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Abstract: Commiphora africana is a plant used as herbal remedy against snakebite in Nigeria, Central Africa 

and South Africa. This study was aimed at evaluating the plant’s effect against Naja nigricollis venom. Crude 

methanol extract (CME) and n-butanol fraction (NBF) of the extract were used. Mixtures of CME and minimum 

lethal dose (LD99) of N. nigricollis venom were pre-incubated at 37
0
C for 15 minutes. Twenty mice were 

allocated into four equal groups. Group I was given LD99 of the venom only. Mice in groups II, III and IV were 

respectively given 200, 300 and 400 mg/kg of the extract incubated each with LD99 (9.70 mg/kg) of the venom. 

The same procedure was adopted using NBF. However, NBF was evaluated at 200, 400 and 600 mg/kg. All 

administrations were intraperitoneal. Animals were observed over 24 hours. All animals died in group I. For 

the CME treated groups, one death was recorded in group II while mice in groups III and IV all survived. The 

NBF at 200, 400 and 600 mg/kg offered 20, 60 and 80% survival, respectively. The extracts manifested a dose-

dependent in vitro neutralization of N. nigricollis venom. This may explain the basis for using this plant to treat 

snakebite. 
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I. Introduction 
Snakebite envenoming is a common global health problem of high magnitude and complexity that is 

somewhat neglected, with frequently devastating consequences [1, 2]. Snake bite is a common occurrence in 

Nigeria as it is in many other parts of Africa and the tropics. It is an environmental and occupational disease that 

affects mostly people in rural communities of developing countries [3, 4]. Snakebite in Africa causes thousands 

of deaths annually and considerable permanent physical disability. The incidence of snake bite in rural West 

Africa was estimated to be as high as 174 per 100,000 population, with an 11–17% mortality rate [5, 6, 4]. 

Nigeria is reported to have one fifth of all West African region snake bite cases, with 174 cases in every 100,000 

hospital admissions [7]. A more recent study estimated that over 314,000 bites, 7,300 deaths and nearly 6,000 

amputations occur from snakebites annually in sub-Saharan Africa [8].  Snake bite in animals constitutes an 

important medical and economic problem resulting in loses due to mortality and cost of treatment which is 

mostly unsuccessful. There is paucity of data on the epidemiology of snake bite in animals in Nigeria. 

Envenomation of domestic animals by snakes occurs frequently in certain geographic areas. However, reports 

describing clinical signs, clinicopathologic abnormalities, therapeutic approaches, and outcomes are sparse [9]. 

Current management of snake bite involves the use of anti-snake venom serum (AVS), which is the specific 

therapy. The use of AVS is not without some limitations, which may be high cost, unavailability, storage 

problems and hypersensitivity reactions [10]. Moreover, AVS does not completely reverse the effects of the 

venom, especially local tissue injury [11]. 

Commiphora africana (A. Rich) Engl. Syn. Heudelotia africana (Family Burseraceae) is a shrub with 

short lateral branches, sharply pointed at the apex, bearing leaves in small clusters below the tip [12]. The plant 

is well suited to dry areas and is often grown as a hedge in Northern Nigeria [13]. Different parts of C. africana 

are used medicinally in several West African countries [14]. A macerate of crushed leaves of the plant in oil is 

drunk in Cote d’Ivoire and in Burkina Faso as a sedative and soporific [15]. The gum is widely used to prepare 

antiseptic washes and baths for skin infections, sores and leprosy. The bark of C. africana is chewed with natron 

and applied to scorpion stings in Nigeria while inflammation of the eyes is treated by placing the head over a 

steaming pot containing the bark in it [16]. In Central Africa, the bark mixed with salt is applied to snake bite 

site [17, 18]. Research has established that the plant has analgesic and anti-inflammatory [19], anti-diabetic [20], 

antimicrobial [21], and sleep inducing [22] activities. 

Naja nigricollis or the black-necked spitting cobra is a venomous snake species belonging to the family 

Elapidae, which is the most venomous and widely distributed snake family [23]. It is one of the most important 

snakes associated with envenoming in Nigeria [4]. Snake venom is a complex mixture of several different 
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compounds consisting of proteins, peptides, enzymes, cytotoxins, neurotoxins, coagulants and anti-coagulants. 

The enzymes include phosphodiesterases, phospholipase A2, anti-cholinesterases, serine proteinases, 

metalloproteinases, hyaluronidase, oxidases and proteases and ATPase [2, 24, 25]. In addition, small organic 

substances such as citrate, nucleosides and acetylcholine may also be present [26] 

 

II. Materials and Methods 
2.1 Plant collection and identification 

The stem-bark of C. africana was collected in the month of March 2012 in the main campus of the 

Ahmadu Bello University (ABU) Zaria. The plant was identified and authenticated by Mr. Umar Galla, of the 

Herbarium, Department of Biological Sciences, Ahmadu Bello University, Zaria, where a voucher specimen no. 

900300 was deposited for reference purposes. 

 

2.2 Plant preparation and extraction 
The stem-bark of C. africana was cleaned, air dried under shade and ground into powder. The powder 

(~500 g) was macerated in 98% methanol (ratio 1:3, w/v) at room temperature for 48 hrs. The entire process was 

repeated twice. The methanol extracts were pooled together and filtered using a filter paper (Whatmann size 

no.1). The filtrate was evaporated to dryness in a water bath at 40ºC. The dried extract obtained was weighed 

and kept in airtight bottle in a refrigerator at 4
ο
C. 

 

2.3 Fractionation of extract 

The crude methanol extract of C. africana was dissolved in 500 ml water and then poured into a 

separatory 1 litre funnel. An equal volume of n-hexane was gently poured into the funnel, closed and shaken 

carefully. The pressure that builds up within the flask was released by inverting and opening the tap at the base 

of the funnel. The process was repeated several times. The resulting suspension was allowed to stand for about 

15 minutes and the lower aqueous layer was decanted and collected in a container. The remaining n-hexane 

fraction was also collected in a separate container. The aqueous methanol fraction was partitioned serially 

between ethyl acetate and n-butanol in a similar fashion. The fractions obtained were concentrated to dryness 

under a fast moving stream of air. 

 

2.4 Phytochemical screening 

Phytochemical screening of stem-bark crude methanol extract of C. africana as well as its fractions was 

carried out to identify the chemical constituents using standard analytical techniques as described by Evans [27]. 

The screening involves the detection of presence or absence of secondary metabolites such as alkaloids, 

flavonoids, tannins, anthraquinones, saponins, terpenoids, steroids, glycosides and reducing sugars. 

 

2.5 Experimental animals 
Young adult male Swiss albino mice weighing between 18 and 22g were used. The animals were 

obtained from the National Institute for Trypanosomiasis Research (N.I.T.R), Kaduna and were housed in the 

Animal Room, Department of Veterinary Pharmacology and Toxicology, Ahmadu Bello University, Zaria. The 

mice were maintained on commercial poultry grower feed, maize bran and groundnut cake compounded in a 

ratio of 4:2:1 and water was provided ad libitum.  The animals were kept in plastic cages at room temperature 

throughout the study, and were acclimatized for two weeks prior to their use in the experiment. 

 

2.6 Venom collection and preparation 

Naja nigricollis venom was obtained by milking from black-necked spitting cobra (Naja nigricollis) 

which was kept and maintained at the Serpentarium, Department of Veterinary Pharmacology and Toxicology, 

using the milking method of Markfarlane [28]. The venom was collected with the help of a skilled snake 

handler. The pooled venom was thereafter placed in a dessicator containing activated silica and allowed to dry at 

room temperature.  The crystallized venom was subsequently transferred into a refrigerator and stored at -18
ο
C. 

 

2.7 Toxicity Studies 

2.7.1 Acute Toxicity Test on Extract 

The determination of the median lethal dose (LD50) of the stem-bark methanol extract of C. africana 

was carried out in mice by the method described by Lorke [29] (1983). In the initial phase, 9 mice were 

randomly divided into three groups of three mice each. Groups I, II and III were given 10, 100 and 1000 mg/kg, 

respectively of the extract intraperitoneally. In the second phase of the toxicity study, three mice were divided at 

random into three groups of one mouse each.  Mouse I, II and III were given 1600, 2900 and 5000 mg/kg of the 

extract, respectively. The mice were observed over a period of 24 hours for signs of toxicity and mortality. The 

median lethal dose (LD50) was calculated as the geometric mean of doses that produced 0% and 100% mortality. 
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Similarly, the determination of the median lethal doses (LD50) of the ethyl-acetate, n-butanol and aqueous-

methanol fractions were done as described above. 

 

2.7.2 Lethality assay of the venom 

The LD99 of N. nigricollis venom as indication of its lethality was determined in mice. The venom was 

reconstituted in normal saline and concentrations of 5, 6, 8 and 10mg/ml made. Thirty mice were randomly 

allocated into 5 groups of 6 mice each (n = 6). Groups I served as the control group where mice were injected 

with normal saline (0.2 ml each i.p). Mice in groups II, III, IV and V were given the reconstituted venom at 5, 6, 

8 and 10 mg/kg, respectively through the intraperitoneal route [30] (Theakson and Reid, 1983). The time of 

death was recorded over a period of 24 hours from venom administration. 

 

2.8 Determination of the activity of fractions 

A pilot study was conducted to determine the activity of the three fractions against snake envenomation 

by N. nigricollis in mice.  The n-hexane fraction yield was negligible that it was not considered for further 

evaluation. The ethyl-acetate (EA), n-butanol (NB) and aqueous-methanol (AM) fractions were evaluated for 

possible anti-venom activity. Nine mice were randomly allocated into 3 equal groups (n = 3). All the animals 

were administered the minimum lethal dose of the venom (9.7 mg/kg). Thereafter, mice in groups I, II and III 

were respectively administered 200 mg/kg each of AE, NB and AM fractions, 15 minutes later. The mice were 

observed for signs of toxicity and mortality over 24 hrs. 

 

2.9 Venom neutralizing effect of the extract  

This was evaluated adopting the method earlier described by Abubakar et al. [31] and Otero et al., [32] 

with slight modification. Twenty mice were randomly allocated into 4 groups of five mice each. Group I served 

as control where mice were given the minimum lethal dose of N. nigricollis venom intraperitoneally. Mice in 

groups II, III and IV were given the mixture of the minimum lethal dose of the venom and the extract at 200, 

300 and 400 mg/kg, respectively. The venom and extract mixtures were earlier pre-incubated at 37
0
 C for 15 

minutes before administration. Similarly, the n-butanol fraction was evaluated for in vitro venom neutralization 

ability. The NBF was selected because it demonstrated better activity in the pilot study. However, the fraction 

was evaluated at 200, 400 and 600 mg/kg. This was because it had higher LD50 value. Signs of toxicity and the 

time of death for each mouse were noted and recorded. 

 

III. Results 
Preliminary phytochemical screening of the stem-bark extract of C. africana and its n-butanol fraction 

revealed the presence of flavonoids, tannins, saponins, triterpenoids and cardiac glycosides. The crude extract, 

in addition contained anthraquinones. The LD50 of the crude extract was found to be 3807.89 mg/kg. There were 

no deaths recorded for the n-butanol, ethyl-acetate and aqueous-methanol fractions up to 5000 mg/kg. The LD50 

was thus assumed to be >5000 mg/kg for each of the fractions. The results of the lethality assay in mice injected 

with varying doses of the venom of N. nigricollis, separately, within 24 hrs is summarized in Table 1. The 

minimum lethal dose of the venom as estimated by probit was 9.7 mg/ kg. 

Activity of n-butanol fraction was higher when compared with ethyl-acetate and aqueous-methanol 

fractions as manifested by the survival of 2 mice while all 3 mice in the groups treated with EA and AM died 

within 24 hours.  Toxic signs were alleviated in varying degrees (Table 2) and lethality of the venom inhibited 

by the crude extract as shown by the survival of animals in the treatment groups (except one mouse that died in 

group treated with the extract at 200 mg/kg). The alleviation of toxic signs was maximal at 400 mg/kg which 

was the highest dose evaluated. Furthermore, doses of 300 and 400 mg/kg of the CME offered protection 100% 

from the lethal effects of N. nigricollis crude venom (Table 2). 

 

Table 1: The survivability of mice treated with different doses of N. nigricollis venom 
Group  Dose (mg/kg) Ln Dose No. of animals No. of animals 

Dead 
No. of 
Survived 

% Mortality 

1 5 1.16 6 2 4 33.33 

2 6 1.79 6 3 3 50.00 

3 8 2.08 6 5 1 83.33 
4 10 2.30 6 6 0 100.00 
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Computation of the Minimum lethal dose by probit analysis 

 

 
Figure 1: Semi-logarithmic dose-mortality plot for the venom N. nigricollis in mice. 

 

The LD99 was deduced from the equation of the plot Y= 98.92x – 125.8 as 9.70mg/kg 

 

Table 2: Effect of administration of pre-incubated mixture of N. nigricollis venom and crude methanol 

extract of C. africana in mice 
Group Treatment No. of mice dead/No. of mice 

used 

Percentage survival Signs of Toxicity 

1 LD99 only 5/5 0 +++ 

2 LD99 + T1 1/5 80 + 

3 LD99 + T2 0/5 100 - 
4 LD99 + T3 0/5 100 - 

LD99; Min. Lethal Dose, T1; 200mg/Kg, T2; 300mg/Kg, T3; 400mg/kg, + Decreased activity;  ++, mild 

respiratory impairment; +++, severe respiratory depression, convulsions, prostration and death. 

 

Table 3: Effect of administration of pre-incubated mixture of N. nigricollis venom and n-butanol fraction 

of C. africana in mice 
Group Treatment No. of mice dead/No. of mice used Percentage survival Signs of Toxicity 

1 LD99 only 5/5 0 +++ 

2 LD99 + T1 4/5 20 ++ 

3 LD99 + T2 2/5 60 ++ 
4 LD99 + T3 1/5 80 + 

LD99; Min. Lethal Dose, T1; 200mg/Kg, T2; 400mg/Kg, T3; 600mg/kg, + Decreased activity;  ++, mild 

respiratory impairment; +++, severe respiratory depression, convulsions, prostration and death. 

Different doses of NBF of C. africana when incubated with the LD99 of N. nigricollis venom and administered 

to mice produced a dose dependent inhibition of the lethal and toxic effects as depicted in Table 3 above. 

 

IV. Discussion 
Phytochemical constituents detected in the crude methanol extract in this study were similar to those 

reported earlier by Goji et al. [20] and Ezekiel et al. [19, 22]. Based on the result of the acute toxicity, the crude 

extract could be described as being relatively non-toxic having an LD50 of 3807.89 mg/kg while the butanol 

fraction with an LD50 >5000 mg/kg is relatively safe. 

The LD99 for N. nigricollis venom obtained in this study (9.7 mg/kg) was higher than that reported 

earlier. An LD99 of 6 mg/kg was earlier reported in Nsuka, Nigeria [33] while 9.55 mg/kg was reported here in 

Zaria, earlier [31]. Difference in the minimum lethal doses might be explained by variability in venom 

composition. A number of factors such as geographic location, season, age, and diet have been shown to 

influence conspecific venom variability [2, 34, 35]. 

The remission of toxic signs or and survival of laboratory animals experimentally challenged with pre-

incubated mixture containing the LD99 and the extract was used to deduce antivenom activity by the plant. The 

results of this study indicate that the stem-bark crude methanol extract of C. africana exhibits a dose dependent 

in vitro detoxifying action against the crude venom of Naja nigricollis. The NBF also showed dose dependent in 

vitro venom neutralizing ability. However, the effect of the NBF was lesser compared with the CME.  

Many plants have been reported to have anti-snake venom effect. Several investigators have reported 

on the effectiveness of herbal antidotes against snake envenomation [11]. Certain naturally occurring substances 
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such as sitosterol, pentacyclic terpenes, nitro compounds (aristolochic acid), cinnamic acid derivatives, 

curcuminoids, polyphenolic compounds, and flavonoids are known compounds possessing protein-binding and 

enzyme-inhibiting properties [36].Tannins are known to unspecifically inactivate proteins [37, 38]. The extracts 

of C. africana were shown to contain tannins, flavonoids and other secondary metabolites similar to those 

earlier reported with activity against snake venom constituents. These compounds possibly act synergistically to 

neutralize snake venoms in vitro. This was evident from the higher neutralization ability demonstrated by the 

crude extract on the venom when compared with the n-butanol fraction.  

The findings of this work are consistent with the reports of other authors [11, 31, 33, 37, 38] and have 

indicated that the extract of C. africana contains compounds which can neutralize N. nigricollis venom in vitro. 

Results obtained from this study may explain the basis for using this plant in traditional medicine to treat snake 

envenomation in Nigeria and other parts of Africa. 

 

V. Conclusion 
It can be concluded from the study that the extract of C. africana contains phytoconstituents capable of 

neutralizing N. nigricollis crude venom in vitro and that the extract has potential for use as a remedy against N. 

nigricollis envenomation. In view of these findings, further elaborative studies should be conducted to identify, 

isolate and characterize the specific constituent(s) responsible for venom neutralization by the extract. The 

mechanism of action of the isolated compound(s) should be elucidated. The effect of the extract should also be 

further evaluated in vivo. 
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