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ABSTRACT 

Some victims die, others survive with disabilities following the ophidian envenomations. Among the clinical signs of 
snake bites is hypotension. Most of snake bites victims live in countryside use medicinal plants to treat themselves in 
case of snakes bite. This study is part of research on antivenom effects of Annona senegalensis and Securidaca 
longepedunculata, specifically, the mechanisms by which both plants control blood pressure variation caused by Echis 
ocellatus venom. Venom toxicity tests determined LD50 of E. ocellatus venom in Sprague-Dawley rats, which is equal to 
0.235 mg/kg. E. ocellatus venom decreases mean arterial blood pressure in rats to 27.16 ± 3.04 % and decreased heart 
rate to 49.51 ± 3.16 beats/min. Hydroethanolic extracts of A. senegalensis and S. longepedunculata slow down the 
decrease in blood pressure caused by E. ocellatus venom significantly (p > 0.05) the mean arterial pressure at doses of 
20 mg/kg. These results show that hydroethanolic extract of A. senegalensis roots and hydroethanolic extract of S. 
longepedunculata roots have antivenom properties against E. ocellatus venom. 
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1 INTRODUCTION 

Ophidian envenomation results from convergence between human occupations and snake activities. According to WHO, 
world snakebite victims per year is estimated between 1.8 to 2.7 million cases of envenomings and around 81 410 to 
137 880 people die each year because of snake bites. A household survey in Africa found that few victim use modern 
treatment after being bitten. So statistics provided by health services on snake bites largely underestimate actual 
proportion cases that occur especially in rural areas due to victims constraints face. Viperid family envenomation causes 
more victims in Togo rural area [1]. Viperine bite is characterized by : hemorrhage, edema, necrosis, fever, pain, nervous 
disorders and sometimes renal failure and arterial hypotension. 

Envenomation makes victims inactive by the loss of their limbs and causes deaths among the rural population. Majority 
of these populations whom live in the countryside use medicinal plants to treat themselves after snakes bites [2]. 
Therefore, there is a serious problem of effective care for victims of snake bites that lead to disability and loss of life in 
rural world. All these factors lead snake bite’s victims to use traditional pharmacopoeia for their care. Surveys 
conducted in Togo show that E. ocellatus is responsible for more cases of bites and plant species such as A. senegalensis 
and S. longepedunculata are used in snake bites treatment [1].  

A. senegalensis is traditionally used in several diseases management. Stem bark has been used in hernias treatment [3]. 
The root is used in the following cases: difficulty swallowing, gastritis, erectile dysfunction, tuberculosis, and as an 
antidote for necrotizing toxins; the root bark is effective in infectious diseases [4-6]. Tree juice is used in chickenpox 
treatment [7]. Many parts of the plant are used as antidotes for venomous and in diabetes management [8] [9]. In Guinea, 
A. senegalensis is also used to treat malaria [10]. Phytochemical tests showed that A. senegalensis contains tannins, 
flavonoids, saponosides, alkaloids, carbohydrates, sterols, volatile oils, anthraquinones and amino acids [11-17]. 

S. longepedunculata is traditionally used in diabetes and hypertension management [18]. It is used in dementia and 
epilepsy treatment [19-20]. It is also used in envenomations treatment [1]. It is used in the management of 
gastrointestinal disorders and malaria by the Tem people of the central region in Togo [21-22]. In Nigeria, the plant is 
used in the management of constipation, fever, erectile dysfunction, tuberculosis and rheumatism [23-24]. It is also used 
in the same country for infections related to the nervous and circulatory systems management [25]. Plant roots are used 
in Zimbabwe to treat fever, epilepsy, tuberculosis and syphilis [26]. S. longepedunculata phytochemical studies show 
that this plant contains saponids, carbohydrates, tannins, flavonoids, sterols, phenols and volatile oils [27-32]. 

The use of extracts from A. senegalensis and S. longepedunculata in traditional treatment of snake bites directs our 
research to antivenom properties of hydroethanolic extracts from their roots on arterial pressure in rats. To 
scientifically prove not only the antivenom properties of these two plants but also, understand the mechanisms by which 
the hydroethanolic extracts of these two plants neutralize E. ocellatus venom. 

2 MATERIALS AND METHODS 

2.1 Plants materials collection 

Plant material was carried out in two different localitys.  A. senegalensis roots, a plant from the family Annonaceae were 
collected in the locality of Gblainvié located in Zio 1 commune in Togo. This plant has been identified by Laboratory of 
Botany and Plant Ecology of Lomé University (Togo) and a specimen was deposited in herbarium of this laboratory 
under voucher number TG 15673. S. longepedunculata roots were taken from locality of Anié located Anié 1 commune 
in Togo. Identification of this plant is made by the same laboratory and specimen was also deposited in herbarium of 
this laboratory under voucher number TG 15676. 

2.2 Plant extract preparation 

A. senegalensis and S. longepedunculata roots were washed, then dried under air conditioning at 22 °C for 15 days and 
then reduced into powder using THOMAS-Wiley, LABORATORY MILL, Model 4 Mill. 800 g of powder from each of two 
plants were macerated in 8 L water/ethanol mixture (50 : 50 ; V/V) for 72 hours under intermittent manual agitation. 
Macerates were filtered on Whatman paper and evaporated in vacuum at 45°C using a Rotavapor (Heidolph2, Germany). 
The extracts are obtained were in the form of crystals and were stored at 4 °C for experimentation. 

2.3 Animals materials 

Animal material consists of rats of Sprague-Dawley strain of both sexes with a weight varying between 150 and 210 g, 
which come from the pet store of Animal Physiology Department at Lomé University. They have free access to water, 
food, are kept in cages and are subject to a regular cycle of 12 hours of light and 12 hours of darkness. 
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2.4 Echis ocellatus venom 

E. ocellatus lyophilised venom was obtained from LATOXAN Laboratory in France under reference  number L1114.  This 
venom was stored at 4 °C.  

2.5 LD50 determination of Echis ocellatus venom 

LD50 of E. ocellatus venom was determined by dividing twenty Sprague-Dawley rats of both sexes into four groups. These 
rats received increasing volumes of venom at a rate of 2 mL/kg body weight intraperitoneally and 24 hours after the 
injection, deceased rats were counted in each batch and mortality rates were used to graphically determine the LD50. 
E. ocellatus venom was diluted in a 9 g/L. NaCl solution [33]. 

2.6 Neutralization of Echis ocellatus venom hypotensive effects 

2.6.1 Animals preparation 

Bloody practice was used blood pressure study. The rat was anaesthetized with 80 % ethyl carbamate (1.5 g/kg, i.v.) at 
a rate of 1 mL/100 g body weight [34].  Jugular vein and carotid artery were exposed and intubated using a thin 
polyethylene catheter attached to a syringe [35]. Heparinized Ringer’s solution 10% was injected at a rate of 0.1 mL/100 
g body weight through jugular vein to prevent blood clotting. Pressure measurements were carried out using a pressure 
sensor coupled to an acquisition system (PowerLab; ADInstruments, Castle Hill, NSW, Australia) connected to a 
computer controlled by LabChart 6.0 software (ADInstruments). 

2.6.2 Venom and extracts administration 

For control, each rat received intra venous Ringer physiological solution, then E. ocellatus venom at 0.235 mg/kg body 
weight. Five minutes after the rats received intra venous extracts at increasing volumes corresponding to doses of 5 
mg/kg, 10 mg/kg, and 20 mg/kg. Venom and the extracts were administered to rats through the jugular vein at a rate 
of 0,1 mL/100 g after a blood pressure stabilisation time of approximately 30 minutes. Effects of E. ocellatus venom and 
extracts from S. longepedunculata and A. senegalensis on mean blood pressure were recorded continuously throughout 
the experiment. 

2.7 Data analysis 

Data was processed using GraphPad Prism 6.05 software (GraphPad Software Inc, California).  Results are expressed as 
a mean value with the standard error on the mean (M ± SEM). The significance level was set at p > 0.05. 

3 RESULTS 

3.1 Echis ocellatus venom LD50 

LD50 was determined by counting rat deaths number in each group. The results allowed us to plot the curve of the 
mortality rate in rats as a function of the venom dose log. This curve was used to determine the LD50 of E. ocellatus 
venom in Sprague-Dawley rats, which is 0.235 mg/kg. 

 

Figure 1: LD50 determination 
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3.2 Extracts effects on venom proteins responsible for arterial hypotension 

E. ocellatus venom decreases MAP to 27.16 ± 3.04 %. Extracts at 10 mg/kg and 20 mg/kg significantly raise MAP 
decreased by E. ocellatus venom. Extract dose at 20 mg/kg raises MAP to 81.49 ± 6.87 % with A. senegalensis extract, 
whereas the same dose of S. longepeduncula extract raises MAP to 84.59 ± 8.36 %. 

 

Figure 2: Venom and Annona senegalensis extracts effects on mean arterial blood pressure. 

Data are expressed as an M ± SEM. ⁎p < 0.05 ; ⁎⁎⁎p < 0.001 (compared to venom). AS = Annona senegalensis.  

 

Figure 3: Venom and Securidaca longepedunculata extracts effects on mean arterial blood pressure. 

Data are presented as the M ± SEM. ⁎⁎p < 0.01 ; ⁎⁎⁎p < 0.001 (compared to venom). SL = Securidaca longepedunculata. 
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3.3 Venom plus hydroethanolic extracts of Annona senegalensis and Securidaca longepedunculata effects on 
heart rate 

E. ocellatus venom decreased heart rate to 49.51 ± 3.16 beats/min. A. senegalensis and S. longepeduncula root hydro-
ethanolic extracts at 10 mg/kg and 20 mg/kg significant increase heart rate value. For this, A. senegalensis at 20 mg/kg 
increases heart rate to 79 ± 5.57 beats/min while S. longepeduncula at 20 mg/kg increases heart rate to 80 ± 1.16 
beats/min. 

 

Figure 4: Venom and Annona senegalensis effects on heart rate. 

Data are presented as the M ± SEM. ⁎⁎p < 0.01 (compared to venom). AS = Annona senegalensis. 

 

 

Figure 5: Venom and Securidaca longepedunculata effects on heart rate. 

Data are presented as the M ± SEM. ⁎p < 0.05 ; ⁎⁎p < 0.01 (compared to venom). SL = Securidaca longepedunculata. 
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4 DISCUSSION 

Snake bites are real public health problem that remains little known, due to the lack of dedicated observatory. In some 
parts of Africa, depending on the time of year, up to 10% of hospital beds may be occupied by snakebite victims [36]. 
One third of patients subsequently have deformities or amputations of limbs following bites from vipers. Viperid venom 
causes hemostatic and local disorders with severe pain, sometimes extensive edema, phlyctene and skin necrosis and 
hypotension [37]. A. senegalensis and S. longepedunculata roots are used in ophidian envenomations traditional 
treatment in Togo [1,38]. Our study aims to determine the mechanisms by which these two plants control arterial 
hypotension disorders caused by viper envenomation. 

Our study shows that intraperitoneal LD50 of E. ocellatus is 0.235 mg/kg in rats. This low LD50 shows that E. ocellatus 
venom is highly toxic substance. A similar study conducted in Nigeria gave an LD50 of 0.22 mg/kg [39] which is 
approximately to our value. This can be explained by same proteins presence in both venoms. On the other hand, 
another study conducted in Nigeria but in Borno state gave an LD50 of 0.35 mg/kg for the same species [40]. This LD50 
difference can be explained by the climate and environment, which are certainly not the same for the two snakes.   

MAP obtained with E. ocellatus venom is significantly low compared to that obtained with the reference solution, which 
is the Ringer.  This result implies that E. ocellatus venom has a hypotensive action on rat blood pressure. The fact that 
venom also increases heart rate confirms E ocellatus venom hypotensive action because blood pressure depends on 
blood flow and vessel resistance. Blood flow is the product of blood ejected volume at each beat and heart rate. If heart 
rate is low then blood flow is also low and consequently there will be hypotension. 

Some Elapidae venom cause cardiovascular depression, with sweating, cooling of the extremities, tachycardia, and 
hypotension [41]. Angiotensin converting enzyme increases blood pressure by increasing angiotensin II concentration. 
The same enzyme converts bradykinin into an inactive metabolite [42]. Angiotensin II Type 1 receptor stimulation 
generates systemic arterioles vasoconstriction, Na+ reabsorption and water retention, as well as increased aldosterone 
secretion by adrenal glands [43-44]. Bradykinin-potentiating peptides inhibit bradykinin degradation and the synthesis 
of bradykinin by serine proteases from snake venom increases bradykinin concentration. Therefore, stimulation 
bradykinin receptor B2 generates to release of NO and prostacyclin, which all cause vasodilation that leads hypotension. 

Hypotensive molecules have been found in snake venom, such as phospholipases A2 present in venom of Colubridae, 
Elapidae and Viperidae. Phospholipases A2 proteins capable to reduce blood pressure through arachidonic acid 
production, a precursor of cyclooxygenase metabolites (prostaglandins or prostacyclins), and interaction with platelets 
and leukocytes [45]. Bradykinin-potentiating peptides were also found in Bothrops jararaca venoms [46]. Bradykinin-
potentiating peptides inhibit angiotensin converting enzyme. Latter converts angiotensin I to angiotensin II, which is a 
vasoconstrictor hormone that indirectly increases blood pressure. Therefore, inhibition of angiotensin converting 
enzyme increases bradykinin hypotensive capacity. Hypotensive effect and mechanism of action of bradykinin-
potentiating peptides contained in snake venom have been studied in genera such as : Bitis, Bothrops and Crotalus [47-
49]. Natriuretic peptides, which are vasoactive hormones that act through two main mechanisms, have also been found 
in snake venom. Two main mechanisms by which they act are vasodilation and renal blood flow regulation. Natriuretic 
peptides cause effects such as inhibition of renin-angiotensin and aldosterone, diuresis, natriuresis and vascular 
permeability regulation [50]. Serine proteases also isolated from snake venom are trypsin-like enzymes that act on 
coagulation cascade, fibrinolytic systems and cells, causing an imbalance in haemostatic system. A subset of serine 
proteases lower blood pressure by releasing bradykinin from kininogen [51]. 

E. ocellatus venom decreases MAP in rats up to 27.16 ± 3.04 %. Both extracts slow down blood pressure decrease caused 
by venom. The dose of A. senegalensis and S. longepeduncula extracts at 20 mg/kg were most effect, with an increase in 
MAP of 81.49 ± 6.87 % with A. senegalensis and an increase in MAP of 84.59 ± 8.36 % with S. longepeduncula. We can 
deduce that our two extracts action mechanism could be explained by fact that they act by neutralizing venom, which 
will allow the angiotensin converting enzyme to convert angiotensin I into angiotensin II, which will cause arteriolar 
vasoconstriction and also stimulate aldosterone secretion by adrenal cortex. Aldosterone promotes Na+ retention and 
water reabsorption by kidneys, thus increasing blood volume. Arteriolar vasoconstriction and blood volume increase 
leads to increased blood pressure. 

5 CONCLUSION  

Snakebite is real public health problem. Its management must be effective and must be done within a short period of 
time in order to avoid serious complications that result. This work allowed us to show that E. ocellatus venom causes 
arterial hypotension. Hydro-ethanolic extract of A. senegalensis and S. longepedunculata roots contains molecules that 
neutralize E. ocellatus venom proteins, which are responsible for arterial hypotension. Our results show that hydro-
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ethanolic extract of A. senegalensis roots and the hydro-ethanolic extract of S. longepedunculata roots have antivenom 
properties and can be used in ophidian envenomations. However, further studies will be needed. 

STATEMENTS ON COMPLIANCE WITH ETHICAL STANDARDS 

Acknowledgments 

The authors are highly grateful to Laboratory of Botany and Plant Ecology of Lomé University (Togo) for plant’s 
identifying. 

Disclosure of conflict of interest 

Authors declare that they have no conflicts of interests. 

Statement of ethical approval 

All animal procedures were approved by Physiology-Pharmacology Laboratory of Faculty of Sciences at University of 
Lomé. 

Authors contributions 

DATAGNI G, conceptualization, methodology, software, formal analysis, data curation, writing original draft 
preparation. METOWOGO K, validation. MOUZOU AP, validation, writing – review & editing. ASSIH M, methodology. 
PAKOUSSI T, visualization. EKLU-GADAGBEKU K, Supervision. 

Availability of data and materials  

The authors of this article declare that all data used in writing of said article are available and will be made available to 
the journal committee from the corresponding author upon request, in accordance with Journal’s policy. 

REFERENCES 

[1] Datagni G, Metowogo K, Pakoussi T, Mouzou AP, Kaboua K, Eklu-Gadegbeku K. Snake bites frequency and 
ethnopharmacological study of plants used against ophidian’s envenomation (Bassar District). The Journal of 
Phytopharmacology. 2021, 10(5):378-384. 

[2] Grema M, Koné PP. Effets du venin d'un serpent (Bitis arietans) et d'une plante antivenimeuse de la pharmacopée 
traditionnelle africaine (Annona senegalensis) au niveau de la jonction nerf sciatique-muscle gastrocnémien de 
crapaud (Buffo regularis). Sciences et médecine. Revue Cames-Série A. 2003;2:79-85. 

[3] Dambatta SH, Aliyu BS. A survey of major ethno medicinal plants of Kano north, Nigeria, their knowledge and 
uses by traditional healers. Bayero Journal of Pure and Applied Sciences. 2011;4(2):28-34. 

[4] Ofukwu RA, Ayoola A, Akwuobu CA. Medicinal plants used in the treatment of tuberculosis in humans and animals 
by Idom tribe of North Central Nigeria. Nigerian Veterinary Journal. 2008;29(2):25-30. 

[5] Jiofack T, Fokunang C, Guedje N, Kemeuze V, Fongnzossie E, Nkongmeneck BA, Mapongmetsem PM, Tsabang N. 
Ethnobotanical uses of some plants of two ethnoecological regions of Cameroon. African Journal of Pharmacy and 
Pharmacology. 2009 Dec 1;3(13):664-84. 

[6] Emmanuel N, Mamoudou S. Some investigations on the traditional pharmacopoeia about venomous bites and 
stings from scorpions, snakes and spiders; in the Hina subdivision, Far-North, Cameroon. 

[7] Faleyimu O, Ahmad I, Akinyemi O. Herbal approach to the treatment of chicken pox: A case study of Giwa Local 
Government, Kaduna State, Nigeria. International Journal of Biomedical and Health Sciences. 2010;6(1):13-8. 

[8] Igoli JO, Tsenongo SN, Tor-Anyiin TA. A Survey of anti-venomous, toxic and other plants used in some parts of 
Tivland, Nigeria. International Journal of Medicinal and Aromatic Plants. 2011;1(3):240-4. 

[9] Ahombo G, Ampa R, Diatewa M, Mpati J, Abena A, Ouamba J. Investigating on related diabetes therapeutic plants 
used in traditional medicine at Brazzaville. Journal of Medicinal Plants Research. 2012 Nov 17;6(44):5630-9. 

[10] Traore MS, Baldé MA, Diallo MS, Baldé ES, Diané S, Camara A, Diallo A, Balde A, Keïta A, Keita SM, Oularé K. 
Ethnobotanical survey on medicinal plants used by Guinean traditional healers in the treatment of malaria. 
Journal of ethnopharmacology. 2013 Dec 12;150(3):1145-53. 



GSC Biological and Pharmaceutical Sciences, 2026, 37(01), 237–245 

244 

[11] Jada MS, Usman WA, Adamu YU. In vitro Antimicrobial Effect of Crude Tannins Isolated from the Leaf of Annona 
senegalensis. 

[12] Jada MS, Usman WA, Olabisi AO. Crude flavonoids isolated from the stem bark of Annona senegalensis have 
antimicrobial activity. Journal of Advances in Biology & Biotechnology. 2015 Jan 10;2(1):24-9. 

[13] Afolabi AF. Phytochemical Constituents of some medicinal plants in South West, Nigeria. IOSR Journal of Applied 
Chemistry. 2013;4(1):76-8. 

[14] You M, Wickramaratne DM, Silva GL, Chai H, Chagwedera TE, Farnsworth NR, Cordell GA, Kinghorn AD, Pezzuto 
JM. Roemerine, an aporphine alkaloid from Annona senegalensis that reverses the multidrug-resistance 
phenotype with cultured cells. Journal of natural products. 1995 Apr;58(4):598-604. 

[15] Ijaiya IS, Arzika S, Abdulkadir M. Extraction and phytochemical screening of the root and leave of Annona 
Senegalesis (Wild Custad Apple). Academic Journal of Interdisciplinary Studies. 2014;3. 

[16] Ngamo TL, Goudoum A, Ngassoum MB, Ngassoum M, Lognay G, Malaisse F, Hance T. Chronic toxicity of essential 
oils of 3 local aromatic plants towards Sitophilus zeamais Motsch (Coleoptera: Curculionidae). African Journal of 
Agricultural Research. 2007;2(4). 

[17] Ekpendu TO, Anyogo P, Ityough D, Akpa F. NIGERIAN ETHINOMEDICINE AND MEDICINAL PLANT FLORA: THE 
BENUE EXPERIENCE—PART 3. Nigerian Journal of Natural Products and Medicine. 2000;4:13-22. 

[18] Karou SD, Tchacondo T, Djikpo Tchibozo MA, Abdoul-Rahaman S, Anani K, Koudouvo K, Batawila K, Agbonon A, 
Simpore J, de Souza C. Ethnobotanical study of medicinal plants used in the management of diabetes mellitus and 
hypertension in the Central Region of Togo. Pharmaceutical biology. 2011 Dec 1;49(12):1286-97. 

[19] Hele B, Metowogo K, Mouzou AP, Tossou R, Ahounou J, Eklu-Gadegbeku K, Dansou P, Aklikokou AK. Enquête 
ethnobotanique sur les plantes utilisées dans le traitement traditionnel des contusions musculaires au Togo. Rev. 
Ivoir. Sci. Technol. 2014;24:112-30. 

[20] Kantati YT, Kodjo KM, Dogbeavou KS, Vaudry D, Leprince J, Gbeassor M. Ethnopharmacological survey of plant 
species used in folk medicine against central nervous system disorders in Togo. Journal of ethnopharmacology. 
2016 Apr 2;181:214-20. 

[21] Tchacondo T, Karou SD, Batawila K, Agban A, Ouro-Bang’na K, Anani KT, Gbeassor M, de Souza C. Herbal remedies 
and their adverse effects in Tem tribe traditional medicine in Togo. African Journal of Traditional, 
Complementary and Alternative Medicines. 2011;8(1). 

[22] Nadembega P, Boussim JI, Nikiema JB, Poli F, Antognoni F. Medicinal plants in Baskoure, Kourittenga province, 
Burkina Faso: an ethnobotanical study. Journal of ethnopharmacology. 2011 Jan 27;133(2):378-95. 

[23] Ogunmefun OT, Gbile ZO. An ethnobotanical study of anti-rheumatic plants in South Western States of Nigeria. 
Asian J Sci Technol. 2012 Nov;4(11):063-6. 

[24] Mustapha AA. Ethno-medico-botanical uses of Securidaca longepedunculata (Fresen)(Family Polygalaceae) from 
Keffi local government, Nasarawa State, Nigeria. J. Nat. Remedies. 2013;13:133-7. 

[25] Borokini TI, Ighere DA, Clement M, Ajiboye T, Alowonle A. Ethnobiological survey of traditional medicine 
practices in Oyo State. Journal of Medicinal Plants. 2013; 1(5): 1-16. 

[26] Maroyi A. Traditional use of medicinal plants in south-central Zimbabwe: review and perspectives. Journal of 
ethnobiology and ethnomedicine. 2013 May 4;9(1):31. 

[27] Olajide OA, Ajayi FF, Ekhelar AI, Awe SO, Makinde JM, Alada AR. Gastrointestinal tract effects of Securidaca 
longepedunculata root extract. Pharmaceutical biology. 1999 Jan 1;37(2):134-7. 

[28] Joseph CC, Moshi MJ, Sempombe J, Nkunya MHH. (4-Methoxy-benzo [1, 3] dioxol-5-yl)-Phenylmethanone: an 
antibacterial benzophenone from securidaca longepedunculata. African Journal of Traditional, Complementary 
and Alternative Medicines. 2006; 3(3): 80-86. 

[29] Meli AL, Ngninzeko FN, Castilho PC, Wansi JD, Kuete V, Lontsi D, Beng VP, Choudhary MI, Sondengam BL. 
Securidacaxanthones B and C, xanthones from Securidaca longepedunculata (Polygalaceae). Planta Medica. 
2007;73(09):P_411. 

[30] Datagni G, Mouzou AP, Metowogo K, Afanyibo YG, Sadji A, Eklu-Gadegbeku K. In vitro antiinflammatory and 
antimicrobial activity of Securidaca longepedunculata and Annona senegalensis hydro-alcoholic extract. Journal 
of Drug Delivery & Therapeutics. 2021 Sep 2;11:63. 

[31] De Tommasi N, Piacente S, De Simone F, Pizza C. New sucrose derivatives from the bark of Securidaca 
longipedunculata. Journal of natural products. 1993 Jan;56(1):134-7. 



GSC Biological and Pharmaceutical Sciences, 2026, 37(01), 237–245 

245 

[32] Jayasekara TK, Stevenson PC, Belmain SR, Farman DI, Hall DR. Identification of methyl salicylate as the principal 
volatile component in the methanol extract of root bark of Securidaca longepedunculata Fers. Journal of Mass 
Spectrometry. 2002 Jun;37(6):577-80. 

[33] Spearman-Karber R. Alternative methods of analysis for quantal responses. Statistical method in biological assay. 
1978:1-78. 

[34] Dimo T, Nguelefack TB, Tan PV, Yewah MP, Dongo E, Rakotonirina SV, Kamanyi A, Bopelet M. Possible 
mechanisms of action of the neutral extract from Bidens pilosa L. leaves on the cardiovascular system of 
anaesthetized rats. Phytotherapy Research: An International Journal Devoted to Pharmacological and 
Toxicological Evaluation of Natural Product Derivatives. 2003 Dec;17(10):1135-9. 

[35] Titrikou S, Eklu-Gadegbeku K, Aklikokou KA, Gbeassor M. Effets de Biophytum petersianum (Oxalidaceae) sur la 
pression artérielle chez le rat Wistar. Phytothérapie. 2008 Aug;6(4):215 

[36] Theakston RDG, Warrell DA. Crisis in snake antivenom supply for Africa. Lancet. 2000; 356-2104. 

[37] Larréché S, Mion G, Chani M, Puidupin M, Petitjeans F. Envenimations par vipéridés-syndrome vipérin. Aspects 
cliniques et thérapeutiques des envenimations graves. Paris: Urgence Pratique Publications. 2010:70-89. 

[38] Agody-Acacha M, Atakpama W, Akpavi S, Tittikpina NK, Tchacondo T, Batawilla K, Akpagana K. How traditional 
healers of tchaoudjo district in togo take care of animal injuries. Int J Complement Alt Med. 2017;9(3):00299. 

[39] Ajisebiola BS, Toromade AA, Oladele JO, Mustapha AR, Fagbenro OS, Adeyi AO. Echis ocellatus venom-induced 
sperm functional deficits, pro-apoptotic and inflammatory activities in male reproductive organs in rats: 
antagonistic role of kaempferol. BMC Pharmacology and Toxicology. 2024 Aug 9;25(1):46. 

[40] Tijani Y, Zanna H, Hock TC, Shettima A, Onu A, Sugun M, Ehizibolo D, Shuaibu AB, Habib AG. Experimental 
production and efficacy testing of mono-specific antibodies against the venom of carpet viper (Echis ocellatus) 
from savannah Nigeria. Toxicon. 2024 Sep 1;248:107845. 

[41] Reid HA, Theakston RD. Les morsures de serpent. Bulletin of the World Health Organization. 1984;62(1):27. 

[42] Wilkins E, Wilson L, Wickramasinghe K, Bhatnagar P, Leal J, Luengo-Fernandez R, Burns R, Rayner M, Townsend 
N. European cardiovascular disease statistics 2017. 

[43] Sparks MA, Crowley SD, Gurley SB, Mirotsou M, Coffman TM. Classical renin‐angiotensin system in kidney 
physiology. Comprehensive physiology. 2014 Jul 17;4(3):1201-28. 

[44] Chaisakul J, Isbister GK, Tare M, Parkington HC, Hodgson WC. Hypotensive and vascular relaxant effects of 
phospholipase A2 toxins from Papuan taipan (Oxyuranus scutellatus) venom. European journal of pharmacology. 
2014 Jan 15;723:227-33. 

[45] Ferreira SH. A bradykinin-potentiating factor (BPF) present in the venom of Bothrops jararaca. British journal of 
pharmacology and chemotherapy. 1965 Feb;24(1):163. 

[46] Kodama RT, Cajado-Carvalho D, Kuniyoshi AK, Kitano ES, Tashima AK, Barna BF, Takakura AC, Serrano SM, Dias-
Da-Silva W, Tambourgi DV, Portaro FV. New proline-rich oligopeptides from the venom of African adders: 
Insights into the hypotensive effect of the venoms. Biochimica et Biophysica Acta (BBA)-General Subjects. 2015 
Jun 1;1850(6):1180-7. 

[47] Xavier CH, Miranda JR, Yamaguchi J, da Silveira KD, Teixeira MM, Chianca-Jr DA, Simões e Silva AC, Santos RA, 
Camargo AC, Ianzer D. Bj-PRO-5a and Bj-PRO 10c found at c-type natriuretic peptide precursor of Bothrops 
jararaca change renal function of hypertensive rats. International Journal of Peptide Research and Therapeutics. 
2017 Sep;23(3):381-5. 

[48] Lopes DM, Junior NE, Costa PP, Martins PL, Santos CF, Carvalho ED, Carvalho MD, Pimenta DC, Cardi BA, Fonteles 
MC, Nascimento NR. A new structurally atypical bradykinin-potentiating peptide isolated from Crotalus durissus 
cascavella venom (South American rattlesnake). Toxicon. 2014 Nov 1;90:36-44. 

[49] Suzuki T, Yamazaki T, Yazaki Y. The role of the natriuretic peptides in the cardiovascular system. Cardiovascular 
research. 2001 Aug 15;51(3):489-94. 

[50] Hung CC, Chiou SH. Fibrinogenolytic proteases isolated from the snake venom of Taiwan habu: serine proteases 
with kallikrein-like and angiotensin-degrading activities. Biochemical and Biophysical Research 
Communications. 2001 Mar 9;281(4):1012-8. 

[51] Oloyede AM (2021). Preliminary Comparative Investigation on Hypotensive Activities of Ethanolic Extracts of 
Securidaca longepedunculata, Olax subscorpioidea and Persea americana on Albino Rats. Herbal Medicines Journal 
(Herb Med J). 2021; 6(1). 


