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Abstract: Moringa oleifera (Moringaceae) is a medicinal plant used in African traditional medicine against cognitive
affections and metabolic diseases. In the present study, the neuroprotective effect of Moringa oleifera leaf extract
and Fenofibrate was investigated to evaluate their ameliorative effects on learning and memory in Wistar Rats
subjected to water immersion restraint stress (WIS). Twenty five Wistar rats weighing 180 — 200g were randomly
selected into five groups (n=5): group A: control (CTL) received distilled water 1ml/kg for one month, group B:
moringa oleifera leaf (MOL) extract 2ml/kg for one month, group C: fenofibrate (FF) 2ml/kg for one month, group
D: received 2ml/kg of Moringa oleifera leaf extract and Fenofibrate for one month, group E: negative non-
treated/control and received normal tap water for one month. Animals in all the groups were starved for 24 hours
before the onset of stress procedure, but were allowed access to tap water. After administration for one month,
changes in animal cognition were assessed in the Novel Object Recognition Task. The results of both the training
and test phases showed that, CTL, MOL+WIS and FF+WIS induced significant increase in object recognition (P <
0.05) compared to MOL+FF+WIS and CTL+WIS groups. These results suggest that MOL+WIS and FF+WIS has
memory enhancing effect as observed during the training and test phases of the NORT.
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Introduction

Stress can cause the feelings of distrust, rejection, anger and
depression, which in turn lead to health problems such as
headache, stomach upset, ulcers, insomnia, hypertension,
heart disease, stroke, diabetes mellitus, immune and sexual
disorders (Dimsdale et al., 2000). Stress can interfere with
persons’ capability and ability to retrieve information
(Kuhlmann et al., 2005). Learning and memory disabilities are
now the order of the day. Memory refers to the ability to judge
a previously encountered item as familiar and depends on the
integrity of the medial temporal lobe. Task that assess memory
in particular have become useful tools for basics and
preclinical research investigating the neural basis of memory
(Karban, 2015). A moderate amount of stress may have
positive effects, making individuals more alert, motivated and
thereby allowing for better performance. However, too much
pressure causes physical damage to the gastro-intestinal tract,
endocrine system, skin and cardiovascular system (Chrousos
and Gold, 1992). Stress exerts detrimental effects on several
cellular functions through impairment of antioxidant defense
system; leading to oxidative damage, a process central to
many diseases (Torres et al., 2004). Stress factor is an
aversive stimulus which disturbs homeostasis (Anil et al.,
2010) and it is an integral part of human life. Stressful events
exert deleterious effects on physiological functions, leading to
pathogenesis of diseases. Many of the diseases of the modern
life like hypertension, diabetes mellitus and behavioural
disorders have been associated with deteriorated effects of
stress. Stress induces organ injury causing diseases including
gastric ulcer, hypertension, diabetes mellitus and cancer. A
stress response is a natural reaction by the body against
potentially harmful stimuli to enhance the chance for survival
(Nayanatar et al., 2012). It induces the strain upon both
emotional and physical endurance, which has been considered
the basic factor in the etiology of a number of diseases
(Sheldon et al., 2012).

Restraint is considered a psychological stressor for animals. It
does not physically harm the animal, but does activate the
hypothalamic-pituitary-adrenal HPA-axis and increases the
production of glucocorticoids (Harris et al., 2004). Due to the
fact that restraint is a relatively easy way to induce stress,
many researchers have used restraint in order to examine the
effects of stress on learning and memory. However, as with
many stressors, intensity and timing of restraint stress strongly
influence learning in animals. Physiological and psychological
changes occur in response to activation of the body’s stress
mechanism. Like other kinds of stress, restraint stress
stimulates an immediate increase in plasma levels of
glucocorticoids (Bowers et al., 2008).

The ability to learn is possessed by humans and animals, there
is also evidence for some kinds of learning in some plants.
‘Learning can be induced by single event but much skill and
knowledge accumulates from repeated experiences (Karban,
2015). Learning is an adaptive change in an individual
behaviour as a result of previous experience. The degree of
permanence of newly acquired learned behaviour pattern
depends upon memory gained from past experience.

Fibrate is a fibric acid derivative used in the treatment of
primary hyperchloesterolaemia, mixed dyslipidaemia in
adults (Keating and Croom, 2007). Recently, fenofibrate
induced pharmacological effects on the CNS are being
reported such as its neuroprotective effects against
parkionson’s disease, its ability to preserve adult hippocampal
neurogenesis and prevent the memory impairment in rats
following global cerebral ischaemia.- Peroxisome Proliferator-
Activating  Receptors (PPARs) are ligand-activated
transcription factors belonging to the nuclear receptor super
family. Three molecular forms of PPAR have been identified,
namely, PPAR-a, PPAR-B/8, and PPAR-y, and all involved in
many different biological processes: (Lembergeret al., 1996).
Peroxisome proliferator activating receptor-alpha (PPAR-a. )
is the predominant PPAR subtype highly expressed in the
liver, heart, proximal tubules of the kidney cortex, the skeletal
muscle, the intestinal mucosa, and in the brown adipose
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tissues that are metabolically very active ( Beck et al., 1992).-
PPAR-a is an important regulator of cellular fatty acid uptake
and intracellular fatty acids transporter, mitochondrial and
peroxisomal fatty acid oxidation, ketogenesis, and
gluconeogenesis (Stott, 1995; Chinetti et al., 2001). It
is well known that PPAR agonists protect against oxidative
damage, inflammation, apoptosis in periphery, recent
literature have proved the neuroprotective role of PPAR
agonists in the central nervous system (CNS) disorders
(Burston et al, 2012). PPAR-a exerted potential
pharmacological properties on oxidative peroxisome stress,
inflammation, leukocyte-endothelium interactions, stem cells,
and amyloid cascade (Cimini et al., 2008; Cimini et al.,
2009).

Fibrates are a group of hypolipidemic agents which have been
in clinical use for several decades in humans (Zambon et al.,
2006). It is well established that these agents act as synthetic
agonists of PPAR-a (Beck et al., 1992). Activation of PPAR
by fibrates leads to increased hydrolysis of triglycerides,
stimulation of cellular fatty acid uptake and conversion to
acyl-CoA derivatives, decreased synthesis of triglycerides and
fatty acids as well as Very-Low-Density Lipoprotein (VLDL)
cholestrol, and finally increased peroxisomal and
mitochondrial beta oxidation (Zambon et al., 2006). It has
been shown that treatment of pigs with clofibrate (ethyl-a-p-
chlorophenoxyisobutyrate), a PPAR-o agonist, stimulates
mitochondrial and peroxisomal B-oxidation in the liver,
muscle, and the kidney ( Peter et al., 2005; Yu et al., 2001).
Moringa oleifera (MO) belongs to the family moringaceae,
and is prevalent almost all over the Asian and African
countries. Its fruits and leaves which show anti-inflammatory
and hypotensive effect are consumed as food by people (Faizi,
1995; Ganguly, 2008). It has been found recently that M.
oleifera leaf extract which is not toxic even at higher
concentration enhances memory and provides substantial
antioxidant like vitamin C and E to combat oxidative stress
(Majumar, 1999; Mohan, 2005; Ganguly, 2008). Moringa
oleifera leaves are rich source of vitamins and antioxidant.
They contain good amount of protein, minerals, vitamin A,
vitamin B complex, essential amino acids and a high content
of vitamin E (Das, 1995). Studies reveal that these compounds
not only have antioxidant properties but also have memory
facilitating effect (Drazkiesk et al., 2003). The aim of this
research is to study the neuroprotective effects of Moringa
oleifera (leaf) extract and Fenofibrate, on learning and
memory in Wistar rats subjected to water immersion restraint
stress.

Materials and Methods

Extraction of Moringa oleifera Leaves

Fresh leaves of Moringa Oleifera were harvested from a fully
matured Moringa oleifera trees at Numan Local Government
Area, Adamawa State, Nigeria. The leaves were rinsed in
distilled water to remove dirt and fungi, air-dried at room
temperature, thereafter made into coarse powder and distilled
water was added to the prepared powder sample to get the
required concentration and autoclaved at 121°C, 15 lbs sq*
inch for 20 min. Then the hot extract was filtered through
double-layered cheesecloth and it was allowed to cool at 4°C.
The filtrate was centrifuged at 5000xg for 15 min and the
supernatant was collected and considered as 100% of Moringa
Leaf Extract (Nouman et al., 2012). The extract was diluted
by adding distilled water at the concentration of 10 and 20%.
Fenofibrate

150 g of fenofibrate was purchased at Mega Life-Sciences
Nigeria Limited, Kano State and was grounded to powder
form. 10mg was dissolved in distilled water and the solvent
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was centrifuge at 4000 rpm for 5 minutes. Supernatant was
collected in a dish before it was administered.

Animal Grouping

Twenty five (25) female Wistar rats weighing 180 — 200 ¢
were obtained from National Veterinary Research Institute
(NVRI) Jos, Plateau State Nigeria and were kept in the
Animal house at Department of Biological Sciences, Federal
University Wukari, Taraba State, Nigeria. The animals were
housed randomly in wooden cage measuring 16 x 12 x 10 cm
with five rats per cage. All animals were allowed free access
to feed and water, the animal cage was well ventilated and
illuminated for 12 hours at 37.5°C temperature throughout or
during the process. The animals were allowed to acclimatize
for the maximum period of two weeks prior to
commencement of the study. All rules applying to animal’s
safety were observed.

Experimental Design

The animals were divided into five groups of five animals
each: Group A: Serves as the control and received 1ml/kg
distilled water, group B: Received 2 ml/kg of Moringa
oleifera leave extract, group C: Received 2 ml/kg of
Fenofibrate, group D: Received 2 ml/kg of Moringa oleifera
leave extract and 2 ml/kg of Fenofibrate, group E: Serves as
negative non treatment group and received distilled water.
Administration of drugs was done orally for the period of one
month. The experiment was performed on the last day of drug
administration.

Stress Procedure

All animals were starved for 24 hours before the onset of
stress procedure, but had free access to tap water. Animals
were conscious during the stress procedures. Rats were lightly
anesthetized by chloroform inhalation and four limbs of each
rat were restrained on a wooden plate (25 cm x 19 c¢cm), with
the upper limbs anchored at a horizontal position and the
lower limbs extended downward. After awakening (usually 10
- 15 min after chloroform anaesthesia), rats anchored on the
wooden plates were immersed vertically (head up) in water to
the level of xiphoid process in a water bath thermostatically
controlled at 35 + 0.5 °C Animals were restraint for 2 hours
after which they were tested for learning and memory using
the novel object recognition task.

Novel Object Recognition Task

The procedure comprised of a training phase (acquisition),
followed by a test phase (consolidation). In test phase the
animal were placed in the arena, presented with two objects in
the same position: one object (Al) was used in the training
phase and the other object is a novel object (B).

Training phase

The animals were placed into the area facing the centre of the
opposite wall and exposed for a set length of time to two
identical objects (Al and A2) that were located in the corner
at a specific distance from each other (15 cm from each
adjacent wall) and allowed to explore for 5 min. The time that
the animal explored each object was measured. The rat was
then moved to its home cage.

Test phase

The same was done 24 h after the training phase in other to
measure long-term memory. The position of the objects in the
test and the object used as novel or familiar are counter
balanced between the animals. The time spent exploring each
objects Al and A2 in the training phase and the time spent
exploring each objects A2 and B (object recognition) were
analysed.

Statistical Analysis

All data were expressed as Mean = SEM and were analysed
using Statistical Package for Social Sciences Software
(version 23) using one-way analysis of variance (ANOVA)
with multiple comparisons. Duncan test was used to
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determine the difference between groups. Values of P < 0.05
were considered significant.

During the training phase, MOL+FF+WIS group explore
object A1 more than the animals in the other groups compared
to the control group. Similarly, the MOL+WIS group explore
object A2 more than the animals in other treated groups when
compared to the control group. However, MOL+WIS group
explored object Al the least when compared with the control
(table 1).

Results and Discussion

Table 1: Neuroprotectective Effect of Moringa oleifera and Fenofibrate on object recognition Learning and Memory on
Wistar rats subjected to water immersion stress (Trial Phase Day 1)

Treatment Al A2

Control 8.40 £ 0.64 6.00 £2.10
MOL + WIS 3.20 £0.202 7.50 +0.36°
FF + WIS 4.00 +0.242 4,00+0.50%
MOL+FF+WIS 7.10+£0.22 5.40 £0.20
CTL+WIS 4.00 +0.20? 4,00 £0.10

Note: values are mean + SEM, n = 6, MOL (Moringa oleifera leaf), FF (Fenofibrate), WIS (WIS (water immersion stress) a, b =
means with different superscript letters are significantly different (P < 0.05).

Table 2: Neuroprotectective Effect of Moringa oleifera and Fenofibrate on object recognition Learning and Memory on
Wistar rats subjected to water immersion stress (Consolidation Phase Day 2)

Treatment Al A2 B

Control 6.50 + 0.87 4.00 £1.30 4.80 +1.53
MOL + WIS 1.50 £0.292 5.50 + 0.96° 4.81 +£0.07b
FF + WIS 2.00 + 0.442 2.00+0.702 5.61 +0.28b
MOL+FF+WIS 5.30 £ 0.33 3.81+0.39 3.81+0.01
CTL+WIS 2.00 +0.402 2.00+0.31 2.50 +0.64

Note: values are mean + SEM, n = 6, MOL (Moringa oleifera leaf), FF (Fenofibrate), WIS (WIS (water immersion stress) a, b =
means with different superscript letters are significantly different (P < 0.05).

During the consolidation phase, MOL+WIS group explored object A2 more than animals in the other groups. On the other hand,
FF+WIS and CTL+WIS groups spent less time in exploring object A2 presented to them, while the FF+WIS group explored the
novel object more compared to the control and other groups. However, the CTL+WIS group spent less time in exploring the

novel object presented to the animals (table 2).

Discussion

Object recognition is the ability to recognize a previously
experienced object as familiar. This familiarity can be
measured by recording the amount of time that a study
participant appears to spend attending to the object. The
object can be inanimate, or it can be another study participant,
in which case the task is referred to as social recognition.
Object recognition concerns the identification of an object as a
specific entity (i.e., semantic recognition) or the ability to tell
that one has seen the object before (i.e., episodic recognition).
Peroxisome proliferative activated receptor gamma (PPARp
or PPARG), the receptor specific for glitazone and fenofibrate
or (nuclear receptor sub-family) is type Il nuclear receptors
found among human where it is coded by the storage and
glucose metabolism (Green et al., 1995). On the basis of
previous studies, novel object recognition (NOR) test is useful
as a screening tool for testing new drugs and antioxidant
agents that may alter memory process such as Streptozotocin
(STZ) which induces diabetes mellitus condition (Hasanein
and Shahidi, 2010). Memory enhancing agents increases novel
object exploring time in the NOR test. Studies have showed
that Moringa oleifera (leaf) extract possesses neuroprotective
and memory enhancing effects on spatial memory and on
neurodegeneration. The current study has revealed that
administration of Moringa oleifera and Fenofibrate improved
learning and memory in NOR task model. The study also
suggests that Moringa Oleifera (leaf) extract has
neuroprotective effects on the brain. This finding is similar to
that of Ezekiel et al. (2018) where it was observed that, during
the training phase of the object recognition model; taurine

FUW Trends in Science & Technology Journal, www.ftstjournal.com
e-ISSN: 24085162; p-ISSN: 20485170; August, 2022: Vol. 7 No. 2 pp. 1152-1155

group explored the object presented to them more. Their study
also reported that, taurine groups of rats explored the object

Presented to them more during the training phase in
acetaminophen induced oxidative stress in male Wistar rats.
The current study also observed that, Moringa oleifera
counteracted the effect of Fenofibrate in rats subjected to
water immersion stress. This was evident in increased
exploration time among animals administered Moringa
oleifera and Fenofibrate. This higher exploration exhibited by
rats in the consolidation phase means that the animals have
learned and were able to retain as shown in the consolidation
phase (Ezekiel et al., 2022).

Conclusion

This study has demonstrated that administration of Moringa
oleifera (leaf) extract may increase cognitive function in
Wistar rats subjected to water immersion stress. However,
further investigation is needed to ascertain these claims.
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