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The serum glucose levels of90·day-old and l-year-old male Spontaneously Hypertensive (SHR) 
and Sprague-Dawley (SD) rats were examined in two experiments. Half of each strain and age 
group were exposed to 51-min daily sessions of unpredictable, uncontrollable grid shocks during 
a 30-day period prior to sampling via decapitation. The other half remained undisturbed in their 
cages. Dietary intake was equated across all groups within each strain. Stress-induced increases 
were observed in both age groups, in both strains (ps < .05). The SHRs showed an age x stress 
interaction with old, stressed animals having the highest levels (ps < .05). Both younger SD groups 
had higher levels than corresponding older SD groups (ps < .05). 

Stress has been shown to increase serum glucose levels 
in rats (e.g., Balkin, 1981; Ehrentheil, Reyna, Adams, 
Giovanniello, & Chen, 1967). The Spontaneously Hyper
tensive Rat (SHR) has been characterized by Kopin and 
his coworkers as hyperreactive physiologically to stress
ful stimulation, showing relatively higher levels of cir
culating catecholamines than age-matched Wistar Kyoto 
rats that are normotensive (see McCarty, Chiueh, & 
Kopin, 1978; McCarty & Kopin, 1978; and McCarty, 
Kvetnansky, Lake, Thoa, & Kopin, 1978). 

Although basal serum glucose levels tend to remain 
constant with age, Reaven and his associates (Bracho
Romero & Reaven, 1977; Nariyima et al., 1984; Reaven 
et al ., 1983) and others have reported glucose intolerance 
and insulin resistance in older rats. Wexler (1981) 
reported that SHRs become progressively hyperglycemic 
and hyperlipidemic with increasing age. They also develop 
increased ACTH synthesis and secretion, increased 
adrenocortical responsiveness, and increased plasma cor
ticosterone levels with aging. 

The aim of the present study was to investigate the com
bined effects of stress and aging on the serum glucose 
response of SHRs. The SHRs were maintained on a high
lipid diet as part of our work on the effects of psycholog
ical stress on cholesterol metabolism. Therefore, relatively 
higher glucose levels were expected because of the syn
ergistic action of the diet and stress (Yamaguchi, 
Takashima, Masuyama, & Matsuoka, 1978). It was ex
pected that stress would result in elevated serum glucose, 
and that the old, stressed SHRs would have the highest 
levels. But first we examined the effects of all these con-
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ditions on the normotensive rats that we have studied most 
often, Sprague-Dawley (SO) rats . 

EXPERIMENT 1 

Method 
SUbjects. The subjects were 24 SO male rats obtained from Taconic 

Farms, Germantown, New York. Half were 90 days old (young), and 
the rest were 1 year old (old) at the beginning of the stress procedure. 
All were maintained on a diet consisting of 10% butter, 4% cholesterol, 
I % cholic acid, and 85 % powdered Purina Rodent Laboratory Chow. 

Procedure. The animals within each age group were randomly as
signed to either the stressed or nonstressed condition. This resulted in 
6 animals in each cell of the design. Following IS days of the diet alone, 
those in the stressed group were exposed to unpredictable, uncontrol
lable shocks for 51 min daily for 30 days. The shocks were delivered 
through the grids of six operant conditioning chambers with the levers 
removed. The 2-mA shock pulses were 0 .5 sec in duration and were 
presented on a VI 6O-sec schedule. The animals in the nonstressed con
dition stayed in their cages throughout the entire procedure. Our previ
ous observations indicated that nonstressed rats eat more than stressed 
rats, and that 9O-day-old rats eat more than I-year-old rats. Therefore, 
we used a yoking procedure to hold the amount of dietary intake con
stant. Both 9O-day-old groups and the nonstressed I-year-old group were 
fed the mean amount eaten by the old, stressed group on the previous day. 

Following their 30th session, all stressed rats were immediately decapi
tated and their trunk blood was collected. The nonstressed rats were 
removed from their cages and sacrificed on the same days as the others. 
Sera were separated by centrifugation and samples from each animal 
were analyzed for glucose concentration, using a Beckman Glucose 
Analyzer 2 . 

Results 
Food intake. The amounts of the diet eaten on the day 

the animals were sacrificed (see Table 1) were compared 
using a two-factor (stress condition x age) analysis of 
variance (ANOV A). The results showed no differences 
among the groups (p > .05). The grand mean (±SEM) 
was 21.2 ± .68 g. 

Serum glucose. The animals' terminal serum glucose 
levels (see Table 1) were used to compute a similar two-
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factor ANOV A. There was a significant main effect of 
stress condition [F(1,20) = 48.7, p < .05]. The means 
for the stressed and nonstressed conditions were 157.8 
± 5.52 mg/dl and 119.7 ± 3.88 mg/dl, respectively. The 
main effect of age was also significant [F(l,20) = 13.5, 
p < .05]. The mean for the old animals was 128.7 ± 
7.00 mg/dl. That for the young was 148.9 ± 6.65 mg/dl. 
There was no interaction. 

EXPERIMENT 2 

Method 
The second experiment was a replication of the first in every way 

except for the subjects. They were 33 male SHRs of the same ages and 
from the same supplier as above. Each group had 8 animals except for 
the old, stressed group, which had 9. 

Results 
Food intake. The two-way unweighted means ANOV A 

of the amounts eaten on the last day (see Table 2) showed 
that our effort to equate food intake was again successful 
(ps > .05). The grand mean was 19.1 ± .59 g. 

Serum glucose. The mean terminal serum glucose 
levels for each group are represented in Table 2. A simi
lar ANOV A yielded a significant stress condition x age 
interaction [F(I,29) = 8.0, p < .05]. Newman-Keuls 
comparisons for simple effects showed that both the old 
and young stressed groups differed from both nonstressed 
groups, and from each other, with..regard to their mean 
glucose levels (ps < .05). The old and young nonstressed 
groups' mean values did not differ (p > .05) . The main 
effects of age [F(1,29) = 13.2] and stress condition 
[F(1,29) = 93.6] were also significant (ps < .05). 

Discussion 
The results of both experiments showed that stress elevates serum glu

cose levels in old and young rats. The most extreme elevation occurred 
with the old SHRs, as expected. In that regard, the present results agree 
with those of Ehrentheil et al. (1967) and Wexler (198\). Presumably, 
exposure to the unpredictable, uncontrollable grid shocks results in sym
pathetic activation and release of catecholamines (McCarty & Kopin, 
1978), glucocorticoids (Berger, Starzec, & Mason, 1981), inhibition 
of insulin release (Mason, 1968; Yamaguchi et al., 1978), and other 
changes which produce an elevation in serum glucose. These effects 
are exaggerated in the SHR (Wexler, 1981). Lower glucose tolerance 

Table 1 
Sprague-Dawley Rats 

Stress Condition 

Age Group Stress Nonstress 

Food Intake on Sampling Day (g) 
I-year-old 21.6 ± 2.00 21.4 ± 2.36 
9O-day-old 21.0 ± .03 21.0 ± .05 

Serum Glucose (mg/dl) 
l-year-old 148.7 ± 6.77 \08.7 ± 3.12 
9O-day-old 166.8 ± 7.44 130.7 ± 2.87 

Body Weight (g) 
I-year-old Initial 462.7 ± 13.35 471.8 ± 14.91 

Final 472.8 ± 18.94 493.8 ± 21.16 
9O-day-old Initial 361.5 ± 4.19 361.5 ± 7.74 

Final 382.7 ± 4.88 391.8 ± 6.15 

Note-Values are means ± SEMs. 
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Table 2 
Spontaneously Hypertensive Rats 

Stress Condition 

Age Group 

I-year-old 
9O-day-old 

I-year-old 
9O-day-old 

l-year-old 

9O-day-old 

Stress 

Food Intake on Sampling Oay (g) 
20.0 ± .69 
20.0 ± .80 

Serum Glucose (mg/dl) 
242.0 ± 14.13 
186.0 ± 6.46 

Initial 
Final 
Initial 
Final 

Body Weight (g) 
379.4 ± 9.44 
367.6 ± 11.27 
265.1 ± 5.06 
289.3 ± 4.29 

Note-Values are means ± SEMs. 

Nonstress 

19.0 ± .87 
17.4 ± 1.95 

133.7 ± 3.51 
126.6 ± 3.06 

386.1 ± 9.\0 
389.7 ± 8.41 
267.9 ± 5.37 
303.9 ± 12.62 

in older rats (e.g., Bracho-Romero & Reaven, 1977), especially SHRs 
(Yamori et al., 1978), slowed the clearance of the glucose load from 
the blood so that by the time we sampled it several minutes later, the 
older SHRs still had the highest elevations. 

In the present study, the younger SO rats had higher terminal serum 
glucose levels than their counterparts in the older groups. These results 
are not in agreement with those of Ehrentheil et al. (1%7), who found 
higher stress-induced elevations in fasted 8-rnonth-old than in 2-rnonth-old 
C. O. Fisher rats . There are at least two possible explanations for the 
unexpected discrepancy. Unfortunately, the effects of circadian rhythms 
on circulating glucose were not controlled for (by balancing the represen
tation from each group throughout the daily session times) in Experi
ment 1, as they were in Experiment 2, because the focus of the overall 
investigation was on cholesterol metabolism, which shows no time-of
day effects (Brown, Kovanen, & Goldstein, 1979). Therefore, most of 
the young SOs were run between 5 and II p.m., whereas the old SOs 
were run before 3 p.m., as a matter of convenience. McMurtry and Wex
ler (1981) reported that plasma glucose is sufficiently higher in the even
ing to account for the differences we observed. Their light-dark cycle 
corresponded with ours. 

In addition, our old SOs were approximately 168 g lighter than those 
of the same age studied by Narimiya et al. (1984) and others. The lat
ter authors and Bracho-Romero and Reaven (1977) indicated that the 
glucose intolerance and insulin resistance seen in older (normotensive) 
rats is associated with the weight gain that accompanies aging. 
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