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Effect of Combined Use of Calcium Gluconate and Ammonium Chloride

on Removal of Sr®* in Man Two Weeks after Exposure.*

(26922)

HERTA SPENCER,! ARTHUR FELDSTEIN! AND JOSEPH SAMACHSON'
Division of Neoplastic Diseases, Montefiore Hospital, New York

Studies of the metabolism of radioactive
strontium in man(1,2) and of the enhance-
ment of its excretion have been previously re-
ported from this laboratory(3-5). An in-
crease of the urinary calcium excretion in-
duced by intravenously administered calcium
and/or orally administered ammonium chlor-
ide was shown to be accompanied by a con-
siderable increase of urinary radiostrontium
excretion(1,3,5). The possibility of induc-
ing an increase of radiostrontium excretion
by orally administered ammonium chloride
as late as 2 weeks after injection of the Sr®»
tracer has been demonstrated(3). This rela-
tively late removal is of interest since radio-
strontium is assumed to be mainly deposited
in tissues, including bone, at that time. Since
the combination of intravenously injected
calcium and orally administered ammonium
chloride was more effective than either agent
alone at the time of injection of the Sr®
tracer, in the so-called “early” phase of the
study, the effectiveness of this combined regi-
men 2 weeks after exposure was investigated.
These data are reported here.

Materials and methods. Six patients were
studied on a constant, analyzed, dietary in-
take under strictly controlled conditions on
the Metabolic Research Ward. Duration of
the studies ranged from 19 to 28 days. The
age, sex and diagnoses of the patients and
the studies performed are listed in Table I.

A single tracer dose of Sr® (0.1-0.2 uc/kg
body weight) was given intravenously on the
first day of the control and experimental
studies. Plasma levels of Sr** were deter-
mined at 1, 4, 8 and 24 hours following injec-
tion of the tracer, daily for 6 days thereafter
and 3 times per week for as long as significant

* This study was carried out under contract AT
(30-1)1763 with U. S. Atomic Energy Commission.

t Present address: Metabolic Section, Hines VA,
Hospital, Hines, Ill.

% Research Fellow, Damon Runyon Foundation,
1959-1961,

counts could be obtained with the equipment
available. The urinary output of the first
day of the study was collected in fractions,
for radioassays and calcium analyses, at time
intervals at which blood samples were ob-
tained. Thereafter, urinary Sr® and calcium
excretions were determined daily on aliquots
of 24-hour urine collections. Each stool spe-
cimen was assayed for Sr® during the entire
study. Starting on the 13th day following
intravenous injection of Sr®, 9 g ammonium
chloride were given orally per day on 5 con-
secutive days. Infusions of 500 ml of 5%
glucose in water containing 50 ml calcium
gluconate (469 mg Ca**) were given daily
for a 4-hour period on 3 successive days
(study days 15, 16 and 17) so that ammo-
nium chloride and infusions of calcium were
given simultaneously for 3 days.

The technic of administration of Sr% and
of assaying Sr®® plasma levels and urinary
and fecal excretions has been previously de-
scribed(2,3).

Metabolic balances of nitrogen, calcium
and phosphorus were determined on aliquots
of 6-day pools of urine and stool collections
and on aliquots of the diet during the con-
trol and experimental studies to ascertain
that the metabolic status of the patients re-
mained unchanged at the time the various
studies were performed. Nitrogen balances
were not determined during the period of am-
monium chloride administration.

The diet and excreta were analyzed for
nitrogen, calcium and phosphorus on aliquots
of each 6-day metabolic pool. Analyses of
urinary and fecal nitrogen were performed
by the Kjeldahl method, of phosphorus by
the method of Fiske and SubbaRow(6) and
of urinary calcium by the method of Shohl
and Pedley(7). Stool calcium and phos-
phorus were determined on ashed aliquots of
6-day collection pools.

Results. Fig. 1 illustrates the comparative
effect of intravenously administered calcium
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TABLE I. List of Patients Studied.

Patient Age Sex Diagnosis Studies performed*
1 71 3 Mild osteoarthritis Intrav. calcium
2 52 Q Carcinoma of breast ” ”
3 63 Q Osteoporosis ” ”
” ” and oral ammonium chloride
4 77 ) ” Intrav. caleium
: ” ”  and oral ammonium chloride
5 73 3 Carcinoma of prostate Intrav. caleium
” ”  and oral ammonium chloride
6 70 Q Osteoporosis Intrav. ealeium

” and oral ammonium chloride

* A tracer dose of Sr® was given intrav. on first day of each study. Intrav. calecium was
given for 3 days, starting on study day 15. In studies in which the combination of intrav. cal-
cium and oral ammonium chloride was used, 9 g NH,Cl were given orally per day for 5 days

starting on study day 13.

and of orally administered ammonium chlor-
ide on urinary Sr®® excretion at the time of
Sr® injection. Calcium and ammonium
chloride were given singly and in combination
in different studies to Patient 1. Urinary
Sr® excretion was lowest during low calcium
intake. The enhancement of urinary Sr®
excretion obtained with intravenously infused
calcium or orally administered ammonium
chloride was of similar magnitude. A combi-
nation of both agents resulted in the greatest
increase in Sr% excretion. For comparative
purposes, the effect of high calcium intake
alone and that of ammonium chloride during
high calcium intake on Sr®® excretion are also
graphed in Fig. 1. During high calcium in-
take, urinary Sr® excretion was almost as
high as during the oral administration of am-
monium chloride during low calcium intake.
Ammonium chloride, given orally during high
calcium intake, resulted in a 10-day cumula-
tive urinary Sr® excretion of similar magni-
tude to that obtained by the combined use
of intravenously administered calcium and
orally administered ammonium chloride dur-
ing low calcium intake.

Fig. 2 shows the effect of infusions of cal-
cium gluconate on urinary Sr®® excretion on
the 15th, 16th and 17th day following injec-
tion of Sr3 in 2 patients who were in differ-
ent states of calcium metabolism. In Patient
1, each calcium infusion considerably- in-
creased Sr® excretion. In contrast, the uri-
nary excretion of Sr® of Patient 2 showed ir-

regular fluctuations on the days of calcium
infusion and only a slight, if any, increase oc-
curred. Before calcium gluconate was in-
fused, the urinary Sr% excretion of Patient 2
was approximately 3 times and urinary cal-
cium excretion approximately 10 times as
high as that of Patient 1. The calciuria of
both patients increased on the 3 days of cal-
cium infusion and returned to approximate
pre-infusion levels on subsequent days.

Fig. 3 shows the comparative effectiveness
of intravenously injected calcium and of
orally administered ammonium chloride 2
weeks after injection of the Sr% tracer (Pa-
tient 1). The prompt rise of urinary Sr%°
excretion observed when calcium was infused
contrasts with the gradual increase of uri-
nary Sr% excretion when ammonium chloride
was given orally for several days. Increased
Sr# excretion persisted for 2 to 3 days after
discontinuation of ammonium chloride. The
S-day cumulative urinary Sr%5 excretion
(days 15-19) was higher when ammonium
chloride was given than following calcium
gluconate infusions. The changes in uri-
nary calcium in both studies are shown in the
lower half of this graph.

Fig. 4 presents the results obtained with
combined use of intravenously infused cal-
cium and orally administered ammonium
chloride 2 weeks after injection of the Sr®
tracer (Patient 3). A distinct increase in
urinary Sr® excretion occurred when calcium
gluconate was infused on study days 15, 16
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FIG. 1-6,
and 17 (solid line) and urinary Sr®> excretion administered.

was further increased when ammonium chlor-
ide was given simultaneously (dotted line).
Before calcium and ammonium chloride were
administered, 65.6% of the originally admin-
istered dose of Sr®® had been excreted. Sr®
excretion is therefore expressed in per cent
of the administered dose remaining in the
body at the time the enhancing agents were

Fig. 5 shows a distinct rise of urinary Sr8°
excretion when ammonium chloride was given
orally and calcium gluconate intravenously
to Patient 6. This graph also shows that the
elevation of the urinary Sr® excretion per-
sisted for 2-3 days after discontinuation of
ammonium chloride.

The contrasting effects obtained in Patient
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TABLE II. Effect of Oral NH,Cl and of Intravenous Calecium on Sr*® Excretion in Man
(Late Phase).

Sr¥, 9% dose remaining  Urinary Sr® excretion, days 15-20,

Factor of increase

on day 14 % of dose remaining (study phase)
Ca glue. Ca glue.
Patient Control1 Control 2 Control  Caglue. + NH,CI Ca glue. + NH,.l

1 61.6 —_ 1.6 7.0 — 4.4 —_
2 23.9 — 7.1 7.5 — none —_
3 34.4 31.7 9.3 14.2 21.1 1.4 2.3
4 41.3 44.6 5.8 11.9 15.0 2.1 2.6
5 90.4 92.3* .6,1.0* .8 4.0% none 4.0
6 55.4 54.3 5.7 7.5 16.5 1.3 2.9

* Days 8-12 inclusive,

Control 1 —= prior to infusion of ealeium gluconate.
Control 2 = prior to combined administration of oral NH,C] and of intrav. caleium.

5 with calcium infusions and with the combi-
nation of intravenously infused calcium and
orally administered ammonium chloride are
illustrated in Fig. 6. The urinary Sr% and
calcium excretions were extremely low in this
patient before either agent was given. When
calcium gluconate was infused on study days
15, 16 and 17, there was only a very slight
and irregular increase of urinary Sr3® excre-
tion. However, the combined use of intra-
venous calcium and oral ammonium chloride
led to an approximate 3.5-fold increase of
urinary Sr% excretion, which was accompan-
ied by an approximate 6-fold increase of uri-
nary calcium.

Table II shows that the combined use of
intravenously injected calcium and orally ad-
ministered ammonium chloride was more ef-
fective in increasing Sr® excretion than in-
fusions of calcium alone. This is best illus-
trated by the data of Patient 3. There was
little, if any, increase in Sr8 excretion on the
days of the calcium infusions but the use of
intravenous calcium together with oral am-
monium chloride increased urinary Sr®® ex-
cretion approximately 4-fold.

Discussion. Very few agents are available
for the effective removal of radiostrontium.
Changing the calcium/phosphorus ratio of
the diet, for instance, either by increasing cal-
cium intake or by drastically decreasing diet-
ary phosphorus, has been shown to reduce the
skeletal radiostrontium content in experi-
mental animals(8,9). However, this severe
reduction of phosphorus intake led to osteo-
malacia. Also, this procedure is impractical
in man, since severe restriction of phosphorus

intake can only be achieved by simultaneous
reduction of dietary protein intake. The ef-
fect of increased calcium intake has been
studied in man and was found to be of limited
value in decreasing the absorption of Sr® and
increasing its excretion(10,11). Chelating
agents are only of limited value in the re-
moval of radiostrontium because of the
higher stability constants for calcium than
for strontium(12). The use of sodium salts
of chelating agents may, in fact, lead to a
decrease in radiostrontium excretion(13).
Extensive studies of the removal of radio-
strontium from man have been carried out in
this laboratory in the past few years. The
increase in excretion obtained with ammo-
nium chloride is in agreement with some of
the data reported by Hamilton on removal
of radiostrontium from rats(14). The abso-
lute amounts of radiostrontium removed from
man by ammeonium chloride 2 weeks after ex-
posure were small but one has to consider
that as much as 50% or more of the adminis-
tered dose had been excreted by the time the
enhancing agents were administered. It is
not clear whether the increased radiostron-
tium excretion in the “late” phase is due to
removal of radiostrontium from bone or from
soft tissue. It is usually assumed that the
major fraction of the retained radiostrontium
is deposited in bone in 2 weeks, so that a neg-
ligible fraction of the administered dose
would be present in soft tissue at that time.
Jaffe et al. have shown that demineralization
of the skeleton can be induced in dogs by the
use of ammonium chloride(15). The in-
crease in urinary calcium during administra-
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tion of ammonium chloride in the studies re-
ported here indicates that calcium was re-
moved from bone due to acidosis and Sr35
may, therefore, also have been concomitantly
removed from the skeleton. However, the in-
duced excess of Sr% excretion in man may
be in part due to the removal of Sr® from soft
tissue rather than from bone, since tissue dis-
tribution studies carried out in man with
tracer doses of Sr® and Ca** have shown that
the soft tissue concentration of Sr%% was
higher than expected several weeks after in-
jection of the tracer(16).

The studies reported here indicate that the
use of ammonium chloride together with in-
travenously administered calcium is more ef-
fective than the use of either agent alone 2
weeks after injection of the tracer. The cal-
cium metabolism of the individual and the
percentage of radiostrontium retained in the
body at the time of the use of the enhancing
agents are decisive factors in increasing Sr®”
excretion. This is well-illustrated by the
contrasting effect obtained with infused cal-
cium in Patients 1 and 2. Although increased
calciuria was observed in both patients, the
urinary Sr% excretion did not increase in Pa-
tient 2 who had both a very high urinary cal-
cium excretion and a high Sr® excretion prior
to the calcium infusion. The small percent-
age of the dose of Sr3% which remained in the
body at that time may have been inaccessible
for removal. In studies in which other agents
were used, the increase of Sr®® excretion was
minimal in persons who had a high urinary
calcium and therefore, frequently, also a high
urinary radiostrontium excretion(4,5). Simi-
larly, the state of calcium metabolism also
played an important role in the failure to in-
crease Sr® excretion by intravenously admin-
istered calcium in Patient 5, who had osteo-
blastic bone metastases and a great tendency
to retain calcium, However, the simultane-
ous use of orally administered ammonium
chloride apparently led to active deminerali-
zation and to a relatively high excretion of
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calcium which was accompanied by increased
radiostrontium excretion.

Summary. 1. Studies of the removal of
radiostrontium (Sr®%) from man have been
carried out under controlled dietary condi-
tions with the combination of orally adminis-
tered ammonium chloride and intravenously
infused calcium. 2. Each agent alone in-
creased Sr¥ excretion 2 weeks after adminis-
tration of the tracer. 3. The use of both
agents in combination was more effective in
removal of radiostrontium than either agent
alone. 4. The effectiveness of either modal-
ity of treatment greatly depended on the
calcium metabolism of the individual.
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