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Possible Determinants of Plasma Renin Activity in Infant Rats (39535) 

S .  SOLOMON,’ A .  IAINA, AND H. ELIAHOU 
Division of Nephrology, Sheba Medical Center, Tel-Hashomer, Israel 

In mature animals of a variety of species 
(1-6), plasma renin activity (PRA) is low as 
compared to neonates or during fetal devel- 
opment. In the rat, during the first 3 weeks 
of life, PRA is about five times as high as in 
the adult ( 5 ,  6). The high PRA probably 
results in part from a decreased rate of dis- 
appearance (6) as well as a possible in- 
creased rate of secretion. If, in fact, secre- 
tory rates are different from what one could 
expect, an explanation would fit into one of 
several general categories of possibilities: 
(a) A stimulus may be present dispropor- 
tionally in the young to cause an increased 
rate of secretion; (b) a stimulus may be 
absent which normally suppresses renin se- 
cretion; or (c) the kidney is temporarily un- 
responsive to stimulus inputs and the new 
level represents a basal uncontrolled secre- 
tory rate. To test these possibilities, it was 
decided to analyze the responsiveness of the 
renin angiotensin system to a series of physi- 
ological states known to alter renin secre- 
tion. More specifically, we have studied the 
effect of increased salt intake, P-adrenergic 
blockade, antidiuretic hormone, and a com- 
petitive inhibitor of angiotensin (l-sarco- 
sine-8-alanine-angiotensin 11, hereafter 
given as P- 11 3) on PRA in infant rats. 

Materials and methods. Fourteen- to six- 
teen-day-old infant rats (14 litters, body 
weight 22-28 g; mothers, 300 g body 
weight) were usually used in these studies. 
This age was chosen because (i) it is well 
before the 3- to 4-week “critical period” 
when PRA decreases to mature levels ( 5 ,  
6); (ii) such animals are large enough to 
allow for relatively easy venipuncture by 
way of the jugular vein; (iii) about 0.7 ml or 
more of blood can be collected, usually by 
free flow from the cut lower vena cava and 
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abdominal aorta. In one series of studies, 
however, animals were investigated which 
ranged in age from birth to 14 days. All 
animals used in these studies were of the 
Charles River strain, obtained from a com- 
mercial supplier (Arie Lebenstein Labora- 
tory Animals, Yokneam, Israel), or  were 
born in our laboratory to pregnant dams 
obtained from the same supplier. 

When necessary, animals were anesthe- 
tized with Nembutal by first administering 
two-thirds the normal adult dose intraperi- 
toneally. If this amount of anesthetic was 
not adequate, supplementary small incre- 
ments were administered. After an experi- 
mental maneuver (see below), a laparotomy 
was performed and the intestinal contents 
displaced so as to expose the inferior vena 
cava and aorta. The intestinal wall was 
quickly wiped dry and the major vessels 
were cut. The free-flowing blood was then 
collected in cold EDTA-containing syringes 
in order to inhibit angiotensinase activity. 
After transfer to cold tubes and centrifuga- 
tion, plasma was stored at -20” until analysis 
of PRA. Renin activity was determined by 
radioimmunoassay using a micromodifica- 
tion of the New England Nuclear kit. The 
procedure was in principle the same, but 
only 50 to 100 pl of plasma were incubated 
for 3 hr. Appropriate dilutional adjustments 
were made so that final concentrations of 
Ang I were appropriate for sensitive assay. 
The intra-assay coefficient of variation was 
found to be 7%, and inter-assay was 11%.  

Significance of differences between 
means of treated and untreated animals was 
evaluated using a two-tailed t test. It was 
inferred that a difference existed when the 
likelihood of two means being the same was 
less than 0.5. 

Control animals for most studies were un- 
treated 14- to 16-day-old rats. There were 
several different experimental groups. 

Group 1. Dams were obtained as soon as 
pregnancy was certain. This time was be- 

309 
Copyright 0 1976 by the Society for Experimental Biology and Medicine 
All rights reserved. 



310 PRA IN INFANT RATS 

tween 2 and 3 weeks before delivery. The 
animals were given 1 % saline exclusively for 
drinking water. At higher concentrations of 
salts, 2 % ,  early abortion was observed or 
the infants died within 1 day of birth. On the 
1 % saline, however, about 50% or more of 
the pups survived. The survivors were sacri- 
ficed for blood collection at varying time 
intervals after birth. 

Group 2 .  In this group, the effect of in- 
traperitoneal salt administration on PRA 
was studied. Fourteen-day-old animals were 
injected with normal saline for 3 consecu- 
tive days at a dose of 10% body weight at 
each injection. One day later, blood was 
collected and examined for PRA. 

Groups 3 and 4.  The ability to suppress 
renin release by P-blockade was determined 
in these groups. The pups were injected 
subcutaneously with propranolol at a dose 
of 10 mg/kg. The propranolol solution 
(ABIC, Israel) had a concentration of 1 mg/ 
ml. In group 3 , blood samples were taken 2 
hr after the injection, while in group 4,  
blood was collected 3 hr later. Controls for 
these groups consisted of pups injected with 
saline alone. 

Groups 5 and 6 .  In these groups, the 
ability of antidiuretic hormone to suppress 
plasma renin activity was investigated. Since 
in the rat it had been suggested that only 
high doses of ADH lead to suppression of 
renin (8), two doses of Pitressin in oil 
(Parke-Davis) were used in these studies. In 
group 5 ,  each animal received 200 m u ,  
while in group 6,  the dose was 2 mU/ani- 
mal. The drug was administered im with 
controls being injected with oil alone. 

Group 7. In these animals, the competi- 
tive inhibitor of angiotensin 11, P- 1 13, was 
administered via a jugular vein. The drug 
was given as an acute injection in a volume 
of 0.1 ml of saline containing a total of 20 
mg of P-113. Fifteen minutes later, blood 
was sampled for PRA measurement. 

Results. Plasma renin activity of group 1 
animals (mothers on a high salt diet) at 
varying ages after birth are shown in Fig. 1. 
Using this method of attempting to increase 
body sodium of infants resulted in no de- 
crease in circulating PRA during the first 14 
days of life. In control animals at these ages, 
control PRA has been found to be in the 
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FIG. 1. Plasma renin activity (PRA) as a function 
of age in animals nursed by mothers receiving 1 % NaCl 
for drinking water. Bars indicate standard error of the 
measurements, and numbers above the bars indicate 
the number of determinations at each age. 

range of 50-80 ng/hr/ml of plasma and is 
constant with age. It is not possible to be 
certain, however, that the infants did in fact 
have a higher intake of sodium in these 
studies (10, see Discussion). As a result, we 
approached the problem in an alternate 
way. Pups were treated with saline as de- 
scribed in Methods, group 2.  Results of 
these studies are shown in Table I .  Saline 
administration resulted in no change in 
PRA. The value of 62.1 * 6.3 ng/hr/ml is 
not significantly different from the control 
value. 

P-Adrenergic blockade (groups 3 and 4) 
was induced by subcutaneous injection of 
propranolol. It has been shown in adults 
that this method of administration results in 
a maintained blood concentration, the pla- 
teau being reached in less than 30 min (9). 
In 2-week-old rats, no change in PRA of 
propranolol-treated animals was found at 2 
hr after injection as compared to control 
animals injected with saline or to uninjected 
controls (Table I). Since, however , there 
may be a delay of absorption in infants (1 1) ,  
these studies were repeated with blood 
being sampled 3 hr after injection. In these 
animals, it was found that p-blockade also 
had no significant effect on PRA at this 
time. 

In contrast to treatment by salt or by 
propranolol, injection of 0.2 unit of A D H  in 
oil resulted in suppression of PRA. The 
dose was calculated from the data of Gut- 
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TABLE 1. EFFECT OF VARIOUS AGENTS ON 

SUPPRESSING PRA IN 2-WEEK-OLD RATS. 

Treatment n PRA P 

Controls 7 76.1 ? 7.8  - 
Saline 8 62.1 ? 6 . 3  N.S. 

Control 8 40.7 & 5.0  - 
Propranolol, 2 h 7 50.5 * 12.1 N.S. 
Propranolol, 3 h 18 45.6 2 4.2  N.S. 

Control 6 73.8 ? 8.2  - 
ADH, 0.002 U 8 77.7 * 14.5 N.S. 
ADH,  0.2 U 8 38.9 2 6.7  <0.01 

Control 5 47.1 * 3.4 - 

P-113 6 278 & 39.5 <0.001 

man and Benzakein (8) who suggested that 
this was a very high dose at “pharmacologi- 
cal levels.” A repeat of this study with ad- 
ministration of Pitressin at 1/100 of the orig- 
inal dose level did not suppress PRA. 

The final treatment was with P-113. It is 
clear that administration of the antagonist to 
angiotensin I1 results in a marked increase 
in circulating PRA. 

Discussion. The role of various regulatory 
agents altering renin secretion of mature 
animals is shown in Fig. 2. The question 
arises as to which of these may be physiolog- 
ically significant in the infant. Accordingly, 
the following criteria would seem to be rea- 
sonable prerequisites to assigning a role for 
a regulatory agent as acting in a significant 
manner during the neonatal period. (i) Al- 
teration of the quantity of the agent should 
produce predictable changes in PRA. (ii) 
During the postnatal period, changes should 
occur in the concentration or effectiveness 
of the agent. (iii) The time of change of the 
agent should coincide with the time of 
change in circulating PRA. (iv) The changes 
in the regulator should be in the appropriate 
direction to account for the change in PRA. 

Plasma sodium concentration (PNa) is low 
in the neonate, and in rats it shows a gradual 
increase in the postnatal period (Solomon 
and Bengele, in preparation). At 3 to 4 
weeks of age, PNa is still low relative to 
mature levels. Since this is the “critical pe- 
riod” of reduction of PRA to mature levels, 
it would not seem that the low PNa by itself is 
responsible for the high PRA of the neo- 
nate. Since PK is high in rat pups (12, Solo- 

mon and Bengele, in preparation), the ac- 
tion of this ion would be to decrease PRA. 
Potassium changes in the wrong direction to 
be a regulator of renin. 

Our own studies served further to elimi- 
nate sodium as a trigger for increased renin 
secretion. When the mothers were on a high 
salt diet, there was no change in PRA of the 
young (Fig. 1). Comparable results were 
obtained with fetal lambs, although salt re- 
striction of the mother increased fetal PRA 
(4). In addition, fetal lambs respond to di- 
uretics ( 5 ) .  It may be argued that the high 
salt diet has inadequate effect on fetal so- 
dium or on milk sodium, since Dlouha and 
co-workers found only a small increase in 
rat milk sodium in mothers fed a high Na 
diet starting at birth (10). In the mature 
animal, it is well known that salt loading 
suppresses PRA. To insure that salt intake 
was in fact increased, we administered iso- 
tonic saline by the intraperitoneal route. 
PRA was found to be the same as in con- 
trols. It does not appear, therefore, that 
increasing body sodium in the neonate is 
able to suppress PRA. In newborn dogs, 
however, peritoneal dialysis produces a sig- 
nificant increase in PRA. As a result, the 
possibility must be considered that offset- 
ting effects are produced in this experiment, 
a reduction in PRA by the salt and an in- 
crease because of the route of administra- 
tion. 

The results with propranolol are similar in 
being ineffective in suppressing PRA. One 
may argue that we did not utilize a high 
enough dose, but at this level we have al- 
ways observed bradycardia (unpublished). 
In addition, we have found that propranolol 
prevents or reduces the rise in PRA second- 
ary to a stimulus in mature animals (13). In 
agreement with Dornier et al . ,  we found 
little suppression of basal PRA in mature 
animals (14). It has been shown that plasma 
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FIG. 2 .  Diagrammatic representation of some 
known factors affecting renin secretion. Arrows indi- 
cate direction of change of factor. 
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propranolol reaches a steady-state level 10 
min after subcutaneous injection. If one as- 
sumes that propranolol would be effective 
30 min after injection, one can estimate that 
if P-blockade reduced renin secretion, one 
would expect some reduction at 2 hr after 
injection, since the half-time of destruction 
is about 26 min in neonates with high PRA 
(7). At this time, no significant reduction in 
PRA was found. Since it is known, how- 
ever, that absorption in the neonate from 
several sites can be slower than in the ma- 
ture animals (1 l) ,  we repeated these studies 
with blood collections made 3 hr after injec- 
tion. Again, no significant depression of 
PRA was observed. As a result, one can 
suggest that the high PRA of the neonate is 
not a result of high levels of autonomic stim- 
ulation. 

In contrast to the failure of salt or P- 
blockade to affect PRA, 0.2 unit of A D H  
suppressed renin levels 4 hr after injection. 
Although this dose has been labeled “phar- 
macological ,” to us such characterization of 
the dose is not appropriate at this time. The 
hormone was injected in oil and intramuscu- 
larly, and one does not know either the rate 
of absorption or the blood levels attained in 
our studies as well as in those by others (8). 
It is of interest that in the dog, “physiologi- 
cal” doses of ADH can suppress renin (15) 
when given intravenously. It is, however, 
possible that species differences exist , and, 
if the effective dose is in fact excessive, this 
result may have little bearing on a possible 
role of A D H  in suppressing PRA. 

With respect to the possibility that A D H  
is involved in the regulation of PRA, it 
should be pointed out that it meets criteria 
presented at the beginning of this discus- 
sion. (i) The change in PRA is in the direc- 
tion predicted for its playing a regulatory 
role. (ii) Rats are unable to produce a con- 
centrated urine in response to ADH until 
the third week of life. Thus, the time of 
ADH effectiveness coincides with the time 
of onset of mature levels of PRA. Although 
part of the change in neonatal responsive- 
ness to ADH is a result of anatomical matu- 
ration of the thin loops of Henle (16), part 
of the failure to produce a concentrated ur- 
ine is the result of a lack of A D H  (17). (iii) 
The changes in the hormone increase during 
neonatal development are accordingly in the 

appropriate direction to assign A D H  a regu- 
latory role. In part, then, the high PRA may 
possibly be related to the failure of A D H  to 
suppress renin secretion. 

It is not possible, however, to say that 
A D H  ineffectiveness and reduced metabolic 
destruction of renin are the only factors re- 
sponsible for the high PRA of neonates. It is 
known that the angiotensin I1 antagonist, P- 
113, does not affect basal secretion in 
adults. If, however, a stimulus to renin se- 
cretion exists, it has been found that the 
inhibitor interferes with biological feedback 
and renin activity increases. Such an effect 
has been observed with varied stimuli as 
adrenalectomy (1 8), vena caval constriction 
(1 9), reduction of hypertension of renal ori- 
gin (20) and following renal ischemia and 
subsequent production of acute renal failure 
(1 3) .  In the infant, P-113 administration 
also markedly increases the level of renin. 
One possible source of the stimulus in these 
animals is anesthesia (21). It has been 
found, however, in control animals in other 
studies that P-113 alone does not raise PRA 
in anesthetized mature rats (21). In addi- 
tion, in mature animals we have never found 
PRA levels as high as in infants with compa- 
rable anesthesia (1 1). It would, therefore, 
seem that a stimulus exists to cause secre- 
tion of renin but that the nature of that 
stimulus has not been elaborated by these 
studies. 

Summary. The effect of various experi- 
mental maneuvers in altering PRA of infant 
rats was studied. In 2-week-old animals, no 
suppression of PRA is found after saline 
loading or P-blockade. Infants nursed by 
mothers receiving 1 %  saline for drinking 
water show no changes in PRA from control 
levels. Intramuscular administration of 
A D H  (0.2 U) in 2-week-old animals sup- 
pressed PRA,  while P-113 resulted in a 
marked increase in PRA. These latter data 
suggest that some stimulus is causing inap- 
propriate secretion of renin, and, in addi- 
tion, there was some failure of feedback 
suppression by ADH.  

This work was supported by a grant from the U S . /  
Israel Binational Science Foundation, No. 474. 

1 .  Pohlova, I . ,  Janovsky, M . ,  Jelinek, J . ,  and Marti- 
nek, J . ,  Physiol. Bohemoslov. 22, 233 (1973). 



PRA IN INFANT RATS 313 

2. Kotchen, T. A., Strickland, A.  L., Rice, T. W., 
and Walters, D. R., J .  Pediat. 80, 938 (1972). 

3. Granger, P., Rojo-Ortega, J .  M., Casado-Perez, 
S .  C., Boucher, R., and Genest, J., Canad. J .  
Physiol. Pharmacol. 49, 134 (1971). 

4. Moore, E.  S. ,  Paton, J .  B., De Lannoy, C. W., 
Ocampo, M., and Lyons, E .  C., Pediat. Res. 8, 
458 (1974). 

5 .  Trimper, C. E. ,  and Lumbers, E .  R. ,  Pflugers 
Arch. 336, 1 (1972). 

6.  Pohlova, I . ,  and Jelinek, J., Pflugers Arch. 351, 
259 (1974). 

7. Solomon, S . ,  Iaina, A., and Eliahou, H., Physiol- 
ogist 18, 399 (1975). 

8. Gutman, Y . ,  and Benzakein, F., Life Sci. 10, Part 
I ,  1081 (1971). 

9. Leenen, H.  H., and McDonald, H., Jr., Eur. J. 
Pharmacol. 26, 129 (1974). 

10. Dlouha, H., Erdosova, R., Kraus, M., and Skop- 
kova, J., Biol. Neonat. 22, 38 (1973). 

11. Hoy , P. A., Proc. SOC. Exp. Biol. Med. 122, 358 
(1966). 

12. Vernadakis, A.,  and Woodbury, D. M., Amer. J. 
Physiol. 206, 1365 (1964). 

13. Shapira, I . ,  Eliahou, H., Iaina, A., and Solomon, 
S . ,  Isr. J. Med. Sci. 12, 124 (1976). 

14. Dornier, A.,  Genest, J . ,  Boucher, R., Nowaczyn- 
ski, W., Rojo-Ortega, M., Kuchel, O., and Gran- 
ger, P., Proc. SOC. Exp. Biol. Med. 150, 521 
(1 975). 

15. Tagawa, H., Vander, A. J. ,  Bonjour, J .  P., and 
Malvin, R. L., Amer. J .  Physiol. 220, 949 (1971). 

16. Boss, J .  M. N., Dlouha, H., Kraus, M., and Kre- 
cek, J . ,  J .  Physiol. 168, 196 (1963). 

17. Dicker, S.  E.,  J .  Physiol. 185, 429 (1966). 
18. Bing, J . ,  Acta Pathol. Microbiol. Scand. Sect. A 

81, 3, 376 (1973). 
19. Johnson, J .  A., and Davis, J. O., Science 179,906 

(1973). 
20. Pittinger, W. A., and Mitchell, H.  C., N. Engl. J. 

Med. 292, 1214 (1975). 
21. Pettinger, W. A., Tanaka, K., Keeton, K., Camp- 

bell, W .  B., and Brooks, s. N., Proc. Soc. Exp. 
Biol. Med. 148, 625 (1975). 

Received March 22, 1976. P.S.E.B.M. 1976, Vol. 
153. 


