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lung, spleen, and liver and of mouse embryo 
support the multiplication of the lactic de- 
hydrogenase-elevating virus. Such cultures 
produced virus continuously until they had 
been subcultured 2-3 times. This corre- 
sponded to 20 weeks in the case of lung and 
spleen and to 2-3 weeks with cultures of em- 
bryo. Viral multiplication was not accompa- 
nied by cytologic alterations in the cells or by 
changes in their rate of synthesis of nucleic 
acids or protein. Infection did not cause de- 
tectable changes in either the production of 
LDH or in its release from cells. 
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Although ten years have elapsed since the 
initial demonstration of the relationship of 
the kidney to erythropoietin ( 1), a specific re- 
nal site of erythropoietin production has not 
been found. Diminished juxtaglomerular cell 
granularity in bled anemic mice( 2 )  focused 
at  ten tion on the j ux taglomerular apparatus. 
In contrast, further investigation( 3-5) has 
shown hyperplasia of the juxtaglomerular ap- 
paratus or an increase in the granularity of 
the juxtaglomerular cells in experimental situ- 
ations wherein erythropoietin production is 
augmented. 

Increased juxtaglomerular granularity has 
also been noted when there is augmented pro- 
duction of renin, a substance known tol be 
elaborated by the juxtaglomerular cells (6-8). 
The interrelationship of renin, angiotensin 11, 
and aldosterone in regulation of arterial pres- 
sure and fluid balance has been established 
(6-8). Thus a possible explanation for the 
coincidence of increased juxtaglomerular 
granularity and augmented erythro'poietic 
stimulating activity is that renin, angiotensin 
or aldosterone exert direct or indirect eryth- 
ropoietic effects. Fisher and Crook(9) and 
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Piliego and Rossini ( 10) have reported that 
angiotensin I1 has erythropoietic activity. 
Bilsel and his associates (1 1) were unable to 
confirm these results. In  the present study, 
angiotensin 11, aldosterone and renin demon- 
strated no erythropoietic stimulating activity. 
Moreover, salt deprivation known to produce 
augmented renin, angiotensin and aldosterone 
elaboration( 7-8) produced no alteration in 
red blood cell mass. 

Methods. Female Sprague-Dawley rats 
weighing 180-200 g, previoasly fed a diet of 
Purina Laboratory Chow,* were starved fo’r 
96 hours and allowed water ad libitum. In  
one experiment, test material was injected 
1.P 24 and 48 hours after the initiation of 
starvation. In  another experiment injections 
were given 48 and 72 hours after starvation 
was begun. The test materials given were 
angiotensin II,t 200 p g ;  renin,t 1500 pg; 
aldosterone,§ 2 p g ;  0.9% saline or an extract 
of plasma from rabbits rendered anemic by 
phenylhydrazine administration (1 2). Eight- 
een hours prior to completion of starvation 
and sacrifice, 1 pc 59Fe/l pg 56Fe citrate was 
administered via the tail vein. Eighteen hours 
later blood was obtained by cardiac puncture 
and the radioactivity of an aliquot deter- 
mined in a well-type scintillation counter. 
Percent red blood cell 59Fe incorporation was 
then determined using 5% total body weight 
as the estimated blood volume( 12). 

To determine the effects of increased en- 
dogenous production of renin, angiotensin, 
and aldosterone( 6-8), sodium-deficient diets ( 1  
and water were offered ad libitum to 20 fe- 
male Sprague-Dawley rats weighing 180-200 
g. A similar number of rats were given Pu- 
rina Laboratory ‘Chow and water. Hemoglo- 
bin and micro hematocrits were determined 
on each animal prior to initiation of the diet. 
After 3 weeks’ maintenance on these diets, 
hemoglobin concentration, micro hematocrits 

*I ron  content 275 p.p.m. Sodium conltent 0.9%. 
t Procured as hypertensin, CIBA, Lot 262400A. 
$Procured as hog renin from Dr. H. M. Perry, 

$Procured as aldosteronle, CIBA, Lot E 6403. 
II Sodium Deficient Test Diet, procured from Nu- 

tritional Biochemicals Corp., Cleveland, Ohio. Iron 
content 475 p.p.m. Sodium content-not measurable. 

St. Louis, Mo. 

and red blood cell mass were determined by 
59Fe tagged homologous cells ( 13) .  

Results. The results of the first experiments 
are presented in Table I. The % red blood 
cell 59Fe incorporation was not increased over 
control values by administration of angioten- 
sin 11, renin or aldosterone, while the known 
erythropoietic stimulus of anemic rabbit plas- 
ma induced an approximate 6-fold increase. 
These values were subjected to statistical 
analysis by Student’s “t” test; the only signi- 
ficant increase noted is the values obtained in 
the animals given anemic rabbit plasma. 

Pertinent hematologic data resulting from 
the sodium deprivation is presented in Table 
11. No alteration in hemoglobin concentra- 
tion, hematocrit, or red cell mass was ob- 
served in the animals on sodium free diets 
after a period of 3 weeks when compared to 
the rats on the liberal sodium diet. 

Discussion. Attempts to’ localize the renal 
site of erythropoietin production have led to 
conflicting results. Fluorescent antibody tech- 
niques have localized erythropoietin antibody 
on glomerular tufts( 14) suggesting this site 
of production whereas Osnes’ observation sug- 
gested the cellular origin to be the juxtaglo- 
merular apparatus. Hirashirna and Takaku 
( 3 )  induced increased granularity of the jux- 
taglomerular cell in rats made anemic by 
phenylhydrazine and bleeding, and decreased 
granularity by transfusion induced polycy- 
themia. In  addition, Kaley and Demopulos 
(15)  have reported increase in the granular- 
ity following cobalt administration or hyposic 
exposure, stimuli known to augment erythro- 
poiesis. Erythrocytosis, reticulocytosis, and 
increased level of erythropoietin have also re- 
sulted in animals following unilateral renal 
artery constriction with an increase in the 
granularity of the juxtaglomerular cells ( 16). 

Experimental conditions which produce al- 
terations in juxtaglomerular cell granularity 
and increased levels of erythropoietin involve 
hemodynamic changes as well as alterations 
in red cell mass. Since the juxtaglomerular 
apparatus responds to change in intravascular 
volume, this alteration in granularity may be 
unrelated to erythropoietin elaboration per 
se. Evidence for the productioa of erythro- 
poietin by the juxtaglomerular cells is a t  best 
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TABLE I. Ycrcciit 18 Hour Red Blood Cell 5QFe Incorporation. 

Assay material injected 
24 and 48 hr  

Assay material injected 
48 and 72 hr  

Assa,y m:r.t.crinl saliiic 4.2 f 1.5 ( 5 ) t  5.8 2.3 ( 5 ) t  
Aiigioteiisin 11, 200 pg 4.5 2 .4 (5) N.S.' 5.1 & 2.4 (5) N.S." 
Renin, 1500 l lg 2.T .4 ( 5 )  N.S." 6.4 2 1.8 (5)  N.S.* 
Aldosterone, 2 pg 3.9 & 1.5 ( 5 )  N.S." 5.4 & 2.0 (5)  N.S." 
PHARP 39.2 f .6 ( 5 )  .001 * 30.4 2 .8 ( 5 )  .001* 

* P value deteruiined by Students " t" test. 
t Number of aninials in each group. 

indirect and at  present inconclusive. How- 
ever, the possibility remains that the juxta- 
glomerular cells produce 2 distinct humoral 
substances. 

Induction of increased granularity of the 
juxtaglomerular cells by hypoxia and simul- 
taneous increases in erythropoietin without 
alteration in the renin-aldosterone axis would 
favor the concept of elaboration of two dis- 
tinct substances by these cells. Goldfarb and 
Tobian(4,S) have been unable to confirm 
these observations in rats at a simulated alti- 
tude of 19,000 feet for 12 hours. Alterna- 
tively the renin-angiotensin-aldosterone sys- 
tem may have erythropietic stimulating 
properties. The direct effect of these sub- 
stances on erythropoiesis was tested. No 
erythropoietic effect was observed in any in- 
stance. 

Acute sodium deprivation has been found 
to be a strong stimulus to renin, angiotensin 
and aldosterone production. Saline extracts 
of kidneys from rats fed low sodium diets 
have been reported to have increased eryth- 
ropoietic activity (4,s). However, in these 
studies, no augmentation in the red blood cell 
mass was noted following 3 weeks on a s d i -  
urn-deficient diet. 

Summary. Erythrocyte radioiron incorpo- 
ration following administration of renin, an- 

TABLE TI. Hematological Alteration on 3-Week 
Salt-Free Diet and Regular Diet. 

~~ ~~~ ~ 
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Hct vol, Red cell mass, 
KO. rats 7i f S.D. m1/100 g body wt 

Rcgular diet 
Before 10 40.5 & 1.4 
After 10 45.0 & 1.6 2.12 f 3.5 

Before 10 40.5 1.5 
After 10 45.5 2.5 1.96 5 .28 

Na-free diet 

giotensin I1 or aldosterone was not altered 
suggesting that these substances do not have 
erythropoietic stimulating properties. In ad- 
dition, maintenance of rats on a sodium-defi- 
cient diet for a 3-week period in order to 
effect increased endogenous renin and aldo- 
sterone production produced no alteration in 
the red blood cell mass. The significance of 
these results in relation to the renal origin of 
erythropoietin is discussed. 
~~ 
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