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Purpose: Repeated stress events are well known to be associated with the onset of behavioral abnormalities including depression, 
anxiety and memory impairment. In spite of the traditional uses of Moringa oleifera (MO), no experimental evidence for its use 
against chronic stress exists. Here, we investigated whether seed oil from MO (MOO) could improve behavior abnormalities of 
chronic stress mice induced by water-immersion restraint stress (WIRS) and the underlying mechanism.
Methods: BALB/C male mice at 12 weeks of age were exposed to chronic WIRS for two weeks and divided in to four groups: normal 
group, WIRS group, WIRS+MOO1 group (treated with MOO at the dose of 1 mL/kg BW), and WIRS+MOO2 group (treated with MOO 
2 mL/kg BW). The MOO treatment was given orally for 23 days. On day 24, we checked the behavior parameters, the plasma level of 
cortisol, acetylcholinesterase (AChE) activity in hippocampus, mRNA expression level of brain-derived neurotrophic factor (BDNF) and 
oxidative stress parameters in brain tissues. In addition, we also checked the histopathological features of the gastric mucosa wall.
Results: Administration of MOO ameliorated anxiety-like, depression-like and memory impairment phenotypes in the 
WIRS mouse model although the plasma cortisol concentrations were comparable among the groups. Of note, MOO both in two 
doses could suppress the AChE activity in hippocampus tissue and ameliorated the MDA level in prefrontal cortex tissue in mice 
exposed to WIRS. Although only WIRS+MOO2 group could increase the mRNA expression of BDNF, the histopathological gastric 
mucosa wall features were improved in all MOO groups.
Conclusion: Taken together, these finding suggested that MOO may have a neuroprotective effect in the mouse model of WIRS as 
evidenced by improving the abnormal behaviors through enhancing mRNA expression level of BDNF, inhibited AChE activity, and 
prevented the increase of MDA level in the brain.
Keywords: Moringa oleifera, behavioral abnormality, WIRS, AChE activity, oxidative stress, BDNF

Introduction
Stress is an essential part of organism life, and it is known that many organs and systems, especially the brain, are affected by 
stress, causing the natural integrity and homeostasis of the organism to be threatened. Stress causes structural changes in the 
hippocampus, prefrontal cortex, amygdala, anterior cingulate cortex, and basal ganglia.1 Excessive external stress is a widely 
accepted theory in the development of mood disorders such as depression and anxiety.2 Stress negatively affects many parts of 
the brain which are involved in the regulation of emotion including the cortex and hippocampus.3,4 In addition, for decades the 
idea that maladaptive stress impairs cognitive function has been a cornerstone to be explored in basic and clinical research. In 
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human studies, acute stressors can cause short-term, but reversible deficits in tasks of memory, while chronic stress could lead 
to irreversible loss of hippocampal neurons and cognitive impairment.5 Results obtained from animal studies also confirmed 
a significant effect of stress on global cognitive performance.6 In view of the unfavorable chronic stress effects on cognitive 
function and mood disorder, it is important to explore the possible therapeutic agent, including herbal supplementation to 
ameliorate these phenomena.

The hypothalamic-pituitary-adrenal (HPA) axis is implicated in the pathogenesis of a wide range of neuropsychiatric 
disorders.7–9 In depression, hyperactivity of the HPA axis occurs from inadequate negative feedback mediated by the 
glucocorticoid system.7 This is due to cortisol hypersecretion in chronic stress,10 and cortisol levels have been shown to 
decrease verbal and working memory, lowering cognitive performance in depression.7 Brain-derived neurotrophic factor 
(BDNF) is a crucial modulator of neuroplasticity, which includes brain remodeling and neurogenesis.11 In addition, 
previous research has shown strong correlation between chronic stress-induced depression and changes in BDNF.12,13 

Previous studies have found that exposure to various types of chronic stress could decrease BDNF expression level in the 
hippocampus and prefrontal cortex and BDNF activity in the limbic brain areas.13,14

It has been established that free radicals such as reactive oxygen species (ROS) and reactive nitrogen species (RNS) 
play an important role in the pathophysiology of many diseases including neuropsychiatric diseases with the symptom of 
depression and cognitive impairment.15,16 The increase in ROS and RNS production or the decrease in antioxidant 
mechanisms generates conditions called oxidative and nitrosative stress, respectively, defined as the imbalance between 
pro- and antioxidants in favor of the oxidants, which is detrimental to cells.16

Moreover, the reduced ability of antioxidant defense mechanisms in the central nervous system (CNS) for eliminating 
excess ROS and RNS leads to tissue damage, inflammation, and neurodegeneration in the CNS,17 thus consequently 
affect the brain functions, including emotion, learning, and memory. In addition, depression-mediated cholinergic 
dysfunctions might also explain the emergence of cognitive symptoms. Cognitive impairment in depression status, 
such as poor concentration and attention as well as impaired memory and information processing, point to deficits in 
cholinergic function, which is mainly regulated by acetylcholine (ACh).18 The evidence from previous research has 
confirmed that a higher level of ACh in the hippocampus was correlated with increased depression.19

Moringa oleifera (MO) has various biological activities including anti-inflammatory, antioxidant and neuroprotective 
properties.20,21 These pharmacological effects are associated with ingredients such as phenolic acids, flavonoids (quercetin, 
iso quercetin, isothiocyanates and glycosides, apigenin, myricetin, rhamnetin, kaempferol), alkaloids, phytosterols, glucosi-
nolates, glycosides, minerals, organic acids, and vitamins.22,23 MO supplemented diet significantly ameliorated oxido- 
inflammatory stress, restored cholinergic transmission via acetylcholinesterase inhibition and maintains neuronal integrity 
in the brain in scopolamine-induced spatial memory deficit in mice.24 Moreover, long-term consumption of MO progressively 
increases the body weight after the 12 weeks, improved spatial and non-spatial memory performance, protect against oxidative 
stress, inhibit AChE activity and suppresses neuronal degeneration in the hippocampus of rats.25

In our previous study,26 we have reported that palmitic acid, oleic acid, stearic acid, stigmasterol, and β sitosterol were 
abundant on the seed oil from MO (MOO), and confirmed the neuroprotective effects of MOO by improved the memory 
impairment caused by scopolamine injection through the inhibition of AChE activity and overexpression of NF-κB protein level, 
and modulate the level of Trk-B expression. Similarly, the administration of 70% ethanol extract of MO seeds could improve 
memory and cognitive impairment in scopolamine mice model. These effects were mediated through enhancement of the 
cholinergic neurotransmission system and neurogenesis via activation of the Akt, ERK 1/2, and CREB signaling pathways.27

To recapitulate an external chronic stress in the animals, we used water immersion restraint-induced stress (WIRS) 
model. WIRS is a severe stress model that combines psychological and physical stress.28 Previous studies reported WIRS 
induction was used to investigate various effects resulting from chronic stress in animal model, such as changes in 
emotional behavior,29 memory function and learning,30 gastric mucosal lesion,31 and post-traumatic stress disorder.32 

Moreover, repeated of WIRS procedure, may also exacerbate depression and sleep disturbance.33

The aim of this study was to investigate the effects of MOO on anxiety-like, depression-like and memory impairment 
phenotypes in WIRS mice model. Mechanistically, oxidative stress related parameters, AChE activity and BDNF 
expression level in the brain were also investigated. In addition, we checked the histopathological features in the gastric 
mucosal wall to further identify the impact of stress in targeted organ on the WIRS rodent model.
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Materials and Methods
Animals, Grouping, and Treatment
The animal experiments were approved by the local ethics committee of the Faculty of Medicine of Universitas Indonesia with 
the reference number KET-1405/UN2.F/ETIK/PPM.00.02/2020. Twenty-four male BALB/c mice weighing 25–30 g, were 
obtained from the animal house of Biopharma laboratory and animal breeding, Bandung, Indonesia. All mice were kept in 
closed system cages in an environment with a constant temperature of around 25°C and a 12-hour light/12-hour dark cycle at 
the Animal Research Facility, Institute of Medical and Research, Faculty of Medicine Universitas Indonesia, Jakarta, 
Indonesia. Food and water were available ad libitum. The mice were divided into four groups (six animals per group) as 
follows: normal (control, without WIRS intervention) group, WIRS (mice with WIRS intervention, treated with vehicle) 
group, WIRS+MOO1 (mice with WIRS intervention and treated with MOO at 1 mL/kg BW/day) group, and WIRS+MOO2 
(mice with WIRS intervention and treated with MOO at 2 mL/kg BW/day) group. The doses of MOO were chosen based on 
our previous report.23 The MOO was obtained from PT Keloria (Medan, Indonesia) as previously reported.23 In brief, the fresh 
MO seeds were oven-dried for seven days and were separately blended with a seed blender, and the melted seeds were 
independently poured into an oil extraction machine that separated the oil from the residue at high temperature and pressure. 
The oil was then kept at about 60–100°C under degraded pressure to maintain the constant temperature in the oil.23 One 
milliliter of MOO was diluted with 10 mL sunflower oil. The MOO and vehicle were administered orally for 23 days. The time 
line of this study was illustrated in Figure 1.

Stress Protocols
In this study, we conducted the WIRS protocol to produce models of stress animals, since WIRS is a combination of 
restraint stress and water immersion stress, which leads to the emergence of behaviors such as depression34 and includes 
psychological and physical stimulations.35 Mice in the groups WIRS, WIRS+MOO1 and WIRS+MOO2 were subjected to 
WIRS protocol as previously reported by Yasugaki et al, with minor modifications.33 In brief, mice were restrained by 
a 50 mL conical polypropylene centrifuge tube containing multiple holes. Each tube was placed on a modified plastic tube 
rack, and then the tube was immersed in a vertical position in the water, with water height to the limit of xiphoid. Water 
temperature was adjusted to 22.0±1.0°C. Mice were subjected to this stress session once a day for 15 days in the duration of 
two hours. On day 16, mice were exposed to this session for six hours (Figure 1). For control mice (normal group), instead 
of exposure to two hours of WIRS, the mice were placed in a novel cage for two hours with no food or water.

Behavior Analysis
The animals were subjected to the behavior analysis during the light phase. Behavior tests were performed one day after 
WIRS protocol (Figure 1) as follows: open field test (OFT), followed by forced swim test (FST), and finally a Y-maze test.

Figure 1 Schematic representation of the in vivo experiment. Normal group: mice control, without WIRS intervention (N=6); WIRS group: mice with WIRS intervention, 
treated with vehicle (N=6); WIRS+MOO1: mice with WIRS intervention, treated with MOO at dose 1 mL/kg BW (N=6); WIRS+MOO2: mice with WIRS intervention, 
treated with MOO at dose 2 mL/kg BW (N=6). 
Abbreviations: WIRS, water-immersion restraint stress induced; MOO, Moringa oleifera seed oil.
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Anxiety-like Measurement in OFT
We performed OFT to assess spontaneous locomotor activity and anxiety-like behavior of animals in new surroundings.36 

The OFT was performed as described previously by Seibenhener and Wooten, with some modifications.37 The OFT was 
consisted of an area of an apparatus measured 40 cm (length) × 40 cm (width) × 40 cm (height) with a video camera 
installed above the apparatus. Red stripes were drawn on the floor with markers. The mice were placed in the middle of 
the bottom surface of the apparatus, and their ambulatory movements were recorded for 10 min and analyzed using ANY- 
maze® software. The anxiety level was determined by calculated the time spent in the central area (TCA) and the number 
of returns to the center (NRC).38

Depression-like Measurement in FST
To analyze the depression-like behavior in our experimental mice, we next performed FST following OFT. The protocol 
was carried out according to Yankelevitch-Yahav et al, with some modifications.39 In brief, we used an apparatus 
consisting of transparent cylindrical glass containers measuring 25 cm in height and diameter of 15 cm. The immobility 
time (in second) parameters were observed and recorded during four-minute sessions. Immobility time described as 
a time that the animal spends without movement, only moves to keep its head out of the water.40 Physical immobility is 
an indicator of behavioral despair, and the percentage of immobility time represent a depressive-like response.41,42

Spatial Working Memory Measurement by Y-maze Test
Finally, we also conducted the Y-maze test to check the spatial working memory in our test animals according to method 
described by Kraeuter et al.43 The apparatus was made of black colors fiber plastic, a Y-shaped compartment (35×-
15×17 cm), with an angle between arms of 120°. The percent (%) of alternation was calculated using the formula: % 
alternation=(the number of alternations/total number of arm entries–2)*100.

Blood and Tissues Collection
On the day 24, mice were decapitated 30 min following an intraperitoneal injection of ketamine/xylazine, and blood was 
collected for further biochemical parameter analyses. The whole brains and stomach tissues were quickly removed, the 
hippocampus and the prefrontal cortex were carefully separated from the whole brain, rinsed with ice-cold buffered 
saline and stored at −80°C. Plasma was separated by centrifugation at 3000 rpm for five minutes at 4°C.

Cortisol Plasma Level
To measure the concentration of cortisol, we used a Mouse/Rat Cortisol kit (USA R&D system®, Inc.) according to the 
manufacturer’s protocol, using a microplate reader at 450 nm.

Acetylcholine Esterase (AChE) Activity in Hippocampus Tissue
The hippocampus tissues were checked for their AChE activities using a mouse-ELISA kit (Sigma-Aldrich, St Louis, 
MO, USA), according to manufacturer’s protocol. The hippocampus tissues were homogenized in 0.1 M phosphate 
buffer, pH 7.5 followed by centrifugation at 14.000 rpm for five minutes. The color intensity obtained was proportional to 
the AChE activity in each sample and was expressed as a unit of enzymatic activity (U/L). One unit of AChE was an 
enzyme that catalyzes the production of 1.0 μ moles of thiocholine per minute at room temperature at pH 7.5.

Assessment of Malondialdehyde (MDA) Level and Superoxide Dismutase (SOD) 
Activity
In this study, the lipid peroxidation of the homogenized prefrontal cortex tissue samples was determined by the method 
described by Wills.44 Prefrontal cortex MDA was estimated according to the procedure of MDA-microplate assay kit 
(MyBiosource, Inc., San Diego, USA, 822354). The MDA level of each sample was calculated according to the protein 
concentration of each sample and expressed in nmol/mg protein. The protein in each sample was checked using the 
Bradford method.45 The SOD activity in the prefrontal cortex tissue was determined using the commercial kit (ab65354, 
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colorimetry, Abcam, Cambridge, UK) according to manufacturer’s protocol. SOD activity was expressed as the inhibition 
rate (%) of the formation of water-soluble formazan from water-soluble tetrazolium and a superoxide anion generated 
from the xanthine-xanthine oxidase system.46

BDNF mRNA Expression
Total RNA was extracted from the hippocampus tissue sample using a total RNA mini kit (Geneaid) according to the 
manufacturer’s instructions. The total RNA was quantified on a NanoDrop spectrophotometer (BioDrop, UK) with 
a wavelength of 260 nm. Quantitative real time-polymerase chain reaction (qRT-PCR) assays were performed using 
similar procedure from Nugroho, et al.47 The BDNF mRNA expression analysis was performed using qRT-PCR applied 
Biosystem with ReverTra® qPCR RT Master Mix/gDNA remover kit (Toyobo Bio-Tech). The presence of BDNF and 
GAPDH was detected with a primary from: BDNF-NeuroD1, forward 5’-AAGCCATGAATGCAGAGGAGGACT-3’; 
reverse: AGCTGCAGGCAGCCGGCGACC), GAPDH forward 5’-TGCACCACCAACTGCTTAGC-3’ and reverse 
5’-GGCATGGACTGTGGTCATGAG-3’. GAPDH and BDNF primers were the same as in Mir et al.48 Primer was 
design and manufactured by Integrated DNA Technologies, Inc. (Coralville, IA, USA). The 2−ΔΔCT method was used to 
evaluate relative expression level.

Histopathological Analysis of Gastric Sample
The stomach of the mice was separately fixed in paraformaldehyde, dehydrated using a series of alcohol, cleared in 
xylene and then treated with paraffin imbedding. Hematoxylin and eosin staining was performed to observe the 
histopathological changes of these stomach samples under a light microscope. To evaluate the gastric mucosal wall 
injury, we determined the ulcer scores (0 to 5 points), blindly, according to previous report.49

Statistical Analysis
The results were presented as mean ±standard error of the mean (SEM). Data were analyzed using one-way analysis of 
variance was used, followed post hoc analysis using by Tukey’s test. Differences with p-value less than 0.05 was 
considered significant. The data were analyzed using SPSS version 26 for statistical analysis and graph were presented in 
GraphPad version 9.00.

Results
Open Field Test Analysis
Analysis of the locomotor activity of rats in the OFT showed different behavioral pattern in the normal, WIRS, WIRS 
+MOO1 and WIRS+MOO2 groups as shown in representative traces of ambulatory movements in the area used of this test 
(Figure 2A). In addition, mice induced with WIRS protocol for two weeks spent significant less TCA and NRC compared to 
normal group (p=0.001), indicating an anxiety-like behavior. Administration of MOO for 23 days at the dose of 1 mL/kgBW 
(WIRS+MOO1 group) ameliorated these effects by increased the TCA and NRC significantly (p=0.014 and p=0.0018, 
respectively) compared to the WIRS group. However, we found no significant difference in TCA and NRC values in WIRS 
+MOO2 group compared to WIRS group (Figure 2B and C). See also the Supplementary Figures.

Forced Swim Test Analysis
Exposure to stress using WIRS protocol caused significant increase of immobility time compared to normal group 
(p=0.001). Interestingly, WIRS mice treated with MOO at two different doses provoked significant decrease in mobility 
time of mice compared to the WIRS group (p=0.07) (Figure 3A). This result can be assumed that the behavioral despair 
was ameliorated.

Analysis of Spatial Memory Using Y-maze Test
Y-maze test was carried out to determine spatial memory ability of mice. Exposure mice to WIRS protocol caused 
significantly decreased of alternation percentage compared to the normal group (p=0.001). The significant increase of 
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alternation percentage in mice treated with MOO (in both doses, p=0.000 and p=0.002, respectively) compared with 
WIRS group indicating the improvement of the spatial memory ability of those mice (Figure 3B).

Plasma Cortisol Concentration in WIRS Mice Model
To analyzed the hormonal alteration in this animal stress model, we next examined the plasma cortisol level. 
Unexpectedly, we could not find any significant difference between groups (p=0.975) in level of plasma cortisol 
(Figure 4).

The Effect of MOO on AChE Activity in Hippocampus Tissue
To analyze whether the cholinergic system was involved in this animal model and to check the MOO ability to modify 
this enzyme activity, we next performed the AChE activity in hippocampus tissues. As shown in Figure 5, the AChE 

Figure 2 (A) Representative traces in the OFT during a period of 10 min. Behavioral tests were performed on day 24; effect of MOO on anxiety-like measurement as 
determined by OFT (B) TCA; (C) NRC. The values are presented as means ±SEM; *p<0,05 compared to the normal group, and **p<0.05 compared to WIRS group. 
Abbreviations: MOO, Moringa oleifera seed oil; NRC, number of returns to the center; OFT, open field test; TCA, time spent in the central area; WIRS, water-immersion 
restraint stress-induced, WIRS+MOO1, WIRS+Moringa seed oil 1 mL/kg BW); WIRS+MOO2 (WIRS+Moringa seed oil 2 mL/kg BW) groups.

Figure 3 Effect of MOO on depression like measurement as determined by FST. (A) Immobility time in seconds; and effect of MOO on spatial working memory 
measurement as determined by Y-maze test (B) Spontaneous alternation percentage. The values are presented as means ±SEM; *p<0,05 compared to the normal group, and 
**p<0.05 compared to WIRS group. 
Abbreviations: FST, forced swimming test; MOO, Moringa oleifera seed oil; WIRS, water- immersion restraint stress-induced, WIRS+MOO1, WIRS+Moringa seed oil 1 mL/ 
kg BW); WIRS+MOO2 (WIRS+Moringa seed oil 2 mL/kg BW) groups.
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activity in WIRS group increased significantly in comparison with the normal group (p=0.001). As expected, the activity 
of AChE in the WIRS+MOO1 and WIRS+MOO2 groups showed significant decreased in comparison with WIRS group 
(p=0.042 and p=0.019), respectively.

Analysis of MDA Level and SOD Activity in Prefrontal Cortex Tissue
Mice exposed to the stress without treatment showed a significant increase of MDA level in the prefrontal cortex tissue compared 
to the normal group. However, the SOD activity was also increase in WIRS group compared to the normal group. Cotreatment 
with MOO, both in two doses ameliorated the MDA level, but did not affect the SOD activity in those groups (Table 1).

The Effect of MOO in BDNF mRNA Expression Level in Hippocampus Tissue Derived 
from WIRS Mice Model
The transcription of BDNF gene in the mouse hippocampus was comparable between WIRS group and normal group. 
However, oral administration of MOO at the dose of 2 mL/kg BW was significantly enhanced the BDNF mRNA 
expression level. Meanwhile, the WIRS+MOO1 group was not able to enhance the mRNA expression level of BDNF 
(Figure 6).

Figure 4 Effect of MOO on plasma cortisol concentration (ng/mL). The values are presented as means ±SEM. 
Abbreviations: MOO, Moringa oleifera seed oil; WIRS, water-immersion restraint stress-induced, WIRS+MOO1, WIRS+Moringa seed oil 1 mL/kg BW); WIRS+MOO2 
(WIRS+Moringa seed oil 2 mL/kg BW) groups.

Figure 5 Effect of MOO on AChE activity (U/L) in hippocampus tissues. The values are presented as means ±SEM. *p<0,05 compared to the normal group, and **p<0.05 
compared to WIRS. 
Abbreviations: AChE, acetylcholine esterase; MOO, Moringa oleifera seed oil; WIRS, water-immersion restraint stress-induced, WIRS+MOO1, WIRS+Moringa seed oil 
1 mL/kg BW); WIRS+MOO2 (WIRS+Moringa seed oil 2 mL/kg BW) groups.
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The Effect of MOO in Ulcer Lesion Index and Histology Analysis
We next investigated whether the WIRS did indeed induce the stress phenotype by analyzing the histopathology features in the 
target organ such as gastric mucosal wall. Of note, gastric isolated from WIRS group (Figure 7B) showed the ulcer 
appearance, neutrophil infiltration, and sub mucosal dilatation while these phenotypes did not occur in the normal group 
(Figure 7A). Meanwhile, WIRS mice model treated with MOO exhibited minimal ulcer phenotype and less neutrophil 
infiltration (Figure 7C and D). These results were further confirmed by the significant improvement of ulcer lesion index in 
both WIRS+MOO1 and WIRS+MOO2 groups compared with the WIRS group (p<0.05 and p<0.05), respectively (Figure 8).

Discussion
The present study demonstrated that an oil formulation derived from MO seeds showed neuroprotective effects by 
amelioration anxiety-like, depression-like and memory impairment phenotypes in the WIRS mice model via enhancing 
mRNA expression level of BDNF, inhibiting the AChE activity, and improving the antioxidant capacity. Furthermore, 
MOO may also have additional value to minimize the gastric lesion caused by WIRS induction. Given that the 
interrelation between oxidative stress, cholinergic pathway, and neuroplasticity is involved in the pathogenesis of stress 

Table 1 Effect of Moringa Oleifera Seed Oil on Oxidative Stress Parameters in Prefrontal 
Cortex Tissues of Mice

Group MDA (nmol/mg Protein) SOD Activity (U/mg Protein)

Normal 0.43±0.05* 0.065±0.02*

WIRS 0.80±0.09 0.288±0.12

WIRS+MOO1 0.62±0.17* 0.181±0.12

WIRS+MOO2 0.56±0.11* 0.134±0.08

Notes: Values are expressed in means ±SEM; *p<0.05 compared to the WIRS group (N=6). 
Abbreviations: MDA, malondialdehyde; MOO, Moringa oleifera seed oil; MOO1, MOO at the dose of 1 mL/kg BW; 
MOO2, MOO at the dose of 2 mL/kg BW; SEM, standard error of mean; SOD, superoxide dismutase; WIRS, water- 
immersion restraint stress.

Figure 6 Effect of MOO on BDNF mRNA expression level in hippocampus tissues. The values are presented as means ±SEM. *p<0.05 compared to WIRS. 
Abbreviations: BDNF, brain-derived neurotrophic factor; MOO, Moringa oleifera seed oil; WIRS, water-immersion restraint stress-induced, WIRS+MOO1, WIRS+Moringa 
seed oil 1 mL/kg BW); WIRS+MOO2 (WIRS+Moringa seed oil 2 mL/kg BW) groups.
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induced behavioral impairments, we propose that MOO may be a valuable remedy for symptom-modifying supplement 
against stress-induced behavioral abnormalities.

In our study, we performed three behavioral tests to explore the symptoms modifying potency of MOO against 
WIRS-induced stress in mice. Mice exposed to stress showed decreased values of TCA and NRC in the OFT procedure, 
indicating the anxiety-like behaviors;36 increased the immobility time in the FST procedure, indicating the depressive- 
like performance39 and further decreased the percentage of alternation in the Y-maze test, indicating the impairment of 
spatial working memory.43 Interestingly, oral administration of MOO significantly increased TCA and NRC, and 
decreased the immobility time along with improved spatial working memory in the mice exposed to WIRS protocol 

Figure 7 Effect of MOO on gastric ulcer induced by WIRS model assessed by hematoxylin and eosin staining in gastric mice (A) normal, (B) WIRS, (C) WIRS+MOO1, and 
(D) WIRS+MOO2 groups. The black arrow indicates the dilatation of the submucosal layer, red arrow shows ulcer appearance, and yellow arrow represents mononuclear 
cell and neutrophil infiltration. Bars: 50 µm. 
Abbreviations: MOO, Moringa oleifera seed oil; WIRS, water-immersion restraint stress-induced, WIRS+MOO1, WIRS+Moringa seed oil 1 mL/kg BW); WIRS+MOO2 
(WIRS+Moringa seed oil 2 mL/kg BW) groups.

Figure 8 Effect of MOO on gastric ulcer calculated by ulcer lesion index. The values are presented as means ±SEM. *p<0,05 compared to the normal group, and **p<0.05 
compared to WIRS. 
Abbreviations: MOO, Moringa oleifera seed oil; WIRS, water-immersion restraint stress-induced, WIRS+MOO1, WIRS+Moringa seed oil 1 mL/kg BW); WIRS+MOO2 
(WIRS+Moringa seed oil 2 mL/kg BW) groups.
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(Figure 2). These improvements of such behavioral tests indicate that MOO may have an anxiolytic, and antidepressant 
effect and be found to alleviate memory deficits caused by WIRS protocol. In line with the result of our study, previous 
study reported that administration of alcoholic extract of MO, in combination with low dose fluoxetine, has an additional 
antidepressant effect in depressive mice.50

Accruing data suggested an established link between ROS and the pathophysiology of behavioral disorders.17 Therefore, 
the affective disorder and the impaired memory observed in our study following WIRS protocol were further accompanied by 
increased ROS as evidenced by increased lipid peroxidation (MDA level) significantly in the prefrontal cortex tissue of mice 
(Table 1). It is well-known that the brain is vulnerable to ROS due its immense oxygen utilization with a minimal antioxidant 
defense.51 As observed in this study, we found that administration of MOO exposed with WIRS protocol significantly reduced 
the MDA level in prefrontal cortex tissue and as a consequence improved the memory function and emotional behavior. In 
contrast with the MDA level, we observed that the SOD activity was increased both in the WIRS group and the group with 
MOO treatment. The activity level of antioxidant enzymes in the brain seemed to vary depending on the its pathologic 
condition.52 A study by Popovic et al showed that chronic restraint stress in mice increased the activity of monoamine oxidase 
(MAO) A and MAO B, as well as increased protein levels of catechol-O-methyltransferase probably indicated increased 
catecholamine degradation, which was followed by increased activity of SOD1, SOD2 and catalase, as well as decreased 
activity of glutathione peroxidase under stress conditions.53 The lack of the performing component of SOD (SOD1 and SOD2) 
in our study, either in mRNA or in protein expression was considered a limitation of this study.

This neuroprotective effect of MOO might be due to the active components of MOO namely palmitic acid, oleic acid, 
stearic acid, stigmasterol, and β sitosterol which has been reported in our previous study.26 Similarly, MO leaves extract 
seemed to have a potential cognitive enhancer via the decreased oxidative stress and the enhanced cholinergic 
function.24,25,54,55

In our study, we evaluated the activity of AChE and mRNA expression level of BDNF in hippocampus tissue of the 
mice. Central cholinergic system particularly in hippocampus plays a significant role in regulation of learning and 
memory, and it was reported that chronic predictable stress influenced the AChE activity in hippocampus along with the 
impairment of cognitive function.56 In addition, BDNF is an important factor for neuroprotection and participated as 
a mediator in survival neurons from neuronal damage resulting from stress.57 Consistently, mice exposed with WIRS 
protocol showed a significant increase AChE activity, even though the mRNA expression level of BDNF was similar to 
the normal group (Figure 6). Of note, administration of MOO inhibited the activity of AChE and enhanced the mRNA 
expression of BDNF. The impact on AChE activity and BDNF expression after administration of MOO suggested that 
MOO may have the ability to modify central cholinergic system and improved neuronal perturbation caused by stress. In 
line with our study, Zhou et al reported administration of MO seed extract may improve cognitive in scopolamine- 
induced mice via cholinergic neurotransmission system pathways and neurogenesis.27

To analyze the hormonal alteration in this stress animal model and support the other stress phenotype such as gastric ulcer, we 
checked the plasma cortisol level along with histopathological analysis of the gastric mucosa wall, since WIRS has previously 
been utilized to induce a gastric ulcer.58–61 Unexpectedly, we could not find any significant difference in the plasma cortisol level 
between groups. This contradictive data might be due to the dynamic of cortisol level in stress condition, since previous 
experimental study in animals reported that corticosterone hormone was more remarkably affected than cortisol level under 
stressful conditions.62 The lack to performing the corticosterone level in our study was considered a limitation of this study.

In contrast, we detected an anti-ulcer effect of MOO by shown the improvement of ulcer index and histopathological 
features in gastric (Figures 7 and 8). Results from previous study also reported leaves extract of MO improved the 
healing process of gastric and duodenal ulcers in rats.63

Conclusion
In conclusion, these finding suggested that MOO may has a neuroprotective effect in mice model of WIRS-induced stress 
as evidenced with improving the abnormal behaviors through enhancing mRNA expression level of BDNF, inhibited 
AChE activity, and reduced the MDA level in the brain. Future research is needed to explore the effect of MOO in the 
downregulation of the BDNF signaling pathway along with the details of hormones that regulated physical and 
physiological stresses.
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