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ABSTRACT

A method is reported which permits
selective suppression of absorption of radio-
active strontium from ingested food ma-
terial, permitting the calcium to be
available to the body. Studies were carried
out in vivo by injection of Sr89 and Ca45
in the presence of inert carrier into ligated
intestinal segments in rats, and the amount
of absorption was measured by standard
monitoring techniques. The pattern of
absorption of both ions is very similar
but the rate of absorption is different. It
was found that the polyelectrolyte, sodium
alginate, obtained from brown algae
(Phaeophyceae), injected simultaneously
with radiostrontium effectively reduces the
absortion of Sr8. from all segments of the
intestine by as much as 50-80% of the
control values. No significant reduction in
absorption of Ca45 was observed in equiva-
lent concentrations. The reduction in blood
levels of Sr89 and in bone uptake corre-
sponded to the absorption pattern. The
difference in the effect on strontium and
calcium absorption may be due to differ-
ences in the binding capacity of sodium
alginate from the two metal ions under
the conditions present in vivo.

SOMMAIRE

Une m.thode permettant la suppression
s6lective de l'absorption de strontium
radioactif provenant d'aliments ing6r6s,
est rapport6e. Cette m.thod'e n'emp&he
pas la disponibilit6 du calcium pour
l'organisme. Les pr6sentes recherches ont
.t6 entreprises, au moyen d'injection de
Sr8. et Ca45 in vivo avec Ia pr6sence de
porteur inerte dans les segments intestinaux
ligatur6s chez des rats. La quantit6 d'ab-
sorption a 6t6 mesur6e par les techniques
normales de contr6le. L. mode de dis-
tribution d'absorption des deux ions est
bien semblable, mais le taux d'absorption
est different. Il a 6t6 d6montr6 que l'algi-
nate de sodium poly6lectrolyte obtenu des
algues brunes (Phaeophyceae), inject6
simultan6ment avec le strontium radioactif,
r6duit effectivement l'absorption de Sr8. de
tous les segments de l'intestin autant que
50-80% des s6ries de contr6le. Ii n'a pas
6t6 observ6 de nSduction importante de
Ca45 dans les concentrations 6quivalentes.
La r6duction du niveau de Sr8. dans le
sang et de d6p6t dans l'os, correspondait
avec le mode de distribution d'absorption.
Les raisons de la diff6rence dans l'effet de
l'alginate de sodium sur l'absorption de
strontium et de calcium, peuvent t.tre
attribuables .t la diff6rence dans la capacit.
de fixation de l'alginate de sodium dans les
conditions pr.sentes in vivo.
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It was considered that an in vivo method of
study would reflect more closely the physiological
conditions existing in the gastrointestinal tract, as
well as other factors affecting ionic absorption.
We have previously suggested that inhibition of

the carcinogenic action of radioactive strontium
might be effected by interference with the intes-
tinal absorption of the isotope.4 Several naturally
occurring macromolecular substances with ion-
exchange properties have been studied.'0' 11 A
compound polymer of mannuronic and guluronic

Fig. 2.-Schema of division of small intestine by ligation
into nine segments (II - X). The stomach has been designed
as segment I.

duodenal segment was numbered II and the rest
in serial sequence, the terminal ileal segment being
designated as segment X, and the stomach as
segment I (Fig. 2). Each segment was ligated at
both ends without disturbing the vascular or
lymphatic supply, or detaching the segment from
the remainder of the intestine (Fig. 3). Only one
segment was used in each animal.
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Fig. 4.-Effect of sodium alginate (Polyelectrolyte 211? on
intestinal absorption of radioactive strontium and calcium.
The solutions used were as described in text.

II and III). Although in the 30-minute period
nearly twice as much calcium as strontium was
absorbed from the duodenum, the amount of the

TABLE 1.-INFLUENCE OF SODIUM ALGINATE ON 5R89 AND CA" ABSORPTION
FROM RAT'S GASTROINTESTINAL TRAcT

mwrocuries Srtt with 0.46 . microcuries Ca" with 0.56
micromole of inactive SrCl2 micromole of inactive CaCl2

for 50 minutes for 50 minutes

unth 1.5 with 1.5
micromoles of micromoles of

Segment Control sodium alginate Control sodium alginate

I 10.0 * 4.95 2.3 * 2.19 4.1 * 3.6 4.4 * 2.89
II 33.46 * 5.89 15.2 * 4.17 66.2 * 11.53 55.1 * 18.02

III 18.3 * 7.11 1.7 * 3.24 20.3 * 10.1 15.9 * 4.76
IV 16.7 *7.61 4.3*5.00 19.2* 5.65 19.7* 556
V 9.7 *5.1 5.5*4.40 12.9* 5.91 10.7* 6.85
VI 10.4 *6.96 1.5*2.32 20.9* 6.92 22.8* 7.07
VII 11.2 *559 4.0*3.01 13.5* 5.29 14.6* 3.60
VIII 10.4 * 5.66 1.6 * 1.48 16.6 * 6.77 20.9 * 8.02
LX 11.8 * 4.52 2.9 * 1.61 16.1 * 5.74 16.8 * 5.19

Each figure represents mean percentage of absorption and standard
deviation in studse8 on 12 rats.

latter radionucide deposited in the bone was con-
siderably higher (Fig. 6 and Table III). The rapid
deposition of strontium was previously observed by
Nilsson and UIIberg.'3

It is apparent from the foregoing data that
although the pattern of absorption of calcium and
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Fig. 5.-Effect of sodium alginate (Polyelectrolyte 211) on
blood level of radioactive strontium and calcium following
injection into an intestinal segment. The solutions used were
as described in text.
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Fig. 6.-Effect of sodium alginate (Polyelectrolyte 211) on
bone uptake of radioactive strontium and calcium after
injection into an intestinal segment. The solutions used
were as described in text.

strontium from ligated intestinal segments is very
similar, the rates of absorption differ markedly,
showing physiological preference towards calcium.

TABLE 11.-INFLUENCE OF SODIUM ALGINATE ON SRns AND CA4. LEVELS
IN RAT'S BLOOD

£ microcuries of Sran with 0.45 2 microcuries Ca45 with 0.55
micromole of inactive SrCl2 micromole of inactive CaCL2

for 30 minute8 for 30 minutes

with 1.5 with 1.5
micromoles of micromoles of

Segment Control 8odium alginate Control sodium alginate

I 86. 32 30. 21
II 3133 . 1328 1476 . 409 2351 . 436 2187 . 770

III 1504 =. 781 255 . 46 856 =. 226 651 '. 280
IV 548. 195 293. 79 612.156 624.200
V 497. 116 265. 71 553.195 504.139
VI 578 159 232 . 74 492 . 119 431 . 114
VII 862. 594 246. 58 465.131 541.141
VIII 624 250 214 . 44 534 . 185 551 . 163
IX 748. 258 240. 81 578.163 556.139
X 805 =. 375 278 =. 108 551 . 146 495 . 165

Each figure represents mean counts per minute and standard deviation
for studies on 12 rats.

The excretion of calcium and strontium ions into
the intestinal lumen is not accounted for in the
above experiments; these studies are in progress.

The Effect of Sodium Alginate on Absorption
c4 Calcium and Strontium
Sodium alginate administered in quantities some-

what in excess of that required for two uronic acid
residues to bind one atom of the divalent metal

TABLE 111.-INFLUENCE OF SODIUM ALGINATE ON Sa85 AND CA45 UPTAKE
BY RAT's FEMUR

£ microcuries Sr89 with 0.45 2 microcuries Ca45 with 0.55
micromole of inactive SrCl2 micromole of inactive CaClI

for 30 minutes for 30 minutes

with 1.5 with 1.5
micromoles of micromoles of

Segment Control sodium alginate Control sodium alginate

I 164. 81 86. 38
II 4180 =. 1865 2095 ='= 570 2333 =.' 1123 1714 . 980
III 2625 '. 1034 593 . 189 1185 =.= 285 1090 * 214
IV 692 186 403 . 120 1228 .' 190 1090 ='= 290
V 888* 529 379*117 814* 214 771*142
VI 826 '. 324 421 '.' 124 833 '. 176 661 . 119
VII 1353 .' 473 510 . 164 723 * 180 780 .'= 242
VIII 859 . 289 452 . 156 652 . 133 766 . 180
IX 1457 "' 506 449 . 79 685 . 138 771 . 157
X 1326. 551 460*130 714* 119 804*228

Each figure represents mean counts per minute and standard deviation
in 12 rats.

effectively reduced the absorption of strontium
from all intestinal segments and from the stomach
by as much as 50-80% of the control values (Fig.
4 and Table I). Reduction in blood level and in
bone uptake followed the same pattern (Figs. 5
and 6; Tables II and III). No significant reduction
in the absorption of calcium was observed, and
these results were confirmed by the unchanged
calcium blood levels and bone uptake. It was not
possible to increase the dosage of alginate (1 mg.
per 0.5 ml.) in these experiments because of the
higher viscosity of the injected solutions. Experi-
ments in administration by means of orogastric
tube, which will be reported later, have shown that
greater amounts of sodium alginate are capable of
depressing calcium absorption to some extent; how-
ever, this effect was observed not to interfere with
the nutritional balance of the animal. The amount
of sodium alginate required to affect strontium
absorption from intestinal segments is very small
compared with the amount of citric acid or versene
used to suppress calcium absorption in similar
experiments described by Thomas, Litovitz and
Geschikter.'4

SUMMARY

The pattern of absorption of strontium and calcium
was studied in rats by an in vivo technique, using
ligated intestinal segments with Sr89 and Ga45 as
tracers. The pattern of absorption of both ions was very
similar but the rates of absorption differed. The dis-
tribution of Sr89 and Ga45 in blood and bone uptake
was found to correspond with the absorption pattern.
Polyelectrolyte sodium alginate, when injected simul-
taneously and in excess with the radiostrontium,
effectively reduced the absorption of Sr89 from all
segments of the intestine by as much as 50-80% of
the control values. The reduction in blood levels of
Sr89 and in bone uptake was comparable. No significant
reduction in absorption of Ca45 was observed.

The technical assistance of Mr. Michael Farrell, Mr.
Serge Podyxnov and Miss Margaret Evans is gratefully
acknowledged.
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