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ABSTRACT 

Aims: Hydroalcoholic T. dodoneifolius, B.pinnatum and T. catappa leaf extracts 
were investigated for their acute toxicity and anxiolytic activities.                                                              
Study design: Acute toxicity (LD50) was determined using the limit dose acute and 
Anxiolytic activities were assessed by open-field field behavioural testing in mice.                                                
Place and duration of study: The study took place in the Neurobehavioural room of 
Department of Pharmacology & Therapeutics, Faculty of Pharmacy, Ahmadu Bello 
University, Zaria in late December 2022..                                                                                   
Methodology: Groups of mice (n=6; equal sexes) were each exposed to the open-
field paradigm (OFT) following 1 hour of single oral administration of distilled 
water, extracts (125, 250, and 500 mg/kg) and diazepam (0. 5 mg/kg) using the 
behavioural indices of mean centre zone time (M%CZT), centre zone re-entry 
(MCZR) and defeaction/urination frequency (MD/UF).                                                                 
Results: Acute toxicity testing shows that the three extracts are safe with LD50 of 
5g/kg. Behavioural results indicate, compared to the distilled water treatment 
(M%CZT, 6.39±1.53; MCZR, 4.67±1.15, & MU/UF, 4.83±0.75), single acute T. 
dodoneifolius (M%CZT, 7.50±1.73, 13.72±2.43, & 20.94±3.91*; MCZR, 7.33±0.88, 
9.50±0.76, & 11.50±1.6*; MD/UF, 4.17±0.48, 3.17±0.54, & 1.83±0.60*), and 
B.pinnatum (M%CZT, 9.72±1.91, 9.78±1.32, & 19.67±2.01*; MCZR, 6.00±1.15, 
10.50±0.76, & 12.50±1.72*; MD/UF, 3.17±0.79, 2.33±0.42, & 1.33±0.49*) extract 
treatments demonstrated consistent dose-dependency in their anxiolytic activity 
across the three parameters with T. catappa extract (M%CZT, 6.95±1.27, 
12.17±2.01, & 16.84±1.49*; MCZR, 8.17±1.60, 10.17±1.67, & 10.83±1.96; MD/UF, 
2.83±0.60, 2.00±0.73, & 3.67±0.42) exhibiting dose-pendent anxiolytic effect only 
on the M%CZT. However, at the highest dose level of 500 mg/kg, all plant extract 
treatments caused anxiolytic effects that are comparable with those of 0.5 mg/kg 
diazepam treatments (M%CZT, 22.61±1.31*; MCZR, 12.17±1.66*; & MD/UF, 
2.62±0.21*).                                                                                                                  
Conclusion: These findings justify the traditional use of these medicinal plant 
extracts in the remediation of nervous and related disorders. 
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1. INTRODUCTION  
 

Anxiety disorders are chronic psychobehavioural states that are characterized 
by inappropriate, inexplicable and/or excessive fearfulness, tension, and irritability – 
all of which may be disabling to the victims [1; 2; 3]. The various forms of these 
mood disorders – generalized anxiety disorder (GAD), obsessive-compulsive 
disorder (OCD), panic anxiety disorder (PD), social anxiety disorder (SAD) and 
post-traumatic stress disorder (PTSD) – collectively constitute a high disease 
prevalence and socio-economic burden [4; 5; 6]. This scenario is heightened by the 
paucity, toxicity and effectiveness concerns of the currently available anti-anxiety 
therapeutic agents [7; 8]. Therefore, to both meet the increasing demand of for these 
disorders and mitigate the afore-mentioned anti-anxiety therapeutic and clinical 
liabilities, there is a need to discover new agents - preferably with novel anxiolytic 
mechanism(s) to  complement and/or substitute the traditional benzodiazepine– and 
serotonin- related drugs [9; 10; 11]. 

The plant kingdom has been a limitless source of new pharmacophores for 
diverse disease spectra [12; 13]. Anti-anxiety agents are not an exception to this – 
with anxiety-relieving activity and the presence of phytochemicals reported for some 
medicinal plants including Hydrocotyle umbellata L., Ginkgo biloba, Piper 
methysticum, Camellia sinensis, Leonurus cardiac, Valeriana officinalis, Withania 
somnifera, Nymphaea alba, Passiflora incarnata, Commelina benghalensis, Turnera 
aphrodisiaca and Crataegus oxyacantha in both animal and human studies [14; 15; 
16]. There is a need, therefore, to search the plant kingdom further to discover new 
anxiolytic agents. Thus, based on the afore-mentioned ethno-medicinal grounds, this 
study set out to assess the anti-anxiety potential activity of leaf extracts of B. 
pinnatum, T. catappa and T, dodneifolius growing on T. tree. 

B. pinnatum (Lam.) Pers. (syns: Bryophyllum calcicola, Kelanchoe pinnata, 
Bryophyllum calcinum, Cotyledon calcina, Bryophyllum germinans, etc.) commonly 
known as miracle leaf, air plant, life plant, Goethe plant and cathedral bells, and of 
the family Crassulaceae, is a plant that is now naturalized to the tropical and 
subtropical regions of the world [17]. This perennial plant, which is increasingly 
becoming an ornamental item in Nigerian households, has a fleshy cylindrical stem 
that can grow up to 1 meter tall with succulent, fleshy, elliptical-shaped, curved and 
margin-serrated deep green leaves [18].       

 



 

 

 
                  Plate 1: Bryophyllum pinnatum 

 
Reports from Nigeria and other parts of the world show B. pinnatum and its 
congeners are used ethno-medicinally for the treatment of several illnesses 
including gastric ulcer, hypertension, smallpox, cancers, migraines, diabetes 
mellitus, psychosis, colds, dysmenorrhea, hepatitis, diarrhea and dysentery, ear 
infection, kidney stones, conjunctivitis, retained placenta, chicken pox, 
rheumatoid arthritis, pulmonary infection, heart failure and palpitation [19; 20; 
21; 22; 23; 24]. 

Reported pharmacological activities of extracts of B. pinnatum and its 
congeners include anti-hypertensive, hypoglycemic, nephroprotective, 



 

 

hepatoprotective, antibacterial, immunosuppressive, analgesic, anti-
inflammatory, insecticidal and anti-carcinogenic effects [24; 25; 26; 27; 28; 29; 
30; 31; 32]. These biological activities are viewed to be due to the presence of 
several important phytochemicals (4-hydroxy-3- methoxy-cinnamic acid, 
bufadienolide, protocatechuic acid, epigallocatechin-3-o-syringate, quercetin, 
4',5-dihydroxy-3',8-dimethoxy flavone-7O-β-D-glucopyranoside, β-amyrin, 22-
dihydrobrassicasterol, bryophyllin A, oxalic acid, malic acid), vitamins 
(riboflavin, thiamine, pyridoxine, ascorbic acid, niacin), minerals (calcium, 
magnesium, zinc, manganese, copper, potassium, iron) and amino acids 
(glutamic acid, glycine, cysteine, tyrosine, casein hydrolysate, phenylalanine, 
protein hydrolysate, methionine) [33; 34; 35; 36] in these extracts.  

Previous studies have shown extracts of B. pinnatum and its congeners to 
exert dose-dependent anticonvulsant activity, antidiabetic, anxiolytic, hypnotic 
and muscle relaxant effects in rodents [37; 38], and antidiabetic and anxiolytic 
effects in young Zebra fish [40]. However, scientific reports on the anxiolytic 
activity of k. pinnata are scanty and this study, therefore, aims to investigate its 
acute anxiolytic effect in mice in the open field test.  

Terminalia catappa L. (syns: Phytolacca javanica (Osbeck); Terminalia 
mauritiana (Blanco); Terminalia moluccana (Lamk.); and Terminalia procera 
(Roxb)) is a medium-large sized Tropical tree plant, commonly known as 
Tropical almond, belonging to the combretum family. The plant at full maturity 
has a thick stem with dark brown/grey fissured bark; stem branches bearing 
spirally arranged simple, broadly obovate, round and blunt tipped leaves; 
stalkless, ovoid to ovate thin-skinned fleshy fruits each containing a seed 
enclosed within a hard shell; and smallish five-lobed, axillary-spiked mildly 
unpleasant smelling white or cream coloured male-dominated flowers [41].   
In Nigeria, the fruit of this plant is consumed orally as snacks. Ethno-
medicinally, different parts of Terminalia catappa have been widely reported to 
be helpful in the treatment of leprosy, headache, dermatitis, abdominal colic, 
fever, gastropeptic dyspepsia, hepatitis, urinary tract infection, diarrhea, heart 
failure and poor sexual drive [42; 43; 44; 45; 46]. In addition, extracts from 
different parts of this plant have been reported to exhibit antidiabetic, anti-
lipidemic, antineoplastic, hepatoprotective, aphrodisiac, anti-inflammatory, 
antibacterial, antioxidant, analgesic and anti-ageing effects [44; 45; 47; 48; 49; 
50; 51; 52]. But scientific literature has scanty reports on the anxiolytic activity 
of extracts from T. catappa. Thus, this study aims to screen the aqueous 
methanol leaf extract of this plant for its acute anxiolytic activity employing the 
mouse open field test. 
        The third medicinal plant whose leaf extract that will be investigated in this 
study is Tapinanthus dodoneifolius (DC.) DENSER (syns: Agelanthus 
dodonaeifolius; Dentimetula dodonaeifolius; Loranthus chevalieri; Loranthus 
dodoneifolius; Loranthus knoblercheri; Loranthus uelensis and Scurrula 
dodonaeifolia) [54].  



 

 

 
Plate 2: Terminalia catappa 
 
 Terminalia catappa (Almond) tree hosting Tapinanthus dodoneifolius epiphytes 

This plant is a green leafy shrub found in most parts of Nigeria and the Tropics 
growing as a parasitic plant on host trees such as Theobroma cacao, Tamarindus 
indica, Acacia nilotica, Vitelleria paradoxa (Shea butter), Kolanut, Parkia 
biglobosa, Terminalia catappa, Citrus sinensis and Azardirachta indica. It is known 
as Viscum album in Europe, mistletoe in English, afomo onisana in Yoruba, and 
Kauchii in Hausa [55; 56]. Its extracts have been reported for efficacy in diverse 
diseases including hypertension, menstrual pain, diabetes mellitus, cancers, 
abdominal colic, gonorrhea, malaria, diarrhea, dysentery and peptic ulcer [57; 58; 59; 



 

 

60; 61]. In addition, several important pharmacological activities which have been 
associated with extracts obtained from Tapinanthus dodonaeifolius and its synonyms 
include antimicrobial, anti-ulcerogenic, antiplasmodial, antihypertensive, 
anticancerous, anticonvulsant and hepatoprotective [55; 57; 58; 59; 60; 61; 62; 63]. 
These biological activities may be due to the presence of numerous important 
phytochemical compounds such as anthraquinones, saponins, tannins, alkaloids; 
phlobatannins, carbohydrates, flavonoids, anthracene, cardiac glycosides, steroid and 
triterpenes, and a dihydropyranone Dododeine [58; 59; 60; 61; 67]. Previous studies 
indicate a bark extract of Tapinanthus dodonaeifolius to have exhibited anxiolytic, 
antidepressant and spatial memory-enhancing effects and a hydromethanol leaf 
extract and its fractions of Tapinanthus globiferus epiphytic on Azardirachta indica 
tree to have demonstrated an anxiolytic activity [64; 65; 66]. But scientific reports on 
the anxiolytic activity of the leaf extract of Tapinanthus dodoneifolius are scarce. 
This study is to investigate the acute anxiolytic activity of Tapinanthus dodoneifolius 
in mice using the mouse open field test. 
2. MATERIAL AND METHODS  
2.1 Drugs, Open-field apparatuses and Plant materials 

Diazepam tablets (Roche, 5 mg) were obtained from a pharmaceutical outfit 
near the Ahmadu Bello University campus, Zaria. Units of 40 x 40 x 40 cm 
transparent plexiglass open-field apparatus and distilled water were graciously 
supplied by the Department of Pharmacology laboratory, Faculty of Pharmaceutical 
Sciences, Ahmadu Bello University, Zaria.                                                                                                                                          
B. pinnatum fresh leaves were harvested in Then, the Gwagwalada area of the 
Federal Capital Territory, Abuja. Freshly fallen leaves of T. catappa and fresh leaves 
of T. dodoneifolius growing on T. catappa were harvested on the main campus of 
Ahmadu Bello University, Zaria, Nigeria, all in December 2022. Following 
collection, all leaves were each separately briskly washed to remove dirt and 
contaminants. Then, T. dodoneifolius and T. catappa leaves were separately air-dried 
until complete dryness while, due to the difficulty of getting it to dryness through air-
drying on account of their succulent nature, B. pinnatum leaves were first pulverized 
to fine texture using an electrical blender, following which it was thinly spread on a 
clean flat inert white surface and air-dried by the aid of an electrical fan until the 
constant dry weight was achieved. All dry leaves were ground to fine powders and 
kept in plastic containers at room temperature till use. Twenty grammes (21 g) of dry 
B. pinnatum leaves, and 40 g each of dry T. dodoneifolius  and T. catappa leaves 
were each soaked in 0.5 L of equal volumes of distilled water and ethanol for 24 
hours, following which the macerates were separately Whatman paper-filtered. The 
resulting filtrates were separately air dried aided by electric fanning.  
2.2 Animals 

Healthy adult white albino Swiss mice of both sexes were sourced from the 
animal house of the Faculty of Pharmaceutical Sciences, Ahmadu Bello University, 
Zaria, Kaduna State, North-west Nigeria. They were kept in clean plastic battery 
cages for at least 7 days under room temperature under 12-hour light/dark cycle with 



 

 

access to feeds and water ad libitum. Prior to and throughout this study, the mice 
were humanely handled under good laboratory practices and ethics. 
2.3 Experimental design 
2.3.1 Acute toxicity testing 
Twelve female adult mice (22.0 ± 0.5 g) were used for the acute toxicity testing. 
Based on the long/widespread use of and previous high acute safety reports on the 
selected medicinal plants [25; 27; 45; 46; 58; 60; 68], and to minimize the number of 
animals used, mice (n=3) were each administered an oral limit dose of an extract at 
5000 g/kg/10 ml distilled water and 10 ml/kg distilled water for the control group. 
They were all observed acutely for toxicological signs for 24 hours, and thereafter, 
daily for 14 days.  
 
2.32 Behavioural studies 
The screening for the acute anxiolytic activities of the selected leaf extracts was 
carried out in randomized groups of mice (n=6; an equal number of sexes) weighing 
21.0 ± 0.8 g in units of 40 cm square plexiglass open-field apparatus whose floors 
were each partitioned with gridlines into 16 equal squares. The behavioural 
experimentation took place in a quiet, fairly large room having about 10-lux 
illumination.  Activity screening was done by placing a mouse orally administered 1 
hour earlier with 125, 250, and 500 mg/kg extracts, 0.5 mg/kg diazepam or 10 ml/kg 
distilled water, in the centre of the open-field and allowed to freely explore the test 
arena for 5 minutes according to the procedures as described in [69] – with minor 
modifications. The innermost central squares were taken as the centre zone and the 
rest of the squares as the periphery of the test arena. Three important mouse anxiety 
parameters such as percentage centre zone time; which is the percentage of the test 
spent by the mouse with all four paws within the central zone, centre zone re-entries 
and frequency of defecation/urination by the animals were all observed and recorded 
3. RESULTS AND DISCUSSION 
 

3.1 Plant extraction yields 
Table 1 indicates the extract yields of 21 g of B. pinnatum, and 40 g each of T. 
dodoneifolius and T. catappa dry leaf powders. 
      Table 1: Percent plant extract yields 

Extract Yields (g) %yield (g/100 g) 
Tapinnatus dodoneifolius 4.40 (bright green) 20.10 

Bryophyllum pinnatum 7.80 (deep green) 19.50 
Terminalia catappa 13.40 (rich brown) 31.50 

                            
3.2 Acute toxicity testing results 
The three plants appear to be well tolerated as the experimental animals exhibited no 
toxicological signs during the 24 hours following extract administration and 
throughout the 14-day test.  
3.3 Behavioural experiment results 



 

 

3.3.1 Effect of single acute doses of hydroalcoholic B. pinnatum, T. dodoneifolius 
and T. catappa leaf extracts on mean centre zone times (M%CZT) of mice (n+6) 
exposed to the OFT. 
In the open field test (Table 2), compared to distilled water treatment, all the extracts 
caused a dose-dependent increases in the mean %CZT spent by the mice at the centre 
zones of the open field maze with a significant increase (P<0.05) in this rodent 
parameter at the highest doses of the extracts. The mean %CZT of 20.94±3.91 
recorded by the experimental group treated with the highest dose of T.dodoneifolius 
was comparable to 22.61±1.31 recorded for the 0.5 mg/kg diazepam treated-mice.  
        
Table 2: Effect of plant extracts on mean percent centre zone times 

Treatments 
(mg/kg) 

Mean percent centre zone times (M%CZTs) 

Plant extracts 125.00 250.00 500.00 

D/water (10 ml/kg) 6.39±1.53 6.39±1.53 6.39±1.53 

T. dodoneifolius 7.50±1.73 13.72±2.43 20.94±3.91* 

B. pinnatum 9.72±1.91 9.78±1.32 19.67±2.01* 

T. catappa 6.95±1.27 12.17±2.01 16.84±1.49* 

Diazepam (0.5) 22.61±1.31* 22.61±1.31* 22.61±1.31* 
All results were expressed as mean ± S.E.M of mice (n=6). Analysis was done using the One-way 
ANOVA. Significance set at P-values ≤ 0.05. 
 
3.3.2 Effect of single acute doses of hydroalcoholic B. pinnatum, T. dodoneifolius 
and T. catappa leaf extracts on the mean centre zone re-entries (MCZR) of mice 
(n+6) exposed to the OFT. 
All the plant extracts (Table 3) caused dose-dependent increases in the mean 
frequencies of CZR but only the highest doses of T. dodoneifolius and B. pinnatum 
extracts caused significant (P-values ≤ 0.05) increases in the mean CZR that are 
comparable to that of 0.5 mg/kg diazepam treatment. 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
Table 3: Effect of plant extracts on mean centre zone re-entries 

Treatments 
(mg/kg) 

Mean centre zone re-entries (MCZRs) 

Plant extracts 125.00 250.00 500.00 

D/water (10 ml/kg) 4.67±1.15 4.67±1.15 4.67±1.15 

T. dodoneifolius 7.33±0.88 9.50±0.76 11.50±1.6* 

B. pinnatum 6.00±1.15 10.50±0.76 12.50±1.72* 

T. catappa 8.17±1.60 10.17±1.67 10.83±1.96 

Diazepam (0.5) 12.17±1.66* 12.17±1.66* 12.17±1.66* 
All results were expressed as mean ± S.E.M of mice (n=6). Analysis was done using the One-way 
ANOVA. Significance set at P-values ≤ 0. 05.. 
 
3.3.3 Effect of single acute doses of hydroalcoholic B. pinnatum, T. dodoneifolius 
and T.  catappa leaf extracts on mean defecation/urination frequency (MD/UF) of 
mice (n+6) exposed to the OFT 

Compared to the distilled water-treated mice, dose-dependent and significant 
(p≤0.05) mean D/UF reduction was only observed with T. dodoneifolius and B. 
pinnatum extracts-treated mice – with the two extracts at their highest doses of 500 
mg/kg exhibiting significant (P≤0.05) mean D/UF reductions that even surpassed 
that of 0.5 mg diazepam treatment.  On the other hand, T. catappa-treated mice 
exhibited dose-independent and insignificant (P>0.5) reduction in this anxiety 
parameter.                                                                                                                                  
Table 4: Effect of plant extracts on mean defecation/urination frequencies 

Treatments (mg/kg) Mean defecation/urination frequencies (MD/UFs) 

Plant extracts 125.00 250.00 500.00 

Dist. water (10 
ml/kg) 

4.83±0.75 4.83±0.75 4.83±0.75 

T. dodoneifolius 4.17±0.48 3.17±0.54 1.83±0.60* 

B. pinnatum 3.17±0.79 2.33±0.42 1.33±0.49* 



 

 

T. catappa 2.83±0.60 2.00±0.73 3.67±0.42 

Diazepam (0.5) 2.62±0.21* 2.62±0.21* 2.62±0.21* 
All results were expressed as mean ± S.E.M of mice (n=6). Analysis was done using the One-way 
ANOVA. Significance set at P-values ≤ 0. 05.. 
 

Extract yields of dry leaf powers of these medicinal plants in this study are 
relatively high (Table 1). T. globiferus, B. pinnatum, and T. catappa extracts have 
been associated with efficacy for several diseases in diverse traditional cultures [19; 
42; 56], and the observed high extract yields of these medicinal plants may be an 
indication of the rich deposits of diverse bioactive phytoconstituents that have been 
reported for extracts obtained from these plants in previous studies [17; 20; 48; 50; 
58; 60].  

Despite previous reports of rich repository of phytochemicals in the extracts 
of these plants, the relatively high safety exhibited by these extracts are in agreement 
with some earlier reports of high tolerability for T. dodoneifolius DC. (Loranthaceae) 
[58; 61], T. catappa [67; 68] and B. pinnatum [70; 71] extracts. Their individual 
apparent wide margin of tolerability is well supported by the long and widespread 
ethnomedicinal uses of the three plants for the traditional alleviation of diverse 
diseases including infections, hypertension, diabetes mellitus, convulsions, cough, 
and cancers with scarce or no reports of significant toxicity [18; 19; 42; 52; 57]. 

OFT has remained one of the most relevant preclinical psychotropic drug 
discovery tools since its invention close to a century ago by Carl S. Hall to assess 
rodents’ general locomotory and anxiety-related emotional behaviours [72; 73]. This 
test is based on the conflict created in the animal between its natural tendency to 
explore and aversion to exposure or open space when placed in the open-field maze 
[76; 77; 78]. This test has been deployed in the anxiolytic and sedative-anxiolytic 
activity screening of several medicinal plants in previous studies [80; 81; 82; 83]. Its 
attraction is viewed to derive from its operational simplicity, cost-effectiveness and 
relative high throughput when compared to other standard tests used in 
characterizing ethological patterns in animals and in the screening of anxiolytic or 
anxiogenic activity in both putative and established anxiety-modulatory agents [74; 
75]. Its other strengths include the capacity to generate multiple anxiety-related 
parameters, and the affordability of temporal assessment of these parameters. High 
inter-parameter correlation and good predictive validity for full benzodiazepine and 
5HT1A agonists [76; 77; 78] are some of its strong points. The plethora of rodent 
anxiety-related parameters that can be harvested on the OFT include percent centre 
zone time (proportion of test time spent in the central zone of field: the greater the 
percentage the less anxiogenic the animal is); centre zone entries (frequency of 
central zone entry and re-entries: higher values indicates anxiolysis); latency to 
centre zone entry (time delay before the animal enters the central zone of the maze, 
short latency indicates anxiolytic effect); defecation/urination frequency (higher 
faecal/ urine droppings indicate anxiogenicity) and the (instead of ‘a’) number of 
rears (a rodent event during which the animal stands erect on its hindlimbs with its 



 

 

hindlimb either completely in the air (unsupported rear) or rests them against the 
walls (supported rear) of the maze – this parameter is viewed to mirror either 
anxiogenesis or anxiolysis depending if the rear is supported or not). Other 
parameters that can be obtained in the OFT are grooming (a rodent behavioural event 
in which the animal engages in self-cleaning, licking and brushing of face and body; 
it is said to indicate high anxiety level); stretch attend postures (the animal while 
lowering and keeping its trunk close to the floor of the test apparatus, alternately 
elongates and retracts it in order to assess the risks in its immediate environment – 
this parameter indicates anxiety); number of squares crossed (this is a measure of the 
locomotory and exploratory activities which is indicative of anxiolysis) and freezing 
(the animal pulls itself together and remains immobile usually close to the walls of 
the test apparatus – it indicates high anxiety levels) [76; 77; 78; 79].  

The anxiolytic activity screening of hydroalcoholic T. globiferus, B. 
pinnatum, and T. catappa extracts in the OFT was assessed using the percent centre 
zone time, centre zone entries and defecation/urination frequency. On the mean 
percent centre zone time, all three plant extracts demonstrated dose-dependent 
anxiolytic activity that was significant at their highest doses and with the 
T.dodoneifolius extract’s anxiolytic activity comparable to the standard anxiolytic 
drug. However, on the mean centre zone re-entries and mean defeaction/urination 
frequencies, only T.dononeifolious and B.pinnatum extracts exhibited dose-
dependent anxiolytic effects that were significant and comparabele to those of 0.5 
mg/kg of diazepam - the standard anxiolytic drug. This study is one of the few 
reports on the anxiolytic activity of these plants despite their widespread traditional 
use for the alleviation of broad spectrum of diseases [27; 32; 46; 47; 57; 63; 67].   
These findings are in agreement with previous reports of similar anxiolytic, 
antidepressant and cognition-enhancing activities of T.dodoneifolius extracts [64] 
and anxiolytic activity of its congener T.globiferus extracts [65; 66] in mice activity.  
They are also similar to previous reports of anxiolytic activity of B. pinnatum and its 
congener K. pinnata extracts in young zebrafish and rodents [40; 84]. Anxiolytic 
activity reports on T. catappa were scanty but it has been reported to exhibit 
significant antidepressant effect in rodents subjected to chronic unpredictable stress 
[85]. 
Hydroalcoholic T.dodoneifolius and B.pinnatum extracts have demonstrated 
consistent anxiolysis across the three rodent anxiety parameters and T. catappa has 
less consistency in this study. This observation may be due to some of the limitations 
of this study. The first of these is the use of single acute as opposed to repeated acute 
doses of the extracts in the investigation of their anxiolytic activity. This is because 
some plant extracts exhibit delayed anxiolytic effects which single acute doses may 
be inadequate to produce. Secondly, the use of only the OFT which has been 
reported to be less sensitive to the anxiolytic activity of selective serotonin-reuptake 
inhibitors [86] and anxiety-related behaviours in some rodent genetic strains [87]) as 
a sole paradigm in this study, may have reduced the size and consistency of our 
findings.  
 



 

 

4. CONCLUSION 
The above findings justify the traditional uses of afore-mentioned plant extracts 

for the alleviation of nervousness and related disorders. However, further studies are 
recommended to fine tune the present findings. 
 
 
 
ETHICAL APPROVAL  
 
Ethical approval for the conduct of this study was sought and obtained from the Ethical 
committee of the Ahmadu Bello University, Zaria. 
 
REFERENCES 
[1] Adwas A. A., Jbireal J. M., & Azab A. E. (2019). Anxiety: Insights into signs, symptoms, 
etiology, pathophysiology, and treatment. East African Scholars Journal of Medical Sciences, 2(10), 
580-591. 
[2] Noyes Jr R. & Hoehn-Saric R. (1998). The anxiety disorders. New York: Cambridge University 
Press. Pp. 343. 
[3] Zinbarg, R. E., & Barlow, D. H. (1996). Structure of anxiety and the anxiety disorders: A 
hierarchical model. Journal of Abnormal Psychology, 105 (2): 181–193. 
[4] Bandelow B. & Michaelis S. (2015). Epidemiology of anxiety disorders in the 21st 
century. Dialogues in clinical neuroscience, 17(3), 327–335.  
[5] Stein D. J., Scott K. M., de Jonge P., Kessler R. C. (2017). Epidemiology of anxiety disorders: 
from surveys to nosology and back. Dialogues Clin Neurosci.19 (2):127-136.  
[6] Clark D. M. (1999). Anxiety disorders: why they persist and how to treat them. Behav Res Ther. 
37 Suppl 1: S5-27.  
[7] Farach F. J., Pruitt L. D., Jun J. J., Jerud A. B., Zoellner L. A., & Roy-Byrne P. P. (2012). 
Pharmacological treatment of anxiety disorders: current treatments and future directions. Journal of 
anxiety disorders, 26 (8), 833–843.  
[8] Melaragno A. J. (2021). Pharmacotherapy for Anxiety Disorders: From First-Line Options to 
Treatment Resistance. Focus (Am Psychiatr Publ).19 (2): 145-160.  
[9] Sanabria E., Cuenca R. E., Esteso M. Á., & Maldonado M. (2021). Benzodiazepines: Their Use 
either as Essential Medicines or as Toxic Substances. Toxics, 9 (2): 25.  
[10] Argyropoulos S. V., Sandford J. J., Nutt D. J. (200). The psychobiology of anxiolytic drug. Part 
2: Pharmacological treatments of anxiety. Pharmacol Ther. 88 (3): 213-27.  
[11] Cryan, J. F., & Sweeney, F. F. (2011). The age of anxiety: role of animal models of anxiolytic 
action in drug discovery. British journal of pharmacology, 164 (4): 1129–1161.  
[12] Katiyar C., Gupta A., Kanjilal S., & Katiyar S. (2012). Drug discovery from plant sources: An 
integrated approach. Ayu, 33 (1): 10–19.  
[13] Newman D. J. and Cragg M. G. (2020). Journal of Natural products. 83 (3): 770-803. 
[14] Gabriel de Oliveira M., Kelle da Silva Moreira L., Turones L. C., de Souza Almeida D., Martins 
A. N., Silva Oliveira T. L., Barreto da Silva V., Borges L. L., Costa E. A., Realino de Paula J. (2021). 
Mechanism of action involved in the anxiolytic-like effects of Hibalactone isolated from Hydrocotyle 
umbellata L. J Tradit Complement Med.12 (4): 318-329.  
[15] Khan A., Akram M., Thiruvengadam M., Daniyal M., Zakki S. A., Munir N., Zainab R., Heydari 
M., Mosavat S. H., Rebezov M. & Shariati M. A. (2022). Anti-anxiety Properties of Selected 
Medicinal Plants. Curr Pharm Biotechnol. 23 (8):1041-1060.  
[16] Thakur P. & Rana A. C. (2013). Anxiolytic potential of medicinal plants. Int J Nutr Pharmacol 
Neurol Dis. 3 (4): 325-31. 
[17] The Plant list (2022). World Flora Online, id: wfo-0000357656. 



 

 

[18] Al-Snafi A.E. (2013). The Chemical Constituents and Pharmacological Effects of Bryophyllum 
calycinum. A review. International Journal of Pharma Sciences and Research (IJPSR), vol. 4, n o 12. 
Pp. 171-176. 
[19] Rastogi R. and Mehrotra B.(1990). “Compendium of Indian Medicinal Plants,” Central Drug 
Research Institute, Lucknow, Vol. 1, pp. 388-389.  
[20] Pattewar S. V. (2012). Bryphyllum pinnatum: Phytochemical and Pharmacological Profile. 
International Journal of Phytopharmacy. Vol. 2 (1), pp.1-8.  
[21] Recknagel, R. O. (1967). Carbon tetrachloride hepatotoxicity. Pharmacological Reviews, 19 (2): 
145-208. 
[22] Quazi M., Sayyed N., Sheikh S., Gomase P. & Choudhari A. (2011). Phytochemical analysis of 
chloroform extract of roots of Kalanchoe pinnata by HPLC and GCMS. Int J Pharm Sci Res. 14 (4): 
1693-9.   
[23] Plangger N., Rist L., Zimmermann R. & von Mandach U. (2006). Intravenous tocolysis with 
Bryophyllum pinnatum is better tolerated than beta-agonist application. Eur J Obstet Gynecol Reprod 
Biol. 124 (2):168-72.  
[24] Yamagishi T, Haruna M., Yan X. Z., Chang J.J., and Lee K.H. (1989). Antitumor agents, 110, 
Bryophyllin B, A Novel Potent cytotoxic Bufadienolide from Bryophyllum Pinnatu.m J. Nat. Prod. 
1989, 52 (5): 1071¬-1079. 
[25] Yadav N. P. and Dixit V. K. (2003). Hepatoprotective activity of leaves of Kalanchoe Pinnata 
Pers.. Journal of Ethnopharmacology. 86 (2-3): 197-202.  
[26] http://www.rain-tree.com/coirama.html.  
[27] Salahdeen H.M. and Yemitan O.K. (2006). Neuropharmacological Effects of Aqueous Leaf 
Extract of Bryophyllum Pinnatum in Mice. African Journal of Biomedical Research. 9 (2): 101-107. 
[28] Obaseiki-Ebor E.E. (1985). Preliminary report on the invitro antibacterial activity of 
Bryophyllum pinnatum leaf juice. Afr J Med Med Sci. 14 (3¬4): 199-202.  
[29] Supratman U., Fujita T., Akiyama K., Hayashi H., Murakami A., Sakai H., Koshimizu k. & 
Ohigashi, H. (2001). Anti-tumor Promoting Activity of Bufadienolides from Kalanchoe pinnata and 
K. daigremontiana× butiflora. Bioscience, biotechnology, and biochemistry, 65 (4): 947-949. 
[30] http://en.wikipedia.org/wiki/Kalanchoe pinnata. 
[31] Rossi-Bergmann B., Costa S. S., Borges M. B. S., da Silva S. A., Noleto G. R., Souza M. L. M., 
and Moraes V. L.G. (1994). Immunosuppresive effect of the aqueous extract of Kalanchoe Pinnata in 
mice. Phytothera. Res. 8 (7): 399-402. 
[32] Siddharta P.  and Chaudhuri. A.K.N. (1992). Further studies on the Anti¬inflammatory profile of 
the Methanolic Fraction of the fresh leaf extract of Bryophyllum Pinnatum. Fitoterapia. 63 (5): 451-
459. 
[33] Supratman U., Fujita T., Akiyama K., and Hayashi H. (2000). New insecticidal bufadienolide, 
Bryophyllin C from Kalanchoe pinnata. Biosci Biotechnol Biochem. 64 (6): 1310-1312.  
[34] Akinpelu D.A. (2000). Antimicrobial activity of Bryophyllum Pinnatum leaves Fitoterapia.  71 
(2): 193-194.  
[35] Okwu D.E. and Josiah C. (2006). Evaluation of the chemical composition of two Nigerian 
medicinal plants. African Journal of Biotechnology. 5 (4): 357¬-361.  
[36] Toshihiro A., Koke W. C. M. C., Toshitake T. and Taro M (1991). Sterols of Kalanchoe pinnata. 
First report of the isolation of both C-24 epimers of 24-Alkyl-A25-sterol from higher plants. Lipids. 
26 (8): 660-665.  
[37] Mora-Pérez A. & Hernández-Medel Mdel R. (2016). Anticonvulsant activity of methanolic 
extract from Kalanchoe pinnata Lam. stems and roots in mice: A comparison to diazepam. 
Neurologia. 31(3): 161-8.  
[38] Yemitan O. K. & Salahdeen H. M. (2005). Neurosedative and muscle relaxant activities of 
aqueous leaf extract of Bryophyllum pinnatum. Fitoterapia. 76 (2): 187-93.  
[39] Tiwari V., Singh A. & Tiwari A. (2017). Evaluation of antidiabetic and antianxiety potential of 
Kalanchoe pinnata root standardized extracts. Egypt Pharmaceut J.16 (1): 24-36. 
[40] Martins Fernandes Pereira K., Calheiros de Carvalho A., André Moura Veiga T., Melgoza A., 
Bonne Hernández R., Dos Santos Grecco S., Uchiyama Nakamura M., & Guo S. (2022). The 



 

 

psychoactive effects of Bryophyllum pinnatum (Lam.) Oken leaves in young zebrafish. PloS one, 17 
(3), e0264987.  
[41] Quartey, G.A. (2022) Mechanical Properties of Terminalia catappa from Ghana. Materials 
Sciences and Applications, 13 (5), 334-341. 
[42] Chen P. S., Li J. H., Liu T. Y., & Lin T. C. (2000). Folk medicine Terminalia catappa and its 
major tannin component, punicalagin, are effective against bleomycin-induced genotoxicity in 
Chinese hamster ovary cells. Cancer letters, 152(2), 115-122. 
[43] Anand A. V., Divya N. & Kotti P. P. (2015). An updated review of Terminalia catappa. 
Pharmacogn Rev. 9 (18): 93-8.  
[44] Ratnasooriya W. D. & Dharmasiri M. G. (2000). Effects of Terminalia catappa seeds on sexual 
behavior and fertility of male rats. Asian J. Androl. 2 (3): 213-219.  
[45] Ahmed S. M., Swamy B. M. V., Dhanapal P. G. R. & Chandrashekara V. M. (2005). Anti-
diabetic activity of Terminalia catappa Linn. leaf extracts in alloxan-induced diabetic rats. Iran. J. 
Pharmacol. Therapeut. 4 (1): 36-39. 
[46] Lim T. K. (2012). Edible Medicinal and Non-Medicinal Plants, Vol. 2. Springer, New York, 143-
157.  
[47] Akinsanya O. B., Ayodele P. F., Onifade O. F. & Salimom M. O. (2021). EXTENUATING 
EFFECTS OF Terminalia catappa LEAVES AND Persea americana SEED EXTRACTS ON 
STREPTOZOTOCIN-INDUCED LIPIDS PERTURBATION AND PANCREATIC DAMAGE IN 
DIABETIC RATS. Open Journal of Bioscience Research (OJBR). Volume: 2; Issue: 1, Pages: 01-09. 
[48] Fan YM, Xu LZ, Gao J, Wang Y, Tang XH, Zhao XN, et al. Phytochemical and 
anti-inflammatory studies on Terminalia catappa. Fitoterapia. 75 (3-4): 253-60. 
[49] Gao J., Tang X., Dou H., Fan Y., Zhao X. & Xu Q. (2004). Hepatoprotective activity of 
Terminalia catappa L. leaves and its two triterpenoids. J Pharm Pharmacol. 56 (11): 1449-55.  
[50] Taganna J. C., Quanico J. P., Perono R. M., Amor E. C. & Rivera W. L. (2011). Tannin-rich 
fraction from Terminalia catappa inhibits quorum sensing (QS) in Chromobacterium violaceum and 
the QS-controlled biofilm maturation and Las A staphylolytic activity in Pseudomonas aeruginosa. J 
Ethnopharmacol. 134 (3): 865-71. 
[51] Lin C. C., Hsu Y. F. & Lin T. C. (2001). Antioxidant and free radical scavenging effects of the 
tannins of Terminalia catappa L. Anticancer Research. 21 (1A): 237-243. PMID: 11299741. 
[52] Pandya N. B., Tigari P., Dupadahalli K., Kamurthy H. & Nadendla R. R. (2013). Antitumor and 
antioxidant status of Terminalia catappa against Ehrlich ascites carcinoma in Swiss albino 
mice. Indian journal of pharmacology, 45 (5): 464–469.  
[53] Wen K. C., Shih I. C., Hu J. C., Liao S. T., Su T. W. & Chiang H. M. (2010). Inhibitory Effects 
of Terminalia catappa on UVB-Induced Photodamage in Fibroblast Cell Line. Evid Based 
Complement Alternat Med. 2011:904532.  
[54] WFO (2023): Tapinanthus dodonaeifolius (DC.) Danser. Published on the Internet;http: 
//www.worldfloraonline.org/taxon/wfo-0000413258. 
[55] Ayorinde B. T., Akanji M. A. and Yakubu M. T. (2008). Alterations in some marker enzymes of 
liver and kidney damage following chronic administration of aqueous extract of Tapinanthus 
globiferus leaves to rats., Pharmacognosy Magazine, 4(15): S9- S14. 
[56] Raji I. A., Chaskda, A. A., Manu S. A., & Downs C. T. (2021). Bird species use of Tapinanthus 
dodoneifolius mistletoes parasitising African locust bean trees Parkia biglobosa in Amurum Forest 
Reserve, Nigeria. Journal of Ornithology, 162 (4), 1129 - 1140. 
[57] Burkill H. M. (1995). The useful plants of west tropical Africa. Vol. 1-3. No. 2 Edition. 
[58] Baso A. A. & Mudi S. Y. (2017). Evaluation of Antiulcer and Phytochemical Activities of Leaf 
Extract of Tapinanthus dodoneifolius DC. (Loranthaceae) Grown on Tamarindus indica Tree. Bayero 
Journal of Pure and Applied Sciences, 10 (1): 392-396. 
[59] Mohammed M., Idris A., Gandu I., Tanko U. M., Muhammad A. & A Adeiza A. (2019). 
Phytochemical and Antimicrobial Study on the Leaf Extract of Tapinanthus dodoneifolius (Van 
Teigh) Loranthaceae. Journal of Advances in Medicine and Medical Research. Volume 29, Issue 
5, Page 1-9. 



 

 

[60} Deeni Y. Y. & Sadiq N. M. (2002). Antimicrobial properties and phytochemical constituents of 
the leaves of African mistletoe (Tapinanthus dodoneifolius (DC) Danser) (Loranthaceae): an 
ethnomedicinal plant of Hausaland, Northern Nigeria. J Ethnopharmacol. 83 (3): 235-40.  
[61] Abdullahi Z., Anuka J. A., Salawu A. O., & Hussaini I. M. (2015). In-vivo antiplasmodial 
activity of methanol whole plant extracts of Tapinanthus dodoneifolius (DC) Danser in mice. African 
Journal of Pharmacy and Pharmacology, 9 (37), 936-942. 
[62] Ofem O. E., Eno A. E., Imoru J., Nkanu E., Unoh F., and Ibu J. O. (2007). “Effect of crude 
aqueous leaf extract of Viscum album (mistletoe) in hypertensive rats,” Indian Journal of 
Pharmacology, vol. 39, no. 1, pp. 15–19. 
[63] Ouédraogo S., Aristide T. N., Soméa M. L., Pierre I. G., Christa S., Bernard B. and Ramaroson, 
A. (2005). Cardiovascular Properties of Aqueous Extract from Tapinanthus Dodoneifolius DC. 
Danser.Afr. J. Traditional, Complementary and Alternative Medicines, 2 (1): 25 – 30. 
[64] Harquin Simplice F., David Emery T. & Hervé Hervé N. A. (2014). Enhancing Spatial Memory: 
Anxiolytic and Antidepressant Effects of Tapinanthus dodoneifolius (DC) Danser in Mice. Neurol 
Res Int. 2014:974308. 
[65] Umarudeen A. M. & Magaji G. M. (2019). Comparative in-vivo anxiolytic  efficacy  of  aqueous  
and methanol Tapinanthus globiferusleaf extracts. Int Arch Med Health Res.1(3): 89-93. 
[66] Umarudeen A. M. & Aminu C. (2020). Acute Toxicological and In-vivo Anxiolytic Activity 
Screening of Aqueous and Chloroform Fractions of Hydroalcoholic Tapinanthusglobiferus Leaf 
Extracts. World Journal of Innovative Research (WJIR) ISSN: 2454-8236, Volume-8, Issue- 
[67] Akogu O. (2022). Study to Determine Toxicity of methanolic Termialia Catappa Linn. (Almond 
Fruit) Leaf Extract on Adult Wistar Mice Using Dietrich Lorke Method. Journal of Research in 
Agriculture and Animal Science. Volume 9, Issue 3, pp: 12-14. 
[68] Iheagwam F. N., Okeke C. O., De Campos O. C., Adegboye B. E., Ogunlana O. O., & Chinedu 
S. N. (2021). Toxicopathological, proinflammatory and stress response evaluation of Terminalia 
catappa extract in male Wistar rats. Toxicology reports, 8 (18), 1769–1776.  
[69] Hall C. & Ballachey L. E. (1932). A study of the rat’s behavior in a field. A contribution to 
method in comparative psychology. University of California Publications in Psychology 6: 1–12. 
[70] Yemitan, O. K., Akinsuyi, A. O., Jewo, P. I., Oguntola, J. A., & Olayemi, S. O. (2020). 
Toxicological and Reversibility Studies of Bryophyllum pinnatum Leaf Extract on Biochemical, 
Peroxidation and Histopathologic Parameters in Rodents. Journal of Complementary Medicine 
Research, 11(1), 95-95. 
[71] Ozolua, R.I., Idogun, S.E., & Tafamel, G.E. (2010). Acute and Sub-Acute Toxicological 
Assessment of Aqueous Leaf Extract of Bryophyllum Pinnatum (Lam.) in Sprague-Dawley Rats. 
American Journal of Pharmacology and Toxicology, 5 (3), 145-151.  
[72] Hall C. S. & Ballachey E. L. (1932). "A study of the rat's behavior in a field: a contribution to 
method in comparative psychology". University of California Publications in Psychology. 6 (1): 1–12. 
[73] Hall C. S. (1934). Drive and emotionality: factors associated with adjustment in the rat. Journal 
of Comparative Psychology, 17 (1), 89–108. 
[74] Seibenhener M. L. & Wooten M. C. (2015). Use of the Open Field Maze to measure locomotor 
and anxiety-like behavior in mice. J Vis Exp. (96): e52434.  
[75] Rex A., Voigt J. P., Voits M. & Fink H. (1998). Pharmacological evaluation of a modified open-
field test sensitive to anxiolytic drugs. Pharmacol Biochem Behav. 59 (3): 677-83.  
[76] Lister R. G. (1990). Ethologically based animal models of anxiety disorders. Pharmacol Ther. 46 
(3): 321-40.  
[77] Walsh R. N. & Cummins R. A. (1976). The open-field test: a critical review. Psychol Bull. 83 
(3): 482-504. 
[78] Choleris E., Thomas A. W., Kavaliers M. & Prato F. S. (2001). A detailed ethological analysis of 
the mouse open field test: effects of diazepam, chlordiazepoxide, and an extremely low frequency 
pulsed magnetic field. Neurosci Biobehav Rev. 25 (3): 235-60.  
[79] Haque M. & Abubakar A. R. (2019). Anxiolytic Testing of Medicinal Plants in Nigeria: 
Frequently Used Experimental Models. Medeniyet Med J. 34 (1): 83-98. 



 

 

[80] Moniruzzaman M, Sharoti Bhattacharjee P, Rahman Pretty M, Sarwar Hossain M. (2016). 
Sedative and Anxiolytic-Like Actions of Ethanol Extract of Leaves of Glinus oppositifolius (Linn.) 
Aug. DC. Evid Based Complement Alternat Med. Volume 2016: 8541017.  
[81] Shahed-Al-Mahmud M., Lina S. M. M. (2017). Evaluation of sedative and anxiolytic activities of 
methanol extract of leaves of Persicaria hydropiper in mice. Clin Phytosci 3 (1), 20, 12 pages. 
[82] Foyet H. S., Tsala D. E., Bouba A. A. & Hritcu L. (2012). Anxiolytic and Antidepressant-Like 
Effects of the Aqueous Extract of Alafia multiflora Stem Barks in Rodents. Adv Pharmacol Sci. 
2012:912041. 
[83] Barua C. C., Talukdar A., Begum S. A., Borah P. & Lahkar M. (2012). Anxiolytic activity of 
methanol leaf extract of Achyranthes aspera Linn in mice using experimental models of anxiety. 
Indian J Pharmacol. 44 (1): 63-7. 
[84] Habib M. R.;  Billah M. M.;  Mohammad Mahfuz-e-Alam;  Kashfia Nawrin;  Hasan, M. R.;  
Rahman M. M.;  Islam, M. A.;  Khan I. N. (2015).Evaluation of the analgesic, sedative-anxiolytic, 
cytotoxic and thrombolytic potentials of the different extracts of Kalanchoe pinnata leaves. Journal of 
Coastal Life Medicine. Vol.3 No.12 pp. 982-986. 
[85] Chandrasekhar Y., Ramya E. M., Navya K., Phani Kumar G., Anilakumar K. R. (2017). 
Antidepressant like effects of hydrolysable tannins of Terminalia catappa leaf extract via modulation 
of hippocampal plasticity and regulation of monoamine neurotransmitters subjected to chronic mild 
stress (CMS). Biomed Pharmacother. 86: 414-425. 
[86] Prut L, Belzung C. (2003). The open field as a paradigm to measure the effects of drugs on 
anxiety-like behaviors: a review. Eur J Pharmacol. 463 (1-3): 3-33. 
[87] Thompson T., Grabowski-Boase L. & Tarantino L. M. (2015). Prototypical anxiolytics do not 
reduce anxiety-like behavior in the open field in C57BL/6J mice. Pharmacol Biochem Behav. 133: 7-
17.  
 


