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In the cburse of &dies on the effect {f phytate; 
on calcium uptake in man (1) i t  became hecessarf 
to determine the extent to which endogenous cal-. 
UUin in the feces might contribute to the calcium 
balance. Although this point has been studied 
by several investigators (2-5) , there is consider- 
able disagreement on the significance of the fecal 
route for calcium excretion in man. Thus Malm 
(6) has observed that different individuals may 
exhibit pronounced variations in the .fecal cal- 
cium excretion and has suggested that extended 
observations be made on each proposed test sub- 
ject. Since this approach is not practical in many 
cases, it seemed desirable to establish the signifi- 
cance of the endogenous calcium output in the 
feces under our experimental  condition^.^ 

The method chosen for investigation was to in- 
ject radiocalcium (Ca45) intravenously and to de- 
termine its concentration in the serum, urine and 
feces during several days. Such studies have been 

* A  portion of this paper was presented a t  the XIX 
Physiological Congress, Montreal, Canada, August 31- 
September 4, 1953. This article is based in part on a 
dissertation presented by one of us (FB) in partial ful- 
fillment of the requirements for the degree of Doctor 
of Philosophy in the Department of Food Technology, 
Massachusetts Institute of Technology (1952). 

ZThis investigation w a s  supported by grants of the 
Quaker Oats Company, The National Institutes of Health 
( N I H  Contract A 4 1  and A-81[C]) and the Atomic 
Energy Commission (AEC Contract AT[30-1]952). 

*Contribution No. 206 from the Department of Food 
Technology, Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts. 

4 Quaker Oats Fellow, 1950-1951, Present address : 
The Rockefeller Institute for Medical Research, 66th 
Street and York Ave., New York 21, N. Y. 

5When Dr. F. X. Aylward was a guest of the Mas- 
sachusetts Institute of Technology, his friendly interest 
in our studies provided some of the original stimulus for 
establishing this point. 
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carried out in animals (7-lo), but.few such dati 

,:. , 
are av'ailable for. man (ll,-13). ". 

.tr7 *. . .. . . .. i .  . .e*. 
MATERIAL, DESIGN AND Md-HODS 

Subjects. Nine adolescent boys, institutionalized foi 
mental inadequacy, but otherwise normalp served in t h t  
first study (Experiments A and B). In a later ucperi- 
ment (Experiment C), one individual (No. 57) was se- 
lected for intensive study. H e  was a spastic, but neithu 
clinical nor laboratory examinations revealed any ab- 
normalities in his mineral metabolism. The boys ranged 
in age from 10.9 to 15.7 years, with mean and median 
ages of 12.6 years. Their baght ranged from 124 to 
160 an. with mean and median heights of 142 cm. Their I 

weight ranged from 29.8 to 44.5 kgm., with a mean weight 
of 35.6 kgm., and a m e d i i  weight of 36.0 kgm. The 
mental age of the boys averaged 7 2  years, (median: 
7 2  years) and ranged from 5.8 to 9 2  years. 

The young male adult in Experiment C was 21 years 
old, weighed 51.4 kgm. and had a mental age of 10.0 
years. 

Design. The subjects (Experiments A and B) were 
divided into two groups. One group (I.V.) was given 
the Ca" intravenously, while the other group (P.O.) re- 
ceived Ca" by mouth. One month later, the P.O. group 
received the intravenous injection, while the I.V. group 
received the isotope orally.' This was done to minimize 
the effect of periodic or seasonal variations (6, 14) and 
to use each individual as his own control. Preliminary 
tests had shown that one month after the administration 
of 0 . 7 ~  Ca", the level of Ca" in the blood and in the 
excreta was no longer measurable. Two years later 
(Experiment C), one individual was studied intensively 

'All of the subjects were under medical a r e  and ob- 
servation during their usually indefinite institutionaliza- 
tion. They were selected on the basis of clinical m i -  
nation. Roentgenographs of the chest, knees, hands, 
skull and spine of six clubjects (Nos. IO, 11, 13, 14, 15, 16) 
were mluated by an ucperienced roentgenologist, who 
concluded that they did not deviate from the normal 
range with respect to calcification. 

'The resulb on the study with ingested Cay will he 
presented elsewhere. 

' 
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phorus contents' of the brkkfasts were, respectively, 329 
and 370 mgm.'m Experiment A, 25'4 and 295 nigm. in 
Expe$iment B , i u ~ d  295 an$ 303 mgm. in Experiment C. 

RadiocalciumP The Ca" was diluted in 0.85 per cent 
sodium ch1oride;solution in a rubber-capped vial which 
was sierilized by autoclaving at M psi. for 20 min. 
Three milliliters 'of the solution were withdrawn from 
the vial into sterile 5 ml. glass syringes and injected 
into the antecubital vein of the subject approximately 30 
minutes following the test breakfast. The dose given 
was 0.70 microcuries (152 X 10' counts/minute) in Ex- 
periment A, 0.74 microcuries (159 X 10' c/m) in Experi- 
ment B, and 2.02 microcuries (583 X 10' c/m) in Experi- 
ment C. 

The accuracy of the dose measured in this way was 
tested by "injecting" a dose into a volumetric flask with 
the aid of a syringe and measuring the radioactiviw of 
a suitably diluted aliquot. The quantity of G'' dis- 
pensed was found to be identical (within five per c a t )  
to that calculated. 

Serum and specimen collectionr 

1. Serum. T o  reduce the number of venipunctures 
to a minimum, schedules of staggered collections of SC- 

rum on the first day were worked out for the individuafs 
in Experiments A and B. Thereafter, the sera were col- 
lected once daily for four days. 

The serum samples in Experiment C were obtained 
nine times on day 1, once daily for four more days, then 
once weekly, and finally once monthly. 

Twenty-four-hour specimens of 
urine and feces were collected in glass jars daily for five 
days in Experiments A and B. In Experiment C, the 

aVi-Penta@ Pedes were kindly furnished by Hoffman- 
LaRoche Inc, and were guaranteed to contain: vitamin 
A, SO00 U.S.P. units ; vitamin B,, 3 mgm. ; vitamin B, 
3 mgm.; vitamin B., 1 mgm.; panthenol, 3 mgm.; nb-  
cinamide, 20 mgm.; vitamin C, 75 rngm.; vitamin D, 
loo0 U.S.P. units; vitamin E acetate, 1 mgm. 

PObtained from the Oak Ridge Installation of the 
Atomic Energy Commission. Authorization for use of 
tracer doses of CaY in mmtally disturbed patients was 
granted through the Sub-committee on Human Applica- 
tions. 

2. Urine and feces. 

terms of totat activity (per cent of injected Ca") or in 
terms of specific activity (per cent of injected Ca" per 

.milligram:taIcium). -; 
The error in replicate calcium determinations was 

usually held to 3 per cent standard deviation (Sa.); 
'when samples were vhed before isoIation of the cal- 
cium oxalate, the total error approximated 5 per cent 
SD. 

Counting errors varied according to experiment and 
tissue and were commonly held below IO per c a t  S.D. 

RESULTS AND DISCUSSION 

Serum 
The results of the measurements of the specific 

activity of the serum in Experiments.A, B and C 
are presented in Figure 1. The values plotted , 
here are the experimental values after adjustment 
to the mean body weight of the boys of Experi- 
ments A and B. For example, 56 minutes fol- ' 

lowing the injection, the observed specific activity 
of subject No. 16 was 0.050 per cent of the injected 
Ca" per milligram serum calcium. However, 
his body weight was 1.1 times that of the group 
average of 35.6 kgm. Since he had a proportion- 
ately larger serum calcium reservoir, the observed 
specific activity value was ?& lower than it would 
have been if this boy had been smaller. Conse- 
quently the adjusted specific activity value was 
0.055 per cent per mgm. Ca. 

Because of the schedule of staggered venipunc- 
tures on Day 1 (Experiments A and B) the re- 
sulting plot is a composite of individual curves 
and not strictly comparable to the curve obtained 
on only one individual in Experiment C. At the 
same time it explains the comparatively wide 
scatter of the values of Experiments A and B. 

As can be seen from Figure I ,  the specific ac- 
tivity of the serum decreases monotonically as a 
functign of time and shows no apparent tendency 

n, 
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FIG. 1. DISAPPEARANCE OF INJECTED CALCIUM* FROM THE SERUM 
Zero time points and zero level points not drawn, but included in derivation of analytical expression 

which is plotted. 

to level off at a constant or equilibrium value.l0 
I t  seemed of interest to derive an analytical ex- 
pression for the best curve that could be drawn 
through the experimental points obtained in Ex- 
periments A and B. This was done by fitting a 
weighted sum of exponentials to the data by means 
of successive isolation." The following expression 
was obtained : 

Ct = 0.335e4."1L + 0.205e4.075t 

where 
+ 0$234e4.mt + 0.0205e4.w6t (1) 

Equation 1 applies to a period of up to'four 
days (6000 minutes) following the injection. 
Half of the observed experimental points fall 
within 30 per cent of the values predicted by 
Equation 1. The curve described by the equa- 
tion is plotted in Figure l. 

In devising the analytical expression, it was 
necessary to include calculated zero-time values 
(total injected G~*~/total  serum calcium) in order 
to anchor down the curve. Inclusion of these val- 
ues may be criticized because : 

Ct = per cent of injected Ca" per milligram 
serum calcium 

and 1 

t = minutes after injection 
1OIt might be argued that the relatively small quan- 

tity of isotope given resulted in erroneously low values 
as time progressed and that the true values drop off more 
gradually than shown by the curve in Figure 1. In 
Figure 3, the very low values were omitted in deriving 
the group a v u a g c  As can be seen, there is no indication 
that the curve reaches an equilibrium value. A similar in- 
dication of this is shown in the curves for Experiment C 
(Figure 4). 

1'Our thanks are  due to Dr. J. G. Bryan of the De 
partment of Mathematics, Massachusetts Institute of 
Technology, for having worked out the method and for 
having derived the equation for our use 

. 

(a) Instantaneous mixing of the injected W5 
is assumed, yet mixing is probably not complete 
for at least 30 seconds (16) and a significant frac- 
tion of the injected portion may have disappeared 
by the time mixing was completed. (See also 
the curve for Experiment C, Figure 1.) 

(b) The lack of data for the time interval 0 to 
20 minutes in Experiments A and B makes ex- 
trapolation hazardous, as more than one exponen- 
tial may be involved in that span of time. 

If data had been obtained for a longer period 
than 6000 minutes, it is likely that terms would 
have to be added to Equation 1 in order to ex- 
press correctly the events depicted by the ex- 
perimental observations. On theoretical grounds, 
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specific activity of the' blood. 
Blau, Spencer, Swernov, and Laszlo (12) have 
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, t "0" v a l u e  re resent countin data wfich did not differ si niEcantly from background. 
$ Because the &46 content of t8e fcces of aub'ects No. lO-lf was so very low, analyses were not carried out on the 

on the 5 per cent dgnificance level, but where a 1 1 replicate measurements gave counta above back 
minimum counting values, repre+ng the robable maximum out u t  of C a d 4  by an individual on t%?$i. 
fecal aamplca of Experiment B which had been cohected on Days 4 and 5. - 
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Feces, data the young adult of Experiment C. In  view of the 
Tables I ~ n d  11 and ~i~~~ 5 IS appear 'to in&- reports of Thomas, Litovitz, Rubin, and Geschick-. 

a t e  that the boys in Experiments A and B ex- ter (8)  and of H a s r d ,  Coma, a d  Davis (101, 
creted less Ca45 in their feces on the average than . this difference can possibly be interpreted as re- 

For the purposeJ of the graphs shown' in Fisure 5, ' fleeting. higher retention of Cads by 'the boys, a s  
the values obtained on the 48-hour samples of feces ob-. comiared with the older adult, only studies ,. 
tained in Experiment C were suitably adjusted to repre- with groups of young male adults will make it 
sent 24-hour values. For this purpose use was-made of 
rccords kept by the attendant to indicate time and date 
of defecation on the part of the aperimental subject. The peak Ca" output in the feces occurred on 

-, 

possible to extend this observation. 
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days wa$bn'ly 8 per cent (Figure 

Clearly these -observations also apply to the 
quantity: of absorbed Ca'j which these subjects 

. 'might reexcrete i n  a comparable period following 
a test meal containing W5.. .If, for example, one 
of the boys had Aten two'.microcuries .of Ca'5 
(suitably diluted with ordinary calcium) and if a 
total of one microcurie had been recovered in the 
stool at the end of five days, it would be possible 

. o  1 - 2  3 bAY S 4 'to conclude that perhaps (1 + 0.1) microcuries 
had been absorbed. We have in fact observed 

uRINE AND ~~i N~~~ A~~~~~~ B~~~ ( E ~ ~ ~ ~ -  similar relationships ( 1 ) .  It may therefore be 
MENTS A AND B) said that the quantity of calcium which is absorbed 

and then immediately rehcreted is quite small; 
("0" values, Table I)  excluded. perhaps it may even be neglected in a first ap- 

proximation because of inherent experimental er- 
the second or third day, in agreement with the ror (cf. [121), 

These considerations suggest that nearly all of results of Bellin and Laszlo (11). 

the calcium which enters the body at a given mo- 
Combined excretion data ment is at first retained (presumably largely in 

the skeleton [20]), and that equilibrium is main- 
tained by excreting calcium which had entered the 

. .  

e, ' 

FIG. 3. 'MEAN SPECIFIC ACTIVITY OF ca" IN SERUM, 

Counts not differing significantly from background 
.. 

The data in Tables I and I1 indicate that the 
total quantity of injected Ca45 excreted during the 
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. .  
body previously. This specuIation becomes more 
plausible if the retenGon of injected Cat" is rela- 
tively long. Singer and Amstrong (21) have 
reported this to be the case.for rats.. ' 

Figure 6 shows the excretion and retention of 
Ca45 in our subjects. As can be seen, more than 
half of the injected Ca4s was still in the body of 
subject No. 57 (Experiment C) at the end of two 
months. A plot of this retention cune  on semi- 
logarithmic coordinates (Figure 7) indicates that 
the "biological half-li f e" of Ca45 . approximates 

FIG. 7. COMBINED RETEKTIOX (INJECTED C;l(LURINARY 

Best straight line between 18th and 59th day is: 9 I 
69.04-0.1784x, where x - days. Thus, zero day - 69.04 
and 59th day n 58.51; 58.51 - 69.04e-n', where a 

0.00266; thus, T, - o.00266 

Ca'LFElXL &48) OF RADIOCALCIUM BY YOUNG ADULT 

0.693 or 261 dav .  - 
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eight to twenty times more endogenous caluum in 
the feces than inthe urine under normal conditions 
(21-23). This is also'.shown by the data of 
L'Heureux, Tweedy, and Zorn (24), when they 

. injected minimal quantities of inert calcium *ith 
their dose. In cows (10,25, 26) aql  in dogi; (9, 
27) the feces also appears tb be the more important 
route of elimination for endogenous klcium. ftu- 
man beings, on the other hand, excrete more en- 
dogenous calcium in the urine than in the feces. 
In  all of our subjects the urinary fecal ratio of in- 
jected Ca45 (and therefore also of endogenous cal- 
cium) exceeded unity (Tables I and 11). This ra- 
tio was plotted for subject No, 57, with the cumu- 
lative output curves (Figures 2 and 5 )  as a basis. 
I t  remained relatively stable at approximately 
1.65 (range: 1.4 to 2.0) during the period of 17 
to 59 days following the injection. 

The urinary-fecal ratio of injected Ca46 can be 
used to predict urinary calcium output. If it is 
assumed that all of the injected Ca46 will in time 
be recovered in the urine and feces, then it can be 

. 

calculated that loo or 62.3 per cent of 
+ l.65 

the injected Ca45 will eventually have been ex- 
creted via the urine. This suggests that a com- 
parable fraction of the absorbed dietary calcium 
is excreted in the urine. These subjects absorbed 
approximately 40 to 50 per cent of the one gram 
of calcium fed in their diets." Therefore, the 
urinary calaum output of the young adult ought 
to have approximated 0.45 X 1 X 0.62 or 0.28 gm. 
His average output was actually 0.24 gm. (calcu- 
lated from the data of Table 11). 

Undoubtedly, many factors affect the partition 
of endogenous calcium between the urinary and 
the fecal routes. Thus Steggerda and Mitchell 
(4) were able to increase materially the calcium 
output in the stool of human subjects by the ad- 

Similar 
relationships are also reported by Bhu, Spencer, Swcmov, 
and Laszlo (12). 

'*On the basis of studies to bc published. 

b Li 4 

In an injection experime;lt'.all of the in 
-the feces is of endogenous origin; as a.result, the 
following relationshfp exists :. 

1 .  

s.A.. = specific activity of &rum at time t 
AI = the total activity recovered in the feces 

& = the total quantity of stable endoge- 
at time t 

nous calcium in the feces at time t 
With the aid of Equation 2 and of the data in 

Figure 1 and in Table 11, it can be calculated 
that under the conditions of Experiment C, en- 
dogenous calcium constituted approximately 15 
per cent of the average daily fecal output of 1.2 
gm. Ca. This is somewhat less than one-half of 
the total (ie., urinary plus fecal) endogenous 
calcium output. I t  is in general agreement with 
the data of Blau, Spencer, Swernov, and Laszlo 

Several investigators (3, 5 )  have been unable 
to observe any effect on fecal calcium output as 
the result of massive intravenous injections of 
inert calcium (Ca40) .  As a result it has often 
been asserted that the feces do not represent an 
important avenue for the excretion of endogenous 
calcium. Evidence from this communication, as 
well as results of animal experiments (22-26, 29), 
leave no room to doubt that endogenous calcium 
finds its way into the gastrointestinal tract and 
that some of it is excreted in the feces. 

The increase in the fecal calcium excretion of 
an adult human being following an intravenous 
injection of as much as 500 mgm. inert Ca in a 

(12) .I6 

16 While this article was in press, Brine and Johnston 
(28) published calculations based on studies which have 
appeared in the litenture to the effect that when the cal- 
cium intake is zero, the probable calcium output in the 
feces of adult man approximates 75 mgm. This quantity 
may be considered the endogenous calcium output and is 
reasonable confirmation of the studies reported here, 
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results. 

SUMMARY AND CONCLUSIONS 

1. The fate of intravenously injected radiocal- 
cium (Gals) was studied in nine boys and one 
young adult, all of whom had been institutionalized 
for mental inadequacy. 

2. The rate at which the injected Ca4s disap- 
peared from the blood of the nine boys was de- 
termined. -Observations made over a period of 
five days, together with assumed zero-time values, 
were expressed by the equation : 

Cc = 0.335e4.m1' + 0.205e4*0nt 

where 
+ 0.0234e4.@"t 4- 0.0205e4-mt . ( I )  

Cc = specific activity of the serum (per cent 
dose per mgm. Ca) 

and 
t = time (minutes) 

This equation yielded a disappearance rate for 
the serum calcium of approximately 19 per cent 
per minute. 

3. The average quantity of injected Ca4" ex- 
creted in the urine and the feces by the nine boys 
did not exceed 8 per cent by the end of five days. 
The young adult excreted a total of 20 per cent 
during this period, and, by the end of sixty days, 
he had excreted a total of approximately 40 per 
cent of the injected dose. 

4. In  all individuals studied the urine consti- 
tuted the more important route of elimination 
and, on the average, contained 1.5 to 2 times the 
quantity of Cabs excreted in the feces. 

5. The quantity of injected Ca46 excreted in the 
feces during several days was small. This sug- 
gests that only a minor fraction of the calcium ab- 
sorbed on any one day is reixcreted promptly and 
that the major portion is retained for some time. 
The "biological half-life" of Gas in one young 
adult was calculated to approximate 260 days, 

Ca was endogenous in origin. 
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