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ABSTRACT 

Moringa oleifera Lam (Moringaceae) is a medicinal plant used in African traditional medicine against cognitive 

affections and metabolic diseases. In the present study, the memory-protective and neuroprotective effects of M. 

oleifera were assessed in scopolamine-treated rats. Wistar rats (n=48) were divided in 6 groups: A healthy control 

group and five groups treated daily with scopolamine (0.6 mg/kg, i.p.) for 14 days. Concomitantly, they received per  

os either distilled water (negative control), piracetam at 300 mg/kg (positive control), or aqueous extract of leaves of 

M. oleifera at doses 100, 200, or 400 mg/kg. Changes in animal cognition were assessed in the Morris Water Maze, 

in the last five days of treatment. Afterwards, the animals were sacrificed and brains dissected out and processed for  

biochemical and histopathological studies. Compared to the negative control group, the extract induced significant: 

(i) decrease in escape latency time (p ˂  0.001); (ii) increase in the entries (p˂0.001), and time spent (p˂0.001) in the 

target dial; (iii) increase in GSH (p˂0.001), CAT (p˂0.001), and SOD levels (p˂0.001). The extract also prevented 

scopolamine-induced hippocampal neuron loss. These results suggest that M. oleifera aqueous extract has potent 

antioxidant, neuroprotective, and memory-protective effects in scopolamine-treated rats, justifying the traditional 

medicine use. 
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INTRODUCTION 

According to World Health Organization, there are nearly 10 million 

new cases of dementia per year, of which 6 million in low-income 

countries [1]. Alzheimer’s disease (AD) is the most common cause of 

dementia (60%-70% of cases). The disease mainly occurs at an advanced 

age (around 65 years), and at this rate it is estimated that by 2030 about 

74.7 million people worldwide will be affected [2]. It is therefore urgent 

to slow AD progression. AD pathophysiological processes encompass 

damage to brain tissue resulting from a progressive and irreversible 

loss of sensitive neuronal populations, notably hippocampal CA1 

and CA3 cells [3,4]. This chronic neurodegenerative disease is 

characterized by memory impairment and other less marked cognitive 

affections. Disease hallmarks also include hallucinations, loss of 

appetite, vomiting and diarrhea, and nausea [5,6]. Impairments of 

learning and memory can be induced chemically in laboratory rodents 

by administration of scopolamine, a muscarinic cholinergic antagonist 

and possibly inhibitor of the expression of genes of muscarinic 

receptor signaling molecules, which leads to memory impairment 

in humans and learning disorders in animals [7,8]. This substance 

causes oxidative stress through interference with acetylcholine in brain 

leading to cognitive impairment [9,10]. Scopolamine-treated rats are 

often used as an experimental model to test AD drug candidates [8-11]. 

Alarmingly, the Transparency Commission in charge of the 

evaluation of medical products of the High Authority for Health 

on the re-evaluation of Alzheimer’s products in 2011, reported that 

acetylcholinesterase and glutamate inhibitors’ classes of anti-AD 

drugs have a poor therapeutic interest and are associated with various 

side effects, including digestive, cardiovascular and neuropsychiatric 

disorders [12]. Moreover, memantine, the first line drug used against 

AD, causes headache, insomnia, dizziness, and mental confusion [5,6]. 

Considering also the high costs of anti-AD drugs and the scarcity of 

follow-up structures in developing countries, alternative treatment 

strategies are highly needed in the field. 

Medicinal plants are a good source of novel therapeutics. Various studies 
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in experimental models reported the neuroprotective properties of 

African plant-derived natural products such as naringin, extracted from 

berries and grapes [13], and black seed oil [14]. Commonly used as a 

nutritional supplement and against cognitive affections and metabolic 

diseases in African traditional medicine, the leaves of Moringa oleifera 

Lam (Moringaceae) were reported strong antioxidant properties and 

induced neuroprotective-like effects in rats intracerebroventricularly 

administered with ethylcholine aziridinium ion (AF64A) [15,16]. The 

leaves of M. oleifera contain secondary metabolites such as phenolic 

compounds, flavonoids, alkaloids, tanins, and saponins [17,18]. 

In the present study, the effects of aqueous extract of M. oleifera leaves on 

memory impairment were assessed in scopolamine-induced dementia, 

a commonly used rat model of AD. Neuroprotective effects were also 

assessed on sensible neuronal populations of the hippocampus. 

MATERIALS AND METHODS 

Animals 

Forty-eight albino male Wistar rats (3-month-old, 166 ± 18 g) were 

obtained from the Animal Physiology Laboratory of the Faculty of 

Sciences of the University of Yaoundé I. Animals were housed in a 

room under a controlled environment (temperature 25°C; humidity 

50%-80%; 12 h light-dark cycle). They had ad libitum access to 

food and water. All experimental procedures were approved by the 

institutional ethical committee of the Faculty of Sciences, University 

of Yaoundé I. Animals were handled in accordance with the guidelines 

of the Cameroon’s Ministry of Scientific Research and Technological 

Innovation, which has adopted the guidelines of the European Union 

on Animal Care (CEE Council 86/609; Reg.no.FWA-IRD0001954). 

Experimental design 

Wistar rats were divided in 6 groups (n=8 per group): A normal control 

group receiving distilled water, and seven groups treated daily with 

scopolamine (0.6 mg/kg, i.p, Jiangsu Huayang pharmaceutical Ltd, 

Zhiongxing, China) for 14 days. Concomitantly, these animals were 

receiving (orally): distilled water (negative control), piracetam (UCB 

SA, Braine-l’Alleud, Belgium) at 300 mg/kg (positive control), and for 

the three test groups, M. oleifera leaves’ aqueous extract at doses 100, 

200, or 400 mg/kg. All treatments were administered in a volume of 

10 ml/kg. In the five last days of treatment, animals’ memory (spatial 

and temporal) was assessed in the Morris Water Maze. At the 14th 

day of treatment, the animals were deeply anesthetized with valium/ 

ketamine (10 mg/kg and 50 mg/kg, i.p.), and sacrificed. Brains were 

dissected out. Right hemispheres were processed for histopathological 

studies, while homogenates of the left hemispheres were processed for 

biochemical tests assessing oxidative stress indicators. 

Plant material and extraction 

Fresh leaves of M. oleifera were collected in Yaounde 5th District 

(Mfoundi Department, Center Region, Cameroun). A sample was 

identified at the National Herbarium of Cameroon (HNC), and 

a specimen was deposited (voucher number 49178/HNC). The 

extraction process was as follows: M. oleifera leaves were washed, shade- 

dried at room temperature, and grinded. Then, the powder (1100 

g) was macerated for 6 hours in 5.5 L of tap water. Afterwards, the 

solution was filtered with Whatman No.4 filter paper. The filtrate was 

lyophilized and 31.02 g of dried extract was obtained (extraction yield: 

2.82%). 

Morris water maze 

The Morris Water Maze test is based on rats’ excellent swimming 

ability and natural tendency to escape from water; here, memory is 

developed in animals progressively with repetitive trials that resemble 

human interactions [19]. Standard Morris pool and procedures were 

used [20-22]. More specifically, the Morris pool was a large circular 

tank (120 cm diameter × 50 cm height) with a black round platform 

(8 cm diameter × 29 cm height) placed about 1 cm under the surface 

of the opaque water, which was the only place where the animals 

tested could get out of the water and stop swimming. The pool was 

subdivided into four points labelled North (N), East (E), South (S), 

and West (W) poles. The platform position was maintained and could 

be detected by a visual cue. 

The Morris Water Maze test included a training phase (4 days) and a 

test phase (1 day). During the training phase, the animal tested was 

placed in the water close to the border of the pool. To get out of water, 

the animal had to find the platform and swim to get on it. During 

each training session, the rat tested was placed at randomly selected 

locations in the pool, but always close to the border of the pool and 

facing the tank wall. The animal only had 60 sec to find the platform. 

Once the platform was found, the rat was allowed to stay there for 30 

sec, before being wrung out with a dry cloth and brought back to its 

cage to rest for 15 min before the next stage. Animals that could not 

find the platform within 60 sec were slowly guided to the platform by 

the experimenter. They were also allowed to stay on the platform for 30 

sec, and then they received the same treatment as the ones that found 

the platform by themselves. For each animal, three training sessions 

were conducted per day for 4 consecutive days. 

On the 5th day, for the test phase, the same pool was used but without 

the platform. To start the test, each animal was placed in the water 

diagonally from the target quadrant and was allowed to swim freely for 

60 sec. The performance of each animal in the pool was video recorded 

and analyzed offline. The parameters assessed were the time taken by 

the animal to find the original platform position (escape latency time), 

the number of entries, and the time spent in the target dial. 

Biochemical tests 

Left hemispheres were processed to prepare a 10% (w/v) homogenate 

in 0.1 M phosphate buffer saline (pH 7.5). Homogenates were 

centrifuged (3000 rpm, 15 min, 5°C). Supernatant concentrations of 

indicators of oxidative stress, malondialdehyde, glutathione, catalase, 

and superoxide dismutase (SOD) were determined using spectrometry, 

as described by [23,24]. Absorbances were read at 480 nm and 412 nm, 

respectively, using a UV spectrophotometer. Results were expressed as 

mM per gram of organ. 

Histopathological study 

Right hemispheres were fixed in 10% formaldehyde, embedded in 

paraffin, cut (5-µm sections in the coronal plane), and processed for 

hematoxylin-eosin staining using standard procedures. Affections 

of brain tissue were assessed in the hippocampal formation using a 

computerized microscope linked to a camera (Axioskop 40, Zeiss, 

Hallbermoos, Germany). In addition, CA1 and CA3 cells were 

counted throughout the hippocampal formation using image J 

software (version 1.52a). 

Statistical analysis 

Differences between the normal control group, the negative control 

group, the positive control group, and the test groups were determined 

using one-way ANOVA followed by Dennett’s post hoc test (Graph 

Pad Prism, version 5.03), p values <0.05 were considered statistically 

significant. Data were expressed as the mean ± SEM. 
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Figure 1: Effects of M. oleifera aqueous extract on the escape latency 

time (A) and target dial entries (B) and time (C). Data are mean ± 

SEM (n=8). Neg: Negative control group. Nor: Normal control group. 

Pir=positive control group (piracetam-treated). ANOVA+Dennett’s 

test: #p˂0.05, ## p˂0.01 vs. normal control group; *p˂0.05, **p 

˂0.01, and ***p˂0.001 vs. negative control group. 

RESULTS 

Assessment of scopolamine-induced memory impairment 

Figure 1 shows the effects of Moringa oleifera aqueous extract on the 

Morris Water Maze parameters. Scopolamine induced a significant 

increase (p<0.05) in escape latency time in the negative control 

group, compared to the normal control group in the Morris Water 

Maze (Figure 1A). At the doses tested, M. oleifera extract mitigated this 

increase markedly (p<0.01 compared to the negative control), with 

better effects at 100 mg/kg (Figure 1A). These effects were comparable 

to piracetam effects (Figure 1A). 

Scopolamine also induced significant decreases in the target dial 

entries (p<0.01 compared to normal control) (Figure 1B) and 

time (p<0.05 compared to normal control) (Figure 1C). Similar to 

piracetam, M. oleifera extract significantly prevented the negative effects 

of scopolamine on the target dial entries at the doses of 100 (p<0.05), 

200 (p<0.01) and 400 (p<0.001) mg/kg (Figure 1B). Better than 

piracetam, the doses 100 and 200 mg/kg prevented significantly the 

negative effects of scopolamine on target dial time (p<0.01 and p<0.05, 

respectively) (Figure 1C). 
 

Biochemical indicators of oxidative stress 

Figure 2 shows the effects of M. oleifera aqueous extract on 

malondialdehyde (Figure 2A), glutathione (Figure 2B), catalase (Figure 

2C) and SOD (Figure 2D) levels in brain homogenates. Scopolamine 

induced a significant increase (p<0.01) in malondialdehyde in the 

negative control group, compared to the normal control group, which 

was mitigated by concomitant treatment with M. oleifera (Figure 2A). 

Scopolamine did not induce marked changes in the levels of 

glutathione (Figure 2B) and catalase (Figure 2C) compared to the 

normal control group. Instead, interestingly, treatment with M. oleifera 

extract at doses 200 and 400 mg/kg induced significant increases 

in the levels of glutathione (p˂0.05) and catalase (p˂0.01) compared 
to both negative and normal control animals (Figures 2B and 2C). 

Piracetam and extract dose 100 mg/kg induced slight increases in 

glutathione (p˂0.05) and catalase (p˂0.01) also compared to both 
negative and normal control animals (Figures 2B and 2C). In addition, 

scopolamine induced a significant decrease in brain SOD levels in the 

negative control group compared to the normal control group (Figure 

2D). Piracetam and M. oleifera extract dose 100 mg/kg prevented this 

decrease significantly (p˂0.01) and maintained SOD level at normal 
control values (no significant change compared to the normal control 

group) (Figure 2D). 

Histopathological studies and hippocampal cell counts 

Figure 3 presents micrographs of representative cases of animals from 

the normal control group (Figure 3A), negative control group (Figure 

3B), positive control group (Figure 3C), and animals treated with M. 

oleifera extract doses 100 mg/kg (Figure 3D), 200 mg/kg (Figure 3E), 

and 400 mg/kg (Figure 3F). Histopathological analysis of hippocampal 

formation revealed that scopolamine induced a marked loss of neurons 

in CA1 and CA3 in the negative control group (Figure 3B), compared 

to the normal control group (Figure 3A). Instead, the hippocampi of 

animals treated with either piracetam (Figure 3C) or M. oleifera extract 

at all doses tested (Figure 3D-DF) were comparable to normal control 

group animals (Figure 3A). 

Cell counts in hippocampal CA1 (Figure 3G) and CA3 (Figure 3H) 

confirmed marked decreases in the negative control group compared 

to the normal control group (p<0.001). Treatment with piracetam and 

M. oleifera extracts at all doses tested maintained cell counts to control 

group values, with significant differences compared to the negative 

control group (p˂0.05 and p<0.001 for CA1 and CA3, respectively, 

for extract dose 100 mg/kg and p<0.05 for other treatments with 

significant changes) (Figure 3G and 3H). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2: Effects of M. oleifera aqueous extract on brain tissue levels of 

malondialdehyde (MDA) (A), glutathione (GSH) (B), catalase (CAT) 

(C) and superoxide dismutase (SOD) (D). Data are mean ± SEM (n=8). 

Neg: Negative control group. Nor: Normal control group. Pir=Positive 

control group (piracetam-treated). ANOVA+Dennett’s test: ##p˂0.01 

vs. normal control group; *p˂0.05 and ** p˂0.01 vs. negative control 

group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Effect of M. oleifera aqueous extract on hippocampus 

microarchitecture. (A), negative control (B), positive control (C), and 

test groups (D-F). Note the decrease in CA1 (1) and CA3 (2) neurons 

in the negative control group (B) and the mitigation of cell loss in 

the test groups (D-F). G, H: Effect of M. oleifera aqueous extract on 

cell counts in hippocampal CA1 (G) and CA3 (H) regions. Data are 

mean ± SEM (n=8). Neg: Negative control group. Nor: Normal control 

group. Pir=positive control group (piracetam-treated). 

ANOVA+Dennett’s test: ###p˂0.001 vs. normal control group; * 

˂0.05, *** p˂0.001 vs. negative control group. 
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DISCUSSION 

Findings of this study suggest that as piracetam, treatment with M. 

oleifera aqueous leaves extract prevented or mitigated scopolamine- 

induced: (i) increase in escape latency time and decreases in both 

target dial entry and time in the Morris Water Maze; (ii) increase in 

malondialdehyde level and decrease in SOD level in the brain tissue; 

and (iii) neuron loss in the hippocampus. 

Scopolamine induces cognitive affection, especially spatial learning 

and acquisition [25] partly by reducing brain cholinergic signaling 

output pivotal for memory processes [8,26,27], justifying its common 

use to induce AD-like memory impairment in laboratory rodents. In 

this study, scopolamine-induced memory impairment was revealed 

by a significant increase in escape latency time and marked decreases 

in target dial entry and time. Treatment with piracetam or M. oleifera 

extract prevented or mitigated the development of these alterations in 

scopolamine-treated rats, suggesting that the extract is endowed with 

memory-protective properties, possibly by countering the detrimental 

effects of scopolamine on cholinergic neurotransmission. 

Oxidative damage to cellular components results in alterations of cell 

membrane properties, hence affection of neuronal signaling. It is well 

established that scopolamine mediates marked oxidative stress in brain 

tissue by increasing brain levels of lipid peroxidation and free radical 

generation agent malondialdehyde, and by decreasing the activities of 

antioxidant enzymes like SOD and glutathione in the brain [10,28,29]. 

In the present study, these alterations were observed in brains of 

scopolamine-treated animals receiving distilled water (negative control) 

but not in those treated with M. oleifera, suggesting that the extract 

prevented scopolamine-induced oxidative stress. These results confirm 

the findings of a previous report suggesting that M. oleifera is endowed 

with antioxidant properties [15]. These effects could be mediated by 

its second metabolites, which include many classes of compounds 

with antioxidant potential such as phenolic compounds, flavonoids, 

alkaloids, tanins, and saponins [17,18,30]. The antioxidant properties 

of M. oleifera partly explain its ability to prevent scopolamine-induced 

memory impairment. 

Moreover, scopolamine-mediated oxidative damage results in the 

death of sensible neurons [29,31]. In this study, M. oleifera extract 

maintained the number of CA1 and CA3 cells at normal values in 

scopolamine-treated animals, suggesting neuroprotective properties, in 

accordance with the work by [32]. This finding is in agreement with the 

results of an early study in a model of age-related dementia induced by 

bilateral intraventricular administration of the neurotoxin ethylcholine 

mustard azirinium (AF64A), where M. oleifera improved hippocampal 

cell density [16]. The findings further supports that the extract has 

antioxidant properties and indicates that scopolamine-mediated 

memory impairment was prevented at least partly by mitigating the 

development of detrimental oxidative stress and related tissue damage 

in the hippocampus. 

CONCLUSION 

In this study, rat treatment with scopolamine-induced memory 

impairment, oxidative stress, and neuron loss in the hippocampus. 

Concomitant treatment with M. oleifera aqueous extract prevented 

or mitigated these alterations and prevented neuron loss. Altogether, 

the results of this study suggest that M. oleifera extract prevented 

scopolamine-induced memory impairment, at least partly, through the 

extract’s potent antioxidant activity and neuroprotective effects. These 

results justify the extract’s use in traditional medicine. 
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