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Vanadium is required in comparatively small quantities 
for normal growth and differentiation in all organisms. 
Whether the element is essential and what its precise 
function is remains difficult to ascertain because the 
reported evidence is incomclusive (Nielsen 198~; Golden 
and Golden 1981). 

Man's activities in petroleum and metallurgical refin- 
ing have magnified naturally high concentrations of 
the metal in certain crude oils and eros (Gough and 
Seversen 1976). The adverse effects of human exposure 
to the combustion products of vanadium-bearing residual 
oils and to fumes and dusts in metallurgical refining 
have stimulated interest in vanadium toxicology. 
Studies in animals and man have shown that vanadium 
compounds cause the destructive manifestations in many 
systems. Signs of toxicity and clinical symptoms asso- 
ciated with vanadium poisoning, include Gonjunctivitis, 
rhinitis, pharyngitis, bronchitis, ataxia, tremors, 

ralysis, depression and cardiovascular disorders 
ters 1977). 

The mechanisms by which vanadium exerts its toxic 
effects are poorly understood, but interference with 
the normal kinetics and macrQmolecular binding of the 
bodes other essential metals, such as Za, Ca, Mg, Fe, 
Cu may play a significant role. It is well known that 
nonessential metals, such as Pb, Hg and Cd, exert 
toxic effects by interacting with essential elements, 
thereby adversely affecting various metabolic processes 
(Goyer 1978; Prohaska and Ganther 1977; Chertok et al. 
1981 ). 

The purpose of the present study was to determine the 
influence of intoxication with ~anadium compounds 
(NaV0~ and VOSO A) on the intestinal transport of 
coppe~. Serum levels of copper and ceruloplasmin and 
copper content in the liver were also assayed. 
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MATERIALS and METHODS 

Male Wistar rats 60+10 g used in the experiments were 
maintained on standard laboratory chow with free 
access to water. 

In the acute exposure study, rats (6 per group) were 
starved overnight and given orally a single dose of 
NaVO~-12 mg V/kg (20% LD~n ) or VOS04-15 mg V/kg (20% 
LD~n~. Control animals r~eived an equal volume of 
saIZne. The animals were sacrificed by decapitation 
1; 2; 4 and 24 h after treatment with vanadium salts. 

In the subchronic study, vanadium was administered to 
rats orally as NaV0~ in a dose of 3 mg V/ks (5% LD= 0) 
or as VOSO A in a do~e of 3.75 mg V/kg (5% LD~n) si~ 
times a we@k for 3 months. Control animals r~eived 
saline. Six rats from each group, experimental and 
control were sacrificed by decapitation 2; 4; 6; 8; 10 
and 12 weeks of intoxication. 

The active transport of copper was measured in the 
proximal duodenal segment of rat intestine using the 
authoF s modification of the everted gut-sac technique 
(Wilson and Waseman 1954; Wr6bel et al. 1973). A 7 cm 
segment of everted intestine, securely ligated at each 
end was filled with 0.7 ml of buffer solution con- 
taining 50 mM imidazol, 20 ~ glucose, 100 mM D-man- 
nitol, 70 mM NaC1, 0.4 mM CuCl~ and 8 mM sodium 
phosphate adjusted to a pH of 4.4. Next, the sac was 
placed into a 25 ml Erlenmeyer flask containing 5.0 ml 
of t~e sa~e buffer. All incubations were conducted for 
I h at 37vC under an atmosphere of 02 with shaking. 

After the incubation period 0.2 ml of mucosal (outer) 
and serosal (inner) fluids were taken for the total 
copper measurments. Copper was assayed by atomic 
absorption spectrophotometry (Jerral Ash, wavelength 
324.7 nm, acetylene/air). The ratio of the final Cu 
concentration in the serosal medium (S) to the final 
concentration of Cu in the mucosal medium (M) was 
designated S/M and used as an index of active copper 
transport. 

The levels of copper in serum and liver were determined 
using atomic absorption spectrophotometry. 

Ceruloplasmin in fresh serum samples was measured by 
the method of Colombo and Richterich (1964) and 
expressed as mg ceruloplasmin/100 ml. 

Statistical evaluation was carried out using the 
Student's t-test. 
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RESULTS and DISCUSSION 
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Figure 1. Inhibition of copper transport in the rat 
duodenum after acute intoxication with 
vanadium compounds. Tile transport ratio 
(S/M) for control was 1.90-+O.10. 

Table I. Copper and ceruloplasmin contents in the serum 
of rats given orally a single dose of sodium 
metavanadate or vanadyl sulphide. 

Timeintoxi_Of _ Copper (/ug/ml) 

cation 
(h) Control NaVO 3 VOSO 4 

I 1.53-+0.04 (5) 1.31-+0.05 (6) 1.31-+0.05 (5) 

2 1.37-+O.03 (6) 1.23-+0.06 (6) 1.41-+0.04 (5) 

4 1.34-+O.O4 (6) 1.16+O.06a(6) 1.17-+0.o6a(6) 

24 1.37-+O.O3 (6) I .51-+0.04a(5) 1.51+0.03a(6) 

Ceruloplasmin ( mg/1OO ml ) 

Control NaVO 3 VOSO 4 

1 45.4-+2.7 (5) 45.8~1.6 (6) 

2 48.9-+2.7 (6) 48.2+5.5 (6) 

4 49.!+5.3 (6) 56.5-+2.9 (5) 

24 38.9+4.4 (5) 32.3+1.6 (5) 

45.2• (6) 
55.7Z4.9 (6) 
3a.N2.0 (6) 
55. 5.6 (61 

a P ~ 0.05 Number of animals in parentheses. 

Fig.1 illustrates the effect of acute intoxication with 
vanadium compounds on the intestinal transport of copper. 
In both experimental groups copper transfer through the 
duodenum was significantly decreased. 
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Figure 2. Inhibition of copper transport in the rat 
duodenum durin~ subchronic intoxication 
with vanadium compounds. 
The ~ontrol levels expressed as S/M w~re 
1.79~0.08; 1.60Z0.~5; 1.96Z0.04; 2.53-0.16; 
2.05-0.09 and 2.03-0.09 after 2; 4; 6; 8; 10 
and 12 weeks respectively. 

Serum Cu and ceruloplasmin levels for both control and 
vanadium-treated animals are given in Table I. In the 
group of rats poisoned with NaV03 and those intoxicated 
with VOSO 4 the serum Cu contents were significantly 
decreased after 4 h of intoxication (by 13~ below 
control value) whereas after 24 h the concentrations of 
the element in the V-treated animals were higher than 
in controls. 

There were no differences in serum ceruloplasmin levels 
between control and NaVO 3 or VOSO4-exposed rats. 

The subchronic investigation confirmed and extended the 
acute observations. It was shown that the inhibition 
of copper transfer was more pronounced in the group of 
rats poisoned with NaVO 3 than in those treated with 
VOSO 4 (Fig. 2). In both groups of rats the mean ratio of 
S/M an the duodenum was significantly suppressed over 
the entire experimental period. 

Generally, the oral administration of vanadium compounds 
did not cause a significant alterations of serum copper 
concentrations (Table 2). The significant decrease in 
this parameter was observed only after 4 (VOS04) and 
6 weeks of intoxication (VOSO 4 and NaVO~). The results 
in Table 2 reveal that continuous oral ~dministration 
of vanadium compounds produced significant changes in 
the level os serum ceruloplasmin. In the group of rats 
intoxicated with NaVO 3 the activity of ceruloplasmin 
was decreased after 4; 6 and 8 weeks of poisoning by 
1~% (PLo01 ) ,  26% (PZ .01 )  and 24% (P/ .01) respec t i ve ly  
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as compared with control. After 4 and 8 weeks serum 
levels of this parameter in VOSOL-treated animals 
dropped by about 17~ (PI.01) below control. 

Both vanadium compounds cause a significant decrease 
in liver copper levels (Table 2). The Cu content 
decreased significantly in NaVO~ and VOSOA-treated 
animals after 6; 8; 10 and 12 w~eks of intoxication. 

The present studies clearly indicate that vanadium 
compounds (NaVOx and VOS0~) in the various oxidation 
states (+5 and $4) may influence copper metabolism in 
rats. It was shown that intoxication with NaVO~ and 
VOSO n significantly reduced the intestinal abs5rption 
of C~. The inhibitory effect was elicited both by 
acute (single oral dose) and subchronic (12 weeks) 
administration. Furthermore, it was also found that 
the levels of ceruloplasmin An serum and the concen- 
trations of copper in liver were decreased in the rats 
exposed to continuous oral administration of vanadium 
compounds. 

The mechanism of vanadium interaction with copper is 
unknown but certain conclusions may be drawn. 

It is known that active as well as passive transport is 
involved in the movement of copper from the intestinal 
lumen to the serosal side of the gut. The intestinal 
absorption of copper in mammals may also be regulated 
by at least two copper bindings proteins. Using ligated 
jejunal segments of rats Ei-Shobaki and Rummel (1979) 
have shown that copper is bound to mucosal transferrin 
and to metallothionein, a small cysteine rich molecule 
important for intracellular transport of this element. 

The inhibitory effect of V-compounds on copper trans- 
port through the intestinal wall found in our studies 
may be associated with their ability to reduce active 
transport. It was shown that vanadate is a potent 
inhibitor of Na,K-ATPase and other phosphoryl transfer 
enzymes in vitro (Ghijsen et al. 1982; Higashino et al. 
1983; Cantley et al. 1978; North and Post 1984). This 
has resulted in the hypothesis that vanadium functions 
in vivo as a regulator of Na,K-ATPase and thus the 
sodium pump. Moreover vanadium uncouples mitochondrial 
oxidative phosphorylation in liver homogenates in vitro 
IHatchcock et al. 1966) inhibits succinic dehydrogenase 
Aiyar and Sreenivasan ~961) resulting in the depletion 

of ATP energy stores. 

There is also some evidence to suggest that vanadium 
may directly inhibit synthesis of cystine and cysteine 
with overall lowering of serum protein sulfhydryl 
groups. This reduction in cystine content may be related 
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to excretion of cystine in the urine (cystinuria) 
because an increase of the neutral sulphur fraction, 
which is indicative of cystlnuria, was observed in the 

�9 1 urine of rats fed vanadium (Faulkner-Hudson 964). 
Cystinuria is known to be associated with wilson s 
disease, in which there is a genetically determined 
decrease in serum level of the copper protein - cerulo- 
plasmin (ferroxidase I), a plasma globulin implicated 
in iron metabolism. The decrease in ceruloplasmin level 
was found in our studies. 

A number of elements e.g. Cd, Mn, Mo, Ag, Hg are known 
to alter the serum levels of ceruloplasmin and Cu 
content in the liver. For example zinc and molybdenum 
sulfate in the diet have been shown to diminish uptake 
of copper by the laver (Gaballah et al. 1965). 
Manganese on the other hand produces an increase in the 
hepatic contents of Cu in rats (Murthy et al. 1981). 
In our studies a significant decrease in the copper 
concentrations in the liver was demonstrated. This is 
in agreement with the work of Kennan (1963) who found 
that in spectrographic analysis of livers of animals 
exposed to vanadium, the intensity of copper lines 
diminished as vanadium intensity increased. Though the 
mechanism by which the liver copper decreases after 
vanadium compounds administration is not clear, it 
might be due to the displacement of copper from the 
liver and/or to the decrease in copper binding protein 
level. This aspects also require further investigations. 
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