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Abstract

In order to investigate the level of contamination with toxic heavy metals in anti-malarial plants sold in the
markets of Cotonou, some anti-malarial plants were selected through an ethno-botanic survey by using the ATRM
(Triple Purchase of Healing Plants) a method elaborated in Togo. Out of 35 species of plants listed as anti-
malarial, 5 were selected for the assessment of the contamination with toxic heavy metals. Our study showed that
the maximal values for almost all samples contaminated with lead and Cadmium was above the standards
accepted by the World Health Organization (WHO). Besides, it was revealed that the contamination with toxic
heavy metals depends on each species as well as on the site of purchase. Senna rotundifolia was more
contaminated with lead (2.733mg / kg + 0.356mg / kg) and with cadmium (0.583mg / kg + 0.044mg / kg) on
the site of Vossa than on the site of Dantokpa (1.825mg/kg + 0.133mg/ kg and 0.062mg/kg + 0.015mg/kg)
respectively. It comes out of our investigations that the administration of herbal preparations containing these

plants could have an impact on the health of the populations and on the environment.
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Introduction

Plants have always been used for health purposes since
prehistoric times and this tradition has been passed on
from one generation to the other (Soh et al., 2007,
Kansole, 2009). According to the World Health
Organization (WHO), 80% of the population of
developing countries relies almost exclusively on
traditional medicine for their health care needs
(Farnsworth et al., 1985). In some countries, the
government encourages the use of medicinal plants
which are cheaper than imported drugs. The
therapeutic properties of plants were empirically
known in Africa (Nacoulma, 1996). For instance, in
Nigeria, the majority of the population depends on the
use of herbal medicines because conventional
medicines became increasingly expensive. (Fasola and
Egunyomi, 2005; Obi et al., 2006). In Togo, many
plants are used in the treatment of several diseases
including malaria and various infectious diseases (de
Souza, 2005). Since the medical use of plants in Africa
can negatively impact the health of the population due
to their toxicological characteristics, to improve the
use of this African medicine, several phytochemical
investigations were conducted in order to provide
scientifical justification for the use of traditional
medicinal plants (Dougnon et al. 2012a). For this
reason, Neuwinger (1996) devoted part of its works to
the chemical and toxicological studies of 305 plants
species from various African countries. Also, Kamanzi,
(2002) has done important work about the
pharmacological and phytochemical properties of

medicinal plants in Ivory Coast.

In Cotonou, the main city of the Republic of Benin,
medicinal plants are mostly sold in markets and the
population puts their confidence in these traditional
"pharmacies"; Itis therefore justified to consider the
toxicological quality of these plants  because of the
environmental pollution due to the use of chemical
fertilizers. Since the 1950s when cotton cultivation was
introduced in Benin, the environment has continuously
been pressured because of the new farming practices.
These practices cause important pollution that affects all

environmental compartments with various pollutants

including toxic heavy metals. The concentration of toxic
heavy metals increases with the years (File Sat, 1997)
and may thus constitute a real threat. Recent studies
have shown that the food chain in Bénin is contaminated
by the toxic heavy metals (Koumolou et al., 2012).
Plants, including medicinal plants are the first
contaminated. In addition to the dose of toxic heavy
metals ( lead, cadmium and mercury ). Independently
from the dose, only the presence of theses metals in the
food chain is a threat for human health. Despite this,
toxicological properties of medicinal plants consumed in
Benin are poorly studied . The objective of this work is to
determine the presence of toxic heavy metals (lead and
cadmium) in some anti-malarial plants sold in some of

the most popular markets in Cotonou.

Setting, materials, and methods

The ethno-botanical survey

Cotonou, (Figure 1) where the ethno-botanical survey
was carried from November 2011 to February 2012 is
located in the department of Littoral, Republic of
Benin (West Africa) This survey was conducted in 17
markets where the anti-malarial medicinal plants
were purchased. These markets are: Wologuéde, Ste.
Rita, Fifadji, Zogbo, Ménontin, Kindonou, Godomey,
Adjatokpa, Vedoko, Brain Self, Vossa, Vodjé-Rail,
Aidjedo, Saint-Michel, Dantokpa, Gbégamey and
Fidjrossé. In each market, these plants were selected
based on the frequency of their use as anti malarial
medicine Five plants were selected: Senna
rotundifolia Linn. of the family of Fabaceae , Pavetta
corymbosa (DC) of the family of Rubiaceae family,
Senna siamea (Lam.), Fabaceae, Dichapetalum
(DO),

Morinda lucida Benth , Rubiaceae.

madagascariense Dichapetalaceae and

After the selection, the five most frequent used anti-
malarial plants listed above was purchased using the
so called “ Buying on Triplet of Medicinal Plants” in
three different markets: Godomey, located in  the
town of Abomey-calavi; Dantokpa market the largest
one in Cotonou and Vossa market located in the 8th

arrondissent of Cotonou.
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Fig. 1. Study area location.

Fig. 2. Atomic Absorption Spectrophotometer

(Dougnon, 2012)

Fig 3. Materials used(Dougnon, 2012)
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Fig. 6. Senna siamea

Toxicological analysis

The toxicological analysis was made by using the
following equipments:

- Herbarium consists of antimalarial medicinal plants
identified in markets;

- Crusher;

- Accurate scale;

- Atomic Absorption Spectrophotometer (AAS) with a
correction of background noise, a burner air -

acetylene and an appropriate gas supply;

- Hollow cathode lamp specific to the element (in this
case: lamps of Pb, and Cd);

- Thermo-Griddle statee;

- Programmable oven

- Quartz crucibles and glassware (flasks, Erlenmeyer),
- 6N hydrochloric acid,

- Nitric acid 0.1M.

The Toxicological analyses were conducted in the
Laboratory of Soil Science, Water and Environment
(LSSEE) of the National Institute of Agricultural
Research of Benin (INRAB) in the Republic of Benin.
Lead and cadmium were investigated in samples of
medicinal plants using the technique of  Atomic
Absorption Spectrophotometer (AAS) 110 Flame
following reference standards NF ISO 1146 1995 and

NF X 31-147 1996.

Sampling

Anti-malarial medicinal plants are purchased. For
each species, the following parts were taken for
analysis: the entire plant (leaves, leafy stems and
roots). These different parts were washed and
crushed. The powders were collected and placed in
transparent plastic bags with numbers corresponding

to each particular species.

Procedure

Vegetable powders (medicinal plants) were
incinerated in a muffle furnace at 550 ° C for 24
hours. The ash thus obtained was dissolved in 2 cc of
HCI 6N is evaporated on a hot plate at 125 ° C. The
remaining somehow viscous obtained was again
dissolved and recovered using HNOs, 0.1M in a flask
of 100 cc. The solution thus obtained is used to
determine the lead and cadmium by atomic

absorption spectrophotometry (AAS).

For the flame system used, the detection limits of the
instrument are as follows:

- To Lead, 0.0100ppm (0.0100mg / L)

- For Cadmium, 0.0020ppm (0.0020mg / L).
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Results and discussion

Toxicology results

The heavy metals analysis (lead and cadmium)
focused on five plants that have a high utilization rate.
These are: Senna rotundifolia L. of the family
(DC). National

Senna siamea

Fabaceae, Pavetta corymbosa
Federation Rubiaceae

(Lam.) HS Irwin

Williams,
and Barneby Fabaceae,
Dichapetalum madagascariense (DC). Keay and

Dichapetalaceae of Morinda lucida Benth Rubiaceae.

Plant contamination with heavy metals Pb and Cd
Since herbs are considered as food products that can
be cooked and drunk or take the form of a toothpick,
WHO standards for food products were chosen (0.3
mg / kg for lead and 0. 2 mg / kg for cadmium). (Be
able to see Table I).

Table I. shows that all plants are contaminated with
lead and cadmium in all three selected markets.

These markets are: Dantokpa, Godomey and Vossa.

Comparison of toxic metals at the three sites (See

figure 7, 8, 9, 10, 11).

Comparison of lead and cadmium in Senna
rotundifolia sites

® Dantokpa
& Godomey
M vossa

Concentration (mg/L)
-
v

Lead Cadmium

Fig 7. Comparison of lead and cadmium in Senna
rotundifolia

Contamination of Senna rotundifolia on three sites is
significantly different. So the origin of this species

may be different from one site to another.

Comparison of lead and cadmium in Pavetta
corymbosa sites

35 W pantokpa
E Godomey
& vossa

Concentration (mg/L)

Lead Cadmium

Fig. 8. Comparison of lead and cadmium in Pavetta

corymbosa

Fig. 8. Comparison of lead and cadmium in Pavetta

corymbosa at the three sites

The average lead content of Pavetta corymbosa at the
three sites was significantly different (p <0.05).

The site of Vossa has a high concentrations of
cadmium compared to the other two sites. We could
then conclude that the origin of this species on this

site has an influence on the results obtained.

Comparison of lead and cadmium in Senna siamea
sites

6 A ® Dantokpa
¥ Godomey
M Vossa

Concentration (mg/L)

Lead Cadmium

Fig. 9. Comparison of lead and cadmium in Senna

siamea

Fig. 9. Comparison of lead and cadmium in Senna

stamea on the three sites

The mean levels of lead and cadmium for Senna
siamea were significantly different at the three sites

(p <0.05). We therefore noted that contamination of
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Senna siamea for lead at the site of Godomey

exceeded highly that of Dantokpa and Vossa.

Comparison of lead and cadmium in Dichapetalum
madagascariense sites

3 9 ® Dantokpa

H Godomey

25 M Vossa

Concentration (mg/L)

Lead Cadmium

Fig. 10. Comparison of lead and cadmium in

Dichapetalum madagascariense

Fig. 10. Comparison of lead and cadmium in
Dichapetalum madagascariense on three sites. The
mean levels of lead and cadmium for Dichapetalum
madagascariense were significantly different at the
three sites (p <0.05). The site of Vossa recorded a
lower cadmium concentration than the other two

sites.

Comparison of lead and cadmium in Morinda lucida

sites
2.5 1 & Dantokpa
& Godomey
2 M vossa

1.5

Concentration (mg/L)

05 7

Lead Cadmium

Fig 11. Comparison of lead and cadmium in Morinda

lucida

Fig. 11. Comparison of lead and cadmium levels in

Morinda lucida on three sites

All the mean levels of lead and cadmium were

significantly different (p <0.05) at all three sites.

Discussion

In Africa, where more than 80% of the population
uses traditional medicine for primary health care, a
variety of plants is used daily. Treatment of diseases
by plants became a cultural phenomenon (Koudouvo

et al. 2006).

The so called «Buying on Triplet of Medicinal Plants "
(BTMP), is an ethno botanical survey method
developed by Koudouvo et al (2006) in Togo. It
consists to visit the same herbalist in the same
market three times and purchase medicinal recipes to
treat the same disease. According to this procedure,
the purchased recipes are in large numbers at the
initial purchase, a reduced number at the second step
and very small number at the third one. The BTMP)
method is the contribution to promote the
Pharmacopeia and the African Traditional Medicine.
(Adjanohoun 1986, 1989; Koudouvo et al, 2006). It
serves as a base to preserve plants for future
generations, reduces the number of recipes to
consume and allows to select the most used plants for

a given disease.

Thanks to this method, we have selected on a rational
basis the five most used plants. The five plants were
identified in the Faculty of Science University of
Abomey-Calavi according to the international
nomenclature. Reference samples of identified plants
are deposited and preserved in the herbarium of the

University of Abomey with reference numbers.

Toxicological analysis were conducted by using the
method recommended by the WHO (WHO, 1998).
Toxicology results showed that all plants are
contaminated with lead and cadmium in all markets
(See table I).

290 | Afiavi et al



J. Bio. & Env. Sci. | 2014
Table I. Contamination of all plants by lead and cadmium on three sites.
Plomb (ppm) Cadmium (ppm)
Standards
(OMS,1998) 0.3 0.2
Sites Dantokpa Godomey Vossa Dantokpa Godomey Vossa
1.711 2.302 2.833 0.055 0.345 0.589
1.823 2.033 3.199  0.079 0.359 0.581
Senna 1.677 1.644 2,226 0.078 0.298 0.592
rotundifolia 1.986 1.763 2.6 0.051 0.315 0.639
1.928 1.768 2.807 0.047 0.323 0.514
Means. 1.825 1.902 2.733  0.062 0.328 0.583
+SD + 0.133 +0.265 +0.356 +£0.015 +0.024 +0.044
2.835 2.902 3.738  0.162 0.35 0.581
Pavetta 2.867 3.272 3.798 0.189 0.437 0.523
corymbosa 2.697 3.363 2.637 0.198 0.468 0.475
3.287 3.453 2.615 0.169 0.53 0.446
2.429 3.425 3.207 0.277 0.455 0.48
2.82 .1 0.501
Means. + 0.9?11 3.283 io.g5971 0.199 0.448 + 5
+ SD + 0.224 + 0.045
+0.064 0.052
Senna siamea 1.126 5.802 1.79 0.068 0.348 0.201
1.223 4.972 1.197  0.097 0.388 0.199
1.056 5.494 1.034 0.088 0.376 0.168
0.987 4.695 1.124  0.087 0.473 0.157
1.043 5.857 1.035 0.15 0.355 0.165
Means. 1.087 5.364 1.236  0.098 0.388 0.178
+SD +0.090 +0.513 +0.317 +0.030 +0.050 +0.020
1.011 1.809 2.521  0.422 0.498 0.033
DiChapetaluW 1.041 1.54 2.558 0.389 0.448 0.041
madagascariense 0.986 1.444 2.213  0.483 0.486 0.028
0.885 1.432 2.322  0.475 0.569 0.047
1.012 1.59 2.511 0.476 0.554 0.046
Means. 0.987 1.563 2.425 0.449 0.511 0.039
+SD +0.060 +0.152 +0.149 +0.041 +0.049 +0.008
1.174 1.902 2.328 0.474 0.803 0.159
Morinda lucida 1.173 1.943 2.195 0.454 0.766 0.168
1.084 1.864 2.235 0.456 0.705 0.157
1.115 1.563 2.024 0.469 0.706 0.164
1.099 1.568 2.253 0.497 0.785 0.152
Means. 1.129 1.768 2.207 0.47 0.753 0.16
+SD +0.042 +0.186 +0.113 +0.017 +0.045 +0.006

Table I shows that all the analyzed plants were
contaminated with lead and cadmium in all three

selected markets.

All the concentrations recorded in analyzed plants
were above the detectable limits. In all samples the
concentrations of Cd and Pb exceeded WHO
permissible values (0.3 mg / kg for lead and 0.2 mg /
kg for cadmium) for food (WHO, 1998). This
contamination of medicinal plants with lead and
cadmium can also be explained by pollution of the air

and soil, the use of polluted irrigation water, exhaust

fumes, pesticides and fertilizers (Caldas and Machado

2004; Jarup 2003; Zaccaroni et al. 2003).

In Benin, a study related to the contamination with
heavy metals conducted at the University of Abomey-
Calavi has shown that the marine environment and its
compartment such as water, sediments that
contributed to fishery products are highly polluted by
heavy metals (Montcho, 2005). Agonkpahoun (2007)
analyzed the water, sediment and fish products from
Lake Nokoué and the Okpara River. Guédénon et al.,

(2012); Hounkpatin et al., (2012) have conducted

291 | Afiavi et al



J. Bio. & Env. Sci. | 2014

similar studies respectively on Oueme River at Bonou
and Nokoue lake at Ganvié. The results showed that
heavy metals are toxic in the inland waters of Benin.
Gnandi et al., (2008) have been working on the
bioaccumulation of some trace elements in the
Products grown on urban soils along the highway-
Aného Lome, (South Togo). They found heavy metals
are accumulated in these products. Toxic heavy
metals are found in snails (Edorh et al., 2009), in
soils and vegetables (Koumolou, 2011; Dougnon,

2012b).

The present results are similar to those of Barthwal et
al (2008) on the accumulation of heavy metals in
medicinal plants (Abutilon indicum, Calotropis
procera, Euphorbia hirta, Peristrophe bycaliculata
and Tinospora cordifolia) collected from three
different environmental sites of a city in Congo. The
result showed that all species were contaminated and
that contamination by heavy metals varies from one
species to another. The same observation was noted
by comparing the contamination of lead and
cadmium in each plant species. This study also
showed that lead was highest in Calotropis procera
(> 0.3 mg / kg) in the area polluted than in the
residential area in the Congo. In Brazil, analyzes of 10
types of medicinal plants, some samples of brown of
India, gotu kola and ginko biloba recorded
concentrations of cadmium and lead higher than the
permissible level (Caldas and Machado, 2004).

Excessive intake of toxic heavy metals by
consumption of contaminated herbal remedies has
been reported in Asia, Europe and the United States
(Dunbabin et al. 1992; Kakosy et al. 1996). Dey et al.
(2010) recorded lead in all medicinal plants in his
study. Higher concentrations of lead were found in
aerial parts of the plant. This contamination could be
due to air and water pollution. As consequences, the
consumption the contaminated herbal plants could
pose health problems. In fact, high levels of Pb and
Cd can cause acute health problems and chronic
conditions including cancer, kidney damage, heart

problems, liver failure, damage to the reproductive

system, disorders of memory, even death and can
cross the placenta, with toxic effects on the fetus
(Agoramoorthy et al., 2008, Kadir et al., 2008, Kwon
et al. 2003).

Conclusion

The results of the present study showed that all herbal
medicinal plants purchased in the three study sites
are highly contaminated with toxic heavy metals. The
causes of this contamination could be at two key
levels: exposure to air pollution and agriculture.
Through the risk assessment of pathology, we advise
against consuming them keeping in mind that the
body has natural systems of detoxification. Moreover,
ecosystems, of which man is an essential component,
are not immune to this contamination by heavy
metals. And the risk of biomagnification, due to their
persistence in the environment and cumulative
transfers in food chains, do not help the situation

already very alarming.

References

Ablain F. 2002. Rdle des activités lombriciennes sur
la redistribution des éléments traces métalliques issus
de boue de station d’épuration dans un sol agricole.
These de doctorat. Univ. de Rennes 1 UMR ECOBIO.
Paris. 256p.

Adjanonhoun EJ, Ahyi MRA, Ake Assi L,
Akpagana K, Chibon P, Al Hadji A, Eyme J,
Garba M, Gassita JN, Gbeassor M, Goudolé E,
Guinko S, Houndoto K, Houngnon P, Kéita A,
Keoula Y, Klugu-Ocloo WP, Siamevi KM,
Taffame KK.

ethnobotaniques et floristiques au Togo. Agence de

1986. Contribution aux études

Coopération Culturelle et Technique. 526-531.

Afrique Conseil. 2006. Monographie de la

commune de Cotonou, 47 p.

Agonkpahoun ED. 2007. Evaluation de la pollution
des eaux continentales par les métaux toxiques : cas

de la riviere Okpara et du lac Nokoue au Bénin, 96p.

292 | Afiavi et al



J. Bio. & Env. Sci.

2014

Agoramoorthy G, Chen FA, Hsu MJ. 2008.
Threat of heavy metal pollution in halophytic and
Nadu,

Environmental Pollution 155, 320—326.

mangrove plants of Tamil India.

Barthwal J, Nair S, Kakkar P. 2008. Heavy metal
accumulation in medicinal plants collected from
environmentally different sites. Biomedical and

environmental sciences, 21, 319-324.

Caldas ED, Machado LL. 2004. Cadmium,
mercury and lead in medicinal herbs in Brazil. Food

Chemical Toxicology 42, 599—603.

Couty PH. 1987. La production agricole en Afrique
Sub-Saharienne: manieres de voir et facons d’agir.

In : Cahier des Sciences Humaines, 23 (34), 3n408.

David T. 1996. Herbal medicine at a crossroads.

Environmental Health Perspectives 104, 924—928.

Dey S, Saxena A, Dan A, Swarup D. 2010. Indian
Medicinal Herb: A Source of Lead and Cadmium for
Humans and Animals.Division of Medicine, Indian
Veterinary Research Institute, Izatnagar, India
Archives of Environmental & Occupational Health,

64(3), 20009.

Dossier SAM. 1997. Méthodes spectrométriques
d'analyse et de caractérisation. Axe " Génie des
Procédés", centre SPIN, Ecole des Mines de Saint-

Etienne 1.

Dougnon TV, Edorh PA, Bankolé HS,
Dougnon TJ, Montcho SA, Hounkpatin A,
Gouissi M, Sossou B, Boko M, Creppy EE.
2012a. Evaluation of the toxicological quality of the
leaves of Solanum macrocarpum L. cultivated with
the chicken’s droppings and water of marsh at
(Benin),

Environmental Science and Toxicology 1, 001-006.

Cotonou Journal of Research in

Dougnon TV, Klotoé JR, Edorh PA, Ségbo J,
Ategbo JM, Sodipo OA, Dougnon TJ, Dandjesso
C, Loko F, Dramane K. 2012b. In vitro Hemostatic
Activity Screening of Sap of Jatropha multifida L.
(Euphorbiaceae) used in Traditional Medicine at
Cotonou (Benin). Journal of Physiology and

Pharmacology Advances, 2(6), 227-234.

Dunbabin DW, Fallis GA, Popplewell PY, Lee
RA. 1992. Lead poisoning from Indian herbal
medicine (Ayurveda). Medical Journal of Australia,

157, 835-836.

Edorh AP, Agonkpahoun E, Gnandi K,
Guédénon P, Koumolou L, Amoussou C,
Ayedoun A, Boko M, Gbeassor M, Rihn H,
Creppy E. 2009. An assessment of the
contamination of Achatina achatina by toxic metals
in Okpara village, International Journal of Biological

and Chemical Sciences. 3(6), 1428 -1436.

Farnsworth NR, Akerele 0O, Bingel AS,
Soejarta DD, Eno Z. 1985. Medicinal plants in
therapy. Bulletin World Health Organisation 63,
965—981.

Fasola TR, Egunyomi A. 2005. Nigerian usage of
bark in phytomedicine. Journal of Plants People and

Applied Research, 73-77.

Gnandi K, Tozo K, Edorh P, Abi H, Agbeko K,
Amouzouvi K, Baba G, Tchangbedji G, Killi K,
Bouchet P, Akpagana K. 2008. Bioaccumulation
de certains éléments métalliques dans les produits
maraichers cultivés sur les sols urbains le long de
l'autoroute Lomé-Aného, Sud Togo Acta Bot. Gallica,
155, 415-426.

Guedenon P, Edorh AP, Kaki C, Yehouenou
APE, Gnandi K., Montcho S, Hounkpatin A,
Koumolou L, Boko M. 2012. Arsenic, Cadmium,
Cpper and Lead Accumulation in Water, Sediments
and Fish Species of Oueme River in Bonou. British

Journal of Pharmacology and Toxicology 4, 13-20.

293 | Afiavi et al



J. Bio. & Env. Sci.

2014

Hounkpatin ASY, Edorh AP, Salifou S, Gnandi
K, Koumolou L, Agbandji L, Aissi K A, Gouissi
M, Boko M. 2012. Assessment of exposure risk to lead
and cadmium via fish consumption in the lacusrian
village of Ganvié in Benin republic Journal of
Environmental Chemistry and Ecotoxicology 4, 1-10.

Jarup L. Hazards

2003. of heavy metal

contamination, British Medical Bulletin 68, 167-182

Kadir MM, Janjua NZ, Kristensen S, Fatmi Z,
Sathiakumar N. 2008. Status of children’s blood
lead levels in Pakistan: implications for research and

policy. Public Health 122, 708-715.

Kakosy T, Hudak A, Naray M. 1996. Lead
intoxication epidemic caused by ingestion of
contaminated ground paprika. Journal of Toxicology.

Clinical Toxicology, 34, 507—511.

Kamanzi A. 2002. Plantes médicinales de Cote
d’Ivoire: Investigations phytochimiques guidées par
des essais biologiques. Thése de Doctorat d’Etat,
Université de Cocody- Abidjan, UFR Biosciences, N°
d’ordre : 363, 176 pp.

Kansole MMR. 2009. Etude ethnobotanique,
phytochimique et activités biologiques de quelques
lamiaceae du Burkina Faso: cas de leucas
martinicensis (Jacquin) r. brown, hoslundia opposita
vahl et orthosiphon pallidus Royle ex Benth. D.E.A

en Sciences Biologiques Appliquées. 53p.

Koudouvo K, Kavegue A, Agbonon A, Kodjo A,
Aklikokou K, Kokou K, Essien K, Gbeassor, M.
2006. Enquéte ethnopharmacologique sur les plantes
a activité antiplasmodiale, antioxydante et immun-
ostimulante dans la Région Maritime du Togo. Revue
Togolaise des Sciences Vol.1, ISSN 0531-2051, pp
144-155.

Koumolou L, Edorh AP, Agbandji L,
Hounkpatin SA, Elegbede B. 2012. “Threat of the
health quality of garden produces linked to pollution by

toxic metals on some gardening sites of Benin,”
American Journal of Environmental Sciences, 8(3), pp.

248-252.

Kwon KY, Jang JH, Kwon SY, Cho CH, Oh HK,
Kim SP. 2003. Cadmium induced acute lung injury
and TUNEL expression of apoptosis in respiratory

cells. Journal of Korea Medical Science 18, 655—662.

Miquel G. 2001. Les effets des métaux lourds sur
I'environnement et la santé. Rapport d'information
n°261 fait au nom de 1'Office parlementaire
d'évaluation des choix scientifiques et technologiques

Sénat (261) : Assemblée Nationale, Paris (France),

pPp100-261.
Montcho E. 2005 Métaux toxiques dans
T'environnement marin au Bénin: Evaluation

préliminaire de la pollution. Thése de diplome d’Etat
de docteur en Pharmacie, FSS/UAC pp.1-64.

Nacoulma-OOG. 1996. Plantes médicinales et
pratiques médicales traditionnelles au Burkina Faso,
cas du plateau central, Tome I et II Thése de Doctorat
d’Etat. Université de Ouagadougou.

Neuwinger HD. 1996. African Ethnobotany.

Poisons and Drugs. Chemistry, Pharmacology,
Toxicology. Ed. Champman and Hall, Bundesrepublik

Deutschland, 942 pp.

Newman DJ, Cragg GM, Snader KM. 2003.
Natural products as sources of new drugs over the

period 1981-2002. 66, 1022-37.

Obi E, Akunyili DN, Ekpo B, Orisakwe OE. 2006.
Heavy metal hazards of Nigeraian herbal remedies.

Science of the Total Environment; 369, 35-41.

Robert M,

environnementaux et industriels. Dynamique des

Juste C. 1999. Enjeux
éléments traces dans 1'écosysteme sol. In : Spéciation
des métaux dans le sol, Les Cahiers du Club Crin,

Paris, 15-37.

294 | Afiavi et al


http://www.senat.fr/senfic/miquel_gerard92039x.html

J. Bio. & Env. Sci. | 2014

Soh NP, Benoit-V. 2007. Are West African plants a de Souza C, Ameyapoh Y, Karou DS, Anani
source of source of future antimalarial drugs? KT, Kpodar ML, Gbeassor M. 2011. Assessing
market- sold remedies in Lomé (Togo) for hygienic

quality. Biotechnology Research International 5.

Journal of Ethnopharmacol; 114, 130-40.

295 | Afiavi et al



