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Potentiating effect of  aldosterone on the diuretic action of  atrial extract  
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Summary. The typical stimulatory effect of a rat heart atrial extract on urinary water, sodium, potassium and kallikrein excretion is 
significantly increased by a previous administration of aldosterone (0.5 gg/100 g b. wt) in the rat. 
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Crude extracts of mammalian cardiac atria have powerful na- 
triuretic and vascular muscle relaxant activity 1"2. These effects 
are mediated by peptides identified as atrial natriuretic factors 
(ANF). All contain the same core sequence of 17 amino acids 
but differ in the lengths of their amino and carboxyl termini 3. 
Circulating ANF have been detected in the blood by radio- 
immunoassay, suggesting that they have an endocrine role in 
fluid and electrolyte homeostasis 4-7. One striking feature of 
A N F  is its ability to inhibit the secretion of aldosterone, the 
most potent physiological factor promoting sodium reabsorp- 
tion by the kidneys. A N F  reduces basal secretion of aldosterone 
in vivo s and the secretion induced by angiotensin stimulation of 
the adrenal cortex in vitro 9' 10. Suppression of aldosterone secre- 
tion in vivo is amplified by the concurrent inhibition of renin 
secretion, the enzyme which liberates angiotensin 11. The accu- 
mulated evidence leads to the cogent assumption that a rise of 
aldosterone concentration in the blood by exogenous adminis- 
tration may hamper ANF-induced natriuresis. But contrary to 
this expectation, our results show that natriuresis is significantly 
enhanced by administration of a moderate dose of aldosterone 
4 h before an i.v. bolus of a standard dose of ANF. 
In the present experiments, the urinary excretory rates of water, 
sodium, potassium and kallikrein were compared in two groups 
of  rats (8 in each). Both groups were given the same dose (0.1 ml) 
of rat cardiac atria extract containing semi-purified ANF.  One 
group, 200-220 min before the administration of ANF,  received 
0.5 gg/100 g b. wt i.p. of d-aldosterone (Sigma) diluted in iso- 
tonic glucose solution (0.1 ml); the other one only the vehicle. 
According to previous reports the effects of exogenous aldo- 
sterone can be registered within a few hours (2-4 h). The dose of 
this mineralocorticoid employed here is close to the physiolo- 
gical range 12. 
Female Sprague-Dawley rats (200-220 g) were used. They were 
fed with the normal laboratory diet, which contains 180 mg of 
Na and 750 mg of K/100 g, and had tap water ad libitum. 12 h 
before the experiment no food was given. The animals were kept 
at constant temperature with a 12-h alternated rhythm of light 
and darkness, they were gently manipulated and any stressing 

factor (noise, seclusion, etc.) was prevented. According to our 
experience, prevention of any type of stress during the manipu- 
lation of the rat significantly reduces the variability in the 
bioassay, which is particularly important for the assessment of 
the natriuretic activity 13. Both groups, those injected with aldo- 
sterone and the controls injected with the vehicle, were anesthe- 
tized 1 h later by i.p. injection of sodium penthotal (4 rag/100 g 
b.wt). The rats were then returned to the cages, and (while deeply 
anesthetized) transported to the place where the surgical proce- 
dure was carried out. Blood pressure was continuously recorded 
through a cannula placed in the left carotid artery; a catheter 
introduced in the bladder through the urethra allowed contin- 
uous collection of urine. 
Urine volume, the amounts of sodium and potassium, and 
kallikrein activity, excreted every 20 min, were measured for a 
period of 200 min. Throughout the experiment the rats were 
infused with 0.60 ml/100 g b.wt/60 min of isotonic glucose solu- 
tion into the jugular vein. The amounts of sodium and potas- 
sium excreted, measured by a flame photometer (Eppendorf) 
were expressed in gmol per 100 g b.wt excreted in 20 rain. 
Kallikrein activity was determined by the amidase method I4 and 
expressed as nmol of p-nitroaniline generated per min at 37 ~ 
The urinary excretion of kallikrein was calculated by the urine 
volume and referred to 100 g b.wt. The determination of  kalli- 
krein was included in this study because several lines of investi- 
gation suggest a role for the renal kallikrein-kinin system in the 
regulation of renal hemodynamies, fluid and electrolyte homeo- 
stasis 15. 
The A N F  preparation was obtained as folllows: atria were ex- 
cised from 300 adult rats. The tissue was rinsed with cold saline, 
homogenized, mixed with 5 volumes of  cold 0.1 M acetic acid, 
and centrifuged. The supernatant was heated in a boiling water 
bath for 15 min. After cooling, the precipitate was removed by 
centrifugation and the supernatant neutralized with ammonia. 
To preclude the action of proteases, 1 mg of ovomucoid and 1 
mg of soy-bean antitrypsin inhibitor were added. After a final 
centrifugation the extract was lyophilized. This material was 
dissolved in saline (45 ml) and stored in vials at - 40*C. The 
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Effect of atrial extract on urinary volume, sodium, potassium and kalli- 
krein excretion in the aldosterone group (black bars) and control group 
(white bars) in 3 successive periods of 20 min. The arrow indicates i.v. 
administration of atrial extract in both groups. Mean values and SE are 
referred to 100 g b. wt. For other details see text. 

rats were allowed water ad libitum. Volume and electrolyte 
levels were determined for the urine collected 4 h after the injec- 
tion of aldosterone. This hormone induced a significant decrease 
in Na excretion (p < 0.02) as compared to the control group 
(n = 10).. 
It is difficult, with the available data, to suggest an explanation 
of the mechanism by which aldosterone facilitates the diuretic, 
natriuretic and kaliuretic action of ANF.  However, we have 
described that aldosterone (5 gg) given s.c. to unanesthetized 
rats was also able to facilitate the stimulatory effect upon the 
urinary excretion of  water, sodium and potassium elicited by 
renin ~9. The mechanism responsible for the diuretic action of 
renin has not been satisfactorily-explained either, but it seems 
reasonable to suppose that A N F  is involved in it. Unfortunately, 
the mechanism of natriuresis elicited by A N F  is still a matter of 
controversy, nonetheless there is a growing body of evidence 
that one major mechanism underlying the rise in diuresis-natriu- 
resis is the increase in glomerular filtration rate 2~ although a 
contribution of the inhibition of Na reabsorption in the tubules 
has also been postulated 21. High affinity ANF binding sites have 
been found over glomeruli and to a lesser extent in the arterial 
vasculature. Lower affinity binding sites were discovered in pro- 
ximal tubules and inner medullary collecting ducts2L Experi- 
ments will be required to determine whether aldosterone facili- 
tates the ANF effect on glomerular filtration rate and additional 
studies will be necessary to elucidate the interplay between A N F  
and aldosterone under the experimental conditions here de- 
scribed, but considering that the distal and collecting tubes are 
the main sites of aldosterone action, it is possible that this hor- 
mone could modulate the density (or affinity) of the A N F  recep- 
tors in that tubular region. However, the invariability of Na /K 
ratio would point to the possibility that aldosterone can enhance 
the ANF renal effect both at the level of G F R  and at that of the 
collecting tubes. 
Furthermore, it is feasible to hypothesize that A N F  may be 
involved in the 'escape phenomenon' facilitating the return of 
the sodium balance toward normal levels, and thus counter- 
acting the transient sodium retention produced by the adminis- 
tration of mineralocorticoids. 

extract contained 14 mg/ml of  protein, and when administered 
as an i.v. bolus in the rat it induced a natriuresis 40-50 times 
above the basal value. The atrial extract contains several active 
peptides, derived from the same precursor molecule, and the 
exact nature of the secreted forms remains to be elucidated. 
Further purification of the A N F  was not attempted in this study. 
As shown in the figure, ANF produced a typical increase of all 
the factors analyzed, within the first 20-rain period following the 
injection. The most remarkable finding is the significant increase 
of water and electrolytes excretion in the aldosterone group as 
compared to the control. The difference is particularly notice- 
able in water and sodium excretion which were more than twice 
the control values. In the last 20-min period the values tend to 
return to the basal values, except for K of the control group, 
which remained significantly higher. 
No significant differences in Na/K ratio of  the urine collected in 
the 3 periods of 20 rain were observed. The hypotensive effect of 
the atria extract (duration and maximal fall) was similar in both 
groups (not shown). Confirming our previous report 16 kallikrein 
excretion is increased by ANF.  The increase was greater in the 
aldosterone group (19 < 0.05). The response of this enzyme, 
which is produced in the connecting segment ]7 is an index of the 
participation of this part of  the nephron in the diuretic-natri- 
uretic kaliuretic action of A N F  and is probably related to fluid 
and electrolyte load in distal tubules ~8. The effectiveness of 
aldosterone of the chosen dose was demonstrated in a traditional 
bioassay by the administration of  the hormone (i.p.) to 10 non- 
anesthetized female rats maintained on the same standard diet. 
After a period of adaptation the animals were placed in meta- 
bolic cages. Food was withheld for 14 h before the study, but the 
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Summary. Chronic ovariectomized rats treated neonatally with MSG showed reduced circulating concentrations of LH coupled with 
elevated hypothalamic LHRH stores. Despite the apparent loss of L H R H  secretion, the small pituitary glands showed an increased 
density of LHRH receptors and normal responsiveness to the releasing hormone. The positive feedback effects of progesterone on 
LH release in oestrogen-primed animals was greatly exaggerated reflecting the build-up of hypothalamic L H R H  stores without loss 
of pituitary responsiveness to LHRH. 
Key words. Monosodium L-glutamate; luteinizing hormone; luteinizing hormone-releasing hormone; ovariectomized rats; steroid 
feedback. 

Rats treated neonatally with the neurotoxin, monosodium L- 
glutamate (MSG), have permanent lesions of the arcuate nu- 
cleus which cause a disruption of the neuroendocrine regulation 
of gonadal function and hypogonadism, despite normal serum 
levels of LH 1'2. Since there appears to be no impairment in the 
release mechanism for LH-releasing hormone (LHRH) 3 or in the 
pituitary responsiveness to LHRH 4 it is likely that MSG treat- 
ment disrupts the neuronal circuits mediating steroid feedback 
control of LHRH secretion. Indeed, adult rats treated neona- 
tally with MSG show an attenuated rise in LH release after 
ovariectomyS, 6 and a reduction of the positive feedback effects of 
chronic oestrogen administration to ovariectomized rats 7. 
In these experiments we have further investigated the effects of 
MSG-induced arcuate lesions on steroid feedback mechanisms 
in ovariectomized rats. The negative and positive feedback ac- 
tion of exogenously administered steroids has been assessed and 
the results have been correlated with measurements of  hypotha- 
lamic LHRH content, pituitary LH responses to L H R H  and 
pituitary LHRH receptors. 

perfused with Krebs ringer bicarbonate (KRB) containing 2 g 
glucose/1 and 2.5 g bovine serum albumen/1. The perfusate was 
constantly gassed with 95% 02/5 % CO2 and delivered to the 
tissue at a rate of 0.2 ml/min. After an initial 2 h stabilization 
period, 10-rain fractions were collected for a further 2-h period 
during which time two 5-min pulses of 10 ng L H R H  (Cambridge 
Research Biochemicals Ltd., Harston CB2 5NX)/ml KRB was 
delivered to the gland with an interval of lh betwwen each pulse. 
Perfusate samples were stored at - 2 0  ~ 
Pituitary LHRH receptors of individual hemi-pituitaries were 
measured by binding of the LHRH-analogue [D-Ser(t-Bu) 6] des- 
Glyl~ (buserelin, Hoechst (UK) Ltd., Middlesex 
House, Hounslow) using a method described previously ~. Pro- 
tein estimation of  individual homogenates were determined by 
the method of Lowry et al. 9. 
In a second group of animals, the response to exogenous steroid 
treatment was investigated. On day 21 at 12.00 h, a blood sample 
was obtained by cardiac puncture under ether anesthesia just 

Material and methods. Female Porton Wistar pups were injected 
i.p. with 4g MSG/kg in 0.9 % saline on days 2, 4, 6, 8 and 10 after 
birth; control rats received an equivalent volume of isosmotic 
NaC1 (10% w/v). After weaning at approximately 3 weeks of 
age, the sexes were separated and they were housed under con- 
trolled conditions of light (lights on 06.00--18.00 h) and tempera- 
ture (22 ~ food and water was available ad libitum. When they 
were 3 mouths old they were ovariectomized and three weeks 
later used for experimentation. 
One group of animals was stunned and decapitated, trunk blood 
was collected for hormone measurements, and the pituitaries 
and hypothalami dissected out. The hypothalami measured ap- 
proximately 5 x 4 x 2 mm with the rostral and caudal limits 
being defined by the optic chiasma and mamiltary bodies respec- 
tively. Immediately after dissection, the tissue was placed in 1 ml 
ice cold saline containing lmM bacitracin (Sigma), disrupted by 
sonication and the separated extract stored at -20  ~ until 
assayed for LHRH. 
The pituitaries were hemisected and one half was used to inves- 
tigate the responses of perfused glands to LHRH and the other 
half for the measurement of pituitary L H R H  receptors. Hemipi- 
tuitaries were placed on 200-~1 volume perspex chambers and 

Effects of neonatal MSG treatment on body and pituitary weight, go- 
nadotrophic hormone secretion, hypothalamic LHRH content and 
pituitary LHRH receptors in adult ovariectomized rats. Values give 
mean 5: SEM and group numbers are given in parenthesis. ]', p < 0.005 
and * p < 0.05 compared with control; Student's t-test 

MSG Treated Control 

Ovarian weight 43.2 5: 3.9"~ 69.3 5:6.2 
at ovariectomy (mg) (10) 
Pituitary weight (mg) 16.8 5:1.18t 33.8 5:1.42 

(10) (9) 
Body: tail lenght ratio 0.73 5: 0.0H 0.94 • 0.02 

(10) (10) 
Serum LH (I.tg/l) 116 5: 29~ 404 5:0.02 

(8) (7) 
Serum prolactin (gg/1) 53 5:29 21 5:3 

(8) (7) 
Hypothalamic LHRH (pg) 1212 5:876 362 5:78 

(6) (6) 
Pituitary LHRH receptors: 
a) fmoles/hemi-pituitary 43.5 5:4.3 54.0 5:6.6 

(10) (9) 
b) fmoles/mg protein 65.7 • 7* 41.0 5:6.8 

(10) (9) 


