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Objective. Spontaneously hypertensive rats (SHR) selected from Wistar Kyoto (WKY) strain
represent an animal model of human essential hypertension. This strain of rats is known by exces-
sive neuroendocrine and cardiovascular responses under stress. The aim of the present study was:
1. To compare the reactivity of hypothalamic—pituitary—adrenocortical axis (HPA) to acute mild
stress of handling between SHR and WKY rats, 2. to compare the behavioral activity of both
strains under basal conditions and during chronic unpredictable emotional stress.

Methods. Seven to eight weeks old male SHR and WKY rats bred in the Physiological Institute,
Academy of Sciences of he Czech Republic (Prague) were used. Acute stress was induced by 2-
minute handling of the animals in their cage. Blood plasma was analyzed for ACTH and corticos-
terone (CORT) by specific radioimmunoassay. Chronic unpredictable stress lasted 20 days and
consisted of random exposures to following interventions: Light on or off for 24 h, overcrowding
i.e. pooling the rats from two cages into one (size 24 x 39 x 23 cm) for 24 h, isolation by placing a
single rat into one cage for 24 h, new hierarchy by mixing 4 rats from two different cages for 24 h,
limited access to food or water for 1 hour in one day between 3 and 6 p.m., inescapable foot shock
(20 shocks, duration 5 s, intensity 10 mA, intershock interval 30 s), tilting the cages for 24 h. The
sequence of individual stress exposures was the same in all rats. On day 6, 10 and 20, behavioral
activity was measured using the elevated plus-maze in non-stressed control and stressed rats. The
results were evaluated by non parametrical Kruskal -Wallis test followed by Man-Whitney U- test.

Results. The two-minute handling resulted in a significantly higher activation of HPA in the
SHR than in the WKY rats (plasma ACTH: 350 +65 pg/ml for SHR vs. 97 + 17 pg/ml for WKY
p<0.01; plasma corticosterone: 2.8+1.4 mg/100ml for SHR vs. 0.7£0.06 mg/100ml for WKY p<0.05).
In WKY rats no activation of HPA was observed. Elevated plus-maze anxiety test showed inverse
behavioral pattern between SHR and WKY rats. In the first test of anxiety the number of open arm
entries (OAE) as well as total mobility expressed as total arm entries of the SHR was lower than of
the WKY rats (p<0.01) without any difference between stressed and non-stressed animals in either
strain. It was gradually increasing in stressed and non-stressed SHR in subsequent sessions mark-
edly exceeding the activity of WKY rats (p<0.01). Stressed WKY rats showed less OAE and total
mobility than their controls (p<0.01).

Conclusions. Our results show enhanced neuroendocrine response to acute handling and en-
hanced anxiety in acute novelty stress in SHR comparing to WKY rats which suggests a common
mechanisms for neuroendocrine and behavioral changes. These results further underline the lack
of anxiety related behavior of SHR under chronic emotional stress.

Key words: SHR - WKY rats - Handling - ACTH- Corticosterone- Chronic emotional stress-
Elevated plus-maze
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The spontaneously hypertensive rats (SHR) were first
described in the early 1960s. They were selected from
Wistar Kyoto (WKY) strain and represented the ani-
mal model of human essential hypertension. Hyper-
tension in these animals has been developed up to 8
weeks, and becomes fully manifested at about 12 to 13
weeks of life (Okamoro and Aoki 1963). Hypertensive
state was associated with profound endocrine and car-
diovascular changes. Thus, plasma noradrenaline and
adrenaline have been significantly elevated in the SHR
suggesting an important role of peripheral sympathet-
ic activity and adrenal medulla in the development of
hypertension in these rats (BErNTON et al.1998). The
renin-angiotensin (ANG) system is also of importance,
and AT receptors have been proposed to participate in
the enhanced endocrine response during stress (JOHREN
et al. 2003).

SHR show more robust hypothalamic-pituitary-
adrenocortical response to severe stress of immobili-
zation (Supo and Mik1 1993) or ether inhalation (Hau-
SLER et al. 1983). They display marked cardiovascular
hyperactivity to psychological open field stress (VAN
DEN Buusk et al. 2001), enhanced sympathetic nerve
activity as well as higher increase in heart rate (HR)
and blood pressure (BP) in mental stress caused by air-
jet comparing to their WKY counterparts (ZHANG and
THOREN 1998; KNARDAHL and HENDLEY 1990). These
rats also possess an impaired coping mechanisms to
repeated stress of restraint (STUART et al. 2000). Social
stress is associated with repeated defeat and involves
cardiovascular, neuroendocrine, as well as behavioral
mechanisms. SHR have been characterized by differ-
ences in the social- and anxiety-related behavior and
are often used as a model of attention- deficient-hy-
peractivity disorder (SAGvoLDEN 2000).

The aim of this study was to compare the reactivity
the HPA axis to acute mild stress of handling between
SHR and Wistar Kyoto rats and also to compare the
behavioral activity of both strains under basal condi-
tions and during chronic unpredictable emotional stress.

Materials and Methods

Animals and stress models. Seven to eight
weeks old male WKY and SHR bred in the Physiolog-
ical Institute, Academy of Sciences of the Czech Re-
public (Prague) were used. Four rats per cage were
housed in an animal room with a 12 h light/dark cycle,
controlled humidity and temperature. They had free
access to tap water and standard peleted diet. Acute

stress was induced by a mild 2-minute handling of the
animals in their cages. Immediately thereafter the rats
were decapitatated, blood plasma was collected and
stored at =35 °C. In another series the rats were sub-
jected to a series of chronic unpredictable stressors for
20 days. The stress consisted of random exposures to
following interventions: Light on or off for 24 h, over-
crowding i.e. pooling the rats from 2 cages into 1 (size
24 x 39 x 23 cm) for 24 h, isolation by placing a single
rat into one cage for 24 h, new hierarchy by mixing 4
rats from 2 different cages for 24 h, limited access to
food or water for 1 hour in one day between 3 and 6
p.m., inescapable foot shock, (20 shocks, duration 5 s,
intensity 10 mA, intershock interval 30 s), tilting the
cages for 24 h. The sequence of individual stress expo-
sures was in all rats the same. On the days 6 (water
restriction stress), 10 (food restriction stress), and 20
(food restriction stress), and in groups of nonstressed
control SHR and WKY rats the emotional state of the
animals was tested using elevated plus maze. The test
is based on the conflict between the exploratory drive
of the rat and its fear of the open area. Increased open
arm entries thus indicate less anxiety and reversed, in-
creased closed arm entries indicate higher anxiety. El-
evated plus-maze consists of four elevated arms (10 ~
45 cm) in a cross-like position 50 cm above the floor.
Two opposite arms are enclosed by 40 cm high side
and end walls. Two opposite arms are without walls.
At their intersection is a central square (10 ~ 10 cm).
The rats were brought to the laboratory 1.5 h before
the beginning of the test, to adapt to the milieu. When
starting the test, the animals were placed on the central
square area and the numbers of entries into the open
and closed arms were recorded for 3 minutes. The ex-
periments were performed in accordance with the na-
tional law of the Czech Republic on the use of labora-
tory animals # 167/1993.

Analysis. Plasma CORT was extracted with meth-
ylenechloride and analyzed by radioimmunassay using
specific antibodies (Sigma Aldrich, Deisenhofen, Ger-
many) and [1.2.4.7-*H]-corticosterone (Amersham,
Buckinghamshire, England). Free and bound hormones
were separated on dextran coated charcoal. Plasma
ACTH was estimated by radioimmunoassay using com-
mercial kit supplied by Amersham Pharmacia Biotech
(Czech Republic).

Statistical evaluation. Because of significant dif-
ferences between SD of individual groups the results
were evaluated by nonparametric Kruskal-Wallis test
followed by Mann-Whitney U test for comparing the
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mean ranks either between stressed and control groups
or within the control and stressed rats at first maze
test.

Results

Fig. 1 shows the plasma levels of ACTH and CORT
as obtained in both SHR and WKY rats after two minute
handling. This stressor caused a significant elevation
of both ACTH and CORT in the SHR, while the levels
of these hormones in WKY rats were not increased
which apparently means that in the latter strain of rats
the activation of the HPA axis did not occur.

When the animals of both strains were exposed to
the elevated plus-maze anxiety test, the nonstressed
control SHR showed inverse behavioral pattern as com-
pared to the WKY rats in all 3 sessions measured (Fig.
2). In the first session of anxiety test, the numbers of
open arm entries (OAE), and total mobility represent-
ing the sum of open and closed arm entries, were sig-
nificantly lower in the SHR than in the WKY rats
(p<0.01). In successive tests the mobility was enhanced
in the SHR compared to their WKY counterparts
(p<0.01 for the third session). The opposite behavioral
activity of the two strains was amplified by the repeat-
ed stress exposures: In the first session of anxiety test
i.e. after 6 days of repeated stress exposure, no differ-
ences between non stressed and stressed WKY were
visible. In following tests WKY stressed rats displayed
more anxious behavior as indicated by lower number
of OAE and as well as lower total mobility (control
WKY vs. stress WKY - p<0.01; stress WKY vs. stress
SHR - p< 0.01). The SHR did not respond to this type
of chronic emotional stress in any session measured;
the numbers of OAE as well as total mobility increased
gradually in the same way in both stressed and non-
stressed SHR.

Discussion

Our results showed enhanced reactivity of HPA axis
in the SHR to the acute mild stimulus such as the touch-
ing the animal by hand thus indicating higher suscepti-
bility of central nervous system of these rats. It has
been shown that SHR possess higher number of ACTH-
immunoreactive cells and also higher ACTH concen-
tration in adenopituitaries than WKY rats (HAUSLER et
al. 1984). Therefore the enhanced availability of ACTH
in the adenopituitary may be a contributing factor to a
more pronounced stress response. However, our find-

ing is not in line with previous results by Supo and
Mixr (1993) who showed reduced response of SHR to
psychological stress such as the restriction to small space
or introduction of new rats into the cage. Since both
protocols involved emotional stress, the difference is
difficult to interpret. One possible explanation might
be the difference in the duration of stress stimuli.

We also observed opposite response of these two
strains of rats in anxiety test using elevated plus-maze.
In the first session the SHR spent more time immo-
bile, that could have occurred due to impaired habitu-
ation of these rats to the laboratory environment and
also due to the acute novelty stress exhibited by the
testing apparatus which caused higher anxiety. In con-
trast, the higher mobility of WKY rats indicated lower
level of anxiety and emotional stress when exposed to
the testing apparatus for the first time. Our results
showed that SHR of this substrain are more sensitive
to a short acute social stress as measured by neuroen-
docrine response to short handling or behavioral activ-
ity in new environment comparing to the WKY rats.
There are numeral reports indicating that SHR are less
fearful than Lewis rats in the open field, elevated plus
maze, elevated T maze, or black and white box (BERr-
TON et al. 1998; Ramos et al. 2002). Under our condi-
tions we found comparable results when exposed the
animals to the test apparatus repeatedly.

The fact that intact and 6-times stressed animals
behaved in the same way demonstrated the lack of ef-
fect of repeated stress exposures on the anxiety related
behavior in both SHR and WKY rats. However, in sub-
sequent sessions the opposite behavioral pattern of these
two strains became more profound: Gradually increased
mobility of SHR indicated higher degree of impulsiv-
ity. It can be interpreted so that the rats tested in the
identical apparatus remembered the new environment,
habituated to the procedure and were able to express
their exploratory activity. Surprisingly, chronic unpre-
dictable stress did not induce any changes towards the
anxiety-related behavior in SHR as was the case in the
normotensive WKY rats. This difference cannot be
accounted for by the effect of the last previous stress,
since the sequence of stress exposures was the same in
all rats. In the stress responsiveness the developmental
phase of the hypertension may be of importance:
Masrova et al. (2002) have shown an anxiogenic ef-
fect of repeated unpredictable stress in adult rats with
inherited stress-induced arterial hypertension, when the
stress stimuli were applied in the pre-pubertal time
period. Similarly to our observation, stress of repeated
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Fig.1 Plasma levels of ACTH and corticosterone (CORT) in
response to 2 minute handling in SHR and WKY rats. 7 rats
per group were used. Significance: *p<0.05; **p<0.01 be-
tween control and stressed rats of the same strain; +p<0.05;
++p<0.01 between stressed SHR and WKY rats.

defeat increased anxiety-related behavior in adult Lewis
rats, but was ineffective in the SHR (BERTON et al.
1998). Taken together, our results showed enhanced
neuroendocrine response to acute handling and en-
hanced anxiety in acute novelty stress in the SHR com-
paring to the WKY rats suggesting a common mecha-
nisms triggering neuroendocrine and behavioral chang-
es. These results further underline lack of anxiety re-
lated behavior of the SHR under chronic emotional
stress.
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Fig.2 Numbers of OAE and total mobility (sum of all entries
into open and closed arms) in control and stressed SHR
(cSHR, sSHR) and WKY rats (cWKY, sWKY) recorded on
elevated plus-maze on days 6, 10, and 20 of stress. 7 to 8 rats
per group were used. Significance: ++p<0.01 between the
strains in given time-intervals, **p<0.01 between stressed
and nonstressed WKY rats, **p<0.01 between the first and
third measurements in the SHR



BEHAVIORAL EFFECTS OF STRESS IN RATS 155

References

BERTON O, AGUERRE S, SARRIEAU A, MoRMEDE P, CHAoULOFF F: Differential effects of social stress on central serotonergic
activity and emotional reactivity in Lewis and spontaneously hypertensive rats. Neuroscience. 82, 147-159,
1998

HausLER A, GIRARD J, Baumann JB, Ruch W, Otten UH: Stress-induced secretion of ACTH and corticosterone during
development of spontaneous hypertension in rats. Clin. Exp. Hypertens. 5, 11-29, 1983

HausLER A, OBERHOZLER M, BAUMANN JB, GIRARD J, HEITZ PU: Quantitative analysis of ACTH-immunoreactive cells in the
anterior pituitary of young spontaneously hypertensive and normotesive rats. Cell Tissue Res. 236, 229-235,
1984 .

JoHreN O, GoLscH C, DENDORFER A, QDRI F, Hauser W, Dominiak P: Differential expression of AT, receptors in the pituitary
and adrenal gland of SHR and WKY. Hypertension. 41, 984-90, 2003

KnarpAHL S, HENDLEY ED: Association between cardiovascular reactivity to stress and hypertension or behavior. Am J
Physiol. 259, H248-H257, 1990

Masrova LN, BuryGiNna VV, MarkeL AL: Chronic stress during prepubertal development: immediate and long-lasting
effects on arterial blood pressure and anxiety-related behavior. Psychoneuroendocrinology. 27, 549-561, 2002

Oxamorto K, Aokl K: Development of a strain of spontaneously hypertensive rats . Jpn.Circ.J. 27, 282-293, 1963

Ramos A, KANGERSKI AL, BAsso PF, Da Siva Santos JE, Assreuy J, VENDRuscoLo LF, TakaHAsHI R. N: Evaluation of Lewis and
SHR rat strain as a genetic model for the study of anxiety and pain. Behavioral Brain Research 129, 113-123,
2002

SacvoLpeN T: Behavioral validation of the spontaneously hypertensive rat (SHR) as an animal model of attention-deficit/
hyperactivity disorder (AD/HD). Neurosci. Biobehav. Rev. 24, 31-39, 2000

StuartJ. McDoucaLL, JEREMY R. A. PauLL, RoBerT E. Wippop, ANDREW J. LAWRENCE: Restraint Stress. Differential cardiovascu-
lar responses in Wistar-Kyoto and Spontaneously Hypertensive rats. Hypertension. 35, 126, 2000

Supo A, Miki K: Dissociation of catecholamine and corticosterone responses to different types of stress in rats. Ind.
Health. 31, 1-111, 1993

Van DEN Buusk M, Van Acker SA, FLuttert M, DE KLoET ER: Blood pressure, heart rate, and behavioral respones to
psychological “novelty” stress in freely moving rats. Psychophysiology. 38, 490-499, 2001

ZHANG W, THoreN P: Hyper-responsiveness of adrenal symphatetic nerve activity in spontaneously hypertensive rats to
ganglionic blockade, mental stress and neuronglucopenia. Pfugers Arch. 437, 56-60, 1998

Corresponding author: Jana Jurcovicova, PhD
Institute of Experimental Endocrinology
Slovak Academy of Sciences,
Vlarska 3, 833 06 Bratislava
Slovakia
Phone: + 421-2-54772800
e-mail: ueenjurc @savba.sk





