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SOMMAIRE

Une methode est rapport6e permettant la
suppression selective de l'absorption du
strontium radjoactif ii partir des aliments
ing6r6s, laissant le calcium disponible dans
l'organisme.

Des etudes ont 6t6 faites en mesurant la
d6position du Sr89 et du Ca45 dans les os,
quand differentes quantit6s d'alguinate
de sodium sont ajout6es ?i la di.te.

Apr.s des 6tudes de longues dur6es,
utiuisant deux differents niveaux de radio-
activit6 pour d6terminer le mode de d6posi-
tion du Sr89 avec ingestion continuelle
d'agent absorbant, on a constat6 que:
l'administration d'alguinate de sodium sous
forme de gel.e, r6soud le probl.me de la
constipation et r6duit avec efficacit6,
1'absorption du Sr89, jusqu'. 83%. L'addition
d'alguinate de sodium ii l'eau potable est
efficace avec de petites quantit.s de Sr8.
ing6r.s.

Cette substance macromoleculaire na-
turelie, soluble dans l'eau, poss.de plusieurs
avantages quand on la compare . des
r6sines synthetiques d'&hange ionique,
utilis6s pour Ia suppression de 1'absorption
du strontium radioactif; il n'y a pas de
perturbation de la balance 6lectrolytique;
son efficacit6 n'est pas reduite par un traite-
ment de longue dure6 et, de plus, la sub-
stance est palliable.
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Observedratio.0.32
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PERCENTAGE OF SODIUM ALGINATE
Fig. 1.-Effect on SrS9 and (Ja45 bone uptake of adding

increasing amounts of sodium alginate. The alginate was
mixed as a jelly with standard laboratory chow.

evaluated by the term:
5r89/Ca45 bone
5r89/Ca45 diet

(Comar, Wasserman and Nold3), designated the
Observed Ratio or OR. The OR for the control
series in these experiments over a period of two
days was found to be 0.32, whereas the OR for rats
on a diet of 2.4 g. alginate per day was decreased
to 0.15.

CoNmruOuS ADMINISTRATION OF HIGH
Liw.u.s OF SR89
(Sodium Alginate Mixed with Food)
Rats were fed on a diet containing 0.5 . Sr89

and 0.24 g. sodium alginate per gram chow, ad
libitum, for 20 days. Groups of 12 rats were sacn-
ficed at two, five, 10, 15 and 20 days. An equal
number of rats in the control series fed on starch-
0.5 Mc. 5r89/g. chow diet were treated in the same
way.
The results are given in Table II. Sr89 uptake

in the femur increases steadily in the controls,
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Fig. 2.-Effect of continuous feeding of sodium alginate

jelly mixed with diet on Sr59 and Ca45 uptake in the femur.

whereas the rate of uptake with alginate is much
lower (Fig. 2), reaching a steady-state plateau
after 15 days. As would be expected, the uptake
of Ca45 in the bone is much more rapid than Sr89.
A plateau or equilibrium state is reached after 15
days. Ca45 absorption is reduced by this high level
of alginate but to a much lower degree than with

so that after 20 days the "Observed Ratio"
of discrimination against Sr89 is reduced to 0.08.

CoNm.Iuous ADMINISTRATION OF LOW
LEVELS OF SR89

(Sodium Alginate Supplied in the
Drinking Water)
Rats were fed on standard Purina chow ad

libitum but their drinking water was replaced by
a solution containing 0.7 g. sodium alginate and
1.0 . Sr89 per 100 ml. The average daily intake of
Sr89 therefore was 0.2 j.c. with 140 mg. sodium
alginate. Groups of six rats were sacrificed after
24 hours, five days, 10, 15 and 20 days. Similar
groups of rats drinking pure water containing 0.01
Mc. Sr89 per ml. were taken as controls. One femur
was taken from each rat for Sr89 assay. A parallel
series with Ca45 was treated under identical condi-
tions.
The results are given in Table III. Sodium

alginate given at the rate of 0.14 g. per day had an

TABLE 11.-EFFECT OF CONTINUOUS FEEDING WITH SODIUM ALGINATE ON SR89 AND CA48 UPTAKE

Diet containing 0.5 .sc. Sr89 or Ca. plus 0.24 g. sodium alginate as a jelly per gram chow.

Strontium-89 Calcium-46 Observed ratio

No. of With 24% Expt. With 24% Expt. with 24%
days Control .dginate control Control alginate control Control alginate

.s 21,185 (± 4,250) 6,660 (± 1,505) 31 65,454 (±23,396) 42,770 (± 8,946) 65
in 44,605 (±11,621) 10,297 (± 2,730) 23 145,350 (±27,238) 84,950 (±35,587) 58
.s 72,219 (±14,166) 15,073 (± 2,013) 21 308,227 (±52,389) 131,714 (±24,905) 43
.s 102,129 (±29,492) 20,804 (± 3,880) 20 462,504 (±63,043) 226,659 (±35,690) 49
.s 117,776 (±24,735) 20,078 (+ 3,081) 17 451,325 (±62,568) 239,045 (±64,683) 53

Each figure represents mean counts per minute (femur) and standard deviation of studies in 12 animals.

0.32
0.30
0.23
0.22
0.26

0.15
0.12
0.11
0.09
0.08
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TABLE 111.-EFFECT OF CONTINUOUS ADMINISTRATION OF SODIUM ALGINATE IN DRINKING WATER ON SR89 AND CA45 UPTAKE
The drinking water contained 0.01 . Sr89 or Ca45 with 7 mg. sodium alginate per ml.

Strontium-89 Cakium-45 Observed ratio

No. of Expt. Expt.
days Control* Experiment* control (7ontrol* Experiment* control Control Experiment

1 days 785 (±184) 750 (±212) 95 2,541 (±824) 2,216 (±172) 87 0.30
5 days 2,971 (±546) 2,191 (±366) 74 7,950 (±1,812) 8,010 (±2,903) 100 0.37
10 days 5,270 (±1,073) 4,031 (±651) 76 14,850 (±2,850) 13,433 (±1,888) 90 0.35
15 days 6,194 (±3,017) 4,586 (±1,622) 74 26,108 (±1,644) 27,230 (±4,800) 104 0.23
20 days 8,421 (±1,567) 4,307 (±1,293) 51 26,660 (±4,617) 27,980 (±6,654) 97 0.31

*Each figure represents mean counts per minute (femur) and standard deviation for studies in six animals.

0.33
0.27
0.30
0.16
0.16
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Sodium alginate appears to suffer from none of
these disadvantages. It is palatable in solution or
as a jelly; no untoward symptoms were observed
in rats fed continuously on high concentrations of
alginate for many weeks. It does not bind the
alkali metals, while at low dosages there is no re-
duction in calcium absorption. At very high
dosages, Ca45 deposition is reduced to some extent.
After 20 days, however, rats maintained on this diet
showed no clinical evidence of calcium deficiency;
growth rate was the same as in control groups on
standard chow.
Sodium alginate dissolved in water appears to

cause no gastrointestinal disturbances. In earlier
experiments in which dry alginate was mixed with
the diet, severe constipation developed. This may
be explained by the nature of alginate, which
swells considerably on mixing with water, forming
concretiQns in the stomach where acid tends to
harden the mass. Lumps of swollen alginate prob-
ably become the nucleus of hard fecal masses and
are the direct cause of constipation.

SUMMARY AND CONCLUSIONS

The results obtained in the foregoing experiments
indicate that, under laboratory conditions, sodium
alginate effectively reduces Sr89 uptake (by up to 83%)
following feeding of the binding agent mixed with
the diet. The fact that administration of sodium alginate
in a jelly form overcomes the problem of constipation
represents a significant finding with respect to the use
of the compound in human subjects. The alginate swells
considerably on wetting and at a concentration of 5 g.
% forms a stiff, pasty gel which can be mixed with the
food. Addition of sodium alginate to drinking water is
effective with low levels of Sr89 intake.

Increasing the amount of alginate in the diet caused
a progressive reduction of Sr89 in the femur. Long-term
experiments were also carried out in which two differ-
ent levels of radioactivity were given to determine the
pattern of Sr89 deposition with continuous intake of
the binding agent. A parallel series of experiments
using Ca45 was performed in order to detect calcium
deficiency. At very high dosage, Ca45 deposition is re-
duced to some extent, but no clinical evidence of
calcium deficiency was observed.

It may be possible to extend the use of naturally
occurring, water-soluble macromolecular substances to
bind other divalent cations or toxic products. The fact
that these polymers are not absorbed offers the possi-
bility of preventing intestinal absorption of undesirable
substances from food or drinking supplies, by simul-
taneous ingestion of binding agent; this field warrants
further investigation. The acidic polysaccharides de-
scribed in this work have several advantages compared
with synthetic ion-exchange resins, with respect to
palatability and the development of imbalances of
Na and K.

The technical assistance of Mr. Michael Farrell, Mr.
Serge Podymov and Miss Margaret Evans is gratefully
acknowledged.
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PAGES OUT OF THE PAST: FROM THE JOURNAL OF FIFTY YEARS AGO

THE BLACK HOLE OF CALCUTTA
The prisoners were gathered on the piazza and at night

were driven into a room about eighteen feet square and
twelve feet high, one hundred and forty-five men and
one woman, the soldiers could barely pack the last man
in. There were two iron-barred windows and they were
on the side away from the prevailing wind. Inside the
room was a platform about six feet wide and four feet
high. The men were placed in this room at eight o'clock
in the evening on a close sultry night, even for Bengal,
and when released at six o'clock next morning only twenty-
three had survived. Hoiwell was the first to enter and
went straight to one of the windows. Before nine o'clock
(one hour) the occupants were in a desperate state-
profuse perspiration and raging thirst. They removed their
clothes, this gave them relief for a moment, they waved
their hats thinking to produce a current of air, they tried
squatting down so that they would have more air above
and possibly more breathing space. During this experiment
many were so weak that they were unable to rise again
and were trampled to death or suffocated. During the
second hour the thirst became intense, respiration was
difficult and some became delirious. Holwell standing by
the window now began to feel the same symptoms of
thirst and difficult breathing and the atmosphere in the

room became charged with 'a strong urinous volatile effluvia'
and there was a constant cry for water. Water was con-
veyed into the room in hats forced through the bars of the
windows, but most of it was spilled owing to the crazed
state of the men, but even those who got a little found that
it did not help much. By eleven o'clock one-third of the
occupants of the room were dead. Holwell worked his way
from the window where he had been jammed by those
behind trying to get at the window for water, and crossing
over the dead to the other side of the room lay down on
the platform to die.

All this time the guards dared not waken the drunken
ruler and it was not until six o'clock the next morning
that they reported to him the desperate condition of affairs.
He then sent word to open the doors and search for
Holwell. After some difficulty (so great was the pressure
of bodies against the door) this was done and, after con-
siderable search, Holwell was found on the platform under
several bodies in an unconscious condition. When brought
before the ruler he could not speak so great was his ex-
haustion, though he tried to explain that they had no
treasure. Hoiwell mentions that the steam and stench from
both the dead and the living bodies was insufferable and
that about two a.m. he was sensible of no pain and only
a little uneasiness and fell into a stupor.-Medical So-
cieties, Canad. Med. A&s. 1., 4: 936, 1914.


