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Intrahippocampal administration of losartan improves learning and memory in rats with
model of depression
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The brain renin-angiotensin system is involved in learning and memory, but the role of angiotensin 11 and its receptors in
these processes is not well established. The effects of losartan (angiotensin type 1 receptor antagonist) and angiotensin II,
microinjected bilaterally into CA1 hippocampal area on learning and memory in rats with a model of depression (bilateral
olfactory bulbectomy), using two avoidance paradigms: active avoidance (shuttle box) and passive avoidance (step through)
were investigated. After stereotaxic implantation of guide cannulas into the CAl area of dorsal hippocampus angiotensin 11
(0.5 pg) and losartan (100 pg) were microinjected separately, 5 minutes before each training session. It was found that intra-
CALl losartan reverses memory deficits induced by bulbectomy unlike angiotensin Il which did not show any effect. The
data suggest an involvement of angiotensin type 1 receptors in modulating memory processes in rats with model of

depression.
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INTRODUCTION

The brain renin—angiotensin system (RAS)
includes a number of bioactive angiotensin (Ang)
peptides (Ang I, Ang IlI, Ang IV and Ang-(1-7)
which show variable neurological activities [1]. Four
receptor types have been proposed within the RAS:
the Ang Il type 1 and 2 receptors (AT1, AT2), Ang
IV-specific receptor (AT4), and a putative Ang-(1-
7)-selective receptor. Angiotensin Il (Ang Il) is the
most important angiotensin peptide, which binds
selectively AT1 and AT2 receptors.

Recent studies have revealed that Ang Il regulates
synaptic transmission in several brain regions
including the hippocampus [2]. The hippocampus is
known to be involved in a variety of learning tasks
and there the concentration of Ang Il and the
expression of the wvarious angiotensin receptor
subtypes are particularly high [3, 4].

There are few reports about the involvement of
hippocampal angiotensin receptors in cognitive
processes using the avoidance paradigms. It was
demonstrated that when administered to the
hippocampus, Ang Il impaired retention of the single

trial step through shock avoidance response by
activation of AT1 receptors [5]. Other studies
provided evidence that Ang Il applied to the CAl
area blocked memory formation through a
mechanism involving the activation of AT2 receptors
[6]. Recently, a possible role of hippocampal Ang Il
receptors in voluntary exercise-induced enhancement
of learning and memory in rats was suggested [7]. It
has been reported that orally administered losartan
(an antagonist of the AT1 receptors) suppresses the
enhancing effect of voluntary running on cell
proliferation in the rat hippocampus [8].

The first suggestion that brain RAS may be
important in depression was observed in hypertensive
patients undergoing captopril treatment [9-11].
Captopril treatment has also been shown to protect
animals against the forced swim induction method of
learned helplessness. Evidence accumulates that the
brain RAS is involved in the mediation of stress
responses and depression [12, 13].

The olfactory bulbectomized rat (OBX) is a well-
validated animal model of depression.OBX is
associated with a variety of behavioral abnormalities
such as hyperactivity in the “open-field” test,
appetite-motivated behaviors, decreased fear-related
behavior, extensive cognitive impairments, and
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others [14-16]. Hippocampal degeneration has been
suggested to be the basis for the cognitive deficits in
Alzheimer’s disease (AD) [17]. As far as bulbectomy
is associated with increased levels of beta-amyloid
protein in neocortex and hippocampus [18] and
induces some behavioral and biochemical phenotypes
of Alzheimer’s disease, such as an increase of
locomotor activity and cognitive defects [19, 20] it
has been used also as an AD model.

Taking into account the high density of AT1
receptors in the hippocampus and the role of this
limbic structure in the cognitive processes, the aim of
the present study was to examine the effects of Ang Il
and losartan (a selective AT1 receptor antagonist)
after bilateral infusion into CA1 hippocampal area on
learning and memory processes in rats with an OBX
model.

MATERIAL AND METHODS
Animals

Male Wistar rats (200 - 220g at the time of
surgery) were housed individually in polypropylene
boxes with free access to food and water. The
animals were maintained in a constant temperature
environment (22 + 2°C) on a 12 h light/dark cycle
(lights on at 6:00am). The behavioral experiments
were carried out between 10:00am and 1:00pm.

The experiments were carried out according to the
“Principles of laboratory animal care” (NIH
publication No. 85-23, revised 1985), and the rules of
the Ethics Committee of the Institute of
Neurobiology, Bulgarian Academy of Sciences
(registration FWA 00003059 by the US Department
of Health and Human Services).

Surgical procedures

Bilateral olfactory bulbectomy (OBX), stereotaxic
implantation and drug microinjections into the
hippocampal CA1l area were published previously
[14, 21, 22]. OBX was performed according to the
method described by Kelly et al. [14]. Seven days
after OBX, guide cannulas were implanted bilaterally
(right and left) into CA1 hippocampal area of OBX
rats (P = 3.8 mm; L =+ 3.0 mm; h = - 3.0 mm). After
surgery, the animals were allowed 7 days to recover
before the beginning of the behavioral tests, e.g. 15
days after OBX. During the recovery period, the rats
were handled daily.

Rats were microinjected into both CALl areas with
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0.5 ul of Ang Il (pH 7.4) or 0.5 pl of losartan (pH
7.4) or 0.5 ul saline. Following the termination of the
experiments and immediately prior to the sacrifice,
the rats were injected through the injection cannula
with 0.5 pul 2 % Fast Green dye for verification of
cannula placement into hippocampal CALl area.
Animals with cannula placement outside the CAl
area or not symmetrical within both CA1 areas were
excluded from the statistical analysis.

Behavioral methods

The behavioral tests were carried out 15 days after
the bilateral olfactory bulbectomy. The animals were
tested in two learning and memory tests: two-way
active avoidance test (shuttle box) and passive
avoidance test (step-through) as described previously
[21]. The experimental rats were divided into 2 main
groups for each of avoidance test (shuttle box and
step through): A) - rats without cannulas and without
treatments - OBX operated rats and sham-operated
rats B) - OBX rats with bilaterally implanted
cannulas into CA1 areas microinjected with Ang II;
losartan and saline. The drugs were injected 5
minutes prior to each training session.

Statistical analysis

One-way ANOVA was used to analyze the data
obtained for bilateral olfactory bulbectomy. Separate
one-way ANOVA was used to analyze the data
obtained for number of avoidances for learning (1%
and 2" training day) and memory test (24 hours after
the 2™ training day). ANOVA data were analyzed
further by post-hoc Student-Newman—Keuls (SNK).
T-test was used for post-hoc comparisons between
left- and right-side injections. Analysis of the passive
avoidance data was performed using y2 tests.

RESULTS AND DISCUSSION
Shuttle box test

One-way ANOVA on the number of avoidances
of OBX rats (without implanted cannulas)
demonstrated a significant effect on the 1% training
day (Fy11 = 34,090; P < 0.001), 2" training day (F111
= 60,500; P < 0.001) and on the retention test (F1,11 =
74,387; P < 0.001) at the active avoidance paradigm.
Post-hoc SNK showed that the avoidances of OBX
rats were significantly lower as compared to the
sham-OBX controls on 1t day (P < 0.001), 2" day (P
< 0.001) and on the retention test, 24 h after the 2"
day (P <£0.001) (Fig. 1).
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One way ANOVA after bilateral infusions of Ang
I and losartan on the number of avoidances of OBX
rats showed a significant effect for “drug” on the 1%
day (F217=4,078; P<0.03), on the 2" day
(F217=16,0465; P<0.01), and at the retention test
(F217 = 5,248; P <0.01). Post-hoc test revealed that
losartan significantly increased the number of
avoidances during the 1% day (P < 0.005), the 2™ day
(P <0.005), and at the retention test (P <0.0001), as
compared to the saline-treated OBX-controls, while
Ang Il did not produce any significant effect (Fig. 2).
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Fig. 1. Effect of olfactory bulbectomy (OBX) on the
number of avoidances (shuttle box). "™ P < 0.001. Asterisks
depict comparisons of the number of avoidances in OBX
rats vs. sham operated controls. n=6. Means (= S.E.M.) are
presented.
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Fig. 2. Effects of Ang Il and losartan microinjected
bilaterally into the CA1 hippocampal area of OBX rats on
the number of avoidances (shuttle box). ™ P < 0.001.
Asteriscs depict comparisons of the number of avoidances,

following infusions of the drugs vs. respective OBX saline
treated controls. n=6. Means (+ S.E.M.) are presented.

Step-through test

ANOVA on the latent time of OBX rats (passive
avoidance task) demonstrated a significant effect on
the retention tests: 3™ h after training (Fiu =
182,931; P < 0.001) and 24" after training (Fiu
=250,372; P<0.001). The OBX rats showed a

significant decrease of the latent time on 3™ h (P <
0.001) and 24" h (t = 3.98, P < 0.001) as compared to
the sham-OBX controls. The number of OBX rats to
fulfill the learning criteria diminished to 0 % at both
retention tests (P <0.001) as compared to the controls

(Fig.3).
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Fig. 3. Effect of olfactory bulbectomy (OBX) on the
latent time (step through). ™ P < 0.001. Asterisks depict
comparisons of the latent time in OBX rats vs. respective
sham operated controls. n=6. Means (xSEM) are
presented.
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ANOVA after infusions of Ang Il and losartan on
the latent time of OBX rats showed a significant
effect for “drug” on the 3 h (Fz3 = 19,917; P <
0.001) and 24" h (F223 = 71,941; P < 0.001). Losartan
significantly enhanced the cognitive performance of
OBX rats. It prolonged the latent time on 3 h (P
<0.04) and 24" h (P <0.001) and increased the
percentage of the rats reaching the learning criteria on
3" h (38% - ¥*=5.333; P<0.02) and 24" h (63% -
¥? =7.237; P <0.01) as compared to the saline-treated
OBX rats. Ang Il administered into the CAl areas did
not produce significant effects on memory-related
behavior of OBX rats (Fig.4).
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Fig. 4. Effects of Ang Il and losartan microinjected
bilaterally into the CA1 hippocampal area of OBX rats on
the latent time (step through). *P < 0.005. Asteriscs depict
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comparisons of of the latent time, following infusions of
the drugs vs. respective OBX saline treated controls. n=8.
Means (+ S.E.M.) are presented.

The present study extended our understanding
about the learning and memory effects of Ang Il and
losartan infused separately into the hippocampal CA1
area of OBX rats. The bilateral bulbectomy impaired
the performance of rats in both avoidance paradigms
as it has been demonstrated previously [23, 24]. The
microinjections of Ang Il failed to produce any effect
on the performance of OBX rats as compared to the
saline-treated OBX controls, while losartan
significantly ameliorated the learning and memory-
related behavior impairment. Based on our results we
can make only some speculative assumptions to
explain the memory ameliorating effect of losartan on
OBX-induced learning deficits in the avoidance tests.

The brain RAS has been implicated in the
pathophysiological mechanisms of dementia and
neurodegenerative diseases. However, its role on the
impairment of learning and memory-related behavior
induced by OBX has not been examined yet. The
bilateral removal of bulbi olfactorii is associated with
a variety of behavioral abnormalities in rodents
including cognitive impairments, with deficits in
learning and memory [14, 16, 23, 24]. After
bulbectomy degeneration of neurons in cortex,
hippocampus [25, 26 ] and impaired neurogenesis in
hippocampal dentate gyrus have been reported [27].
The present findings provided new insights
concerning the modulatory role of RAS on cognitive
processes in rats with olfactory bulbectomy.

Data are lacking about the expression of
angiotensin receptors in the brain of OBX rats, but
the neurodegenerative changes might be accompanied
with abnormalities in RAS in different brain regions,
similarly to the observed alterations on AT receptor
subtypes in patiens with neurodegenerative disorders
[28, 29]. It could be suggested that the above-
mentioned neurodegenerative changes in the
hippocampus after bulbectomy and the following
compensatory neuronal reorganization could explain
the effects of the drugs on the performance of OBX
rats. The memory enhancing effects of losartan in
OBX rats may indicate that it is able to ameliorate the
impaired cognitive functions only in the conditions of
neurodegeneration and impaired activity of many
neurotransmitter systems, increased oxidative stress
and inflammation, which have been reported
following bulbectomy.
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AT1 receptor blockers have shown powerful
neuroprotective effect in vivo and their use may be
beneficial for the treatment of many brain disorders
[30, 31]. Recent studies showed that telmisartan
protects mouse dopaminergic neurons, inhibits the
microglial response in a mouse MPTP of Parkinson’s
disease [32] and attenuates hypertension-induced
learning and memory deficits [33, 34].

Brain inflammation has been implicated in the
pathophysiology of brain diseases such as major
depression, Parkinson's disease, Alzheimer's disease,
and traumatic brain injury. Evidence accumulates
suggesting that ARBs may protect the brain from
different types of injury resulting in parenchyma
inflammation and neuronal damage. Inflammation
has been linked to the etiology of OBX-induced
depression. Ablation of olfactory bulbs is associated
with production of oxygen reactive species,
saturation of antioxidant enzymes, increased lipid
peroxidation, etc.[35]. In addition to oxidative stress,
OBX syndrome involves generation of pro-
inflammatory cytokines in brain [36, 37] and
promotes pathological damage by accompanying
inflammatory reactions [38]. Oxidative stress
contributes to the cognitive impairments in
experimental animals [39]. Reports indicate that
oxidative stress is increased in the brain of
Alzheimer's disease and other neurodegenerative
disorders [40]. The neuroprotective effects of ARBs
may be partially related to their ability to decrease
oxidative stress. Recently, complex interactions
between Ang Il, behavioral processes and neuronal
oxidative stress have been reported. Bild et al. [2]
found significant correlations between some
memory-related behavioral parameters and the
oxidative stress markers from the hippocampus. The
central administration of Ang Il induced memory
deficits in two different cognitive tasks and increased
oxidative stress status in the hippocampus, while the
administration of losartan significantly improved the
performance of rats [2]. Following this line of
reasoning, it is likely the anti-inflammatory and anti-
oxidant effects of losartan to contribute for its ability
to ameliorate the OBX-induced deficits in the
avoidance paradigms.

The ability of Ang Il receptor antagonists to
interfere with the activity of some neurotransmitter
systems, all being involved in the cognitive processes
might also contribute to the memory enhancing effect
of losartan in the OBX model. As far as in rodents
AT1 receptors are expressed in brain regions
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involved with fear memory such as hippocampus and
amygdala, the implication AT1 receptor inhibition in
the mechanisms of fear memory and extinction [3,
41, 42] could also be taken into account.

CONCLUSION

This study demonstrated that the bilateral
administration of the AT1 receptor antagonist
losartan into the CA1 hippocampal area of OBX rats
significantly ameliorated the memory deficits in both
active and passive avoidance tasks. These findings
could contribute to understanding the potential of the
central RAS manipulation for the treatment of
cognitive disorders.
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(Pestome)

Mo3byHaTa PCHUH-aHTMOTCH3MHOBATa CUCTEMAa € BBBIICUCHA B OOYYHMTEIIHUTE U MAMETOBHUTE MPOIECH, HO POJIATa Ha
aHruoteH3uH |l ¥ HEroBUTE pelenToOpy B TE3W MPOIECH BCE Ole He ¢ A00pe ycraHoBeHa. M3cimenBanu ca eekTUTe Ha
JocapTaH (aHTArOHHUCT HA aHTMOTEH3MH THM | peuenrtopurte) U anruoteH3uH |1, mukpoumxkektupanu aByctpanHo B CAl
MOJIETO Ha XWIIOKAMIa BbpPXy OOYYEHHETO W MaMeTTa Ha IUTbXOBE C MOJENl Ha JAenpecHs (IByCTpaHHa ondakTopHa
OymOekToMust), TIPH [1Ba METOJa 3a maMeT M oOydueHue: akTuBHO u30srBane (Shuttle boX) m macuBHO u30srBane (Step
through). Crien crepeorakcnuHo UMILUIaHTUpaHe HA Bojeny KaHoan B CAl moneto Ha 3aJHus XUIOKAMIl, aHTHOTEH3HH ||
(0.5 pg) u nocapran (100 pg) ce MUKPOUHIKEKTUPAT MOOTACIHO, 5 MUHYTH MPEAX BCSIKA TPEHUPOBBYHA CECHs. Y CTAHOBEHO
e, 4e nocaptad BeBeaeH B CAl moneTo mpeMaxBa MaMeToOBHs JAe(UIMT, MPEAU3BUKAH OT OyJI0EKTOMHUATA, 32 pa3jiuKka OT
anruoteHsuH |1, kolito He nmokasea edekr. [loayUueHUTe TaHHU TOBOPST, Y€ AHTMOTEH3UH TUIT | PEIENITOPUTE Ca BHBICYCHU
B IIPOLIECUTE HA 00YYCHHUE U MaMET Ha ILTHXOBETE C MOJIEN Ha JCTIPECHS.
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