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ABSTRACT 
While plants have been useful to man as food and medicine, many have the potentials to induce toxicity either singly or in 

combination, which may result from their phytochemical contents or accumulation of toxic metals. Therefore, this study 

investigated the metal contents and acute toxicity of Vernonia amygdalina (VA) leaves and Garcinia kola (GK) seeds in single 

and combined forms on rat′s kidney and liver. Aqueous extracts of these plants were used to investigate their acute toxicity 

potentials separately and in combined formulation, VAGK, using male Wistar rats. Following previous studies, a limit acute 

toxicity investigation of VA and GK were carried out. In addition, a full acute toxicity test was performed on VAGK using 

Lorkes’ method. The geometric means of doses were used to obtain the acute toxicity value. Histopathological examination was 

carried out on harvested rats’ kidney and liver while metal analysis was performed on the powdered plants. Results showed that 

all animals survived the limit dose as well as the full acute toxicity tests. The Kidney and liver revealed no notable pathological 

changes in the tested plants. Concentration of some of the analysed metals (mg/kg) in plants fell within recommended permissible 

limits except for Pb, Co, Cr and Ni, which were above these limits. In conclusion, although the acute oral toxicity test revealed 

no mortality and demonstrated no detrimental effects on the kidney and liver of the treated rats, however based on metal results, 

caution must be taken when using these plants as herbal remedy.  
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INTRODUCTION 

 

The liver and the kidney are two essential organs of human 

body; while the liver is the major organ for detoxification and 

elimination of endogenous substances such as xenobiotics 

(Momoh et al., 2015), the kidney is the major route of 

excretion (Jha, 2010), thus maintaining the body homeostasis. 

These two organs have been constantly exposed to different 

toxic chemicals or substances, which are obtained from the 

environments, water, food and plants resulting in liver and 

kidney damages (Goyer and Clarkson, 2001; Singh et al., 

2011; Arroyo et al., 2012). Plants have been documented to 

contain some toxic substances or chemicals including metals 

which may result in various toxicities in the body such as 

nephrotoxicity, hepatotoxicity, cardiotoxicity, neurotoxicity, 

and skin toxicity (Nudrat and Naira, 2016).  

 The toxicity of these metals on human health and their 

persistence in the environment has been a matter of concern in 

recent years. Heavy metals may be considered as those groups 

of elements with potentials to induce toxicity when consumed 

by humans. The excretion rates of these metals through the 

kidney are low, and this may result in deleterious effects on 
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humans even at very low concentrations. Heavy metals have a 

predisposition to accrue in the food chain, and plants are often 

the link in their movement from the contaminated soil to 

humans (Biswas et al., 2018). Of the heavy metals, lead (Pb) 

and cadmium (Cd) are the most common contaminants of 

dietary supplements, and their high levels have been reported 

to have toxicological effect on human health (Sahoo et al., 

2010). Other metals such as zinc (Zn), copper (Cu), iron (Fe), 

cobalt (Co), manganese (Mn), chromium (Cr), nickel (Ni), and 

magnesium (Mg) amongst others are considered essential 

nutrients. They are important for the physiological and 

biochemical functions of the human body (WHO, 1996). 

However, an increase in their intake above certain acceptable 

limits may also result in toxicity (Korfali et al., 2013). 

 For centuries, herbal medicines and their formulations 

(polyherbal remedies) are widely perceived by the public as 

being natural, effective, relatively cheaper, accessible, 

wholesome and elicit minimal side effects (Mayur et al., 2017; 

Fibrich and Lall, 2018). This supposition may have influenced 

the indiscriminate use of these formulations to a great extent 

amongst the rural populace. Several plant-based herbal 

formulations are often given over a long period of time 

without dose consideration. More so, there is a dearth of 

knowledge on the toxic effects that might result from such 

acute and prolonged usage (Ben-Arye et al., 2016; Hudson et 

al., 2018). Although, studies have demonstrated the acute 

toxicity of VA and GK in single forms, however, there is need 

to determine the full oral toxicity of combined VAGK, a new 

diherbal formulations (Kagbo and Ejebe, 2009; Atsukwei et 

al., 2015; Zakaria et al., 2016). Therefore, scientific 

documentation of the combined VAGK acute oral toxicity is 

required. 

  Vernonia amygdalina Del also known as bitter leaf 

because of its bitter taste, is a vegetable used in preparing 

traditional soup in Nigeria. It is a shrub of 2-5 m tall with 

petiolate green leaves of about 6 mm diameter (Ojiako and 

Nwanjo, 2006) and belongs to the Asteraceae family (Crellin 

et al., 1989; Farombi and Owoeye, 2011). All parts of this 

plant have been reported to be medicinally useful (Ojiako and 

Nwanjo, 2006). In Nigerian ethno-medicine, the roots and the 

leaves are used to treat fever, hiccups, kidney problems and 

stomach discomfort (Udochukwu et al., 2015). The aqueous 

extracts have been used by many herbalists and naturopathic 

doctors to treat diabetes mellitus, emesis, loss of appetite, 

induced ambrosia, dysentery and other gastrointestinal tract 

problems, bacteria and parasitic infections, malarial and 

cancer amongst others (Crellin et al., 1989; Ezuruike and 

Prieto, 2014; Udochukwu et al., 2015). Similarly, it has been 

used in zoo-pharmacology by chimpanzees for treatment of 

parasitic infections (Huffman, 2003). Previous toxicity studies 

reported different LD50 values for VA. These include 

1122mg/kg in mice (Akah and Okafor, 1992); 500 mg/kg, 

1265.22 mg/kg, and 5000.15 mg/kg in rats (Nwanjo, 2005; 

Ojiako and Nwanjo, 2006; Adiukuet al., 2012). 

 Garcinia kola Heckel, popularly known as “bitter kola” is 

an angiosperm belonging to the family Guttiferae (Farombi 

and Owoeye, 2011; Adesuyi et al., 2012). It is regarded as a 

wonder plant because every morphological part of the plant 

has been established to be of medicinal importance (Adesuyi 

et al., 2012). The leaves, fruit, seeds, root and bark of the plant 

have been used for centuries in traditional medicine to treat 

ailments such as bronchitis, throat infections, colic, head or 

chest colds and cough amongst others. It is believed by 

African medicine practitioners to have purgative, anti-

parasitic and anti-microbial properties (Adesuyi et al., 2012). 

The extract of the seed has been reported to have several 

pharmacological activities including anti-inflammatory, 

analgesic, molluscidal, anti-atherogenic, antioxidant and 

hepato-protective activities (Eleyinmi et al., 2006; 

Madubunyi, 2010). Consumption of Garcinia kola seed has 

also been shown to reduce the incidence of cardiovascular 

diseases in human participants (Omeh et al., 2014). The 

reported LD50 for GK include 6741.43 mg/kg (Udenzie et al., 

2012) and >5000 mg/kg (Nworu et al., 2007) in rodents. 

 In spite of the various utilizations of these plants, there is 

paucity of data on the toxicological potentials of the combined 

use of VA and GK. Therefore, this study investigated the 

metal contents and acute toxicity of Vernonia amygdalina 

leaves and Garcinia kola seeds in single and combined forms 

on rat′s kidney and liver over a period of 14 days. 

 

MATERIALS AND METHODS 

 

Collection and Authentication of Plants  

Samples used for the acute toxicity assessment included 

aqueous extract of VA, GK and a combination of VAGK. The 

VA leaves and GK seeds were obtained from local markets in 

Ibadan (Bodija and Oje), Oyo State, Nigeria. These plants 

were identified and authenticated by Mr. Esimekhuai Donatus, 

a taxonomist of the Department of Botany, University of 

Ibadan. The voucher specimen numbers were assigned for 

Vernonia amygdalina (UIH-22612) and Garcinia kola (UIH-

22611) and deposited in the herbarium.  

 

Preparation and Extraction of Plants  

Garcinia kola seeds were peeled to remove the seed coat 

covering the pulp, rinsed and grated into smaller pieces. Both 

the VA leaves and grated GK seeds were separately air-dried 

at room temperature to obtain a constant weight. The dried 

samples were homogenized using a wooden pestle and mortar, 

and sieved to obtain finely divided powder. Approximately, 

200 g each of dried VA and GK samples was extracted in 

distilled water containing less than 10% absolute methanol in 

1:10 (w/v) ratio, to inhibit microbial contamination and 

growth. The cold maceration lasted for 48 hours and 

thereafter, the filtrate was then administered orally to the rats. 

Also, yield from the various aqueous extracts was determined 

using dried extract samples. 

 

Acute Toxicity Study 

A limit acute toxicity investigation was carried out on VA and 

GK while a full acute toxicity was done for the combined 

VAGK using a total of 23 male Wistar rats. All rats were 

acclimatized for five days and ethical approval was obtained 

before the commencement of the acute toxicity experiment. 

The method described by Lorke (1983) was used. The limit 

single dose comprised ten Wistar rats: three rats each for VA 

and GK, four rats for control. A limit dose of 1600 mg/kg body 

weight (b.wt) was chosen for VA and GK following previous 

acute toxicity studies on the plants (Akah and Okafor, 1992; 
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Ojiako and Nwanjo, 2006; Nworu et al., 2007; Sha’a et al., 

2011). The control group received only distilled water by oral 

route. In the full acute toxicity study, 13 rats were randomly 

classified into 3 groups comprising two administration phases; 

Phase I (9 rats) and Phase II (3 rats), and control (1 rat). Phase 

I is made up of Group 1, Group 2 and Group 3 of three rats 

each. The doses under this phase include 10, 100, and 1000 

mg/kg b.wt of rats respectively. Rats in Phase II groups 

respectively received 1600, 2900 and 5000 mg/kg b.wt. The 

average weight of rats used for this toxicity study is 111.5 g.    

 All rats were fasted overnight prior to administration. The 

oral administration of aqueous extracts was adopted. Signs of 

toxicity or death were closely monitored in the test groups for 

24 hours. Some of the signs of toxicity investigated include 

tremors, convulsions, salivation, diarrhoea, lethargy, sleep, 

restlessness, paw licking, stretching, coma and death. Other 

observations monitored are skin colour, eyes, mucus 

membrane, respiratory, circulatory, autonomic and central 

nervous systems, somatomotor activity and behavioural 

pattern. Survivors were further observed for 14 days for death. 

The median lethal dose was calculated from the geometric 

mean except where no death occurs at the highest dose (5000 

mg/kg b.wt). Rats were sacrificed and the kidneys and the 

livers were harvested immediately before euthanizing the rats. 

Formalin-fixed slides of the liver and kidney were prepared 

and stained with haematoxylin and eosin. 

 Metal analysis was carried out on the sun-dried and 

powdered samples of VA and GK to investigate the level of 

occurrence of some metals in these samples. Metals assessed 

in the samples include Ca, Mg, K, Pb, Cd, Co, Cr and Ni. Plant 

samples were digested by weighing 1g of the dried plant tissue 

into a 100 mL berzelius beaker, and adding 5 mL nitric acid 

(HNO3) and 2 mL perchloric acid (HClO4) then heated to a 

final volume of 3-5 mL. Thereafter, 15 mL of water was added 

and the digest solution was filtered through an acid-washed 

filter paper into a 50 mL volumetric flask. The filter paper was 

washed with water and the filtrate diluted to volume with 

deionised water. Using the appropriate hollow cathode lamp, 

the digest samples were sprayed and read on Buck Atomic 

Absorption Spectrophotometer (AAS) model 210/211 VGP to 

determine the metals required. 

 

RESULTS 

 

The yield obtained from the aqueous maceration of the dried 

leaves of VA, GK and VAGK (1:1) were 2.2%, 12.7% and 

7.0% respectively.  

 Table 1 represents the summary of the acute toxicity 

investigation of the aqueous extracts of VA, GK and the full 

acute toxicity test of the combined VAGK. The oral 

administration of aqueous extract of VA, GK and a 

combination of VAGK did not result in the physical death of 

the test rats. This observation was made after 24 hours and 14 

days post administration study. However, rats that received 

high doses (2900 and 5000 mg/kg body weight) of the aqueous 

extracts of VAGK exhibited few signs of toxicity, which 

lasted for less than an hour. Some of the observed signs of 

toxicity included initial restlessness, stretching, lethargy and 

paw licking.  

 The absence of physical and observable toxicity coupled 

with the toxic signs demonstrated by the test rats encouraged 

the harvesting and investigation of the liver and kidney for 

histopathological examination. The photomicrographs of the 

harvested liver and kidney from rats in different dose 

administration of aqueous extracts of VA, GK and VAGK are 

presented in Fig. 1 (limit acute toxicity test for VA and GK 

individually), Fig. 2 (full acute toxicity test on kidney for 

combined VAGK) and Fig. 3 (full acute toxicity test on liver 

for combined VAGK).  

 

 

Table 1:   

Acute lethal effect of aqueous extracts of VA and GK and full acute toxicity of the combined VAGK orally administered to 

Wistar rats  

Vernonia amygdalina (VA) plus Garcinia kola (GK) 

(VA + GK) (1:1) 

VA (1600 mg/kg b.wt) 

 

GK (1600 mg/kg b.wt) 

 

 

Experiment (no 

of rats) 

Dose (mg/kg 

Body weight 

(b.wt) 

Death after 

24 hours 

Survival  

after 14  

days 

 

Death  

 

Survival  on 

day 14 

Death Survival on 

day 14 

Total 

Phase I (3) 10 0 3 

 

ND ND ND ND - 

 100 0 3 

 

ND ND 

 

ND ND - 

 1000 0 3 

 

ND 

 

ND 

 

ND 

 

ND 

 

- 

Phase II  (1) 1 600 0 1 

 

0 3 0 3 6 

 2 900 0 1 

 

ND 

 

ND 

 

ND 

 

ND 

 

- 

 5 000 0 1 

 

ND 

 

ND 

 

ND 

 

ND 

 

- 

Control  (1 and 

3) 

0 0 1 

 

0 3 0 3 6 

Total  0/13 13/13 0/6 6/6 0/6 6/6 12/12 

ND: No death 
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Plate 1:  
Representative photomicrographs (magnification x 100) of haematoxylin and eosin-stained sections of the liver (A) and kidney (B) of 1600 

mg/kg b.wts of rats (limit acute toxicity test) after the administration of aqueous extracts of VA and GK.In section A, the liver of rats in the 

control and 1600 mg/kg (VA and GK) groups demonstrated no pathological lesion: the architecture is normal, the central venules and portal 

tracts appear normal and not congested (black arrow). In section B, the kidney of rats in control and 1600 mg/kg (VA and GK) also demonstrated 

no pathologies with normal architecture. The renal cortex revealed some glomeruli with shrunk mesangial cells and widened capsular spaces 

(black arrow). 

 

 

 

Plate 2: 

Representative photomicrographs (magnification ×100) of haematoxylin and eosin-

stained sections of the full acute toxicity test on kidney from various groups which 

received equally combined aqueous extracts of VAGK. In all the groups, the kidney 

sections revealed normal architecture with no pathological changes: while the renal 

cortex in control and 10 mg/kg group revealed normal glomeruli with normal 

mesangial cells and capsular spaces (black arrow), others (100, 1000, 1600 and 2900 

mg/kg) revealed glomeruli with shrunk mesangial cells and widened capsular spaces 

(black arrow) and 5000 mg/kg showed mild glomerular infiltration with shrunk 

mesangial cells in few areas (black arrow). 
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Table 2:  

Summary of gross pathology of investigated organs (kidney and liver) obtained from test Wistar rats 

 

Organ 

Summary of gross pathology 

Doses (mg/kg body weight of rats) 

VA 

 

GK 

 

VA + GK 

 

 1600 1600 

 

10 

 

100 

 

1000 

 

1600 

 

2900 

 

5000 

 

Kidney 

 

NP mgi, smc NP NP NP NP NP NP 

Liver NP mla, msis NP mfi, 

mif 

mci, mmvs, 

hsci 

mci, 

mmvs 

mfi mvc, mci 

NPNo Pathologies; mgiMild glomerular infiltration; smcShrunk messenger cells in few areas; mlaMild Lymphocytes infiltration; 
msisModerate to severe infiltration of Sinusoids with inflammatory cells; mfiMild to moderate fat infiltration into the hepatocytes 

in the cytoplasm; mifMild infiltration of fat within the hepatocytes; mcimoderate cytoplasmic infiltration of inflammatory 

cells;mmvsmoderate vesicular steatosis; hscihepatocytes show severe cytoplasmic infiltration by fat; mvcmild vesicular congestion 

 

The effects of oral administration of aqueous extracts of VA, 

GK and VAGK on the liver and kidney as well as the 

histopathological changes observed and documented are 

summarized in table 2.  

 The results of metals such as Pb, Cr and Ni in powdered 

samples of VA and GK were remarkably above the Joint Food 

and Agriculture Organization (FAO) and World Health 

Organization (FAO/WHO) permissible limits (PLs) of 10, 2 

and 1.63 mg/dl respectively. Cobalt in GK was above the PLs 

(0.14 mg/kg) while Co in VAfalls within the limit. Only Cd 

content of both  VA and GK was observed within the PLs (0.3 

mg/kg) (FAO/WHO, 1984; WHO, 2007; Maobeet al., 2012) 

(Table 3). 

 

 

 

Plate 3: 

Representative photomicrographs (magnification ×100) of haematoxylin and eosin 

stained sections of the full acute toxicity test on liver from various groups which received 

equally combined aqueous extracts of VAGK. The liver section revealed normal 

architecture with the sinusoids appearing normal without infiltration of inflammatory cells 

in all the groups. In control group, the portal tract showed very mild peri-portal infiltration 

(black arrow) and hepatocytes revealed normal morphology; whereas the portal tracts of 

10, 100 and 2900 mg/kg groups appeared normal and not congested (black arrow). Portal 

tracts of 1000 and 1600 mg/kg groups appeared normal and the central venule revealed 

mild congestion (black arrow). In the 5000 mg/kg group, mild vascular congestion was 

noted (black arrow), and the hepatocytes revealed moderate cytopasmic infiltration by fat 

(moderate steatosis). 
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Table 3:  

Heavy metal analysis of powdered test plants 

Botanical material Metals analysed 

Symbol Ca (%) Mg 

(%) 

K (%) Pb 

(mg/kg) 

Cd 

(mg/kg) 

Co 

(mg/kg) 

Cr 

(mg/kg) 

Ni 

(mg/kg) 

G. kola 0.10 0.08 0.35 22.45 0.25 1.25 8.85 9.35 

V. amygdalina 0.71 0.95 0.99 11.35 0.15 0.40 6.25 13.85 

 

 
 

DISCUSSION 

 

Although, the use of herbal products including medicinal 

plants and phytochemicals for prevention and treatment of 

various health ailments has been in practice from time 

immemorial (Vashisth et al., 2013; Hong et al., 2015); it is sad 

to note that the possible toxicities of some of these herbal 

products and their constituent plants are not fully elucidated. 

Therefore, this study investigated the metal contents and acute 

toxicity of Vernonia amygdalina leaves, and Garcinia kola 

seeds singly and in combined forms on rats’ kidney and liver 

over a period of 14 days. 

 In this study, the acute toxicity test of the aqueous extracts 

of VA leaves and GK seeds demonstrated no noticeable 

toxicity and mortality in the tested rats. This finding is 

supported by the studies of Zakaria et al. (2016) in VA; 

Atsukwei et al., (2015) and Kagbo and Ejebe (2009) in GK. 

The lack of any pathological response in rats that took the 

individual plant (VA and GK) may mean that the 

accumulation level of Cd, and especially Pb, was inadequate 

to induce noticeable toxicity on an acute time scale or other 

compounds within the formulation enhances the metabolism 

and excretion of these toxic trace metals from the rat’s body.  

 In order to establish some safety standards for VAGK 

herbal supplement, a holistic safety profile of the individual 

plants as well as the diherbal formulation is required as a guide 

for the management of its applications and usage in herbal 

preparations. Therefore, VAGK diherbal supplement was 

subjected to full acute toxicity test since this kind of 

combination is totally new and yet to receive any scientific 

investigation. The interaction between the components 

making up the diherbal formulation may result in toxicity or 

synergy in therapeutic activity. The acute toxicity was found 

to be greater than 5000 mg/kg, suggesting VAGK to be safe 

in rats as described by Lorke (1983). In addition, the absence 

of death among the tested rats in all the dose groups 

throughout the 14 days post administration examination 

supported this claim. To further support this observation for 

toxicity or mortality, histopathological examination of the 

VAGK formulation showed very mild pathology in the liver 

at higher doses of 1000, 1600, 2900 and 5000 mg/kg body 

weights of tested rats. Whereas, the kidney did not present any 

pathological change for the individual plant making up VAGK 

at all doses. Therefore, this study indicates that the aqueous 

extracts of VAGK do not cause acute toxicity effects on the 

male Wistar rats at the doses tested up to a maximum dose of 

5000 mg/kg body weights of rats. 

 Similarly, in this study, the aqueous yield obtained from 

GK, VA and combined VAGK are indicative of their content 

of water-soluble polar phyto-constituents such as 

polyphenolics, bioflavonoids, saponins, alkaloids, glycosides 

and tannins. These have been reported to be abundant in VA 

and GK (Mboto et al., 2009). Plant processing and extraction 

procedures may introduce some differences in yield. 

However, the yield obtained for GK in this study is higher than 

the reported yield for GK in Akerele and colleagues’ study 

(2008). This difference may be due to plant particle size after 

powdering and length of extraction. 

 It was observed in this study that higher occurrence of 

health promoting metals such as Ni, Co, Ca, Mg, and K were 

found in VA while GK accumulated higher amounts of Cd and 

Pb. The level of Co in VA falls within the permissible limits 

(PL) stated in the FAO/WHO guideline (1984), while GK 

content was above the limit. Similarly, Ni and Cr in both VA 

and GK were found to be above the limit. Nickel was observed 

to accumulate more in VA while Cr accumulates more in GK. 

These findings do not agree with the previous studies where 

lower values of Cr and higher values of Co and Ni were 

reported in VA (Kalagboret al., 2014) and GK (Oti, 2015).  

 The heavy metal analysis of individual plant recipe 

making up VAGK indicated that the plant accumulates more 

Pb than Cd. The level of Cd in VA and GK extracts were 

below the PL of 0.3 mg/kg, while Pb in VA was lower 

compared to GK, although both values were found to be above 

the PLs of 10 mg/kg (FAO/WHO, 1984; WHO, 2007; Maobe, 

et al., 2012). Our findings agree with other studies from 

Ibadan, where metal accumulations in plants were reported 

(Ogundiran and Osibanjo, 2008; Adelekan and Olawode, 

2011) but disagree with other studies carried out in other parts 

of the country by Kalagbor et al. (2014) and Oti (2015), where 

higher Cd and lower Pb were reported in VA and GK 

respectively. Conversely, in Doherty and colleagues’ study, 

Pb was not detectable while lower value was reported for Cd 

in VA (Doherty et al., 2012). The variation in the plants’ metal 

contents may be due to soil contents and pollution from water, 

atmosphere, decentralised and indiscriminate waste disposal, 

where the plants were grown (Ogundiran and Osibanjo, 2008; 

Adelekan and Olawode, 2011).  

 In conclusion, this study revealed that Vernonia 

amygdalina leaves and Garcinia kola seed, either in single or 

in combined formula, is not toxic to rats and did not produce 

any evidence of mortality in the acute oral toxicity studies. 

The histology examination revealed no remarkable changes in 

the kidney and liver, in both control and treated rats. The few 

mild histopathological changes observed may be associated 

with the acute exposure to Pb, which was above the 

international permissible level. Data obtained in this study on 

the tested plants and formulation may be useful in 

strengthening the confidence in their safety to humans for the 

use in the development of herbal supplements. However, it 

may be necessary to carry out batch quality assessment on 
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these plants, particularly those from different soil origin as the 

plants can easily accumulate toxic heavy metals such as lead 

and cadmium. The recommendation is therefore to introduce 

batch quality control of heavy metals measurements in 

medicinal plants value chain. 

 

Conflicts of Interest 

There is no conflict of interests in this study. 

 

Acknowledgement 

We sincerely acknowledge the Thomas Bassir Biomedical 

Foundation (TBBF) of University of Ibadan, for partly funding 

this study with their seed grant program. Also, we want to 

appreciate Mr. Jonah Daniel Chigozie, Department of 

Physiology, College of Medicine, University of Ibadan, 

Ibadan, Nigeria for his input in the very first draft of this 

manuscript. 
 

REFERENCES 

 
Adelekan, B. A. and Alawode, A. O. (2011). Contributions of 

municipal refuse dumps to heavy metals concentrations in soil 

profile and groundwater in Ibadan Nigeria. Journal of Applied 

Biosciences 40, 2727-2737. 

Adesuyi A. O., Elumm I. K., Adaramola F. B. and Nwokocha 

A. G. M. (2012). Nutritional and Phytochemical Screening of 

Garcinia kola. Advance Journal of Food Science and Technology 

4(1), 113-121. ISSN: 2042-4876. 

Akah, P. A. and Okafor, C. L. (1992). Blood sugar lowering 

effect of Vernonia amygdalina Del, in an experimental rabbit 

model. Phytotherapy Research 6(3), 171-173. 

Akerele, J. O., Obasuyi, O., Ebomoyi, M. I. and Oboh, I. E. 

(2008). Antimicrobial activity of the ethanol extract and fractions 

of the seeds of Garcinia kola Heckel (Guttiferae). African Journal 

of Biotechnology, 7(2). 

Arroyo V. S., Flores K. M., Ortiz L. B., Gómez-Quiroz L. E. 

and Gutiérrez-RuizM. C. (2012). Liver and Cadmium Toxicity. 

Journal of Drug Metabolism and Toxicology S5, 001. 

DOI:10.4172/2157-7609.S5-001.ISSN: 2157-7609. 

Atsukwei, D., Odeh, S. O., Toryila, J. E., Egesie, U. G. and 

Eze, E. D. (2015). Effects of ethanol extract of garcinia kola on 

biochemical markers of liver function of Wistar rats. International 

Journal of Pharmaceutical Science Invention 4(5), 5-8. 

Biswas J. K., Rai M., Mondal M. and Ingle AP. (2018): The 

flop side of using heavy metal (oids) in the traditional medicine: 

toxic insults and injury to human health In Biomedical 

Applications of Metals, M. Rai et al. (eds.), pp.257-276. Springer 

International Publishing AG, part of Springer Nature. DOI: 

10.1007/978-3-319-74814-6_12. 

 

Crellin J. K., Philport J. and Tommie B. (1989). A Reference 

Guide to Medicinal Plants: Herbal Medicine, Past and Present, 

Duke University Press; pp. 265. 

Doherty, V. F., Sogbanmu, T. O., Kanife, U. C. and Wright 

O. (2012). Heavy metals in vegetables collected from selected 

farm and market sites in Lagos, Nigeria. Global Advanced 

Research Journal of Environmental Science and Toxicology 1(6), 

137-142. 

Eleyinmi A. F., Bressler D.C., Amoo I. A., Sporns P. and 

Oshodi A. A. (2006). Chemical composition of bitter cola 

(Garcinia kola) seed and hulls. Polish Journal of Food and 

Nutrition Sciences 15(4), 395-400. 

Ben-Arye E., Samuels N., Goldstein L. H., Mutafoglu K., 

Omran S., Schiff E., Charalambous H., Dweikat T., Ghrayeb 

I., Bar-Sela G., Turker I., Hassan A., Hassan E., Saad B., 

Nimri O., Kebudi R. and Silbermann M. (2016). Potential risks 

associated with traditional herbal medicine use in cancer care: A 

study of Middle Eastern oncology health care professionals. 

Cancer 122(4), 598–610. DOI: 10.1002/cncr.29796. 

Ezuruike U. F. and Prieto J. M. (2014). The use of plants in the 

traditional management of diabetes in Nigeria: Pharmacological 

and toxicological considerations Journal of Ethnopharmacology 

155, 857-924. 

Farombi E. O. and Owoeye O. (2011). Antioxidative and 

Chemopreventive Properties of Vernoniaamygdalina and 

Garcinia biflavonoid. International Journal of Environment, 

Research Public Health8(6), 2533-2555.  

Fibrich B. D. and Lall N. (2018). Maximizing Medicinal Plants: 

Steps to Realizing Their Full Potential, In: Medicinal Plants for 

Holistic Health and Well-Being, N. Lall (ed.) Chapter 10, pp. 

297-300. Elsevier Inc. Academic Press. 

https://doi.org/10.1016/C2016-0-03384-3. ISBN: 978-0-12-

812475-8.  

Goyer R. A. and Clarkson T. W. (2001). Toxic Effects of metals 

In: C. D. Klaasen (ed.), Casarett and Doullis Toxicology: The 

Basic Science of Poisons (sixth edition ed., chapter 23, pp. 811-

867). New York: Mc-Graw-Hil. 

Hong M., Li S., Tan H. Y., Wang N., Tsao S. W. and Feng Y. 

(2015): .Current Status of Herbal Medicines in Chronic 

LiverDisease Therapy: The Biological Effects, MolecularTargets 

and Future Prospects. International Journal of Molecular Sciences 

16(12), 28705-28745. https://doi.org/10.3390/ijms161226126. 

Hudson A., Lopez E., Almalki A. J., Roe A. L. and Calderón 

A. I. (2018). A Review of the Toxicity of Compounds Found in 

Herbal Dietary Supplements. Planta Medica 84(9-10), 613-626. 

DOI: 10.1055/a-0605-3786 

Huffman M. A. (2003). Animal self-medication and ethno-

medicine: Exploration and exploitation of the medicinal 

properties of plants. Proceedings of the Nutrition Society62(2), 

371-381.  

Jha V. (2010). Herbal medicines and chronic kidney disease. 

Nephrology (Carlton) 15(S2), 10-17. DOI: 10.1111/j.1440-

1797.2010.01305.x. 

Joint Food and Agriculture Organization (FAO) and World 

Health Organization (WHO). (1984). Contaminants. In Codex 

Alimentarius, vol. XVII, Edition 1. FAO/WHO, Codex 

Alimentarius Commision, Rome. 

Kagbo, H. and Ejebe, D. (2009). Phytochemistry and 

preliminary toxicity studies of the methanol extract of the stem 

bark of Garcinia kola (Heckel). The Internet Journal of 

Toxicology 7(2), 1-8. 

Kalagbor, I. A., Barisere, V., Barivule, G., Barile, S. and 

Bassey, C. (2014). Investigation of the presence of some heavy 

metals in four edible vegetables, bitter leaf (Vernonia 

amygdalina), scent leaf (Ocimumgratissimum), water leaf 

(Talinum triangulare) and fluted pumpkin (Telfairiaoccidentalis) 

from a cottage farm in Port Harcourt. Research Journal of 

Environmental and Earth Sciences 6(1), 18-24.  

Korfali S. I., Hawi T. and Mroueh M. (2013). Evaluation of 

heavy metals content in dietary supplements in 

Lebanon. Chemistry Central Journal 7(10). DOI:10.1186/1752-

153X-7-10 

Lorke D. (1983). A new approach to practical acute toxicity 

testing.  Archives of Toxicology. 54(4), 275-287. 

https://doi.org/10.1016/C2016-0-03384-3
https://doi.org/10.3390/ijms161226126


Toxicity Profiles of VAGK, a Vernonia amygdalina/Garcinia kola formulation 

194 Afr. J. Biomed. Res. Vol. 22, No.2 (May) 2019 Bolajoko et al 

Madubunyi I. I. (2010). Antihepatotoxic principles of Garcinia 

kola seeds. Comparative Clinical Pathology 20, 481-485. DOI 

10.1007/s00580-010-1023-4. 

Maobe M. A., Gatebe E., Gitu L. and Rotich H. (2012). Profile 

of heavy metals in selected medicinal plants used for the 

treatment of diabetes, malaria and pneumonia in Kisii region, 

Southwest Kenya. Global Journal of pharmacology6(3), 245-251. 

Mayur P., Najam A. K. and Kamal K. M. (2017). Evaluation 

of Acute and Subacute Oral Toxicity Induced by Ethanolic 

Extract of MarsdeniatenacissimaLeaves in Experimental Rats. 

Scientia Pharmaceutica85(29), 1-11. 

DOI:10.3390/scipharm85030029 

Mboto, C. I., Eja, M. E., Adegoke, A. A., Iwatt, G. D., 

Asikong, B. E., Takon, I. and Akeh, M. (2009). Phytochemical 

properties and antimicrobial activities of combined effect of 

extracts of the leaves of Garcinia Kola, Vernonia amygdalina and 

honey on some medically important microorganisms. African 

Journal of Microbiology Research 3(9), 557-559. 

Momoh J., Longe A. O., Damazio O. A. and Eleyowo O. O. 

(2015): Hepatoprotective Effect of Ethanolic Leaf Extract of 

Vernonia amygdalinaand Azadirachtaindicaagainst 

Acetaminophen-Induced Hepatotoxicity in Sprague-Dawley 

Male Albino Rats. American Journal of Pharmacological 

Sciences 3(3), 79-86. DOI: 10.12691/ajps-3-3-5. 

Nudrat F. and Naira N. (2016). Toxic effects as a result of 

herbal medicine intake. Chapter 9, INTECH open science/open 

minds, pp. 193-207. http://dx.doi.org/10.5772/64468.  

Nwanjo, H. U. (2005). Efficacy of aqueous leaf extract of 

Vernonia amygdalina on plasma lipoprotein and oxidative status 

in diabetic rat models. Nigerian Journal of Physiological 

Sciences 20(1), 39-42. 

Nworu, C. S., Akah, P. A., Okoli, C. O., Esimone, C. O. and 

Okoye, F. B. C. (2007). The effects of methanolic seed extract of 

Garcinia kola on some specific and non-specific immune 

responses in mice. Int J Pharmacol 3(4), 347-351. 

Ogundiran, M. B. and Osibanjo, O. (2008). Heavy metal 

concentrations in soils and accumulation in plants growing in a 

deserted slag dumpsite in Nigeria. African Journal of 

Biotechnology 7(17). 

Ojiako O. A. and Nwanjo H. U. (2006): Is Vernonia 

amygdalinahepatotoxic or hepatoprotective? Response from 

biochemical and toxicity studies in rats.African Journal of 

Biotechnology 5(18), 1648-1651. ISSN 1684–5315. 

Omeh Y. N., Onoja S. O., Ezeja M. I., Uchendu W. C., Okorie 

E. and Raymond M. (2014). Quantitative phytochemical, 

proximate analysis and hypolipidemic effect of Garcinia kola. 

British Journal of Medicine and Medical Research 4(36), 5770-

5778.  

Oti, W. J. O. (2015). Levels of Heavy Metals in Commonly 

Consumed Ceremonial Fruits in Nigeria and Their Associated 

Health Implications. International Journal of Environmental 

Science and Toxicology Research 3(2), 16-21. 

Sahoo N., Manchikanti P. and Dey S. (2010). Herbal drugs: 

standards and regulation. Fitoterapia 81(6), 462-471. DOI: 

10.1016/j.fitote.2010.02.001. 

Sha'a, K. K., Oguche, S., Watila, I. M. and Ikpa, T. F. (2011). 

In vitro aantimalarial activity of the extracts of Vernonia 

amygdalina commonly used in traditional medicine in 

Nigeria. Science World Journal 6(2), 5-9. 

Singh R., Gautam N., Mishra A. and Gupta R. (2011). Heavy 

metals and living systems: An overview. Indian Journal of 

Pharmacology43(3), 246-253. DOI: 10.4103/0253-7613.81505. 

Udenze, E. C. C., Braide, V. B., Okwesilieze, C. N. and 

Akuodor, G. C. (2012). Pharmacological Effects of Garcinia 

kola Seed Powder on Blood Sugar, Lipid Profile and Atherogenic 

Index of Alloxan—induced Diabetes in Rats. 

Udochukwu U., Omeje F. I., Uloma I. S., Oseiwe F. D. (2015). 

Phytochemical analysis of Vernonia 

amygdalinaandOcimumgratissimumextracts and their 

antibacterial activity on some drug resistant bacteria. American 

Journal of Research Communication 3(5), 225-235 (Available on 

www.usa-journals.com, ISSN: 2325-4076). 

Vashisth P., Jain V., Chokotia L. S., Sironiya R., Matoli H. 

and Jain M. (2013). An update on herb induced chronic kidney 

diseases. International Journal of Research and Development in 

Pharmacy and Life Sciences 2(3), 428-431. ISSN: 2278-0238. 

World Health Organization. (1996). Trace Elements in Human 

Nutrition and Health. World Health Organization. Switzerland, 

Geneva pp. 1-361.  

World Health Organization. (2007). WHO guidelines for 

assessing quality of herbal medicines with reference to 

contaminants and residues. World Health Organization, Geneva, 

Switzerland, pp 24 (1-105). ISBN 978 92 4 159444 8. 

Zakaria, Y., Azlain, N. Z., Nik Hassan, N. F. and Muhammad, 

H. (2016). Phytochemicals and acute oral toxicity studies of the 

aqueous extract of Vernonia amygdalinafrom state of Malaysia. 

Journal of Medicinal Plants Studies 4(3), 1-5. 

 


