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Fig. 1 Survival of 54 male mice given fluoride
and 54 given niobium in water. No significant
differences from the 54 controls appeared at any
interval.
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Fig. 2 Survival of 54 female mice given fluor-
ide and 54-given niobium in water. Shorter sur-
vival times occurred for those fed niobium, with
a significant difference from the 34 controls at
21 months of age (P < 0.025), by chi-square ana-
lysis. The half-life of the niobium group was 65
days less than that of the controls.
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Fig. 3 Survival of 55 male mice given anti-
mony and 53 given zirconium in drinking water.
At no interval were the numbers significantly
different from those for the 34 controls, although
those fed zirconium had somewhat shorter survi-
val times, their half-life being 27 days less.
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Fig. 4 Survival of 54 female mice given anti-
mony and 53 given zirconium in water. The long-
est-lived mouse, aged 1,004 days, was fed anti-
mony. There were 54 controls. At 18 months
of age there was a difference in survival of mice
fed zirconium (P < 0.05), and their half-life was
67 days less than that of the controls.

According to measured life spans (table
2), male mice fed fluorine lived longer
than their controls by 29 to 60 days at 3
intervals, whereas females did not. How-
ever, the feeding of zirconium was associ-
ated with shortened life spans by 27 to 47
days in males and 67 to 85 days in females
at 5 of 6 intervals. In females, niobium
appeared to shorten median and 75% life
spans by 65 to 101 days and antimony by
49 to 86 days, whereas males were little-
affected. In the cases of the last 3 elements,
the usually observed differences between
the survival of males and females was
lessened. )

Longevity, defined as the mean age at
death of the oldest 10% of animals, was
significantly increased in males given nio-
bium and reduced in no group. The great-
est ages were attained by single animals
in the male niobium and the female
antimony groups, whereas a male in the
zirconium group and females in the nio-
bium and fluorine groups died 2 months or
more before those in the other groups.

Accumulation of metals. No fluorine
was detected in the tissues of mice fed this
element, even when the mice were 2 years
old, nor in their controls. Bone, however,
which accumulates fluorine, was not
analyzed.

Zirconium had a predilection for spleen
and heart (table 3). Unexpectedly large
amounts were found in all organs of con-
trol mice, probably reflecting the large
amount in the diet. There appeared to be
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| TABLE 4 .
§ Mean niobium levels in tissues of mice, wet weight* ! '
t o
Longevity 1 ! Control Niobium-fed ! )
No. mice No. mice . B
days . .
. ug/9 49/9
; Kidney 29 0.0 53 2.10
806 =34.31 , Liver 23 1.14 62 2.37
760=17.4 : Heart 22 0.22 62 11.41
910=211° ! Lung 24 2.94 62 2.15
786 = 32.7 : Spleen 19 1.74 62 15.61
830=28.3 : !
Mean 117 1.51 301 6.87 X
855=29.3 ! Control mice were 241 to 752 days of age; niobium-.fed mice were 343 to 689 days of age; tissues ‘

9 =29 ‘ were pooled in groups of 6 to 12 samples. i
901=21.0 i . B
803=23.1 ' B
843=47.8 TABLE 5 ‘B
838=14.5 Mean antimony levels in the tissues of mice, wet weight ! K

I 9
Control Antimony-fed I
No. mice No. mice % found !
49/9 . ) ' f
Kidney 19 ND? 60 25.0 12.96
Liver 38 ND 48 51.3 6.38
—_— . Heart 19 ND 88 17.1 9.12
t , Lung 19 ND 61 60.5 11.09
B ‘ Spleen 19 ND 78 19.2 13.78
49/ . ! These values are approximate, + 25% (see text); tissues were pooled in lots of S to 13; control
) mice were 574 to 636 days of age; antimony-fed mice were 381 to 751 days of age.
10.20 ! 3 Not detected.
32.60
| st
54:21 Fatty degeneratiorn of the liver in mice fed trace elements!
0.04
' Total
' No. mice + ++ +++
31.07 oo
—_— %
£ age Control 99 4 12 6 22 22.2
' Zirconium 60 8 8 6 22 36.7
Niobium 68 8 15 5. 28 41.21
Antimony 67 2 8 1 11 16.4
aneous tumors Fluorine 56 4 6 3 13 23.2
t. Tumors were Arsenic 55 2 5 0 7 12.7
Germanium 75 1 10 3 14 18.7
;t’rO]S, 22.7% of Tin 24 1 0 0 1 4.9
! the niobium, Vanadium 19 2 ] 1 3 15.8
d 30'3% of &,le ¢ i Lesions wose 5x-ue_d a3 TU YOVEILLY LIV v w: -+ -+
‘lght tumors in 3 Differs from controls, P < 0.02, by chi-square ana.lylu.
it. Those of the -
ent, making up | are the data on livers of mice from the the incidence of spontaneous tumors, and
ge of 5 groups previous series (2). Niobium appeared to e) on the microscopic appearance of tissues
be the only active element among these at death. We have used these criteria in
Y g A L
es. Microscopic eight in this respect. an attempt to discover whether certain
howed a high , trace elements to which modern man is
degeneration in | . DISCUSSION exposed may have adverse effects on health
ion occurred in _Recondite toxicity of a trace element and life span. Furthermore, favorable ef-
xd (P < 0.02). ! glven to small mammals for their lifetimes fects from an element, according to these
- incidences of - may become manifest by adverse effects criteria, may appear, suggesting that the
sverity, graded a) on growth and body weight, b) on element may have some essential role,
for comparison - median life span, c¢) on longevity, d) on but such effects may di l on 1 T










