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Abstract  Background: Disorders that interfere with 

the structural architecture and/or functional integrity of the 

central nervous system are generally described as central 

nervous system (CNS) disorders. Among the different 

types of CNS disorders are anxiety and seizure. Though a 

number of drug classes are currently available for the 

management of anxiety and epilepsy, different adverse 

effects and tolerance characterize the use of most of these 

agents especially after prolonged usage. This thus 

necessitates research aimed at developing newer agents 

with fewer adverse effects. Aim/objective: This study 

aims to evaluate the anxiolytic and anti-epileptogenic 

activities of C. nigricans leaf extract using acknowledged 

mice models. Materials and method: In the study, 

identification of bioactive constituents present in CNEE 

was carried-out using GC-MS analysis. Anxiolytic effect 

was evaluated using open field test (OFT), elevated plus 

maze (EPM) and light/dark box (LDB) models. 

Anti-epileptogenic effect was assessed using 

pentylenetetrazole (PTZ) induced seizure, while effect on 

motor co-ordination was assessed using a rotarod apparatus. 

All pharmacological assessment was carried-out in mice 

with graded CNEE doses of 200 to 800 mg/kg. Result: 

Chromatographic analysis of CNEE using GC-MS shows 

the presence of 34 constituents including phytol. In the 

three models used to evaluate the anxiolytic effect, CNEE 

had a significant (P<0.001) effect at 200 mg/kg. The 

extract increased time spent in light compartment in LDB 

model, increased time spent in open arm in EPM model 

and also increased the number of center square transverse 

in the OFT model. In PTZ-induced seizure, it delayed onset 

of seizure and also increased survival time. The extract did 

not however affect motor coordination in rotarod test. 

Conclusion: The study outcome revealed that C. 

nigricans leaf ethanolic extract has the potential for 

eliciting potent anxiolytic and anti-epileptogenic effects as 

shown in the animal models used for the study. 

Keywords  Combretum nigricans, GC-MS 

Characterization, Neurobehavioural Tests, Anxiety, 

Epilepsy, Motor Coordination 
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1. Introduction 

Disorders that interfere with the structural architecture 

and/or functional integrity of the central nervous system 

are generally described as central nervous system (CNS) 

disorders [1]. A report by the World Health Organization 

(WHO) stated that over 1 billion people globally are 

suffering from one or multiple forms of CNS disorder 

hence has become a global health challenge [2]. Among the 

different types of CNS disorders are anxiety and seizure. 

Anxiety is a psychological phenomenon that results in 

harmful emotional experience. It is a common neurological 

disorder and it is estimated that about 322 million people 

globally are affected by anxiety [3]. It is an integral 

component of normal human response to potential danger 

or threat and is characterized by elevated arousal, 

expectancy as well as neuroendocrine and autonomic 

activation accompanied by specific behavioral pattern [4]. 

Though its actual etiology is unclear, several reports have 

implicated psychoactive agents, genetics and 

environmental factors as causes of anxiety [5]. Epilepsy is 

a neurological condition known to be characterized by 

excessive cerebral neurons firing hence resulting in series 

of repeated seizures and usually accompanied by partial or 

total loss of consciousness. Its etiology could be hereditary, 

or caused by head injury, neoplasm or could even be 

idiopathic [6]. Globally, about 61 out of every 100,000 

people are suffering from epilepsy however, it is said to be 

more prevalent in low-income countries [7]. Some studies 

have shown that the pediatric and geriatric populations are 

at higher risk, while it has also been documented to be 

more prevalent in males than females [8-10]. Though a 

number of drug classes are currently available for the 

management of anxiety as well as epilepsy, different 

adverse effects and tolerance characterize the use of most 

of these agents especially after prolonged usage. This thus 

necessitates research aimed at developing newer agents 

with fewer adverse effects. Medicinal plants are known to 

have therapeutic effect against different ailments including 

neurological disorders hence, have become a major source 

for developing newer agents [11]. Among the medicinal 

plants used in Nigerian traditional medicine is Combretum 

nigricans. The plant is a small tree usually found in 

northern Nigeria, propagated by seeds and thrives in almost 

all types of soil. It is a versatile medicinal plant that is used 

to treat various ailments. Scientific chronicles show that in 

ethnomedicine leaves and stem bark are used to treat 

diarrhea, cough, jaundice, rheumatism, prurigo, malaria 

and diseases of the central nervous system [12, 13]. 

Previous scientific studies on the plant reveal that it 

possesses potent hypotensive and antimalarial activities in 

animals. Its cytotoxic, antileishmaniasis and antifungi 

activities in vitro have also been documented [14, 15]. 

However, there is a gap in knowledge with regards to the 

scientific basis for the ethnomedicinal application in 

management of CNS disorders such as anxiety and seizures. 

Therefore, this study aims to evaluate the anxiolytic and 

anti-epileptogenic activities of C. nigricans leaf extract 

using acknowledged mice models. 

2. Materials and Method 

2.1. Drugs and Chemicals 

The following drugs and chemicals were used: 

pentylenetetrazole (SIGMA chemical company, United 

States); diazepam (Swiss parenterals Ltd, India). All drugs 

used were of the highest caliber, and daily fresh solutions 

were made from them before usage. 

2.2. Plant Materials 

The leaves of Combretum nigricans were collected by 

Mr. Mallam Muaza, Taxonomist, Herbarium unit, National 

Institute for Pharmaceutical Research and Development, 

Abuja, from its natural habitat in Abuja, Nigeria: The plant 

material was identified and authenticated with voucher 

number FHJ223 deposited at the Federal College of 

Forestry herbarium, Jos. 

2.3. Extraction 

The harvested leaves were rinsed in running water to 

remove dirt and then air-dried at normal room temperature 

for two weeks. The leaves after drying were pulverized 

using a mechanical grinder, then were macerated in ethanol 

(70%) at standard temperature for 72 h with routine 

shaking. The aftermath solution was filtered through a 

mesh sieve, cotton plugged funnel and filter paper 

(Whatmann No. 1). The resultant solution was 

concentrated at 40 °C. 

2.4. Gas Chromatography-Mass Spectrometry 

(GC-MS) Analysis 

The samples were analyzed by GCMS-QP2010 SE 

(Shimadzu Japan) comprising Shimadzu QP-2010 GC with 

QP-2010 Mass Selective Detector (MSD), operated in the 

EI mode, electron energy of 70 eV, scan range of 45-700 

amu, and Shimadzu GCMS solution data system. Column 

used was Agilent HP-5 MS fused silica capillary with 5% 

phenyl-methylpolysiloxane stationary phase, length was 

30 m, internal diameter 0.25 mm, while thickness of film 

was 0.25 μm. Helium 99.999% was the carrier gas, while 

flow rate was 1.61 mL/min. The program employed for the 

oven temperature was 60-160 °C at 15 °C/minute and held 

at 160 °C for 1 minute, preceded by 160-280 °C at 

20 °C/minute, and held at 280 °C for 2 minutes. 

Temperature of injection port was 250 °C, temperature of 

interface was 250 °C while ion source temperature was 

200 °C. Sample that was dissolved in methanol was filtered 

through 0.45 μm and1.0 μL was injected into the GC using 

autosampler and the split mode at a ratio of 25:1. 

Identification of individual constituents was by 

comparison of their mass spectra against known 
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compounds and NIST Mass Spectral Library. Percent 

composition of each chemical constituent is reported based 

on peak area. 

2.5. Light Dark Box Test 

This test was carried-out using a light dark box apparatus 

in accordance with the method described by Chu et al. [16] 

Thirty laboratory animals (swiss albino mice) of either sex 

were used during the study. The laboratory animals were 

randomized into five groups comprising of six animals 

each. The animals used for the study were treated with 

vehicle (distilled water), extract or standard drug. Group 1 

received distilled water 10 ml/kg body weight p.o, groups 2 

to 4 were administered CNEE 200, 400 and 800 mg/kg 

body weight p.o respectively, while group 5 was 

administered diazepam 0.5 mg/kg body weight i.p. 

After 1 hour of oral administration or 30 minutes of i.p 

administration, each animal was placed on the apparatus 

for 5 minutes and their behavioural activity was observed 

and recorded. 

2.6. Elevated Plus-Maze Test 

This test was carried-out using an elevated plus-maze 

apparatus according to the method described by Komada et 

al. [17] Thirty laboratory animals (swiss albino mice) of 

either sex were used during the study. The experimental 

animals were randomized into five groups comprising of 

six animals each. The animals used for the study were 

treated with vehicle (distilled water), ethanolic extract of 

Combretum nigricans (CNEE) or standard drug 

(diazepam). Group 1 animals received distilled water 10 

ml/kg body weight p.o, animals in groups 2 to 4 received 

CNEE 200, 400 and 800 mg/kg body weight p.o 

respectively, while group 5 animals were administered 

diazepam 0.5 mg/kg body weight i.p. 

An hour after oral administration or 30 minutes after i.p 

administration, each animal was placed in the apparatus for 

5 minutes and their behavioural activity was observed and 

recorded: time spent in open compartment, time spent in 

closed compartment, time spent at the center and number 

of entries into the respective compartments. 

2.7. Open Field Test 

This test was carried-out using an open field apparatus in 

accordance with the method previously described by 

Tatem et al. [18] Thirty laboratory animals (swiss albino 

mice) of either sex were used during the study. The 

experimental animals were randomized into five groups 

comprising of six animals each. The animals used for the 

study were treated with vehicle (distilled water), ethanolic 

extract of Combretum nigricans (CNEE) or standard drug 

(diazepam). Group 1 animals received distilled water 10 

ml/kg body weight p.o, animals in groups 2 to 4 received 

CNEE 200, 400 and 800 mg/kg body weight p.o 

respectively, while group 5 animals were administered 

diazepam 0.5 mg/kg body weight i.p. 

One hour after oral administration or 30 minutes after 

intraperitoneal administration, each animal was placed 

animal on the open field and observed for 5 minutes. 

Number of squares transversed number of rearing, and 

number of center square transversed was observed and 

documented. 

2.8. Pentylenetetrazole Induced Seizure Test 

This study was carried-out following procedures 

previously described by Yuskaitis et al. [19] Thirty 

laboratory animals (swiss albino mice) of either sex were 

used during the study. The experimental animals were 

randomized into five groups comprising of six animals 

each. The animals used for the study were treated with 

vehicle (distilled water), ethanolic extract of Combretum 

nigricans (CNEE) or standard drug (diazepam). Group 1 

animals received distilled water 10 ml/kg body weight p.o, 

animals in groups 2 to 4 received CNEE 200, 400 and 800 

mg/kg body weight p.o respectively, while group 5 animals 

were administered diazepam 0.5 mg/kg body weight i.p. 

One hour after oral administration or 30 minutes after 

intraperitoneal administration, PTZ 80 mg/kg body weight 

was administered to each mouse intraperitoneally. Onset of 

seizure, duration of seizure/survival time and mortality 

were observed and recorded. 

2.9. Rotarod Test 

The effect of the extract on motor co-ordination was 

evaluated using a rotarod apparatus rotating at a speed of 

25 rev/min. Twenty-four laboratory animals (swiss albino 

mice) of either sex were used during the study. Animals for 

the study were selected based on their ability to remain on 

the rotarod for at least two consecutive 300s trials before 

the test day. The experimental animals were randomized 

into four groups comprising of six animals each. On test 

day, animals used for the study were treated with vehicle 

(distilled water) or ethanolic extract of Combretum 

nigricans (CNEE). Group 1 animals received distilled 

water 10 ml/kg body weight p.o, animals in groups 2 to 4 

received CNEE 200, 400 and 800 mg/kg body weight p.o 

respectively. 

After 1 hour of oral administration, each animal was 

placed on the rotarod for 300 s, and the latency to fall from 

the rotarod was measured. 

2.10. Statistical Analysis 

Data obtained from the study were presented as mean ± 

standard error of mean (SEM). One way analysis of 

variance (ANOVA) and Dunnet’s post hoc test were 

utilized to test for significance, P˂0.05 was deemed 

significant. The analysis was conducted using GraphPad 

Prism for windows (version 8.0). 
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3. Result 

3.1. Gas Chromatography-Mass Spectrometry 

(GC-MS) Analysis 

The chromatographic analysis of CNEE using GC-MS 

shows the presence of 34 constituents which are present in 

different quantities in the extract (Figure 1, Table 1). This 

includes l-(+)-Ascorbic acid 2,6-dihexadecanoate; 

Octadec-9-enoic acid and phytol are the most abundant 

compounds present. 

 

Figure 1.  Combretum nigricans leaf ethanolic extract GC-MS chromatogram 

Table 1.  Chemical composition of Combretum nigricans ethanolic leaf extract 

Peak No. Compound Name Retention Time (min) % Composition 

1 Pantolactone 4.013 0.10 

2 3,5-Dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one 5.125 0.14 

3 Benzoic acid 5.244 0.34 

4 3,3-Dimethylthietane 5.701 0.26 

5 3-Methoxy-2-methyl-4-pyridinol 5.968 0.08 

6 Benzeneacetic acid 6.104 0.20 

7 Nonanoic acid 6.244 0.15 

8 2(R),3(S)-1,2,3,4-Butanetetrol 6.658 0.71 

9 1,2,3-Benzenetriol 7.603 3.15 

10 p-Thyrosol 8.069 0.29 

11 Benzeneacetic acid, 4-hydroxy-, methyl ester 8.694 0.35 

12 
Bi-1,4-cyclohexadien-1-yl]-3,3',6,6'-tetrone, 

4,4'-dihydroxy-2,2',5,5'-tetramethyl 
8.914 0.20 

13 Bicyclo[4.3.0]nonane, 2,2,6,7-tetramethyl-7-hydroxy- 9.111 0.51 

14 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, (R)- 9.275 0.59 

15 Dodecanoic acid 9.317 0.48 

16 beta.-D-Glucopyranoside, methyl 9.715 7.18 

17 8-Hydroxylinalool 10.017 1.31 

18 2H-Indeno[1,2-b]furan-2-one, 3,3a,4,5,6,7,8,8b-octahydro-8,8-dimethyl 10.300 1.08 

19 Tetradecanoic acid 10.938 2.17 
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Table 1 continued 

20 
Acetic acid, 2-(2,2,6-trimethyl-7-oxa-bicyclo[4.1.0]hept-1-yl)-propenyl 

ester 
11.186 1.17 

21 2-Cyclohexen-1-one, 4-hydroxy-3,5,6-trimethyl-4-(3-oxo-1-butenyl)- 11.296 0.66 

22 2-Pentadecanone, 6,10,14-trimethyl- 11.541 1.97 

23 Pentadecanoic acid 11.614 0.64 

24 Phthalic acid, isobutyl undecyl ester 11.748 0.83 

25 Hexadecanoic acid, methyl ester 12.035 8.52 

26 l-(+)-Ascorbic acid 2,6-dihexadecanoate 12.271 22.74 

27 Phytol 13.123 10.26 

28 Octadec-9-enoic acid 13.256 17.69 

29 Octadecanoic acid 13.349 5.15 

30 E-10,13,13-Trimethyl-11-tetradecen-1-ol acetate 13.885 3.16 

31 1-Heptatriacotanol 14.232 2.17 

32 cis-9,10-Epoxyoctadecanoic acid 14.291 2.46 

33 1(2H)-Naphthalenone, octahydro-8a-methyl- 14.496 3.19 

34 Carbamic acid, 2-(dimethylamino)ethyl ester 14.945 0.13 

 

3.2. Light Dark Box Test 

Pre-treatment of the experimental animals with graded 

doses of CNEE as well as with the standard anxiolytic drug 

diazepam increased time spent in the light compartment 

compared to the control. The observed effect was not 

however dose-dependent with the extract as the lowest test 

dose (200 mg/kg) gave a better effect which was significant 

(P<0.001). Time spent in dark compartment also decreased 

across the respective treated groups compared with the 

control (Figure 2). 

 

Figure 2.  Anxiolytic effect of Combretum nigricans ethanolic extract in 

light/dark box test. Values presented as Mean ± Standard Error Mean, 

where n=6, *significant at P<0.05, **significant at P<0.01, ***significant 

at P<0.001, CNEE = Combretum nigricans leaf ethanolic extract, DZP = 

Diazepam, D.H2O = Distilled water 

3.3. Elevated Plus Maze Test 

Pre-treatment of the experimental animals with 200 – 

800 mg/kg doses of CNEE caused increased time duration 

spent in open arm with accompanying decrease in time 

duration spent in closed arm compared with control. 

However, CNEE 200 mg/kg elicited a better significant 

(P<0.001) effect in the study (Figure 3a - b). This trend was 

similar in number of closed and open arms visits 

respectively. 

 

Figure 3a.  Anxiolytic effect of Combretum nigricans ethanolic extract 

in elevated plus maze test (Time spent in each arm). Values presented as 

Mean ± Standard Error Mean, where n=6, *significant at P<0.05, 

**significant at P<0.01, ***significant at P<0.001, CNEE = Combretum 

nigricans leaf ethanolic extract, DZP = Diazepam, D.H2O = Distilled 

water 
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Figure 3b.  Anxiolytic effect of Combretum nigricans ethanolic extract 

in elevated plus maze test (Number of entries into each arm). Values 

presented as Mean ± Standard Error Mean, where n=6, *significant at 

P<0.05, **significant at P<0.01, ***significant at P<0.001, CNEE = 

Combretum nigricans leaf ethanolic extract, DZP = Diazepam, D.H2O = 

Distilled water 

3.4. Open Field Test 

Administration of CNEE (200 – 800 mg/kg) to the 

experimental animals precipitated an increase in the center 

squares transversed by the animals. This effect was not 

dose-dependent as CNEE 200 mg/kg gave a better effect 

which was significant (P<0.001) compared with the 

untreated group (control). This effect was slightly better 

than that elicited by the standard drug diazepam which also 

had a significant (P<0.01) effect compared with control 

(Table 2). 

3.5. Pentylenetetrazole Induced Seizure 

Pre-treatment of the experimental mice with CNEE had 

a significant (P<0.01 – P<0.001) effect on both seizure 

onset and survival time. All test doses (200 – 800 mg/kg) of 

the extract used for the study delayed the time of seizure 

onset and increased the survival time when compared to 

control group. The highest dose used (800 mg/kg) had a 

better effect in the study. The standard drug diazepam also 

elicited a similar effect as the extract in the study (Table 3). 

3.6. Rotarod Test 

In the rotarod test, treatment of experimental mice with 

CNEE did not elicit any significant effect with regards to 

the time spent by the animals on the rotarod without falling 

when compared to the control (Table 4). 

Table 2.  Anxiolytic effect of C. nigricans ethanolic extract in open field test 

TREATMENT 
DOSE (mg/kg Body 

Weight) 

SQUARES 

TRANSVERSED 
REARING 

CENTER SQUARES 

TRANSVERSED 

Distilled H2O 10 ml/Kg 46.60±7.33 14.40±2.16 0.40±0.24 

CNEE 

200 63.00±3.77 22.20±3.51 4.60±0.81*** 

400 52.80±2.22 23.20±3.61 2.20±0.49 

800 42.60±8.16 15.60±2.77 2.40±0.68 

DZP 0.5 70.00±13.51 20.60±4.34 3.60±0.81** 

Values presented as Mean ± Standard Error Mean, where n=6, *significant at P<0.05, **significant at P<0.01, ***significant at P<0.001, CNEE = 
Combretum nigricans leaf ethanolic extract. 

Table 3.  Anti-epileptogenic effect of C. nigricans ethanolic extract in pentylenetetrazole induced seizure 

TREATMENT DOSE (mg/kg Body Weight) SEIZURE ONSET (Seconds) SURVIVAL TIME (Seconds) 

Distilled H2O 10 ml/Kg 31.67±1.12 65.50±5.81 

CNEE 

200 72.00±6.43*** 148.5±18.00** 

400 64.50±5.32** 218.80±17.71*** 

800 86.17±6.68*** 253.30±11.65*** 

DZP  0.5 84.50±6.76*** 1800.00±0.00*** 

Values presented as Mean ± Standard Error Mean, where n=6, *significant at P<0.05, **significant at P<0.01, ***significant at P<0.001, CNEE = 
Combretum nigricans leaf ethanolic extract, DZP = Diazepam. 

Table 4.  Effect of C. nigricans ethanolic extract on motor coordination in Rotarod test 

TREATMENT DOSE (mg/kg Body Weight) TIME SPENT WITHOUT FALLING (S) 

Distilled H2O 10 ml/Kg 300.0±0.00 

CNEE 

200 300.0±0.00 

400 291.7±8.33 

800 286.7±13.33 

Values presented as Mean ± Standard Error Mean, where n=6, CNEE = Combretum nigricans leaf ethanolic extract 
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4. Discussion 

This study evaluated the anxiolytic and 

anti-epileptogenic potentials of C. nigricans ethanolic leaf 

extract using acknowledged animal models. Findings from 

the study indicate that CNEE has anxiolytic activity, as 

shown by the behavior of experimental mice pre-treated 

with the extract in the light/dark box, elevated plus maze 

and open field tests, and also possesses an 

anti-epileptogenic effect, as revealed by the 

pentylenetetrazole induced seizure in mice. Light/dark 

box, elevated plus maze and open field test are three most 

utilized rodent models employed in screening potential 

anxiolytic agents [20]. 

Anxiety in the light/dark model is generated through a 

conflict between the tendency of exploring and innate 

aversion to areas that are brightly illuminated. This can be 

evaluated basically by the time spent in the light 

compartment [21]. Drug-induced increase in time spent in 

the light compartment by experimental animals may be 

considered as reflection of the anxiolytic activity of such 

drug. The study results revealed that the test doses of 

CNEE increased time spent in the light compartment 

compared with the control. This effect was not 

dose-dependent as the lowest test dose (200 mg/kg) gave a 

better significant (P<0.001) effect. This thus suggests that 

the extract has a potent anxiolytic effect. 

Anxiety indices in the elevated plus maze test include 

the time spent in the open arms and the number of entries as 

well [22]. Standard anxiolytic agents like benzodiazepines 

are known to elicit marked effect in this test model [23]. 

This was also observed in this study as diazepam 

significantly (P<0.01, P<0.001) increased time spent in 

open arm and number of entries as well when compared to 

control. CNEE 200 – 800 mg/kg increased time spent in 

open arm and decreased time spent in closed arm when 

compared to control. CNEE 200 mg/kg elicited a better 

effect in the study. This trend was similar in the number of 

visits to the open and closed arms respectively. 

The open field test is a widely accepted behavioural 

model for unconditioned anxiety. Parameters such as 

rearing, number of squares traversed and number of visits 

to the center are used as indices for anxiety in this model 

[24]. Potent anxiolytic agents have been reported to 

increase visit to the center and as well increase rearing in 

this model when compared to control (untreated) [25]. In 

this study, administration of CNEE (200 – 800 mg/kg) to 

the experimental animals precipitated an increase in the 

center squares transverse and rearing by the animals when 

compared with control (water). CNEE 200 mg/kg had the 

highest effect in the study (significant at P<0.001). This 

effect was slightly better than that elicited by the standard 

drug diazepam (significant at P<0.01) when compared 

with control (water). Observations from the study indicate 

a clear anxiolytic effect of CNEE at a 200 mg/kg dose, 

revealing that the extract elicits marked anxiolytic-like 

behavioural activities in experimental mice on exposure to 

light/dark box, elevated plus maze and open field tests. 

The PTZ-induced seizure is an acute seizure model and 

is generally accepted as an effective way for the initial 

evaluation of suspected antiepileptic agents [26]. PTZ 

elicits excitotoxicity in experimental mice with the 

hippocampus being among the most vulnerable region for 

lesions resulting from this effect. Parameters such as time 

of onset of clonic and tonic-clonic are the commonly used 

indices for the PTZ-induced seizure model. Agents that 

prevent or delay the onset of these forms of seizure in 

experimental animals are inferred to possess potent 

antiepileptogenic activity [27, 28]. Observations from the 

study revealed that CNEE had significantly (P<0.01 – 

P<0.001) delayed seizure onset and increased survival time 

of the experimental mice when compared to control group. 

CNEE 800 mg/kg had the highest effect in the study. The 

standard drug diazepam also delayed the onset of seizure 

and prevented mortality of the animals. 

Rotarod tested a classical experimental model employed 

in evaluating pharmacologically active compounds for 

peripheral neuromuscular blockade and effect on motor 

coordination in experimental animals [29]. The time spent 

by the treated animals on the apparatus before fall is used 

to score the effect of the test agent. Longer latency time 

before fall is an indication of better coordination in the 

examined animals and lack of muscle relaxant effect as 

well [30]. In the rotarod test, treatment of experimental 

mice with CNEE did not elicit any significant effect with 

regards to the time spent by the animals on the rotarod 

without falling when compared to the control. Hence, it can 

be inferred that the extract does not have an effect on motor 

coordination. Preliminary qualitative study on the 

phytochemicals present in the extract that reported 

somewhere else revealed alkaloids, phenols, saponins, 

tannins and terpenoids are present in CNEE [31]. Previous 

reports have revealed that these classes of phytochemicals 

possess potential of eliciting different effects on the central 

nervous system [32, 33]. 

Previous reports have revealed that alkaloids and 

phenols elicit potent central nervous system activity which 

can be attributed to their high affinity for 

benzodiazepine-binding site present in 

Gamma-aminobutyric acid (GABA) receptors. Binding to 

and activation of this receptor site leads to 

hyperpolarization of neuronal membrane due to the influx 

of chloride ions [34]. The resultant hyperpolarization thus 

leads to therapeutic effects such as anxiolytic and 

anti-epileptogenic effects. It has also been reported that 

plant-derived tannins and phenolic compounds could elicit 

potent anxiolytic activity by GABAA and 5-HT1A receptors 

up-regulation, with an accompanying increase in serotonin, 

dopamine, norepinephrine, brain-derived neurotrophic 

factor (BDNF), while serum cortisol level is decreased [35]. 

In this study, GC-MS analysis to identify specific 

compounds present the extract revealed the presence of 34 

constituents in different quantities in the extract including 

l-(+)-Ascorbic acid 2,6-dihexadecanoate; Octadec-9-enoic 
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acid and phytol which are the most abundant constituents. 

A report by Costa et al. [36] revealed that phytol, an 

acyclic terpenoid, could elicit pharmacological effects on 

the central nervous system including anxiolytic and 

anti-epileptogenic activities. This however was opined not 

to be via the GABAergic pathway but may be by 

interaction with neurotransmitter systems like 

noradrenergic, serotonergic and glutamatergic systems. A 

study published elsewhere by the authors showed that the 

extract acute oral toxicity dose is greater than 2000 mg/kg 

in mice [31]. This suggests that the extract may possess a 

high therapeutic index and could be a candidate worthy of 

consideration for possible clinical application. 

5. Conclusions 

The study outcome revealed that C. nigricans ethanolic 

leaf extract has the potential for eliciting anxiolytic and 

anti-epileptogenic effects as shown in the animal models 

used for the study. These pharmacological effects 

observed may be attributed to the array of bioactive 

compounds present in the extract. It may thus be 

considered as a candidate for further research aimed at 

possible exploitation of these proven pharmacological 

benefits demonstrated. 

6. Future Perspectives 

The results of this study provide clues for possible future 

investigations. First, the isolation and further studies of the 

key bioactive compound responsible for the anxiolytic and 

antiepileptogenic activities observed during the study will 

represent an advance toward its potential clinical use. This 

should include studies aimed at determining the 

mechanism by which it produces the physiological 

activities observed in the study. Additionally, in-depth 

studies to elucidate its toxicity profile will be important. 

Second, a synergistic trial with currently used agents such 

as benzodiazepines and barbiturates at reduced doses could 

be considered. If effective, this could help reduce the 

likelihood of serious side effects and dependence on these 

agents. Finally, data-oriented translational studies can also 

be recommended for possible clinical application in the 

future. 

 

REFERENCES 

[1] Fornito A, Zalesky A, Breakspear M. The connectomics of 
brain disorders. Nature Reviews Neuroscience, vol. 16, no. 
3, pp. 159–172, 2015. 

[2] World Health Organization. “Neurological disorders: 
public health challenges,” World Health Organization, 
2006. 

[3] Gbadamosi IT, Henneh IT, Aluko OM, Yawson EO, 
Fokoua AR, Koomson A, Torbi J, Olorunnado SE, Lewu 
FS, Yusha'u Y, Keji-Taofik ST, Biney RP, Tagoe TA. 
Depression in Sub-Saharan Africa. IBRO Neuroscience 
Report, vol. 12, pp. 309-322, 2022. 

[4] Hall KJ, Van Ooteghem K, McIlroy WE. Emotional state as 
a modulator of autonomic and somatic nervous system 
activity in postural control: a review. Frontiers in 
Neurology, vol. 14, no. 1, pp. 1-17, 2023. 

[5] Cui L, Li S, Wang S, Wu X, Liu Y, Yu W. Major depressive 
disorder: hypothesis, mechanism, prevention and treatment. 
Signal Transduction and Targeted Therapy, vol. 9, no. 3, pp. 
1-32, 2024. 

[6] Stafstrom CE, Carmant L. Seizures and epilepsy: an 
overview for neuroscientists. Cold Spring Harbor 
perspectives in medicine, vol. 5, no. 6, pp. 1-18, 2015. 

[7] Alkhotani AM, Alkhotani AM. Epilepsy Stigma Among 
University Students in Makkah: A Cross-Sectional Study. 
Neuropsychiatric disease and treatment, vol. 18, no. 1, pp. 
1047-1056, 2022. 

[8] Yang L, Wang Y, Chen X, Zhang C, Chen J, Cheng H, 
Zhang L. Risk Factors for Epilepsy: A National 
Cross-Sectional Study from National Health and Nutrition 
Examination Survey 2013 to 2018. International journal of 
general medicine, vol. 14, no. 1, pp. 4405-4411, 2021. 

[9] Espinosa-Jovel C, Toledano R, Aledo-Serrano Á, 
García-Morales I, Gil-Nagel A. Epidemiological profile of 
epilepsy in low income populations. Seizure, vol. 56, pp. 
67-72, 2018. 

[10] Beghi E. The Epidemiology of Epilepsy. 
Neuroepidemiology, vol. 54, no. 2, pp. 185-191, 2020. 

[11] Enegide C, Ofili CC. Ocimum Species: Ethnomedicinal 
Uses, Phytochemistry and Pharmacological Importance. 
International Journal of Current Research in Physiology and 
Pharmacology, vol. 5, no. 2, pp. 1-12, 2021. 

[12] Enegide C, Ofili CC, Agatemor UM, Jacob DL. The 
prophylactic antimalarial activity of Combretum nigricans 
hydromethanol crude extract in mice. Journal of Current 
Research in Scientific Medicine, vol. 8, no. 1, pp. 59-63, 
2022. 

[13] Bamgbose SOA, Dramane KL. Studies on Crombetum 
species II. Preliminary report on studies on four seeds of 
Crombetum species. Planta Medica, vol., 32, pp. 350-356, 
1977. 

[14] Waterman C, Smith RA, Pontiggia L, DerMarderosian A. 
Anthelmintic screening of sub-Saharan African plants used 
in traditional meficine. Journal of Ethnopharmacololgy, 
vol., 127, pp. 755-759, 2010. 

[15] Baba-Moussa F, Akpagana K, Bouchet P. Antifungal 
activities of seven west African Combretaceae used in 
traditional medicine. Journal of Ethnopharmacology, vol. 
66, pp. 335-338, 1999. 

[16] Chu HB, Tan YD, Li YJ, Cheng BB, Rao BQ, Zhou LS. 
Anxiolytic and anti-depressant effects of hydroalcoholic 
extract from Erythrina variegate and its possible 
mechanism of action. African Health Sciences, vol. 19, no. 
3, pp. 2526-2536, 2019. 

javascript:;


376 GC-MS Analysis, Anxiolytic and Anti-Epileptogenic Effects  

of Combretum nigricans Leaf Extract in Laboratory Animals 

 

[17] Komada M, Takao K, Miyakawa T. Elevated plus maze for 
mice. Journal of Visualized Experiments, vol. 22, pp. 1088. 
2008. doi: 10.3791/1088. 

[18] Tatem KS, Quinn JL, Phadke A, Yu Q, Gordish-Dressman 
H, Nagaraju K. Behavioral and locomotor measurements 
using an open field activity monitoring system for skeletal 
muscle diseases. Journal of Visualized Experiments, vol. 91, 
pp. 51785, 2014. 

[19] Yuskaitis CJ, Rossitto LA, Groff KJ, Dhamne SC, Zhang B, 
Lalani LK, Singh AK, Rotenberg A, Sahin M. Factors 
influencing the acute pentylenetetrazole-induced seizure 
paradigm and a literature review. Annals of Clinical and 
Translational Neurology, vol. 8, no. 7, pp. 1388-1397, 2021. 
doi: 10.1002/acn3.51375  

[20] Figueiredo CMM, Castro MML, Vieira AA, Kurosawa 
JAA, Amaral Junior FLD, Siqueira Mendes FCC, 
Sosthenes MCK. Comparative analysis between Open Field 
and Elevated Plus Maze tests as a method for evaluating 
anxiety-like behavior in mice. Heliyon, vol. 9, no. 4, pp. 1-8, 
2023. 

[21] Campos-Cardoso R, Godoy LD, Lazarini-Lopes W, Novaes 
LS, Dos Santos NB, Perfetti JG, Garcia-Cairasco N, 
Munhoz CD, Padovan CM. Exploring the light/dark box 
test: Protocols and implications for neuroscience research. 
Journal of neuroscience methods, vol. 384, pp. 109748, 
2023. doi: 10.1016/j.jneumeth.2022.109748. 

[22] Shoji H, Miyakawa T. Effects of test experience, 
closed-arm wall color, and illumination level on behavior 
and plasma corticosterone response in an elevated plus 
maze in male C57BL/6J mice: a challenge against 
conventional interpretation of the test. Molecular Brain, vol. 
14, no. 34, pp. 1-12, 2021. 

[23] Arome D, Enegide C, Ameh S. Pharmacological evaluation 
of anxiolytic property of aqueous root extract of 
Cymbopogon citratus in mice. Chronicles of Young 
Scientists, vol. 5, no. 1, pp. 33-36, 2014. 

[24] Kraeuter AK, Guest PC, Sarnyai Z. The Open Field Test for 
Measuring Locomotor Activity and Anxiety-Like Behavior. 
Methods in Molecular Biology, vol. 1916, pp. 99-103, 2019. 
doi: 10.1007/978-1-4939-8994-2_9. 

[25] Belovicova K, Bogi E, Csatlosova K, Dubovicky M. 
Animal tests for anxiety-like and depression-like behavior 
in rats. Interdisciplinary Toxicology, vol. 10, no. 1, pp. 
40-43, 2017. doi: 10.1515/intox-2017-0006 

[26] Alachkar A, Ojha SK, Sadeq A, Adem A, Frank A, Stark H, 
Sadek B. Experimental Models for the Discovery of Novel 
Anticonvulsant Drugs: Focus on Pentylenetetrazole-Induce
d Seizures and Associated Memory Deficits. Current 

Pharmaceutical Design, vol. 26, no. 15, pp. 1693-1711, 
2020. doi: 10.2174/1381612826666200131105324 

[27] Shimada T, Yamagata K. Pentylenetetrazole-Induced 
Kindling Mouse Model. Journal of Visualized Experiments, 
vol. 136, pp. 1-10, 2018. doi: 10.3791/56573 

[28] Eltokhi A, Kurpiers B, Pitzer C. Comprehensive 
characterization of motor and coordination functions in 
three adolescent wild-type mouse strains. Scientific Reports, 
vol. 11, pp. 6497, 2021. doi: 10.1038/s41598-021-85858-3 

[29] Shiotsuki H, Yoshimi K, Shimo Y, Funayama M, 
Takamatsu Y, Ikeda K, Takahashi R, Kitazawa S, Hattori N. 
A rotarod test for evaluation of motor skill learning. Journal 
of Neuroscience Methods, vol. 189, no. 2, pp. 180-185, 
2010. 

[30] Shan HM, Maurer MA, Schwab ME. Four-parameter 
analysis in modified Rotarod test for detecting minor motor 
deficits in mice. BMC Biology, vol. 21, no. 1, pp. 1-10, 
2023. 

[31] Enegide C, Akah PA, Ezike AC, Ameh SF, Ezenyi IC, 
Okhale SE. Evaluation of the Antioxidant, Antinociceptive 
and Anti-inflammatory Activities of Combretum nigricans 
Ethanolic Leaf Extract. Tropical Journal of Natural Product 
Research, vol. 8, no. 6, pp. 7554-7560, 2024. 

[32] Kumar A, Kumar M, Jose A, Tomer V, Oz E, Proestos C, 
Zeng M, Elobeid T, Oz F. Major Phytochemicals: Recent 
Advances in Health Benefits and Extraction Method. 
Molecules, vol. 28, no. 2, pp. 887, 2023. 

[33] Mujeeb F, Bajpai P, Pathak N. Phytochemical evaluation, 
antimicrobial activity, and determination of bioactive 
components from leaves of Aegle marmelos. BioMed 
Research International, vol. 2014, pp. 497606, 2014. doi: 
10.1155/2014/497606. 

[34] Aryal B, Raut BK, Bhattarai S, Bhandari S, Tandan P, 
Gyawali K, Sharma K, Ranabhat D, Thapa R, Aryal D, 
Ojha A, Devkota HP, Parajuli N. Potential Therapeutic 
Applications of Plant-Derived Alkaloids against 
Inflammatory and Neurodegenerative Diseases. 
Evidence-Based Complementary and Alternative Medicine, 
vol. 2022, pp. 1-18, 2022. doi: 10.1155/2022/7299778 

[35] Patro G, Kumar Bhattamisra S, Kumar Mohanty B. Effects 
of Mimosa pudica L. leaves extract on anxiety, depression 
and memory. Avicenna Journal of Phytomedicine, vol. 6, 
no. 6, pp. 696-710, 2016. 

[36] Costa JP, de Oliveira GA, de Almeida AA. Anxiolytic-like 
effects of phytol: possible involvement of GABAergic 
transmission. Brain Research, vol. 1547, no. 1, pp. 34-42, 
2014. doi: 10.1016/j.brainres.2013.12.003. 

 


