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Introduction 
The link between the human behavior and neural control by the 

brain had been established by early researches in Neuroscience. 
Certain parts of the cortical and sub cortical structures control 
the actions of the body system. Neuro-behaviour such as 
emotions, thoughts, cognition, representational knowledge and 
motor function have been found to be controlled by certain areas 
of the cerebral cortex such as prefrontal cortex, caudate nucleus, 
amygdala and basal ganglia. Hippocampus has also been found 
to play a critical role in learning and memory, which is a complex 
biological process including the acquisition, consolidation 
and retrieval of information [1]. These neuro-behaviors are 
controlled by the action of neurochemicals (cathecolamines) 
and neuropeptides such as Galanin, Nociceptin, and Dynorphins 
[2]. The transmission of impulses to these Neurobehavior-
control areas of the brain through the release of neurochemicals 
(dopamine, non-epinephrine, and acetyl-choline) leads to the 
generation of coordinated functions otherwise called executive 
functions. 

Neuro-behavioral difficulties involve two categories; 
cognitive decline including memory problems and dementia, 
and Neuropsychiatric disorder including neurasthenia, 
depression, post-traumatic stress disorder (PTSD) and suicidal 
tendencies. Other Neurobehavioral disorders associated with 
motor difficulties characterized by problems such as weakness, 
tremors, involuntary movement in-coordination and gait/
walking abnormalities. Amongst the cognitive decline associated 
with aging, Executive function is most affected (e.g., Tariot 
& Pierre [3], with even more severe decline associated with 
mild cognitive impairment and Alzheimer’s disease. Executive 
function is compromised across a large number of psychiatric 
illnesses, including schizophrenia, bipolar disorder, depression, 
substance use disorders, and attention deficit hyperactivity 
disorder (e.g., Willcutt et al.  [4]). Asperger’s disorder also 
presents a special case of NBD. Ghaziuddin et al. [5], in a review 
of the literature of Asperger’s Disorder, it was found that about 
50% of the studies referred to impaired motor functioning such 
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Abstract

Nymphea lotusis a perennial and herbaceous aquatic plant, whose leaves floats or submerged in water across the regions of Africa. The plant 
has be reportedly used for various therapeutic purposes (such as aphrodisiac, antioxidant and antibacterial purposes) including the treatment 
of fever, diarrhea, urinary difficulties, enteritis, dyspepsia, bowel problems tumours, gastric ulcers and abnormal heart beat. The present study 
investigates the effect of the ethanolic extract of Nympheae lotus on learning and memory in mice. The Morris water maze test was used to 
evaluate the neuro-cognitive effects of this plant. Before the neurobehavioral parameters were assessed, the LD50, Photochemical and acute 
toxicological screenings of the plant were determined. The median lethal dose was above 5000mg/kg orally in mice for the ethanol extract. 
Twenty seven (27) Swiss mice were randomly assigned into 3 groups; control (normal saline), low dose (200mg/kg) and high dose (400mg/kg) 
for fourteen days (14). 

The results showed that on days 1, 2 &3 of acquisition training mice from low dose and high dose learned equally when compared to the 
control. In the reversal training, memory was improved in the low dose and high dose treated mice when compared to control (P<0.01, P<0.001). 
During the probe trial, the swim duration in the South-East quadrant was significantly higher for high dose and low dose compared to control 
(p<0.05). However, during the visible platform task, the swim latencies for the low dose and high dose group were also significantly lower 
compared to control.In conclusion, these findings suggest that the ethanol extract of Nympheae lotus enhances cognitive functions and may be 
useful in the treatment of retrograde amnesia and neuro-cognitive disorders.
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as clumsiness and uncoordinated movement patterns. 26–36 
cases per 10,000 children suffer from Asperger’s Disorder, and 
4–5 cases per 10,000 suffer from Autism [6]. 

A lot of funding in form of research grants and scientific 
awards has been pumped towards understanding the 
science of neuro-behavioral disorders (NBD). Patients with 
multiple systems atrophy, progressive supranuclear palsy and 
Huntington’s disease Robbins et al. [7], Lawrence et al. [8] show 
significant deficits in neuro-behavioral function. Numerous 
neuropsychological studies have shown that Parkinson’s disease 
is characterized by executive impairments [9,10], which are 
evident early in the course of the disorder when pathology is 
confined to basal ganglia regions, and are seen in patients who 
are unmediated. 

Neuro-behavior deficit has been linked to many causes 
ranging from substance abuse to neuron degeneration as a result 
of trauma, to stress to malnutrition and so on. More causative 
factors are still being discovered. A study by Heffelfinger & 
Newcomer [11] and Reus & Walkowitz [12] indicated that 
increased glucocorticoid exposure in humans, including 
endogenous glucocorticoids (cortisol) associated with stress, 
decreases memory and learning function and in impairment of 
memory and hippocampal atrophy. A study done by Ohayon & 
Roth [13] in their study of 14,915 subjects aged 15-100 years 
representative of the general population of the United Kingdom, 
Italy, Germany and Portugal found 28% of subjects with insomnia 
had a current diagnosis of mental disorders and 25.6% had a 
psychiatric history, and, insomnia appeared before (>40%), or 
at the same time (>22%) as, mood disorder symptoms amongst 
most of the subjects with mood disorders. They also found that 
with anxiety disorders, insomnia appeared mostly at the same 
time as (>38%), or after (>34%), the anxiety disorder symptoms. 

In Nigeria, Ogunremi [14] found insomnia, (of the sleep onset 
type) present among 13.9% of his subjects. Children with sleep 
disorders have been found to have poor academic performances 
and cognitive disabilities [15]. Neurobehavioral disorders have 
also been associated with cigarette smoking and substance 
abuse. Abbott et al. and Burke et al. [16,17] observed in their 
studies that prenatal cigarette smoke exposure from mothers 
result in aetiopathologies of certain features seen in children. 
Some features which include neurobehavioral changes such 
as attention deficits, hyperactivity and impulsivity; perceptual 
deficits; altered learning and memory; lowered IQ and impaired 
intellectual development, and an increased propensity for 
conduct, behavioral, or psychological disorders. Moreover, 
Heavy alcohol consumption and hard liquor drinkers likewise 
exhibit neurological deficit and cognitive decline [18]. 

Toxic chemicals such as lead and mercury which occur in 
many forms of land and water pollutions show neurotoxicity 
effects and lead to varieties of neurobehavioral disorders such as 
cognitive disabilities, motor in-coordination, executive function 
deficits etc. pointed out that on exposure to mercury chloride, 
there is degeneration and reduction of pyramidal cells and 

neural cell fibers of the pyramidal cell layer of the hippocampus 
leading to learning and memory function deficits [19]. Aging is 
one of the inevitable processes of life. World-wide researches 
are being done in order tackle neuro-cognitive disorders and 
behavioral decline associated with aging. Oxidative damage as 
a result of Oxidative stress which characterizes aging process 
has been linked to a number of neurobehavioral disorders such 
as Alzheimer’s disease and dementia [20]. Although there is no 
permanent cure for these NBDs, Antioxidants therapy is utilized 
to mop up the free radicals and reactive oxygen species that 
results in the process of aging. Diets rich in antioxidants such as 
vitamin A, C, E and bioflavonoid (such as flavones, tannins, and 
anthocyanins) provide ameliorative effects to these NBDs related 
with aging [21]. There is considerable evidence of significant 
effect of poverty on neurobehavioral development. Bergen 
Ippolita CC & Shukitt-Hale B [22] found that mental retardation 
occurs in three to five per 1000 individuals in high- income 
countries but occurs in as much 22 out of 1000 individuals in 
developing countries. Noble et al. [23] found significantly lower 
brain volume in the hippocampus and amygdala in children from 
lower-income households compared to children from higher 
income household. Furthermore, Neuro-cognitive disorders have 
also been linked to poor academic performances in students. 
Children with executive function deficits have difficulties in 
coping with the Academia [24]. 

Manifestations of these disorders in academics are 
inadequate educational coping strategies, poor organizational 
and study skills, and inefficient time management. The use 
of Functional magnetic resonance imagining and advanced 
neuro-imaging techniques has been employed in the detection 
and studies of patients with Neurobehavioral disorders. These 
are aimed at understanding and assessing the effects of these 
disorders on executive functions. Brain scans and readings have 
been analyzed and has been noted that neural activities with the 
brain of affected subjects differ significantly from those who do 
not have these NBD. Executive functions are compromised in an 
array of clinical disorders; patients with various neurological 
and psychiatric complaints, as well as those with trauma to the 
frontal lobes, exhibit executive deficits. 

Neuro-imaging has provided a means for exploring these 
deficits, as well as developing an understanding of recovery of 
executive function frequently seen in patients suffering traumatic 
brain injury or stroke [25]. In addition to neuropsychological 
studies, there are several human neuro-imaging studies 
indicating that the basal ganglia are involved in learning skills 
and habits. Activation in the caudate nucleus has been observed 
while subjects are learning the skill of reading mirror-reversed 
text [26]. Interestingly, the striatal involvement may only 
be present during learning, with highly skilled performance 
primarily activating cortical circuitry [27]. In another study, 
positron emission tomography (PET) was used to measure 
dopamine release while participants played a video game [28]. As 
subjects played the game and improved their performance, there 
was decreased binding of radio-labeled Raclopride (a dopamine 
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antagonist) in dorsal and ventral striatum in comparison 
to a control condition. These data suggest that endogenous 
dopamine release increased in the neostriatum during practice, 
consistent with research in lower animals demonstrating a role 
for striatal dopamine in S-R habit learning (e.g., Packard MG & 
White NM [29]). 

The provision of complete treatment of neurobehavioral 
disorders still remains elusive. Therapies and Management 
of the condition is still very crucial. This is achieved through 
pharmacologic and non-pharmacologic interventions. In 
pharmacologic interventions, two major type of drugs are 
used in the management of Neurobehavioral disorders 
such as Alzheimer, Parkinsonism and dementia: these are 
Acetylcholinesterase Inhibitors & N-methyl-D-aspartate 
(NMDA) Receptor antagonists. Non-drug therapies: Simple 
non-drug treatments like Reminiscence therapy and Social 
Interaction may prevent need for drugs. Example of treatment 
includes Massage, CBT, music and dance therapies with drugs; 
however immediate results should not be expected [30]. Non-
Pharmacological interventions may be promising for a number of 
reasons older adults may prefer non-pharmacological strategies 
to maintain cognitive function and community independence. 
Non-pharmacological interventions have less risk of side effects. 
Recommendations include-Cognitive intervention, Physical 
activity, Psycho-social intervention [31]. Extensive researches 
on different plants are underway worldwide. Plant extracts have 
rather more therapeutic benefits and fewer side effects and are 
more economical [32]. 

The use of medicinal plants as a prophylactic or therapeutic 
agent has existed over the course of history and man has explored 
the plant kingdom for compounds which are of medicinal value 
[33]. This has been done in order to identify chemical constituents 
responsible for biological effects isolated or purified in the 
search for new single entities as pharmaceutical ingredients 
or characterized and standardized in the search for new multi-
component botanical products [34]. Regardless of the fact that 
full understanding of neurobiology of neurobehavior has not 
yet been achieved and mysteries about its disorders still remain 
unsolved, researchers and scientists are constantly working, 
searching for solutions. Many researchers have resorted to 
traditional medicines in order to find answers. Therefore, it will 
be worthwhile to research in to some of our local plants which 
may be beneficial in the management of behavioral disorders 
such as the ever increasing incidence of learning, emotional or 
behavioral problems that are common in the world including 
Nigeria; hence this study is designed to solve this issue. 

Materials and Methods
Plant material

Nympheae lotus (water lily) Leaves were collected and 
identified in the Department of Biological sciences, Ahmadu 
Bello University, Zaria, and a voucher specimen was deposited in 
the herbarium of the Department (V/N 1689).

Preparation of extract
Nympheae lotus leaves were first separated from the stalk, 

rinsed with water to remove dirt, the air-dried leaves 200g of 
Nympheae lotus were pulverized and soaked in ethanol (2L) for 
72hrs. The solutions were filtered and the filtrate concentrated 
with a rotary evaporator to give a semisolid residue. The product 
was kept in the refrigerator for further use. 

Acute toxicity test (LD50)
The determination of the toxicity levels were done through 

oral route and intra-peritoneal route. The mice were divided into 
3 groups in two phases (low dose & high dose, 1 & 2 respectively) 
for each route of administration; both routes has phase 1which 
consist of 3 groups of 3 mice each and Phase 2 consist of 3 groups 
of 1mouse each. Each group of mice administered orally were 
given a different dosage of the extract (10mg/kg, 100mg/kg, 
1000mg/kg) for phase 1 (low dose) and 1600mg/kg, 2900mg/
kg and 5000mg/kg for phase 2 (high dose). For the mice groups 
administered through intra-peritoneal route, 10mg/kg, 100mg/
kg, 1000mg/kg was given as low dose and 1000mg/kg, 1600mg/
kg and 2900mg/kg for high dose. The number of deaths in oral 
route for phase 1 was n=0 for all groups and for phase 2 also 
n=0 for all groups. For intra-peritoneal route, the number of 
deaths (n) recorded in phase 1 was n=1 and n=1 for high dose 
was recorded within 24-72 hours.

The LD50 was calculated using probit kill of the dose proposed 
by Lorke [35]. 

For oral route=√(minimum tolerated dose × minimum toxic 
dose)

 LD50˃5000mg/kg

LD50 for IP route= √(minimum tolerated dose × minimum 
toxic dose)

 =√1600mg/kg×2900mg/kg

 =2154mg/kg

Care and management of animals
Thirty Swiss mice weighing between 14g and 17g were 

purchased and used for this experiment. The rats were housed 
in the animal holding of the Department of Anatomy and 
physiology, Abia state University, Abia state. Animals were 
housed in groups of 3 (control, low dose and high dose) in 
plastic cages, maintained under standard dark-light cycle Food 
and water was available Ad libitum. All rules applying to animal 
safety and care were observed.

Experimental animals/grouping
Thirty [27] Swiss mice weighing between 14g and 17g were 

randomly assigned into three groups A, B, and C of 9 mice each. 
Group A was the control; groups B and C are low dosed and 
high dosed respectively. Animals in group A were administered 
normal saline, group B animals received a solution of Nympheae 
lotus at a dose of 200mg/kg and group C, received ethanol extract 
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of Nympheae lotus at 400mg/kg. Extracts were administered via 
an oral cannula daily for a period of 14 days.

Apparatus and Experimental Protocols 
Morris water maze

Figure 1a: Morris water maze Apparatus.

Experimental procedure using morris water maze: 
(Figure 1a), A Morris water maze designed by Morris [36] 
modified by Paylor [37] was used for this study. The maze was 
constructed out of a circular polypyroplene pool measured 
110cm diameter and 20cm in depth. The pool was filled to depth 
of 14cm with room temperature tap water. The water was made 
opaque with the addition of milk to ensure camoflaouge of the 
white escape platform. The platform was submerged 1cm below 
the water surface. The pool was divided into four quadrants: 
Northwest, northeast, southwest and southeast Boundaries of 
the quadrant was marked on the edge of the point with masking 
tape and labeled; North, south, east and west. A wooden platform 
(13.75cmx9cm diameter) was used as an escape platform in 
the maze. The level of water in the pool was adjusted to 1cm 
above or below the platform creating a visible or invisible 
platform respectively. The pool was placed in a laboratory room 
whose walls were mounted several posters to act as visual cues. 
Furniture and machine equipment was also used as visual cues. 
During test, the room was dimly lit. Testing of the Morris water 
lasted for eight (8) days. Mice were carried into the test room in 
their home cages. Each mouse was picked by the base of its tail 
and placed in the pool. The first three days was the acquisition 
training with and invisible platform and the next three days was 
the reversal training with invisible platform. On the seventh 
day, a probe trial was conducted with no escape platform. On 
the eight day, 4 trials were conducted with a visible platform. 
During the test period, each mice was placed in a clean empty 
cage (bedding paper tower was torn and place on the bottom of 
the cage to allow the mice to dry more quickly after each trial). 
This paper towel was replaced when it becomes completely wet. 
Mice were then run in squads of 6with 3 minutes between each 
trial for each mouse.

During the acquisition training, the water was adjusted 
appropriately such that the platform was placed in the center 

of the northeast quadrant. Each animal received 4 trials of 60 
seconds (max) per day. The starting position was predetermined, 
which prevented 2 trials from being repeated by the same 
animals during other days. Start positions were located at the 
boundaries of each quadrant. Each mouse was removed from its 
holding using a small, clean 70cl plastic container to minimize 
stress. The animal was placed into the water at the appropriate 
start position, facing the center of the pool. The mouse was then 
permitted to explore the pool and to search for hidden escape for 
60 seconds. When the animal located the platform the timer was 
stopped and the animal was removed from the plastic container 
and placed into the holding cage. Once in the platform the mouse 
was permitted to visually explore their surrounding for 20 
seconds at which point, they were picked up and placed on their 
appropriate holding cage. The next mouse was then placed in the 
pool and same procedure was repeated. Each mouse completed 
4trials per day over 3days. This amounted for 12 trials for 
acquisition training.

Reversal training period began on the 4th day. The invisible 
platform was moved to the opposite quadrant (Southwest) and 
mice were again assigned to appropriate start position. The same 
procedures as in acquisition training were carried out during the 
reversal training. Each of the animals completed 4 trials per day 
for 3 days for a total of 12 trials for reversal training. A probe 
trial was conducted at day 7. At this time, there was no escape 
platform in the maze. Each animal completed one trial of 60 
seconds. Each animal was placed in the maze from one of the four 
possible positions and allowed to explore the pool. The duration 
in each quadrant and the frequency of entry form the northeast 
and southwest quadrants was noted. The visible platform task 
was conducted on day 8. The visible platform was placed in 
the Southwest quadrant of the pool. The same procedure as in 
acquisition training and reversal training was carried out and 
mice completed 4 trials.

Behavior scored

The behaviors scored during the Morris water maze were 
in acquisition training and reversal, visible platform test. These 
include:

1. Swim latency (time taken to locate and mount the 
platform)

2. Thigmotaxic frequency (DFTB)

3. Swim path error (SPE) is measured as the duration 
of the mouse from a relatively direct path from the start 
position to the location of the hidden platform.

4. Proximity to platform (PTP) 

5. Average velocity (AV)

       6. Swim Distance (SD)

Whereas during the probe trial, the duration in each 
quadrant were recorded (NE, SE, NW, and SW) including the 
annulus acquisition crossing (i.e. the number of times the 
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mouse crosses the location of the platform during acquisition 
training) and annulus reversal crossing (i.e. the number of times 
the mouse crosses the location of the platform during reversal 
training) [38]. 

Statistical Analysis
Data Obtained from the experiments were statistically 

analysed using Microsoft excel, with factorial ANOVA/T-test 
in the statistics programme start view version for windows or 
Mac. Post-hoc comparison was also done using the student ± 
Newman-keuls design. Values were represented as Mean±SEM 
and a “P” value less than 0.05 & P<0.001 was considered as 
significant.

Results
Acquisition training

On day 1, the swim latencies obtained showed that mice, fed 
with control, low dose and high dose diets of Nymphea lotus, 
scored 188.50±15.76; 189.25±7.29 and 163.50±4.62 seconds 
respectively. In day 2, the swim latencies were 78.00±15.13; 
79.25±13.64 and 82.75±9.52 seconds for mice fed with control, 
low dose and high dose treated diets respectively. For day 3 of 
the acquisition training, the swim latencies were 100.50±6.94; 
82.00±7.58 and 84.75±5.49 seconds for mice fed with control, 
cooked, low dose and high dose treated diets respectively. The 
swim latencies for the low and high dose treated groups were 
not significantly different compared to the control group during 
the 3 days of training. This is as shown in Figure 1b.

Figure 1b : Swimming Latency during the acqusition training 
among the different experimental groups recorded at day 1, 
day 2, and day 3, in moris water maze training test. 

Reversal training
On day 1, of the reversed training, the swimming latency for 

mice fed with control, low dose and high dose treated diets of 
Nymphea lotus were 81.50±5.78; 42.00±4.02 and 41.75±5.49 
seconds respectively. During the second day of reversal training, 
the swimming latency were 45.25±2.05; 25.00±4.74 and 
25.25±3.81 seconds for mice fed control, low dose and high 
dose treated diets respectively. For day three (3) of the reversal 
training, the swimming latency were 38.00±3.34; 21.25±6.14 and 
18.50±1.32 seconds for mice fed with control, low dose and high 
dose diets of Nymphea lotus respectively. The swim latencies for 

the low and high dose treated groups were significantly lower 
during the reversal training (Figure 2) compared to the control 
(p<0.001; P<0.01). However, the low dose treated group was 
also significantly shorter (P<0.05) compared to control group.

Figure 2 : Swimming Latency during the reversal training among 
the different experimental groups recorded at day 4, day 5 and 
day 6, in moris water maze training test.

Retention quadrant
Figure 3 compares the quadrant duration during the probe 

trial in the Morris water maze between the three experimental 
groups of mice which were, 16.56±2.40; 27.09±1.28 and 
28.14±2.34. The duration of stay in each quadrant is shown in 
Figure 4. During the trial, the three groups had more preference 
to the South-East quadrant (that bears the platform during the 
reversal training when compared to control). The preference to 
the SE quadrant for the mice fed with low dose and high dose 
treated diets were significantly higher (P<0.01) compared to 
control. However, the high dose and the low treated groups were 
not significantly different when compared.

Figure 3 : Retention Quadrant during the Probe Trails recorded 
at day 7 among the south east in the different experiment groups 
during the Morris water test. 

Annulus acquisition & annulus reversal crossings
Figure 4 compares the annulus acquisition and reversal 

crossings during the probe trial task. The values for the 
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annulus acquisition crossings are 33.00±5.50; 51.66±12.57 and 
45.00±5.77 seconds for mice fed with control, low dose and 
high dose treated diets respectively. The values for the annulus 
reversal crossings are 20.00±2.88; 42.00±1.73 and 44.66±5.48 
seconds for mice fed control, low dose and high dose diets of 
Nymphea lotus respectively. There was no significant difference 
among the groups in the annulus acquisition crossings. For the 
annulus reversal crossings, as shown in Figure 4, the low dose 
and high dose treated groups were significantly higher compared 
to control (P<0.01).

Figure 4 : Annulus Acquisition and reversal recorded at day 7 
among the different experimental group during the Morirs water 
maze test. 

Visible platform task

The swimming latency in the visual platform task was 
51.50±4.62; 33.75±2.59 and 30.50±1.32 seconds for mice fed 
with control, low dose and high dose diets of Nymphea lotus 
respectively. During visible platform task, the swim latencies 
of the low and high dose treated groups was significantly lower 
(P<0.01 and P<0.001) compared to control (Figure 5).

Figure 5 : Visible platform among the different experimental 
groups recorded at day 8 in the Morris water test. 

Discussion 

This study was set out to determine the effect of the ethanolic 
extract of Nympheae lotus on learning and memory (i.e. On 
Neuro-cognition) in Swiss white mice using the Morris water 
maze. The hippocampus is the part of the brain responsible 
for visuo-spatial learning and memory which is assessed 
with the hidden platform test. This process is impaired if the 

hippocampus is injured. Visible platform on the other hand is 
a non-hippocampal task dependent on the dorsal striatum of 
the basal ganglia [39]. The hidden platform uses extra maze 
cues while the visible platform uses intramaze cues that are 
placed at the location of the escape platform. The time it took 
each mouse to locate and mount the escape platform defines the 
swim latency. The shorter the swim latency betters the learning 
process. Mice that learnt faster located the platform quicker than 
the others. During the probe trial, when no escape platform was 
placed, the longer the time the mice stayed in the quadrants that 
had the escape platform, the better the memory. So the mice that 
had better memory will be expected to spend more time in those 
quadrants where the escape platform was placed during the 
acquisition and reverse training. Therefore, the probe trial was 
to evaluate memory, while the acquisition and reversal training 
was for learning. 

The result showed that the swim latencies for the first 
three days during acquisition training showed no significant 
difference in the swim latencies of the low dose group and high 
dose treated group compared to the control. This means that 
the mice in the three groups learned equally. During reversal 
training, the swim latencies for the low and high dose treated 
group was lower compared to the control group; though this was 
significant, which means that this groups of mice were able to 
locate the hidden platform faster and so, learn better than the 
control group of mice that was administered normal saline. Also, 
the histogram chart of the swim latencies indicates low and high 
dose mice learnt better than the control. During the probe trial, 
the low dose and high dose mice spent significantly more time 
than the control exploring the retention quadrant. This showed 
that they had better memory than the control group of mice. 
Also, from the result, high dose mice may have better memory 
than the low dose control group as the retention quadrant is 
significantly higher in the high dose group than in the low dose 
group. 

The cued version of the Morris water maze assesses cued 
learning and visual integrity of the animals tested. Impairments 
in performance in the hidden platform model may be due to 
some brain lesions or drugs which may affect the motivation to 
escape, or sensory motor factors rather than spatial learning. 
This cueing procedure, in which the escape platform protrudes 
above the water surface, provides a control for this [36,40]. Here, 
the swim latencies were also used for the comparisons. Shorter 
swim latencies in the visible platform task indicate improved 
cued learning while longer swim latencies indicate poor cued 
learning. Low dosed and high dosed group had significantly 
lower swim latencies compared to the mice in the control. This 
means that the Nympheae lotus (low and high dose) treated 
mice improved cued learning. Summarily, Learning and memory 
processes were improved in the mice treated with the low dose 
and high dose of the extract but however, better in the high dose 
group.
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Conclusion
This research has shown that the ethanol extract of 

Nympheae lotus (water lily) improves learning and memory in 
Swiss mice. This may probably be attributed to the presence 
of neuro-stimulatory phytochemicals which could cause an 
increased release of neurotransmitters and synaptic connection 
in the hippocampus and other areas of the cerebral cortex 
thereby, facilitating neuro-cognition. Further study is suggested 
on determining the particular phytochemical responsible for 
this effect and clinical trials carried out to determine its efficacy 
on humans subjects with neuro-cognitive disorders.
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