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The effects of emotional stimuli on arterial 
pressure have been documented in humans 
(1, 2)  and animals (3-5). Intermittent elec- 
tric shock induces a moderate blood pressure 
elevation in rats (4),  and increases in plasma 
catecholamines and corticosteroids in monkeys 
(6).  Increase in sympathetic activity could 
be responsible for the rise in blood pressure 
but another potent pressor mechanism is the 
renin-angiotensin system. Since it is apparent 
that the sympathetic nervous system prob- 
ably plays an important role in the regula- 
tion of renin release (7), the rise in blood 
pressure during exposure to emotional stimuli, 
therefore, may be at  least partly due to an 
elevated renin release. 

Emotional stimuli also induce ACTH re- 
lease and consequent secretion of corticos- 
teroids. Whereas ACTH stimulates renin re- 
lease (S) ,  administration of high doses of 
glucocorticosteroids blocks renin secretion (8, 
9). The interaction of these 3 factors-sym- 
pathetic activity, ACTH release and steroid 
secretion-may determine the extent and di- 
rection which renin release changes during 
exposure to emotional stimuli. 

Accordingly, in the present study plasma 
renin activity (PRA) and plasma corticos- 
terone concentration were followed during ex- 
posure of individual rats to a 24 hr period 
of intermittent electric shock. The involve- 

1 Supported by Training Grant HL 05467 in 
Clinical Pharmacology and Research Grants HL 
05711 and HL 13604 from the NHLI. 

2 Merck Sharpe and Dohme International Fellow 
in Clinical Pharmacology (on leave of absence from 
the Rudolf Magnus Institute for Pharmacology, Uni- 
versity of Utrecht, Vondellaan 6, Utrecht, The Nether- 
lands; [reprint requests to this address]). 

534 

ment of the above mentioned three factors 
was assessed by hypophysectomy or pre- 
treatment with autonomic blocking agents and 
dexame t hasone. 

Materials and Methods. Male Sprague- 
Dawley rats, weighing 180-220 g, were housed 
in wire-mesh colony cages for 4-7 days prior 
to an experiment and maintained on Purina 
Chow pellets (containing 220 pEq Na+/g) 
and tap water ad Zibitum. They remained in 
a temperature-controlled room (23 O-2So), il- 
luminated between 7 AM and 6 PM. No food 
and water were present during an experiment. 

Rats were randomly divided into a “shock- 
group” ( N =  7-8), control-group ( N =  5-6) and 
in some experiments a group ( N = 4 ) ,  which 
stayed on food and water in individual cages. 
The shock-group was placed in a separate 
room in a 240 X 20 X 35 cm wooden box 
with an electrified grid floor, divided into 8 
compartments. Each rat was subjected to 3 
sec of a 3 mA “scrambled” electric shock de- 
livered every 24 sec. This intensity of shock 
initially caused the animals to jump about 
the cage and attempt to climb its walls; after 
1-2 hr the rats became passive and inert. The 
shock did not cause convulsions or other evi- 
dence of physical harm. The control-group 
was placed in an identical box, without be- 
ing exposed to an electric shock. Experiments 
were started in the mornings. 

Animals were sacrificed by decapitation and 
approximately 3-4 ml of blood collected from 
the trunk within 30 sec. Plasma renin activity 
(PRA) was measured according to the 
method of Haber et at?. ( lo) ,  using a radio- 
immunoassay for angiotensin I. PRA was cal- 
culated as the amount of angiotensin I gen- 
erated from endogenous renin substrate per 

Copyright 0 1974 by the Society for Experimental Biology and  Medicine 
All rights reserved. 

Printed in U.S.A. 



ELECTRIC SHOCK AND RENIN RELEASE 53 5 

ml of plasma during incubation of the sample 
at  ambient pH (7.4) for 3 hrs a t  37”. Within 
assay variation in duplicate samples averaged 
7.776 (SE = * 1.3; N = 25). Between- 
assays variation averaged 15.270 (SE = & 
1.9; N = 23). 

Plasma corticosterone was estimated with 
a fluorimetric method (1 1).  Hematocrit was 
measured in duplicate after centrifugation in 
standard heparinized capillary tubes ( 1.5- 
2.0 mm i.d., length 75 mm). 

In  the experiment in which hypophysec- 
tomized rats were used, the operation was 
performed under ether anesthesia, 3 days 
earlier, via the parapharyngeal route. These 
animals received 3 pg/kg/day of dexametha- 
sone sodium phosphate (Decadron) sc. 

To study pharmacological effects on renin 
release, dexamethasone ( 5  mg/kg, ip), pro- 
pranolol hydrochloride (Inderal, 10 mg/kg, 
sc) or phentolamine mesylate (Regitine, 10 
mg/kg, sc) were administered 30 min before 
onset of an experiment, Drugs were dissolved 
in 0.9% saline and injected in a volume of 1 
ml per kg body wt. Control animals received 
1 ml 0.9% saline/kg. 

Results are expressed as means f standard 
error of the mean (SE). Statistical analysis 
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of the data was performed using Wilcoxon’s 
2 sample test. 

Results. In unstressed rats PRA varied 
from 2 to 10 mpg AI/m1/3 hr. Placing naive 
rats in the shockbox without exposing them 
to an electric shock (control-group) did not 
result in a rise in PRA during the first two 
hours (Fig. 1). However, rats exposed to 
the intermittent electric shock displayed a 
significant elevation of PRA to 43 2 5 mpg/ 
ml within 15 min and PRA remained at  these 
levels after 30 and 60 min (Fig. 1). After 
120 min PRA was still elevated above con- 
trols, but had dropped significantly ( P  = 
0.01) from the level a t  60 min. Following 8 
and 24 hr of exposure to the intermittent 
electric shock, the difference between the 
shock-group and the control-group had dis- 
appeared. However, the level after 24 hr was 
significantly ( P  = 0.01) higher in both the 
control-group and the shock-group as com- 
pared with a “normal group,, of rats who 
received food and water ad lib during this 
time. The hematocrit a t  24 hr was increased 
(39.2 0.6, 40.1 +- 0.7 and 35.2 -C- 0.7% 
in the control-group, shock-group and “nor- 
mal group” respectively, P = 0.01); suggest- 
ing that water deprivation probably caused 

* *  
h 

r 
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F’IG. 1. Changes in plasma renin activilty (FRA) during exposure of rats tto an intermittent 
electric shock. Values are means (& S.E.) **P = 9.01. 
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FIG. 2.  Changes in plasma corticosterone concentration during exposure of rats to an intermittent 
electric shock. Values are means (2 S.E.) * P  = 0.05; **P = 0.01. 

the increase in PRA at  this point. 
In  unstressed rats plasma corticosterone 

concentration varied from 5 to 15 &lo0 
ml. I n  contrast with PRA, corticosterone was 
increased significantly, 15 min after placing 
the rats in the strange environment of the box 
in both the control-group and the shock-group 
(Fig. 2).  However a t  30 min, the levels in 
the shock-group had risen further while those 
in the control-group had dropped, a difference 
which was maintained throughout the 2 4  hr 
period, By this time the corticosterone in the 
control-group had returned to essentially nor- 
mal levels, while the levels in the shock-group 
remained markedly elevated. Due to the 
diurnal variation in adrenocortical secretion 
and PRA the 8 hr values in normal rats were 
significantly (P = 0.01) higher than the 2 4  
hr value. 

To assess the role of ACTH in the initial 
increase in PRA and the role of the ACTH- 
dependent corticosteroids in the subsequent 
disappearance of this response, hypophysec- 
tomized rats and rats receiving pretreatment 
with dexamethasone were studied. As shown 
in Table I, 30 min of intermittent shock 
caused a greater increase in PRA in hypo- 
physectomized rats than in intact rats al- 

though to a questionably significant degree 
( P  = .lo), but PRA was still elevated after 
8 hr ( P  = .OS). Plasma corticosterone showed 
the expected changes. By contrast after 30 
min of intermittent electric shock no in- 
crease in PRA was observed in intact rats, 
pretreated with dexamethasone. 

In order to assess the importance of the 
sympathetic nervous system, rats were pre- 
treated with propranolol or phentolamine 
(Table I ) .  Propranolol prevented the increase 
in PRA, without blocking the rise in plasma 
corticosterone. Pretreatment with phentola- 
mine induced a significant elevation of PRA 
and of plasma corticosterone (P = 0.01). 
When these rats were exposed to electric 
shock, PRA increased further and was sig- 
nificantly elevated above that of both un- 
treated shock rats and treated unshocked rats 
( P  = 0.05). The elevation in plasma corticos- 
terone was the same in treated as in un- 
treated rats. 

Discussion. The present study demonstrates 
an acute effect on renin release during ex- 
posure of rats to the stress of intermittent 
electric shock. Plasma renin activity increased 
rapidly, stayed elevated for 1-2 hr but was 
returned to normal after 8-24 hr, Plasma 
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TABLE I. Effect of Hypophysectomy or Pretreatment with Dexamethasone, Propranolol or 
Phentolamine on the Changes in PRA and Plasma Corticosterone Concentration during Exposure 

of Rats to Intermittent Electric Shock." 

PRA Plasma corticosterone 

Shock Time ?4 hr 8 hr 1/2 hr 8 hr 
(mpg AdmV3hr) (&/ loom9 

Effect of Hypophysectomy 
Intact 7.4 & 0.6 14.8 -t- 5.6 21.4 & 4.0 
Intact-Shock 33.7 2 6.6 ** 16.8 2 2.4 33.6 i: 2.5 * 

HYPOX 23.7 f 3.1 
Hypox-Shock 55.4 & 8.5 62.0 -c 21.2 * 

Effect of dexamethasonct 
Con trol-Shock 31.4 & 4.5 
Dexamet hasone-Shock 8.5 * 2.0 * *  

Effect of p-blockade 
Control 9.8 2 1.3 
Control -S hock 31.4 & 3.2 * 40.9 3.4 

Propranolol 9.3 & 1.5 
Propranolol -Shock 13.1 & 3.4 52.5 k 2.7 

Effect of &-blockade 
Control 4.7 -c 1.2 4.9 & 1.1 
Con trol-Shock 34.5 & 9.9" 63.2 e 0.9 *+ 
Phen tolamine 28.1 & 5.8 
Phentolamine-S: hock 89.6 & 15.6' 

30.4 & 5.9 
59.1 e 5.9"" 

unmeasurable 
unmeasurable 

a Values represent means +- S.E. of 4-6 rats per group. 
* P =  .05. 

+* P = .01. 

corticosterone concentration remained ele- 
vated throughout the entire 24 hr period. 

The initial rise in PRA probably is due to 
an activation of the sympathetic nervous sys- 
tem and appears to be mediated via p- 
adrenergic receptors, because propranolol 
blocked the response. However propranolol 
may have other actions which could influence 
renin release. One example is the as yet un- 
confirmed report that d-propranolol (with 
only slight P-blocking activity) also blocks 
renin release due to isoproterenol ( 1 2 ) .  It 
is of interest that exposure of phentola- 
mine-pretreated rats to electric shock resulted 
in a higher renin release than in untreated 
rats, suggesting that activation of the sys- 
tem-probably related to the blood pressure 
lowering effect of phentolamine-makes it 
more sensitive for another stimulus. This has 

been shown in renal hypertensive rats (13) 
and in rats on sodium-deficient diet (14). 

Although ACTH is capable of inducing 
renin release (8, 14) it would not seem that 
it played an essential role in the stress- 
induced renin release, since hypophysectomy 
potentiated the effect. A high dose of dexa- 
methasone (presumably fully inhibiting 
ACTH release) blocked the response com- 
pletely. It has been reported to block the 
stimulatory effect of exogenous ACTH or cy- 
clic AMP (8, 14), while adrenalectomy or 
pretreatment with aminogluthethimide poten- 
tiate the stimulatory effect of ACTH on renin 
release (8, 14). 

Considering these data it can be argued 
that the stimulatory effect of ACTH on renin 
release was blocked rapidly by the simultane- 
ous ACTH-induced increase in corticosterone 
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secretion. These high circulating levels of cor- 
ticosterone also may have blunted and sub- 
sequently blocked the effect of the sympa- 
thetic nervous system, since prevention of the 
rise in the endogenous corticosteroids by prior 
hypophysectomy not only potentiated the re- 
sponse, but also prolonged it. It appears that 
the blocking effect of endogenous or exo- 
genous corticosteroids on renin release over- 
rides the stimulatory action of ACTH and is 
independent of inhibition of the ACTH-re- 
lease (cf. 8, 14). It could be related to a 
shift of intracellular sodium into the extra- 
cellular fluid, thereby increasing plasma 
sodium and plasma volume (15), but the in- 
crease in hematocrit in both the shock-group 
and the control-group, militates against this 
explanation. The blocking effect also has been 
related to a direct action on the juxtaglomer- 
ular cells producing changes in RNA synthe- 
sis (14). 

To summarize, the increase in renin release 
with stress seems to derive primarily from 
sympathetic arousal, probably with an addi- 
tional ACTH-stimulatory component, is soon 
terminated by a rise in adrenal cortical se- 
cretion, can be blunted by /3-receptor block- 
ade, and is exaggerated by blood pressure 
reduction with a-receptor blockade. In  any 
case, the response of PRA with stress and the 
magnitude of this response as demonstrated 
in our study, provides another physiological 
explanation for observed variation and labil- 
ity of the renin-angiotensin system in the 
intact organism, and possibly for acute ele- 
vations in blood pressure which occur with 
stress. 

Summary. During exposure of rats to an 
intermittent electric shock PRA increased 
initially by about 500%. After 1-2 hr the 
PRA response decreased and after 8-24 hr 
PRA was no longer different from that of con- 
trol-rats. Plasma corticosterone concentra- 
tion stayed elevated during the whole 24 hr 
period. 

Following hypophysectomy the increase of 
PRA was not inhibited and occurred also 

after 8 hr. Both dexamethasone and pro- 
pranolol blocked completely the initial rise in 
PRA. Phentolamine potentiated the response. 

These results suggest that stress-induced 
release of renin is mediated via /3-adrenergic 
receptors and that endogenous corticosteroids 
modify this response. 
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