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siderably higher than to histamine. The re- 
lation between maximal response to gastrin 
and to histamine thus varies both with species 
and type of gastric preparation studied. The 
large discrepancies between maximal response 
to gastrin and to histamine in some of these 
test objects are difficult to reconcile with the 
hypothesis that histamine is the final com- 
mon mediator for stimulation of gastric secre- 
tion (6). 

Both basal and histamine-stimulated secre- 
tion were higher in the present study than in 
that reported by Lane et aZ.(2), probably be- 
cause of the higher body weights of our rats. 
The mean basal rate was 1401 peq per hour in 
the present study and 58 peq per hour in the 
study of Lane et a,?. Similarly, the output of 
acid during the first hour after subcutaneous 
injection of 2 mg histamine phosphate was 
221 peg per hour in the present study and 187 
peq per hour in the study of Lane et a,?. The 
higher secretory rate in the present study 
could be accounted for almost entirely by 
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higher volume rates. The concentration of 
acid was not significantly different from that 
reported by Lane et aZ. 

Summary. Gastrin prepared from the 
stomach of hogs stimulated secretion of acid 
when injected subcutaneously into rats with 
gastric fistulas. The highest rate of secretion 
attained with gastrin was more than double 
the maximal rate in response to histamine. 
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Radioactive strontium produced by tests of 
nuclear weapons reaches the human popula- 
tion primarily by contamination of the diet. 
The level of long-lived strontium 90 to be at- 
tained in the population depends mainly on 
2 factors: the strontium 90 to calcium ratio 
of the total diet, and the comparative reten- 
tion of the two substances in the body. 

The differential behavior of strontium and 
calcium in biological systems has been ex- 
pressed quantitatively by Comar et aZ. (1) as 
the Observed Ratio (OR) : 

- Sr/Ca of sample 
ORsainple / precursor - 

Sr/Ca of precursor 
O R h , , d Y / d i r t  values for adults of most mam- 

malian species including man have been de- 
termined by a variety of experimental meth- 

ods to range from 0.2 to 0.5 with most values 
falling near 0.25 ( 2 ) .  For example, extensive 
analyses of human bones and diets for stable 
strontium and calcium have given an average 
population value of ORbody/ diet = 0.25 in the 
United Kingdom(3); Spencer et aZ.(4) in 
studies with 16 adult cancer patients using 
radiostrontium and radiocalcium as double 
tracers found a mean ORbody/diet of 0.29. 
Thus, there is consistently in adults about a 
4-fold discrimination against strontium in fa- 
vor of calcium in the passage of these 2 ele- 
ments from the diet to bone. 

Early studies of factors that might affect 
the differential behavior of strontium and cal- 
cium indicated that substances which in- 
creased gastrointestinal absorption of alkaline 
earths tended to decrease the discrimination 
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against strontium, that is, to raise the OR 
value( 5 ) .  I t  was therefore anticipated that 
discrimination might be low in very young 
individuals, who have a high absorptive ef- 
ficiency. This was confirmed by Comar st al. 
(6) in experiments with very young rats. 
Bryant and Loutit(7) also concluded from 
survey studies that the OR,,,,,1y 1 dipt  in 1-year- 
old children was about 0.5 in contrast to an 
OR value of 0.25 for the adult. A few scat- 
tered observations( 2 )  have suggested that the 
discrimination approaches the adult value by 
the time the child reaches a few years of age. 
There are, however, no data for very young 
in fan ts. 

Thus, in order to permit more accurate as- 
sessment and prediction of bone levels and 
radiation dosages it seemed important to ob- 
tain direct information on retention of dietary 
strontium 90 ( S P )  in very young healthy in- 
fants on a normal diet. In the present study, 
estimates were made of retention during a 
1 5-day period of dietary Sr”, stable stron- 
tium (Sr),  calcium and phosphorus in 14 
infants of about 34 days of age. 

Materials and methods.  General. Data 
were obtained on 14 healthy children (8 fe- 
males and 6 males) of ages from 2 5  to 46 
days (average, 34 days) at  the beginning of 
the 1 5-day observational period. From birth 
to start of the observational period, the chil- 
dren were fed only a formula of tap water and 
a commercial cow’s milk preparation* here- 
after designated as powder. During the ob- 
servational period all children received for- 
mula prepared from distilled water and a sin- 
gle production batch of powder. The first ex- 
perimental feeding was started on Dec. 28, 
1960 and the last was completed on March 9, 
1961. Total intake and excretion of strontium 
90, stable strontium, calcium and phosphorus 
were measured over a 15-day period for each 
child. 

The amount of powder ingested was deter- 
mined by measurement of the weight of for- 
mula of known powder content consumed at  
each feeding. Correction was made for for- 
mula lost by spillage or regurgitation by col- 

* Similac, purchased from Ross Laboratories, Co- 
lumbus, Ohio. 

lection on previously weighed sterile towels. 
Intake of the strontium 90, stable strontium, 
calcium and phosphorus was determined from 
the amount of powder ingested and the per- 
centage of each element found on analysis of 
an aliquot of the powder. 

Excretion values were determined by dif- 
ference from analyses of diapers plus excreta 
and diapers alone, Total urine and feces were 
collected on paper diapers over which water- 
proof pants were worn. At diaper changes, 
the children were cleaned carefully with moist, 
clean paper diapers which were added to the 
soiled diapers as part of the collection; also 
the pants were washed carefully with distilled 
water and wiped dry with clean portions of 
the diapers. Diapers plus excreta for each 
child were pooled for the 15-day period. The 
diapers in the collection were counted prior 
to ashing so that the appropriate correction 
could be made for their contribution to 
amounts of the 4 components of interest 
found in the collected samples of excreta plus 
diapers. The content per used diaper of stron- 
tium 90, stable strontium, calcium and phos- 
phorus was determined by analyzing an ali- 
quot of the ash obtained from 576 diapers ran- 
domly selected from the one production batch 
used in the experiment. 

Treatment  of samples and analytical pro- 
cedures. The diapers plus excreta were dried 
and then ignited in stainless steel trays in a 
muffle furnace at  500°C until a white ash was 
obtained. The ash was fused with sodium 
carbonate. The powdered milk preparation 
was ashed in a similar manner. The HC1 so- 
lution of the fused ash from both the pow- 
dered milk and the diapers with excreta were 
analyzed for strontium 90 and calcium by 
methods described by Harley and Whitney 
(8 ) .  Phosphorus was determined on the 
HNO:, solution of the ash by precipitation 
with ammonium phosphomolybdate in an 
adaptation of an ASTM method(9). Stable 
strontium was estimated on the ash by neu- 
tron activation. 

Results. Weight gains over the 15-day ob- 
servational period were normal, ranging from 
269 to 627 g with a mean of 450 g per infant. 
Average intake per infant over the 15-day ob- 
servational period was 1.6 kg of the commer- 
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TABLE 1. Composition of Commercial cow’s Milk pers alone), the analytical error in the esti- 
mate of excreted materials was greater than 

Dry wt basis Ash basis Ratios in that of the intake. Similarly, the error in 
- - the calculated retention was greater than in 

Table I1 presents the measured values of 
intake and percentage excretion of SrW, Sr, 

Preparation. 

4.09 
.043 1.05 - either in take or excretion. 

Ash (%) 
SreO (wc /g)  

.00029 .0071 Sr (%> 

.61 14.9 Ca (%> 
P (%) .38 9.4 

- 
- 
- 
7 

14::7 

Ca and P by the individual infants over the 
15-day observational period as well as the Sr- 

- - 1.58 Ca Observed Ratio. As expected, the variabil- 

srk/Ca (ppc/g) - - 
SrBO/Sr (wc/mg) - 
Sr/Ca (mg/g) 
Ca/P 

- 
- - 

ity was lowest for the intake values, with 
cia1 preparation (powder) and 11.2 1 of dis- standard deviation averaging about 16%; 
tilled water. Table I presents data on the next for the excretions, with stable strontium 
composition of the batch of commercial cow’s having the highest standard deviation of 
milk preparation used during the observa- about 40%; and greatest for the retentions, 
tional period. with the stable strontium having a standard 

The tap water used for preparation of the deviation of 100%. Statistical analysis in- 
formula fed from birth to the start of obser- dicated no differences observable due to sex 
vational period was found after completion or age of the infant. 
of the study to contain 28 mg/l of calcium The average retentions were 18.6 ppc and 
and 0.18 mg/l of stable strontium. The for- 27.6% for SrgO; -3.2 mg and -71.2% for Sr; 
mula used during the pre-observational pe- 3.0 g and 31.4% for Ca; 1.8 g and 29.9% for 
riod therefore contained about 0.67 mg of Sr P. The ORbody diet values were calculated as 
per gram of Ca as contrasted to a value of 
0.47 for the formula made with distilled to give an average of 0.92 
water. 

% Sr90retained 
% Ca retained 

Analytical uncertainties were estimated to * 0 ~ ~ 7 -  
be t S %  in assays of strontium 90, stable In this study advantage was 
strontium, and calcium, and 2 1 0 %  in phos- taken of the presence of measurable amounts 
phorus determinations. Since excretion of of strontium 90 and stable strontium in the 
the 4 constituents of interest was determined normal infant diet. Theoretically, the Sr90 to 
by difference (diapers with excreta less dia- calcium relationships should be identical with 

Discussion. 

TABLE 11. Intake and Percentage Retention of Strontium 90, Stable Strontium, Calcium, and Phos- 
phorus, and Srm-Ca Observed Ratios in 14 Infants During a 15-aay Observational Period. 

Srm Sr Ca P 

Sex at start  (ppc)  (%) (mg) (%> (g) (%I (g) (%) OR*body/ d i e t  

Age (a)  Intake Retention Intake Retention Intake Retention Intake Retention 

64.9 27.4 ’ :: 78.5 18.6 i 40 77.0 29.5 
2 38 66.0 19.7 
8 32 67.9 35.3 
8 37 78.7 22.6 

62.1 38.0 il 62.4 25.0 
67.5 38.5 i! 63.5 21.9 

33 64.9 22.3 
8 3 1  76.3 14.5 
8 28 63.3 38.2 
8 29 62.0 35.5 

Mean 68.2 27.6 
(Std. Dev.) (26.4) (e8.2) 

4.4 
5.3 
5.2 
4.5 
4.6 
5.3 
4.2 
4.2 
4.6 
4.3 
4.4 
5.2 
4.3 
4.2 

4.6 
(k.43) 

- 63.7 
- 60.4 

63.5 
13.3 
19.6 

-100.0 
-109.5 
-145.2 - 56.5 
- 81.4 
-120.4 
-186.5 
- 79.1 
- 90.5 

- 71.2 
(257.9) 

9.2 20.6 5.8 27.6 
17.1 12.6 7.0 21.4 
10.9 37.6 6.9 34.8 
9.4 26.6 5.9 27.1 
9.6 34.4 6.1 29.5 

11.2 19.6 7.0 32.8 
8.8 35.2 5.6 28.6 
8.9 32.6 5.6 32.1 
9.6 37.5 6.0 26.7 
9.0 35.6 5.7 38.6 

10.8 26.8 6.8 25.0 
9.0 48.9 5.7 33.3 
8.8 40.9 5.5 32.,7 
9.7 31.4 6.1 29.9 

(k.91) (29.5) (k.56) (k4.3) 

9.2 30.4 5.8 28.6 

1.33 
I .48 
.78 
.74 

1.03 
1.15 
1.08 

.77 
1.03 

.62 

.73 

.54 

.78 

.87 

.92 
(k.27) 

* Calciilated as % Srm retention divided by 70 Ca retention. 
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those of stable strontium to calcium when 
measurements are made under appropriate 
conditions. The loss of stable strontium from 
the body as contrasted to the net retention of 
Srm is accounted for in large measure if not 
completely by the change from a given level 
of dietary Sr/Ca to a lower value at  the start 
of the observational period; this was brought 
about by the change from tap water to dis- 
tilled water. These findings demonstrate the 
desirability in this type of study of attaining 
as near the steady-state condition as possible, 
and also emphasize the problems raised by ad- 
ventitious sources of stable strontium. It is 
noted that in contrast the ratio of Srgo/Ca 
was essentially constant from birth through 
the observational period, having been unaf- 
fected by the change from tap to distilled 
water. 

Widdowson et aZ.( 10) have recently re- 
ported negative stable strontium balances in 
infants of a few days of age fed on breast 
milk, and proposed that this was caused by 
the low level of phosphorus intake; they sug- 
gested that under these conditions SrQ0 also 
would not be retained. The data reported here 
are not comparable and cannot serve to sup- 
port or deny the findings of Widdowson and 
colleagues. However, it does appear that cau- 
tion is required in predictions about Srm from 
stable strontium behavior in studies of this 
nature, 

To determine a meaningful OR value it is 
especially important that the strontium to 
calcium ratios as measured truly represent the 
ratio as actually available to the organism and 
as actually derived from a single measured 
precursor (6). The ideal method would have 
been to use a double tracer technic since then 
there could have been no interference by con- 
tributions of strontium and calcium from two 
precursors, namely the diet and the pre-exist- 
ing bone of the infant. But of course this is 
not permissible in work with human infants. 
I t  was considered, however, that because of 
rapid bone turnover at  this age( 7 )  the skele- 
tons of the infants would have approached 
equilibrium with the diet of constant Ergo to 
calcium that was fed from birth to the end of 
the observational period at about 50 days. 
With this assumption, the Srgo/Ca values ex- 

F I G .  1. Typical material balance f o r  SrW and Ca 
in growth of infant between birth and 50 days of 

age. 

pressed as ratios of percentages retained 
should reflect the Observed Ratio. 

To  permit visualization of the “material 
balance” of Srw, and Ca, Fig. 1 presents a 
simplified model based on average values. 
Such an analysis can be used to see whether 
the values obtained are within reasonable ex- 
pectations as judged by independent data. 

Diets consumed during pregnancy by the 
mothers of these children were not available 
for analysis. However, from numerous sur- 
veys ( 11) it can be deduced with reasonable 
confidence that the adult diet in the Detroit 
area in early 1961 must have contained about 
8 ppc SrgO per gram of Ca. According to 
Mitchell ( 12) a newborn child will contain 
about 28 g of calcium. From typical values 

0.5 it can be calculated that the newborn in- 
fant should have contained about 28 ppc of 
SrM. This is quite reasonable since the SrgO/ 
Ca value of 1 is in good agreement with actual 
measurements of fetuses a t  this date( 13). 

As determined by analysis (Table I )  the 
infant diet contained SrgbJCa = 7 ppc/g. 
Table I1 presents data on actual amounts of 
these substances retained or lost over the 15- 
day balance period and these values are used 
to calculate the gain or loss over the SO-day 
period of the infant’s life. It is therefore es- 
timated as shown in Fig. 1 that the infants 
added about 62 ppc of SrgO and 10 g of cal- 
cium to their body stores in the first 50 days 
of life. No large error is likely to be intro- 
duced by assuming a constant behavior dur- 
ing the SO days since the results of Widdow- 

of the ORhodg / diet = 0.2 5 and ORfetus / body 
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son et a2.( 10) indicate a similar calcium re- 
tention in children of about 6 days of age; 
also a body content of 38 g of calcium at  50 
days is consistent with results of Mitchell 
( 12). The calculated Sr”/Ca value of 2.4 is 
also in agreement with general survey data 
on individuals of this age group and date. 

For purposes of discussion the average 
ORbody/ diet Of 0.92 has been calculated as 
the ratio of the percentage retentions of SrgO 
and Ca. This value is an overestimate and 
thus if used to predict bone levels would pro- 
vide an error on the safe side. It is not pos- 
sible, however, to judge the magnitude of the 
error because this depends upon the degree of 
equilibrium attained. Theory and experiment 
predict the ORbody/ diet for young infants to 
fall between 0.5 and 1. For instance, the OR 
value for the young infant is expected to be 
greater than 0.5 as deduced by Bryant and 
Loutit (7) for 1-year-olds, because of the 
greater absorptive efficiency of the very young 
which seems to decrease the discrimination 
against strontium. On the other hand, numer- 
ous experiments have shown that strontium 
should be less efficiently utilized than cal- 
cium, since strontium is less readily trans- 
ported across biologically active membranes ; 
for this reason the ORbody diet should be less 
than 1. 

Whether or not the ORbody/diet Value of 
0.92 is accurate in the sense of the original 
definition it is clear that this value is the one 
of practical importance in that it does specify 
the relative addition of dietary SrS0 and Ca 
to the body of the young infant. Thus in de- 
ducing Srw/Ca ratios or SrsO concentrations 
in bone of young infants from dietary intake, 
it is recommended that a value of 0.9 be used 
instead of the usual 0.25 that has been estab- 
lished for adults. It is not possible to deter- 
mine unequivocally from this study whether 
the Srgo/Ca of the new bone of the infant will 
be 0.9 that of the Srw/Ca of the diet or 
whether there will be significant dilution with 
the alkaline earths released by bone turnover. 

Three illustrative situations can be calcu- 
lated for the 5Gday-old infant as follows 
(Fig. 1) : If there were no bone turnover or 
equilibration, then the original bone contain- 
ing 28 g of calcium would have a Srgo/Ca ra- 

tio of 1 ppc/g; and the new bone with its 10 
g of calcium would have a ratio of 6.2; that 
is, in the 50-day-old infant about 75% of the 
bone would have a Srso/Ca ratio of 1 ppc/g 
and 25% of the bone would have a ratio of 
6.2. At the other extreme, if there were com- 
plete bone turnover or equilibration, then all 
the bone would have a ratio of 2.4 ppc/g. If 
one assumes a reported turnover rate of about 
100% in the first year( 7) then about 60% of 
the bone would have a ratio of 1 ppc/g and 
4076, a ratio of about 4.7 ppc/g. 

It is beyond the scope of this paper to con- 
sider matters of radiation damage; however, 
a general statement relative to these findings 
can be made. If harm to the individual from 
radiostrontium deposited in bones is depen- 
dent upon the long-term dosage, then the lack 
of discrimination in very early life may not 
be important. This is because bone turnover 
is very rapid, and the bone will soon reach a 
SrsO level that is determined by the character- 
istic discrimination and dietary levels in the 
later years of childhood and following. On 
the other hand, if harm is related to an ini- 
tial concentration during the first days and 
weeks of life, then the lower discrimination 
during this period may be of significance. 

Summary. Fifteen-day balance trials were 
done with 14 healthy infants of about 34 days 
of age for Sr”, stable strontium, calcium and 
phosphorus. Average retentions were: 28% 
Srgo; -71% Sr; 31% Ca; 30% P. The loss 
of stable strontium from the body as com- 
pared to the retention of the other substances 
most probably is accounted for by the de- 
creased intake of stable strontium that oc- 
curred a t  the start of the observational feed- 
ing period. Dietary SrsO and calcium were 
added to the bodies of the infants in a ratio 
that was about 0.9 of the SrW to calcium ra- 
tio existing in the diet. This corresponds ap- 
proximately to an ORbody/diet of 0.9 which 
contrasts with the accepted value of 0.25 for 
adults and indicates a lesser capability of the 
very young to discriminate against strontium 
in favor of calcium. 
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Effect of Diet and Sex on Kidney Transamidinase Activity in the Rat." 
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Transamidinase, which catalyzes the syn- 
thesis of glycocyamine, is the first enzyme in 
the biosynthetic pathway leading to creatine 
( 1 ) .  In the rat it occurs in highest concen- 
tration in the kidney, but as much as 20% of 
the glycocyamine required by the animal may 
come from other tissues( 2 ) .  The importance 
of this enzyme in control of creatine synthe- 
sis is suggested by an increase in creatine syn- 
thesis following administration of glycocya- 
mine( 3 ) .  This implies that availability of 
glycocyamine normally limits rate of creatine 
synthesis. 

Various experimental conditions alter kid- 
ney transamidinase activity (4- 10). Notably 
creatine feeding depresses the in vitro trans- 
amidinase activity of normal animals (4-9). 
Neither the explanation for this effect of crea- 
tine nor its significance in physiological con- 
trol of transamidinase activity are known. 

* Su,pported by research grant from Nat. Inst. 
Health, U. S. Public Health Service. 

Further insight into the mechanisms control- 
ling transamidinase activity might be gained 
by determining the causes of its variability in 
normal animals. This variability may be 
quite large, For instance, results from several 
separate experiments indicate that the in vitro 
transamidinase activities of female rats re- 
ceiving a purified diet(4) and of chow-fed 
male rats(8) are approximately 50% of the 
activity of male rats receiving a purified diet 
( 9 )  f 

This report concerns controlled experi- 
ments which demonstrate the differences in 
kidney transamidinase activity due to diet and 
sex. Evidence that these differences are not 
secondary to an effect of creatine is also pre- 
sented. 

Methods. Weanling Sprague-Dawley rats 
of both sexes were used in these experiments. 
The male rats were divided into 5 groups: the 
first group was supplied with a complete puri- 
fied diet(4), the second group received the 




