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Comparison of binding affinities of w-conotoxin and amlodipine
to N-type Ca’* channels in rat brain
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AIM: To compare the binding affmities of -
conotoxin { CTX) and amlodipine to N-type Ca?*
chanpels in rat brains. METHODS: Whole rat
brains were homogenized in HEPES buffer
50 mmol-L~! (pH 7.4} and centrifuged at 40 000 x 2
to obmin the membrane-eniriched  fraction.
5] w-conotoxin  { P1--CTX ) was used as a
radioligand. Using radioligand binding assay X, and
Bo values of the radioligand were determined by
Scatchard analysis. The 1Cs, value for each drug was
obtained from displacement experiments .
RESULTS: No differences in B, values o
B1.-CTX binding sites between frozen and fresh
tissues were observed. Values of X, and B, of N-
type C#* channels were 0.02 + 0.01 nmol *L~! and
1029 + 108 pmol/g protein, respectively. The pK;
values Of - CTX and amlodipine were 2.57 and less
than 4, respectively. The pX; values of propranolol,
prazosin, amopine, and histamine were very low,
CONCLUSION: The binding affmity of the L-type
Co * -antagonist amlodipine to N-type Ca®* channels
in the rat brain was very low.

We have previously shown that a novel 1,4-
dihydropyrindine derivative amlodipine is a long-lasting
Ca* antagonist for displacing the specific bindings of
[*H Jisradipine' ¥ . Voltage-dependent  calcium
channels (VDCC) subtypes, termed L (long lasting),
T (transient), N (neither L or T), and P { Purkinje)
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types, were found in tissues'> . It is well known that
1, 4-dihydropyridine ( DHP} Ca®* antagonists interact
with L-types, implying that they can block Ca**
influx. ©On the other hand, N-type C&* channels
may play an important role in transmitter release fpomn
perve terminals®, implying that these two subtypes
have different functions. Thus, the purpose of this
study was to compare the imteractions ( binding
potencies } between w-conotoxin ( o-CTX ) and
amlodipine and N-type Ca?* channels in rat brain.

MATERIALS AND METHODS

Preparations of membrane.enriched fractions from
according to previous methods 7). The brains from male
Wistar rats { weighing 180 — 300 g} were homogenized in HEPES
50 mmol- L~ (pH 7.4) using a Glass-homogenizer and filtered
through 4 layers of gauze. The filirates were centrifuged at
40 000 % g for 30 min, The pelleis obtained were resuspended
in HEPES 50 mmol- L~ (pH 7.4} . Protein concentrations were
determined using the method of Lowry ez af'®

5L c0-conotoxin binding assay  The 51 CTX (74
TBq - mol~!, Amersham) binding assay was carted omt as
described by Czyrak er @', The incubation mixture (0.5
rol) consisted of 400 pL. of assay buffer 50 mmol-L-! HEPES-
NaOH buffer (pH 7.4). 50 pl of membrane suspension
(approximately 0.5 pg of protein], 5 pl. of either assay buffer
(total binding) or & solution containing vnlabeled «-CTX ( final
concentration of 10 mmol +L~! for nonspecific binding) and 45
pL of P Lo CTX. Membranes were preincubated in duplicate
in the presence or absence of unlabeled «-CTX at 25 T for 30
min. The final incubgtions were initiated by the addition of
®L--CTX and terminated after 15 min at 2 € by rapid
filtration through glass-fiber filters ( GF/C, Whatnan). The
filters were imumediately rinsed with 1 ml aliquot of ice-cold
assay buffer three thmes. Radivactivity was measured by gammna
counting at an efficacy of 53 % . Specific binding of
W l-w-CTX was defined as the difference between total and
nonspecific bindings. For saturation experiments, the binding of
increasing concentrations of '* J-w-CTX (0.01 — 2.0 nmol- L~}
were analyzed as described by Scatchard, The Ky ( apparanr
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dissociation constant) and B, ( maximal binding capacity} were
determined for each rat brmin  region. PloCTX
0.05 ool L' of was used for the assesament of displacement
potencies of each drug. In addition. the X (inhibition constant )
value of each drug was calculated from the apparent 1C;,;. This
value is expressed as K,{ —1gK.}.

Radioligand and drugs '®1-«CTX (74 TBg-mol™ ')
was purchased from Amersham Intemational plc (Buck, UK).
Amlodipine and ( + } SM-6586 ( methyl 1,4-dihydro-2,6-
dimethyl-3- (3- { N-benzyl- N-methylaminomethyl }-1, 2, 4- oxadia-
zolyl-5-y11-4- (3-nitrophemyl) pyridine-5-carboxylate) were kindly
donated by Sumitomo Pharmacenticals Co. Japan.

RESULTS

Decreases in total and specific bindings of
1% CTX to rat brain membranes by addition of BSA
were found, However, no significant differences were
seen n '®[-~CTX bindings between fresh and frozen
brain ipembranes.

The representative satration experiments for
51w CTX binding to rat brain are shown in Fig 1.
The radioligand interacted with a single population of
saturable high affinity sites in rat brein, Kyand B
for P I--CT bindings were 0.02 = 3,01 nmol * L!
and 1029 < 108 pmol/g protein, respectively.

The pK; values of «~CTX, amlodipine, and other
Ca#* antagonists are shown in Tab 1. Although a
high pK; values for «-CTX (pK; values: 9.57) was
observed, those of amlodipine and other C&*
antagonists were very low, The high pK; values of
Ca’* antagonists for the [*H]isradipine binding sites

Teb 1. pK, values of *I-o-CTX { N-type) and
[3H]isradipine {L-type) bindings in rat brains to Ca?*

antagonists. (Number of experiments) x x 5.
pK, values

Drugs B CTX [*Hisradipine
Nifedipine <4 (5) 8.33+0.71 (7)

w-CTX 9.57 (5} =9.00
Amoldipine <4 {4) 7.4120.22 (4)
Nisodipine <4{5) 9.31£0.24 {4)
Benidipine <4 (5) 8.06+0.22 (4)
Nitrendipine <4 (5) 8.51 £0.56 (7)
Nicardipine <4 (3) 8.50x0.40 (7}
Nimmodipine <4 (5) 8.93+0.45 (8)
( + )SM-6586 <4 (5} 8.98+0.26 (4)
( - 18SM-6586 <4 {5) 7.68+0.34 (6)
{ = )SM-6586 <4 {5) 8.57+0.27 {9)
Manidipine <4 (5) 8.23+0.30 (4)
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Fig 1. Scatchard analysis of **I.c0-CTX bindings to

rat brain membrancs.

(L-type) are shown in Tab 1.

The pK; value of «CTX to L-type Ca**
channelswas taken from Erel et /). The pK;
values from other Ca?* antagonists were taken from
reports previously published ™ .

DISCUSSION

The clear results from preliminaty experiments for
the membrane preparation of brains and the radioligand
binding assay were obtained from the present study.
Our previous reports'’~? showed that membrane
preparations from rat brains and the radioligand binding
assay for the assessment of displacemental potencies of
L-type Ca** antagonists needed to carry out in the
same day becapnse the affinity of this channel to mat
brains was not stable. The present sudy showed that
either fresh or fronze membrane preparations of rat
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brains could be used for the determination of N-type
channels using the radioligand binding assay method.
Furthermore, the addition of bovine serumn albumin to
the incubation medium induced the decrease of numbers
in specific binding of N-type chanpels of rat brains,
although several papers reported that the serum bovine
albumine was needed in incubation medium®'. The
present paper snggests that {1) membrane fractions
prepared from either fresh or frozen brain tissues can be
used for the determination of the N-type Ca®* channels
and (2) bovine serum albumine in the incubation
medium is not for this determination.

Cruz and Olivera™ reported that iodine labeled
toxins like »-CTX were shown to bind specifically to
high affinity sites on chick brain synaptosomes. The
present snady revealed that rat brain membranes bound
«CTX with a high affinity ( X; wvalue: 0.02
nmol-L~'}. Results coincide with studies done on
rabbit’'?) and frog!™® brains. In addition, previous
studies have shown o-CTX distinguished between both
the verapamil and 1, 4-DPH Ca®* antagonist target
sites!"™) ., Therefore, the present study shows that this
radicligand can be used to assess the displacement
potencies of chemical compomnds to N-type o-CTX
binding sites.

w-CTX is a compound that can block N- and L-
type Ca** channels with a high affinity (ICs < 1
nmol-L 1)) However, small interactions between
1,4-DPH antagonists like amlodipine and N-type Ca®*
channles were observed, suggesting that the 1,4-DPH
Ca®* antagonist amlodipine do not affect neurotra-
nsmifter release in the brain synaptosomes. Although
the present study also assessed many other 1,4-DPH
C#**  antagonists like nifedipine, nisoldipine,
benidipine, nitrendipine, and nicardipine, these
compounds had low displacement potencies to «CTX
binding sties in rat brains. Thus, we conclude that
although o CTX showed high affinities to both L- and
N-type Ca®* channels, there is no close interaction
between the 1, 4-DPH Ca® antagonist amlodipine and
N-type Ca?* channels.
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Enhancement of ( — })-stepholidine on protein phosphorylation of a
dopamine- and cAMP-regulated phosphoprotein in denervated striatum of

oxidopamine-lesioned rats’
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AIM: To study effects of { — )-stepholidine { SPD)
on the phosphorylation of a dopamine- and cAMP-
regulated phosphoprotein {( DARPP-32) in the striatum
of oxidopamine-lesioned rats. METHODS: The
amount of dephospho-DARPP-32 was measured by a
back-phosphorylation assay. RESULTS: In the
striatum of control rats, SPD per se had no effect on
the phosphorylation of DARPP-32, but it antagonized
the decrease by 28 % of dephospho-DARPP-32
induced by the D, agonist SK&F-38393. In the
denervated striahmm of oxidopamine-lesioned rats, SPD
decreased the amount of dephospho-DARFP-32 by
44 %. The effect of SPD was completely
counteracted by the concomitant adevinistration of the
D, antagonist Sch-23390. CONCLUSION: SPD
exhibits I}, agomistic action on DARPP-32
! Project supported by the National Natural Science Foundation of China,
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phosphorylation in  the denervated striamm of
oxidopamine-lesioned rats, but it acts as a Dy
antagonist in nomal striatum.

{ — )-Stepholidine { SPD), an alkaloid isolated
from Chinese herb Stephania intermedia Lo, is a
tetrahydroprotoberberine.  SPD has high affinities for
both dopaming (DA} Dy and Dy receptors with a
preference for Dy receptors, and low affinities for non-
DA receptorst!) . SPD possesses the characteristics of
a Dy antagonist'® 3,

As for Dy action of SPD, previous studies
reporied controversial observations. In rats with 6-d
reserpine treatment, SPD reduced D, agonist SK&F-
38393-induced inhibition of firing activity of nigral DA
cells although SPD per se had no action, indicating a
D, antagonistic action™ . In rats with unilateral nigral
lesions by oxidopamine, SPD induced a contralateral
rotation in the manner similar to SKA&F-38393,
indicating a Dy agonistic action’®. SPD bound to
high and low affinity sites (Ry and Ry ) of D, receptors
and the Ry could be regulated by GTP, indicating an
intrinsic activity to Dy receptors'® . After blockade of
Dy receptors, SPD  stimulated striatal cAMP
formation!™ . In nigral lesioned rats, SPD induced a
firing inhibifon of substantia nigra pars reticular
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