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ABSTRACT

Recently, use of medicinal plants in Mexico and around the world has increased. However,
in order to guarantee safe use of medicinal plants, it is necessary to quantify their content
of heavy metals. In Mexico there is little information regarding content of toxic elements in
medicinal plants, and these are consumed directly without a prior analysis of heavy metals.
In this study, concentration of two toxic elements: cadmiom and lead (Cd and Pb) and
a micronutrient (iron [Fe|) was quantified in three medicinal plants (Justicia spicigera, Arnica
montana, and Hamelia pantens) collected from three different locations in two municipali-
ties in the Huasteca Potosina, Mexico. Cd and Pb are two toxic elements with no biological
function, and can cause severe damage when introduced into food chain, whereas iron
is an essential element. However, iron is a major element that can form oxides and en-
trap trace elements such as Pb and Cd, and induce bioaccumulation of these elements in
plants. Also, in the Huasteca Potosina, the three medicinal plants of this study are used for
empirical treatment of iron deficiency. Therefore, it was important to study concentration of
the three elements in these medicinal plants. Results of this analysis showed that 50% and
22% of herbal preparations contain higher contents of Cd and Pb than those considered as
safe, respectively. In addition, the three medicinal plants could be an important source of
Fe. Results suggest that collection of medicinal plants should be carried out in sites free
of potentially dangerous toxic elements.

RESUMEN

Recientemente, el uso de plantas medicinales en México y en todo el mundo se ha incremen-
tado. Sin embargo, con el fin de garantizar el uso seguro en de las plantas medicinales, es
necesario cuantificar su contenido de metales pesados. En México existe poca informacion
sobre el contenido de elementos toxicos en las plantas medicinales, y estas son consumidas
directamente sin realizar un analisis previo de metales pesados. En este estudio se cuantifico
la concentracién de dos elementos toxicos: cadmio y plomo (Cd y Pb) y de un micronutriente:
fierro (Fe), en tres plantas medicinales (Justicia spicigera, Arnica montanay Hamelia pantens)
colectadas de tres sitios diferentes de dos municipios de la Huasteca Potosina, México. El Cd
y Pb son dos elementos toxicos sin ninguna funcién biolégica conocida, que pueden causar
severos danos al introducirse en la cadena alimenticia, mientras que el hierro es un elemen-
to esencial. Sin embargo, el hierro es un elemento mayoritario que puede formar 6xidos y
atrapar elementos traza como el Pb y Cd, y favorecer la bioacumulacion de estos elementos
en las plantas. Ademas, en la Huasteca Potosina, las tres plantas medicinales en estudio
son usadas para el tratamiento empirico en la deficiencia de hierro. Por lo anterior, fue
importante estudiar la concentracion de los tres elementos en ambas plantas medicinales.
Los resultados de este analisis mostraron que el 50% y el 22% de los preparados de plantas
medicinales contienen valores mas altos que los considerados como seguros para Cd y Pb,
respectivamente. Ademas, se confirma que estas tres plantas medicinales podrian ser una
fuente importante de Fe. Con esto se sugiere que la recoleccion de plantas medicinales se
debe realizar en sitios libres de elementos toxicos potencialmente peligrosos.
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INTRODUCTION

In the last two decades, use of herbal medicine has
increased around the world, due to its putative effi-
ciency, availability and general acceptability. Local
flora is an important source of traditional medicines
that are used for treatment of various diseases. For
instance, 39 plant species belonging to 25 botani-
cal families have been used for colon cancer treatment
in Mexico with evidence in in vitro and in vivo stud-
ies (Lopez-Rubalcava & Estrada-Camarena, 2016). In
addition, 49 plants have been used in Mexican tradi-
tional medicine for treatment of disorders related to
anxiety and depression (Jacobo-Herrera et al., 2016),
and more than 100 medicinal plants have been used as
immunostimulants (Alonso-Castro, Juarez-Vazquez &
Campos-Xolalpa, 2016). In urban areas, vendors of
herbal products, called “yerbateros”, obtain medici-
nal plants from the wild and perform their prescription
to general population. Therefore, in order to guar-
antee herbal products safe use, their content of toxic
elements such as cadmium (Cd) and lead (Pb) should
be analyzed. The uptake of heavy metals by plant oc-
curs via roots and foliage (deposition and adsorption)
(Madaan, Mudgal, Mishra, Srivastava & Singh, 2011).
Factors that influence accumulation and concentra-
tions of toxic elements in a plant include: atmospheric
depositions, bioavailability, nature of soil and water
(pH and organic matter concentration), and site of col-
lection. These factors along with harvesting and pro-
cessing conditions (e.g., utensils containing Pb such
as containers used for grinding) can affect heavy metals
content in medicinal plants (Logan, Goins & Lindsay,
1997; Nwoko & Mgbeahuruike, 2011). The uptake of
heavy metals by plants can increase certain toxic el-
ements harmful potential that might enter into food
chain. Accumulation of heavy metals in plant tissues
disrupts many metabolic processes by alteration of
oxidant-antioxidant balance and inhibition in activity
and function of several enzymes (Rusyniak et al., 2010).

In Mexican traditional medicine, Justicia spicigera,
Arnica montana and Hamelia patens are used for em-
pirical treatment of several diseases (Alonso-Castro et
al., 2012). A general description, as well as medicinal
and economic importance of these plants are listed
in table 1. In this study, these three medicinal plants
were collected in the municipalities of Tamazunchale
and Ciudad Valles, located in the Huasteca Potosina
(Mexico) (figure 1), which is a region located in the coast-
al plain of the Gulf of Mexico. Some toxicological studies
in terms of levels of heavy metals in water from rivers
from the Huasteca Potosina have been carried out. For
instance, Wong-Arglielles (2009) determined that levels
of Cd and Pb in water from rivers of Huasteca Potosina,
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including rivers from the municipalities of Ciudad
Valles and Tamazunchale (figure 1), were below than
those allowed by Mexican Legislation for drinking wa-
ter (NOM-127-SSA1-1994). However, Mejia-Saavedra
& Diaz-Barriga (2008) reported that As levels in a river
from the municipality of Tamazunchale were higher
than those allowed by Mexican Legislation for drink-
ing water. Mejia-Saavedra & Diaz-Barriga (2008) also
showed that Cd, Pb, Hg, and As levels in sediments
from the river in Tamazunchale were higher than those
recommended by the Canadian Legislation for the pro-
tection of wildlife (Canadian Council of Ministers of the
Environment [CCEM], 2000).

General population perceives medicinal plants as
safe and with no toxic effects because of their natu-
ral origin (Alonso-Castro et al., 2012). Content of con-
taminants in medicinal plants should be analyzed and
regulated by health systems worldwide to help qual-
ity assessment of these products. Poisonings associ-
ated with presence of toxic metals in medicinal plants
have been reported in some countries (Dunbabin, Tal-
lis, Popplewell & Lee, 1992; Kakosy, Hudak & Naray,
1996; Markowitz et al., 1994; Sadhu et al.,, 2015).
Therefore, it is necessary to perform studies regarding
content of heavy metals in medicinal plants used in
Mexican traditional medicine. Nevertheless, in Mexico
there is limited information in terms of toxic elements
content in medicinal plants. The objective of this study
was to collect three medicinal plants (Justicia spici-
gera, Arnica montana y Hamelia pantens) from two
municipalities in the Huasteca Potosina region and
analyze their Pb, Cd and Fe content.

Ciudad
Valles

San Luis
Potosi

Tamazunchale

0 180 360 720 1080 1440
i — m—

Figure 1. Map of study area, municipalities of Ciudad Valles and Tamazunchale,
San Luis Potosi, México. Locations of the three sampling sites are shown.
Source: Figure prepared by Geog. Enrique Ibarra Zapata.
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Table 1.
General description and ethnopharmacological importance of medicinal plants used in the study.
Common Part
q Scientific name name Preparation/ Therapeutic
Family of plant References
voucher [Teenek used Application properties/targets
name]
. Fleimalie FeHERS Chacloco . Ant} dlarrheal., 1ntest1r}al Alonso-Castro et al. (2012),
Rubiaceae Jacq. [Kentselte’] Leaves Infusion/oral antispasmodic, anemia, Cruz & Andrade-Ceto (2015)
HPHP-SP-102 wound, healing, antidiabetic .
Justicia spicigera Antidiabetic, prevents anemia,
Schltdl. JSHP- .
. regulates high pressure, Alonso-Castro et al. (2012);
SP-43 15 1.19 Mohuite . . - . .
Acanthaceae ] . Leaves Infusion/oral insomnia, wound healing, to Cassani et al. (2014);
Alliaceae Allium [Muu] P .
keep away from bad spirits, Ortiz-Andrade et al. (2012).
cepa L. ACHP- ; .
emotional disorders
SP-81
Alonso-Castro et al. (2012);
Antidiabetic, Antiprotozoal Llurba-Montesino, Kaiser,
. Activity antioxidant, Brun & Schmidt (2015);
e Arnica [maan anti-inflammatory, capacity =~ Rodriguez-Chavez, Coballase-
Asteraceae L Leaves Infusion/oral 1Y, cap gu 4

ARHP-SP-47 Lotié)

Source: Author’s own elaboration.

body pain, rash,
wounds, cough, arthritis,
intestinal antispasmodic

Urrutia, Nieto-Camacho
& Delgado-Lamas (2015);
Sharma, Arif, Nirala, Gupta
& Thakur (2015).

Meters above sea Environmental

Table 2.
List of diverse locations in Huasteca Potosina, Mexico from where medicinal plants were collected.
Site Municipality District Latitude
North side of of . B o~y
1 Ciudad Valles San Luis Potosi 99° 01'W
South side of . B o~y
2 Ciudad Valles San Luis Potosi 99° 01' W
3 Tamazunchale San Luis Potosi 98° 48' W

Source: Author’s own elaboration.

MATERIALS AND METHODS

Whole plants of J. spicigera, A. montana and H. patens
(n=3), with a height of approximately 0.9 m to 1.0 m,
were collected at three different sites in the Huasteca
Potosina (table 2 and figure 2). The three plants were
washed with tap water and then with deionized water
to remove any adhering dust particles.

Plant material was sectioned into stem and leaves,
dried at 70 °C during 1 h, and grounded in a Wiley mill
for 2 min. Additionally, infusions of J. spicigera, H.
patens and A. montana were prepared, each, by add-
ing 1 g of aerial parts into 1 I of boiling distilled water.
Plant material was boiled for 5 min and cooled to room
temperature for 10 min. This procedure was carried

26  Vol. 26 No. 5 Septiembre-Octubre 2016

Longitude level (m.a.s.l.) characteristics of site
21°59' N 74 Cd and Pb_m water
from rivers
21°50' N 70 Cd and Pb.m water
from rivers
21°16'N 140 As, Hg, Cd and Pb in

water from rivers

out according to traditional way infusion preparation
of medicinal plants in the Huasteca Potosina (Alonso-
Castro et al.,, 2012). All samples were preserved in
High-density polyethylene (HPDE) bottles at room tem-
perature and protected from light and dust. Analyses
of Cd, Pb and Fe were carried out by acid digestion
with 0.1 mL HNO, (reactive grade, Fermont) per 2 mg
of plant material during 4 days. Acid digestion was per-
formed at room temperature in closed Teflon vessels. In
order to complete organic matter oxidation, acid diges-
tion was continued during 24 h by adding 0.5 mL of
H,0, 30% (v/v) (Alfaro-De La Torre, 1997; Yan, Mackie
& Dillon, 1990). After evaporating remaining acid, sam-
ples were allowed to dry at room temperature, and resi-
due was re-dissolved with HNO, 5% (v/v) to complete
25 mL (Loring & Rantala 1992).
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Figure 2. Mean (n=3) concentrations of heavy metals in leaves, stem and infu-
sion of medicinal plants Justicia spicigera, Hamelia patens and Arni-
ca montana collected from three different sites of Huasteca Potosina,
México. A) Cd concentration (mg/kg); B) Pb concentration (mg/kg);
C) Fe concentration (mg/kg). Error bars represent standard error
of concentrations.

Source: Author’s own elaboration.

Reference plant material Lagaroshipon major (Com-
munity Bureau of Reference [CBR], Reference material
No. 60) and blanks were analyzed in triplicate to de-
termine accuracy of determinations. Recovery rate for
reference plant sample ranged between 90% and 110%.

Content of Cd, Pb, and Fe in plant material was
determined using an atomic absorption spectropho-
tometer (AAS) using an air-acetylene flame or graphite
furnace (Varian-SpectrAA 220 FS, Palo Alto, CA). Detec-
tion limits for analytical methods were: 0.01 mg/Kg,
0.01 mg/Kg, 0.03 mg/Kg, for Cd, Pb and Fe respec-
tively. A certified water sample for trace elements
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(TM-DWS, National Water Research, and Canada)
was run with samples analyzed by AAS employing a
graphite furnace to ensure an optimum quality con-
trol during analytical procedures. Recovery rate for
certified water sample ranged between 100% + 15%.

Mean of metal concentrations in plant material
is reported in mg/Kg based on dry weight. Differences
between sampling sites with respect to mean concen-
trations of heavy metals in stem and/or leaves were
evaluated by using a one-way analysis of variance
(ANOVA) test at significance level of 95%. Results
were considered significantly different where the cal-
culated P-values were < 0.05. All calculations were
done employing the Graph Instat TM V2.02 program.

RESULTS

Concentrations of Cd, Pb and Fe in raw material and
their infusions are shown in figure 2. Findings indi-
cated that the highest Cd concentration was found in
leaves from A. montana collected in sites 1 (38 mg/kg +
2.3 mg/kg) and 3 (39.5 mg/kg + 2.1 mg/kg), whereas
the lowest Cd concentration was found in H. patens
leaves collected in site 2 (0.2 mg/kg + 0.01 mg/kg)
(figure 2A). Safe limit for Cd is 0.3 mg/kg in plant ma-
terial final dosage (World Health Organization [WHO],
1999). Taking this into account, the following prepa-
rations can be considered as safe: leaves and infusion
of H. patens and A. montana, each from the 3 sites of
collection, J. spicigera infusion from sites 2 and 3, J.
spicigera leaves from site 2, and J. spicigera stem from
site 3. In contrast, concentration of Pb in all medicinal
plants ranged from 283.3 mg/kg (J. spicigera leaves
from site 1) to 2.1 mg/kg (A. montana infusion from
site 2) (figure 2B). Permissible limit for Pb is 10 mg/
kg set by the WHO (1999). Considering this value,
only J. spicigera leaves and stem, from all 3 sites of
collection could not be considered as safe for human
because it exceeds permissible limits of heavy metals
in herbal products (Food and Agriculture Organiza-
tion [FAO] / World Health Organization [WHO], 1984;
WHO, 1998, 2004, 2007, 2011; Zhang 1998). Pb and
Cd are toxic pollutants that affect human health (Khan
et al.,, 2014). Pb can cause anemia, neurological dis-
orders, hyperactivity, among others (Marsden, 2003),
whereas Cd affects lungs, reproductive system, kid-
neys, and bones (Godt et al., 2006). In this study,
concentrations of Pb in J. spicigera were higher than
those found in medicinal plants from Ethiopia and
Pakistan (Baye & Hymete, 2010; Nawab et al., 2015).
In addition, concentrations of Pb and Cd in the three
medicinal plants were higher than those reported by
Sadhu et al. (2015) in medicinal plants collected from
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India. Iron (Fe) is an essential element for plants and
humans. However, a chronic excessive ingestion of Fe
induces hypovolemic shock and liver failure (Lee &
Lee, 2002; Mudgal, Madaan, Mudgal, Singh & Mishra,
2010; Yi & Guerinot, 1996). Concentrations of Fe found
in this study ranged from 6.3 mg/kg (J. spicigera in-
fusion at site 1) to 295 mg/kg (H. patens leaves at
site 3) (figure 2C). It is considered that content of Fe
in plant tissue ranges from 50 mg/kg — 300 mg/kg (in
terms of dry weight). Results suggest that these three
medicinal plants contain an adequate concentration of
Fe, which corroborates the empirical use of J. spicigera
and H. patens, each, for empirical treatment of anemia
(Alonso-Castro et al., 2012). Nevertheless, it has been
reported that plants exposed to Cd contamination de-
creases their uptake of Fe (Baryla et al.,, 2001; Sikka
& Nayyar, 2012). In this study, content of Cd found in
medicinal plants did not alter their concentration of Fe.

It is probable that consuming herbal drugs obtained
from polluted sources will lead to serious health haz-
ards, especially if this results in exposure to Cd and Pb
(Mishra, Dwivedi & Singh, 2010).

DISCUSSION

Heavy metals are natural occurring elements in the
biosphere. Because of anthropogenic activities, many
of these elements have been released in the environ-
ment and their concentrations have increased (Alloway,
1995). Worldwide, many areas used for agricultural pur-
poses are contaminated with heavy metals (Nagajyoti,
Lee & Sreekanth, 2010; Neilson & Rajakaruna, 2015).
Plants can uptake toxic metals from the soil, water or
air. Heavy metals may enter into food chain through
ruminants, such as cattle, sheep, and goats, which are
fed with plants (Oskarsson, Jorhem, Sundberg, Nilsson
& Albanus, 1992; Waqgas et al., 2015). Human beings
might be intoxicated with heavy metals by direct con-
sumption of medicinal plants contaminated with these
elements. Therefore, it is necessary to estimate pres-
ence of toxic elements such as Cd and Pb in medici-
nal plants in order to provide their safe use. Heavy
metal concentrations were determined in raw material
(stem and leaves) and in infusions of aerial parts of J.
spicigera, A. montana and H. pantens because these
are plant parts and a way of administration commonly
used in Mexican traditional medicine.

Accumulation of heavy metals in the three medici-
nal plants tend to vary depending on site of collection
and on the medicinal plant. The highest concentra-
tions of Cd were found in site A, whereas the high-
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est concentrations of Pb were found in sites A and B.
Some plants have developed mechanisms to grow in
contaminated sites with heavy metals such as Cd and
Pb (Khan et al., 2015). In Fe case, there was not found a
clear pattern of maximum accumulation among stud-
ied sites. Results also indicated the lowest accumu-
lation of heavy metals in medicinal plants was found
in site 2. Variations regarding accumulation of heavy
metals in medicinal plants may be due to some factors
such as mineral composition of soil, total concentra-
tion of dissolved heavy metals in each sampling site,
predominant dissolved chemical species, and mecha-
nisms of mobilization at sediment-water interface of
heavy metals. Also, transfer coefficients of metals af-
fect heavy metal accumulation in plants (Sadhu et al.,
2015). For instance, Pb has low transfer coefficients,
remains stably bound to soil structures, and shows
minimum bioavailability to plants. In contrast, met-
als like Cd have higher transfer coefficients and are eas-
ily taken up by plants (Kloke, Sauerbeck & Vetter, 1984).

Parameters described above are also influenced
by release of chelating agents by plants as well
as physicochemical and biological variations such as
temperature, cation exchange capacity, nature of
contaminants, salinity, sediment depth, redox poten-
tial, water and sediment pH, organic matter content,
microbial biota, and physiological characteristics of
each medicinal plant (Gregor, 2004).

CONCLUSION

In summary, this study indicates that detection of toxic
elements, such as Cd and Pb, in medicinal plants is
highly relevant for their quality control assessment.
Therefore, medicinal plants should be monitored re-
garding place where they are collected. Also, it is
necessary to implement policies in order to identify
in marketplaces, herbs which contain contaminants,
such as toxic metals, which represent a threat for hu-
man health. Thus, collection of medicinal plants should
be done in monitored sites which are free of contamina-
tion. This study also gives information for conducting
other studies in different parts of Mexico for quantifica-
tion of toxic metals in medicinal plants.
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