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TABLE 8. Effect of arsemi, tin, and tellurium
on the absorption of selenium

% Absorbed
Ezxp 1 Exp2 Exp 3

Se 0.02 umole 46.2 61.1
Se 1.0 pmole . 52.6 722 69.1
Se 0.02 pmole 28.1

<+ As | umole
Se 1.0 umole 25.6

<+ As 1.0 pmole
Se 0.02 umole 36.6

4+ Te 1.0 pmole
Se 1.0 pmole 24.4

<+ Sn 0.25 umole
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F1. 4. Orbital arrangement of V** and Cr®* ions.

troduced into the segment. The substances to be investi-
gated, arsenic, tellurium, and tin, were also injected into
the segment. The radioactivity of the selenium ad-
ministered was determined with an automatic gamma
scintillation counter. After 2 hours the chicks were killed
and the intestinal segment removed and the radioac-
tivity remaining determined. That radioactivity which
had disappeared was considered absorbed (Table 8).

In the studies with arsenic and tellurium two levels of
selenium were used to assure that any effect observed
might not be caused by a simple overloading of the sys-
tem with a metal. The increased level of selenium did
not result in a decrease in absorption. The addition of
arsenic, tellurium, or tin, however, markedly depressed
the absorption of selenium. These results are, then, also
in accord with the hypothesis that like ions are antago-
nistic biologically, in this instance at the absorptive level.

To further test the hypothesis we turned our attention
to an examination of the effects of vanadium on chicks.
This element is quite toxic at dietary levels of 25 ppm
or less and has been found to uncouple oxidative phos-
phorylation both in vivo and in vitro (3). The element
whose ions most closely resemble vanadium is chromium.
The orbital arrangement of the V¥ and the Cr® ions
is shown in Fig. 4.

To determine whether or not there was an interaction
between chromium and vanadium, these two elements
were incorporated into the diet of chicks (Table 9).
Vanadium at a level of 20 ppm depressed growth and re-
sulted in heavy mortality. The addition of chromium to
the diet significantly decreased the magnitude of these
responses to vanadium. In another experiment the inter-
action of dietary vanadium and chromium on oxidative
phosphorylation was investigated (Table 10). As the
dietary level of vanadium was increased oxidative phos-
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phorylation was progressively uncoupled. The presence
of chromium in the diet partially prevented the un-

- coupling. In an in vitro experiment in which vanadate

and chromate were added directdy to the liver mito-
chondrial suspensions, the results presented in Table 11
were obtained. Vanadate uncoupled oxidative phos-
phorylation and this effect was partially overcome by the
simultaneous addition of chromate to the system.

By the criteria of growth, mortality, and uncoupling of
oxidative phosphorylation, these data lend support to
the hypothesis under investigation.

The work with oxidative phosphorylation brought to
mind another element which has been known for many

-

{TaBLE 9. Effects of dietary vanadium and chromium
on~growth and mortality of chicks®

Vanadium
Chromium, ppm

0 20 ppm

Body wt, g at 3 weeks of age®

0 £238.1 98.5
500 256.6 125.2
1,000 T 2326 158.9
2,000 182.7~ i 193.4

Duncan’s multiple range test:©

98.5 125.2 158.9 182.7 1934 2326 -238.1 256.6

% mortality at 3 weeks of age

0 6.7 86.6

500 6.7 66.7

1,000 10.0 40.0

2,000 6.7 | 13.3
Duncan’s multiple range test:¢

6.7 6.7 6.7 100 13.3 400 66.7 86.6

@ Chicks were fed the dried skim milk diet in Table 1 sup-
plemented as indicated with NH,VOy and/or CrCl,. b The
values listed are averages of from 5 to 15 chicks. ¢ Any two
values underscored by the same line are not significantly dif-
ferent; any two not underscored by the same line are signifi-
cantly different; £ = 0.05.

TaBLE 10. Effect of dietary vanadium and chromium
on the P/O ratio in chicken liver mitochondria®

Chromium
Vanadium, ppm
0 ! 100 ppm 1 400 ppm
0 1.80% 1.78 1.75
10 1.09 1.29 1.59
20 0.65 1.03 1.30
Duncan’s multiple range test:¢
065 1.03 1.09 129 1.30 1.59 1.75 1.78 1.80

4 Reaction medium and conditions for P/O measurements
were as follows: 40 mM succinate; 20 mm phosphate; 5 mM
ADP; 4 mum KF; 10-15 mg of mitochondrial protein/ml; pH 7.4;
room temperature (24-28 C). ¥ Each reported P/O ratio is
the average of six individual determinations. ¢ Any two
values underscored by the same line are not significantly dif-
ferent; any two not underscored by the same line are signifi-
cantly different; P = 0.05.
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TaBLE 12. Interaction of selenate and arsenate TABLE 16. Effect of chromate on the uncoupling of
on oxidative phosphorylation® oxidative phosphorylation by arsenate
Arsenate, mu Chromate versus Arsenate®
0 20 Analysis of Variance
Selenate, mM KiCrOs | P/O*
P/C* Source I df | ss MS F
0 1.72 0.59 0 0.62 | Treatments 310.0338 | 0.0113 2.54%
2 - 1.68 1.26 1 mm | 0.67 | Replications 510.0550 | 0.0110
20 1.56 1.46 20 mm | 0.57 | Error 15 | 0.0668 | 0.00445
50 1.58 1.30 50 mM | 0.59 { Total : 23 | 0.1556
@ Reaction conditions and media were the same as in Table o Each reported P/O ratio is the average of six individual
10. b Each reported P/O ratio is the average of six determi- determinations. ® Not significant. ¢ Reaction media and
nations. conditions were the same as in Table 10, except that the P;

TABLE 13. Effects of vanadate, arsenate, chromate, and selenate
on the uptake of phosphate by respiring mitochondria®

Treatment

Control

1 mm VO4
40 mm AsO,

1 mu CrO.
40 mM SeO,

by the mitochondria.

cpm’

b

15,925
5,289¢
9,680+

14,267

15,921

s Reaction media and conditions were the same as in Table
10, except that cach contained 4 mm P; (incl. 1 uCi ¥»P/sample)
with VO, AsOy, CrOy, or SeO, as indicated.
per minute (cpm) reported are averages of five individual ob-
servations and represent the relative amounts of #¥P absorbed

® The counts

¢ Significant; £ = 0.0l.

TABLE 14. Effects of high and low phosphate concentrations
on the uptake of vanadate, arsenate, chromate, and

selenate by respiring mitochondria®

cpm"
POy, mx
1 mu VO, i 10 mu ™AsOq 1 ma #CrOy | 10 ma 75SeOs
2 1,884 5,096 26,498 139,583
200 1,303 1,942 27,992 136,824
Me = 0.804¢ M = 0.594¢ M = 0.298/ IM = 0.051¢

s Reaction media and conditions were the same as in Table

10, except as noted.

® The counts per minute (cpm) re-

orted are averages of six individual observations and represent
uie relative amounts of isotope absorbed by the mitochondria.
¢ M is the substitute £ value for comparing two means, according

to P. G. Moore, 1957.
P =0.01.

4 Not significant.
/ Significant; P = 0.05.

¢ Significant;

TABLE 15. Effect of vanadate, chromate, arsenate, and selenate
respectively, by respiring mitochondria®

concentration was | mm and each also contained 20 mum arsenate.

were conducted on the influence of the ion interactions
on mitochondrial uptake. In the first experiment the

uptake of phosphate by respiring mitochondria in the

presence of the various anions was determined. In this

experiment the incubation medium contained 4 mm of

inorganic phosphate including 1 uCi of #P per sample

(Table 13). Vanadate and arsenate inhibited the uptake:
of phosphate while chromate and selenate were without

effect.

In the reciprocal experiment, the effect of phosphate
on the uptake of vanadate, arsenate, chromate, and
selenate, the results presented in Table 14 were obtained.
When the phosphate level was increased from 2 to
200 muM, the uptake of vanadate and arsenate by the
mitochondria was depressed. Increased phosphate did
not depress the mitochondrial uptake of chromate or
selenate, and, indeed, the uptake of chromate was
slightly but significantly increased. These two studies
indicate that the three anions which are most alike in
their molecular structure are mutually antagonistic to
each other as far as mitochondrial uptake is concerned.

In another experiment the interactions of chromate
with vanadate and selenate with arsenate were ex-
amined (Table 15). Chromate and vanadate as well as
selenate and arsenate are antagonistic to each other as
far as mitochondrial uptake is concerned. Again, the sets
of two anions which are most alike behave antagonisti-
cally.

To further examine the specificity of the interactions,

upon the uptake of $1Cr, BV, 75Se, and "®As,

$CrQ4q vs. VOu, L mut CrQ4 and 4VQ04 vs. CrOq, 1 mu VO4and "5e04 vs. AsOs,2 mut P, 40 mu SeOq 78As04 vs. SeOq, 2 mu P;, 40 mu AsOs
VOu as indicated CrO,4 as indicated and AsOq as indicated and SeOu as indicated
VOu, mx cpmd CrO4, mu ‘ cpm AsO4, mx l cpm SeOs, mi ’ * cpm
0 15,559 0 l 7,979 [4] 449,070 0 ‘ 12,221
1 9,803 1 3,880 40 215,080 40 5,556
M = 0.5134 M = 1.829 M = 0.536% M = 0.675¢

¢ Reaction media and conditions were the same as in Table 10, except as noted in this table; 1 Ci of isotope was used per sample.
® The counts per minute (cpm) reported are averages of six individual observations and represent the relative amounts of isotope
<M is the substitute ¢ value for comparing two means, according to P. G. Moore. Biometrika

absorbed by the mitochondria.
44: 482, 1957.

¢ Significant; P = 0.05.







