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Low and high doses of Norharmane respectively improve
and impair learning and memory in streptozotocin-induced
rat model of sporadic Alzheimer’s disease
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Abstract

Introduction: It is well established that benzodiazepines and their related agonists at the benzodiazepine site of GABA receptor present anxiolytic and amnesic
properties, whereas [3-carboline alkaloids exert anxiogenic and learning-enhancing actions. The goal of the present study was to investigate the therapeutic efficacy
of Norharmane (NO) as a benzodiazepine receptor inverse agonist on learning and memory of the Streptozotocin (STZ) rat model of Alzheimer’s disease (AD).

Methods: Eighty male Wistar rats were divided into control, STZ, Saline, STZ+ vehicle and STZ+ NO groups. For induction of AD, rats were administered with
STZ (3 mg/kg) bilaterally into the lateral ventricles. Administration of either ethanol (0.2 ml) or NO (1, 2, 3, and 4 mg/kg, Intraperitoneal) started one weeks
post-STZ injection on a daily basis for a duration of 10 days. Learning and memory performances of the rats were evaluated using Morris water maze (MWM) and
shuttle-box, respectively.

Results: Escape latency was significantly increased in STZ groups compared to the control and saline groups (P<0.01). Low doses of NO (1 and 2 mg/kg) protected
learning against STZ-induced impairment, whereas treatment with high doses of NO (3 and4 mg/kg) led to further learning impairment in the STZ rat model of
sporadic AD. The percentage of time spent, the swimming distance in the target quadrant and the step-through latency (STL) in the STZ+ NO (2 mg/kg) group
were significantly higher than those in other STZ-induced AD groups (P<0.001).

Conclusion: The findings of the present study suggest that administration of low doses of NO(1 and 2 mg/kg) improves learning and memory, whereas high doses
of it (3 and 4 mg/kg) worsened both learning and memory in the STZ rat model of AD.

Introduction have neuroprotective properties as well as cytotoxic properties [18-20],
excitation and euphoria [21,22], analgesic effects [23], anticancerous
and antibiotic properties [24,25]. It is also suggested that p-carbolines
in high doses are epileptogenic, in medium doses anxiogenic, while in
low doses, improve learning and memory [26].

There are several modulatory sites at GABA-A receptors which
mediate the action of many drugs. It is well-established that agonists
at the benzodiazepine site, of these receptor notably benzodiazepines,
have anxiolytic and amnesic properties whereas B-carboline alkaloids

as benzodiazepine receptor inverse agonist exert anxiogenic Gruss A et al. have demonstrated a stimulatory impact of NH on
and learning-enhancing actions by antagonizing the action of  dopaminergic neurons in primary mesencephalic cultures through
benzodiazepines on GABA-A receptors [1-5]. A number of B-carboline dendritic and synaptic proliferation and increase in dopamine level

alkaloids such as harmane (1-methyl-9H-pyrido-[3,4-b]indole) (HA) [27].
1-methyl-B-carboline), harmaline (1-methyl-7-methoxy-3, 4-dihydro-
B-carboline) and NO (9H-pyrido[3,4-b] indole), exist naturally in plant
derived food products (wheat, rice, corn, barley, soybeans, rye, grapes,
mushrooms, and vinegar), plant derived beverages (wine, beer, whisky,
brandy, and sake), and plant derived inhaled substances (tobacco) [6]. Method
The B-carbolines HA, NO and harmaline also present endogenously in .

the brain, kidneys, liver and blood [7,8]. They have neurotoxic effects Animals

on benzodiazepine and Imidazoline receptors. Since high plasma levels A total of 80 Adult male Wistar rats (Razi Institute, Karaj, Iran),
of P-carbolines have been detected in heavy smokers [9], alcoholics

The present study was designated to investigate the effect of NO as
a benzodiazepine receptor inverse agonist on STZ induced rat models
of AD using MWM task and shuttle-box apparatus, respectively.

[10], heroin-dependent humans [11], patients with essential tremor
[12] or Parkinson’s disease [13] they are presumed to be involved
in development of CNS disorders. B-carboline alkaloids increase
monoamine neurotransmitters such as norepinephrine, dopamine and
5-HT levels in brain through inhibition of monoamine oxidase (MAQO)
activity [14,15]. They also modulate voltage-activated calcium, sodium
and potassium channel currents [16,17]. B-carbolines are assumed to
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weighing 200-300 g were used at the beginning of the study for MWM
apparatus and Passive avoidance test, separately. Animals were kept
in an animal house with a 12/12 h light-dark cycle and controlled
temperature (22 + 2°C). Animals were housed in groups of 6 in Plexiglas
cages with free access to food and tap water except during the limited
periods of experiments. Each group consisted of eight rats and each
rat was used once only and killed immediately after the experiment.
Behavioral experiments were carried out during the light phase of
the light/dark cycle (light on 07:00 am). Animals were divided into 8
experimental groups; control, saline, STZ, STZ+ vehicle (ethanol) and
STZ+ NO groups. Rats in the vehicle and NO groups received ethanol
(0.2 ml) or NO (1, 2, 3, and 4 mg/kg, i.p.) on a daily basis for one week
after operation for a period of 10 days before training. For induction
of AD, STZ (3 mg/kg, i.c.v., 10 pl each) was administered bilaterally
into the lateral ventricles. In saline group, saline was injected into the
lateral ventricles instead of STZ. Learning performance of the rats was
evaluated using MWM and shuttle-box 24 h after the last NO or vehicle
injection. All the experiments were executed in accordance with the
“Guide for the Care and Use of Laboratory Animals” (National Institute
of Health Publication No. 80-23, revised 1996) and were approved by
the Research and Ethics Committee of Qazvin University of Medical
Sciences. Norharman (9H-Pyrido [3,4-b]-indole) hydrochlorideand
STZ was purchased from SIGMA-ALDRICH Company and anesthetic
drugs (ketamine and xylazine) are products of Alfasan Company,
Holland.

Induction of experimental dementia of AD by i.c.v.
administration of STZ in rats

Animals were first anesthetized with intraperitoneal (i.p.) injection
of ketamine (100 mg/kg) and xylazine (10mg/kg). STZ (3 mg/kg, 10 ul/
injection site) or saline (10 pl/injection site) was then injected bilaterally
into the lateral ventricles by performing stereotaxic surgery and using
a Hamilton syringe [27]. Following coordinates were used for i.c.v.
injection: 0.8 mm posterior to the bregma, 1.5 mm lateral to the sagittal
suture and 3.6 mm ventral from the surface of the brain (Paxinosand
Watson, 1997). Meninges were carefully kept undamaged during the
procedure. A Hamilton syringe with a cannula diameter of 0.3 mm
was used for injection of 3 mg/kg STZ solution. STZ was dissolved
in saline shortly before application and it was injected bilaterally into
the brain ventricles. The cannula was left in situ for a further 5 min
following injection to allow passive diffusion from the cannula tip
and to minimize spread into the injection tract. The cannula was then
slowly removed from the scalp, which was then closed with sutures.
To determine the precise administration of STZ into the cerebral
ventricles, 30% of the rats were injected with 5 ul of diluted potent blue
dye prior to microscopical examination of their brains.

Assessment of spatial learning and memory using the MWM

After NO treatment for 10 days, the MWM tests were conducted
to assess the learning and memory performance. The escape latency
(s) and path length (cm) were analyzed in each trial and averaged
over four trials for each rat. The frequency the rat reached the former
placement of the platform as well as the time spent in the former
platform quadrant were detected within 60 s.

The MWM was a black circular pool (140 ¢cm in diameter and
60 cm high) that was filled with 22_C water to a depth of 25 cm. The
MWM protocol was a stringent protocol of four trials per day for five
consecutive days. During each trial, each rat was placed into the water
at one of the four cardinal points of the compass (N, E, S, and W), which
varied from trial to trial in a quasi-random order. The rat had to swim

Alzheimers Dement Cogn Neurol, 2017 doi: 10.15761/ADCN.1000107

until it climbed onto the escape platform. Animals that failed to find the
platform within the allocated time were gently guided to the platform.
At the end of each trial, animals were allowed to stay on the platform
for 20 s. The escape latency (platform search time) for each trial was
recorded. After the last trial, the animal was towel dried and returned
to the home cage. The platform was removed during the spatial probe
test, which was performed 2 days after the last acquisition trial. The rats
were allowed to swim for 60 s, and we recorded the latency to reach the
platform location, the time spent swimming within a zone [i.e., a 20-cm
radius that was centered either on the original training location (target
zone) or on an equivalent location in the opposite quadrant (opposite
zone)], and the proximity (the average distance in centimeters of rats
from the center of the platform location across the 60-s test). The
velocity of each rat was also calculated. The analysis of the latency to
reach the platform location, and time spent within a specified radius
(zone) are consistently more sensitive measures of the MWM probe
test performance in terms of detecting group differences [28].

Passive avoidance performance (shuttle box)

To assess the memory retention of animals, a passive avoidance
test was performed. In this task, the animal learns that a specific
place should be avoided since it is associated with an aversive event. A
decrease in step-through latency (STL, retention latency) indicates an
impairment in memory in the PA task. The passive avoidance apparatus
consisted of two light (Plexiglas) and dark (Black) compartments of the
same size (20x20x30 cm?) separated by a door. The floor of the dark
compartment (i.e. conditioning chamber) was made of stainless-steel
bars (0.5 cm diameter) separated by a distance of 1 cm. Intermittent
electric shocks (50 Hz, 3 s) of 1 mA intensity were delivered to the floor
of the dark compartment by an isolated stimulator.

Inhibitory-avoidance training

The rats were allowed to become familiar with the laboratory
environment 1 h before the training or testing sessions. All training and
testing was carried out between 08:00 AM and 12:00 AM. Each animal
was placed in the light compartment for 20 s, after which time, the door
was raised and the duration the animal waited before crossing to the
dark (shock) compartment was recorded as the latency. The animal
was removed from the experiment when it waited for more than 180
s to cross to the other side. Once the animal completely crossed to the
next compartment, the door was closed and a 1 mA foot shock was
delivered for 3 s. The rat was then removed from the apparatus and 2
min later, the procedure was repeated. Training was terminated when
the rat remained in the light compartment for 120 consecutive seconds.
All the animals were trained with a maximum of two trials.

Retention test

Twenty-four hours after training, a retention test was performed
to examine long-term memory. Each animal was placed in the light
compartment for 20 s, the door was opened, and the latency for entering
into the shock compartment (as described in the training session, all 4
paws in) was measured as STL. During these sessions, no foot shock
was applied and the test session ended when the animal entered the
shock compartment or remained in the light compartment for 600 s
(criterion for retention) [29].

Results

Place learning

Figure 1 display place learning of different experimental groups
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in the MWM. As expected, the average escape latency (The latency
time to find the hidden platform), escape distance (the path length
to find the platform) in searching for the hidden platform decreased
with the increase in training days. In the control group and saline
groups there was shorter average escape latency and escape distance
compared to STZ group. In the control group and saline groups the
percentages of the total time elapsed and distance swum in the target
quadrant in the probe test were also relatively higher compared to STZ
group, however, there was no significant different between control and
saline groups groups. An i.c.v. injection of 3mg/kg STZ resulted in a
significant decline in spatial learning, with longer latency and distance
in search for the underwater platform in STZ and STZ+ Vehicle groups
compared to control group. These results indicate that STZ could
significantly impair spatial learning and memory in rats. The difference
of the average escape latency and escape distance between the control
and STZ groups was significant on all of the training days F=4.93, (p
<0.001) and F=3.38, (p <0.01) and F= 2.78, (p<0.05). The results of
the present study have also shown that treatment of the rats with low
doses of NO (1, 2 mg/kg) protected spatial learning against impairment
induced by STZ. As shown in figure 1 treatment with low doses of NO
(1, 2 mg/kg), reversed the spatial learning and memory impairments
induced by STZ. The average escape latency and average escape distance
in search for the hidden platform were significantly decreased in the
NO (1, 2 mg/kg) plus STZ group compared to the STZ group. Although
the differences between the STZ, STZ+ Vehicle and control groups
were significant on all the training days, no significant difference was
observed between the control and NO (2 mg/kg) plus STZ group. On
the other hand treatment with high doses of NO (3, 4 mg/kg) led to
further impairment of spatial learning in the STZ rat model of sporadic
AD. The escape latency and distance in search for the hidden platform
in the STZ+NO (4 mg/kg) group rats were significantly higher than the
control group, similarly to that observed in the STZ group (Figure 1).
Furthermore, the results of this study have indicated that swimming
speed was increased in the consecutive training days in all the treatment
groups. However, there was no significant difference between the
experimental groups. Moreover i.c.v. injection of STZ, also resulted in
a significant decline in spatial memory, therefore, the percentages of
the total time elapsed and distance swum in the target quadrant (the
number of times of crossing platform) after removing the platform
(probe test) were significantly decreased in the STZ group compared
to the control and saline groups. In contrast, these parameters were
increased in the NO (1, 2 mg/kg) plus STZ groups compared to the
STZ group. These results have shown that STZ application markedly
impaired spatial learning and memory of the rats. On the other hand,
treatment with NO (1, 2 mg/kg) effectively protected spatial learning
and memory against STZ-induced impairment. The percentage of the
total time elapsed and the distance swum in the target quadrant were
decreased in the NO (3, 4 mg/kg) plus STZ group compared to the
control group. Furthermore, our results have shown that pre-training
injection of low doses of NO (1 and 2 mg/kg) improved the Step-
Through Latency of the passive avoidance test, however, high doses of
NO (3, 4 mg/kg) attenuated memory retention in the STZ rat model
of AD (Figure 2). The time spent in the light area before entering the
dark area and the total time that the rats spent in the light compartment
during the Passive Avoidance test in the control, saline and STZ+NO
(2 mg/kg) groups were significantly longer than STZ group (P<0.001).
As there were no significant different between the control and saline
group and between the STZ and STZ+ Vehicle groups, and between
the STZ+ NO (1, 3 mg/kg) and STZ+ Vehicle groups the results of
the saline and STZ+ Vehicle and STZ+NO (1, 3 mg/kg) have not been
shown.
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Figure 1. Effects of Norharmane (NO) on the escape latency (A) and the swimming
distance (B) and the swimming speed (C) and the percentage of the total time elapsed in
the target quadrant (D) and the number of times of crossing platform (F) in control and
Experimental groups rats. The A panel shows the escape latency (the latency time to find
the hidden platform). B panel shows the distance (the path length to find the platform) of the
experimental groups during successive training days (four sessions per day). The D panel
shows the percentage of time spent in the target quadrant. The F panel shows the number
of times of crossing platform in control and Experimental groups rats during only one day
(Probe test) in the experimental groups. *p<0.05; **p<0.001; relative to the control group,
# p<0.05; ## p<0.001, relative to the STZ group, one-way repeated measure of ANOVA
followed by the Tukey Post Hoc Test.
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Figure 2. Comparison of STL during a Passive Avoidance test. Each value represents the
mean+ SEM of the latency to enter the dark compartment. (n=6 rat/group). Different doses
of NO (1, 2 and 4 mg/kg, i.p.) or ethanol (0.2 ml, i.p.) were administered for 10 days before
training in the four groups of animals. (**p<0.01) and (##p<0.01) indicate the difference
from the control group and STZ + Vehicle group respectively.

Discussion and conclusion

In the present study, the effects of NO on learning and memory
in the STZ-induced rat model of sporadic Alzheimer’s disease were
examined. The main findings are as follows:

All parameters of place learning (escape latency, distance and
number of crossed quadrants) in all the groups improved during the
consecutive training days. Ani.c.v.injection of 3mg/kg STZ significantly
increased these parameters, in comparison with the control group.
Pretreatment with low doses of NO (2 mg/kg) protected learning and
memory against impairment induced by STZ, whereas pretreatment
with high doses of NO (4 mg/kg) led to further impairment of learning
and memory in the STZ rat model of sporadic AD. Also, our results
show that the swimming speed of all groups of rats increased during the
consecutive training days. However, there was no significant difference
between experimental groups indicating that both STZ and NO had
no effect on the motor activity of rats, so the effect of NO (2 mg/kg)
did not improve the motor activity of rats. Therefore, NO probably
attenuated STZ-induced neuronal damage in the brain.

Although our findings suggest that STZ disrupt spatial cognition,
it is possible that the observed deficits in performance could have been
a result of general behavioral or sensorimotor impairment, rather than
a result of spatial learning and memory deficits. To investigate these
possibilities, a visible platform task was performed. We found that
STZ did not significantly affect the swim length to escape to the visible
platform, a finding that is inconsistent with the idea that disruption of
escape to the platform is due to general impairments.

In our experiments, spatial memory formation was measured by
the percentage of time and distance swum in the target quadrant during
a probe test. In the STZ group, these two parameters were significantly
less than those in the control group. On the other hand, in the STZ
+ NO (2 mg/kg) group, these two parameters were close to those in
healthy control rats so that there were no significant differences between
these two groups, indicating that pretreatment with low doses of NO
(2 mg/kg) attenuated STZ- induced impairment in memory. Our data
suggested that administration of NO in low doses (2 mg/kg), improves
learning and memory retrieval, whereas high doses of NO further
worsen them in the STZ rat model of sporadic AD. In conclusion, the
effect of NO on learning and memory is dose dependent. Confirming
our results, Venaultet al. has shown that low doses of B-carboline
alkaloids improve learning and memory retention [26].
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The capability of a Benzodiazepine receptor inverse agonist
to enhance acquisition and/or consolidation processes has been
established in several different memory tasks [30-32,4]. The dose of
B-carboline required for enhancing memory is usually lower than the
dose required for eliciting anxiogenic actions [5,26] and this rule was
replicated in our study. Confirming our results, Samard“zi’c et al. have
shown that DMCM, a benzodiazepine site inverse agonist, at the dose
of 0.1 mg/kg improves active avoidance in the rats[1].

Mostofthebenzodiazepinesareknown to produceboth anterograde
and retrograde amnesia [33-35]. In contrast, benzodiazepine receptor
antagonists, such as flumazenil [34] and CGS 8216 [36], attenuate
amnesia induced by various benzodiazepines. Similar results were
obtained by B-carboline, such as FG7142 [37], beta-CCM, [30,38,39],
NO [40], Ro 15-4513 [41] and harmine [42]. It has been demonstrated
that NO reversed anterograde amnesia-induced by brotizolam in rats.
Furthermore, it has been reported that flumazenil reversed anterograde
amnesia-induced by benzodiazepines [35]. These results suggest that
benzodiazepine-induced anterograde amnesia may be mediated
through benzodiazepine receptors. On the other hand, retrograde
amnesia induced by brotizolam is reversed by l-glutamic acid but
not NO. It suggests that triazolobenzodiazepine-induced retrograde
amnesia may be mediated through glutamate receptors.

One of the mechanisms through which NO exhibits anti-amnesic
effects may be interaction with either benzodiazepine receptors or
MAO, since NO can also bind to 5-HT as well as dopamine receptors
and have Monoamine oxidases (MAO) inhibitory properties, [43,40].

It is assumed that any compounds that decreases the consciousness
level (arousal level) interferes with learning and memory. Furthermore,
any substance that increases the consciousness level improves learning
and memory retention. According to this hypothesis, drugs like
benzodiazepines that decrease the consciousness level lead to both
anterograde and retrograde amnesia, while their receptor antagonists,
such as flumazenil and benzodiazepine receptor inverse agonists, such
as NO, that can increase the consciousness level recover the memory
impairment which is induced by benzodiazepines [44-46]. Therefore, it
can be suggested that NO, probably through increase the consciousness
level can improve learning and memory retention in the STZ rat
model of sporadic AD. In agreement with the findings of the present
study, Grusset al. have reported that chronic injection of 9-methyl-f-
carboline (2pumol/100 g b.w.) for a period of 10 days improved spatial
learning and stimulated synthesis of DA in hippocampus. It could
increase DA, dendritic length/complexity and the number of dendritic
spines in hippocampal formation [47,27,48]. Furthermore, it has been
shown that 9-me-BC had protective and regenerative/restorative
effects on dopaminergic neurons by inducing the gene expression of
several neurotrophic factors and dow-regulating apoptotic cell signals.

Therefore, it can be suggested that low doses of NO, as a f-carboline
similar to 9-me-BC, may have protective and regenerative/restorative
effects on dopaminergic neurons that could be beneficial for the
treatment of AD. The results of the present study have also shown that
high doses of NO (3, 4mg/kg) decline the learning and memory retrieval
in STZ-induced AD rat models. In agreement with these results, it has
been shown that immediate intra peritoneal administration of HA (5
and 10 mg/kg) after training impaired learning and memory [49]. It
has also been reported that administration of HA, to rat elicited visuo-
motor, spatial learning and memory deficiencies in a dose-dependent
manner [50]. Similar results were obtained when B-carbolines, such
as HA and NO were administered [51,52]. It has been demonstrated
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that treatment with HA (2.5, 5, and 7.5 mg/kg, i.p. 30 min before each
session of experiments, significantly decreased the retention latency in
a dose dependant manner [51].

Previous studies have reported the involvement of cholinergic,
dopaminergic and serotonergic systems in B-carbolines, such as HA
-induced amnesia in the step-down passive avoidance test [49,53].
Furthermore, learning and memory may be impaired due to the major
effects of P-carbolines on inhibition of MAOA and MAOB [54], and
the elevated level of dopamine in the synaptic clefs. Another possible
mechanism of memory impairment induced by high doses of NO might
that triggered by the decreased level of nitric oxide in the brain. It has
been demonstrated by Yoon et al. that -carboline alkaloids decrease
the level of inducible nitric oxide synthase (NOS) protein and NOS
promoter activities. nitric oxide signaling via cGMP plays an important
role in neuronal growth and synaptic remodeling after axotomy [55-
57]. It is presumed that NO in high doses disrupts nitric oxide synthase
and consequently impairs learning and memory. Further studies are
required to elucidate the molecular mechanism of NO on CNS and its
therapeutic effect on AD.

In conclusion, our results suggest that low doses of NO improve
learning and memory processes, therefore, it can be used as a potential
treatment of AD. However, high doses of NO further worsening of
learning and memory in the STZ rat model of AD.
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