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With the increase in use of nuclear power
there is also concomitant jeopardy from fis-
sion products. Contamination of areas par-
ticularly with strontium-89 and -90 through
explosions of nuclear devices and through
wastes from nuclear reactors is coming into
the limelight as an international problem.
Hamilton (1) reported that these isotopes are
available from food which might be produced
on contaminated land. The primary site of
deposition of strontium nuclides in the body is
in the skeleton, where they are retained for
long period emitting beta particles which may

* This manuscript is published with permission of
Director of Univ. of Tennessee Agri. Exp. Station,
Knoxville. Radioactive materials were obtained from
QOak Ridge Nat. Lab. on allocation from U. S. Atomic
Energy Comm. The work was completed under Con-
tract between Univ. of Tenn. Coll. of Agri. and
Atomic Energy Comm,

seriously impair the blood forming functions
of bone marrow and induce bone tumors(2).
Investigators have reported a clearcut reduc-
tion of strontium-90 burden with increased in-
gestion of calcium(3,4). Pugsley(5) observed
a decrease in fecal calcium with an increase in
urinary calcium during administration of ir-
radiated ergosterol. Patrick and Bacon(6)
have shown that use of Vit. D increases the
efficiency of utilization of Ca*' and Sr* in
both organic and inorganic forms in the rat.
This study was initiated to ascertain the ef-
fect of feeding excessive amounts of Vit. D
in presence and absence of dietary calcium or
strontium on strontium-89 metabolism in the
rat.

Methods and materials. A total of 116
weanling albino rats (Sprague-Dawley strain)
were used with a minimum of 4 rats per diet
in each of the experiments. The diet reported
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TABLE . Strontium-89 Content of Exercta of
Rats Fed Various Levels of Vit. D,

[.U. D, added
to 1 kg basal

Fxeretion (90 F

diet (5% Ca) Feeal Urinary Total
Noue 3.6 4.4 585
7,000 RN 6.1 S,z
75,000 37T 10,8 48.5
100,000 356 8.0 439
200,000 20,2 2005 40.7
300,000 25.0 189 43,0
400,000 4.3 25.0 SO0
500,000 16.7 284 43.1
1,000,000 13,1 324 45.5
2,500,000 11.0 30,9 41.9
.S, Dt 117 7.4 110

* Expressed as 9% of orally administered dose ex-
ereted in 72 hr,

b Least signifiennt difference hetween means o1
54 level of confidence,

by Hansard et al.(7) was used with slight
modifications in the mineral mixture. Adjust-
ments in minerals and Vit. D were made at the
expense of cornstarch. Ten microcuries of
strontium-89 in the chloride form were orally
administered to each rat. They were then
placed in metabolism units described by Han-
sard and Comar(8) and excreta collected
daily. All samples were ashed at 600°C, dis-
solved in hydrochloric acid, precipitated with
ammonium oxalate and counted with an end-
window Geiger-Muller tube with a window
thickness of 1.4 mg cm®. 1In the first experi-

TABLE II. Strontium-89 Content of Excretu of
Rats Fed Varying Levels of Strontium, Calecium
and Vit. D,

Supplements to Exeretion ()%

Ca-deficient basal diet Feeal Urinary  Total
None 235 4.2 270
4+ 759 Ca G0.5 3.0 63,6
-+ 1.649, Sr 45.5 122 57.7
+.75% Ca 4 1.64%, Sr 4.0 15,3 770
+-200,000 .U, vit. Dy/kg 287 4.4 a1
+ 75 (a BANE 145 16,1
<+ 200,000 L.U. vit. Dy/kg
+ 1.649, Sr 200 24,1 46,0
-+ 200,000 LU, vit. Dy/kg
4+ .75% Ca + 1.649, Sr 32.8 u8.7 G1.5
-+ 200,000 T.U. vit. D,/kg

LS. Dt 10.2 7.4 10.0

* Rxpressed as % of orally administered dose ex-
ereted in 72 hr,

b Least siguificant difference hetween means af
5% level of confidence,

ment a Vit. D deficient diet (containing 0.5%
calcium) was supplemented with levels of Vit.
D, shown in Table T to ascertain the level
necessary to produce a change in strontium-89
excretion. These diets were fed for a period
of 7 days before administration of the radio-
nuclide after which time a 72-hour balance
trial was conducted. The influence of dietary
calcium and strontium on excretory stron-
tium-89 response to excessive Vit. Dy feeding
was determined in the second experiment (Ta-
ble I1). A calcium deficient diet was supple-
mented was 0.75% calcium and/or an equiva-
lent amount of strontium (1.64%). Each of
these 4 diets had a counterpart with 200,000
[.U. of Vit. Ds/kg. Rats were fed these diets
for a period of 6 days before administration of
strontium-89 at which time a 72-hour balance
trial was initiated. In the third experiment
TABLE TIT. Strontium-89 Content of Exereta of

Rats Fed Vit. Dy or Dihydrotachysterol 3 Days
3efore or at Time of Administration of Sré,

Supplements to
hasal diet

Days fed
before Sr*

Excretion (%) *

(5% Ca) admin,  Iecal Urinary Total
None 3 28.7 3.9 32.6
Vit. Dy (2,500,000 3 1.3 30.4 41.7

[L.U./kg)
Tdem 0 35.3 10.4 45.7
Dibydrotachysterol 3 a8.1 10.7 38.8
(2.5 mg/kg)
Tdem 0 28.9 5.6 34.5
LS. Dt 5.4 1.5 5.4

* Bxpressed as % of orally administered dose ex-
creted in 96 hr.

t lieast significant difference between means at
59 level of confidence,
the influence of length of period of feeding
Vit. D, and dihydrotachysterol (a reduction
product of tachysterol which is a product of
irradiation of ergosterol promoting phospha-
turia and mobilizing calcium from the skele-
ton(9)) on strontium metabolism was ascer-
tained (Table 11I). Two diets were formu-
lated from the basal diet (containing 0.5%
calcium) which was deficient in Vit. D; one
contained 2,500,000 1.U./kg Vit. D; and the
other contained 2.5 mg/kg dihydrotachy-
sterol. Three groups of rats were started on
the basal diet 3 days before administration of
the radionuclide and the other 2 were fed
either the Vit. Dy or dihydrotachysterol diet.
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At time of administration of strontium-89,
these latter diets were fed to 2 of the groups
started on the basal diet. To allow more time
for the effect of the diets to be shown, a 96-
hour balance trial was made.

Results. Fecal excretion of strontium-89
tended to be less in diets containing more Vit.
Dy with significantly smaller amounts occur-
ring between the 7,500 and 75,000 I.U.
levels and the 100,000 and 200,000 1.U. levels
of .Vit. Dy supplementation (Table I). The
converse was true for urinary excretion of
strontium-89 with significant increases first
being shown between the 100,000 and 200,000
1.U. levels of Vit. D3 supplementation. The
increase in urinary strontium-89 was not suf-
ficient to compensate for the decrease in fecal
strontium-89 and therefore, significant de-
creases in total excretion of strontium-89 were
apparent. While total excretion of strontium-
89 was not greatly affected by massive Vit. Dy
supplementation, the amount passing through
the gutwall was increased almost 5-fold as
measured by fecal strontium-89. It would ap-
pear, therefore, that Vit. Dy has the property
of decreasing fecal excretion.

In the absence of dietary calcium or stron-
tium, no significant effect on strontium-89 ex-
cretion was observed from feeding 200,000
1.U. Vit. Dy/kg of diet (Table IT). However,
‘in the diets containing calcium or strontium,
the significant decreases in fecal strontium-89
and increases in urinary strontium-89 ob-
served in the previous experiment were again
shown. It would also appear that high levels
of Vit. D, add to the effect of dietary stron-
tium in increasing urinary and decreasing fe-
cal strontium-89.

In every instance (Table I1I) inclusion of
either Vit. D3 or dihydrotachysterol signifi-
cantly increased urinary excretion of stron-
tium-89. However, the 3-day feeding period
before radionuclide administration was sig-
nificantly more effective in producing this ef-
fect. The level of Vit. Dy used (2,500,000
[.U./kg) was considerably more efficient in in-
creasing urinary strontium-89 than was the
level of dihydrotachysterol used (2.5 mg/kg).
While Vit. D, influenced fecal strontium-89,

a

dihydrotachysterol exerted no such effect.
Over these short periods, high levels of Vit.
D, significantly increased total excretion of
strontium-89.

It appears from our data that concentra-
tions of calcium or strontium are necessary in
the diet to exhibit the effect of excessive
amounts of dietary Vit. D; on excretory pat-
tern of strontium-89. A preliminary period of
Vit. D; feeding before dosing was required for
maximum expression of this effect. As would
be expected from its effect on calcium me-
tabolism(9), dihydrotachysterol did not ap-
preciably influence intestinal absorption of
strontium-89, but did increase its urinary ex-
cretion probably through mobilization from
the skeletal pool. The increased urinary ex-
cretion of strontium-89 following Vit. Dy
feeding, however, is a reflection of its mobili-
zation from the skeleton as well as of the in-
creased intestinal absorption of strontium-89.

Summary. The experiments demonstrated
that Vit. D, exerted an effect on excretion of
strontium-89 Dby increasing absorption of
strontium-89 from the gut, by decreasing fecal
and increasing urinary strontium-89 providing
either calcium or strontium is present in the
diet. The efficiency with which Vit. D3 ex-
erted this effect was governed by its concen-
tration in the diet and by length of time it
was fed before administration of strontium-89.
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