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Influence of pH on Toxicity of Vanadium in Mice. (2066.1) 

WALTER G. MITCHELL. (Introduced by H. E. Stokinger.) 
From the Toxicology Section, Division of Occupational Health, U .  S. P.  H .  S., Cincinnati, 0. 

In  testing various compounds as antidotes 
of vanadium(l,2). it was found that one of 
the substances (ascorbic acid) that afforded 
good protection against vanadium toxicity 
had a pH of 2.5 under the conditions of use. 
This suggested the possibility that H-ion con- 
centration might alter toxic response to vana- 
dium. Support for this possibility was found 
in a report that anionic vanadium is more 
toxic than cationic vanadium (3 ) . Moreover, 
Aub et a l . ( 4 )  showed long ago, and it has 
been amply confirmed since, that urinary lead 
excretion is increased following administra- 
tion of ammonium chloride. Nore recently, 
Brown, Kolmer, and Rule(5) showed a sim- 
ilar effect for bismuth. I t  has further been 
postulated that an important factor in detoxi- 
cation is the conversion of a weakly acidic 
substance, which the body excretes with dif- 
ficulty, to a relatively strong acid which can 
be readily eliminated by the kidney (6) .  Ac- 
cordingly, test were performed on mice to de- 
termine whether altering the pH in various 
ways would affect vanadium toxicity. 

AIale mice of the 
Webster strain* weighing 20-29 g were used 
for this study. Each mouse was weighed in- 
dividually and injected with the agents in 
doses according to body weight. The intra- 
peritoneal route was used for all injections, 
since more consistent responses could be ob- 
tained by this route than by oral or subcu- 
taneous administration. The mice were in- 

* Mice were obtained from Hamilton Laboratory 

Materials and methods. 

Animals, Inc., Cincinnati, 0. 

TABLE I. Effect of Sdministering Ammonium 
Chloride and Bicarbonate, 15 Minutes Prior to 
Tanadium, on Vanadium Toxicity in  Mice. Fatal- 
ity rate expressed as ratio of KO. of animals that  

died (numerator) t o  those used (denominator). 

C'ontrols, NH,C1, 
mg/kg mg/kg noprior 400 NaHCO,, 

NaVO, H,O as V treatment mg/kg 2 g/kg 

25 9.1 8/2,0 17/20 
30 10.9 12/20 5 /20  

jected with substances suspected of altering 
vanadium toxicity into the left side of the 
peritoneal cavity, followed in 15 minutes by 
sodium metavanadate ( NaV03 H,O) in- 
jected into the right side of the peritoneal 
cavity. Solutions of sodium metavanadate 
were prepared in physiologic saline solution 
a t  a concentration of 4 mg/ml with a resultant 
pH of 7.0. 

Results.  Table I shows that ammonium 
chloride administered 15 minutes prior to 
vanadium resulted in a decrease of toxicity of 
N a V 0 3 . H 2 0  a t  a level of 30 mg/kg. The 
mortality ratio of 12/20 (80%) was reduced 
to 5/20 (25%) by the acid chloride. Bicar- 
bonate administered in the same manner con- 
versely increased the toxicity of 25  mg/kg 
NaV03 H20 from 8/20 fatalities (40%) to 
17/20 (85%). The doses of ammonium 
chloride and sodium bicarbonate used in the 
above tests, were the largest doses which could 
be used without producing signs of toxicity in 
the mice as determined by separate toxicity 
tests. 

Table I1 shows that acidifying the 
NaV03 H20 solution to p H  1.8 before in- 
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TABLE 11. Toxicity of Acid and Alkaline Solu- 
tions of NaVO, * H,O and of a Msore Acidic Vana 
dium Salt. Fatality rate expressed as ratio of No. 
of animals that  died (numerator) to those used 

(den'ominator). 

mg/kg -NaVO, H,O solutions--, NH,VO,, 
as 1' pH7.0 p H  1.8 pH 12.5 p H  6.1 

9.1 8/20 7/20 
10.9 12/20 1/20 2/20 
14.6 17/20 0/20 14/20 

jection resulted in decreasing the toxicity of 
10.9 mg/kg V (LD60)t and 14.6 mg/kg V 
(LD85)t doses to the point that these doses 
were practically nonlethal. Alkalinization of 
the vanadium solution prior to injection as 
seen in Table I1 had no effect on NaV03* 
HZ0 toxicity. As can be seen also in Table 
11, column 5, NH4V03 is only slightly less 
toxic than NaV03*H20 at 14.6 mg/kg V; 
however, when the two compounds are com- 
pared at  10.9 mg/kg V, NH4V03 is found to be 
lethal to 1'0% of the mice, whereas, NaV03 
H20 is lethal to 60% of the mice. The solutions 
of NaV030 HzO and NH4V03 used in this 
comparison were made to the same concen- 
tration in respect to vanadium and were not 
buffered. 

From the data presented, it 
appears that detoxication of vanadium may 
be affected by the bicarbonate reserve of the 
blood. Since alkalinization of a vanadium 
solution did not increase the toxicity, whereas 
injecting large amounts of bicarbonate into 
the mice did result in an increase in vanadium 
toxicity, i t  appears that excessive blood bicar- 
bonate may retard the process of converting 
vanadium to a less toxic state. One of the 

Discussion. 

t Values taken from experimentally determined 
points. 

means by which vanadium is detoxified ap- 
pears to be acidification. This is further sup- 
ported by the fact that ammonium chloride 
administered prior to vanadium decreased 
vanadium toxicity and acidification of vana- 
dium solutions prior to injection, markedly 
reduced the toxicity. 

On the basis of the foregoing results, i t  was 
predicted prior to testing that ammonium 
metavanadate would be less toxic than sodium 
metavanadate for 2 reasons: 1) Ammonium 
vanadate is more acid than sodium vanadate, 
and 2 )  it is also likely that NH3 would be 
metabolized by the body to form urea, leaving 
HV03 a stronger acid as residue. 

Summary. 1. Data have been presented to 
show that pH plays an important role in the 
toxic response of mice injected with vana- 
dium. Shifting the pH of vanadium-solutions 
toward greater acidity tended to decrease the 
toxicity. 2. One of the processes by which 
vanadium is detoxified is probably acidifica- 
tion. Increasing the blood bicarbonate con- 
versely appears to retard detoxication. 
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