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This study investigated risk assessment and anxiolytic/anxiogenic drug effects in “low brain angiotensino-
gen” transgenic rats (TGR) in comparison to wild-type Sprague–Dawley rats (SD) in the canopy test of
anxiety-related behaviour.
TGR showed a higher frequency of the risk assessment behaviour as indicated by performance of stretched
attend posture (SAP) compared to SD. Diazepam (0.25 mg/kg) reduced SAP in both strains, whereas FG-7142
had no significant effect. The 5-HT1B/2C agonist mCPP (0.5–2 mg/kg) reduced SAP in both strains.
Diazepam (0.25–1 mg/kg) increased head dips and decreased the time spent under the canopy in SD rats.
There were significant anxiogenic effects of both FG-7142 (3–6 mg/kg) and mCPP (0.5–2 mg/kg) on these
parameters for SD but not TGR.
Diazepam (1 mg/kg) increased the number of entries into the open zone in both strains. mCPP reduced this
parameter in SD (2 mg/kg) and TGR (0.5–2 mg/kg). FG-7142 had a similar effect in SD (3–6 mg/kg) and TGR
(6 mg/kg).
This study showed a significant transgenic effect on SAP. The increased number of SAP seen in TGR could be
reduced with diazepam. Although both FG-7142 and mCPP are generally anxiogenic, no significant effects of
FG-7142 on SAP were observed and mCPP even reduced SAP.

Crown Copyright © 2010 Published by Elsevier Inc. All rights reserved.
1. Introduction

The octapeptide angiotensin II is a potent vasoconstrictor, it also
induces thirst and vasopressin release, increases sodium appetite, and
stimulates release of noradrenaline, adrenocorticotrope hormone, and
aldosterone. Further to its role as a circulating hormone, angiotensin II
may act as a neurotransmitter or neuromodulator (Lind et al., 1985,
Ferguson et al., 2001, McKinley et al., 2003), although more
investigations are required to establish a detailed picture of the
brain neurochemistry of angiotensin (Diz 2006). There is nevertheless
accumulating evidence for an involvement of brain angiotensin in
different behaviours including anxiety-related behaviour (Gard
2004). This is mainly based on pharmacological studies but receives
further support from experiments employing transgenic rodents
(Okuyama et al., 1999, Voigt et al., 1999, 2005, Wilson et al., 1996). In
a previous study, we described an anxious phenotype in transgenic
rats (TGR) with low brain angiotensinogen (Voigt et al., 2005). In
these TGR(ASrAOGEN)680 rats, brain angiotensinogen protein con-
+44 115 9516440.
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centration is reduced by more than 90% due to a brain-specific
expression of transgenic antisense RNA against angiotensinogen
mRNA (Schinke et al., 1999). The anxious phenotype of the transgenic
rat TGR(ASrAOGEN)680 was revealed by studying the rats in different
rodent tests of anxiety-related behaviour including the elevated plus-
maze (EPM) and the light/dark box. In the EPM, TGR(ASrAOGEN)680
rats made fewer entries into the open arms, spent less time there, but
more time in the closed arms. Head dips were reduced and U-turns
into the closed arms were increased. A further behavioural parameter
to be shown by rats under these experimental conditions is the
stretched attend posture (SAP). SAP as part of the behavioural
repertoire of rodents has been described and classified as an
approach–avoidance conflict in a social context (Grant and Mackin-
tosh, 1963 in Grewal et al., 1997). Blanchard and Blanchard (1988,
1989) describe this risk assessment behaviour as a defence response
to nondiscrete or potential danger. This kind of risk assessment was
also monitored during our previous studies, but its incidence as
determined upon testing in the EPM was too low for appropriate
statistical analysis. By contrast, TGR(ASrAOGEN)680 showed signifi-
cantly more SAP made from the dark compartment into the
illuminated compartment of the light/dark box as compared to SD
rats. This went along with an increased latency to the first re-entry
hts reserved.
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into the light compartment in TGR(ASrAOGEN)680 and a reduced
number of transitions between the two compartments. Whereas the
latter parameters are indicative of an increased anxiety, SAP has not
been validated as anxiety-related in this particular model.

Grewal et al. (1997) devised a novel and simplemethod of eliciting
high levels of SAP in rodents, the canopy test. The canopy comprised a
circular platform elevated from the ground. A smaller “canopy” was
supported directly above the platform by a central pillar, thus dividing
the platform into an inner, covered zone and an outer, exposed zone.
In both the rat and mouse version of this model, vehicle-treated
animals exhibited a marked preference for exploring the covered
zone. In this test, rats (and mice) showed high baseline levels of SAP,
particularly when exploring the outer zone starting out from the
protected covered zone (Grewal et al., 1997). This model was
pharmacologically validated for both anxiolytic and anxiogenic drug
effects on behaviour. Based on these findings, the canopy test
appeared to be a useful paradigm to investigate rodent-specific risk
assessment behaviour in TGR(ASrAOGEN)680.

This study aimed to investigate risk assessment in TGR(ASrAO-
GEN)680 in comparison to wild-type Sprague–Dawley (SD) rats, and
investigated both the anxiolytic and anxiogenic drug effects in these
rats. Diazepam was used to induce anxiolytic effects, whereas the
partial inverse benzodiazepine receptor agonist FG-7142 was admin-
istered to induce anxiogenic effects (Evans and Lowry 2007, File and
Baldwin 1987, for review), although the anxiogenic effects of β-
carbolines like FG-7142 could possibly depend on several factors
including the animal model in use (Thiebot et al., 1988).

In previous studies, we found that the anxious phenotype in TGR
(ASrAOGEN)680 is accompanied by a reduced content of serotonin
(5-HT) and its metabolite 5-hydroxyindolic acid (5-HIAA) in the
hippocampus, frontal and parietal cortices. HIAA and 5-HIAA/5-HT
ratio are reduced in the hypothalamus, striatum and septum (Voigt
et al., 2005). Further changes in the brain serotonin system include
higher expression levels of hypothalamic 5-HT2C receptor and 5-HT
transporter mRNA (Voigt et al., 2008). In addition, and in comparison
to wild-type rats, an augmented anxiogenic effect of the anxiogenic 5-
HT1B/2C receptor agonist (Kennett et al., 1989, Whitton and Curzon,
1990) mCPP was found in TGR(ASrAOGEN)680 when tested in the
open-field. For this reason mCPP was also included in the present
study.

2. Material and methods

2.1. Animals

Subjects consisted of 221 adult male transgenic rats TGR(ASrAO-
GEN)680 (Schinke et al., 1999) and age-matched Hanover Sprague–
Dawley (SD) rats (parent strain) (MDC, Berlin-Buch, Germany)
weighing 260–300 g. Rats were housed in groups of 5 under standard
laboratory conditions (12-h light/dark cycle, room temperature 22 °C)
and fed a maintenance diet (Ssniff-R/M-H, ssniff Spezialdiäten GmbH,
Soest, Germany). The study was performed according to the guide-
lines of the German Animal Protection Law and was approved by the
Berlin State Authority (LaGeSo).

2.2. Analysis of behaviour

2.2.1. Canopy
The canopy test apparatus used to asses SAP, comprised of an

elevated dark grey circular platform (98.5 cm in diameter) elevated
100 cm above the ground. A smaller transparent circular “canopy”
(58.5 cm in diameter) was supported directly above the platform by a
central pillar, thus dividing the platform into an inner covered zone
and an outer exposed zone. Themain difference to the original canopy
device as described by Grewal et al. (1997) is that the transparency of
the canopy used in the present study facilitates a more precise
tracking of locomotor activity. The illumination of the apparatus
provided by normal room lighting measured 130 lux on the exposed
zone.

The following behavioural parameters were measured upon
exposure to the canopy:

• Number of stretched attend postures (SAP)
• Time spent under the canopy
• Distance travelled
• Number of head dips (exploratory movement of head/shoulders
from the edge of the platform)

• Number of entries into the open zone

2.2.2. Drugs
In the pharmacological experiments, rats were pre-treated with

the anxiolytic benzodiazepine receptor agonist diazepam (Ratio-
pharm, Germany) (0.125–1 mg/kg IP), the anxiogenic inverse partial
benzodiazepine receptor agonist FG-7142 (N-methyl-β-carboline-3-
carboxamide; Sigma-Aldrich, Germany) the anxiogenic 5-HT1B/2C
agonist mCPP (m-(chlorophenyl)piperazine; 0.5–2 mg/kg IP; Sigma-
Aldrich, Germany) or saline. Diazepam was administered 15 min
before testing, mCPP and FG-7142 30 min before testing. The volume
of the substance injected was 1 ml/kg body weight.

2.2.3. Procedure
All experiments were performed in a sound-proofed chamber

(180 cm×180 cm×230 cm) between 0800 and 1200 h. For all
behavioural testing, independent groups of rats that had not been
habituated to the test before were used. The behaviour of each rat was
recorded by a video camera and analyzed using a computer-driven
automatic tracking system with software (VideoMot 2, TSE,
Germany). The automated recording system was supplemented by a
keyboard-driven recorder to score discrete behavioural events. The
parameters ‘time spent under the canopy’ and ‘distance travelled’
were directly obtained from the software-assisted analysis. The
parameters ‘number of stretched attend postures (SAP)’, ‘number of
head dips from the platform’ and ‘number of entries into the open
zone’ were all scored manually upon reviewing the video.

2.2.3.1. Experiment 1. In the first experiment, naïve rats of both
genotypes were placed onto the edge between the open and covered
zone of the platform and allowed to explore the apparatus for a 5 min
test period. All behaviours were videotaped.

2.2.3.2. Experiment 2. In independent pharmacological experiments,
naïve rats of both genotypes were injected with either saline or test
drug and then tested on the canopy as described before. Each rat was
only used once.

2.3. Statistics

In the first experiment, between-group comparisons were made
using the Student's t-test, or where appropriate, the non-parametric
Mann–WhitneyU test. Since the criteria for two-way ANOVAwere not
always met, data from the second experiment were analyzed locally
by one-way ANOVA followed by Dunnett's test or Kruskal–Wallis test
followed by Dunn's test, respectively.

Significance was accepted at the Pb0.05 level. Data are expressed
as means±SEM.

3. Results

3.1. Experiment 1

Untreated TGR(ASrAOGEN)680 made fewer head dips from the
platform (Pb0.001; t=5.146 df=12), spent significantly more time
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under the protective canopy (Pb0.001; t=5.057; df=12) and there
was a tendency in this group to make fewer entries into the open area
of the platform (Pb0.10). In addition, transgenic rats travelled less
than their wild-type counterpart (Pb0.10). Most importantly,
however, the transgenic rats showed a higher incidence of risk
assessment as expressed by the significant higher amounts of SAP
(Pb0.001; t=4.82; df=12) (Fig. 1).

3.2. Experiment 2

3.2.1. DZP
In wild-type SD rats (Fig. 2), diazepam (0.125–1 mg/kg IP) had a

significant anxiolytic action. Treatment increased head dips
(Pb0.001, F(37,3)=9.05) with 0.25 and 1 mg/kg as effective
doses. Diazepam (0.25 mg/kg) also increased the distance travelled
(Pb0.05; F(37,3)=2.90). 0.25 and 1 mg/kg diazepam reduced the
time the rats spent under the canopy (Pb0.05; F(37,3=3.99). The
same dose increased the number of entries into the open area of the
platform, although ANOVA showed this to only be a tendency
(Pb0.10; F(37,3)=2.38). SAP were reduced after both 0.25 and
1 mg diazepam (Pb0.01; F(37,3)=6.125).

Transgenic rats (Fig. 3) travelled a longer distance following the
highest dose of diazepam (1 mg/kg) (Pb0.05; H=8.35). In contrast to
SD rats, diazepam did not change the number of head dips in the
transgenic group, nor had it an effect on the time spent under the
canopy. However, 1 mg/kg diazepam increased the number of entries
into the open zone (Pb0.05; F(34,3)=3.28). SAP were also reduced,
but this was only significant after the middle dose of 0.25 mg/kg
(Pb0.05; F(34,3)=3.90).

3.2.2. FG-7142
FG-7142 (6 mg/kg) reduced the distance travelled in SD rats

(Pb0.01; F(29,2)=5.77) and reduced head dips (3 and 6 mg/kg)
(Pb0.01, F(29,2)=8.52). FG-7142 (6 mg/kg) increased the time spent
under the covered zone (Pb0.05; F(29,2)=5.29) and reduced the
number of entries made into the unprotected zone (3 mg/kg and
6 mg/kg) (Pb0.001; F(29,2)=9.23). There was no significant effect of
FG-7142 on SAP in SD rats (Fig. 4).
Fig. 1. Canopy behaviour. Comparison between TGR(ASrAOGEN)680 and Sp
In TGR (Fig. 5), 6 mg/kg FG-7142 reduced locomotor activity as it
did in SD rats (Pb0.05; F(29,2)=3.88), whereas there was no
significant reduction of head dips. The time spent under the canopy
was not affected either, whereas 6 mg/kg reduced the number of
entries into the open area (Pb0.05; H=6.47). The effect on SAP is
unclear, as data were not significant.

3.2.3. mCPP
The 5-HT1B/2C agonist mCPP (2 mg/kg) reduced the distance

travelled in SD rats (Pb0.05; F(36,3)=4.39), reduced head dips
(Pb0.001, H=16.58), increased the time spent under the covered
zone (Pb0.01; H=11.53) and reduced the number of entries made
into the unprotected zone (Pb0.01; H=12.61). Surprisingly, 0.5–
2 mg/kg mCPP significantly reduced the number of SAP (Pb0.001,
H=16.28) (Fig. 6).

In TGR (Fig. 7), 1 mg/kg and 2 mg/kg mCPP reduced the distance
travelled (Pb0.01; F(35,3)=5.74) and 2 mg/kg tended to reduce
head dips (Pb0.10). 0.5–2 mg/kg reduced the entries into the
uncovered zone (Pb0.01; H=12.53). As in SD rats, SAP were reduced
after 0.5–2 mg/kg mCPP (Pb0.001; F(35,3)=13.33).

4. Discussion

In this study, a higher score of anxiety-related behavioural
measures was found in transgenic rats with low brain angiotensino-
gen compared to wild-type Sprague–Dawley rats. The higher number
of SAP indicates a higher incidence of risk assessment. As the canopy
test is a validated rodent model of anxiety focusing on the risk
assessing SAP, the results obtained from untreated rats confirm the
anxiogenic effect of the transgene (Voigt et al., 2005). In addition to
SAP, TGR also made fewer head dips and tended to travel a shorter
distance, although there is no evidence for impaired locomotor
behaviour in these rats (Voigt et al., 2005). TGR also spent more time
in the zone covered by the canopy. In the initial study introducing this
model (Grewal et al., 1997), these latter parameters were either not
used (head dips) or proved invalid (time spent under the canopy).
However, the time spent under the canopy was useful in the present
analysis, as diazepam reduced this time in the controls (see below).
This might apply to head dips as well and both parameters seem to
rague–Dawley rats. n=7/group. Mean±SEM. *Pb0.05. Student's t-test.



Fig. 2. Canopy behaviour. Effect of diazepam in Sprague–Dawley rats n=10/group. ANOVA followed by Dunnett's test. Mean±SEM. *Pb0.05. ANOVA followed by Dunnett's test.
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support the interpretation of more anxiety-related behaviours in TGR
during exposure to the canopy test. For these reasons, we extended
the number of parameters to be analyzed in the present study as
compared to Grewal et al. (1997).

The total baseline number of SAP in our study, however, is lower
when compared to the original report of the canopy test (Voigt et al.,
2005). This discrepancy could theoretically be explained by strain
differences in anxiety-related behaviours (Rex et al., 1996) although
our scores are in line with those obtained from Wistar rats (Ray and
Hansen 2005).
Fig. 3. Canopy behaviour. Effect of diazepam in TGR(ASrAOGEN)680 rats n=8–10/group. A
test or Kruskal–Wallis test followed by Dunn's test.
We chose the same experimental conditions as in our previous
study (Voigt et al., 2005) to allow a direct within-laboratory
comparison. In this corresponding previous study, the number of
SAP shown upon exposure to the EPM was far too small to allow for
statistical analysis. By contrast, the total number of SAP displayed in
the canopy test here was high enough to be suitable for statistical
analysis. This indicates clearly the “SAP-inducing” effect of the canopy
as it was used in our laboratory. The only difference in the design of
the canopy apparatus between the original and the present study is
the transparency of the canopy itself. However, this did not matter as
NOVA followed by Dunnett's test. Mean±SEM. *Pb0.05. ANOVA followed by Dunnett's

image of Fig.�2
image of Fig.�3


Fig. 4. Canopy behaviour. Effect of FG-7142 in Sprague–Dawley rats n=10/group. ANOVA followed by Dunnett's test. Mean±SEM. *Pb0.05. ANOVA followed by Dunnett's test.
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the rats easily identified the protective effect of the transparent
canopy and the anxious TGR spent even more time under its
protection. The exposed zone of the canopy is almost twice as large
as the protected zone (4932 cm2 vs. 2688 cm2). Sprague–Dawley rats
spent on average 2.78±0.16 (out of a total of five) min under the
canopy. Considering the smaller size of this zone, this measure shows
a clear preference for staying under the protecting transparent
canopy. The advantage of a transparent canopy is an easier
quantification of locomotor activity and other behaviours shown
under the canopy. Therefore, it is unlikely that the difference in SAP
baseline between the present study and the original description of the
Fig. 5. Canopy behaviour. Effect of FG-7142 in TGR(ASrAOGEN)680 rats n=10/group. ANOV
or Kruskal–Wallis test followed by Dunn's test or Kruskal–Wallis test followed by Dunn's te
model is due to the modification of the design. Recent studies using a
canopy similar to that described in the original paper report numbers
of SAP that correspond to our data (Ray and Hansen 2005).

Diazepam reduced SAP both in SD and transgenic rats. The
anxiolytic effects of diazepam shown here are not only in keeping
with the well established role of this benzodiazepine as an anxiolytic
drug, but also with the results shown by Grewal et al. (1997) in their
canopy study, although with a slightly lower dose effective in our
experiment. Interestingly, we found in SD rats a significant decrease in
the time spent under the canopy after diazepam that went along with
an increased number of entries into the open zone. This finding seems
A followed by Dunnett's test. Mean±SEM. *Pb0.05. ANOVA followed by Dunnett's test
st.
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Fig. 6. Canopy behaviour. Effect of mCPP in Sprague–Dawley rats n=8–10/group. ANOVA followed by Dunnett's test. Mean±SEM. *Pb0.05. ANOVA followed by Dunnett's test or
Kruskal–Wallis test followed by Dunn's test .
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to contradict the results obtained by Grewal et al. (1997) who
conclude that time spent in the open zone is not a reliable parameter.
However, in the present study, both the transgenic and the
pharmacological effects on the time spent under the canopy suggest
that, at least under our conditions, the parameter time and entries
might be useful for the interpretation of canopy behaviour.
Fig. 7. Canopy behaviour. Effect of mCPP in TGR(ASrAOGEN)680 rats n=8–10/group. ANOVA
Kruskal–Wallis test followed by Dunn's test or Kruskal–Wallis test followed by Dunn's test
The data shows that diazepamhas anxiolytic effects in doses below
those reducing locomotor activity. Moreover, doses of diazepam that
reduced SAP increased head dips and distance travelled. The latter
effect indicates that the reduction in SAP is not due to sedation/muscle
relaxation and further suggests that the total locomotor activity as
expressed by distance travelled seems to be affected by anxiety as
followed by Dunnett's test. Mean±SEM. *Pb0.05. ANOVA followed by Dunnett's test or
.

image of Fig.�6
image of Fig.�7


435J.-P. Voigt et al. / Pharmacology, Biochemistry and Behavior 96 (2010) 429–437
shown before for the EPM test of anxiety-related behaviour (Cruz
et al., 1994). This interpretation is further supported by the slightly
lower distance travelled in the anxious transgenics as found in
experiment one that could not be attributed to impairments in motor
behaviour (Voigt et al., 2005).

Obviously, a slightly higher dose of diazepam is required for
anxiolysis in the more anxious transgenic rats. Although 0.25 mg/kg
reduced SAP, the higher dose of 1 mg/kg did not. This is unlikely due
to any interference with motor behaviour as the same dose increased
the distance travelled. A closer examination of individual data showed
an increase in SAP in some individuals in the lowest dose group
(0.125 mg/kg). “Paradox effects” after low doses of diazepam have
been described (Cooper 1983, Desai et al., 1983) and may have
occurred here as well. This effect possibly interfered with the
statistical analysis as eliminating these individuals would otherwise
result in significant effects for all treatment groups. The number of
entries in the unprotected area increased after diazepam; but
diazepam did not affect the number of head dips. Time spent under
the canopy could not be reduced by diazepam in the transgenics
either. This partial failure of diazepam has been observed only in TGR
and could be down to the high baseline level of anxiety in TGR. A
further increase in dose to achieve anxiolysis would interfere with
locomotor behaviour and thus obscure any anxiolytic effect.

FG-7142 had an obvious anxiogenic effect in SD rats as shown by
the reduction in head dips and the reduced entries into the open area,
both after 3 mg/kg. This is in line with earlier findings from the
elevated plus-maze as reported by Cruz et al. (1994). These
anxiogenic effects were seen below a dose that potentially could
interfere with locomotor behaviour. However, contrary to expecta-
tion, FG-7142 did not increase the number of SAP significantly in
either rat strain. Although there are anxiogenic effects in both groups
after doses that are lower than doses reducing locomotor activity, it
cannot be decided if the locomotor effect of FG-7142 is reflecting a
true anxiogenic effect or rather this is due to sedation. An earlier
open-field study, also done with SD rats, shows a reduced distance
travelled after 5 mg/kg, but reduced rearing only after 20 mg/kg
(Meng and Drugan 1993). This finding would support the interpre-
tation that the reduced locomotor activity as observed in our study, is
not necessarily due to sedation.

In summary, diazepam had anxiolytic effects in both SD and TGR,
with slightly higher doses required for anxiolysis in TGR. The
anxiogenic effect of FG-7142 is more obvious in SD although FG-
7142 did not affect SAP. FG-7142 could be potentially less effective in
the more anxious TGR due to a ceiling effect related to the higher
baseline anxiety, however, changes in brain neurochemistry in TGR
interfering with the effects of FG-7142 cannot be ruled out at this
stage (Voigt et al., 2005, Hackler et al., 2007).

Surprisingly, mCPP reduced SAP in both genotypes. This decrease
in SAP is difficult to explain, since it occurs already at doses that do not
affect other motor behaviour at all. In fact, the very same doses
increased grooming activity as measured in the open-field test (Voigt
et al., 2005). Strain differences and individual differences (Verheij et
al., 2009) cannot account for this discrepancy since both studies used
Sprague–Dawley rats, and these rats showed increased anxiety after
the same doses in our laboratory, an effect that is in keeping with
earlier findings (Griebel et al., 1995). A study by Molewijk et al.
(1995) found no effects of mCCP towards the anxiogenic stimulus in
an approach–avoidance paradigm, but an increase in SAP directed
away from the stimulus. Given this complexity, further research into
the effects of mCPP on SAP is certainly justified. However, the 5-HT1B/
2C agonist mCPP had anxiogenic effects in SD rats as reflected by the
reduced number of head dips and increased the time spent under the
covered zone. The anxiogenic effects are both in line with earlier
studies with the same rat strain (Griebel, 1995, for review), and also
with other results from our laboratory (Rex et al., 2004, Voigt et al.,
2005) and the original canopy paper (Grewal et al., 1997) as well. The
reduced distance travelled after mCPP as shown in both groups would
also be in keeping with an interpretation of the present findings as
mainly sedative effects. However, this would be in contrast to our
previous open-field findings where the same dose of mCPP stimulated
grooming activity (Voigt et al., 2005).

We expected a stronger effect of mCPP in TGR, based on previous
behavioural experiments showing a potential upregulation of brain 5-
HT2C receptors (Voigt et al., 2008). In fact, thiswas seen for theparameter
distance and entries into the open zone. The latter was seen already after
the dose of 0.5 mg/kg that had no effect on distance travelled and,
therefore, might indicate a rather specific anxiogenic effect.

Considering the anxiogenic effects of FG-7142 on behaviours other
than SAP in SD, it becomes obvious the there were less anxiogenic
effects measurable in TGR. This is very likely due to the already higher
anxiety level in these rats as shown in the first experiment and our
previous study (Voigt et al., 2005) that does not allow a further
augmentation within the current experimental design.

Although both our previous publication (Voigt et al., 2005) and
the present study indicate increased anxiety due to reduced brain
angiotensinogen (Schinke et al., 1999), the physiological signifi-
cance of these findings requires some discussion. There is convinc-
ing evidence that angiotensin II plays a role in rodent anxiety-
related behaviour. The prevailing view is that an interference with
the renin angiotensin system (RAS) will result in anxiolysis.
However, the nature of this effect needs to be further clarified due
to some conflicting data (Gard 2004, for review and extensive
discussion).

There are reports using transgenic or knockout animals that
address the role of RAS in anxiety-related behaviour. Studies
performed in knockout mice lacking the angiotensin-type-2 receptor
found these mice also anxious in the light/dark and the elevated plus-
maze test (Okuyama et al., 1999). By contrast, mutant mice lacking
angiotensinogen did not show an anxious phenotype during a first
behavioural screen (Walther et al., 1999). The latter finding does not
relate directly to the present study though, as the knock out occurred
both in the periphery and the brain in these mice. Pharmacological
studies in this area of research used either angiotensin-type-1
receptor antagonists or angiotensin converting enzyme (ACE)
inhibitors which inhibit the formation of angiotensin II. Sometimes
angiotensin has been used itself. These pharmacological studies found
mostly anxiolytic effects of the drugs after peripheral antagonist or
ACE inhibitor administration (Gard 2004 for review). Anxiolysis due
to blockade of angiotensin-type-1 receptors seems to be in contrast
with our findings. However, the respective contribution of peripheral
and central drug effects remains to be determined for those studies. A
potential stress reducing effect of angiotensin-type-1 receptor
antagonists has been suggested to include both central and peripheral
effects (Saavedra et al., 2004). Interestingly, some pharmacological
studies performing intracerebral angiotensin II administration show
an anxiolytic effect of the peptide in the elevated plus-maze (Tsuda
et al., 1992, Belcheva et al., 1997, Holy and Wisniewski 2001). The
latter would be in contrast to antagonist studies showing anxiolysis
after the peripheral administration of angiotensin receptor antago-
nists, but in keeping with our present results based on a central
transgenic manipulation.

Nevertheless, one could also speculate that the adaptive changes
within the brain renin angiotensin system could contribute to the
anxiogenic phenotype. An upregulation of angiotensin-type-1 recep-
tors located inside the brain has been reported in TGR(ASrAOGEN)680
(Monti et al., 2001), indicating that the downregulation of astroglial
angiotensinogen regulates receptor expression. Although glial angio-
tensinogen is significantly reduced in these rats, neuronal angiotensin
does not appear to be affected (Vinsant et al., 2005). This suggests that
TGR(ASrAOGEN)680 could be more sensitive to neuronal angiotensin
II than the SD controls. This interpretation would concur with the
view of an anxiogenic role of brain angiotensin II.
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However, angiotensin-type-1 receptors located in circumventricular
organs such as the subfornical organ and the area postrema are
downregulated (Monti et al., 2001). As the brain responds to both
circulating and tissue angiotensin II (Saavedra 2005, for review), the
functional net effect of the observed adaptive changes in receptor
expression on anxiety-related behaviour requires further investigation.
The need formore research is further supported by the recent finding of
an increased stress response inTGR(ASrAOGEN)680 thatwas rather due
to adrenal mechanisms than to a combined hypothalamic and pituitary
related mechanism (Müller et al., 2010). Although this increased stress
sensitivity in TGR(ASrAOGEN)680 corresponds to the anxious pheno-
type, this finding also emphasizes the possibility that peripheral
mechanism could contribute to the anxiogenic effects of angiotensin II.

Whereas our data support the idea that brain angiotensin has a role
in anxiety-related behaviour, it remains to be determined if further
neurotransmitter systems are involved in the mediation of this effect.
Interactions between angiotensin and other neurotransmitters includ-
ing catecholamines and 5-HT have been reported. Angiotensin has been
shown to stimulate 5-HT synthesis in a biphasicmanner (Nahmod et al.,
1978). Since 5-HT is involved in many behaviours including anxiety
(Lucki, 1998, for review), angiotensin-induced changes in brain 5-HT
synthesis (Voigt et al., 2005, 2008) could possibly contribute to the
development of the behavioural phenotype in TGR(ASrAOGEN)680.

Biochemical studies provided evidence that the angiotensin-type-
1 receptor antagonist losartan decreases 5-HT synthesis outside the
blood brain barrier (Baltatu et al., 2002). Possible effects of
antagonists on brain 5-HT were not addressed in that study. Another
antagonist, candesartan, increased 5-HT content, but inside the blood
brain barrier (Jenkins, 2008). The possibility that the pharmacody-
namic and/or pharmacokinetic differences between antagonists
contribute to apparently contradictory findings cannot be ruled out
yet, as the different contributions of central and peripheral effects of
these drugs cannot. Interestingly, Mendelsohn et al. (1993), using
brain microdialysis, found an increase in the 5-HT metabolite 5-
hydroxyindoleacetic acid (5-HIAA) following infusion of angiotensin
II into the striatum. Although 5-HT itself was not measured, this
finding could also be indicative of an increase in 5-HT (Stenfors and
Ross, 2004). This would be in line with the reduced 5-HT content in
rats with low brain angiotensinogen (Voigt et al., 2005).

Our previous experiments showing significant transgenic effect on
brain 5-HT, and evidence for an adaptive compensatory increase in 5-
HT2C receptors (Voigt et al., 2008) suggest a role of 5-HT in mediating
the effects of angiotensin on anxiety-related behaviours.

Taken together, the present study provides further evidence for an
anxious phenotype in transgenic rats with low brain angiotensin and
a dysfunctional brain 5-HT metabolism. In particular, there is a
significant transgenic effect on SAP which is also sensitive to the
anxiolytic action of diazepam. The anxiogenic effects of the FG-7142
and mCPP are only significant for parameters other than SAP, with
even a reduction of SAP as induced by mCPP.
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