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Ascorbic Acid and Ethylene Diamine Tetraacetate as Antidotes in

Experimental Vanadium Poisoning.
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It has been recently shown that the calcium
disodium salt of ethylenediamine tetra-acetic
acid (CaNa,EDTA) affords protection against
lethal doses of vanadium in mice(1). In a
study of vanadium toxicity by Proescher et
al.(2), it was suggested that the mode of de-
toxication of vanadium might be reduction in
the body, from the evidence that the lower
valence states of vanadium appeared to be
less toxic than the higher valence states. It
was therefore thought possible that ascorbic
acid, a reducing substance, might also decrease
the toxicity of vanadium. Accordingly, com-
parative tests of antidotal effectiveness of
ascorbic acid and CaNa,EDTA were made in
3 animal species and the probable detoxication
mechanism of the former antidote has been
elucidated by polarography.

Methods. Mice of 20-29 g body weight of
the Webster! strain and rats, 100-150 g body
weight of a Wistar-Carwortht derived strain
were used. Dogs were male mongrels, 6-12
kg in weight. The form of vanadium for ad-
ministration was NaVQO;* H.O% in isotonic
saline solution. As used for mice, the concen-
tration was 4 mg/ml (pH 7): for rats, 1%
solutions (pH 7.85), and 3% solutions (pH
7)$ for the dogs. Calcium disodium ethylene-
diamine tetraacetate was chosen as the EDTA
salt because of the reduced tendencv of this
salt to combine with the blood calcium(3).
Ascorbic acid solutions (ca. pH 2.5) prepared
without neutralization seemed to be well
tolerated. Mice were injected intraperi-
toneally with ascorbic acid, 20 minutes prior
to vanadium administration by the same
route. Rats were injected with vanadium
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Inc., Cincinnati, O.

! Obtained from Fisher, Eimer and Amend.

§ The more concentrated 3% metavanadate solu-
tions required neutralization with HCI to bring to a
more physiologic pH value.

subcutaneously and were given the antidotes
intraperitoneally 5 minutes later when signs
of toxicity had become manifest. An observa-
tion period of 7 days was used in all mouse
and rat tests. Dogs were injected intramus-
cularly with vanadium and the antidotes ad-
ministered intraperitoneally after the first
vomiting episode. Polarographic studies were
made with a visible recording Sargent Model
XXI instrument. Phosphate buffer, pH 7.4,
gave no evidence of significant complex forma-
tion with vanadium. Each determination was
made at 30°C on a 20-ml aliquot containing
0.01% gelatin as a maxima suppressor.

TABLE I. Protection of Mice by Ascorbic Acid
against the Toxicity of Vanadium. Mortality ra-

tios expressed as number of animals that died
(numerator) to those used (denominator).

Ascorbie acid

Controls, (1 g/kg), 20
mg/kg mg/kg no ascor-  min. before
NXaVvo0,;-H,0 as Vv bic acid  vanadium inj.
30 10.9 14/20 1/20
40 14.6 19/20 0/20

Results. Mice. Table I shows the protec-

tion afforded mice by ascorbic acid, intraperi-
toneally administered in a dose of 1 g/kg,
20 minutes prior to vanadium administration.
Protection was essentially complete at doses
corresponding to the LD;o and LDg; levels of
NaVO; *H-0 (30 and 40 mg/kg, respec-
tively). Ascorbic acid injected alone pro-
duced no signs of toxicity in 20 mice other
than slight transitory depression. In sub-
sequent tests, doses as low as 125 mg as-
corbic acid/kg body weight afforded essen-

TABLE II. Antidotal Action of CaNa,EDTA and
Ascorbic Acid in Vanadium-Poisoned Rats. Anti-
dotes administered 5 min, after vanadium. Mortal-
ity ratios expressed as number of animals that

died (numerator) to those used (denominator).
(‘aNa,- Ascorbie
mg/kg mg/kg EDTA, acid,
NaVQOs;-H,0 asV Controls 1g kg 250mg/kg
60 21.9 20/20 7/20 6/20
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tially complete protection against an LDz of
NaVO; * HyO.

Rats. Table II shows the dosage-mortality
data for rats when either CaNa,EDTA or
ascorbic acid was administered after vanadium
had given rise to manifest signs of toxicity.
The 60 mg/kg dose of NaVOjz+* H.O was
MLDy¢o by subcutaneous administration.
When CaNa,EDTA (1 g/kg) was adminis-
tered 5 minutes after the vanadium, 65% of
the rats survived. Ascorbic acid (250 mg/kg)
administered in the same manner resulted in
70% survival.

Dogs. The intramuscular MLD of 10 mg
NaVO; * H,0/kg was found to produce death
within 18-36 hours with survival in only an
occasional animal after a 7-day semicomatose
state. Using this dose, 3 dogs were given
CaNa;EDTA (100 mg/kg) intraperitoneally,
after the first vomiting episode had occurred.
Two more doses of EDTA at the same level
and by the same route were administered at
2 and 4 hours after the first injection.
Twenty-four hours later the dogs appeared to
be in fair condition, and within 48 hours, the
dogs were eating and showed few or no signs
of vanadium toxicity. Similar responses were
obtained after 3 more dogs were given 10 mg
NaVO; * H.O/kg, followed by 50 mg ascorbic
acid/kgll after the first toxic signs. Two sub-
sequent injections of ascorbic acid were given,
of the same dose and by the same route, at
2 and 4 hours after the initial injection. The
ascorbic acid-treated dogs appeared to recover
more quickly and showed fewer signs of tox-
icity than the EDTA-treated dogs. The dogs
that had been treated with the antidotes ap-
peared to be in good health and remained so
for an observation period of 8 weeks after the
V injection.

Polarographic studies. Ascorbic acid pro-
duced an anodic wave at an observed half-
wave potential (E14) of —0.01 volt. Current-
voltage at different V* concentrations pro-
duced ill-defined, double waves measurable
quantitatively within +=20%. A potential of
—0.17 volt was taken as a reproducible E¥5

[l This dose of ascorbic acid for dogs was approxi-
mately 5 times that of the metavanadate on a mg
basis; that for rats (250 mg/kg) and mice (125
mg/kg) approximately 4 times.
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for V*5 at pH 7.4 and was used as a reference
for subsequent work. Similar findings have
been previously described for V* in oxalate
solutions(4). To determine the effects of
ascorbic acid on V*, a polarogram was made
of a solution containing 77 pg NaVO; * H.O/
ml of phosphate buffer at pH 7.4: subse-
quently ascorbic acid, sufficient to give a con-
centration of 385 pg/ml, was added to the
oxygen-free solution. Polarograms of this
solution made at intervals of 15 minutes in-
dicated that after the first interval approxi-
mately 50% of the V* had disappeared, and
after one hour, 100%. This solution, buffered
with acetate to pH 5.6 gave a double anodic
wave characteristic of V*2, thus suggesting
that V* is reduced by ascorbic acid to V*.
Hydrogen peroxide, an associated oxidation
product of ascorbic acid, was believed not to
be the agent involved in this reduction because
the polarographic waves did not simulate
those developed from the addition of ascorbic
acid to V* solution. After reduction of V**
with ascorbic acid bubbling air through the
solution for several hours oxidized all the
ascorbic acid, and the V returned to the
pentavalent state as evidenced by the reap-
pearance of the characteristic V** curve.

To observe the effect of an acid without
strong reducing powers, gluconic acid was
added to a fresh solution of NaVOQOje* H.O.
The resulting curve resembled the V** curve,
but was greatly expanded, and the observed
E% was shifted slightly, thus suggesting the
formation of a vanadium complex(5). The
failure of V* to disappear in this experiment
showed that gluconic acid does not reduce
vanadium as does ascorbic acid.

CaNa,EDTA added to a solution of
NaVO; * H,O did not change the wave pat-
tern, but shifted the E14 slightly. (CaNa»-
EDTA concentration, 1540 pug/ml; NaVOse
H.0 concentration, 77 pg/ml.) The observed
response suggests a very loosely-bound com-
plex of vanadium with the chelating agent.
The E% of a vanadyl sulfate (V**) solution
was shifted slightly when treated with
CaNa,EDTA indicating the probable forma-
tion of a weak complex similar to that found
with V*,

Discussion. In mice and rats, signs of
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vanadium toxicity were usually present for 2
hours or more after CaNa,EDTA was admin-
istered to vanadium-poisoned animals; how-
ever, recovery gradually occurred in the ma-
jority of the animals. Dogs behaved simi-
larly. with signs of vanadium toxicity being
present for some time after CaNa.EDTA ad-
ministration, with gradual, but eventual,
recovery.

When ascorbic acid was administered to
vanadium-poisoned animals, the signs of
vanadium toxicity appeared to be arrested
within one-half hour and recovery appeared
to be more rapid than with CaNa,EDTA. It
has been reported (6) as well as indicated from
the present studies, that EDTA forms a loose
complex with vanadium which might explain
why a short period of time is required be-
fore the signs of toxicity begin to sub-
side in vanadium-poisoned animals, after
EDTA administration. On the other hand,
ascorbic acid was found to react rapidly with
NaVOs;+* H.O in oitro from polarographic
studies, in which approximately 50% of the
pentavalent vanadium disappeared from solu-
tion within 15 minutes after addition of ascor-
bic acid. Unfortunately it was not possible
to decide from these determinations alone
whether ascorbic acid formed a complex with
the vanadium it reduced. Only 50% ascorbic
acid was recoverable, however, by actual
analysis from an equimolar mixture of vana-
dium and ascorbic acid shortly after mixing.
A reasonable assumption is that the remain-
der was oxidized to noncomplexable moieties.

It has been shown(7) that acidity de-
creases the toxicity of injected vanadium;
however, this is not believed to be the chief
mode of action of ascorbic acid in these anti-
dotal tests. Relatively large doses of am-
monium chloride were required to give only a
moderate prophylactic protection, whereas far
smaller doses of ascorbic acid afforded high
protection against vanadium. Moreover, in
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the smaller effective doses employed, 125
mg/kg, ascorbic acid would not be expected
to alter appreciably the tissue milieu.
Summary. 1. Ascorbic acid at 1 g/kg when
administered prior to vanadium antagonizes
the toxicity of vanadium as NaVO; * H20 in
mice at the LDy, and LDys levels. Dosage
levels as low as 125 mg/kg ascorbic acid
showed a protective action against the LD+,
of NaVOj; * H,O in mice. 2. Antidotal effects
of calcium disodium ethylenediamine tetra-
acetate and ascorbic acid have been demon-
strated in vanadium-poisoned rats and dogs,
after signs of toxicity had become manifest.
3. Ascorbic acid is probably the more rapidly-
acting of the 2 antidotes. Signs of vanadium
toxicity were present for a longer period of
time in vanadium-poisoned animals after
CaNa.EDTA than after ascorbic acid admin-
istration. 4. One possible mode of detoxica-
tion of vanadium by ascorbic acid is sug-
gested, on the basis of in vitro polarographic
studies, to be reduction of the vanadium.
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