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TABLE 11. Metabolism of dR-5-P by Hemolysates. 

Illcubation dR-5-P TrP 
hr used -pmoles/1012 R B h  

0 0 0 0 
1 149 120 74 
2 259 193 163 

Incubation consisted of 5.0 ml containing 1.0 ml 
of a thrice frozen-thawed 25y0 cell suspension in 
.015 M phosphate buffer (pH 7.4) and dR-5-P 
(1.0 d.). 

both acetaldehyde and triose-P were pro- 
duced (Table 11). At the low substrate level 
of the dR-5-P incubation with hemolysates, 
less T r P  than acetaldehyde accumulated. 
This we believe results from considerably 
greater FDP aldolase activity in hemolysates 
than in ghosts. Likewise ghosts contain only 
10-20% of the erythrocyte triosephosphate 
dehydrogenase and little endogenous NAD -I- 
(10). TrP  would thus be more stable in 
ghosts. 

From nucleoside concentrations (10 mM) 
yielding maximum rates, i t  was estimated 
that 5 %  of substrate deoxypentose was 
found in the acetaldehyde and TrP  fractions 
at their kinetic maxima. The turnover of the 
acetaldehyde nevertheless suggests that a 
substantial portion of deoxypentose may be 
split by the aldolase. It has been observed 
that acetaldehyde added to blood is rapidly 
metabolized (4) .  Extensive accumulation from 
deoxynucleosides would thus not occur. The 
finding by Jaffe( 1 2 )  that deoxyinosine is ef- 

fective in preventing the oxidation of hemo- 
globin to methemoglobin may find explana- 
tion in the fact that acetaldehyde, a good re- 
ducing agent, is produced when erythrocytes 
metabolize deoxynucleosides. 

Summary. Acetaldehyde was found to be a 
product of the catabolism of deoxyinosine 
and deoxyribose-5-P in human erythrocyte 
ghosts. The simultaneous production of tri- 
osephosphates indicates the presence in eryth- 
rocytes of deoxyribosephosphate aldolase. 

1. Barker, S. B., J .  Biol. Chem., 1941, v137, 783. 
2. Burbridge, T. N., Hine, C. H., Shick, A. F., 

3. Gee, A. H., Chaikoff, I. L., J .  Biol. Chem., 

4. Stotz, E., ibid., 1943, v148, 585. 
5. Lionetti, F. J., Rees, S. B., Healey, W. A., 

Walker, B. S., Gibson, J. G., ibid., 1956, v220, 467. 
6. Lundquist, F., Fugmann, U., Klaning, E., Ras- 

mussen, H., Biochem. J . ,  1959, v72, 409. 
7.  McLellan, Wm. L., Lionetti, F. J., J .  Biol. 

Chem., 1959, v234, 3243. 
8. Ashwell, G., Methods in Enzymology, Colo- 

wick, S .  P., Kaplan, N. O., eds., Academic Press, 
New York, 1957, vIII, 100. 

9. Lionetti, F. J., Fortier, N. L., Abst. Am.  Chem. 
Sot., 1963, in preparation. 

10. ~ , Arch. Biochem. Biophys., 1963, v103, 
15. 

11. Lampen, J. O., Methods in Enzymology, Colo- 
wick, S .  P., and Kaplan, N. O., eds., Academic Press, 
New York, 1957, vIII, 186. 

12. Jaffe, E. R., J .  Clin. Invest., 1959, v38, 1555. 

J .  Lab. Clin. Med., 1950, v35, 983. 

1926, v70, 151. 

Received May 11, 1964. P.S.E.B.M., 1964, v116. 

Role of Renal Tissue Calcium in Alteration of Urinary Specific 
Activity." (294%) 

E. J. MILLER+ AND W. F. NEUMAN (Introduced by I. Zipkin) 
Department of Radiation Biology, University of Rochester School of Medicine and Dentistry, 

Rochester, N .  Y.  

Although urine and blood calcium specific differences were noted following intraperi- 
activities in the dog are generally the same 
following intravenous administration of ra- 

ported ( 1 ) that under certain circumstances 
large discrepancies between their specific aC- 
tivities may be observed. Specific activity 

*This paper is based on work performed under 
contract with the u. s. Atomic Emrgy 

Rochester, N. y. 

Nat. Inst. Health, Bethesda, Md. 

dioactive it has previously been re- at  University of Rochester Atomic Energy Project, 

t Present address: Nat. Inst. Dental Research, 



RENAL TISSUE CALCITJM 1083 

toneal administration of the isotope and after 
intravenous administration of adrenergic 
drugs . 

The studies reported here were undertaken 
to elucidate the mechanism of the alteration 
in urinary calcium specific activity, and 
specifically, to assess the role of kidney tis- 
sue calcium. 

Materials and methods. All experiments 
were performed on female mongrel dogs 
weighing 10-20 kg. Anesthesia was induced 
with 30 mg/kg of sodium pentobarbital ad- 
ministered intravenously. Each experiment 
was preceded by a 24-hour period in which 
intake was limited to water. 

Urine was collected via polyethylene cathe- 
ters inserted into the ureters which were 
reached through an upper abdominal incision 
and gently lifted from the retroperitoneal 
spaces for the purpose of cannulation. Blood 
samples were drawn from a jugular vein at  
suitable intervals throughout each experi- 
ment for determination of the serum calcium 
specific activity curve. 

When hypertonic mannitol was not infused, 
urine flow was stimulated by administration 
of 50 ml/kg of water via a stomach tube, and 
experiments under these conditions were be- 
gun when urine flow had reached a level of 
0.5 ml/min/kidney. The experimental proto- 
col was as follows (time in minutes) : k r a -  
dioactive calcium was injected intravenously; 
5-urine was collected from the cannula in 
each ureter and discarded as representing 
that present in the cannula and tubules of 
the kidney at the time of isotope administra- 
tion; 10-a control urine sample was col- 
lected from the cannula in each ureter, the 
right ureteral catheter was occluded; 40- 
the flow was reinstated in the occluded ure- 
ter and serial samples (0.3 ml each) of the 
rapidly flowing urine were collected; 60-the 
left ureteral catheter was occluded; 90-the 
flow was reinstated in the occluded ureter 
and serial samples (0.3 ml each) of the rap- 
idly flowing urine were collected. 

In  the diuresis experiments, a steady-state 
urine flow of S/ml/min/kidney was attained 
by infusion of 15% mannitol at  a rate of 10- 
15 ml/min depending on the size of the dog. 
In  some experiments, sufficient calcium chlor- 

ide was added to the mannitoI solution to 
give a calcium concentration of 7 or 10 mg% 
in the infusion medium. The experimental 
protocol was as follows (time in minutes) : 
&radioactive calcium was administered in- 
travenously; 2 .S-urine was collected from 
the cannula in each ureter and discarded as 
representing that present in the cannula and 
tubules of the kidney at  the time of isotope 
injection; 5-a control urine sample was col- 
lected from the cannula in each ureter and 
the right ureteral catheter was occluded; 11 
-0.5 g creatinine and 0.1 mc Il3l-labe1led 
iodopyracet (Diodrast ) were administered 
via a jugular vein; 13-the flow was rein- 
stated in the occluded ureter and serial sam- 
ples (1 .O-1.5 ml each) of the rapidly flowing 
urine were collected in calibrated flasks; 5- 
13-urine samples (1.0-1.5 ml each) were 
collected from the freely flowing contralateral 
ureter to serve as controls. 

Radioactive calcium (Ca-45-P-2) was ob- 
tained from the Oak Ridge National Labo- 
ratories and purified for experimental use by 
twice precipitating the calcium present as 
the oxalate, ashing the precipitates in a muf- 
fle furnace at  600°C, and redissolving the 
ash in 0.1 N HCI. Aliquots of the isotope 
stock solution were brought to physiological 
pH by addition of 0.1 N NaOH before intra- 
venous injection. Il3l-labe1led Diodrast was 
obtained from the Volk Radiochemical Co., 
and was assayed in a well scintilIation coun- 
ter in which the weak beta emissions from 
Ca45 present in the urine samples were not 
recorded. Creatinine analyses were performed 
according to the alkaline picrate method of 
Bonsnes and Taussky ( 2 ) . Serum ultrafd- 
trates were prepared according to the meth- 
ods recommended by Toribara et aZ(3). Spe- 
cific activity determinations on the calcium 
in trichloroacetic filtrates of serum, diluted 
urine samples, and serum ultrafiltrates were 
made in the manner previously described ( 1 ) . 

Results. Table I shows results of a repre- 
sentative experiment in which urine flow was 
stimulated by water of hydration. Four fac- 
tors are worthy of special note. First, the 
specific activity of the control urine sample 
collected just before the flow was stopped for 
the first time is indicative of the fact that 
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TABLE I. Effect of Ureteral Occlusion upon Calciuin Excretion Pattern During Low Urine 
Flow (Radiocalcium adm. 0.1 me). 

S.A. of urine 
fractions from Mean urine S.A. in  

Experiniental Mean blood S.A. unoccluded ureter occluded uretert 
interval (min) r----------(cpm/mg Ca X \ 

0- 5 (equilibration time) 
5-10 5.25 5.37 

10-40 (right ureteral 2.76 2.78 2.02 
catheter oc- 1.79 
eluded) 1.68 

1.83 
1.92 
2.37 
2.75 

40-60 1.95 
60-90 (left  ureteral 1.64 1.58 

catheter oc- 1.57 
eluded) 1.59 

1.64 
1.68 
1.75 
1.75 

1.96 
1.66 

radioactive calcium has, a t  this time, per- 
fused the entire tubular system. Moreover, 
the calcium specific activity in this sample is 
what would be expected in view of the cor- 
responding blood value. Secondly, the serial 
urine fractions collected upon reinstating the 
flow in the right ureteral catheter contained 
calcium, the specific activity of which would 
indicate that it was not entirely derived from 
contemporary plasma calcium. Thirdly, un- 
der these conditions, ureteral occlusion at  1 
hour following administration of radioactive 
calcium produced no significant decrease in 
calcium specific activity. And finally, urine 
collected from ureters in which the flow was 
allowed to continue (mean urine values in 
the table) had calcium specific activities 
which were in good agreement with those for 
contemporary plasma calcium. 

When l-arterenol (Levophed) bitartrate 
(10 pg base/kg) was administered at  the be- 
ginning of each period of ureteral occlusion, 
similar results were obtained except that a 
significant decrease in calcium specific activ- 
ity in the urine fractions obtained upon re- 
lease of the ureteral occlusion was evident for 
as long as 3 hours after isotope administra- 
tion. This result is considered to be consist- 
ent with the view that kidney tissue calcium 
is the source of the extraneous calcium ap- 
pearing in the urine and that this calcium 

,pool is approaching equilibrium with plasma 
calcium less rapidly in the presence of ad- 
renergic stimulation. 

The results presented here indicate that, 
in the dog, kidney tissue calcium is normally 
approaching equilibrium with plasma calcium 
within 1-2 hours following administration of 
the isotope. As the loss of radioactivity from 
kidney tissue would be expected to be some- 
what slower than the loss from serum, periods 
of ureteral occlusion at  4-5 hours following 
isotope administration would enable the cal- 
cium specific activity in the urine fractions 
to rise above that of contemporary plasma 
calcium specific activity if the kidney tissue 
were the source of the extraneous calcium 
appearing in the urine. 

Table I1 presents results of an experiment 
in which the protocol was the same as previ- 
ously described except that the periods of 
ureteral occlusion were delayed until 4 and 5 
hours following isotope administration. In  
this case, the calcium specific activity pattern 
in the urine fractions taken after each period 
of ureteral occlusion was reversed from that 
seen previously, the fraction having the maxi- 
mum specific activity being greater than that 
of contemporary serum by a factor of 15%. 

As the results of the experiments with 
ureteral occlusion during low urine flow indi- 
cated that some segment of the kidney tubules 



RENAL TISSUE CALCIUM 1035 

TABLE 11. Effect of Ureteral Occlusion at 4 and 5 Hours After Isotope Administration upon 
Calcium Excretion Pattern During Low Urine Flow (Radiocalcium adm. 0.3 me). 

S.A. of urine 
fractions from Mean urine S.A. i n  

Experimental Mean blood S.A. unoccluded ureter occluded ureter t 
interval (hr) f (cpm/mg Ca X 7 

3.5-4.0 2.87 
4.0-4.5 (right ureteral 2.51 

catheter oc- 
cluded) 

4.5-5.0 2.38 
5.0-5.5 (left ureteral 2.21 

catheter oc- 
cluded) 

2.88 
2.49 2.78 

2.93 
2.97 
2.82 
2.70 
2.66 
2.66 

2.40 
2.19 2.35 

2.48 
2.57 
2.50 
2.36 
2.38 
2.40 

was responsible for the observed alterations 
in urinary calcium specific activity, similar 
studies during mannitol diuresis were under- 
taken to ascertain whether the specific activ- 
ity alteration could be ascribed to any par- 
ticular segment. 

Fig. 1 shows results of one experiment in 
which the mannitol infusion solution con- 
tained 10 mg% calcium. The calcium spe- 
cific activity in the first fraction (represent- 
ing urine trapped in the cannula at time of 
ureteral occlusion) is equal to that of the se- 
rum. However, the specific activity in the 
stop-flow samples parallels the calcium con- 
centrations and decreases to a value approxi- 
mately one-third that of plasma in fraction 
no. 5, then gradually rises to values equalling 

. . , . , . . . 
0 4 8 12 16 20 24 28 

ACCUMULATED URINE VOLUME (ml) 

FIG. 1. Relationship between calcium concentra- 
tion, specific activity, and appearance of 113’-labelled 
Diodrast and creatinine in the stop-flow samples 
obtained during mannitol diuresis. 

that of plasma as the concentration of creati- 
nine in the samples reaches a maximum. It 
should also be noted that the calcium specific 
activity in the fractions derived predominant- 
ly from the proximal tubules (samples ex- 
hibiting maximum Diodrast concentrations) 
was significantly lower than that of the se- 
rum at  the time the flow was stopped and re- 
leased. This would indicate that calcium was 
able to enter the urine from the epithelial 
cells in all segments of the nephron. 

Although it is usually felt that stop-flow 
samples derived from the proximal tubules 
might perhaps represent what happened to 
them as the urine flows past the distal areas 
following release of the ureteral block, it is 
unlikely that the action of the distal areas is 
responsible for the observed specific activity 
alterations in the proximal samples in the 
present experiments. As urine flowing from 
unoccluded ureters did not show a specific 
activity alteration, it is improbable that ranid 
transit of the stop flow samples past the dis- 
tal areas was responsible for the results ob- 
served in the proximal samples. Similar re- 
sults were obtained regardless of the level of 
calcium in the infusion solution. 

Tn 2 of the experiments in which calcium 
was infused, ultrafiltration studies were per- 
formed on serum from blood drawn at  the 
time the flow was stopped, Le., 5 minutes 
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TABLE 111. Ultrafiltration of Serum Samples 
Drawn During Mannitol Diuresis and Calcium 

Infusion. 

Ca S.A. (cpm/mg 
Sample (mg/mI) cpm Ca x lod)  
~ ~ 

Tot. serum .lo88 98,124 9.01 

Ult, .0696 63,452 9.09 
Ult, .0728 65,972 9.06 

Tot. serum .1120 117,624 10.51 
Ult .0724 76,860 10.59 

after injection of the isotope. Table 111 shows 
the results of these studies. No real calcium 
specific activity differences were found be- 
tween total serum calcium and calcium in the 
ultrafiltrate. This in vivo ultrafiltration, then, 
served to confirm the view that the exogenous 
calcium contained in the isotope injection and 
infusion solution was rapidly equilibrating 
with the various calcium pools in the total 
serum. 

Moreover, it should be noted from Table 
111 that the calcium concentration in the se- 
rum ultrafiltrates was in the range of 3.6 
meq/l which, presumably, would be the con- 
centration a t  which it existed in the plasma 
ultrafiltrate as the latter entered the proximal 
tubules in vivo. As none of the stop-flow 
samples had a calcium concentration above 
1.12 meq/l, i t  is readily seen that addition of 
cellular calcium to the luminal fluid does not, 

3 IN MICE 

in this case, involve a net secretion of cal- 
cium on the part of the tubular epithelium. 

Summary. Utilizing ureteral occlusion dur- 
ing low urine flow and the stop-flow tech- 
nique during mannitol diureses it was noted 
that the calcium specific activity in the urine 
fractions obtained upon release of the ure- 
teral clamp was altered in a manner which 
could be predicted from the state of kidney 
tissue calcium. It was concluded that the 
prolonged contact of the luminal fluid with 
the tubular epithelium when caused by a 
decrease in glomerular filtration rate result- 
ing either from administration of massive 
doses of adrenergic drugs or from mechani- 
cal obstruction of urine flow, had provided 
time for a discernible addition of calcium 
from the epithelial cells to the tubular urine. 
Calcium concentrations in the stop-flow 
samples showed that addition of cellular cal- 
cium to the luminal fluid did not imply an 
active or net secretion. 
~~~ 
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Response of Mice to Reovirus Type 3 in Presence and Absence of 
Ascites Tumor Cells." (29459) 

JOHN B. NELSON 
The Rockefeller Institute, N e w  York C i t y  

In 1960 Tarnowski and the writer de- 
scribed an oncolytic virus of mice and noted 
that weanlings were largely unresponsive to 
it in the absence of implanted tumor cells 
( 1).  A filtrable and tumor-destroying agent 
reported by Bennette was also lacking in 
pathogenicity ( 2 ) .  Our virus was later identi- 
fied serologically by Hartley et aZ(3) and 
Eggers et aZ(4) as a murine strain of reo- 
virus type 3. Additional observations on its 

*This work was supported in part by a research 
grant from Nat. Inst. Health. 

behavior in mice are herewith presented. The 
accepted name, abbreviated RV3, is substi- 
tuted for our earlier descriptive one. 

Materials and methods. The original virus 
strain of 1960 was used in the following ex- 
periments. I t  had been maintained by serial 
transfer with our ascites tumor in Swiss mice 
(12 to 15 g) from the random-bred colony of 
the Rockefeller Institute. Growth of the neo- 
plastic cells was partially suppressed by RV3 
in low concentration. Dually injected mice, 
killed on the 7th day, commonly showed pale 


