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Chapter 5 

NEUROENDOCRINE AND CARDIOVASCULAR RESPONSES 
TO MILD STRESS IN YOUNG AND AGED RATS 

B. Buwalda, S.M. Korte, G U .  Bouws, J.M. Koolhaas and B. Bohus 
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Under resting conditions, mean arterial pressure (MAP) and heart rate (HR) were not 
sigdlcantly different in free mo* naive 24 mo old male W i i  rats when compared to young adults 
(3 mo old). Basal levels of plasma norepinephrine (NE) and cortieosterone (CORT) were elevated in the 
aged animals, while epinephrine Q levels were the same order of magnitude in both age groups. Mild 
stress, consisting of transportation to an open field where a sudden silence was imposed on background 
noise, caused similar cardiovascular responses, 4.e. increase in MAP and HR - in young and aged rats. 
Plasma NE and CORT responses to stress were slightly, but not significantly blunted in aged rats. Plasma 
E responses were in the same order of magnitude in both ages. Post-stress recovery rates of MAP and 
HR were similar in young and aged animals, while recovery of plasma NE response was delayed in aged 

rats. 
The present findings indicate that tonic sympathetic and adrenocortical activity is elevated in 

aged rats, while post-stress recovery rate of plasma NE appears to be delayed in aged rats. The 
cardiovascular and endocrine responsiveness to mild stress, however, is little affected by age. 

INTRODUCTION 

It is well recognized that stimuli which provoke changes in emotionality have a 
strong impact on the neuroendocrine and autonomic nervous system (3,13,25). The character 
of the stress response is the result of interactions between the environment (controllability/ 
predictability), the coping strategy , the properties of the stressor and bodily factors (4). 
Aging represents an important variable in stress responsiveness. Previous studies in this 
laboratory have focussed on the age-related changes in the autonomic stress-responses due to 
stressors inducing behavioral immobility. During such immobility - i.e. passive way of coping, 
young male Wistar rats react predominantly with a parasympathetic, cardio-inhibitory 
response (2,3,19,28). This stress-induced bradycardia, which is a relative change in heart rate 
in comparison to non-punished free moving male rats, appears to be absent in aged rats (28). 
It was suggested that an age-related reduction of vagal responses might be associated with a 
deficit in the immediate evolvement of neuronal activity underlying behavioral and 
autonomic arousal (28). Arousing or stressful events are well known to activate both the 
pituitary adrenocortical axis and the sympatho-adrenomedullary system resulting in raised 
plasma concentrations of the adrenal corticosterone and of the catecholamines 
norepinephrine and epinephrine (1,13). Since sympathetic output is modulated 
prejunctionally by vagal acetylcholine (27), the diminished vagal stress responsiveness may 
lead to a disturbed autonomic balance in aged rats. Although the relation between aging and 
physiological stress responses is receiving increasing attention, only a few studies have 
examined autonomic and endocrine responses to emotional stress in freely moving aged 
rodents (9,26). Accordingly, it is of interest to investigate these stress responses, in particular 
to less demanding situations, in order to find out whether the age-related reduction of vagal 
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stress responses (28) is also reflected in sympathetic as well as endocrine responses. 
In this paper young and aged rats' cardiovascular, neuroendocrine and autonomic 

stress responses to a short mild emotional stressor are presented and evaluated. Stress 

consisted of transportation to a diierent environment where a sudden silence was imposed 
on background noise. Former observations showed that this type of stressor causes 
pronounced cardiac and behaviord responses in young male Wistar rats (8'19). 

METHODS 

Young (3 mo old) and aged (24 mo old) male Witar rats (weighing rcsp. 298 i 3 and 514 2 
53; originating from CpB TNO, Wit, The Netherlands and bred in this laboratory) were housed 
individually in clear Plexiglas cages (25x25~30 an) on a 1% light-dark regime (light on between 07.30h - 
193h) at a room temperature of 21 i2"C. All animals had free access to standard food (Hope Farms 
rat chow) and water. 

surgery 

AU surgery was performed under complete ether anesthesia at least one week prior to testing. 
Venous catheter. The animals were provided with a permanent silicon catheter (0.95 mm OD., 0.50 mm 
ID.) in the right atrium inserted via the right jugular vein and externalized on the top of the skull 
according to the techniques described earlier (35). The rats were provided with these catheters to allow 
frequent blood sampling in unrestrained and undisturbed freely moving rats (37). 
&rial catheter. For direct recording of arterial blood pressure and heart rate the rats were also. 
provided with a catheter in the descending aorta according to slight moditications of techniques described 
earlier ( 7 3 ) .  The aorta was exposed via a midline incision in the abdomen Aortic blood flow was briefiy 
stopped by application of a small artery clip rostral to the level of the iliolumbar vessels. A silicon 
catheter (0.95 mm OD., 0.50 mm ID.) with a 7' shaped tenon tip (TW30, Talas, Ommen, The 
Netherlands), oriented in an upstream direction, was inserted through a 23 gauge needle puncture into 
the abdominal aorta. The puncture was made approximately 0 3  an rostra1 to the bifurcation of the 
aorta. The length of the teflon tubing in the aorta was 22 cm. After insertion the catheter was anchored 
to the left psoas muscle, just lateral to the aorta. No leakage occurred at the point of insertion, the 
elasticity of the aortic wall b e ' i  sufficient to dose the wound around the catheter. Like the venous 
catheter the arterial catheter was externalized to the top of the skull and filled with a 50 percent 
hepariaized polyvinylpyrrolidonum (M= +2M00) (PVP) solution (35). This PVP solution was refreshed 
daily. 
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Experimental procedure 

All experiments were performed between 09.00 and U30 hr, 4.e. in the period of stable and 
low plasma levels of E, NE and CORT (12). To expose the animals to a mild stress of environmental 
change the rats were transferred to an open field of clear Plexiglas measuring 85x60~60 cm, for a period 
of 5 min on Day 1. The floor was covered with wood sha-. A constant background "white" noise (65 
dB, 2-8 kHz) produced by a noise generator was also provided in the field. The open field was located in 
an experimental room acoustically isolated from the animal housing. On Day 2, i.e. the test day, the 
animals were connected to polyethylene tubes (20.4 m length, 1.45 mm OD. and 0.75 mm ID.) for blood 
sampling and cardiovascular monitoring at least 45 min prior to testing. At t=O min the rats were 
exposed again to the open field. During the first 2 min the background noise was on but was then 
switched off, leaving the chamber in silence for the final 3 min. After the tifth min the rats were 
transferred back to their home cages. 

Blood sampling and dovaacular  monitoring 

Blood samples of 0.5 ml were taken in the home cage (at 15 min before transportation to the 

open field (baseline) and at t=20 min) and in the open field (at t=1.5, 2.5 and 4.5 min). After each 
sample the same quantity of heparinized donor blood (25 units per ml) was given in order to minimize 
the changes in blood volume with related changes in hernodynamics (35). Donor blood was obtained 
from unstressed rats with permanent heart catheters. 

Before the onset of the experiments mean arterial pressure (MAP, mm Hg) levels were 
calibrated by applying water pressures to the transducer. The connecting tube was filled with heparinized 
saline (10% heparin of 500 IU/ml). MAP and heart rate (HR, beatslmin) were measured in the home 
cage (30 sec recordings) immediately prior to blood sampling at t=-15 and t=20 min. In the open field 
measurements were taken at t=l ,  2 and 4 min. All recordings in the open field were continuous. The 
data were calculated from 30 see samples except of the t=2  min. This 10 sec period represented the 

immediate stimulus change, -i.e. switching off the noise. 

Cardiovascular data acquisition 

Arterial blood pressure was recorded via a pressure transducer (Honeywell 130 PC) with an 
amplifier (Electronics Service, Biological Center, Haren, The Netherlands) and an analog-to-digital 
converter (RTI-800, Analog Devices, Inc.). The pressure transducer was placed at the level of the heart. 
Interbeat intervals were measured from the pulse wave. The signal was fed into a microcomputer 
(Otivetti M24) for data processing and display. The blood pressure was analog-to-digital converted (12 
bits) at a rate of over 1.0 kHz. Data processing and display was performed by the CARDIA s o h e  
package (F.W.Maes, in preparation). HR in beats per min was calculated from interbeat intervals. 
Following each heart beat, high and low peak values for arterial blood pressure (systolic and diastolic 
pressures, in mm Hg) were determined. MAP was dculated as (systolic pressure + 2x diastolic 
pressure)/3. The data acquisition loop of the main program had a cycle time of not more than 1.0 
millisecond. This included an on-line graphical representation of data on screen and resulted in a 
numerical dump of data on floppy disk for subsequent numerical and graphical analysis. 



Chemical determinations 

Blood samples of 0.45 ml were withdrawn for determination of plasma epinephrine (E), 
norepinephrine (NE) and wrticosterone (CORT). The samples were immediately transferred to chilled 
(OT) centrifuge tubes containing 0.01 % EDTA as antioxidant and 10 pl heparin solution (500 IU/ml) as 
anticoagulant. Blood was centrifuged at 4OC for 10 min at 5000 rpm, and 100 pl of the supernatant were 
stored at -2(PC for corticosterone and at -80°C for the catecholamine measurements. Plasma 
wrtiwsterone (CORT, pg/dl) was measured by means of reversed phase high performance liquid 
chromatography, as described earlier (11). Determination of plasma catecholamine concentrations was 
performed by HPLC in combination with electrochemical detection (ECD) as described earlier (33), with 
minor modifications. 

Statistics 

Results are presented as means + SEM. For statistical analysis of data Multivariate Analysis of 
Variance (MANOVA-Stats program) with repeated measures was used (5 levels). MANOVA was 
followed by two-tailed t-tests. The paired t-test was used for comparisons within individuals. A probability 
level of p<0.05 was taken as statistical sigdicance. 

RESULTS 

Arterial pressure and heart rate 

Fig.1 shows MAP before, during and after mild stress of stimulus change. Basal 
MAP in the aged rats was 123.524.5 mm Hg. Although this value was higher than the MAP 
in young rats (114.8k3.4 mm Hg), the difference was not significant. Placement in the open 
field significantly increased MAP in the young rats (9.9 2 3.5 mm Hg). The increase of MAP 
in the aged animals (7.9 2 3.5 mm Hg) was the same order of magnitude. Switching off the 
background noise did not cause a further elevation in MAP neither in young nor in aged 
rats. Home cage measurements 20 rnin after the stress showed that post-stress recovery was 
similar in young and aged animals. Both groups regained pre-stress basal MAP levels. 

Fig.1 also depicts measures of H R  before, during and after the stress of stimulus 
change. Basal H R  was slightly but not significantly higher in young rats (345234 beatslmin) 
compared to aged rats (329243 beatslmin). H R  increased to transfer to the open-field were 
the same order of magnitude in young (75 + 12 beatslmin) and aged (68 2 19 beatslmin) 
rats. A different pattern of changes was seen after auditory stimulus change: a slight, but 
significant ( ~ ~ 0 . 0 5 )  decline was seen in the aged rats but not in the young ones. Home cage 
measurements of HR 20 rnin after the stress in young and aged rats were not different from 
pre-stress basal levels. 
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-1- 
Mild stnss and changes in mean artenenal 
pressure (MAP, upper panel) and he& rafe 
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test). 
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-3- 
Mild stress and changes in plasma 
cotiicostenme (CORT) in young Q- (3 mo OM) 
and aged -.-(21 mo old) mts. Means * SEM 
from 9 animals in theyoung and 7in the aged 
gnnlp an? shown. p<o.os, *+p<O.Ol (two- 
tailed t-test). 
For funher explanation see Fig.1. 

time (rnin) 

Norepinephrine 

Fig.2 shows plasma levels of NE before, during and after the stress experience in 
the open field. Basal levels of NE were significantly higher (p<0.05) in aged rats (491299 
pg/ml) compared to young ones (253235 pglml). MANOVA for the repeated measures 
showed a significant increase in plasma NE levels to the stress situation in young 
(F(4,5) =9.5; p=0.0003) as well as in aged rats (F(4,4) =3.1; p=0.04). There was no 
signillcant effect of age, nor was an interaction seen between age and sampling time. 
Switching off the noise did not cause a further change in NE levels. The rate of recovery of 
the NE response to stress was measured by comparing peak values at t =  1.5 min with home 
cage values at t=20 min. In young rats NE levels rapidly fell 658 = 111 pg/ml which was 
significantly higher (pc0.01) than the fall in aged animals (236 + 41 pg/ml). This difference 
indicates a delayed recovery in the aged group. 

Epinephrine 

Fig.2 also shows plasma levels of E before, during and after stress. Basal levels of E 
were the same in young (29.82 19.4 pg/ml) and aged rats (13.328.6 pg/ml). MANOVA for 
the repeated measurements showed a significant increase in plasma E levels both in young 
(F(4,6) = 7.2; p = 0.0008) and aged rats (F(4,3) = 5.6; p = 0.009). There was no significant effect 
of age, nor was an interaction seen between age and sampling time. Switching off the 
background noise did not cause further change in E levels. At t =20 min E levels in aged rats 
were slightly higher than in young rats. This difference was close to significance (pe0.08). 
Recovery rates, however, were not significantly different between young and aged rats. 



Fig3 shows plasma CORT levels before, during and after stress. Basal level of 
CORT in aged rats (13.523.2 pg/dl) was significantly higher (p~0.05) than the one seen in 
young adults (5.1k1.4 pg/dl). While both the young (F(4,8)=19.6; p<0.000) and aged 
(F(4,4)=4.1; p=0.02) group showed a significant increase in time of plasma CORT levels, 
MANOVA indicated a significant group difference (F(1,12)=7.4, pzO.02) and a significant 
interaction between age and sampling time (F(4,48) = 3.8; p = 0.01). This interaction probably 
is caused by a delayed and diminished CORT response in aged rats. However, the maximal 
plasma CORT responses which were reached in the home cage at t=20 rnin in both age 
groups were not significantly different between young (8.7 2 1.9 pg/dl) and aged (5.6 2 2 
pg/dl) rats. 

DISCUSSION 

In the present study differences between young and aged rats' baseline sympathetic 
and adrenocortical activity were observed, while cardiovascular and endocrine responsiveness 
to a mild stress situation were not significantly different in aged animals. Post-stress recovery 
rate of plasma NE was delayed in aged rats. 

Resting UAP is slightly elevated whiie HR shows a tendency to be lower in aged 
rats, but the differences failed to reach significance. Conflicting data are available for MAP 
and HR in aged rats. Increased basal MAP was reported by Chiueh et al. (9), others (16,26) 
failed to observe changes in this parameter. One of the possible variables in causing these 
different findings may be the increasing heterogeneity in a group of aged animals. This is 
reflected in the larger SEM. Another variable may be the previous "stress history-f the 
animals. In a study concerning conditioned stress responses subsequent to this experiment 
(22), the same aged rats showed a significantly higher basal MAP than the young ones. The 
difference could be ascribed to a decreased basal MAP in the young animals. This may mean 
that old male rats less easily adapt to handling and other experimental procedures as far as 
the blood pressure regulation is concerned. The finding that resting HR falls with age is 
consistent with one study (9) but conflicting with others that report no change (16) or an 
increased HR in aged rats (26). 

Pre-stress basal plasma levels of NE but not of E were elevated in aged rats. This 
finding confirms earlier reports (9,32). Higher levels of plasma NE may reflect an age-related 
decrease in the metabolic clearance rate, due to changes in regional circulation (17). Most 
data, however, suggest an age-related increase of NE spillover (32). Such an increase might 
be of physiological significance because of decreased responsiveness of end organs with age 

(20)- 



Pre-stress basal plasma levels of CORT were also elevated in the aged rats which is 
in agreement with a number of former reports (15,24,31). 'Ifivo types of receptors for 
corticosterone in the brain appear to be involved in the regulation of ACI'Ii and 
corticosterone secretion (29). Since hippocampal type I receptors are occupied even with low 
circulating titers of CORT (30), it is tempting to speculate that the type I receptor mediates 
a tonic inhibitory influence on the HPA axis (10,14). Some studies report a decrease in 
hippocampal type I receptors in aged rats (21,24). The diminished inhibition of CORT 
release might be a cause for the observed increase in basal CORT levels in the aged rats. 

The response of the cardiovascular system to transport and placement in an open 
field is not markedly different in aged rats. 

The age-related difference in NE and CORT stress response failed to reach 
significance. This probably is caused by the large variability in responsiveness in aged rats. In 
the study of Korte et al. (22) subsequent to this experiment this variability was reduced and 
NE responsiveness to conditioned stressors appeared to be diminished in aged rats. In the 
present experiment the slightly blunted NE and CORT responses to transportation assume 
an age-dependent change in stress-induced arousal. Due to the large variability in aged rats 
this assumption, however, needs further extended investigation involving larger groups of 
animals. 

Post-stress recovery of plasma NE response was delayed in the aged rats which is in 
agreement with other studies in rats (26). A delayed recovery can be caused by a decreased 
clearance rate of NE from the blood. Borton and Docherty (5) reported a decreased 
systemic neuronal uptake of noradrenaline in aged rats. Since an increase in NE uptake was 
seen in the hindlimb of aged rats (20), there may be tissue-specific alterations in reuptake 
mechanisms during aging. Studies in humans report age-related decreases in clearance rate, 
due to changes in regional blood flow (17,18). A prolonged release of NE can also be a cause 
of a delayed recovery. This may be caused by a decreased negative feedback through 
prejunctional alpha-2 adrenergic receptors (6). A final possibility is that the sluggish central 
catecholaminergic response to stress in aged rats is reflected not only in a diminished CORT 
and NE response but also in a slower inhibition of the plasma hormone responses. Whether 
the differences seen between young and aged rats' endocrine parameters are developmental 
in nature can only be solved by studying rats of intermediate age. 

The present experiments were designed to study the dynamics of the physiological 
and endocrine stress response to the sudden, but mild stress of background auditory stimulus 
change. Former behavioral and cardiac rate studies have justified the use of this paradigm 
both in young and aged rats (8,1994). Surprisingly, not only a slowly reacting system like the 
pituitary-adrenal axis failed to change rapidly, but also blood pressure, heart rate and plasma 
catecholamine responses were absent. Responses to transfer and/or to the novel 
environment were very marked, however, at all parameters studied here. The absence of a 
dynamic response to the sudden stimulus change probably can be explained by the different 
experimental conditions in this study. It occurred to us that the orienting response to the 
mild stress of a sudden change in the environment is very sensitive to distracting stimuli like 
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sound and movement. Heart rate responses formerly studied to the occurrence of sudden 

silence were always biotelemetrically monitored with minimal disturbance of the animal. In 
the present study the rats were connected t o  tubes for blood sampling and cardiovascular 
monitoring and two experimentaton had to stand next to the open field. This situation most 
likely provided too much distracting factors, inhibiting behavioral and physiological responses 

to  switching off the background noise 
Together with the previous studies concerning the age-related reduction of vagal 

stress responses, the present findings indicate that the decrease in parasympathetic stress 
responsiveness in aged rats not necessarily leads to  a disturbed balance in autonomic stress 
responses indicating that in aged rats probably compensatory mechanisms evolve. Whether 
these processes occur in the central nervous system or by adaptations in peripheral organs 
needs further investigation. 
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