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Studies on the pharmacology of the inward transport of L-DOPA

in rat renal tubules
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1 The accumulation of L-DOPA in suspensions of renal tubules obtained from male Wistar rats
occurred through non-saturable and saturable mechanisms. The kinetics of the saturable component of
L-DOPA uptake in renal tubules was as follows: V., =46.3+2.8 nmol mg~! protein h~! and K, =114.4
(95% confidence limits; 83.8, 156.2) uM (n=>5). The diffusion constant (in nmol~!) of the non-saturable
component for the accumulation of L-DOPA was 1.3 (1.1, 1.6; n=38).

2 The effect of 2,4-dinitrophenol was a marked reduction in the tubular uptake of L-DOPA, with an
ICs value of 12.1 (4.0, 36.9) uM. Cocaine produced a slight (P=0.08) decrease (22% reduction at 50 uM)
in the tubular uptake of L-DOPA. Corticosterone produced a considerable inhibitory effect on the
uptake of L-DOPA with an ICs, value of 11.0 (3.6, 33.5) uM. The maximal inhibitory effect of
probenecid was a 24% decrease in the uptake of L-DOPA; however, the more selective organic anion
transport inhibitor 4,4'-diisothiocyantostilbene-2,2’-disulphonic acid (DIDS) was, found not to affect the
tubular uptake of L-DOPA. The organic cation transport inhibitor, cyanine 863, was found to produce a
marked decrease in the uptake of L-DOPA (ICs,=2.02 [1.07, 3.79]). The cyanine derivatives 1,1’-diethyl-
2,2'-cyanine (decynium 22) and 1,1’-diethyl-2,4'-cyanine (decynium 24) also potently inhibited L-DOPA
uptake with ICs, values (in uM) of 0.63 (0.39, 1.01) and 0.10 (0.08, 0.13), respectively, both compounds
were found to be more potent than cyanine 863.

3 The inhibitory effect of decynium 24 (0.2 uM) on the tubular uptake of L-DOPA was dependent on
the pH of the incubation medium; at pH=6.5 the accumulation of L-DOPA was reduced up to 37+2%
of control values, whereas at pH=7.4 and pH=8.2 the accumulation of L-DOPA was reduced by
56+ 1% and 60+ 6%, respectively. Cyanine 863 (2 uM), decynium 22 (1 uM) and decynium 24 (0.2 uM)
were found to decrease the V. values for the saturable component of L-DOPA uptake without changes
in K, values.

4 It is concluded that the tubular uptake of L-DOPA might be promoted through a mechanism which

is dependent on the activity of the organic cation transport system.
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Introduction

In the kidney, dopamine plays the role of an autocrine/para-
crine hormone regulating sodium and phosphate transport in
the proximal nephron (Lee, 1993). The formation of dopamine
in renal tissues has been demonstrated to result from the
decarboxylation of circulating or filtered L-DOPA in epithelial
cells of proximal convoluted tubules (Baines & Chan, 1980;
Hagege & Richet, 1985; Goldstein et al., 1989; Zimlichman et
al., 1988; Hayashi et al., 1990; Soares-da-Silva & Fernandes,
1990). This type of cell is endowed with a high aromatic L-
amino acid decarboxylase (AAAD) activity, but the conver-
sion of circulating or filtered L-DOPA to dopamine in epi-
thelial cells of proximal tubules requires its uptake into this
cellular compartment (Soares-da-Silva, 1994). Considering the
high activity of AAAD in renal tissues it may be hypothesized
that the main factor determining the production in this area
concerns the cellular uptake of L-DOPA. However, there is a
lack of objective information concerning the mechanism(s)
involved and the nature of the process(es) of cell membrane
transport of L-DOPA. Early studies on the inward transport of
L-DOPA in tubular epithelial cells were conducted in rat mi-
croperfused proximal convoluted tubules. Using this prepara-
tion, Chan (1976) was able to demonstrate that the cellular
uptake of L-DOPA occurred through an energy-dependent and
stereo-selective carrier-mediated process, the rate of transport
being 2 fmol cm~! s~!. More recently, we have shown that L-
DOPA and 3-O-methyl-L-DOPA (3-OMDOPA) share the

! Author for correspondence.

same transporter in order to be taken up into renal tubular
cells, with 3-OMDOPA exerting a competitive type of inhibi-
tion upon the tubular uptake of L-DOPA (Soares-da-Silva et
al., 1994). This effect is similar to that observed at the level of
the blood brain barrier (Wade & Katzman, 1975) and may
suggest the presence of similar mechanisms for cell inward
transfer of L-DOPA in tubular epithelial cells and endothelial
cells in brain capillaries.

The aim of the present work was to study the tubular up-
take of L-DOPA and to examine the effects of a series of
compounds which are known to interfere with the cellular
uptake of a wide range of substrates; the compounds tested
include monoamine uptake blockers (cocaine and corticoster-
one), the organic anion inhibitors, probenecid and 4,4'-dii-
sothiocynatostilbene-2,2’-disulphonic acid (DIDS) (Gesek &
Friedman, 1995), the organic cation inhibitor, cyanine 863 (1-
ethyl-2-[(1,4-dimethyl-2-phenyl-6-pyrimidinylidene)methyl]-q-
uinolinium) (Rennick et al., 1956; Rennick, 1981) and two
other cyanine derivatives, 1,1’-diethyl-2,2’-cyanine (decynium
22) and 1,1’-diethyl-2,4'-cyanine (decynium 24), and the un-
coupling agent 2,4-dinitrophenol.

Methods

General

Uptake studies of L-DOPA into renal tubules were performed
in preparations obtained from male Wistar rats (Biotéro do
Instituto Gulbenkian de Ciéncia, Oerias, Portugal), aged 45—
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60 days and weighing 190—230 g. The rate of tubular uptake
of L-DOPA was calculated considering the rate of dopamine
formation subtracted from the amount of L-DOPA entering
the cells by diffusion.

Preparation of renal tubules

The preparation of renal tubules was based on the techniques
previously described and was found to contain predominantly
proximal tubules (Soares-da-Silva et al., 1994). In brief, rats
were killed by decapitation under the ether anaesthesia and the
kidneys removed through a midline abdominal incision, after
which they were decapsulated, cut in half and placed in ice-
cold Collins solution (containing, mM: KH,PO, 15, K,HPO,
50, KCl 15, NaHCO; 15, MgSO, 60 and glucose 140,
pH=7.4). The outer cortex was cut out with fine scissors and
minced with a scalpel into a fine paste. The cortical pase was
filtered sequentially through a series of Nybolt nylon sieves,
first 180 um and then 75 um. Unseparated cortex remained on
the upper (180 um) sieve, while the lower one (75 um) retained
predominantly proximal nephron segments. The sieves were
continuously rinsed with cold Collins solution throughout.
The retained tubules were then washed off with cold Collins
solution and collected into a pellet by centrifugation at 200 g,
5 min, 4°C; renal tubules used in incubation experiments were
suspended in Hanks’ medium. The Hanks medium had the
following composition (mM): NaCl 137, KCl 5, MgSO, 0.8,
Na,HPO, 0.33, KH,PO, 0.44, CaCl, 0.25, MgCl, 1.0, Tris HCI
0.15 and sodium butyrate 1.0, pH=7.4. Pargyline (0.1 mMm)
and tolcapone (1 uM) were also added to the Hanks’ medium
in order to inhibit the enzymes monoamine oxidase (MAO)
and Catechol-O-methyltransferase (COMT), respectively
(Vieira-Coelho & Soares-da-Silva, 1994).

Uptake studies

The preincubation and incubation of renal tubules (500 ul)
were carried out in glass test tubes, continuously shaken,
warmed (37°C) and gassed (95% O, and 5% CO,) through-
out the experiment. Some experiments were performed to
define the kinetic characteristics of the tubular uptake of L-
DOPA. The non-saturable component of L-DOPA uptake
was determined in experiments conducted in the presence 2,4-
dinitrophenol; the saturable component of L-DOPA uptake
was derived from the total amount of L-DOPA taken up into
the renal tubules (indicated by the amount of dopamine
formed), subtracted from the values obtained for the non-
saturable component. The renal tubules were preincubated in
Hanks medium for 30 min in order to stabilize the prepara-
tions and were then incubated for 15 min with increasing
concentrations (50 to 2000 uM) of L-DOPA. The incubation
was stopped by cooling and 100 ul of 2 M perchloric acid was
added to the medium, filtered on Spin-X (Costar) centrifuge
filter (0.40 um) tubes, centrifuged (4 min, 3000 g, 4°C) and
the filtered aliquot directly injected into the column of the
high performance liquid chromatograph for the determina-
tion of dopamine. In experiments conducted in the presence
of 2,4-dinitrophenol, an aliquot (300 ul) of the incubation
medium containing the renal tubules was immediately trans-
ferred to Spin-X (Costar) centrifuge filter (0.40 um) tubes and
centrifuged (4 min, 3000 g, 4°C); the renal tubules were wa-
shed twice with ice-cold Hanks medium (500 ul). The ex-
traction of L-DOPA from renal tubules was performed by the
addition of 500 ul of 0.2 M perchloric acid to the Spin-X
centrifuge filter tubes at the end of the second washing per-
iod; the centrifuge filter tubes were then centrifuged and 50 ul
of the filtered aliquot was injected directly into the column of
a high performance liquid chromatograph for the quantifi-
cation of L-DOPA. The filters were found not to retain L-
DOPA or dopamine and the extraction process employed was
also found to remove completely both compounds from the
renal tubules.

In experiments designed to study the effects of a series of

compounds upon the uptake and decarboxylation of L-DOPA,
renal tubules were preincubated after 30 min in the presence of
the compounds to be tested; after preincubation, renal tubules
were incubated for 15 min in Hanks medium with 250 uM L-
DOPA, a concentration twice the K., value as determined in
saturation experiments. The effect of compounds under study
on the non-saturable component of L-DOPA uptake was de-
termined in parallel experiments conducted in the presence of
2,4-dinitrophenol.

Cell viability

Renal tubules were preincubated for 15 min at 37°C with test
drugs (2,4-dinitrophenol, DIDS, cyanine 863, decynium 22,
decynium 24, cocaine or corticosterone) and then incubated in
the absence or presence of L-DOPA, for further 15 min. Sub-
sequently the tubules were incubated at 37°C for 2 min with
trypan blue (0.2% w/v) in phosphate buffer and examined
under a Leica microscope. Under these conditions, more than
95% of the tubules excluded the dye.

Decarboxylation of L-DOPA in homogenates of renal
tubules

Homogenates of renal tubules were used in experiments de-
signed to evaluate the effects of compounds under study on the
decarboxylation of L-DOPA. The tubules were homogenized
in the medium used in the decarboxylation reaction with
Thomas teflon homogenizers and kept continuously on ice.
Aliquots of 250 ul of tubular homogenates plus 250 ul in-
cubation medium were placed in glass test tubes and incubated
for 30 min. Thereafter, L-DOPA (0.1 to 20 mM) was added to
the medium for further 15 min; the final reaction volume was
1 ml. The composition of the incubation medium was as fol-
lows: (in mM): NaH,PO, 0.35, Na,HPO, 0.15 and Na,B,0,
0.1; pargyline (100 uM) and tolcapone (1 uM) were also added
to the incubation medium in order to inhibit the enzymes
MAO and COMT respectively. The incubation medium also
contained pyridoxal phosphate (120 uM) as a cofactor for
AAAD. The pH of the reaction medium was kept constant at
an optimal pH=7.0 (Shirota & Fujisawa, 1988). During in-
cubation, homogenates of renal tubules were continuously
shaken and gassed (95% O, and 5% CO,) and maintained at
37°C; the compounds under study were present during both
the preincubation and incubation periods. The reaction was
stopped by the addition of 1 ml of 2 M perchloric acid and the
preparations kept at 4°C for 60 min. The samples were then
centrifuged (200 g, 2 min, 4°C) and 300 pl aliquots of the su-
pernatant filtered on Millipore microfilters (MF1) were used
for the assay of dopamine.

Assay of L-DOPA and dopamine

The assay of L-DOPA and dopamine was performed as pre-
viously described (Soares-da-Silva et al., 1994). The high per-
formance liquid chromatograph (h.p.l.c.) system consisted of a
pump (Gilson model 302; Gilson Medical Electronics, Villiers
le Bel, France) connected to a manometric module (Gilson
model 802 C) and a stainless-steel 5 um ODS column (Bio-
phase; Bioanalytical Systems, West Lafayette, IN, U.S.A.) of
25 cm length; samples were injected by means of an automatic
sample injector (Gilson model 231) connected to a Gilson di-
luter (model 401). The mobile phase was a degassed solution of
citric acid (0.1 mM), sodium octylsulphate (0.5 mM), sodium
acetate (0.1 M), EDTA (0.17 mM), dibutylamine (1 mM) and
methanol (8% v/v), adjusted to pH 3.5 with perchloric acid
(2 M) and pumped at a rate of 1.0 ml min~'. The detection was
carried out electrochemically with a glassy carbon electrode, a
Ag/AgCl reference electrode and an amperometric detector
(Gilson model 141); the detector cell was operated at 0.75 V.
The current produced was monitored with the Gilson 712
h.p.l.c. software. The lower limits for detection of L-DOPA
and dopamine ranged from 350 to 500 fmol.
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Protein assay

The protein content of the suspensions of renal tubules and
kidney homogenates was determined by the method of Brad-
ford (1976), with human serum albumin used as a standard.

Statistics

Vmax and K, values for AAAD activity were calculated from
non-linear regression analysis using GraphPad Prism statistics
software package (Motulsky et al., 1994). The diffusion con-
stant represents the slope of the accumulation of L-DOPA
measured in experiments carried out in the presence of 2,4-
dinitrophenol (Neame & Richards, 1972). For the calculation
of the ICss the parameters of the Hill-equation for multisite
inhibition were fitted to the experimental data (Segel, 1975).
The K;s were calculated from the corresponding ICss as de-
scribed by Cheng & Prusoff (1973). Geometric means are given
with 95% confidence limits and arithmetic means are given
with s.e.mean; » is the number of experiments (=number of
animals). Statistical analysis was performed by one-way ana-
lysis of variance (ANOVA) using Newman-Keuls multiple
comparison test to compare values. A P value of less than 0.05
was considered to denote a significant difference.

Drugs

Drugs used were cocaine hydrochloride (Laboratorios Uquipa,
Lisbon, Portugal), corticosterone (Fluka AG, Buchs, SG,
Switzerland), cyanine 863 (1-ethyl-2-[(1,4-dimethyl-2-phenyl-6-
pyrimidinylidene)methyl]-quinolinium) (Sigma Chemical
Company, St. Louis, Mo, U.S.A.), 1.1'-diethyl-2,2'-cyanine
(Sigma), 1,1'-diethyl-2,4'-cyanine (Sigma), L-3,4-dihydrox-
yphenylaline (L-DOPA) (Sigma), 4,4-diisothiocynatostilbene-
2,2'-disulphonic acid (Sigma) 2,4-dinitrophenol (Sigma), do-
pamine hydrochloride (Sigma), pargyline hydrochloride (Sig-
ma), probenecid (Sigma) and trypan blue (Sigma) Tolcapone
was kindly donated by the producer (Hoffmann La Roche,
Basle, Switzerland).

Results

Incubation of renal tubules in the presence of increasing con-
centrations of L-DOPA with added 2,4-dinitophenol (250 um),
results in a linear and concentration-dependent formation of
dopamine (Figure 1). When the experiments were carried out
in the absence of 2,4-dinitrophenol, the uptake of L-DOPA in
renal tubules (indicated by the amount of dopamine formed)
was found to be greater than that occurring in the presence of
2,4-dinitrophenol and showed a trend for saturation. The sa-
turable component of L-DOPA uptake (Figure 1) was derived
from the total amount of L-DOPA accumulated in renal tu-
bules (indicated by the amount of dopamine formed) from the
values obtained in experiments conducted in the presence of
2,4-dinitrophenol. The kinetics of the saturable component of
L-DOPA uptake in renal tubules were as follows:
Vemax=46.3+2.8 nmol mg~! protein h~' (#=5) and
K,,=114.4 (95% confidence limits; 83.8, 156.2) uM (n=>5). The
diffusion constant (in nmol~') of the non-saturable component
for the accumulation of L-DOPA was 1.3 (1.1, 1.6; n=38).

The effect of the uncoupling agent, 2,4-dinitrophenol, was a
concentration-dependent reduction of the tubular uptake of L-
DOPA (basal levels = 4.8+0.4 nmol mg~! protein 15 min~';
n=6), with an ICs, value of 12.1 (4.0, 36.9) uM; at the highest
concentration tested (250 uM), 2,4-dinitrophenol reduced the
uptake of L-DOPA by 96% (Figure 2).

The neuronal uptake blocker, cocaine, produced a slight
decrease (22% reduction at 50 uM) on the tubular uptake of L-
DOPA (basal levels = 12.1+1.5 nmol mg~! protein
15 min~!; n=6), but this effect did not attain statistical sig-
nificance (Figure 3). By contrast, corticosterone, a non neu-
ronal uptake blocker, produced considerable inhibitory effects

on the uptake of L-DOPA (basal levels = 4.7+0.4 nmol mg~'
protein 15 min~'; n=6) with an ICs, value of 11.0 (3.6, 33.5)
uM; at the highest concentration tested (50 uM), corticosterone
reduced the uptake of L-DOPA by 68% (Figure 3).

The organic anion transport inhibitor, probenecid, pro-
duced a concentration-dependent decrease of the tubular up-
take of L-DOPA (basal levels = 9.3+ 1.7 nmol mg~! protein
15 min~'; n=6); however, at the highest concentration used
(50 uMm), the effect of probenecid was a 24% decrease in the
uptake of L-DOPA (Figure 4). The more selective organic
anion transport inhibitor, DIDS was, however, found not to
affect the tubular uptake of L-DOPA (Figure 4). On the other
hand, the organic cation transport inhibitor, cyanine 863,
produced a marked decrease in the uptake of L-DOPA (basal
levels = 8.0+0.8 nmol mg~' protein 15 min—!; n=6); this
was a concentration-dependent effect resulting in 95% reduc-
tion of the tubular uptake of L-DOPA at 10 uM cyanine 863
(Figure 4). The cyanine derivatives 1,1’-diethyl-2,2'-cyanine
(decynium 22) and 1,1’-diethyl-2,4’-cyanine (decynium 24) also
potently inhibited L-DOPA uptake (basal levels = 7.5+1.2
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Figure 1 Accumulation of L-DOPA in suspensions of rat isolated
renal tubules. The non-saturable component of substrate uptake ((J)
was obtained in experiments conducted in the presence of 2,4-
dinitophenol (250uM) and was found to be linear with the
concentration of the substrate. The saturable component (@) was
derived from the total (ll) amount of L-DOPA accumulated in renal
tubules (indicated by the amount of dopamine formed) minus the
values obtained for the non-saturable component. Each point is the
mean with s.e.mean of five to eight experiments per group.
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Figure 2 Effect of increasing concentrations of 2,4-dinitrophenol on
the saturable uptake of L-DOPA (250uM) in rat isolated renal
tubules. Each point represents the mean with s.e.mean of six
experiments per group.
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Figure 3 Effect of increasing concentrations of cocaine (Q) and
corticosterone (@) on the saturable uptake of L-DOPA (250 uM) in
rat isolated renal tubules. Each point represents the mean with
s.e.mean of six experiments per group.
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Figure 4 Effect of increasing concentrations of probenicide (O),
DIDS () and cyanine 863 (@) on the saturable uptake of L-DOPA
(250 uM) in rat isolated renal tubules. Each point represents the mean
with s.e.mean of six experiments per group.

and 6.5+0.4 nmol mg~' protein 15 min~', respectively;

n=>5-7) (Figure 5) with ICs, values (in uM) of 0.63 (0.39, 1.01)
and 0.10 (0.08, 0.13), respectively; both compounds were found
to be more potent than cyanine 863 (ICs,=2.02 [1.07, 3.79]).

The inhibitory effect of decynium 24 (0.2 uM) on the tubular
uptake of L-DOPA was dependent on the pH of the incubation
medium (Figure 6a): at pH =6.5 the accumulation of L-DOPA
was reduced up to 374+2% of control values (basal levels =
9.340.5 nmol mg~! protein 15 min~!; n=6), whereas at
pH=7.4 and pH=8.2 the accumulation of L-DOPA (basal
levels = 10.4+0.8 and 8.5+ 0.8 nmol mg~! protein 15 min~—!,
respectively, n=6) was reduced by up to 56+ 1% and 60+ 6%,
respectively. Similar effects were obtained with corticosterone
(10 uM; Figure 6b); at pH=6.5 the accumulation of L-DOPA
was reduced by up to 32+2% of control values (basal levels =
9.84+0.7 nmol mg~! protein 15 min~!, n=4), whereas at
pH=7.4 and pH=8.2 the accumulation of L-DOPA (basal
levels = 7.6+0.6 and 7.5+0.4 nmol mg~! protein 15 min—!,
respectively, n=4) was reduced by up to 52+3% and 61 + 5%,
respectively.
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Figure 5 Effect of increasing concentrations of decynium 22 (Q)
and decynium 24 (@) on the saturable uptake of L-DOPA (250 um)
in rat isolated renal tubules. Each point represents the mean with
s.e.mean of five to seven experiments per group.

The effect of cyanine 863 (2 uM), decynium 22 (1 uM), de-
cynium 24 (0.2 uM) and corticosterone (10 uM) on the satur-
able component of L-DOPA uptake into renal proximal
tubules was a decrease in the tubular uptake of L-DOPA. As
shown in Table 1, the V,,,, values for the saturable component
of L-DOPA uptake in renal tubules incubated in the presence
of cyanine 863, decynium 22, decynium 24 and corticosterone
were found to be significantly different from those obtained in
control conditions. No significant differences were found to
occur in K, values.

Incubation of homogenates of isolated renal tubules, in
conditions of COMT and MAO inhibition, with L-DOPA (0.1
to 20 mM) resulted in a concentration-dependent formation of
dopamine (Figure 7a); the V., (in nmol mg~' protein h~;
n=4) and K, (mM) of L-DOPA decarboxylation were
403.6+20.0 and 2.7 (1.5, 3.9; 95% confidence limits). The
addition of 2,4-dinitophenol (250 uM), cocaine (50 uM), cor-
ticosterone (50 uM), probenecid (50 uM), DIDS (50 uM), cya-
nine 863 (10 uM), decynium 22 (5 uM) or decynium 24 (5 uM)
to the incubation medium was found not to significantly
change the decarboxylation of 2 mM L-DOPA (a concentra-
tion similar to that of K, values for AAAD) (Figure 7b).

Discussion

The decision to study the uptake of L-DOPA into renal tubular
epithelial cells by measuring the amount of dopamine formed
was mainly dependent on the evidence that L-DOPA is easily
decarboxylated to dopamine and this reaction is believed to
occur exclusively in the intracellular milieu. It is, therefore,
expected, that this experimental approach would enable us to
exclude the possibility of an accumulation of L-DOPA in non-
epithelial cells devoid of AAAD activity or binding of L-
DOPA at cellular components. The decarboxylation reaction
of L-DOPA in isolated renal tubules shows a trend for sa-
turation at 500 uM L-DOPA and became saturated at 1000 uM
of the substrate. In experiments conducted in the presence of
2,4-dinitrophenol, the formation of dopamine showed no trend
for saturation, most probably reflecting diffusional uptake of
L-DOPA into the cell. Assuming that diffusion of L-DOPA
into the tubular cells should be similar in the presence or the
absence of 2,4-dinitrophenol, it becomes evident that diffusion
accounts for only 8% of the total uptake of L-DOPA at a
concentration of the substrate approaching half-saturation
concentrations (250 uM). Subtracting the values related to the
total entry of L-DOPA with the values obtained in experiments



P.C. Pinto-do-O & P. Soares-da-Silva

Pharmacology of the tubular uptake of L-DOPA 745

100

100 —

% of control
-3

50

0

Figure 6 Effect of (a) decynium 24 (0.2 uM) and (b) corticosterone
(10 um) on the saturable uptake of L-DOPA (250 uM) in rat isolated
renal tubules at different pH values of incubation medium: pH=6.5,
cross hatched column; pH=74, solid column; pH=8.2, open
column. Each column represents the mean with s.e.mean of four to
six experiments per group. Significantly different from values
obtained in experiments carried at pH=7.4 (*P<0.02).

Table 1 V., and K, values for the saturable component
of L-DOPA uptake in rat renal tubules in control
conditions and in the presence of cyanine 863 (2um),
decynium 22 (1 um), decynium 24 (0.2 uMm) and corticoster-
one (10 um)

Vmax Km
(nmolmg™" pro- (uM)
tein 15min™")

Control 42.7+£2.2 137.7 (105.0, 180.6)
Cyanine 863 22.8+1.7* 105.2 (70.4, 157.5)
Decynium 22 19.7+£2.2* 110.8 (82.0, 149.8)
Decynium 24 23.6+3.1* 108.0 (63.7, 183.2)
Corticosterone ~ 20.7 £2.3* 106.9 (68.4, 193.5)

Values are arithmetic means +s.e.mean (V) Or geometric
means with 95% confidence limits (Kp,,) of four experiments
per group. *Significantly different from corresponding
control values using the Newman-Keuls test.

conducted in the presence of 2,4-dinitrophenol it is possible to
obtain the saturable component of L-DOPA uptake with the
following kinetic parameters: V., = 46.3+2.8 nmol mg~!
protein h™!, k,, = 114.4 um (83.8, 156.2).

Because L-DOPA is classically considered as an anionic
compound and tubular epithelial cells transport easily both
organic anions and organic cations it was decided to test the
effect of probenecid and DIDS, two organic anion transport
inhibitors (Gesek & Friedman, 1995), and the effect of cyanine
863, an organic cation transport inhibitor (Rennick et al.,
1956; Rernnick, 1981), on the uptake of L-DOPA in isolated
renal tubules. In contrast to probenecid, cyanine 893 at 10 uM
almost abolished the tubular uptake of L-DOPA; this in-
hibitory effect of cyanine 863 was found not to occur in ex-
periments conducted in the presence of 2,4-dinitrophenol,
suggesting that it selectively interferes with the saturable in-
ward transfer of L-DOPA. Considering that probenecid is not
a selective inhibitor of the organic anion transporter (it also
produces some inhibition of the organic cation transporter,

100 —

Dopamine (nmol mg'1 protein 15 min~")
8
|

0 5 10 15 20
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Figure 7 (a) Saturation curve of aromatic L-amino acid decarbox-
ylase (AAAD) activity in homogenates of rat renal cortical tubules.
AAAD activity is expressed as the rate of formation of dopamine (in
nmolmg ™! protein 15min~"') vs. concentrations of L-DOPA (mM).
(b) Effect of 250um 2,4-dinitrophenol (hatched column), 50 um
corticosterone (horizontally lined column), 10uM cyanine 863
(vertically lined column), 5uM decynium 22 (cross hatched column)
and 5 uM decynium 24 (solid column) on the decarboxylation of 2mM
L-DOPA (a concentration similar to the K, value for AAAD) in
homogenate of rat renal cortical tubules; control values are indicated
by the open column. Columns represent the mean with s.e.mean of
four experiments.
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Moller & Sheikh, 1983), these results suggest that in these
experimental conditions, L-DOPA is transported through a
mechanism which is dependent in the activity of the organic
cation transport and the small inhibitory effect of probenecid
might be related to the interference upon the organic cation
transfer system. In agreement with this view are the results
showing that the more selective organic anion transport in-
hibitor DIDS failed to change the tubular uptake of L-DOPA.

In order to understand fully the pharmacology of this
tubular uptake system for L-DOPA two other cyanine deri-
vatives, compounds decynium 24 and decynium 22, were tes-
ted. Both compounds were found to be extremely effective in
reducing the tubular uptake of L-DOPA, being even more
potent than cyanine 863; decynium 22 is twice as potent at
cyanine 863 and decynium 24 is by far the most potent com-
pound in inhibiting L-DOPA uptake with an ICs, of 0.2 uM.
Similarly to cyanine 863, decynium 22 has been recently shown
to exert a potent inhibitory effect on the renal transport of the
organic cation, tetraethylammonium (Schomig et al., 1993); it
is not known whether decynium 24 also inhibits the renal
transport of organic cations or not. However, the type of in-
hibition exerted by cyanine 863, decynium 22 and decynium 24
appears to be of the non-competitive type as indicated by the
finding that the reduction in V,,,, values is accompanied by no
changes in K, values. This indicates that L-DOPA and the
cyanine derivatives are not competing for the same site of the
molecule transporter. This finding together with the result that
the inhibitory effect is dependent on the pH of the extracellular
medium may constitute important indications of the nature of
the mechanisms controlling the entry of L-DOPA in these cells.

The rate of transfer of organic cations has been demon-
strated to be dependent on the pH; the higher the pH of the
extracellular medium the greater the rate of transfer of cations.
The renal secretion of organic cations is secondarily active and
is driven by a proton gradient created by the Na*-H* ex-
changer (Holohan & Ross, 1981). As shown in Figure 6, the
inhibitory effect of 0.2 uM decynium 24 was found to be de-
pendent on the pH of the incubation medium, being greater at
pH=6.5 than at pH=8.2. This finding is in line with that
described for the activity of the organic cation transporter,
which showed an increased activity at low pH values. Thus, it
might be suggested that the inhibitory effect of cyanine deri-
vatives on the uptake of L-DOPA might be related to changes
in intracellular pH or the mechanisms responsible for in-
tracellular pH control. In fact this would agree with previous
evidence on the role of sodium and the Na*-H* exchanger on
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tubular uptake of L-DOPA might be promoted through a
mechanism that is dependent on the activity of the organic
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