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Abstract

The effect of root bark extract of Rauwolfia vomitoria (RV) and Vitamin E on neurobehaviour in 3-nitropropionic acid-
induced oxidative stress (OS) in mice was evaluated. Forty mice were divided into four groups (1-4) of 10 mice each.
Animals in group one (control rats) received placebo treatment. Animals in group two were induced into oxidative stress
by intraperitoneal injection (i.p) with 20 mg/kg body weight of 3-nitropropionic acid (3NP) once daily for 5 days.
Animals in group three were pre-treated orally with 16 mg/kg body weight of root bark extract of R. vomitoria before
being treated with 20 mg/kg body weight of 3NP (i.p) for 15 days. Animals in group four were pre-treated orally with
10mg/100g of Vitamin E (VE) before being treated with 20 mg/kg body weight of 3NP (i.p). The Morris water maze
(MWM) test was done to determine the learning and memory status of the mice. There was significant (P<0.05) longer
swim latencies particularly for days 2 and 3 of the acquisition training in the 3NP-induced oxidative stress group of mice
when compared to the control group, RV treated 3NP OS group and vitamin E treated 3NP OS group. Findings from the

reversal training swim latency, acquisition quadrant, retention quadrant duration, annulus acquisition frequency,
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frequency of annulus reversal and visible platform task showed a significant increase (P <0.05) in the swim latency of

RV+3NP OS group when compared with the control and the VE+3NP OS group and a decrease in 3NP OS when compared

with the VE+3NP OS and the control group. Treatment of these 3NP-induced oxidative stressed mice with root bark

extract of R. vomitoria and Vitamin E reversed this cognitive learning and memory impairments toward normal, with R.

vomitoria being more potent in ameliorating the effect of oxidative stress on learning and memory.

Keywords: Rauwolfia vomitoria; Apocynaceae; Morris Water Maze; Swim Latency; 3-Nitropropionic Acid; Learning;

Memory

Abbreviations: RV: Rauwolfia vomitoria; MWM:
Morris water maze; 3NP: 3-nitropropionic acid; VE:
Vitamin E; OS: Oxidative stress; I.P: Intraperitoneal
injection; HD: Huntington’s diseases; ITs: Inter-trial
intervals; SEM: Standard error of Mean.

Introduction

Learning can be defined as the process by which new
information is acquired [1]. The brain is unique in its
ability to add to its stock of information. Learning alters
the behaviour of an individual on the basis of past
experience. The receipt, storage and retrieval of
information are general properties of neuronal networks
that serve to adapt individual behaviour to the
environment [2]. One of the major parts of the brain
involved in learning and memory is the hippocampal
information, which includes the subiculate cortex, the
hippocampal itself and the dentate gyrus [3]. Intense
electrical stimulation of axons from the hippocampal
entorhinal cortex to the dentate gyrus causes a long-term
increase in the post synaptic neurons; a strengthening
called “long term potentiation” [4]. Learning is of two
types; associative learning and non-associative learning.
Associative learning involves learning about relations
between two or more stimuli at a time. Non-associative
learning involves the response of a person to only one
type of stimulus. It may be based on two factors which
include; habituation and sensitization. Habituation is a
simple form of learning in which a neural stimulus is
repeated many times. Sensitization involves an increase
in response to an innocuous stimulus when it applied
after another type of stimulus. It can also be called the
application of response or sensitization [1].

Memory is the retention and retrieval of information.
Without the ability to learn, retain and retrieve items by
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way of memory, it will be impossible to plan and such,
plans successfully. Physiologically, memories are caused
by changes in the sensitive of synaptic transmissions
between neurons as a result of previous neural activity.
These changes in turn cause few pathways or facilitate old
ones to enhance transmission of signals through them.
These new facilitated pathways are called memory trace
or engrams [5]. Memory is usually divided into short term
and long-term memory base on time scale. Short term
memory stores information for seconds to minutes and
perhaps, a few hours. Long-term memory (remote
memory) stores information for hours, days, months and
even years [6]. Disorders of memory include amnesia
(anterograde and retrograde) and dementia [7].

3-Nitropropionic acid (3NP) is a natural
environmental toxin obtained from various plants, fungi
and induces Huntington’s diseases (HD) like symptom
both in humans and experimental animals [8]. Therefore,
3NP has been proposed to cause both cellular and
mitochondrial stress. Some reports suggest the
involvement of oxidative stress initially as a prime
candidate mediating behavioral impairment and memory
deficits in age related neurodegenerative disorders. 3NP
produces selective lesions in basal ganglia (striatum),
cortex, hippocampus and produce dystonia in human
[9,10].

Vitamin E is a fat-soluble vitamin that occurs in nature
and function as an antioxidant by intercepting free
radicals generated during normal metabolic process [11].
It consists of two families of compounds, the tocopherols
and tocotrienols, characterized by a 6-chromanol ring and
an isoprenoid side chain. Vitamin E deficiency occurs only
as a result of genetic abnormalities in a-tocopherol
transfer protein, as a result of various fat mal-absorption
syndromes, or as a result of protein-energy malnutrition
[12].
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Rauwolfia vomitoria is a species of flowering plant and
belong to the family of Apocynaceae. Its common names
include African Serpent Wood, African Snakeroot and
Swizzle Stick. In Nigeria local languages, it is called
Asofeyeje (Yoruba), Akata (Bini), Ira (Igbo), Eto
mmoneba/utoenyin (Efik and Ibibio) and Wadda (Hausa)
respectively [13]. The plant is a small shrub, which grows
up to 15m high and has oval or oblong shiny leaves in
whorls and with straight veining and a cluster of
inconspicuous white or greenish flowers producing red
berries. The wood is white when freshly cut, changes to
rose colour on exposure. The roots are tuberous with pale
brown cork. The shrub is an ever-green perennial plant. It
is extensively grown in most tropical forest of pacific,
South America, Asia, Congo and Africa on commercial
basis for its medicinal value. In Nigeria, it is found near
Lagos, Abeokuta, Ibadan, Calabar, Akamkpa and Odukpani
Local Government Area of Cross River State [14,15]..

R. vomitoria is used in insanity, anxiety and stimulant
to CNS [16]; antipyretic and analgesic [17,18];
anticonvulsant and antipsychotic [19,20]; sedatives
[21,22]; anti-inflammatory effect [23]; antidiabetic effect
[24]; anti-cardiovascular [25]; and anti-cancer effect [26].

Bisong, et al. [27] reported that the aqueous root bark
extract of R. vomitoria at 0.0, 0.25, 1.0, 2.0, 4.0 mg/kg
body weight has a high potential as an antipsychotic than
chlorpromazine. Apart from this, study on comparative
effect of the plant at 16 mg/kg body weight and vitamin E
on learning and memory has not been reported.
Therefore, this study was designed to evaluate the
comparative effect of root bark extract of Rauwolfia
vomitoria on learning and memory in 3-nitropropionic
acid-induced oxidative stress in mice.

Materials and Methods

Materials

Plant materials and authentication

Root bark of Rauwolfia vomitoria were collected from
the Botanical Garden of the University of Calabar, Cross
River State, Nigeria and authenticated with voucher
specimen MIA 2004.

Experimental animals

The animals used were albino mice purchased from
the Department of Physiology. The mice were housed in
the animal house of the Department of Physiology under a
12/12hour day light/dark cycle and normal room
temperature. All animals were given free access to rodent
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feed and clean drinking water. Beddings of the cages were
changed every other day.

Drugs and chemicals

They include: 3-Nitropropionic acid and vitamin E
which are products of (Sigma Int’l.) and Mason Vitamin E;
1000IU (667mg) tablet respectively. Other chemicals,
reagents and normal saline (0.9%) were of analytical
grade (JHD, China).

Methods

Preparation of root bark extract of Rauwolfia
vomitoria

The extraction of the root bark of Rauwolfia vomitoria
was done according to the method of Bisong, et al. [20].
The roots of the plant (Rauwolfia vomitoria) were
harvested from the Botanical Garden of the University of
Calabar and cleaned with water. The dead cells covering
the roots were removed and the succulent part of the root
bark were carefully removed and dried in the sun. The
sun-dried root bark was then grinded to very fine powder
form and stored in an air-tight container until required
for use. Four hundred grams (400 g) of the powder root
back were mixed in one liter of distilled water and
allowed to sit for at least 2 hours. The mixture was then
filtered using Whatman no. 1 filter paper before the
filtrate was evaporated using the rotary evaporator. The
evaporated thick paste was stored in a refrigerator and
prevented from direct contact with sunlight until required
for use (administration to the animal).

Experimental design and animal treatment

Forty mice in all were used for the experiments. The
mice were divided into four groups of 10 mice each.
Animals in the first group formed the control group and
they received placebo treatment. Mice in the second
group were treated with 3-Nitropropionic acid (3NP) ata
dose of 20mg/kg via intra-peritoneal injections once daily
for five days. This treatment was to induce oxidative
stress in the mice. The mice in the third group of were
pre-treated with the extract of R. vomitoria (16 mg/kg
orally) for 5 days before being treated with 3-NP
(20mg/kg) to induce oxidative stress. The 3NP was
administered once daily for five days while the treatment
with R. vomitoria continued through the period until
another fifteen days. Mice in the fourth group were
pretreated with vitamin E at a dose 10mg/100g of body
weight per day (orally) for 5 days before treating with
3NP (20 mg/kg, i.p.) to induce oxidative stress once daily
for five days. Administration of vitamin E was continued
until another fifteen days. At the end of this treatment
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period, the animals were subjected to behavioural testing
to assess any changes in behaviour.

Behavioural Assay

The morris water maze: The Morris water maze (MWM)
consists of a circular pool filled with opaque water. Mice
were trained to use extra-maze visual cues to locate an
escape platform hidden just below the surface of the
opaque water (Morris, 1984). The hidden-platform
version of the MWM is a test of visuo-spatial learning and
memory, performance of which 1is impaired by
hippocampal lesions [28].

The water maze was made out of a circular
polypropylene pool measuring 110-cm in diameter and
20-cm in depth. The pool was filled to a depth of 14-cm
(0.5-cm over the platform) with room-temperature tap
water, which is made opaque by adding smoothly grinded
non-toxic white chalk. The water was left to sit overnight
in order to reach room temperature 25 + 2°C).

The pool is divided into four quadrants: Northwest,
Northeast, Southwest and Southeast. Boundaries of these
quadrants are marked on the edges of the pool with
masking tape and labelled: North, South, East and West. A
cylindrical cement block (13.75 cm x 9 cm diameter) was
used as the escape platform in the maze. The platform has
a removable red and yellow striped top (3 cm x 9 cm in
diameter) with a colorful flag erected in the center. For
visible platform tests the level of the water in the pool is
adjusted to 0.5-cm below the surface of the striped top,
thus creating a visible escape platform, or to 0.5-cm above
the white cylinder (with the striped top removed),
creating a hidden escape platform.

Procedure:
The Morris water maze test consisted of 8 days:
Day 1: Acquisition day 1
Day 2: Acquisition day 2
Day 3: Acquisition day 3
Day 4: Reversal day 1
Day 5: Reversal day 2
Day 6: Reversal day 3
Day 7: Probe trial
Day 8: Visible-platform day

Acquisition and reversal training were with the hidden
platform (water is 0.5-cm above platform). During
reversal, the platform was moved to the opposite side of
the maze. During the probe trial, there was no escape
platform so that visuo-spatial memory can be assessed.
On the visible-platform day the platform was moved to
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another quadrant of the pool and the visible top is added
to the platform. This assessed basic visual ability and
motivation to locate the platform.

On each day of the test, the mouse was removed from
its home cage and was placed in a clean holding cage
without woodchip bedding. Paper towel was torn into
strips and placed in the bottom of the holding cages to
allow the mice to dry more quickly. This paper towel was
replaced when it becomes wet. Mice were run in squads of
4-6 with 5-minutes between each trial (inter-trial
interval) for each mouse. It is important not to use shorter
inter-trial intervals (ITIs), as a short ITI can produce
performance deficits in mice due to hypothermia [29].

During acquisition training, the platform was placed in
the center of the Northeast quadrant. Each mouse
receives 4 trials per day. In each trial, the mouse was
given a maximum of 60-sec to locate the escape platform.
The starting positions of the mice were predetermined
using a Latin square design, which prevented the
repetition of starting location sequences on back-to-back
test days (Table 1). Possible start positions were at the
boundaries of the quadrants (e.g. West, North, East or
South). For each trial, each mouse was removed from its
holding cage using a small, clean 500-mL plastic container
to minimize handling stress. The animal was then placed
into the water at the appropriate start position. [Note:
some care should be taken to ensure that the mouse’s
head does not go underwater. Some mice, if their head
goes underwater, go into a “dive reflex” and drop to the
bottom of the pool. If this happened the mouse was taken
out of the water, held it on the hand and pressed gently on
its stomach in pulses - artificial respiration - and put it
back in its home cage and retested as the last mouse of
the squad].

At each trial, the mouse was permitted to explore the
pool and to search for the hidden escape platform for 60-
sec. When the animal locates the platform, the timer was
stopped (manually) and the mouse allowed to stay on the
platform. Once on the platform, the mice were permitted
to view the extra-maze environment for 10-sec, at which
point the mouse was picked up the in the plastic container
and returned to the appropriate holding cage. It is
important to only remove the mouse after it is on the
platform so that it associates the platform with escape. If
the mouse did not find the platform during the allotted
time, the animal was guided onto the platform using the
back of the plastic container. And once on the platform it
was allowed 10 second to view extra maze cues. The next
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mouse was then placed in the pool and the same
procedure followed. Each animal completed 4 trials per
day over 3 days, for 12 trials of acquisition training, each
trial from a different one of the 4 start locations.

Reversal training began on day 4. The invisible
platform is moved to the opposite quadrant (Southwest
quadrant), and mice were again assigned to appropriate
start positions. The same procedures as in acquisition
training were carried out during reversal training. Each of
the animals completed 4 trials per day for 3 days for a
total of 12 trials of reversal training.

A probe trial was conducted on day 7 to assess visuo-
spatial memory. At this time, there is no escape platform
in the maze. Each mouse was placed in the pool from one
of the four possible start positions and allowed to explore
the pool for 60-sec, during which the time spent in each
quadrant of the maze was recorded. When the 60-sec was
completed, the mouse was scooped up using the container
which was placed in a holding cage to dry before being
returned to its home cage.

The visible platform task was conducted on day 8. The
visible platform was placed in a new location within the
Northwest quadrant of the pool. The same procedures as
in acquisition and reversal training are carried out and
mice complete 4 trials.

The behaviour scored during the Morris water maze test

included:

1. Swim latency - the time it took the mouse to locate the
hidden platform during the acquisition and reversal
training (these were charted against the days of
training both for acquisition and reversal training), and
visible platform task.

2. Quadrant duration - the amount of time spent in each
quadrant during the probe trial

3. Annulus acquisition crossing - number of time the
animal crossed the position of the platform at the
acquisition training during the probe trial.

4. Annulus reversal crossing - number of times the
animal crossed the position of the platform at the
reversal training during the probe trial [30].

Mice Group Day Location 1 Location 2 Location 3 Location 4
1 1 N S E \
1 2 E W S N
1 3 w E N S
2 1 S N w E
2 2 N w S E
2 3 W S E N
3 1 S E N \
3 2 E N w S
3 3 N E w S
4 1 S N E A
4 2 E w S N
4 3 w S N E
5 1 N S E A
5 2 E W S N
5 3 w E N S
6 1 S N w E
6 2 N w S E
6 3 W S E N
7 1 S E N \
7 2 E N \ S
7 3 N E w S

Table 1: Start locations for acquisition, reversal and visible platform training in the MWM.
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Data Analysis

Data collected from the experiments were analyzed
using the one way analysis of variance (ANOVA) and the
post hoc LSD (least square deviation) test to compare a
pair of groups. The results were presented as mean *
SEM. The probability levels of p < 0.05 for the ANOVA and
post hoc tests of pairs of groups were accepted as
significant. The computer software SPSS 16.0 and
Microsoft Excel 2010 version were used for the analysis.

Results

Comparison of the effect of R. vomitoria and Vitamin E
on swim latency during the acquisition training of the

Morris water maze task in 3NP-induced oxidative
stressed mice (days 1, 2 and 3) between the control,
3NP 0OS, RV+ 3NP OS and VE + 3NP OS groups of mice

The swim latency (the time it takes for the mice to

swim and locate the hidden platform) during the
acquisition training of the Morris water maze task is
shown in Figure 1. It is also referred to as the learning
curve.
The result below shows significant (P<0.05) longer swim
latencies particularly for days 2 and 3 of the acquisition
training in the 3NP-induced oxidative stress group of mice
when compared to the control group, RV treated 3NP OS
group and vitamin E treated 3NP OS group (at least P<
0.05).

w

o

®

TE —— Control

2 3NPOS
RV + 3NP OS
Vit E+ 3NP OS

+0S.

using Morris water maze test.
Values are expressed as mean + SEM, n=10.

Acquisition training (Days)

*#* - significant at p< 0.001 vs control; b - significant at least p< 0.05 vs RV +0S; c - significant at least p< 0.05 vs vit E

Figure 1: Swim latency during the acquisition training periods (days 1, 2 and 3) of the different experimental groups

***b,C

Comparison of the effect of R. vomitoria and Vitamin E
on swim latency during reversal training of the
morris water maze task in 3NP-induced oxidative
stressed mice (day 4, 5 and 6) between the control,
3NP 0S, RV+3NP 0S and VE+3NP OS group of mice

The swim latency (the time it takes for the mice to
swim and locate the hidden platform) during the reversal
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training of the Morris water maze task is shown in Figure
2. Itis also referred to as the learning curve.

The result below shows high swim latency in the learning

curve between 3NP OS and VE+3NP OS and a decrease in
the control group and RV+3NP OS.
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@ 3NPOS
RV + 3NP OS5
Vit E+ 3NP OS
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using Morris water maze test.
Values are expressed as mean + SEM, n=10.

Reversal training (Days)

% _ significant at p< 0.001 vs control; b - significant at least p< 0.05 vs RV +0S; c - significant at least p< 0.05 vs vit E

Figure 2: Swim latency during the reversal training periods (days 4, 5 and 6) of the different experimental groups

Comparison of the effect of R. vomitoria and Vitamin E
on acquisition quadrant duration at the probe trial of
morris water maze in 3NP-induced oxidative stressed
mice (day 7) between the control, 3NP OS, RV + 3NP
0S and VE+ 3NP OS groups of mice

EEE
.8

*%
ab

Acquisition Quadrant duration (s)

*#* - significant at p< 0.001 vs control; ** - significant
at p< 0.01 vs control; a - significant at least p< 0.05 vs
3-NP OS; b - significant at least p< 0.05 vs RV+OS.
Figure 3: The acquisition quadrant duration at the
probe trial periods (days 7) of the different
experimental groups using Morris water maze test.
Values are expressed as mean = SEM, n=10.
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The swim latency (the time it takes for the mice to

swim and locate the hidden platform) during the
acquisition quadrant duration training of the Morris
water maze task is shown in Figure 3. It is also referred to
as the learning curve.
The result below shows a significant increase in the swim
latency of RV+3NP OS group compare to VE+3NP OS and
the control group at p<0.05 and there is a decrease in 3NP
OS compare to VE+3NP OS and the control group at
p<0.05.

Comparison of the effect of R. vomitoria and Vitamin E
on retention quadrant duration at the probe trial of
Morris water maze in 3NP-induced oxidative stressed
mice (day 7) between the control, 3NP OS, RV+3NP 0S
and VE+3NP OS group of mice

The swim latency (the time it takes for the mice to
swim and locate the hidden platform) during the
retention quadrant duration training of the Morris water
maze task is shown in Figure 4. It is also referred to as the
learning curve.

The result below shows a significant increase in the
swim latency of RV+3NP OS group compare to VE+3NP 0S
and the control group at p<0.05 and there is a decrease in
3NP OS compare to VE+3NP OS and the control group at
p<0.05.
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BEE
,a

ErE
a,b

Retention Quadrant duration (s)
*
H

*#* - significant at p< 0.001 vs control; ** - significant
at p< 0.01 vs control; a - significant at least p< 0.05 vs
3-NP OS; b - significant at least p< 0.05 vs RV+OS.
Figure 4: The retention quadrant duration at the
probe trial periods (days 7) of the different
experimental groups using Morris water maze test.
Values are expressed as mean + SEM, n=10.

Comparison of the effect of R. vomitoria and Vitamin E
on annulus acquisition frequency during the probe
trial of Morris water maze in 3NP-induced oxidative
stressed mice (day 7) between the control, 3NP OS,
RV+3NP OS and VE+3NP OS group of mice

The swim latency (the time it takes for the mice to
swim and locate the hidden platform) during the annulus
acquisition frequency training of the Morris water maze
task is shown in Figure 5. It is also referred to as the
learning curve.
The result below shows a significant increase in the swim
latency of RV+3NP OS group compare to control and the
VE+3NP OS group and there is a decrease in 3NP OS
compares to VE+3NP OS and the control group.

% g

a,b

Annulus acquisition {/60s)

** - significant at p< 0.01 vs control; a - significant at
least p< 0.05 vs 3-NP OS; b - significant at least p<
0.05 vs RV+0S.

Figure 5: The annulus acquisitions of the probe trial
periods (days 7) of the different experimental groups
using --Morris water maze test.

Values are expressed as mean + SEM, n=10.
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Comparison of the effect of R. vomitoria and Vitamin E
on frequency of annulus reversal during the probe
trial of Morris water maze in 3NP-induced oxidative
stressed mice (day 7) between the control, 3NP OS, RV
+ 3NP OS and VE+ 3NP OS groups of mice

The swim latency (the time it takes for the mice to
swim and locate the hidden platform) during the annulus
reversal training of the Morris water maze task is shown
in Figure 6. Itis also referred to as the learning curve.
The result below shows a significant increase in the swim
latency of RV+3NP OS group compare to control and the
VE+3NP OS group and there was a massive decrease in
3NP OS compares to control and the VE+3NP OS group.

ETS

Annulusreversal {/60s)

=

*** - significant at p< 0.001 vs control; ** - significant
at p< 0.01 vs control; a - significant at least p< 0.05 vs
3-NP OS; b - significant at least p< 0.05 vs RV+0S.
Figure 6: Frequency annulus reversals during the
probe trial periods (day 7) of the different
experimental groups using Morris water maze test.
Values are expressed as mean * SEM, n=10.

Comparison of the effect of R. vomitoria and Vitamin E
on swim latency during the visible platform task of
the Morris water maze in 3NP-induced oxidative
stressed mice (day 8) between the control, 3NP OS, RV
+ 3NP OS and VE+ 3NP OS groups of mice

The swim latency (the time it takes for the mice to
swim and locate the hidden platform) during the
acquisition training of the Morris water maze task is
shown in Figure 7. It is also referred to as the learning
curve.

The result below shows that there was a significant

increase in the swim latency of 3NP OS group compares to
control, RV+3NP OS and VE+3NP OS group.
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Swim latency (s)

*#* - significant at p< 0.001 vs control ; * - significant at
p< 0.05 vs control; a - significant at least p< 0.05 vs 3-
NP OS.

Figure 7: Visible platform recorded on day 8 of the
Morris water maze test in the different experimental
groups.

Values are expressed as mean + SEM, n=10.

Discussion

This research work was aimed at investigating the
effect of R. vomitoria and Vitamin E on learning and
memory in 3-Nitropropionic acid-induced oxidative
stressed mice using Morris water maze.

Learning and memory in mice can be assessed using
Morris water maze test [31]. Morris water maze test is a
test of visuo-spatial learning and memory. Here, mice
were taught to locate the hidden platform using a unique
intra-maze cue. During the acquisition and reversal
training, the swim latency is measured and this swim
latency are the time it take for the mice to swim and
locate the hidden platform. Animals with longer swim
latency are not able to learn fast to locate the hidden
platform as quickly as those with shorter swim latency
[32]. The animals treated with 3NP OS had longer swim
latency when compared with the control, suggesting they
were not able to learn very well, and when compared with
RV+3NP OS and VE+3NP OS, the swim latency was longer
[33,34]. However, when the 3NP OS mice were treated
with R. vomitoria and vitamin E, the swim latency was
shorter i.e. there was no significant difference from the
control suggesting the animals were able to learn fast.

During the probe trial day, which was done without
the hidden platform, the quadrant duration was
measured. Quadrant duration is the amount of time spent
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in each quadrant during the probe trial. The quadrant that
has the hidden platform during the reversal training is
referred to as the retention quadrant. Here, an animal that
has memory of the hidden platform will spend much time
swimming around the quadrant that has the hidden
platform during the reversal which means the animal has
learnt well [35,36]. In this study, it was observed that
following induction of oxidative stress in mice using 3NP,
the quadrant durations both in acquisition quadrant and
retention quadrant were significantly lower in the
oxidative stressed (3NP OS) group compared to control.
This implied that there was memory impairment
following induction of oxidative stress in mice. This
buttressed the fact that oxidative stress leads to memory
impairment as seen in Alzheimer’s disease [37,38].
However, following treatment with the root bark extract
of R. vomitoria and vitamin E, this impairment was
reversed. This was shown in the increased quadrants
durations, both in the acquisition and reversal or
retention quadrants [39]. The root extract of R. vomitoria
seemed to have been more effective in reducing the
memory impairment when compared with vitamin E.
Therefore, these results suggest that both R. vomitoria
and vitamin E resversed memory impairment induced by
oxidative stress but R. vomitoria seemed more potent.

Conclusion

The impaired cognitive learning and memory caused
by 3NP-induced oxidative stress in mice as shown in the
MWM test were reversed with the root bark extract of R.
vomitoria and Vitamin E toward normal, with R. vomitoria
being more potent in ameliorating the effect of oxidative
stress on learning and memory.
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