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ABSTRACT

Background: Iernonia species are widely consumed as vegetables or medicinal herbs for the treatment
of various human diseases in Nigeria. Nevertheless, there exists a growing concern for consumption safety
of those herbal plants, due to increasing environmental pollution. This is because plants can accumulate
some heavy metals that constitute a potential risk to human health. Nonetheless, also essential elements
may be accumulated in plants, which provide nutrients for combating diseases and maintaining human
health. Objectives: The purpose of the study was to analyze some heavy metals and mineral elements on
Vernonia ambigua, V. oocephala and V. pupurea commonly used in Northern Nigerian traditional medicine.
Methods: Atomic absorption spectrometry (AAS) was used to determine the major elements (calcium
and magnesium), trace elements (iron and manganese) and heavy metals (copper, cobalt, chromium,
cadmium, lead and zinc). Results: We found a high Ca and Fe content in V. ambigua, Mg and Co in V.
oocephala, and Cu and Cr in V. pupurea; in contrast, the last specie, showed low accumulation of Pb and
Cd among all studied species. Conclusion: This study revealed that toxic elements concentrations are
lower than the allowed dietary intake (ADI) in all the three Vernonia species. The quantitative estima-
tion of these elements is important to understanding the pharmacological and/or toxicological actions of
medicinal plants for safe use.
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RESUMEN

Antecedentes: Las especies de Vernonia son ampliamente consumidas como verduras o hierbas
medicinales, para el tratamiento de diversas enfermedades humanas en Nigeria. Sin embargo, existe
una creciente preocupacién por la seguridad en el consumo de dichas plantas, debido al incremento en
la contaminacién. Esto es debido a que las plantas pueden acumular algunos metales pesados que cons-
tituyen un riesgo potencial para la salud humana. Sin embargo, algunos elementos esenciales también
pueden acumularse en las plantas proporcionando nutrientes para combatir las enfermedades y mantener
una buena salud. Objetivos: El objetivo del estudio fue analizar algunos metales pesados y minerales en
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Vernonia ambigua, V. oocephala y V. Pupurea, comtinmente utilizadas en la medicina tradicional del norte
de Nigeria. Métodos: La espectrofotometria de absorcién atémica (AAS) se utilizé para determinar ele-
mentos mayores (calcio y magnesio), elementos trazas (hierro, manganeso) y elementos pesados (cobre,
cobalto, cromo, cadmio, plomo y zinc). Resultados: se encontraron altos contenidos de Ca y Fe en V.
ambigua, y de Mgy Co en V. oocephala. La cantidad de Cu y Cr fueron altas en V. Pupurea; en contraste,
esta Gltima reportd las cantidades mis bajas de Pb (0.01200 mg/100g) y Cd (0.00670 mg/ 100g) entre
las tres especies de Vernonia estudiadas. Conclusion: Este estudio demostré que las concentraciones de
elementos toxicos como Pb, Cd y Co detectadas, son inferiores a la ingesta dietética permitido (ADI) en
las tres especies de Vernonia. Las estimaciones cuantitativas de elementos pesados, son importantes para la
comprensién de las acciones farmacoldgicas y/o toxicolégicas de plantas medicinales para su uso seguro.

Palabras clave: Especies de Vernonia, elementos pesados, elementos minerales, AAS, Norte de Nigeria

INTRODUCTION

Plants are continually being utilized as therapeu-
tic agents in traditional medicine across Nigeria and
other parts of Africa. About 80% of people living in
rural Africa rely on traditional medicine for their
primary health care needs (1). This involves the use
of fresh plants, prepared formulations or as dried
commodity being sold in the markets. There is a
growing concern on the safety of the herbal plants
being consumed in our communities in Northern
Nigeria. This is due to increasing environmental
pollution rendering plants vulnerable to contamina-
tion by metals accumulation (2). The World Health
Organization emphasized the need to ensure the
quality control of plant products by using modern
techniques and applying suitable standards (3).
It is therefore of major interest to investigate the
concentration of some mineral elements in herbal
plants. This is important to our understanding of
the potential risk or benefit of the continued use
of these herbs as medicines. Plants of the genus
Vernonia are widely used as medicinal herbs or ve-
getable foods across Africa. Vernonia amygdalina tor
instance is one of the most widely used medicinal
herbs across Nigeria with tremendous therapeutic
properties against gastrointestinal disorders, fever,
dysentery, malaria, diabetics and constipation. (4-
7). Vernonia ambigua, Vernonia oocephala and Vernonia
pupurea are among the commonly used herbal recipe
in traditional medicine for the treatment of various
human ailments including malaria, cough and fever
across Northern Nigeria (8-9).

Chemical investigation on most Vernonia species
around the world has led to isolation and characte-
rization of numerous bioactive organic secondary
metabolites (10). However, very little information is
available on the inorganic elements constituents of

Vernonia species and their implications to traditional
medicine is rarely known or established. Some trace
elements are essential and may have both curative
and preventive roles in combating diseases, as they
promote good human health. On the other hand,
heavy metals such as lead and cadmium are non-
essential and at elevated levels can be dangerous or
toxic to the human system (11-12). This study was
designed to evaluate the heavy metals and mineral
elements on the leaves of V. ambigua, V. oocephala and
V. pupurea with a view to assess their therapeutic
potentials or safety in relation to their uses.

MATERIALS AND METHODS

Plant materials

Fresh plant samples of V. ambigua, V. oocephala
and V. pupurea were purchased from medicinal
plants market at Zaria city, Kaduna state, in Fe-
bruary, 2012 The samples were identified by Umar
Shehu Gallah of the Herbarium Unit, Department
of Biological Sciences, Ahmadu Bello University,
Zaria, and voucher specimens numbers (870, 1334
and 1556 respectively) were deposited.

Sample Preparation

The leaves of the fresh plants were washed with
double deionized water and were air-dried in the
laboratory for two weeks. The samples were pul-
verized with mortar and pestle and made to pass
through 1.0 mm mesh sieve size, and finally stored
in airtight bottles.

Chemical analysis

The major elements comprising calcium and
magnesium; trace elements (iron, manganese) and
heavy metals (copper, cobalt, chromium, cadmium,
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lead and zinc) were determined according to pre-
vious method with slight modification (13). The
ground samples were sieved with a 2 mm rubber
sieve and 2 g of each of the plant samples were
subjected to dry ashing in a well-cleaned porcelain
crucible at 550°C in a muffle furnace. The resultant
ash was dissolved in 5 ml of HNO, /H,O, (1:1)
and heated gently on hot plate until brown fumes
disappeared. To the remaining material in each
crucible, 5 ml of deionized water was added and
heated until a colourless solution was obtained. The
mineral solution in each crucible was transferred
into a 100 ml volumetric flask by filtration through
a whatman filter paper and the volume was made
to mark with deionized water. This solution was
used for elemental analysis by atomic absorption
spectrometry (Spectrophotometer Varian model
AA 650 ES). Concentration of each element was
calculated on percentage of dry matter.

Statistical analysis

All determinations were replicated three times
and results were reported as mean values * stan-
dard deviation. Student’s t-test was used for com-
parison between the two means. A difference was
considered statistically significant when p<0.05.

RESULTS

The concentrations of major elements such as
calcium ranged from 68.7087-89.0474 mg/100g
and magnesium from 8.4777-10.0475 mg/100g
in the three samples analyzed. The result of trace
element such as iron ranged from 19.5397-21.9040
mg/100g. Manganese content detected was only
high in V. oocephala (8.3826 mg/100g) (Table 1).
Zinc content ranged from 0.3451-0.8450 mg/100g.
The contents of toxic metals detected were low in
all the three plant samples, but I pupurea had the
least content of both lead (0.01200 mg/100g) and
cadmium (0.00670 mg/100g) (Table 1).

Table 1. Heavy metals and mineral elements contents of Vernonia ambigua, Vernonia oocephala and Vernonia pupurea

(mg/100g of dry weight)
ELEMENTS VERNONIA AMBIGUA VERNONIA OOCEPHALA VERNONIA PUPUREA
Calcium 89.0474= 0.021 72.5311+0.01 68.7087+0.010
Magnesium 8.6813 = 0.012 10.0475x0.11 8.4777+0.012
Iron 21.9040 = 0.014 19.5397+0.02 19.5767x0.018
Zinc 0.3538 = 0.011 0.8450x0.013 0.3451+0.011
Chromium 0.6182 =0.015 0.7232x0.016 0.9448+0.016
Manganese 1.9676 =+ 0.022 8.3826+0.010 1.3054x0.012
Copper 0.3442 = 0.021 0.3403+0.016 2.6952+0.014
Cobalt 0.2553 = 0.014 0.8218+0.011 0.4047+0.010
Cadmium 0.0086 = 0.043 0.0100£0.018 0.00670+0.015
Lead 0.0530 + 0.010 0.0280£0.012 0.01200x0.010

N=3 Data are presented +Standard Deviation

DISCUSSION

Major elements such as calcium and magnesium
are known to have both structural and functional
roles in biological systems. They are required for
energy metabolism, nerve functions and muscle
contraction (14). The proper balance between Ca**
and Mg®* ion constituents enhances muscular
and nervous tissues (15). The functional roles of
macro minerals in enhancing therapeutic efticacy

of medicinal herbs have been highlighted (16-17).

The range of calcium (68.7087-89.0474 mg/100g)
and magnesium (8.4777-10.0475 mg/100g) contents
of the three Vernonia species, are comparable to
mineral components from ten Nigerian medicinal
plants used in the management of arthritis (18). Our
study therefore, revealed that Ca and Mg concen-
trations in the Vernonia species might considerably
be sufficient to promote medicinal value. However,
cellular interactions of these elements with other
electrolytes are likely to occur for positive or ne-
gative balance (19-20). Trace elements nutrition is
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essential component of human dietary requirement
for good health. Because they are required in trace
amounts; Fe, Cr, Cu, Mn and Zn have numerous
cellular functions. The formation of hemoglobin
is associated to dietary iron for disease prevention
(21). In this study, Fe content (21.9040 mg/100g)
was higher in Vernonia ambigua (Figure 1) with no
significant difference from other species analyzed
(P<0.05). But previous reports showed lower Fe
content in Vernonia amygdalina as 277.30 mg/Kgand
0.260 mg/g respectively (17, 22). However, Vernonia
blumeoides (0.760 mg/100g) was observed to have
higher iron content (23). But the tolerable upper
intake level (UL) of iron based on gastrointestinal
iron supplementation is 45 mg iron/day, and a re-
terence daily iron intake (RDIs) of 18 mg/day, has
been set by the US Food and Drug Administration
(19-20). This suggests that although the Vernonia
species have accumulated more iron probably due
to preference for iron absorption, the bioacessible
amount of iron at physiological level might be hin-
dered by complex ion formation. The absorption,
transport and metabolism of trace elements in plant
drug or extracts could be hindered by interactions
with phytic acid or phytate, Zn, Fe, Ca through
complexation; in addition, some free ions may also
bind with ligands such as amino acids, phosphates
and organic acids, making them unavailable for
absorption (24).

Chromium is important to insulin performance
and regulation in the body where as copper is a com-
ponent of enzymes crucial to oxygen mediated re-
action of Fe metabolism (25-26). The concentration
of these elements indicates their phytoavailability in
the three Vernonia species. The higher concentra-
tion of Cr (0.9448+0.016 mg/100g) in V. pupurea
(Figure 2) and Cu (0.3442+0.021 mg/100g) in V.
ambigua (Table 1) interestingly show no significant
difference amongst the three Vernonia species
analyzed (P<0.05) This however may imply the
tunctional roles of the Vernonia species in tradi-
tional medicine. The average MPL for Cr (60 ug/
day) and Cu (12, 000 pg/day) are indications that
the plants are safe for human therapeutic uses or
consumption (19-20).

Manganese and Zinc are useful micronutrients
modulating cellular functions; Mn activates en-
zymes that are involved in fatty acid metabolism
and synthesis (27), while Zn is useful to various
Zn-metalloenzymes crucial in human metabolic
pathways (28). The capacity of Zn to improve tas-
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te, vision and wound healing might be important
indication to restoring good health (25). The hig-
her content of zinc (0.8450+0.013 mg/100g) and
manganese (8.3826+0.010 mg/100g) in V. oocephala
(Figure 3) may strongly support the use of the plants
in traditional medicine. The recommended dietary
allowance (RDA) (29-30) for Zn (15 mg/day) and
Mn (10 mg/day) are higher than the detectable
amounts in the plants suggesting the safety for
therapeutic purposes.

On the other hand however, the heavy or
toxic metals such as Pb was higher in V. ambigua
(0.0530 = 0.010 mg/100g), while Cd (0.01 = 0.018
mg/100g) and Co (0.8218 = 0.011 mg/100g) con-
tent were higher in V. oocephala, but the permissible
limit for medicinal plants based on the acceptable
daily intake (ADI) for lead is 10 mg/Kg (3) and MPL
for cadmium is 0.2 mg/Kg (31). Previous studies on
heavy metal accumulation in Vernonia amygdalina
indicated Pb (0.14 mg/Kg) and Cd (0.06 mg/Kg)
contents as reported by Sobukola et al (32), and Cd
content of 0.001mg/Kg was also reported (33). Our
results agrees with the literature reports implying
that the concentration of toxic metals such as Pb,
Cd and Co determined in all the three Vernonia spe-
cies are lower than the ADI and indicate the safety
with respect to toxicity. Generally, concentrations
of metal distribution amongst the three Vernonia
species did not differ significantly (P<0.05) except
for Co, Mn and Zn which are disproportionate to
IV oocephala and Pb to V. ambigua. The pattern or
variability of mineral accumulation in herbal plants
suggest the preferential absorbability of a particular
element than the other, however, the soil composi-
tion or climatic conditions are complex forces (34)
limiting any tentative generalization. Future studies
on bioavailability of these elements in physiological
models may be interesting.

CONCLUSION

The quantitative estimation of major elements
such as calcium and magnesium, trace elements
(iron, zinc and manganese) and heavy toxic metals
(lead, cobalt and cadmium) were carried out on V.
ambigua, V. oocephala and V. pupurea. The results have
indicated that the plants have accumulated major
elements in concentrations that could enhance
therapeutic medicinal value. Similarly, variable con-
centrations of trace metal such as iron were found
to be largely accumulated by all the plants. But
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manganese and zinc were only higher in I, oocephala
than the other plants. In addition, the heavy toxic
metals such as lead, cobalt and cadmium were found
below the permissible limit for human consumption
in all the three plants analyzed. It showed that the
plants hold tremendous promise in providing the
variable mineral supply that could enhance the cu-
rative process of ill health. These findings revealed
the distribution heavy and some mineral elements
amongst the three Vernonia species. This is impor-
tant to understanding the pharmacological and/or
toxicological actions of medicinal plants for safe use.
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Figure 1. Mineral element concentration of V. ambigua

80
70 A
60 A
50 o
40
30 A
20 A

Concentration (mg/100g)

.

0 T T T 7
Ca Mg Fe Zn Cr Mn Cu

Mineral elements

Co Cd Pb

Figure 2. Mineral element concentration of V. oocephala

80 -
70 -
60
50 -
40
30 A
20
10 A

Concentration (mg/100g)

Ca Mg Fe Zn Cr Mn Cu Co Cd Pb

Mineral elements

Figure 3: Mineral element concentration of V. pupurea

ACKNOWLEDGMENTS

We are grateful to the authority of Ahmadu
Bello University, Zaria, for providing the facilities
for conducting this research.

CONFLICT OF INTERESTS

Authors have declared no conflict of interests.

REFERENCES

1. World Health Organization Regional Office for Africa,
author. Guidelines for registration of TM in the WHO African
region. 2004. AFR/TRM/04.1.

2. AjasaAO, Bello MO, Ibrahim AO, Ogunwande IA, Olawore NO.
Heavy trace metal and macronutrients status in herbal plants of
Nigeria. Food Chem. 2004; 85:67-71.

3. World Health Organization. Expert Committee on Specification
for Pharmaceutical Preparation Report, Geneva, WHO Technical
Report Series 823. 1992. 44-76p.

4. Akah PA, Okafor CL. Blood sugar lowering effect of Vernonia
amygdalina Del, in an experimental rabbit model. Phytother Res.
1992 May/Jun; 6(3): 171-173.

5. Akinpelu DA. Antimicrobial activity of Vernonia amygdalina leaves.
Fitoterapia. 1999; 70: 432-435.

6. Iwalokun BA. Enhanced antimalarial effects of chloroquine by
aqueous Vernonia amygdalina leaf extract in mice infected with
chloroquine resistant and sensitive Plasmodium berghei strains.
Afr Health Sci. 2008 Mar; 8(1):25-35.

7. Akah PA, Ekekwe RK. Ethnopharmacology of some of the
asteraceae family used in the Nigerian traditional medicine. Fi-
toterapia. 1995; 66:352-355.

8. Kunle OF, Egharevba HO. Preliminary studies on Vernonia am-
bigua: Phytochemistry and antimicrobial screening of the whole
plant. Ethnobot Leaflets. 2009; 13: 1216-21.

9. Aliyu AB, Musa AM, Abdullahi MS, Ibrahim H, Oyewale AO.
Phytochemical screening and antibacterial activities of Vernonia
ambigua, Vernonia blumeoides and Vernonia oocephala (Asteraceae).
Acta Pol Pharm Drug Res. 2011; 68(1):67-73.

10. Toyang NJ, Verpoorte R. A review of the medicinal potentials
of plants of the genus Vernonia (Asteraceac). J. Ethnopharmacol.
2013; 146: 681-723.

11. Somers E. The toxic potential of trace metals in foods. A review.
J Food Sci. 1983; 39:215-217.

12. Schumacher H, Bosque MA, Domingo JL, Corbella J. Dietary
intake of lead and cadmium from foods in Tarragona Province,
Spain. Bull Environ Contaminants Toxicol. 1991; 46:320-328.

13. Shahidi F, Chavan UD, Bal AK, McKenzie DB. Chemical com-
position of beach pea (Lathyrus maritimus L.) plant parts. Food
Chem. 1999; 64:39-44.

14. McGuire M, Beerman K. Nutritional Sciences from Fundamen-
tals to Food. 2™ edition, Wadsworth Cengage Learning, Belmont,
CA, USA, 2011. p.531.

15. Soetan KO, Olaiya CO, Oyewole OE. The importance of mineral
elements for humans, domestic animals and plants: A review.
African J Food Sci. 2010 May; 4(5):200-222.

16. Njoku PC, Akumefula MI. Phytochemical and Nutrient Evalua-
tion of Spondias mombin Leaves. Pak ] Nutr. 2007; 6 (6): 613-615.

17. Ayoola PB, Adeyeye A, Onawumi OO. Trace Elements and Major
Minerals Evaluation of Spondias mombin, Vernonia amygdalina and
Momordica charantia Leaves. Pak J Nutr. 2010; 9 (8): 755-758.

18. Gbadamosi IT, and Oloyede AA. The mineral, proximate and
phytochemical components of ten Nigerian medicinal plants



32

19.

20.
21.

22.

23.

24.

25.

26.

VITAE

used in the management of arthritis. Afr J Pharm Pharmacol.
2014; 8(23):638-643

European Food Safety Authority: Tolerable Upper intake Levels
for Vitamins and Minerals. Scientific Committee on Food:
Scientific Panel on Dietetic Products, Nutrition and Allergies.
February, 2006.

Goldhaber SB. Trace element risk assessment: essentiality vs.
toxicity. Regul Toxicol Pharm. 2003; 38:232-42

Beard J, Tobin B. 2000. Iron status and exercise. Am J Clin Nutr.
2000; 72(suppl):594S-78S.

Mohammed MI, Sharif N. Mineral Composition of Some Leafy
Vegetables Consumed in Kano, Nigeria. Nig J Basic Appl Sci.
2011; 19(2): 208-212.

Aliyu AB, Musa AM, Oshanimi JA, Ibrahim HA, Oyewale AO.
Phytochemical analyses and mineral elements composition of
some medicinal plants of Northern Nigeria. Nig J Pharm Sci.
2008; 7(1):119-125.

Shung-xing L, Feng-ying Z, Xian-Li L, and Wen-lian C. Specia-
tion analysis and assessment of bioavailability of manganese in
phytomedicine by extraction with octanol and determination by
flame atomic absorption spectrometry. Phytochem Anal. 2005;
16:405-410.

Ryan KO. Mineral: Elements of Human Nutrition. Chicago IL,
USA: Learning Seeds. 2009. p.10-11.

Watts DL. The Nutritional Relationships of Chromium. J Or-
thomol Med. 1989; 4(1):17-23.

27.

28.

29.

30.

31

32.

33.

34.

A.B. Aliyu et al.

Watts DL. The Nutritional Relationships of Manganese. ] Or-
thomol Med. 1990; 5(4):219-222.

Golden MHN, Golden BE. Trace Elements: Potential Importan-
ce in Human Nutrition with Particular Reference to Zinc and
Vanadium. Brit Medical Bull.1981; 37(1):31-36.

Bhowmik D, Chiranjib KP, Kumar S. A potential medicinal
importance of zinc in human health and chronic disease. Int J
Pharm Biomed Sci. 2010; 1(1):5-11.

Hathcock JN. Manganese. In Vitamin and Mineral Safety. 2™
(ed). Council for Responsible Nutrition; 2004. 1-4p.

Opinion of the Scientific Panel on Contaminants in the Food
Chain on a request from the Commission related to cadmium
as undesirable substance in animal feed. EFSA Journal. 2004,
72:1-24.

Sobukola OP, Adeniran OM, Odedairo AA, Kajihausa OE.
Heavy metal levels of some fruits and leafy vegetables from
selected markets in Lagos, Nigeria. Afr ] Food Sci. 2010 June;
4(2): 389-393.

Doherty VF, Sogbanmu TO, Kanife UC, Wright O. Heavy
metals in vegetables collected from selected farm and market
sites in Lagos, Nigeria. Global Adv Res J Environ Sci Toxicol.
2012 September; 1(6): 137-142.

Rajurkar NS, Damame MM. Mineral content of medicinal
plants used in treatment of diseases resulting from urinary tract
disorders. Biol Trace Elem Res. 1998; 65: 251-259.



