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Abstract 

Objective: Memory impairment is a serious problem that has a significant negative impact on survival and quality 
of life. When used for a long time, drugs used to treat memory loss become less effective and have more side effects, 
making therapy more difficult. Different medicinal plants are now being highlighted because of their valuable appli-
cations and low risk of adverse effects. Moringa oleifera is one of these plants that has gained much attention due to 
its diverse biological functions. The study aimed to determine the effects of Moringa oleifera on working memory in 
memory-impaired Wistar rats.

Results: For this experimental study, 30 male Wistar rats having 150–250 g bodyweight were divided equally into 
three groups: Group-I/normal memory group (treated with oral normal saline 5 ml/kg body weight), Group-II/mem-
ory-impaired group (induced by intraperitoneal ketamine 15 mg/kg body weight), and Group-III/experimental group 
(treated with oral Moringa oleifera 200 mg/kg bodyweight and intraperitoneal ketamine 15 mg/kg body weight). 
The experimental group showed significantly fewer working memory errors than the memory-impaired group. The 
experimental group also provides the lowest variability of WMEs among groups. Thus, the study concludes that M. 
oleifera can prevent ketamine-induced memory impairment in Wistar rats.
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Introduction
Humans can adapt their behavior based on past experi-
ences because of their ability to retain information [1]. 
Memory impairment is a characteristic of dementia that 
has been declared a global challenge. Dementia is a severe 
loss of cognitive ability, including memory impairment. 
Owing to the rapid growth in prevalence, high expendi-
ture cost, and unsatisfactory outcomes of therapeutic 

strategies, dementia has been recognized as a significant 
medical and social challenge, especially in developing 
countries. 46.8 million people live with dementia world-
wide, reaching around 74.7 million in 2030 and 131.5 
million in 2050, almost doubling every 20 years [2].

Memories can be classified into short-term, intermedi-
ate, and long-term memory based on the time of storage 
[3]. This short-term memory is referred to as working 
memory (WM), and long-term memory is referred to as 
reference memory [3, 4]. WM refers to a system of our 
brain that provides temporary storage and manipulation 
of information [5]. The WM allows temporal storage of 
a limited amount of spatial information, the geographic 
information related to a specific location. Data stored in 
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WM can be actively maintained for a short time and then 
rapidly forgotten or stored elsewhere in the brain as long-
term memory [6–9].

Neural activity is necessary for WM. Different recep-
tors and channels have been reported to be involved in 
memory formation, such as the muscarinic receptor, 
nicotinic receptor, N-methyl-d-aspartate (NMDA) recep-
tor, 5HT1Areceptor, D1receptor, Ryanodine receptor, etc. 
[10, 11]. However, in the last two decades, the role of the 
NMDA receptor has been reported in the development 
and maintenance of WM [12–14]. In WM, the NMDA 
receptor is associated with persistent neural activity 
[13, 15]. Blocking NMDA receptors (NMDAR) might 
cause WM impairment [13]. Ketamine is a noncom-
petitive NMDAR antagonist that interacts with NMDA 
receptors to exert its effects for action [16–18]. It might 
inhibit persistent neural activity, interfering with mem-
ory formation [13, 18]. Different investigators reported 
a significantly impaired memory in animal models after 
administration of intraperitoneal ketamine [18–20].

Memory impairment does not have a definitive treat-
ment. Most of the drugs administered so far aim to treat 
the pathophysiology of disorders that cause memory 
loss. Most medications, such as antipsychotics and cho-
linesterase inhibitors, have limited efficiency due to long-
term use and substantial side effects from non-selective 
action on numerous organs, making treatment more 
challenging.

Herbal items could be utilized to mitigate the side 
effects of certain medications used to treat memory 
impairment. Among many herbal products, Moringa 
oleifera [Family: Moringaceae] could be an important 
medicinal herb [21–24]. It is commonly known as “Sajna” 
in Bengali, used as a vegetable, spice, cooking and cos-
metic oil source, and medicinal plant [25]. Almost every 
part of this plant, including root, bark, gum, leaf, flowers, 
and seeds, is functional, and hence it is named a “Multi-
purpose tree” [26]. Different parts of the plant are a good 
source of proteins, vitamins A, B, and C, minerals, beta 
carotene, amino acids, flavonoids, saponins, phytates, 
and various phenolic constituents, which act as antioxi-
dants [26]. The neuroprotective and cognitive boosting 
may be benefitted in part by the flavonoids of M. oleifera 
leaf extract. We investigate the effects of Moringa oleifera 
on WM in memory-impaired Wistar rats.

Materials and methods
Subjects
We took male Wistar rats for the study because it was 
suggested that sex hormones could influence learning 
memory performance in rats [27]. Thirty rats weighing 
150 to 250 g were obtained from the Bangabandhu Sheikh 
Mujib Medical University’s (BSMMU) animal house. All 

of the rats were housed in specially constructed plastic 
cages in the Department of Physiology’s rat facility. The 
rats were returned to BSMMU’s rat laboratory when the 
experiment was completed.

Grouping
Thirty rats were randomly divided into three equal 
groups: Group I/normal memory group (treated with 
oral normal saline 5  ml/kg body weight), Group II/
memory impaired group (induced by intraperitoneal 
ketamine 15 mg/ kg body weight), and Group III/experi-
mental group (treated with oral M. oleifera 200  mg/kg 
body weight and intraperitoneal ketamine 15 mg/kg body 
weight). An 8-arm typical radial maze made of plexiglass 
was utilized in the experiment, and a description can be 
found in Additional file 1.

Plant materials and preparation
The Moringa oleifera leaves was obtained from the field of 
Bangladesh Council of Scientific and Industrial Research 
(BCSIR), Dhaka. The process of ethanolic extraction of 
the leaves was adapted from Mahaman et  al. [27]. The 
plant leaves were picked and washed with fresh water 
before being dried in the sun for a week. A mixer grinder 
was used to smash the leaves, which were then stored 
in an airtight container until needed. The powdered leaf 
sample was then extracted with 95% ethanol in an orbital 
shaker. The powder was steeped in 1000 ml of 95% etha-
nol for 200 g. Continuous stirring was used to obtain the 
extract, which was kept at room temperature for 2 days. 
The extract was then filtered with a cotton plug to get rid 
of plant debris, and afterward through Whatman filter 
paper several times. Finally, it was concentrated using a 
vacuum rotary evaporator at 60 °C. A detailed extraction 
procedure is given in Additional file 1.

Procedure
Ten rats from each group were acclimatized for 7 days at 
the animal lab for the RAM test. The training was done 
in 3 phases: habituation/shaping (6  days), acquisition 
(5  days), and retention (7  days). During all the phases, 
every day every rat was brought into the memory lab for 
trials (trial 1 and trial 2) separated by 3  h. In this test, 
a fasting rat had to search for food. For this, before the 
beginning of trial 1, each rat was deprived of only food 
(not water) for approximately 10  h. Trial 1 was started 
30 min after administering the prefixed treatment based 
on group assignment. After each test, the maze was thor-
oughly cleaned with 70% alcohol to minimize residual 
odor. Three days before starting habituation, the rat was 
introduced to the bait/ food pellet in the rat cage once 
every day.
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Habituation/shaping phase
On the 1st day of habituation (Day 16), two rats at a time 
were put in the maze with baits for a 10  min trial. The 
next day (Day 17), each rat was given unique access with 
the same baiting as the previous day. For the RAM test, 
these 2 days were used as reference memory arms. Only 
the eight-food cup in the maze’s eight arms was baited 
on the third and fourth days (Days 18 and 19). However, 
on the last 2 days (Days 20 and 21), any four arms were 
baited at random (by lottery). In each trial, the baiting 
arm numbers differed between rats.

Acquisition phase
During the acquisition phase, any four of the eight arms 
were baited by jilapi in a food cup. Each trial was started 
by placing a rat at the center of the platform with all 
gates closed. Then all gates were opened at a time. When 
the rat entered any one arm, the seven other gates were 
closed. After exploration, the rat came out, and its gate 
was locked. All gates were opened again after 5 s, and the 
whole process was repeated. The trial was continued for 
10  min or all jilapis of the four baited arms were eaten 
by the rat, whichever occurred first. The trial-two was 
repeated in the same manner for each rat after 3 h.

Retention phase
During the retention phase, the rat was kept in its cage 
without any training but with a daily dose of supplemen-
tation. On day 33 (the seventh day after the acquisition 
phase), a retention test (comprising two trials) was per-
formed following the acquisition phase technique.

Outcome measures: WMEs
The four arms of the RAM test were chosen by random 
from eight arms that were baited with meals for each rat. 
The rat’s return to those four arms was seen as working 
memory errors (WMEs) [28]. Thus, WMEs are indicated 
by re-entries into arms that have already been used for 
bait during a testing session and re-entries into reference 
memory arms.

Statistical analysis
Data were expressed as mean of variables ± standard 
error for WMEs. We investigated the heterogeneity in 
WMEs by different groups and provided the significant 
differences among the groups when days and trials are 
considered. The ANOVA followed by Bonferroni post 
hoc test were used using SPSS (Version 16). To find the 
effect of M. oleifera on WMEs, p ≤ 0.05 was considered 
significant.

Results
Table 1 provides the mean of WMEs and standard errors 
(SEMs) of mean WMEs by groups, experimental days, 
and trials. The mean ± SEM of WMEs were 2.80 ± 0.36, 
3.40 ± 0.70, 2.20 ± 0.29 frequency/trial in trial 1 and 
1.70 ± 0.39, 3.80 ± 0.36, and 1.30 ± 0.33 frequency/trial 
in trial 2 in group I, II, and III, respectively, on day 22. It 
appears that group II provides a high variability in values 
of WMEs than groups I and III. From days 22 to 26 and 
on day 33, the mean WME was different across all groups 
for both trials, except for trial 1 on day 22, trial 1 on day 
23, and trial 2 on day 24. Furthermore, the mean WME in 

Table 1 Working memory errors (frequency/trial) on different days of RAM test in various groups of rats

Each column symbolizes mean ± SEM for 10 rats. Values in parenthesis indicate ranges. Ia = rats with oral normal saline (5 ml/kg) for consecutive 26 days (day 8 
to day 33); IIa = rats with intraperitoneal (IP) ketamine (15 mg/kg) on each day of acquisition phase for consecutive 5 days (day 22 to day 26); IIIa = rats with oral 
Moringa oleifera (200 mg/kg) for consecutive 26 days (day 8 to day 33) and IP. ketamine (15 mg/kg) for consecutive 5 days of the acquisition phase (day 22 to day 26). 
RAM = radial arm maze

Phases Experimental days Trials Groups

I II III

Acquisition phase Day 22 T1 2.8 ± 0.36 (1 to 4) 3.40 ± 0.70 (0 to 7) 2.20 ± 0.29 (1 to 3)

T2 1.70 ± 0.39 (0 to 4) 3.80 ± 0.36 (2 to 6) 1.30 ± 0.33 (0 to 3)

Day 23 T1 2.00 ± 0.29 (1 to 4) 2.40 ± 0.49 (0 to 5) 1.90 ± 0.17 (1 to 3)

T2 1.00 ± 0.25 (0 to 2) 2.20 ± 0.44 (0 to 4) 0.90 ± 0.23 (0 to 2)

Day 24 T1 2.00 ± 0.29 (1 to 3) 2.60 ± 0.26 (1 to 4) 1.50 ± 0.16 (1 to 2)

T2 1.20 ± 0.24 (0 to 2) 1.90 ± 0.31 (0 to 4) 1.10 ± 0.17 (0 to 2)

Day 25 T1 1.40 ± 0.22 (1 to 3) 2.80 ± 0.51 (0 to 5) 1.20 ± 0.20 (0 to 2)

T2 0.50 ± 0.22 (0 to 2) 1.90 ± 0.27 (1 to 3) 0.40 ± 0.16 (0 to 1)

Day 26 T1 0.80 ± 0.13 (0 to 1) 2.30 ± 0.44 (0 to 4) 0.70 ± 0.16 (0 to 1)

T2 0.40 ± 0.22 (0 to 2) 2.20 ± 0.35 (0 to 4) 0.30 ± 0.15 (0 to 1)

Retention day Day 33 T1 1.40 ± 0.22 (0 to 2) 2.60 ± 0.52 (1 to 6) 1.20 ± 0.20 (0 to 2)

T2 0.50 ± 0.22 (0 to 2) 1.80 ± 0.33 (0 to 3) 0.40 ± 0.16 (0 to 1)
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group II was higher compared to group I from days 22 to 
26 and day 33 for both trials, except day 22 for trial 1, day 
23 for trial 1, day 24 for both trials, and day 33 for trial 
1. Also, from days 22 to 26 and day 33, the mean WMEs 
of this variable were significantly lower in group III com-
pared to group II for both trials (trial 1 and trial 2), except 
for trial 1 on day 22; trial 1 on day 23; and trial 2 on day 
24. The results indicate that the heterogeneity of WMEs 
in group II is greater than in groups I and III, whereas the 
experimental group has the lowest variability of WMEs.

Figure  1 presents the WMEs in different trials. Each 
line symbolizes the mean WMEs for ten rats in each 
experimental group. The findings suggested a significant 
difference between II and I/III at various times. Overall, 
the III provides a minimum WMEs, which suggests the 
experimental group, rats with oral M. oleifera (200  mg/
kg) for consecutive 26  days (day 8 to day 33) and keta-
mine (15 mg/kg) for five consecutive days of the acquisi-
tion phase (day 22 to day 26) provides a better result for 
improving memory. It also appears that group III had 
significantly lower WMEs than group II at each trial and 
day.

Discussion
The study evaluated the effects of M. oleifera on keta-
mine-induced memory-impaired male Wistar rats and 
NMDA receptors. For this, ketamine-induced memory-
impaired male Wistar rats were studied to observe the 
effects of the medicinal herb on WM.

We used ketamine to impair memory in our memory-
impaired group of rats, as evidenced by significantly 

increased WMEs in the RAM test compared to the nor-
mal memory group. Many studies reported significantly 
impaired memory in animal models after administration 
of intraperitoneal ketamine [22, 24–26]. Quercetin, one 
type of flavonoid of M. olivera, was found to significantly 
increase the expression of NR2A and NR2B subunits of 
NMDARs. A study found that omega-three polyunsatu-
rated fatty acid, a component of MO leaves, increased the 
NR2B subunit in the prefrontal cortex and hippocampus 
[26]. Some researchers also showed that the dietary poly-
unsaturated fatty acid of M. oleifera increased NR2A and 
NR2B subunits expression in the hippocampus [26, 27]. 
This may explain why increasing subunits of NMDARs 
might cause the prevention of working memory impair-
ment in the experimental rats with M. oleifera.

We found a sub-anesthetic dose of ketamine (15  mg/
kg) caused memory impairment in ketamine-induced 
rats. This impairment may be due to the blockade of 
NMDA receptors in the postsynaptic membrane of the 
pyramidal neuron of the prefrontal cortex [29]. As a 
result, persistent neural activity among pyramidal neu-
rons of PFC, which is essential for maintaining WM, 
might get hampered.

In the experiment, M. oleifera was found to reduce 
significantly WMEs. A study found that a component 
of M. oleifera leaves, omega-3 polyunsaturated fatty 
acid, enhanced the NR2B subunit in the prefrontal cor-
tex and hippocampus [30]. In the hippocampus, dietary 
polyunsaturated fatty acids from M. oleifera boosted 
the expression of NR2A and NR2B subunits [31]. As a 
result, increasing the number of NMDAR subunits in 

Fig. 1 Working memory error in different trials of different days of RAM test in different groups of rats (Note: *Ia vs IIa, $Ia vs IIIa, #IIa vs IIIa. 
*/#/$p ≤ 0.05; **/##/$$p ≤ 0.01; ***/###/$$$p ≤ 0.001)
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the experimental rats may prevent WMEs. Ketamine, 
on the other hand, is a noncompetitive NMDAR antag-
onist, and the majority of its actions are transmitted by 
its interaction with NMDA receptors [23, 32–34].

Conclusion
According to the findings, Moringa oleifera can prevent 
ketamine-induced memory impairment in male Wistar 
rats, and NMDA receptors may be implicated in this 
preventive effect of Moringa oleifera. Another study 
with a specific NMDA receptor blocker employing a 
computerized instrument should be investigated for 
additional investigation to confirm our findings.

Limitations
There are some limitations to the study. The eight-arm 
radial maze’s WM component may be more difficult for 
some rats to learn than other maze problems. Despite 
these small drawbacks, using an eight-arm RAM to 
examine working and reference memory throughout 
the animal model is a reliable method. Limited samples 
in each group may fail to include the heterogeneity of 
the data. Another limitation is we did not consider the 
fourth group (treated with oral M. oleifera 200  mg/kg 
body weight) for investigation. As a result, it is critical 
that this knowledge be shared with the scientific com-
munity to encourage more study that builds on our 
findings.

Abbreviations
RAM: Radial arm maze; M. oleifera: Moringa oleifera; WM: Working memory; 
WME: Working memory error; NMDA: N-methyl-d-aspartate.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13104- 022- 06219-5.

Additional file 1: S1. Justification of sample size. S2. Radial arm maze. 
S3. Components of extract and standardization. S4. Plant identification, 
location of where they were gathered. S5. Process of ethanolic extraction 
of Moringa oleifera leaves.

Acknowledgements
Not applicable.

Author contributions
SA, SB and AH designed the research and performed the literature search. 
SA analyzed the data. SA, AH and SB prepared the draft manuscript. All the 
authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The dataset of the current study is available from the corresponding author on 
a reasonable request.

Declarations

Ethics approval and consent to participate
The ethical approval of the study was taken from Institutional Review Board 
and Animal Experimentation Ethics Committee (AEEC) at BSMMU 2020 11375 
(date 23-12-2020). Because this is an animal study, informed consent is not 
required.

Consent for publication
Not applicable.

Competing interests
None.

Author details
1 Department of Physiology, Marks Medical College and Hospital, Dhaka, 
Bangladesh. 2 College of Health Sciences, University of Sharjah, Sharjah, United 
Arab Emirates. 3 Department of Public Health, North South University, Dhaka, 
Bangladesh. 4 Department of Physiology, Bangabandhu Sheikh Mujib Medical 
University, Dhaka, Bangladesh. 

Received: 27 April 2022   Accepted: 21 September 2022

References
 1. Daroff RB, Jankovich J, Mazziotta JC, Pomeroy SL. Bradley’s neurology in 

clinical practice. 6th ed. Philadelphia: Elsevier; 2016. p. 60.
 2. Parra MA, Butler S, Wj McGeown, Nicholls LAB, Robertson DJ. Globalising 

strategies to meet global challenges: the case of ageing and dementia. J 
Glob. 2019;9(2):020310. https:// doi. org/ 10. 7189/ jogh. 09. 020310.

 3. Allen CMC, LueckCJ DM. Davidson’s principles & practice of medicine. 
20th ed. New Delhi: Churchill Livingstone; 2006. p. 1188–90.

 4. Cassel JC, Vasconcelos APD. Importance of the ventral midline thalamus 
in driving hippocampal functions. Brain Res. 2015;219:145–61. https:// doi. 
org/ 10. 1016/ bs. pbr. 2015. 03. 005.

 5. Baddeley A. Working memory. Science. 1992;255(5044):556–9. https:// doi. 
org/ 10. 1126/ scien ce. 17363 59.

 6. Becker JT, Morris RG. Working memory. Brain Cog. 1999;41(1):1–8. https:// 
doi. org/ 10. 1006/ brcg. 1998. 1092.

 7. Funahashi S, Takeda K, Watanabe Y. Neural mechanisms of spatial 
working memory: contributions of the dorsolateral prefrontal cortex 
and the thalamic mediodorsal nucleus. Cogn Affect Behav Neurosci. 
2004;4(4):409–20.

 8. Sahak MKA, Mohammad AM, Hashim NH, Adli DSH. Nigella sativa oil 
enhances the spatial working memory performance of rats on a radial 
arm maze. Evid Based Complement Alternat Med. 2013. https:// doi. org/ 
10. 1155/ 2013/ 180598.

 9. Kandel ER, Schwartz JH, Siegelbaum SA, Hudspeth AJ. Principles of neural 
science. 5th ed. Newyork: McGraw-Hill; 2013. p. 1441–519.

 10. Hopp SC, D’angelo HM, Royer SE, Kaercher RM, Am Crockett. Calcium 
dysregulation via L-type voltage-dependent calcium channels and 
ryanodine receptors underlies memory deficits and synaptic dysfunction 
during chronic neuro inflammation. J Neuroinflamm. 2015;12:56. https:// 
doi. org/ 10. 1186/ s12974- 015- 0262-3.

 11. Borroni AM, Fichtenholtz H, Woodside BL, Teyler TJ. Role of voltage-
dependent calcium channel long-term potentiation (LTP) and NMDA LTP 
in spatial memory. J Neurosci. 2000;20(24):9272–6. https:// doi. org/ 10. 
1523/ JNEUR OSCI. 20- 24- 09272. 2000.

 12. Woodside BL, Borroni AM, Hammonds MD, Teyler TJ. NMDA receptors 
and voltage-dependent calcium channels mediate different aspects of 

https://doi.org/10.1186/s13104-022-06219-5
https://doi.org/10.1186/s13104-022-06219-5
https://doi.org/10.7189/jogh.09.020310
https://doi.org/10.1016/bs.pbr.2015.03.005
https://doi.org/10.1016/bs.pbr.2015.03.005
https://doi.org/10.1126/science.1736359
https://doi.org/10.1126/science.1736359
https://doi.org/10.1006/brcg.1998.1092
https://doi.org/10.1006/brcg.1998.1092
https://doi.org/10.1155/2013/180598
https://doi.org/10.1155/2013/180598
https://doi.org/10.1186/s12974-015-0262-3
https://doi.org/10.1186/s12974-015-0262-3
https://doi.org/10.1523/JNEUROSCI.20-24-09272.2000
https://doi.org/10.1523/JNEUROSCI.20-24-09272.2000


Page 6 of 6Afrin et al. BMC Research Notes          (2022) 15:314 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

acquisition and retention of a spatial memory task. Neurobiol Learn Mem. 
2004;81:105–14. https:// doi. org/ 10. 1016/j. nlm. 2003. 10. 003.

 13. Wise LE, Lichtman AH. The uncompetitive N-methyl-d-aspartate (NMDA) 
receptor antagonist memantine prolongs spatial memory in a rat 
delayed radial arm maze memory task. Eur J Pharmacol. 2007;575:98–102. 
https:// doi. org/ 10. 1016/j. ejphar. 2007. 07. 059.

 14. Lisman JE, Fellous JM, Wang XJ. A role for NMDA receptor channels in 
working memory. Nature Neurosci. 1998;1:273–5.

 15. Moosavi M, Khales YK, Rastegar K, Zarifkar A. The effect of sub-anaesthetic 
and anaesthetic ketamine on water maze memory acquisition, consolida-
tion and retrival. Eur J Pharmacol. 2011;677:107–10. https:// doi. org/ 10. 
1016/j. ejphar. 2011. 12. 021.

 16. Frohlich J, Van Horn JD. Reviewing the ketamine model for schizophrenia. 
J Psychopharmacol. 2014;28(4):287–302. https:// doi. org/ 10. 1177/ 02698 
81113 512909.

 17. Wang J, Zhou M, Wang X, Yang X, Wang M, Zhang C, Zhou S, Tang N. 
Impact of ketamine on learning and memory function, neuronal apop-
tosis and its potential association with miR-214 and PTEN in adolescent 
rats. PLoS ONE. 2014;9(6): e99855. https:// doi. org/ 10. 1371/ journ al. pone. 
00998 55.

 18. Wesierska M, Marcias-gonzalez R, Bures J. Differential effect of ketamine 
on the reference and working memory versions of the Morris water maze 
task. Behav Neurosci. 1990;104(1):74–83. https:// doi. org/ 10. 1037/ 0735- 
7044. 104.1. 74.

 19. Kalmoe MC, Janski AM, Zorumski CF, Nagele P, Palanca BJ, Conway CR. 
Ketamine and nitrous oxide: the evolution of NMDA receptor antagonists 
as antidepressant agents. J Neurol Sci. 2020;412: 116778. https:// doi. org/ 
10. 1016/j. jns. 2020. 116778.

 20. Islam Z, Islam SMR, Hossen F, Mahtab-Ul-Islam K, Hasan MR, Karim R. 
Moringa oleifera is a prominent source of nutrients with potential health 
benefits. Int J Food Sci. 2021;10(2021):6627265. https:// doi. org/ 10. 1155/ 
2021/ 66272 65.

 21. Gbadamosi IT, Omotoso GO, Arogundade TT, Alabi AS, Balogun RB, Yawso 
EO. Moringa regimen corrects nicotine-induced deficits in behaviour, 
altered energy metabolism and neurotransmitter processing in rat brain. 
JKIMSU. 2019;8(1):1–13.

 22. Jamari H, Rofiee MS, Johari RJ, Salleh MZ, Kek TL. Standardised Extracts 
of Moringa oleifera and centellaasiatica enhanced the antioxidant 
activity, learning and memory effects by inhibiting acetylcholinester-
ase activity in d-galactose Induced ageing rats. Pertanika J Sci Techno. 
2020;28(1):293–310.

 23. Fahey JW. Moringa oleifera: a review of the medical evidence for its nutri-
tional, therapeutic, prophylactic properties. Trees Life J. 2005;1(5):1–20.

 24. Gaikwad SB, Mohan K, Reddy KJ. Moringa oleifera leaves: immunomodula-
tion in Wistar albino rats. Int J Pharm Pharm Sci. 2011;3(5):426–30.

 25. Spritzer MD, Daviau ED, Coneeny MK, Engelmana SM, Prince WT, 
Rodriguez-Wisdoma KN. Effects of testosterone on spatial learning and 
memory in adult male rats. Horm Behav. 2012;59(4):484–96. https:// doi. 
org/ 10. 1016/j. yhbeh. 2011. 01. 009.

 26. Daniel JM, Fader AJ, Spencer AL, Dohanich GP. Estrogen enhances 
performance of female rats during acquisition of a radial arm maze. Horm 
Behav. 1997;32:217–25.

 27. Mahaman YAR, Huanga F, Wua M, Wanga Y, Weia Z, Baoa J, Salissoua 
MTM, Kea D, Wanga Q, Liua R, Wanga JZ, Zhangc BB, Chend D, Wanga 
X. Moringa Oleifera alleviates homocysteine-induced Alzheimer’s 
disease-like pathology and cognitive impairments. J Alzheimer’s Dis. 
2018;63(3):1141–59.

 28. Penley SC, Gaudet CM, Threlkeld SW. Use of an eight-arm radial water 
maze to assess working and reference memory following neonatal brain 
injury. J Vis Exp. 2013;82:50940. https:// doi. org/ 10. 3791/ 50940.

 29. Zhang HT, O᾽Donnell JM. The effects of rolipram on scopolamine-
induced impairment of working and reference memory in rats’ radial arm 
maze tests. Psychopharmacology. 2000;150:311–6. https:// doi. org/ 10. 
1007/ s0021 30000 414.

 30. Hauber W, Bareiβ A. Facilitative effects of an adenosine  A1/A2 receptor 
blockade on spatial memory performance of rats: selective enhancement 
of reference memory retention during the light period. Behav Brain Res. 
2001;118(1):43–52. https:// doi. org/ 10. 1016/ S0166- 4328(00) 00307-7.

 31. Shen G, Han F, Shi WX. Effects of low doses of ketamine on pyramidal 
neurons in rat prefrontal cortex. Neuroscience. 2018;384:178–87. https:// 
doi. org/ 10. 1016/j. neuro scien ce. 2018. 05. 03.

 32. Moghbelinejad S, Mohammadi G, Khodabandehloo F, Najafipour R, 
Naserpour T, Rashvand Z, Nassiri-Asl M. The role of quercetin in gene 
expression of Glur1 subunit of AMPA receptors and NR2A and NR2B 
subunits of NMDA receptors in a kainic acid model of seizure in mice. Iran 
Red Crescent Med J. 2017;19(5): e42415. https:// doi. org/ 10. 5812/ ircmj. 
42415.

 33. Dyall SC, Michael GJ, Whelpton R, Scott AG, Michael-Titus AT. Dietary 
enrichment with omega-3 polyunsaturated fatty acids reverses age-
related decreases in the GluR2 and NR2B glutamate receptor subunits 
in rat forebrain. Neurobiol Aging. 2007;28(3):424–39. https:// doi. org/ 10. 
1016/j. neuro biola ging. 2006. 01. 002.

 34. Kohrs R, Durieux ME. Ketamine: teaching an old drug new tricks. Anesth 
Analg. 1998;87(5):1186–93. https:// doi. org/ 10. 1097/ 00000 539- 19981 
1000- 00039.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.nlm.2003.10.003
https://doi.org/10.1016/j.ejphar.2007.07.059
https://doi.org/10.1016/j.ejphar.2011.12.021
https://doi.org/10.1016/j.ejphar.2011.12.021
https://doi.org/10.1177/0269881113512909
https://doi.org/10.1177/0269881113512909
https://doi.org/10.1371/journal.pone.0099855
https://doi.org/10.1371/journal.pone.0099855
https://doi.org/10.1037/0735-7044.104.1.74
https://doi.org/10.1037/0735-7044.104.1.74
https://doi.org/10.1016/j.jns.2020.116778
https://doi.org/10.1016/j.jns.2020.116778
https://doi.org/10.1155/2021/6627265
https://doi.org/10.1155/2021/6627265
https://doi.org/10.1016/j.yhbeh.2011.01.009
https://doi.org/10.1016/j.yhbeh.2011.01.009
https://doi.org/10.3791/50940
https://doi.org/10.1007/s002130000414
https://doi.org/10.1007/s002130000414
https://doi.org/10.1016/S0166-4328(00)00307-7
https://doi.org/10.1016/j.neuroscience.2018.05.03
https://doi.org/10.1016/j.neuroscience.2018.05.03
https://doi.org/10.5812/ircmj.42415
https://doi.org/10.5812/ircmj.42415
https://doi.org/10.1016/j.neurobiolaging.2006.01.002
https://doi.org/10.1016/j.neurobiolaging.2006.01.002
https://doi.org/10.1097/00000539-199811000-00039
https://doi.org/10.1097/00000539-199811000-00039

	Effects of Moringa oleifera on working memory: an experimental study with memory-impaired Wistar rats tested in radial arm maze
	Abstract 
	Objective: 
	Results: 

	Introduction
	Materials and methods
	Subjects
	Grouping
	Plant materials and preparation
	Procedure
	Habituationshaping phase
	Acquisition phase
	Retention phase

	Outcome measures: WMEs
	Statistical analysis

	Results
	Discussion
	Conclusion
	Limitations
	Acknowledgements
	References




