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Reaction of Vanadate Ion with Chlorpromazine, Formation of Vanadyl Ion

and Chlorpromazine Free Radical
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The red colored product, which was identified as
a chlorpromazine (CPZ) free radical, was observed
in the reaction of CPZ with the vanadate ion (+5
oxidation state). The product and the mechanism
for the reaction were characterized from optical
and EPR spectrometries. Optimal conditions for
generation of the free radical were determined as
reaction time within one minute at pH 6 and free
radical stabilizing time of 30 minutes by acidifyving
with HCl. Under these conditions, the stoichio-
metry for the reaction was found to be 1:1, indi-
cating the involvement of one electron transfer
from CPZ to the vanadate ion to form the free
radical and vanadyl ion (+4 oxidation state). A pos-
sible reaction scheme was proposed:

Viv) XCPZ
V({IV) CPZ free radical
The implications of this reaction were discussed with

regard to the pharmacological action of the vanadate
ion and CPZ.

Introduction

It is known that the vanadium ion is an essential
trace element for mammalians. It is found to be
present in many tissues and the concentrations in
human blood and plasma are reported to be in the
range of 0.005—8.4 uM (M=mol dm™") [1]. Since the
discovery by Cantley et al. that the vanadate ion
(+5 oxidation state) is a strong inhibitor of Na*,
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K*_ATPase and that the vanadyl ion (+4 oxidation
state) is less inhibitive of the enzyme [2], considerable
interest in the biological function of the vanadium
jon has been shown [3]. Clinical studies showed
that the vanadate ion may be involved in the etiology
of manic-depressive illness [4], against which pheno-
thiazine and imipramine derivatives have a thera-
peutic effect. On the contrary, it has been reported
that the free radical form of CPZ (chlorpromazine)
may be involved in its action on microsomal Na®,
K*-ATPase from rat brain [5] .

In view of the importance of these physiological
functions of vanadium ion and CPZ, both of which
may be associated with the enzyme activity of Na®,
K*—ATPase and thus the therapeutic effect on manic-
depressive illness, we have attempted to obtain infor-
mation at a molecular level about the interaction
of the vanadate ion with therapeutic drugs. We found
that the vanadate ion was able to oxidize CPZ at
physiological pH, detecting both CPZ free radical
and reduced vanadyl ion by optical and EPR spectro-
metries, Herein we report the redox reaction
between CPZ and vanadate ion, and propose a pos-
sible reaction mechanism,

Experimental

Chlorpromazine hydrochloride (CPZ) was a special
gift from Shionogi Pharmaceuticals KK. Other
chemicals used were of reagent grade. Optical absorp-
tion spectra were recorded with a Hitachi 330
spectrometer. EPR spectra were measured with a
JEOL FE2XG X-band spectrometer with 100 KHz
magnetic field modulation at room temperature and
liquid nitrogen temperature (77 K). The magnetic
field was calibrated by the splitting of Mn(II) in Mg0
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Fig. 1. Absorption spectrum of the red colored product in
the reaction between CPZ and vanadate ion. Reaction mix-
ture contained 0.25 mi of 1 mM CPZ, 0.25 ml of 1 mM
NaVOj3 and 2.0 ml of 0.1 M sodium phosphate buffer, pH
7.5. Reaction time was one minute. The mixture was acidifi-
ed with 0.3 ml of 4 ¥ HCl, and the spectrum was recorded
after 30 minutes.
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Fig. 2. Time<dependent formation of the red colored
product, Reaction mixture contained 0.25 ml of 1 mM CPZ,
0.25 ml of 1 mM NaVOj; and 2.0 ml of 0.1 M sodium phos-
phate buffer, pH 7.5, was acidified with 0.3 ml of 4 ¥ HCl
after a reaction time of one minute. The absorption at
525 nm was measured (—o—). The identical process was per-
formed in the absence of NaVO3 (--e--).

(AH;4 = 869 G) and Fremy’s salt [6], and g-values
were standardized using Li—TCNQ (g = 2.0025)
as a reference. All reactions were performed in 0.1
M sodium phosphate buffer, pH 5.5-8.0. 0.25 ml
of 1 mM CPZ was added to the reaction mixture
containing 0.25 ml of 1 mM NaVO; and 2.0 ml of
0.1 M sodium phosphate buffer, and after the reac-
tion time an aliquot of the solution was acidified
by the addition of 0.3 ml of 4 N HCI before applica-
tion to the spectrometer.

Results

When HCl was added aerobically to the solution
which contained NaVQO5; and CPZ in 0.1 M sodium
phosphate buffer of pH 7.5, a red color developed
having four absorption maxima at 525, 695%, 767
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Fig. 3. pH-Dependent formation of CPZ free radical ion dur-
ing CPZ-vanadate ion reaction. Reaction mixture contained
0.25 ml of 1 mM CPZ,0.25 ml of 1 mM NaVO3 and 2.0 mi
of 0.1 M sodium phosphate buffer. Reaction time in the buf-
fer was one minute. The mixture was acidified with 0.3 ml of
4 N HQl, and the absorption at 525 nm was measured after
30 minutes.
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Fig. 4. Continuous variation method for determining
stoichiometry in the reaction between CPZ and NaVOj.
Reaction mixture contained 2.4 ml of 0.1 M sodium phos-
phate buffer, pH 6.0, 2 mM CPZ and 2 mM NaVOj. After
reaction time of one minute, the reaction mixture was acidifi-
ed with 0.3 ml of 4 N HCI. Total volume was 3.3 ml. Stabiliz-
ing time of CPZ free radical was 30 minutes.

and 854 nm (Fig. 1). A similar spectrum was obtained
by addition of H,SO, or HNO; in place of HCL
No absorption spectrum due to the colored product
was obtained at neutral pH regions. These character-
istic spectra were identical to those of a free radical
jion of CPZ, which is formed from CPZ during oxida-
tion by trivalent cations such as Fe(III), Co(lII) and
Mn(11l) [7]. The intensity of the red colored product
due to CPZ free radical which was acidified by HCI
and HNO; was higher than that of the product by
H,S0,, indicating that the radical was stabilized in
the presence of HCI and HNO;. Although CPZ
radical was formed in the absence of NaVOj, the
intensity of the red product was extremely low
(Fig. 2).

The optimal conditions for the formation of CPZ
free radical and the stoichiometry of the reaction
were studied. The reaction between CPZ and
vanadate ion at pH 7.5 before acidifying was very
rapid (less than one minute). However, stabilization
with HCI of the CPZ free radical was relatively slow,
requiring 30 minutes to reach the maximum inten-
sity at 525 nm (Fig. 2). The reaction depended
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Fig. 5. EPR spectra of vanadyl ion (a and b) and CPZ free
radical ion (b and c). The reaction mixture contained 0.25
ml of 1 mM CPZ, 0.25 ml of 1 mM NaVOj; and 2.0 ml of
0.1 M sodium phosphate buffer, pH 6.0. The mixture was
acidified with 0.3 ml of 4 N HQl after a reaction time of one
minute. After 30 minutes, EPR spectra were measured
at 77 K (a) and 20 °C (b and c).

on the pH, the maximum value being at pH 6 (Fig.
3). The stoichiometry of the reaction was thus
found to be 1:1 using the continuous variation
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method (Job’s plot [8]) under optimal conditions
(Fig. 4).

In order to study the mechanism of the reaction
between CPZ and the vanadate ion, the EPR spectra
for the system were measured. The EPR experi-
ments demonstrated that a vanadyl ion was readily
detected in a reaction mixture (NaVO3 and CPZ in
phosphate buffer of pH 7.5, reaction time of 30
minutes) treated with HCl both at room and liquid
nitrogen temperature (Fig. 5, A and B). The EPR
parameters (g, = 1.984, gy =1.934,g, =2.009, A, =
115.3 Gauss, Ay = 202.5 Gauss and A; = 71.7 Gauss;
8o = (g1 + 2g,)/3 and A, = (A} + 2A,)/3), due to
the vanadyl ion were found to be identical with
those of an aquo vanadyl complex [9]. Further-
more, the signal due to the CPZ free radical was
clearly detected in the EPR spectrum (g = 2.0054)
at room temperature (Fig. 5(c)), with concomitant
formation of vanadyl ion (Fig. 5(b)). The EPR spec-
trum of the CPZ free radical was identical with that
of the reported CPZ free radical formed in the
enzymatic oxidation by the peroxidase—H,0,
system at pH 4.8 [10].

In connection with our findings, the reduction
of the vanadate ion to the vanadyl ion by CPZ
has been recently reported, but the authors did
not obtain the free radical derived from CPZ, and
did not detect any other oxidized species by EPR
spectrometry [11].

Discussion

It was demonstrated from optical and EPR
spectrometries that, in the reaction between CPZ
and the vanadate ion, the CPZ free radical ion and
vanadyl ion were simultaneously formed. Optimal
conditions were found to be: reaction time within
one minute at pH 6 in 0.1 M phosphate buffer and
stabilizing time of 30 minutes for CPZ free radical
treated with HCI after the reaction at pH 6. Under
these conditions, the stoichiometry for the reac-
tion was found to be 1:1, indicating one electron
redox reaction.

Direct detection of both CPZ free radical and
vanadyl ion by EPR spectrometry demonstrated
clearly that the reaction involved one electron trans-
fer from CPZ to vanadate ion resulting in the forma-
tion of the oxidized CPZ free radical ion and the
reduced vanadyl ion.

Based on the present results, we tentatively
propose the following reaction scheme involving
one electron transfer in the reaction of CPZ and
vanadate ion.

VO, (+5 oxidation state) )C CPZ

VO?* (+ 4 oxidation state) CPZ free radical ion
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The reduction of vanadate ion to vanadyl ion by
CPZ may indicate a therapeutic effect of CPZ on
a vanadate ion-dependent manic depressive illness
[4], because the vanadate ion associates with Na®,
K'—ATPase to inhibit enzymatic activity [2, 3] and
the vanadyl ion is a non-inhibitive form [3].
However, the CPZ free radical has been reported
to be a potent inhibitor of Na’, K'—ATPase [5].
Judging from our present findings, however, the
CPZ free radical ion, formed in the reaction with
the vanadate ion, is unstable at physiological pH
ranges. Therefore, it may be suggested that the
CPZ free radical is less inhibitive of Na', K'—ATPase
than the vanadate ion.

Thus, the present reaction of the vanadate ion
with CPZ shown here may be useful for an explana-
tion not only of a physiological role of the vanadate
ion but also of a possible therapeutic action of
CPZ. Further work in this area is in progress.
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