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Anxiolytic and antiamnesic potentials of Terminalia 
ivorensis Chev (Combretaceae) stem and root bark 
methanol extracts in mice.

Background: Terminalia ivorensis (Chev) stem bark is used in combating mental illnesses in African 

traditional medicine. Previous studies demonstrated its antipsychotic properties but there are no 

documented reports on the anxiolytic and antiamnesic properties of Terminalia ivorensis. Hence, this 

study investigated the anxiolytic and antiamnesic potentials of methanol stem bark and root bark 

extracts of T. ivorensis in mice. 

Methods: The anxiolytic potentials of stem and root bark methanol extracts at 100, 200 and 400 mg/kg 

b.w were investigated using mouse model of anxiety (elevated plus maze test), while the antiamnesic 

potentials were assessed using mouse model of short term memory assessment (Y-maze test). 

Results: The stem and root bark methanol extracts at all the tested doses, significantly (p≤0.05) 

elongated the percentage number of entries into the open arm of the elevated plus maze, while the 

duration of stay on the open arm of the elevated plus maze was only significant (p≤0.05) at 100 mg/kg 

for stem bark extract. Stem and root bark extracts, at all the tested doses, significantly (p≤0.05) reduced 

the anxiety indices of mice indicative of antianxiety potentials. Both extracts showed significant 

(p≤0.05) dose-dependent decrease in percentage correct alternations compared to the scopolamine 

control group indicating antiamnesic effect. 

Conclusion: This study revealed that stem and root bark extracts may possess anxiolytic and 

antiamnesic effects in mice which justify its use in treating mental illnesses in traditional medicine.
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INTRODUCTION

Anxiety  is a type of mental health condition characterized 

by intense, excessive and persistent worry and fear about 

everyday situations, it could also occur as a response to real 
1or perceived threats . Anxiety disorder is one of the most 

prevalent mental derangement with a very high co-
2morbidity with other psychiatric disorders  which 

3,4negatively impacts on quality of life of the sufferers . The 

symptoms of anxiety disorders could either be emotional or 

5,6physical in nature . The emotional symptoms include 

feelings of apprehension or dread, trouble in concentrating, 
7,8feeling tense amongst others  while physical symptoms 

may include pounding heart, muscle tension, fatigue and 
9,10insomnia, shortness of breath . Recent studies have 

indicated the involvement of glutamatergic, GABAergic 

serotonergic, and noradrenergic transmission in the 
11neurobiology and pathophysiology of anxiety disorders . 

Hence, the involvement of these neurotransmitters 
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pathways have reflected in the use of benzodiazepines (e.g 

diazepam), as well as selective serotonin and noradrenaline 

reuptake inhibitors (e.g venlafaxine) in the management of 
12anxiety disorders . Besides these anxiolytic drugs, tricyclic 

antidepressants (e.g imipramine), beta-blockers (e.g 

propanalol), monoamine oxidase inhibitors (e.g 

tranylcypromine) and serotonergic anxiolytics (e.g 

buspirone) may also aggravate some symptoms of anxiety 
13disorder . 

Benzodiazepine drugs top the ranking of the mostly used 

synthetic antianxiety drugs by man, but can cause various 

side effects such as dependence, rebound anxiety, memory 
14,15impairment, and discontinuation syndrome , thereby 

limiting their application particularly in patients that 
16require long term therapy .

Amnesia is an intense memory loss, usually caused by 

physical injury or ingestion of toxic substances which 
17damage the brain . For instance, loss of appetite, nausea, 

vomiting and diarrhea are associated with the use of AChE 

inhibitors, while headache, hallucinations, mental 

confusion, insomnia and dizziness are associated with 
18memantine . Amnesia can be a symptom of several 

neurodegenerative diseases such as Alzheimer's disease 
19(AD) . Alzheimer's disease is the most common cause of 

dementia defined as loss of mental functions such as 

thinking, memory, and reasoning that is severe enough to 
17interfere with a person's daily functioning . The hallmark 

o f  A D  a p p e a r s  t o  b e  d e c r e a s e d  c h o l i n e rg i c 

neurotransmission, deposition of beta amyloid peptides in 

brain, formation of neurofibrillary tangles from tau proteins 
20inside nerve cells and oxidative stress . 

The therapeutic strategies for managing AD include 

inhibition of acetylcholinesterase enzyme (AChE) and 

blockade of glutamate via the N-methyl-D-aspartate 

(NMDA) receptors. Drugs that inhibit AChE such as 

donepezil and galantamine prevent the breakdown of ACh 

and enhance central cholinergic neurotransmission and 

transiently improve the symptoms of AD. The blockade of 

NMDA receptors by drug like memantine (NMDA receptor 

antagonist) protects the brain cells from the damaging 

effect of excessive release of glutamate in the brain20. 

Although, the conventional use of these drugs have proven 

beneficial against memory loss, they are limited due to 
18attendant side effects associated with their use . 

Terminalia ivorensis A. Chev (Combretaceae) is a 

deciduous tree growing up to 30 m found in the tropical and 
21,22sub-tropical parts of the globe . The stem bark is used in 

traditional medicine against yellow fever, general body 

pains, malaria, diuresis, wounds, haemorrhoids in the West 
5,23,24Afriacan region of the world .  The stem is also reported 

25to be used against psychosis, insomnia and epilepsy . 

Phytochemical analysis of T. ivorensis stem bark revealed 

the presence of , , alkaloids, flavonoids terpenoids

condensed tannins saponins cardiac glycosides, , , 
26anthraquinones and steroids . Two oleanane-type 

triterpenes named ivorengenin A and B together with 

arjungenin, arjunic acid, betulinic acid, sericic acid, and 
 oleanolic acid, were isolated from stem barks of T. ivorensis

27.
28Pharmacologically, the sedative , antiinflammatory, 

29 30antinociceptive  and antipsychotic  properties of the plants 

have been reported. In spite of reported anxiolytic and 
31-34antiamnesic effects of T. chebula and T. belerica , lack of 

literature information on similar activities in T. ivorensis, 

forms the basis of this present study.

MATERIALS AND METHODS

The T. ivorensis stem and root barks were collected in 

November 2019 from the Crown Estate of Igbinedion 

University, Okada. They were authenticated by Dr M. A, 

Adebayo of the Herbarium Unit of the College of 

Pharmacy, where the voucher number IUO/16/133 was 

obtained.

Preparation of Plant Materials

The stem barks and root barks were cut into smaller pieces 

and air-dried separately for three weeks at room 

temperature inside the laboratory. Dried plant materials 

were separately pulverized and 500 g of each sample was 

extracted with 2 liters of seventy percent (70 %) methanol 

for 72 hours. Each filtrate was separately concentrated in 

vacuo at a temperature of 40oC and freeze dried to yield 

16.98 g (3.40 %) of crude root bark extract and 15.99 g (3.2 

%) crude stem bark extract respectively.

Animals

The male mice (18-20 g) used in this experiment were 

purchased from the Central Animal House of the 

Igbinedion University, Okada, Edo State, Nigeria. They 

were housed in well-lit and aerated room and maintained 

under natural 12 hour light/12 hour dark condition to 

acclimatize for 2 weeks before the commencement of the 

experiment. The mice had free access to clean drinkable 

water and standard commercial diet (Guinea feeds brand, 

Bendel Feeds, Benin City, Edo State, Nigeria). The 

experimental protocols employed in this study were as 

THE   NIGERIAN   JOURNAL   OF   PHARMACY   |   VOL. 58,  ISSUE (2)   2024 Page		|		333

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phytochemical
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/flavonoid
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/terpenoid
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/condensed-tannin
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/saponin
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/cardiac-glycoside


approved by the Igbinedion University Animal Ethical 

C o m m i t t e e  v i d e  t h e  a p p r o v a l  n u m b e r 

IUO/ETHICS/053/24 which is in consonance with the 

United States National Institute of Health Guidelines for 

Care and Use of Laboratory Animals in Biomedical 
35Research .

Drugs and Chemicals

Diazepam (Roche, Basel, Switzerland), Piracetam 

Scopolamine hydrobromide Dimethylsulfoxide (DMSO) 

(Sigma Aldrich, St. Louis, MO, USA) and normal saline 

(Unique Pharmaceutical Limited, Lagos, Nigeria) were 

employed in this study. Plant extracts were dissolved with 

3% DMSO and made up to the required volume with 

normal saline. Drugs and plant extract were freshly 

prepared on each day of the experiments.

Evaluation of anxiolytic effect of extracts on elevated plus 

mazes (EPM)

The anxiolytic behavioural assays of stem and root bark 
36extracts were investigated as previously described . 

Briefly, adult male mice were randomised into 5 groups (n = 

5). Negative control group I received normal saline (10 

mL/kg, p.o.) only. Test groups II-IV received stem extract 

orally at doses of 100, 200 and 400 mg/kg respectively, 

while positive control group V received diazepam (1 

mg/kg, i.p.). One hour after oral dosing of extract and 30 

minutes following intraperitoneal administration of 

diazepam, each mouse was individually placed at the 

middle of the EPM, with the head facing one of the open 

arm of the EPM. Root extract was similarly assessed. The 

number of open arm entries and the duration of stay on the 

open arm of EPM were noted for 5 minutes. The percentage 

numbers of open arm entries and the percentage time spent 

in the open arm of the EPM were calculated using the 

formula below: 

Percentage open arm entry (% OE) = [(number of open arm 

entries/ Total number of entries)] × 100

Percentage open arm time (% OT) = [(Time spent in open 

arm / Total time spent on EPM)] × 100

The open arm avoidance index (OAAI) interpreted as 

anxiety index was calculated as earlier done using the 
36formula below .  

Open arm avoidance index (OAAI) = 100 – [(% OE + % 

OT)] /2]

Evaluation of antiamnesic effect of extracts on Y-maze

The antiamnesic potential of extracts was investigated as 
36previously carried out . Briefly, adult male mice (18-20 g) 

were randomized into 6 groups (n = 5). The stembark and 

rootbark extracts were separately tested as follows: Group 

I: negative control group received normal saline (10 mL/kg, 

p.o.) only. Group II mice received scopolamine (1 mg/kg, i. 

p.) only, Group III mice received extract (100 mg/kg, p.o.), 

Group IV mice received extract (200 mg/kg, p.o.), Group V 

mice received extract (400 mg/kg, p.o.), while Group VI 

mice received piracetam (200 mg/kg, p.o.). Thirty minutes 

following oral ingestion in Groups III-VI, mice were singly 

injected scopolamine (1 mg/kg, i.p.). Thirty minutes post 

scopolamine treatment, each mouse was gently put on arm 

A (for consistency) of the Y-maze (40 × 3 × 12) with angles 

of 1200 between each of the three arms and the sequence of 

arms visited on consecutive choices in 8 minutes was 

recorded. The number of correct alternation, defined as 

visiting the three arms consecutively (triads), was recorded 

as 'percentage alternation' which is an assessment of short 
36memory measurement . An alternation is defined as an 

entry into all three arms on consecutive choices.

 % Alternation = [(Number of alternations)/ (Total arm 

entries - 2)] × 100.

Data analysis

Results were expressed as mean ± S.E.M and analysed 

using One-way Analysis of Variance (ANOVA), followed 

by Dunnett's post hoc analysis. GraphPad InStat® 

Biostatistics software (GraphPad Software, Inc., La Jolla, 

USA). The level of statistical significance for all tests was 

set at p≤0.05. 

RESULTS

Effect of extracts on percentage number of open arms 

entries on EPM in mice.

Oral administration of extracts at respective doses of 100, 

200 and 400 mg/kg produced significant (p≤0.05) increase 

in the percentage number of open arm entries when 

compared to the control group. Root extract gave higher 

percentage number of the open arm entry at the lowest dose 

of 100 mg/kg while stem extract showed higher percentage 

number of open arm entries at the highest dose of 400 

mg/kg. The stem bark extract showed dose-dependent 

increase in percentage number of open arm entries while no 

dose-dependency was observed with the root bark extract 

as its lowest dose showed the highest percentage number of 

open arm entries in mice [Figure 1].          
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Figure 1: Effect of Terminalia ivorensis extracts on 

percentage open arm entry in mice. 

Each bar represents Mean ± SEM, n=5, one-way ANOVA, 

Dunnett's post hoc test, *#p≤0.05 compared to respective 

control.

Effect of extracts on percentage time spent on the open arms 

of  EPM in mice.

The oral administration of stem bark extract at the lowest 

dose of 100 mg/kg b.w, showed significant (p≤0.05) 

increase in the percentage time spent on the open arm of 

EPM when compared to the control treated group. The stem 

bark extract at all the tested doses showed dose-dependent 

decrease in the percentage time spent in the open arm while 

the root bark extract showed dose-dependent increase in the 

duration on the open arm but were not significant (p>0.05) 

from negative the control group [Figure 2].

Figure 2: Effect of Terminalia ivorensis extracts on 

percentage open arm duration in mice. 

Each bar represents Mean ± SEM, n=5, one-way ANOVA, 

Dunnett's post hoc test, *#p≤0.05 compared to the 

respective control group.

Effect of extracts on open arm avoidance index (anxiety 

index) in mice

The oral administration of each extract at 100, 200 and 400 

mg/kg and diazepam at 1 mg/kg significantly (p≤0.05) 

reduced the anxiety indices of mice compared to the 

negative control group [Figure 3]. 
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Figure 3: Effects of extracts on open arm avoidance 

index (anxiety index) in mice.

Each bar represents Mean ± SEM, n=5, one-way ANOVA, 

Dunnett's post hoc test, *#p≤0.05 compared to the 

respective control group.

Effect of Terminalia ivorensis extracts on percentage 

correct alternation.

Scopolamine (1 mg/kg, i.p.) significantly (p≤0.05) reduced 

the percentage correct alternation compared to the negative 

control group. However, oral ingestion of extracts at all the 

respective tested doses of 100, 200 and 400 mg/kg showed 

significant (p≤0.05) dose-dependent increase in percentage 

correct alternation compared to the scopolamine group 

[Figure 4].

Figure 4: Effect of Terminalia ivorensis stem bark and 

root bark extracts on percentage correct alternation. 

Each bar represents Mean ± SEM, n=5, one-way ANOVA, 

Dunnett's post hoc test, #p≤0.05 compared to the negative 

control group and *p≤0.05 compared to the scopolamine 

control group.



DISCUSSION

Terminalia species such as Terminalia chebula and 

Terminalia belerica have been evaluated for their 
31-34anxiolytic and antiamnesic potentials . Previously, T. 

ivorensis has been evaluated for its sedative, antipsychotic, 
28-30antiinflammatory and antinociceptive effects . However, 

there are scanty reports on the anxiolytic and antiamnesic 

potentials of its stem and root bark extracts. The doses of T. 

ivorensis extracts used in this study were as earlier reported 
2 9by Avoseh et al.  in their investigations of the 

antiinflammatory and antinociceptive potentials of  T. 

ivorensis.

The EPM has been previously employed to identify 
37anxiolytic agents  based on the increase in the frequency of 

open arm entries and duration of stay in the open arm of the 
37elevated plus maze , particularly anxiolytic potentials of 

36,38benzodiazepine-like or GABA mediated agents in mice . 

The increase in frequency of open arm entries, as well as the 

elongation of duration of stay in the open arm of the EPM 

by both extracts is a pointer to anxiolytic effects in mice. 

Reduction in anxiety indices of mice on EPM further lends 

credence to anxiolytic potential observed in other 

parameters of increase in percentage open arm entry and 

increase percentage time spent in the open arm of the 

elevated plus maze. This finding add to the existing 

literature of medicinal plants with anxiolytic effects such as 
36,39.Vitex doniana and Bambusa vulgaris

Although, the mechanism of anxiolytic action of the 

extracts were not determined in this study, it could probably 

be suggested that they acted via agonistic action on GABA 

receptor neurotransmission since EPM has been found to be 

sensitive to anxiolytic potentials of benzodiazepine-like or 
36,39GABA mediated agents . 

Scopolamine is an antimuscarinic agent used extensively to 
36induce amnesia on Y-maze in mice . The correct 

percentage alternation is an index of antiamnesic potentials 

of medicinal agents with ameliorative effects in mice35. 

Therefore, the reduction in the percentage alternation by 
36scopolamine suggests the amnesic effect . The reversal of 

the induced amnesia by T. ivorensis stem and root bark 

methanol extracts in this study may suggest the antiamnesic 

and restorative potentials for T. ivorensis. This finding is in 

consonance with earlier reports on some plants that 

mitigated scopolamine-induced amnesia and hence possess 
36antiamnesic effects in mice . The amnesic agent used in 

this study was a muscarinic cholinergic antagonist which 

possibly suggests that methanol extracts of T. ivorensis 

stem and root bark may be acting either via agonistic action 
35,39 on muscarinic acetylcholine receptor or inhibition of the 

enzymatic activity of AChE or via both mechanisms.

CONCLUSION

This study revealed that the stem bark and the root bark 

methanol extracts of T. ivorensis may possess anxiolytic 

and antiamnesic effects, respectively. However, further 

study needs to be carried out on the antiamnesic potentials 

of these extracts on object recognition test in mice.
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