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The results indicate that in the smallest 
spherical nuclei of liver tumors the amount 
of desoxyribonucleic acid is the same as in 
normal hepatic nuclei of similar size. Com- 
parable results were independently obtained 
by Leuchtenberger,13 who measured nuclei in 
transplanted mouse sarcoma. Considering the 
abnormal chromosome arrangements which 
are kn,own to exist in neoplasms, (Boveri14) 
the presence in thlese tumors of nuclei with 
more or less nucleic acid cannot be excluded. 

13 Leuvlitriiberger, C., personal communication. 
14 Koveri. T., The Origin of Maligiiant Tuinors, 

U-illimis anti Wilkins, Baltimore, 1929. 

The conflicting results of previous investiga- 
tions may be attributed in part to the analyses 
of tissue samples containing different numbers 
and different sizes of nuclei. 

Summury. The amount of desoxyribonu- 
cleic acid in single spherical nuclei of normal 
rat liver was compared with that of similar 
nuclei in tumor tissue by microphotometric 
determination of the intensity of the Feulgen 
reaction. It was found that the amount of 
desoxyribonucleic acid contained in nuclei of 
similar size is the same in hepatoma and 
cholangioma as in the normal liver. 
Received July 12, 1949. Y.S.E.B.M., 1949. 11. 

17312. Excretion of Radiocalcium by Normal Rats.* 
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From the Drpccrtmerbt of Biolo.9icnl Chemistry, Lo?yola l?iniversi,ty Stri tch School of Medicine, 
C'h icago, 111. 

The objectives of the present experiments 
were to determine the effect sf various amounts 
of labeled calcium on the relative amounts of 
radiocalcium3 excreted in the urine and feces, 
and to determine the distribution or radio- 
calcium in the tissues and ctontents of the 
gastrointestinal tract during the first few hours 
after the administratioa of a dose of labeled 
calcium. 

$f aterials and methods. Young adult 
rats of the Sprague-Dawlley strain were used. 
Immediately after the subcutaneous injection 
of a dose of labeled6 calcium each animal was 
placed in a separate wire metabolism cage 
over a urine-feces separat0r.l The animals 

*This  investigation was greatly aided by a 
grant  froin the Endocrine Committee of the Na- 
tional Research Couuvil. A par t  of the equipinelit 
used in this work was purchased with funds suy- 
plied by the Ella Sachs Plo tz  Foundation. 

t Present address : Radioisotope Unit, Veterans 
Administration Hospital, Hines, 111. 

The radiocalciuiri (Ca46) used in these exyeri- 
merits was allotted by the United States Atomic 
Energy CJoinrni,ssion, aiid supplied by the Mon- 
stl tito Chemical Campany. 

Q 3 t o  10 microcuritas of Ca45. 

shown in Table I1 were supplied with water 
only, but each of thle other animals had ac- 
cess to both water and the stock diet. Purina 
Laboratory Chow, during the experimental 
period. 

At the end of the experimental period the 
animals were dispatched by a blow on the 
head. In  those instances in which the seg- 
ments of the gastrointestinal tract and their 
contents were to be separately assayed for 
radioactivity, especial care was taken to re- 
move the entire contlents. The collected urine 
and cage washings, the feces, and the other 
samples were dried, and then dry ashed in an 
electric muffle a t  550°C. In each instance the 
ash was dissolved in dilute hydrochloric acid 
and suitable aliquots transftemed to small 
aluminum pans and dried under an infra red 
lamp. Dry sample weights were kept small 
(0.5 to 1.5 mg/cm2 on sarnplle pan surface) 
and comparable to the standards in order to 
minimize the error due to self-absorption of 
radioactivity . Suitably prepared standards 
and the samples were then assayed for radio- 

1 Gross, I., and Connell, S. V. B., J .  Phpio l . ,  
1923, 57, lx. 
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TABLE I. 
Excretion of Radiocalciuni after I iijectioii of Various 14i~iounts of Labc~led Calc.ium. 

% of dose excreted 
No. of Bod>- wt., Dose of labeled 7- \ 
rats R Ca, mg T'rine Feces 

_-_ ______ I _ - ~  __ - _ _ . - _ ~ _ _ _ - 1  

8 "OX -t 12* 0.Oi 
4 293 * 30 l)21 
3 224 * 40 0.41 
3 213 & 12 2.50 
3 IS0 & x 4.90 
6 211 * 30 i.C!U 

10 233 * 3; 14.00 

0.59 * 0.25 
0.61 * 0.42 
0.93 +- 0.65 
5.90 -t 1.75 
"95 -I- 0.94 
2.49 4 1.55 
ci.o.5 4 2.15 

12.60 2 5.T6 
9.56 & 1.13 

11.36 & 1.25 
13.1'7 .t 1.14 
12.46 k 1.10 

9.41 k 5.40 
7.74 2 4.50 

* Standard deviation of tlir ine:iii. 

activity by using a scale-of-sixteen Geiger- 
Muller counter. equipped with a thin mica 
window ( 1.8 nig;'cm2) tube. 

Results and comments. The data sum- 
marized in Table I show that under the con- 
ditions of our experiments subcutaneously 
administered radiocalcium was excreted main- 
ly in the feces. Yariations in the relative 
amounts of radiocalciuni excreted in the urine 
and feces were large for each dose of label'& 
calcium injected, but the results indicate 
clearly that the amount of calcium in thne dose 
was an important factor in determining the 
relative amounts of radiocalcium excreted in 
the urine and feces. -is would be expected. 
retention of the radiocalcium varied widely 
and probably reflects differences in the rate of 
absorption of the labeled calcium, or differ- 
ences in the calcium requirement of the 
animals. 

a GROUP 2 GROUP I 

c" 24, 

2G] 

+--$?I- 2 4  8 I0 

DAYS AFTER INJECTION 

FIG. 1. 
C;roup 1 voiisistccl of 4 rats (avg wt. '763 g ) ,  

t * : ~ v l i  of 11-11ic.Ii rweivcd t w o  subcutaneous doses of 
7 lug ( I €  l:~belctl calriuni within the first hour of 
tllc tbslwrinient:il licbriotl. Group 2 consisted of 4 
mts ( a v g  wt. 220 g ) ,  each of which received a 
single subcutaneous dose of 0.07 mg of labeled 
calcium at the beginning of the experimental 
lwriod. 

.- 

Fig. 1 shows graphically the excretion of 
radiocalcium by 2 groups of rats during the 
9 days following admlinistration. The animals 
of Group 1 ,  each of which received an  injec- 
tion of 7 mg of labelred calcium at the be- 
ginning of the experimental period and a 
second injection of 7 mg a t  the end of the 
first hour, excreted 5.2% of the administered 
radiocalcium in the urine and 470 in the feces 
during the first 2 4  hours. Thereafter the 
amounts of the radiocalcium which appeared 
daily in the feces exceeded the amounts ex- 
creted in the urine. Sunmation of the frac- 
tions of the administered radiocalcium found 
in the urine and fleces during the 9-day ex- 
perimen t a1 period reveals that approximat el y 
7.27% of the dose was excreted in the urine 
and 15.9% in the feces. 

The results obtained for the animals of 
Group 2 ,  Fig. 1, show that when the quantity 
of labeled calcium injected was only 0.07 mg 
the average amount of the administered radio- 
calcium excreted in the urine during the first 
2 4  hours was only 0.66%, while the average 
amount excreted in the feces was 8.49%. 
I n  the case of this group of animals approxi- 
mately 2 . 1 0 %  of the dose of labeled calcium 
was excreted in the urine and 22.75% in the 
feces during thme 9-day experimental period. 
From these experiments (Fig. 1) i t  is apparent 
that the gastrointestinal tract was the princi- 
pal route by which the labeled calcium was 
excreted. Furthermore, it  appears that only 
when a plethora of the labeled calcium was 
being eliminated during the first 2 4  hours did 
the kidneys respond by  excreting a large 
fraction of the administered radiocalcium. 

It is generally agreed that a considerable 
amount of excreted calcium enters the lumen 
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TABLE 11. 
Distribution of Radiocalcium iu Tissues and Contents of Gastrointestinal Tract. 

~ ~ ~~~ 

H r  after % of dose recovered from tissues 7' of dose recovered from contents 
dose of d \ -  v 

Rat Bodywt., 7 my Small 
No.  g labeled Ca Stomach intestine 

1 205 
2 190 
3 204 
4 185 

Avg 196 

5 178 
6 196 

Avg 187 

7 190 
8 187 
9 186 

Avg 188 

0.14 
0.11 
0.10 
0.20 

0.14 

0.17 
0.12 

0.14 

0.1 1 
0.12 
0.14 

0.19 

0.40 
0.60 
0.69 
0.40 

0.52 

0.49 
0.63 

0.55 

0.44 
0.57 
0 . i 1  

0.6 7 

of the intestine as a constituent of the intmestin- 
a1 secretions' and the bile: and that this cal- 
cium, supplemen,ted by a fraction of the diet- 
ary calcium is reabsorbed. Evidence of an ac- 
tive excretion of calcium through the wall of 
the small intestine: or the however, 
has nlot been equally acceptable. 

In our experiments (Table 11) the employ- 
ment of radiocalcium has made possible the 
orienctation of various portions of the gastro- 
intestinal tract with respect to the excretion 
of callcium. The distribution patterns of 
radiocalcium in the tissues and contents of the 
gastrointestinal tracts of animals, which were 
sacrificed at 1, 3, and &hour intervals after 
the subcutaneous injjection of 7 mg of labeIed 
calcium, are shown in Table II. Of particular 
interest was the relatively large fraction of 
the excreted radiocalcium found in the con- 
tents of the small intestine and the smaller 
fractions recovered from the contents of the 
cecum and colon at the l-hour interval. In 
Rats 1 and 2 the small intestine was severed at 

2 Logan. 31. A., Physiol. Rev., 1940, 20, 522. 
8 Greenberg, D. M., and Troescher, 3'. M., PROC. 

-I Walsh, E. L., and Ivy, A. C., PROC'. SOC. ED. 

5Bergeim, 0.: J .  Biol. Chem., 1926, 70, 51. 
6 Gowell, S. J., Biochem. J. ,  1937, 31, 848. 
7 Koman, A. J . ,  and Freeman, S., Fed.  PTOC., 

Boc. EXP. BIOL. AND MED., 1942, 49, 488. 

BIOL,. AND NED., 1928, 25, 839. 

1943, 2, 16. 

Small 
Cecum Colon Stomach intestine Cecum Colon 

0.01 0.08 0.23 1.79 0.29 0.12 
0.02 0.11 0.12 0.91 0.10 0.06 
0.03 0.07 0.15 0.92 0.14 0.16 
0.02 0.07 0.11 1.10 0.12 0.07 

_.__-___-I____ ~ ____ ___ 

0.02 0.08 0.1.5 1.18 0.16 0.10 

0.03 0.14 0.09 1.24 0.57 0.35 
0.04 0.12 0.05 1.23 0.17 0.13 

0.03 0.13 0.07 1.23 0.37 0.24 

0.03 0.13 0.05 0.41 1.71 0.17 
0.01 0.10 0.08 0.48 1.1'7 1.57 
0.04 0.28 0.03 0.41 1.41 0.14 

0.03 0.1.7 0.05 0.43 1.43 0.63 

the midpoint and the tissues and contents of 
the two halves separately assayed for radio- 
activity. The tissues of the upper and the 
lower half of the small intestine of Rat 1 
contained 0.24 and 0.16 % of the administered 
radiocalcium, respectively, whereas the con- 
tents of the upper and lower half contained 
0.43 and 1.36%, respectively. In the case 
of Rat 2 the tissues of upper and lower half 
of the small intestine contained 0.28 and 
0.3 2% of the administered radiocalcium, re- 
spectively, and the contents 0.13 and 0.78% 
respectively . 

Unfortunately separa,te assays were not 
made on the tissues and cmtents of equal parts 
of the small intestine of .Rat 5 or 6. However, 
such assays were made on Rats 7, 8, and 9. 
In these animals approximately the same 
amounts of radio-activity were found in the 
tissues of the upper and lower half of the small 
intestine, but in 2 instances the amounts of 
radiocalcium in the contents of thee 2 seg- 
ments differed appreciably. In  Rat 7 the 
contents of the upper and lower half of the 
small intestine contained 0.12 and 0.29% 
of the injected radiocalcium, respectively, and 
in the case of Rat 9 the fractions of the ad- 
ministered radiocalcium recovered in the 2 
segments were 0.09 and 0.32%, respectively. 
The contents of the upper and lower half of 
the small intestine of Rat 8 contained 0.20 
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and 0.285% of the injected radiocalcium. re- 
spec t i vel y . 

It is very doubtful that the major portion 
of the excreted radiocalcium found in  the low- 
er half of the small intestine could have re- 
sulted from the 'failure of the upper half to re- 
absorb sezrqeted calcium. Duckworth and 
Goddens have observed in the rat that thse 
net absorption of ingested calcium is not af- 
fected by a diet containing 30% of fiber. Since 
such a diet should cause a great increase in the 
intestinal secretions, it would appear that the 
efficiency of reabsorption of secreted calcium 
is very high in the rat. 'Therefore, we are 
inclined to regard that fraction of the ex- 
creted radiocalcium found in the lower half 
of the small intestine as indicative of an active 
excretion of calcium through the wall of the 
intestine. In  this connection, the extreme 
rapidity with which the fecal excretion of 
calcium has been s110w.n to occur is of great 
interest. Norris and Kisieleski9 recovered 5 to 
8F of a dose of labeled calcium from the 
contents of the intestines of rats one minute 
after intravenous administration. 

The presence of relatively small fractions 
of excreted radiocalcium in the contents of 
the cecum and colon a t  the 1 hour interval 
(Table IT). and the larger amounts in the 
contents of thwe segments a t  later intervals, 
suggest that the bulk of the excreted radio- ___ __ - . _ _ _  _-_- - -- -_ - 

6 Duck~\.ortll. J.. a11d G ~ d d c n ,  W. J . ,  B ~ o d t ~ t .  
.I.. 1941, 35, It;. 

9 Norris:. I\'. l'.. Riid liisirleski, IT., (.'old ?jpI'illg 
H a i * l ~ ~ r  STiiilB(lsi:i 011 Quantitative Bjolog,v, 1949, 
13. Itid. 

calcium entered the small intestine a t  points 
above the ileocecal valve. This observation 
is in accord with evidence that has been ad- 
vancedl(' that there is little or no active excre- 
tion of calcium into the large intlestine. 

Sunzmary. 1 .  The excretion of subcutaneous- 
ly administered radiocalcium has been stud- 
ied in normal rats. 

2.  The amount of labeled calcium injected 
appeared to be an important factor in deter- 
mining the relative amounts of radiocalcium 
excreted in the urine and feces. When the 
quantity of labeled calcium injected was in- 
creased from 0.07 mg to 14 mg the fraction of 
the excreted radiocalcium which appeared in 
the urine in the first 24 hours increased from a 
relatively small value to a value approaching 
or slightly exceeding the amount of radio- 
calcium escreted in the feces. During a 9- 
day esperimental period the amount of radio- 
calcium escreted in the feces. \Then either 
0.07 or 0.14 mg of labeled calcium was ad- 
ministered, greatly exceeded the amount ex- 
creted in the urine. 

3. The distribution of radiocalcium in the 
tissues and contents of the stomach, small in- 
testine. cecum, and 'colon was determined at 
1,  3.  and 6-hour intervals after the adminis- 
tration of a dose of labeled calcium. The  re- 
sults of these experiments indicate that there is 
little or no active excretion o'f calcium through 
the wall of the large intestine. 

_ _ ~  ~~~ 

10 Hetiq-, K. M., and Kon, S. I<.. Biocherti. J . ,  
1939. 33, 1T3. 
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