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Abstract: Medicinal plants are an indispensable resource and despite the contemporary progresses recorded in 

pharmaceuticals and drug developments, they remain an invaluable source of natural products, a basis for 

novel drug discovery. This study employed Gas chromatography-mass spectroscopy (GC-MS) to 

characterize the bioactive compounds present in the methanolic leaf extract of Vitellaria paradoxa. 

Analysis of the bioactive compounds from Vitellaria paradoxa by GC-MS analysis revealed 25 peaks and 

a total of 23 compounds were identified. Vast majority of the compounds have been previously reported 

to have important pharmacological activities. The crude extract of V. paradoxa leaves ameliorated 

histopathological damages induced in the liver, brain and kidney of albino rats challenged with N. 

nigricollis venom when compared with the experimental control group. The present study identified an 

array of bioactive compounds present in V. paradoxa, established the snake venom detoxifying potential 

of the plant, and reported the ethno-botanical uses of V. paradoxa in the treatment of other medical 

exigencies. 
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Introduction 

Traditional medicine continues to play an important role 

in healthcare system since over 80 % of the population in 

the third world countries relies on traditional medicine 

(Gomathi et al., 2015). The practice of traditional 

medicine has been an important component of healthcare 

systems in the rural population basically as a result of 

limited access to modern medicine and most of these 

medicinal plants are found in the surroundings of the 

villages and might be threatened by unsustainable 

collection and harvest practice (Rakotoarivelo et al., 

2015). Although these medicinal plants contain 

substances that can be used for therapeutic purposes and 

can also serve as precursors for the synthesis of useful 

drugs (Sofowora et al., 2013), empirical work is lacking 

to back this assertion. Therefore, the identification, 

isolation and characterization of bioactive compounds 

from the extracts of medicinal plants is of major 

importance and provides additional information for 

further pharmacological studies since the mode of action 

of plants producing therapeutic effects can also be better 

investigated (Brusotti et al., 2014).  

Snakebite envenomation is a serious public health 

problem that affects about five million people especially 

in developing tropical and sub-tropical countries, with 

nearly 100,000 yearly deaths (Williams et al., 2018). Naja 

nigricollis (the black-necked spitting cobra) are prevalent 

and widely distributed in Africa. These elapids whose 

venom have been reported to contain neurotoxic and 

cytotoxic proteins and peptides (Warrell, 2010) have 

severe implications to health as envenomation leads to 

blistering, swelling, and necrosis (Abubakar et al., 2006). 

V. paradoxa is a perennial plant of the Sapotaceae family 

belonging to the division: Magnoliophyta and specie of 

paradoxa. V. paradoxa grows naturally and commonly 

found in the wild dry savanna across West African 

countries including Cameroon, Congo, Ghana and Nigeria 

(IUCN, 2014). V. paradoxa C. F. Gaertn is used in 

traditional medicine for the treatment of various ailments, 

including dysentery, stomach ailments, cutaneous 

infection, inflammation, diarrhoea, dysentery, diabetes 

mellitus, microbial infection, and fever (Ayankunle et al., 

2012). It is generally protected and venerated because of 

the economic value of the shea butter extracted from the 

fermented kernel (Sanou and Lamien, 2011).  

Previously, reports have shown that the methanolic extract 

of V. paradoxa stem bark has significant anti-

inflammatory and anti-arthritic effects in Carrageenan-

induced inflammation and Complete Freund’s Adjuvant 

(CFA)-induced arthritic animal model (Foyet et al., 2015). 

The methanolic extract of V. paradoxa leaves has been 

demonstrated to be bactericidal and fungicidal on 

Staphylococcus aureus and Aspergillus niger, Candida 

albicans respectively (Olaleye et al., 2015). Also, the anti-

microbial (El-Mahmood et al., 2008), anti-mycotic 

(Ahmed et al., 2009) and anti-diarrhoeal (Abubakar et al., 

2013) properties of V. paradoxa have been reported.  

The identification of the phyto-constituents of V. 

paradoxa leaves was previously carried out by reagent-

based phyto-chemical analysis and this plant has shown 

remarkable medicinal potential in treating various 

infectious diseases (Olaleye et al., 2015). With the 

significant development that is occurring in metabolomics 

for biology and natural product research, GC-MS analysis 

is gaining relevance from both targeted and untargeted 

analytical perspectives (Goulitquer et al., 2012). The 

recent rapid development of a broad range of analytical 

platforms that combines modern instrumental analytical 
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approaches has enormously improved our understanding 

of metabolomics and also increases the coverage of 

detected metabolites that cannot be achieved by single-

analysis techniques such as GC or MS alone (Zhang et al., 

2012).  

Thus, in the current absence of any published report on the 

profiling of V. paradoxa leaves by GC-MS, this study 

analysed the bioactive compounds in the leaves of V. 

paradoxa using GC-MS, a more advanced and refined 

technique that provides key technological platforms for 

the profiling of secondary metabolites that could be 

exploited for precise drug-targeting against different 

infectious diseases. 

 

 

Materials and Methods 

Sample collection and preparation 

The leaves of V. paradoxa plant were collected from the 

wild in Zaria, Kaduna State-Northern Nigeria. The plant 

was identified the Herbarium Unit of the Department of 

Botany, Ahmadu Bello University, Zaria-Nigeria with 

voucher number: 9540. The plant sample was shade-dried, 

pulverized into coarse powdery form and kept for further 

analysis.  

Hydro-alcoholic extraction of V. paradoxa leaves 

500g of the pulverized V. paradoxa leaves were weighed 

and subjected to extraction in a conical flask with 1.2 L of 

70 % methanol for four days with gentle agitation in 

orbital shakers. The recovered extracts were filtered using 

Whatman filter papers and the filtrate was evaporated to 

dryness in a HH–S digital thermostatic water bath pre-set 

at 50 °C. The crystals obtained were preserved at 4 °C for 

further analysis.   

GC-MS analysis 

GC-MS analysis of the crude extracts of V. paradoxa 

leaves was performed using Shimadzu GC-MS - QP - 

2010 plus system with RTx - 5 Sil MS column (30 m X 

0.25 mm, 0.25). The operating conditions of the column 

were as follows: oven temperature program was from 80 

°C to 250 °C at 10 °C/min withhold time of 3 min and 

from 250°C to 280°C at 15°C/min withhold time of 5 min, 

and the final temperature was kept for 18 min. The injector 

temperature was maintained at 260 °C with pressure of 

85.3 kPa and linear velocity of 40.5 cm/sec. The ion 

source temperature was 230 °C with scan mass range of 

m/z 40-600, scan interval of 0.50 sec and interface line 

temperature was 270 °C. The volume of injected sample 

was 8.0 μL and the total flow was 16.3mL/min with 

column flow of 1.21 mL/min, purge flow 3.0 mL/min and 

split ratio: 10.0. The GC-MS analysis was carried out at 

the International Centre for Genetic Engineering and 

Biotechnology (ICGEB), New Delhi Campus, India. 

Identification of bioactive compounds 

The identification of components was carried out by 

comparing the spectra with the internal standards on 

National Institute Standard and Technology (NIST-08) 

and WILLEY-8 libraries. The relative abundance level of 

each component was calculated as percentages by 

comparing its average peak area to the total area. A web-

based search for the biological activities of the bioactive 

compounds identified by GC-MS analysis was also 

carried out and the results obtained have been 

documented.  

 

 

Animal source  

Albino rats weighing 151-250 g were obtained from the 

Federal University of Lokoja, Kogi State, Nigeria. The 

animals were acclimatized for two (2) weeks at the animal 

house facility situated at the Department of Biochemistry, 

Kogi State University, Anyigba, Nigeria. 

Snake Venom source 

The lyophilized N. nigricollis venom was a generous gift 

from Mr. Ebinbin Ajagun of the National Biotechnology 

Development Agency (NABDA), Bayelsa State, Nigeria. 

Administration of N. nigricolis venom and treatment 

with V. paradoxa 

The venom was pre-incubated with the extract in an equal 

volume ratio (1:1) at a calculated dosage of 8mg/kg body 

weight for venom and extract respectively. Intramuscular 

administration of the mixture to rats in group 1 was done 

30 min after the pre-incubation step. The experimental 

control groups (group 2 and 3) were administered the 

venom alone and extract alone respectively. Four (4) 

hours following envenomation, the liver, kidney and brain 

tissues were excised from each group of animals. These 

organs were initially preserved in 10% formalin for 

histopathology analysis. The liver, kidney and brain were 

fixed in 10% formalin until ready for use. After fixation, 

the brain and the liver were cut in transverse sections 

while the kidneys were cut in longitudinal sections. These 

specimens were suspended in absolute alcohol and 

absolute xylene for 4 days and embedded in paraffin. 

Sections were cut at 3.5µm, stained with Haematoxylin 

and Eosin (HE) and analysed by light microscopy. 

 

Results and Discussions 

GC-MS analysis of crude methanolic extract of V. 

paradoxa leaves 

Evidence on the vast experiential use of V. paradoxa by 

the traditional healers in treating some infectious diseases 

have necessitated our choice of this plant for further 

evaluation having proven efficacious in combating a range 

of medical exigencies (Abubakar et al., 2013, Ahmed et 

al., 2009, El-Mahmood et al., 2008, Foyet et al., 2015).  

The chromatogram of crude methanolic extract of V. 

paradoxa leaves showed 25 peaks of volatile compounds 

(Figure 1), and on comparison with standards in the 

National Institute Standard and Technology 

(NIST)/WILLEY 08 libraries, 23 out of the 25 bioactive 

compounds were identified. The active principles with 

their respective retention time (RT), molecular formula 

(MF), molecular weight (MW) and concentration (peak 

area (%) are reported as shown in Table 1. Out of the 23 

identified bioactive compounds, 13 possess documented 

biological activities based on previously published works 

(Table 2).  

The most abundant bioactive compound identified in the 

crude methanolic extract of V. paradoxa leaves is 1,3,4,5-

tetrahydroxy-cyclohexane-carboxylic acid with 17.37% 

peak area followed by 1,5-anhydro-6-deoxyhexo-2,3-

diulose with 5.36% peak area and 1,2,3-benzenetriol with 

4.55% peak area (Table 1).  

Antioxidants are known to play a vital role in ameliorating 

the effects of neurotoxic substances such as snake venom 

enzymes. Hence, the presence of identified bioactive 

compounds in V. paradoxa leaves with documented 

antioxidant property (Table 1) could probably be 

responsible for the prevention of oxidative damage caused 

in snake envenomed victims. 
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The phenolic compound, 1, 2, 3-benzenetriol identified in 

the crude methanolic extract of V. paradoxa leaves has 

been reported to have anti-oxidant, anti-septic, anti-

bacterial, anti-dermatitis, fungicide, pesticide and anti-

mutagenic properties (Song et al., 2007, Vadivel and 

Gopalakrishnan, 2011). The antioxidant property of this 

compound explains the ability of the plant to serve as anti-

venom.  

 

 

 

 

 
 

Fig. 1: The gas chromatogram of the methanolic extract of 

V. paradoxa leaves. The chromatogram shows twenty-

five (25) peaks that indicates the presence of twenty-five 

(25) phyto-constituents. The relative amount of each 

component was calculated as percentages by comparing 

its average peak area to the total area. 

Other bioactive compounds identified in the crude 

methanolic extract of V. paradoxa leaves with anti-

oxidant activity includes; n-hexadecanoic acid, 

Hexadecanoic acid, 2-hydroxy-1-(hydroxy methyl) ethyl 

ester, 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro -4,4,7a-

trimethyl-, 9-Octadecenoic acid (Z),-methyl ester, and 

Phytol while 1,2,3-benzenetriol, 1,2-benzenedicarboxylic 

acid, dioctyl ester, 2(4H)-Benzofuranone, 5,6,7,7 a-

tetrahydro -4,4,7 a- trimethyl -, 9-octadecenoic acid (Z)-, 

and phytol possesses anti-microbial activity (Duke and 

Bogenschutz, 1994).   

Among the identified bioactive compounds, 

Octadecatrienoic acid and its derivatives have been 

previously reported to have anti-inflammatory, anti-

bacterial, anti-convulsant, anti-pyretic, analgesic, 

anaesthetic, allergenic, anti-oxidant, anti-septic and anti-

staphilococcus properties (Duke and Bogenschutz, 1994). 

Similarly, hexadecanoic acid (Palmitate) and its 

derivatives that were identified in the leaf extracts have 

been demonstrated to have anti-inflammatory activity 

through competitive inhibition of PLA2 (Vickers et al., 

2009). In a study of the anti-inflammatory property of n-

hexadecanoic acid, it was reported that the competitive 

inhibition of PLA2 is one of the ways to control 

inflammation (Aparna et al., 2012). Palmitate is also 

suggested to specifically enhance intestinal uptake of 

retinol - a very essential metabolite (Liu et al., 2013).  

The derivatives of octadecenoic acid were also reported to 

be very strong synthetic inhibitors of neurotoxins (Grasso 

et al., 1993). The unsaturated fatty acids found in V. 

paradoxa extract would help in maintaining the cell 

integrity which in-turn prevents the distribution of venom 

components from the bite site (Lahousse et al., 2006).  

Squalene- an intermediate metabolite in the synthesis of 

cholesterol (Mazein et al., 2013), was also identified from 

the crude methanolic extracts of V. paradoxa leaves. 

Notably, squalene plays a role in modulating molecular 

packing and lateral organization (i.e., domain formation) 

in the membranes of archaea analogous to that of 

cholesterol in eukaryotic membranes (Gilmore et al., 

2013). This property may be responsible for the protection 

offered by V. paradoxa leaf extract in ameliorating 

incidence of snake bite. Squalene has also been 

demonstrated to have detoxification and xenobiotic 

properties and has tendency to attach to non-ionized 

substances since it is non-polar. Up to date, the anti-

cancer, anti-oxidant, drug carrier, detoxifier, skin 

hydrating, emollient and other biological activities of 

squalene have been reported (Kim and Karadeniz, 2012).  

The collective anti-inflammatory and antioxidant 

properties of the different bioactive compounds identified 

in the methanolic extract of V. paradoxa leaves 

scientifically explains its use in traditional medicine 

against vast medical exigencies such as snake bite and 

other infectious diseases of medical importance.  

 

 

Histopathological analysis 

Photomicrographs for the analysis on the histological 

changes observed in the different tissues excised from the 

respective groups of albino rats are shown in Fig. 2, Fig. 

3 and Fig. 4.  

Organ dysfunction has been ascribed to the effects of 

necrotic and cytotoxic components of snake venoms 

(cyto/cardio-toxins, necrotic and haemorrhagic 

factors/toxins and several enzymes) including a major 

class of enzyme called phospholipases (Conlon et al., 

2013).  

A comparative histological analysis of liver tissues 

excised from the respective groups of experimental rats 

(extract alone, venom alone, venom and extract) revealed 

convincing evidence that the liver histo-architecture was 

preserved, and the hepatocytes appear viable in the tissues 

of rats that received the extract alone (Fig. 2A). However, 

in the group that received the venom alone (Fig. 3A), we 

observed vascular and sinusoidal congestion, enlarged 

sinusoids, early stage of nuclear pyknosis and focal 

necrosis of hepatocytes. Interestingly, in the group of rats 

that received the extract and venom in combination (Fig. 

4A), there was darkening of nuclear material of some 

hepatocytes, early stage of pyknosis and the hepatocytes 

seemed to undergo a delayed-type degeneration 

characterized by gradual focal necrosis and sinusoidal 

congestion.  

In the same way, we analysed and compared the 

histopathological data for the brain tissues excised from 

the respective groups of rats and observed a preserved 

histo-architecture for the brain tissues (Fig. 2B and Fig 

4B) except for the significant macrophage infiltration in 

the tissues of rats that received the venom alone (Fig. 3B).  

When we compared the kidney tissues excised from the 

respective experimental groups of rats, we observed a 

preserved renal histo-architecture with a mild infiltration 

by macrophages in the tissues of rats that received the 

extract alone (Fig. 2C). But in the group of rats that 

received the venom alone, there is evidence of 

http://www.ftstjournal.com/
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macrophage infiltration even as renal cortex histo-

architecture seems to be preserved (Fig. 3C). However, in 

the group of rats that received the extract and the venom 

in combination, there was evidence of a preserved histo-

architecture of the renal cortex despite the tubular necrosis 

and mild macrophage infiltration that was observed (Fig. 

4C). 

 

 

Table 1: GC-MS spectral analysis of the extract of V. paradoxa leaves 

S/N RT 

(min) 

Compound name MF MW Peak area 

(%) 

1 5.550 5H- 1,4-dioxepin, 2,3-dihydro- 2,5-dimethyl- C7H12O2 128 2.96 

2 6.262 Unknown - - 0.58 

3 7.257 1,5-anhydro-6-deoxyhexo-2,3-diulose C6H8O4 144 5.36 

 

4 9.177 1,2-Benzenediol C6H6O2 110 2.27 

5 9.772 2H-Pyran-3,4,5-triol, tetrahydro-2-methoxy-6- methyl- C7H14O5 

 

178 1.60 

6 10.174 3-Decenoic acid, (E) - C10H18O2 170 0.50 

7 10.645 2H-Pyran-3,4,5-triol, tetrahydro-2-methoxy-6- methyl- C7H14O5 178 1.59 

8 11.010 Beta-D-glucopyranose-1,6-anhydro- C6H10O5 162 0.67 

9 11.458 1,2,3-benzenetriol C6H6O3 126 4.55 

10 12.375 1,2,3,6-Tetrahydropyridine-1-methyl-5-phenyl- C12H15N 173 0.13 

11 12.565 Beta-D-glucopyranose, 1,6- anhydro- C6H10O5 162 1.23 

12 12.747 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a- 

trimethyl- 

C11H16O2 180 0.24 

13 13.091 3,6-dimethyl-3-Octene-2,7-dione C10H16O2 168 0.29 

14 14.181 1,3,4,5-tetrahydroxy-cyclohexanecarboxylic acid C7H12O6 192 17.37 

15 16.774 Unknown - - 52.49 

16 17.204 n-hexadecanoic acid C16H32O2 256 1.50 

17 17.757 Methyl-17,18-dideuterioocta decanoate C19H36D2O2 300 0.09 

18 18.471 9-Octadecenoic acid (Z), -methyl ester C19H36O2 296 1.84 

19 18.600 Phytol C20H40O 296 1.17 

20 18.884 9-Octadecenoic acid (Z)- C18H34O2 282 1.23 

21 19.078 n-hexadecanoic acid C7H18OSi 256 0.27 

22 19.504 Tert-butyl (methoxy) dimethylsilane C19H38O4 146 0.16 

23 22.637 Hexadecanoic acid, 2-hydroxy-1- (hydroxymethyl) ethyl 

ester 

C15H24 390 

 

0.74 

24 23.085 1,2-benzenedicarboxylic acid, dioctyl ester C24H38O4 330 0.44 

 

25 28.305 Longifolene C7H12O2 204 0.14 

 

KEY:  RT: Retention time, MF: Molecular formula, MW: Molecular weight. 
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Table 2: Biological activities of the bioactive compounds identified in V. paradoxa 

S/N Compound MF Compound nature **Activities 

1 1,5-anhydro-6-

deoxyhexo-2,3-diulose 

C6H8O4 Glycoside Preservative 

2 1,2-Benzenediol C6H6O2 Aromatic alcohol Anti-cancer (Breast), Antioxidant, Pesticide 

3 1,2,3-benzenetriol C6H6O3 Aromatic alcohol Anti-oxidant, Antiseptic, Anti-bacterial, 

Antidermatitis, Fungicide, Pesticide, Antimutagenic, 

dye, Candidice. (Akhbari et al., 2012) 

4 1,2,3,6-

Tetrahydropyridine,1-

methyl-5-phenyl- 

C12H15N Aromatic 

compound 

A neurotoxin and produces a partial model of 

Parkinson’s disease (PD). (Yang et al., 2008) 

5 2(4H)-

Benzofuranone,5,6,7,7a-

tetrahydro-4,4,7a-

trimethyl- 

C11H16O2 Sugar moiety Analgesic, Anti-diabetic, Anti-bacterial, Anti-

fungal, (Moorthy and Boominathan, 2011) Anti-

algal effect, Anti-oxidant (Akhbari et al., 2012, Yang 

et al., 2008). 

6 1,3,4,5-tetrahydroxy-

cyclohexane carboxylic 

acid 

C7H12O6 Acidic compound Anti-hepatitis B virus, (Wang et al., 2009) Anti-

obesity, (Cho et al., 2010) Radio-protective effects, 

(Yildiz et al., 2008) Improves cardiovascular 

diseases (Park, 2009), Anti-inflammatory, (Hayden 

and Ghosh, 2004),  Anti-microbial. 

7 n-hexadecanoic acid C16H32O2 Palmitic acid Antioxidant, hypo-Cholesterolemic, Nematocidal, 

Pesticidal, Hemolytic, anti-androgenic and 5-alpha 

reductase inhibitor. 

8 9-Octadecenoic acid (Z), 

-methyl ester 

C19H36O2 Fatty acid ester Anti-oxidant,Anti-carcinogenic, endogenous 

receptor ligand, dermatitigenic, flavour (Asghar et 

al., 2011, Hema et al., 2011) 

9 Phytol C20H40O Diterpene alcohol Anti-microbial, Anti-cancer, Anti-inflammatory, 

Antioxidant, Hypo-cholesterolemic, Anti-diuretic. 

10 9-Octadecenoic acid (Z) C18H34O2 Fatty acid Anti-androgenic, Lipoxygenase inhibitor, 

Allergenic, Flavour, Hypo-cholesterolemic, 

Insectifuge, Irritant, Percuteneo-stimulant, 

Perfumery, Anti-bacterial and Propecic. 

11 1,2-benzene dicarboxylic 

acid, dioctyl ester 

C24H38O4  

Acid ester 

Anti-fouling, Anti-microbial. 

Inhibits human platelet phospholipase A2 (Labow et 

al., 1988), Rapidly increases protein phosphorylation 

in Hela cells. (Lahousse et al., 2006) 

12 Hexadecanoic acid,2-

hydroxy-1- 

(hydroxymethyl) ethyl 

ester 

C15H24 Fatty acid ester Hemolytic, Pesticide, Flavour, Antioxidant. 

13 Longifolene C7H12O2 Sesquiterpene Anti-inflammatory. 

** Activities source: Dr. Duke’s Phyto-chemical and Ethno-botanical Database (Abubakar et al., 2013). 
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Fig. 2: Histopathological lesions observed in albino rats in group 3, administered the extract alone. (A): Section of liver tissue 

(×400): there is evidence of preserved liver histo-architecture, and the hepatocytes appear viable (black arrow). (B): Section 

of cerebral cortex (×100): cerebral histo-architecture is preserved; thus, no significant histopathological changes were 

observed. (C): Section of kidney (×250): renal histo-architecture is preserved; however, mild infiltration by macrophages was 

observed (black arrow). 

 

                         

                                          
Fig. 3: Haematoxylin and Eosin staining of the different tissues excised from rats following the administration of the venom 

alone at 8 mg/kg body weight. (A): Section of liver tissue (×400): there is evidence of vascular and sinusoidal congestion and 

enlarged sinusoids (red arrow); early stage of nuclear pyknosis (green arrow) and focal necrosis of hepatocytes (black arrow). 

A 
 

B 
 

C 
 

B 
 

A 
 

C 
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(B): Section of cerebral cortex (×100): there is evidence of significant macrophage infiltration (black arrow). (C): Section of 

kidney tissue (x400): although renal cortex histo-architecture seems to be preserved, there is evidence of macrophage 

infiltration (mif).  

 

                       

                                         
Fig. 4: Haematoxylin and Eosin staining of the different tissues excised following the administration of 1:1 volume ratio of N. 

Nigricolis venom and V. paradoxa leaf extracts. (A) Section of liver (×400): there is evidence of sinusoidal congestion; 

darkening of nuclear material of some hepatocytes, early stage of pyknosis (black arrow); focal necrosis of some hepatocytes 

(red arrow). (B) Section of cerebral cortex (×100): no significant histo-pathological changes were observed. (C) Section of 

kidney (×400): there is evidence of tubular necrosis (black arrow) and macrophage infiltration (blue arrow). 

 

We studied the pathology of N. nigricollis envenomation 

in albino rats and histological examination of the selected 

organs revealed drastic degeneration of the tissues. 

Consistent with our observation is a report indicating that 

renal dysfunction is very common following viper bites 

(Torrez et al., 2014). These changes may be as a result of 

leakage of membrane caused by the action of 

phospholipases present in the venom. However, we have 

shown the efficacy of V. paradoxa leaf extracts in 

abrogating these tissue degenerations when rats were 

treated with the plant extract. 

 

Conclusion 

Herein, we identified an array of bioactive compounds 

present in the leaves of V. paradoxa and also reported their 

documented ethno-botanical uses in the treatment of a 

wide range of medical exigencies. We have also shown 

scientific evidence of N. nigricolis venom detoxification 

by V. paradoxa. This report could be exploited for precise 

drug targeting against various pathological conditions. 
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