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Introduction
Most African countries are known worldwide to contain diverse varieties of venomous snake 
families, which include vipers, kraits and cobras (Kaushik et al. 2013). The most common snake 
families in Nigeria are the viperidae, elapidae, colubridae and actraspididae, with the viperidae 
accounting for about 66% of bites (Habib, Gebi & Onyemelukwe 2001). The major species 
responsible for bites in north-eastern Nigeria is the Echis carinatus (carpet viper) (Abubakar et al. 
2010; Habib et al. 2008). Others include Naja nigricollis (black-necked spitting cobra), Bitis arietans 

Background: Parinari curatellifolia is used in Nigeria by traditional medicine practitioners 
(TMPs) for the treatment of snakebite and other conditions.

Aim: This study is aimed at evaluating the anti-snake venom (ASV) and analgesic activities of 
n-hexane, ethyl acetate and methanol extracts as well as that of betulinic and oleanolic acids.

Setting: The extracts and the isolates were subjected to acute toxicity studies, anti-snake 
venom and analgesic activities.

Methods: Acute toxicity studies for the extracts were performed according to Lorke’s method 
whilst that of betulinic and oleanolic acids were performed according to Organization for 
Economic Co-operation Development 425 at the limit dose of 2000 mg/kg in mice. The ASV 
activity of the extracts and the betulinic and oleanolic acids were screened against Naja 
nigricollis venom phospholipases using the phospholipase-A2 acidimetric assay. The analgesic 
activity of ethyl acetate extract (35 mg/kg, 70 mg/kg, 140 mg/kg), betulinic acid (1 mg/kg, 
5 mg/kg, 10 mg/kg) and oleanolic acid (1 mg/kg, 5 mg/kg, 10 mg/kg) were evaluated using 
acetic acid-induced abdominal constrictions in mice.

Results: The LD50 of the methanol and ethyl acetate extracts were 113 mg/kg and 471.17 mg/kg, 
respectively, whilst that of the betulinic and oleanolic acids were greater than 2000 mg/kg. In 
the ASV study, the extracts inhibited the hydrolytic action of phospholipases with a percentage 
inhibition of 24.1% (n-hexane), 29.3% (ethyl acetate) and 20.7% (methanol), whilst the ASV 
(standard) caused 72.9% inhibition. On the other hand, the betulinic and oleanolic acids 
inhibited the hydrolytic action of phospholipases with a percentage inhibition of 35.6% and 
31.4% respectively. For the analgesic evaluation, the ethyl acetate extract exhibited analgesic 
activity by producing a significant (p < 0.05) reduction in the number of writhes (7.75 ± 1.20, 
11.82 ± 3.10 and 14.98 ± 2.72) at 140 mg/kg, 70 mg/kg and 35 mg/kg, respectively. Betulinic 
acid at 10 mg/kg, 5 mg/kg and 1 mg/kg showed a mean number of writhes of 3.40 ± 0.8, 
4.20 ± 1.4 and 5.60 ± 2.1, respectively. Oleanolic acid at 10 mg/kg and 5 mg/kg also showed 
7.50 ± 2.6 and 6.40 ± 1.8 mean number of writhes.

Conclusion: This study has validated scientifically why P. curatellifolia is used traditionally in 
the treatment of snakebite, as the ethyl acetate extract and the isolated compounds moderately 
inhibited the hydrolytic action of phospholipase-A2. Also, betulinic and oleanolic acids 
exhibited analgesic activity in acetic acid-induced writhing in mice.

Keywords: Acute toxicity; analgesic; anti-snake venom; betulinic acid; oleanolic acid; Naja 
nigricollis; phospholipase-A2; Parinari curatellifolia.
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(puff adder) and, to a lesser extent, Causus maculatus (night 
adder), Naja katiensis (Mali cobra), Naja haje (Egyptian cobra), 
Atractaspis microlepidota (small-scaled burrowing asp), 
Telescopus variegatus (variable cat or variable tiger snake) and 
several species of rat snake, sand snake and Lycophidion 
semicinctum (semi-annulated wolf snake) (Abubakar et  al. 
2010).

Naja nigricollis is a moderately sized snake with a distinct 
head. It can grow to a length of 1.2 m – 2.2 m. It has two 
large venom glands found on each side of the head, resulting 
in the shape of its head. The venom contains the enzyme 
phospholipase-A2 (PLA2) in large quantities. This enzyme 
catalyses the hydrolysis of fatty esters in the 2-position of 
3-phospholipids to release fatty acids and lysophospholipid. 
The snake is predominantly black with a dull metallic sheen 
under the surface of the neck (Sani et al. 2018; Tamiya 1985) 
and tends to project venom from its fangs at a potential 
threat (Spawls & Branch 1995). The spitting cobra is not 
usually aggressive, but when molested it will attack 
viciously and persistently (Tamiya 1985). 

Snakebites are a serious public health concern that plagues 
many rural communities in Nigeria (Ekwere et al. 2010; Yusuf 
et al. 2015). The incidence of snakebites in Nigeria and the 
type of snake seem to vary according to the geographical 
zone, the occupational practices of the people and the season 
(Omogbai et al. 2002). There is no proper record of snakebites 
in Nigeria (Yusuf et al. 2015), but it has been estimated that 
the mortality rate ranges from 2 to 16 per 100 000 each year 
(Theakston et al. 1995). The incidence of snakebites in people 
in the rural communities, where most of the people engage in 
agricultural, pastoral and other outdoor activities as a source 
of livelihood, is very high (Habib 2013; Kaushik et al. 2013). It 
has been reported by Habib et al. (2008) that the incidence of 
snakebites in Nigeria is about 497 per 100 000 people per year 
with a 10% – 20% mortality in bites left untreated. Apart from 
mortality, some snakebite victims survive but have permanent 
physical damage due to local tissue necrosis. The burden of 
human suffering caused by snakebite has been greatly 
underestimated, ignored and neglected for too long (Habib 
2013). Snakebites cause death in about 50 000–60 000 people 
per year (Kaushik et al. 2013). 

Snake venom contains several pharmacologically active 
peptides and proteins. The proteins are mostly 
metalloproteinases (enzymes). Snake venom metalloproteinase 
induces haemorrhage, local myonecrosis, skin damage, 
inflammatory reaction and arthritis and is responsible for 
causing paralysis (Kaushik et al. 2013). The venom also 
contains toxic PLA2 with presynaptic neuromuscular blocking 
activity (Coelho 2004). 

The treatment of snakebite is very costly (Kaushik et al. 2013) 
and therefore not affordable to poor people, especially those 
living in rural areas (Kadali, Kameswara & Sandeep 2015; 
Kaushik et al. 2013). The main source snakebite treatment is 
the use of antisera (Sani et al. 2018). The use of snake venom 

antisera has adverse effects resulting from the presence of 
foreign proteins (Kaushik et al. 2013). These adverse effects 
(early and late hypersensitivity reactions) normally occur 
after one hour of administration (Kaushik et al. 2013). 
Therefore, there is need for the development of safer 
alternatives that are easily accessible, stable at room 
temperature and can neutralise a wide range of venom 
antigen with little or no side effects (Kaushik et al. 2013).

Many medicinal plants belonging to the Compositae, 
Leguminosae, Solanaceae and Apocynaceae families are 
well-documented in African material medica (Igoli, Tsenongo 
& Tor-Anyiin 2011) and in other traditional medicine systems 
worldwide against snakebite. These plants contain bioactive 
principles like aristolochic acid, alkaloids, steroids, 
flavanoids, phenols, pterocarpanes, quinonoid xanthenes, 
resveratrol, glycoside and tannins which are effective anti-
snake venoms (ASVs). However, there is no comprehensive 
scientific validation of their efficacy (Kadali et al. 2015). 
Herbal preparations from these medicinal plants can serve as 
an alternative therapy in the management of snakebite, if 
developed. Studies on these herbal preparations have 
demonstrated neutralisation effects on viper, russell and 
cobra venoms (Molander 2012; Yusuf et al. 2019a, 2019b).

Pain disorders have been treated with natural products 
from  the first documented evidence that dates back over 
7000 years. To depict these claims, Papaver somniferum (opium 
poppy) and Salix alba (willow tree) are common examples. It 
was in the 19th century that morphine and aspirin were 
isolated from P.  somniferum and Salix spp., respectively 
(McCurdy & Scully 2005). Steroids (e.g. corticosteroids) and 
non-steroids (e.g. aspirin) are the drugs currently used as 
analgesics and in the management of inflammatory 
conditions. These drugs possess side and toxic effects which 
include renal failure, allergic reactions and hearing loss or 
they may increase the risk of haemorrhage by affecting 
platelet function (Anilkumar 2010; Sengupta, Sheorey & 
Hinge 2012). On the other hand, there is a general perception 
that herbal medicines present little or no side effects and are 
safer (Sengupta et al. 2012). Plants from different families 
containing different chemical compounds and belonging to 
different chemical classes have been reported to demonstrate 
analgesic and anti-inflammatory activities (Anilkumar 2010; 
Kumar, Shete & Akbar 2010; Sengupta et al. 2012).

Parinari curatellifolia (Planch. ex Benth.) belongs to the family 
chrysobalanaceae. The root and the stem bark of the plant 
are used in Nigeria and other African countries by traditional 
medicine practitioners (TMPs) for the treatment of snakebite, 
pain disorders and other diseases (Arnold & Gulumian 
1984; Kadali et al. 2015; Omale, Aguiyi & Wannang 2010; 
Sidi et al. 2006; Ssegawa & Kasenene 2007; Uys et al. 2002). 
Simeon et  al. (2012) have reported the ASV (E. carinatus) 
activity of flavonoid fraction of the root bark extract of 
P. curatellifolia in mice. The flavonoid fraction at a dose of 
237 mg/kg gave significant (p < 0.05) protection against the 
venom at 10 min and 30 min after pre-treatment with the 
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venom. Halilu et al. (2008) have reported the presence of 
saponins, tannins, flavonoids, alkaloids, anthraquinones, 
steroids/triterpenoids and cardiac glycosides in the ethyl 
acetate fraction of the stem bark.

Betulinic acid is a pentacyclic lupane type of triterpene that is 
widely distributed in the plant kingdom (Ayatollahi et al. 
2011; Rodrigues et al. 2010; Teh et al. 2010) and which has 
exhibited a variety of biological activity (Chatterjee et al. 
2000). The isolation and characterisation of betulinic acid 
from P.  curatellifolia have been reported by Halilu et al. 
(2013b). In addition, the evaluation of in-vitro antioxidant 
(DPPH [2, 2-diphenyl-1- picryl hydrazyl]) and in-vitro 
cytotoxic activity (XTT) of betulinic acid on the cervical 
cancer (HeLa) cell line have been reported (Halilu et al. 
2013a), where betulinic acid demonstrated moderate to 
excellent antioxidant and cytotoxic activities. Oleanolic acid 
has been isolated in many plant species including Satureja 
mutica (Gohari et al. 2009), Lantana camara (Vyas & Argal 
2014), Uncaria macrophylla (Guangli et al. 2012), Grewia optiva 
(Uddin et al. 2011) and Borreria stachydea (Onoja & Ndukwe 
2013). The reported biological activities of oleanolic acid 
and  its derivatives include anti-tumour or anticancer, 
antidiabetic, antimicrobial, hepatoprotective; and 
antihypertensive, antioxidant, anti-inflammatory and 
antiparasitic activities (Ayeleso, Matumba & Mukwevho 
2017). The oral acute toxicity study of oleanolic acid has been 
reported by Halilu et al. (2019). Despite the reported 
pharmacological activities of P. curatellifolia extracts and its 
isolated compound, the potential of P. curatellifolia ethyl 
acetate fraction and isolated compounds to treat pain and 
snakebite have not been investigated. Therefore, this study 
was designed to investigate the ASV activity of the solvent 
extracts, and analgesic activity of ethyl acetate extract and its 
isolated compounds (oleanolic and betulinic acids).

Materials and methods
Collection, identification and authentication of 
the plant material
The collection, identification and authentication of the plant 
material have been previously described by Halilu et al. 
(2013b). The leaves, flowers, fruits and stem bark of the plant 
were collected from Zaria, Kaduna State, Nigeria, in 
September 2011, and transported to the Herbarium Unit, 
Department of Biological Sciences, Faculty of Science, 
Ahmadu Bello University, Zaria, Nigeria, for identification 
and authentication by a taxonomist. Voucher number 903 
was assigned to the herbarium specimen. 

Drying and preparation of the stem bark
The drying and preparation of the stem bark have been 
previously described by Halilu et al. (2013b). The stem bark 
of the plant was shed dried for 1 week and powdered using a 
wooden pestle and mortar. The powder was stored in an air-
tight plastic container until required for use.

Extraction of plant material
The extraction of the powdered stem bark has been previously 
described by Halilu et al. (2013b) where the powdered plant 
material (3 kg) was successively extracted with 8 L each of 
n-hexane, ethyl acetate and methanol by cold maceration for 
24 h. The extracts were filtered and concentrated at reduced 
pressure using a rotary evaporator.

Isolation and characterisation of betulinic and 
oleanolic acids
The isolation and characterisation of betulinic and oleanolic 
acids from the ethyl acetate extract of P. curatellifolia stem 
bark have been described by Halilu et al. (2013b) and Halilu 
et al. (2019), respectively. The pentacyclic acids were isolated 
by gravity column chromatography using the gradient 
elution technique. The compounds were characterised on the 
basis of their infrared (IR), nuclear magnetic resonance 
(NMR) and mass spectrometry (MS) spectroscopy.

Collection and preparation of snake venom
The venom of N. nigricollis was collected by the milking 
procedure described by Macfarlane (1967) and reported by 
Yusuf et al. (2019b). The venom was pooled, freeze-dried and 
kept at 4 °C until required for use.

Phospholipase-A2 assay
The acidimetric assay for PLA2 enzymes, described by Tan 
and Tan (1988) and reported by Yusuf et al. (2019b), was 
followed in carrying out the evaluation. Equal volumes of 
the substrates containing calcium chloride (18 mM), sodium 
deoxycholate (8.1 mM) and egg yolk were mixed and stirred 
for 10 min to produce a homogenous mixture of egg yolk 
suspension. The pH of the suspension was adjusted to 8.0 by 
the addition of 1 M sodium hydroxide. The snake venom 
(0.1  mg/mL, 0.3 mg/mL and 0.3 mg/mL) was added 
separately to 15 mL each of the above mixture to initiate the 
process of hydrolysis. Normal saline was used as a negative 
control. The pH of the suspension mixture and the snake 
venom was measured after 2 min using a pH meter. A 
decrease in pH was observed and noted. A decrease of 1.0 pH 
unit corresponds to the 133 µmoles of fatty acid released in 
the egg yolk mixture. Furthermore, enzymatic activity of 
PLA2 was calculated from the data obtained as µmoles of 
fatty acid released per minute. To test for the antivenin 
potentials of the extracts (n-hexane, ethyl acetate and 
methanol) and the isolates (betulinic and oleanolic acids), the 
snake venom (0.1 mg) was pre-incubated with 0.5 mg/mL of 
the extracts and the isolates to neutralise PLA2 hydrolytic 
action. The protections offered by the extracts and the isolates 
against phospholipases were measured and presented 
according to percentages as follows:

Enzyme activity
( mole fatty acid/minutes)

mole of  fatty acid released
Time taken in minutesµ

µ 
=  	

	 [Eqn 1]
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% enzyme activity Enzyme activityof the test sample
Enzyme activity of the venom

100

% inhibition  100  % enzyme activity

×

= −

  =
	

	 [Eqn 2]

Experimental animals
Mice (17 g – 23 g) of either sex were obtained from the 
animal  house of the Faculty of Pharmaceutical Sciences, 
Ahmadu Bello University, Zaria, Nigeria. The animals were 
acclimatised for 2 weeks before the commencement of the 
study. Standard commercial food and water were provided 
ad libitum for the  animals. Housing conditions were 
maintained at 25 oC ± 2 oC at 12 h day/night cycles using an 
air conditioner. The study was approved by the Animal 
Research Ethics Committee, Usmanu Danfodiyo University, 
Sokoto (PTAC/PC(EA)/MT/12-19). The care and handling 
of the animals were done according to the established public 
health guidelines on Guide for Care and Use of Laboratory 
Animals (2011).

Acute toxicity study of methanol and ethyl 
acetate extracts
The acute toxicity studies were carried out on mice using a 
modified Lorke’s method (1983). The mixture of male and 
female mice weighing 17 g – 23 g was used. In the first phase 
of the experiment, nine mice were used. The nine mice were 
grouped into three groups of three mice each. The methanol 
extract was administered intraperitoneally (IP). To the first 
group, 1000 mg/kg of the methanol extract was administered; 
the second group received 100 mg/kg; and the third group 
received 10 mg/kg. From the result of the first phase of the 
experiment, the second phase of the experiment was carried 
out using four mice. To the first mouse, 160 mg/kg was 
administered; to the second mouse, 80 mg/kg; to the third 
mouse, 40 mg/kg; and to the fourth mouse, 20 mg/kg. The 
animals were observed for 24 h after treatment. The above 
procedure was repeated using the ethyl acetate extract. The 
LD50 was determined from the highest dosage that killed the 
mice, and the lowest dosage that did not kill the mice. The 
median lethal dose (LD50) was determined using Lorke’s 
equation as follows:

LD50 = √ (Do × D100)� [Eqn 3]

Where Do = highest dose for which the animal survives; and 
D100 = lowest dose for which the animal dies.

Acute toxicity study of betulinic and 
oleanolic acids
The oral acute toxicity study of the betulinic acid was 
carried out by the ‘up-and-down’ method in mice according 
to the Organisation for Economic Development (2008) 
guideline no. 425. A limited dose of betulinic acid (2000 mg/
kg) was used for the study. Five female mice weighing 
(17 g – 23 g) were used for the study. One mouse was picked 
at a time, weighed and dosed with the equivalent volume of 

the betulinic acid dissolved in a 20% tween 80 + dimethyl 
sulphoxide (1:1) vehicle. The betulinic acid was 
administered  orally using a gastric feeding tube and 
monitored according to OECD guideline no. 425 (2008), as 
reported by Halilu et al. (2019). The oral acute toxicity study 
of the oleanolic acid has been determined using the above 
method and the results have been reported previously by 
Halilu et al. (2019).

Analgesic activity of ethyl acetate extract and 
betulinic and oleanolic acids
Acetic acid-induced abdominal constrictions (writhing) 
in mice 
The analgesic activity was determined according to the 
method described by Koster, Anderson and De Beer (1959). 
Forty adult albino mice were divided into eight groups 
consisting of five mice each. Groups 1, 2, 3, 5 and 6 were 
injected with 10 mg/kg, 5 mg/kg and 1 mg/kg IP of ethyl 
acetate extract, betulinic acid and oleanolic acid, respectively. 
Group 7 was injected with piroxicam 10 mg/kg (positive 
control) and group 8 was injected with 10 mL/kg IP of 
normal saline (negative control). At the time interval of 30 
min, each mouse was injected with 10 mL/kg of an aqueous 
solution of acetic acid (0.6%). The number of abdominal 
constrictions for each mouse was counted 5 min after the 
injection of acetic acid for a period of 10 min. The percentage 
inhibition of abdominal constrictions was calculated 
using the following formula:

Inhibition (%) =

Mean no. of writhes (control) –  mean no. 
of writhes (test)

Mean no. of writhes (control)
100×  

	 [Eqn 4]

Statistical analysis
All data are presented as a mean ± standard error of mean 
(SEM) of six replicate readings. They were analysed using the 
GraphPad Prism version 6 software. One-way analysis of 
variance (ANOVA) was used to compare all groups, followed 
by student’s t-test. Differences were considered significant 
at p < 0.05.

Ethical consideration 
The study was approved by the Animal Research Ethics 
Committee, Usmanu Danfodiyo University, Sokoto, PTAC/
PC(OA)/OT/007-18, 18 July 2018.

Results 
Anti-snake venom activity
The effect of the extracts and betulinic and oleanolic acids on 
N. nigricollis PLA2 activity are presented in Table 1. The ethyl 
acetate extract showed the highest enzyme inhibition of 
29.3%. The betulinic and oleanolic acids showed enzyme 
inhibitions of 35.6% and 31.4%, respectively. 
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Acute toxicity study of methanol extract, ethyl 
acetate extract and betulinic acid
The results of the acute toxicity of the crude methanol 
extract and the ethyl acetate fraction are presented in  

Tables 2 and 3. The LD50 of the crude methanol extract was 
calculated to be 113 mg/kg, whilst that of the ethyl acetate 
fraction was found to be 471.17 mg/kg. There was no 
mortality or any sign of toxicity observed at the 
administration of 2000 mg/kg of betulinic acid. Therefore, 
the LD50 of betulinic acid is greater than 2000 mg/kg (limit 
dose PO). Also, the LD50 of the oleanolic acid was found to 
be greater than 2000 mg/kg, as previously identified by 
Halilu et al. (2019).

Analgesic study
The effects of the ethyl acetate extract and betulinic and 
oleanolic acids on acetic acid-induced writhing in mice are 
presented in Figures 1, 2 and 3.
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FIGURE 1: Effect of ethyl acetate extract on acetic acid-induced writhing in mice. 

100

80

60

40

20

0

No
. o

f w
rit

he
s (

%
 in

hi
bi

tio
n)

Treatment

Piroxicam 10 mg/kgBetulinic acid 1 mg/kg
Betulinic acid 5 mg/kgNormal saline (control) Betulinic acid 10 mg/kg

** *

Note: Values represent mean number of writhes ± SEM and (% inhibition); n = 6.
*, p ˂ 0.05 represents statistical significance when compared with normal saline (ANOVA, 
student’s t-test)

FIGURE 2: Effect of betulinic acid on acetic acid-induced writhing in mice. 
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FIGURE 3: Effect of oleanolic acid on acetic acid-induced writhing in mice. 

TABLE 1: Effect of extracts and betulinic and oleanolic acids on Naja nigricollis 
phospholipase-A2 activity.

Sample Fatty acid release 
(µmole/min)

Enzyme activity 
(µmole/FA/min)

Enzyme 
activity (%)

Enzyme 
inhibition (%)

n-Hexane 140.98 5.42 75.9 24.1

Ethyl acetate 126.35 5.05 70.7 29.3

Methanol 152.95 5.66 79.3 20.7

Betulinic acid 107.7 4.60 64.4 35.6

Oleanolic acid 113.1 4.90 68.6 31.4

ASV (standard) - 0.93 27.1 72.9

Venom (control) 121.0 7.14 100.0 0.0

ASV, anti-snake venom.

TABLE 2: Acute toxicity of ethyl acetate extract.
Dose Number of mice Mortality

Phase 1 dose (mg/kg)
1000 3 3/3
100 3 0/3
10 3 0/3
Phase 2 dose (mg/kg)
600 1 1/1
370 1 0/1
225 1 0/1
140 1 0/1

TABLE 3: Acute toxicity of methanol extract.
Dose Number of mice Mortality

Phase 1 dose (mg/kg)
1000 3 3/3
100 3 2/3
10 3 0/3
Phase 2 dose (mg/kg)
160 1 1/1
80 1 0/1
40 1 0/1
20 1 0/1

http://www.jomped.org�


Page 6 of 8 Original Research

http://www.jomped.org Open Access

Discussion
Phospholipase-A2 is an enzyme present in large quantities 
in snake venoms which catalyse the hydrolysis of fatty 
esters in the 2-position of 3-phospholipids to release fatty 
acids and lysophospholipid. The fatty acid formed may act 
as either a second messenger or a precursor of eicosanoids 
(Fuly et al. 2002). In an acidimetric assay, PLA2 enzymes are 
hydrolysed and free fatty acids released in the presence of 
sodium deoxycholate. Naja nigricollis venom liberates free 
fatty acids which is measured according to a decrease in the 
pH of egg yolk suspension. In this study, the venom 
(0.3 mg/mL) liberated 121.0 µmole of free fatty acids. 
The  n-hexane and ethyl acetate and methanol extracts 
neutralised the phospholipases activity of N. nigricollis. The 
ethyl acetate extract inhibited the hydrolytic action of 
phospholipases and produced the highest percentage 
inhibition – greater than the n-hexane and methanol 
extracts. These extracts were found to be effective in 
neutralising the poisonous effect of PLA2. The effectiveness 
of these extracts may be the result of the presence of 
the  polyphenols (flavonoids and tannins), steroids/
triterpenoids and glycosides (Sani et al. 2018; Yusuf et al. 
2019a, 2019b). The mode of action of the extracts against the 
N. nigricollis venom may be the result of the ability of the 
extracts to inhibit the hydrolytic action of PLA2 (Sani et al. 
2018). In addition, betulinic and oleanolic acids also 
inhibited the hydrolytic action of phospholipases and were 
found to be effective in combating the poisonous effect of 
PLA2. Accordingly, by inhibiting the myotoxic effect 
induced by PLA2 present in the snake venom, a therapeutic 
potential of these fractions and isolates against necrosis in 
snakebite victims is achieved.

The LD50 of the methanol and ethyl acetate extracts were 
113 mg/kg (IP) and 471.17 mg/kg (IP), respectively. Also, 
the LD50 of the betulinic acid and the oleanolic acid was 
greater than 2000 mg/kg (PO) as the animals survived at 
this dose of 2000 mg/kg. The result of the acute toxicity 
showed a decrease in toxicity from the crude methanol 
extract through the ethyl acetate fraction and from the 
betulinic and oleanolic acids. Previous studies have shown 
that the LD50 of oleanolic acid is greater than 2000 mg/kg 
(Halilu et al. 2019) and this is in agreement with the result 
of the current study. 

The effects of ethyl acetate fraction and betulinic and 
oleanolic acid fractions on peripheral nociception were 
determined, using the model of acetic acid-induced 
abdominal constrictions in mice, which is often used to 
assess both central and peripheral analgesia (Fukawa et al. 
1980; Gene et al. 1998). The acetic acid causes an increase in 
peritoneal fluids of prostaglandin E2 and prostaglandin F2α 
as a result of abdominal contractions, dorsoabdominal 
muscle twisting and sensitisation of peripheral 
chemosensitive nociceptors (Dirig et al. 1998), leading to the 
development of pain (Bley et al. 1998). In this study, betulinic 
and oleanolic acids exhibited significant (p < 0.05) analgesic 

activity in acetic acid-induced writhing in mice, indicating 
that they may possesses both central and peripherally 
mediated analgesic activity. Betulinic acid produced a strong 
analgesic effect on the acetic acid-induced writhing in the 
same order of magnitude as that observed after piroxicam 
administration at 10 mg/kg, and there was a remarkable 
reduction of activity at 5 mg/kg and 1 mg/kg. The observed 
trend indicates that the activity is dose-dependent. The 
oleanolic acid, on the other hand, exhibited its highest 
percentage inhibition at 5 mg/kg and the activity decreased 
as the dose was increased to 10 mg/kg. The observed 
phenomenon may be the result of the fact that active 
phytochemicals, present in the plant extract, saturated the 
available receptors for the response (or  activity). The 
mechanism of action is thought to involve, in part, local 
peritoneal receptors (Bentley, Newton & Starr 1983); the 
isolates may have interfered with these peritoneal receptors 
to bring about analgesia (Musa et al. 2009).

Conclusion
The study showed that the extracts and the betulinic and the 
oleanolic acids inhibited the hydrolytic action of PLA2 present 
in N. nigricollis venom. A decrease in toxicity from the 
methanol and ethyl acetate extracts, and the isolates (betulinic 
and oleanolic acids) were observed. Both the betulinic and 
oleanolic acids exhibited significant analgesic activity in the 
acetic acid-induced writhing in mice. The betulinic acid 
showed a dose-dependent response.
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