border membrane vesicles, and trans-stimulation of urate
and other anionic agents was observed. Thus, it seems that
the transport of urate into the brush border membrane
involves a urate—anion exchanger (Blomstedt and Aron-
son, 1980; Guggino et al., 1983; Kahn and Aronson,
1983). Furthermore, 4,4'-diisothiocyano-2,2"-disulfonic
stilbene (DIDS), an inhibitor of the reabsorption of uratein
rat proximal tubules, inhibited the transport of urate into
cells by blocking this urate—anion exchanger (Kahn and
Aronson, 1983; Kahn et al., 1983; Roch-Ramel et al.,
1994). It has been reported that clinically important urico-
suric drugs act on carrier-mediated urate transport at the
luminal membrane of the renal proxima tubules (Di-
amond, 1978). Brush border membrane vesicles from rat
renal cortex are sensitive to anion exchanger inhibitors
such as probenecid, sdlicylate, furosemide, DIDS, and
uricosuric agents such as benzbromarone and 5-chloro-
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7,8- dihydro- 3-phenylfuro[2,3-g]-1,2-benzisoxazole-7-car-
boxylic acid (AA193) (Dan and Koga, 1990).

In the present study, we examined the inhibitory effect
of E3040 and its two conjugated metabolites on the OH ™
gradient-dependent uptake of urate into brush border mem-
brane vesicles, and this effect was compared with that of
other uricosuric agents. In addition, we investigated the
mechanism of inhibition produced by E3040.

2. Materials and methods

2.1. Chemicals

E3040, E3040 sulfate and glucuronide were kindly pro-
vided by Eisai (Tokyo, Japan) and AA193 was supplied
by Chugai Pharmaceutical (Tokyo). Probenecid and benz-
bromarone were purchased from Sigma (USA). Micro TP
test WAKO® and Alkaliphospha B test WAKO® were ob-
tained from Wako (Osaka, Japan). [8-**C] Uric acid (50
mCi /mmol) was purchased from Moravek Biochemical
(USA). All other reagents used were of analytical grade.

2.2. Preparation of brush border membrane vesicles

Brush border membrane vesicles from the renal cortex
of male Wistar rats (Japan Laboratory Animals, Tokyo),
300-350 g body weight, were prepared by a Ca*-aggre-
gation method (Itoh et al., 1998). The brush border mem-
brane vesicles were suspended in the urate uptake buffer
consisting of 150 mM mannitol, 2 mM MgSO, and 50
mM potassium phosphate buffer (pH 7.5) to give a final
protein concentration of 8—10 mg/ml and were stored at
—80°C and used within a week. Purification of the brush
border membrane vesicles was monitored by assaying
alkaline phosphatase as a marker enzyme in the brush
border membrane (Bessey et al., 1964) and (Na*-K™*)
ATPase in the basolateral membrane (Jorgensen, 1974).
The alkaline phosphatase activity in brush border mem-
brane vesicles was 10- to 15-folds greater than that in renal
cortex homogenate, while the activity of (Na™—K*) AT-
Pase was no greater than 2-fold.

The protein concentrations in the membrane suspen-
sions and whole cortical homogenate were determined
according to the pyrogaroll-red method using the Micro TP
test WAKO. The degree of purification of the brush border
membrane vesicle preparation was determined by compar-
ing the activity of alkaline phosphatase and (Na™—K™*)
ATPase in brush border membrane vesicles and in whole
cortical homogenate. Alkaline phosphatase activity was
determined by using p-nitrophosphoric acid as a substrate
with Alkalicphospha B test Wako, and (Na*—K*) ATPase
activity was determined by the method of Quigley and
Gotterer (1969).

2.3. Uptake studies

The uptake of [8-"*Cluric acid was assayed by a modifi-
cation of the rapid filtration methods reported previously
(Dan and Koga, 1990; Kahn et al., 1983).

Brush border membrane vesicles were thawed on ice
and then resuspended and allowed to equilibrate at 25°C
for 10 min. Uptake was initiated by mixing 20 .l of the
membrane suspension with 180 .l incubation buffer (150
mM mannitol, 2 mM MgSO,, 50 mM potassium phosphate
buffer; pH 6.0) containing 20 wM [8-*Cluric acid, and the
uptake inhibitors. Incubation was performed for 10 s at
25°C. In each experiment at least three different membrane
preparations were used. All uptake measurements were
corrected for the nonspecific binding of radiolabeled solute
to the vesicles and filters. The effect of drug on the initial
velocity of uptake of the radiolabeled solutes was evalu-
ated using the following equation: % of inhibition =
(uptake with drug /uptake without drug) X 100.

2.4. Data analysis

The inhibition curves were fit simultaneously according
to the full nonlinear regression analysis for inhibition as
expressed in Eq. (1). Eg. (1) was derived from the sigmoid
E, ., model as expressed in Eq. (2). The ICg, values of the
various inhibitors were obtained from this by nonlinear
regression anaysis. Fitting was accomplished by using
“Multi described by Yamaoka and Tanaka (1985) with a
weighting function of 1/Y?2.

100
1+ exp(y(ICs, —log[1]))

where vy is the slope constant of the inhibition curves, ICq,
is the concentration that gives a half-maximum inhibitory
effect, and [1] is the concentration of urate uptake in-
hibitors.

uptake (%) = 100 —

(1)

Emax

E= 1 + exp{y(INECg, — In[C]}

(2)

where E,, is the maximum effect of the drug, vy is the
slope constant of the effect curve, EC,, is the concentra-
tion that gives a half-maximum effect, and [C] is the
concentration of drug.

K; (inhibitor constant) was analyzed by the “Simulta-
neous Nonlinear Regression” method described by Kakkar
et a. (1999). The average observed rate vs. substrate
concentration data were fitted simultaneously according to
the full nonlinear expression for competitive inhibition as
expressed in Eq. (3).
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where v is the rate of metabolite formation, V,,, is the
maximal rate of uptake, K, is Michaelis constant, K; is
the inhibitor constant, [S] is the substrate concentration,
and [ 1] is the inhibitor concentration.

Values are expressed as means + S.D.

3. Results

3.1. Effect of E3040 and uricosuric agents on OH ~
gradient-dependent urate uptake into brush border mem-
brane vesicles

Fig. 1, panel A shows the effect of various uricosuric
agents and E3040 on OH™~ gradient-dependent urate up-
take into brush border membrane vesicles. All agents
inhibited the OH™ gradient-dependent uptake of urate in a
concentration-dependent manner. The 1Cgy, value for
AA193, benzbromarone, E3040 and probenecid was 0.3 +
1.8,19.445.2,89.6 + 11.2 and 170.2 4 34.2 u.M, respec-
tively. The slope constant of inhibition curves for AA193,
benzbromarone, E3040 and probenecid was 0.5+ 0.8, 1.0
+0.7, 1.0+ 0.6 and 1.7 + 1.0 uM, respectively.

3.2. Effect of E3040 and its conjugates on OH ~
gradient-dependent urate uptake into brush border mem-
brane vesicles

E3040 and its two conjugates showed a concentration-
dependent inhibition of urate uptake (Fig. 1, panel B). The
smallest 1Cg, value was found for E3040, followed by
E3040 sulfate and glucuronide. The ICg, for E3040, E3040
sulfate and glucuronide was 89.6 + 11.2, 1948.9 + 226.1
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Fig. 2. Kinetic analysis of inhibition of the brush border urate—anion
exchanger by E3040. The uptake assay was carried out in incubation
medium containing different concentrations of E3040 and unlabeled
urate. The data represent the means+ S.D. for three to four membrane
preparations.

and 10265.7 + 2555.4 M, respectively. The slope con-
stant of inhibition curves for E3040, E3040 sulfate and
glucuronide was 1.0+ 0.6, 0.6 + 0.6 and 0.6 + 0.9 M,
respectively.

3.3. Mechanism of inhibition of E3040 OH ~ gradient-de-
pendent urate uptake into brush border membrane vesicles

Fig. 2 shows a Lineweaver—Burk plot of urate uptake
into brush border membrane vesicles. E3040 increased the

apparent K, for urate uptake without influencing the
apparent V.. The apparent K; (kinetic constant) was

pH 6.0
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Fig. 1. Effect of uricosuric agents and E3040 (panel A) and E3040 and its conjugates (panel B) on OH ™~ gradient-dependent urate uptake into brush border
membrane vesicles. The 10-s uptake assay was carried out in incubation medium containing different concentrations of uricosuric agents and E3040
(E3040, probenecid, AA193 and benzbromarone in panel (A); E3040, E3040 sulfate and E3040 glucuronide in panel (B)). The data represent the
means + S.D. of the percentage of the control uptake for three to four membrane preparations.
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estimated by simultaneous nonlinear regression fitting to
be 2.0+ 1.9 pM.

4, Discussion

The order of potency of these agents was consistent
with their uricosuric effect in DBA /2A mice (Yamada et
al., 1999b). Clinically important uricosuric agents, such as
probenecid, benzbromarone and AA193, have been re-
ported to inhibit the urate—anion exchanger of brush bor-
der membranes in the proximal tubules of rats (Dan and
Koga, 1990; Roch-Ramel et al., 1994; Dan et al., 1991).
Therefore, our results suggest that E3040 has a uricosuric
effect in the proximal tubules, since E3040 inhibited OH ~
gradient-dependent urate uptake into brush border mem-
brane vesicles, as did the other uricosuric agents.

The IC,, for E3040 (89.6 + 0.7 M) was about 20 X
smaller than that for E3040 sulfate (1948.9 + 1.2 uM) and
110 X smaller than that for E3040 glucuronide (10265.7
+ 1.4 wM). These findings agree with our previous in
vivo studies in rats and DBA /2N mice (Yamada et al.,
1999a,b).

Based on the results for the Lineweaver—Burk plot of
urate uptake into brush border membrane vesicles, E3040
may be a competitive inhibitor of OH™ gradient-dependent
urate uptake into brush border membrane vesicles.

In conclusion, the present studies show that E3040
inhibits the urate—anion exchanger in the brush border
membranes of the rat renal proxima tubules. Moreover,
E3040 is a much more potent inhibitor of urate uptake into
brush border membrane vesicles than its two conjugates.
These findings support the previous results that the urico-
suric effect seen after intravenous administration of E3040
may be mainly due to E3040 (Yamada et al., 1999a,b).
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Kesdler et al., 1978
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