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In this study, the elemental composition of nine medicinal plants and phytomedicines was
evaluated by using axial view inductively coupled plasma optical emission spectrometry (ICP OES)
after three digestion procedures: dry ashing (DA) and two wet digestions with a mineral acid
(HNO4/H,0,) mixture on a conventional hot plate (CD), besides microwave digestion (MW).
Accuracy was assessed from spinach leaves (CRM 1570a) and recovery values were in the range
of 82 to 113.8%. Precisions, such as relative standard deviation (RSD), below 10% were reached.
The MW procedure was preferred for its accuracy (recovery values of 94 to 102%), reduced
contamination, increase in the efficiency of the decomposition process, lower residual acidity and
reduced time required for digestion. The concentrations of analytes in the samples (minimum-
maximum in pg g") were: Ca (100.71-462.20), Co (0.54-0.85), Cu (0.32-7.82), Fe (2.74-18.03),
Mg (18.40-521.28), Mn (0.17-55.14), Ni (0.56-1.25) and Zn (2.96-20.92). The levels of Al, Ba,
Cd, Cr, Mo, Pb, Se and V in all investigated samples were found to be below the limit of detection
of ICP OES. The multielement analysis by ICP OES showed that the method is simple, fast and
reliable for the multielement determination in medicinal plants and phytomedicines.
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Introduction

The use of medicinal plants for treatment, cure and
prevention of diseases is one of the oldest forms of medical
practice of humanity. The World Health Organization
(WHO) reported that 65-80% of the population of
developing countries is dependent on medicinal plants as
the only way of access to basic health care.'

Metal contents are important in phytomedicines,
due to their toxicological properties, as well as from the
nutritional point of view. Phytomedicines are classified as
nutritional supplements based on herbs and herbal plants
and are an important source of nutrients (vitamins, minerals
and aminoacids).>?® There is much scientific interest in the
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development of plant products such as dietary supplements
and herbal formulations.*® However, these products need
a better quality control’ due to the presence of potentially
toxic and essential (macro and micro) elements, which can
have harmful effects when their intake significantly exceeds
the recommended amounts in herbs.®!!

For most of the analytical determinations from several
biological samples, sample digestion is required. The
selection of the optimum method for sample pretreatment
is based on specific parameters, such as concentration of
the analyzed metals, nature of the sample (solid, liquid,
etc.) and type of matrix.'>!* Wet decomposition procedures
(conventional or assisted by microwave radiation) are very
efficient, allowing the combination of oxidizing acids (such
as nitric, perchloric, and hydrochloric acids) with other
oxidizing agents (such as hydrogen peroxide), since it leads
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to the complete or partial degradation of organic matter
present in the samples.'* Different digestion equipment can
be used: open beakers heated on hot plates, block digesters
and digestion units placed in microwave ovens.'> Closed
systems (microwave) for the digestion of solid samples
containing acid mixtures or concentrated acids have been
used in the determination of several elements in complex
matrices. 6%

Spectrometric techniques of atomic absorption and
emission, such as flame atomic absorption spectrometry
(FAAS)?" and graphite furnace atomic absorption
spectrometry (GF AAS),” are largely used. Inductively
coupled plasma optical emission spectrometry (ICP OES)*
and inductively coupled plasma mass spectrometry
(ICP-MS)* are used for the determination of trace metals
(concentration lower than 1 pg mL™") in biological matrices
due to high sensitivity, versatility, multielement analysis,
ruggedness and speed of analysis.?

ICP OES is a technique that combines good quantitative
multielement capability, wide linear dynamic ranges, good
sensitivity, limited spectral and chemical interferences, low
limits of detection and speed and ease of data handling and
reporting with widespread (multiplevendor) instrument
availability and reasonable cost.?® Due to its advantages,
ICP OES has become one of the most used techniques
for elemental determination, and many studies have been
conducted to validate this method for metal analysis in
biological samples.'3*"3

Thus, the aim of this study was to compare three
different digestion procedures of medicinal plants prior
to their multielement analysis by ICP OES. Dry ashing
(DA) and two wet digestion procedures, conventional
(CD) and assisted by microwave radiation (MW), were
evaluated for macro (Ca and Mg) and microelements
(Al, Ba, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Se, V and
Zn), besides the determination by axial view ICP OES, in
medicinal plants and phytomedicines: Maytenus ilicifolia
Mart. ex Reiss (“espinheira santa”), Piper methysticum G.
Foster (kawa-kawa), Pfaffia glomerata (Spreng.) Pedersen
(Brazilian ginseng), Uncaria tomentosa (cat’s claw),
Rhamnus purshiana (sacred bark), Hypericum perforatum L.
(St. John’s wort), Ptychopetalum olacoides Bentham
(“‘marapuama’/potency wood), Anemopaegma arvense Vell.
(“‘catuaba”) and Euterpe oleracea Mart. (agaf).

Experimental
Reagents and solutions

Analytical grade reagents were used in the development
of this study and all solutions were prepared using
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high-purity water obtained from a Milli-Q water purification
system (Millipore, Bedford, USA). All laboratory material
was decontaminated in a 10% (v v=') HNO; solution bath for
24 h and was rinsed with high-purity water. Subsequently,
all materials were dried under clean-air conditions at room
temperature.

All solvents and reagents were of the highest
commercially available purity grade. Suprapur grade
65% (m/m) HNO, and 30% (m/m) H,0, (Merck,
Darmstadt, Germany) were used for sample dissolution.
Monoelemental high-purity grade 1 g L! stock solutions
of Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni, Pb,
Se, Sn, V and Zn were also used. The calibration standards
were prepared by diluting the stock multielemental standard
solution (1000 mg L") in 0.5% (v/v) nitric acid. The
calibration curves for all the studied elements were in the
range of 0.01 to 5.0 mg L-". The purity of the plasma torch
argon was higher than 99.99%.

The samples of medicinal plants and phytomedicines,
except for Hypericum perforatum L. (St. John’s wort) and
Rhamnus purshiana (sacred bark), were provided by Herbarium
Pharmaceutical Laboratory. Hypericum perforatum L.
(St. John’s wort) and Rhamnus purshiana (sacred bark)
samples, commercially available in the form of capsules
containing dry extract, were obtained from local drugstores
in Salvador, Bahia, Brazil. All the samples were originally
stored in closed plastic containers until analysis. A certified
reference material, spinach leaves (CRM 1570a, from the
National Institute of Standards and Technology (NIST,
Gaithersburg, MD, USA)), was used to check the accuracy.

Instrumentation

The acid digestion of medicinal plants and phytomedicine
samples was performed using a digester block Quimis
TE 040/25 with analog temperature controller, up to 40
borosilicate microtubes and a commercial high-pressure
laboratory microwave oven (Milestone Ethos 1600
Microwave Labstation, Sorisole, Italy) operating at a
frequency of 2450 Hz, with an energy output of 900 W. This
microwave digestion system was equipped with ten 100 mL
tetrafluoromethoxy vessels and a ceramic vessel jacket. The
maximum operating temperature, power and pressure were
180 °C, 1000 W and 100 bar, respectively, in 30 min. Dry
ashing was performed in a Quimis Q318S muffle furnace,
with microprocessor ramp and dwell. Determinations were
carried out using a Varian Vista (Mulgrave, Australia)
simultaneous inductively coupled plasma optical emission
spectrometry instrument with axial viewing, and a charge
coupled device (CCD) detector was used as a comparative
method. A Sturman-Master chamber and a VGroove
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nebulizer were also used. Metal determinations were carried
out under manufacturer recommended conditions for power
(1.3 kW), plasma gas flow (15.0 L min™'), auxiliary gas
flow (1.5 L min™) and nebulizer gas flow (0.7 L min™"). The
emission lines for the analysis by ICP OES were chosen
according to previous interference studies. The lines that
exhibited low interference, high analytical signal and
background ratios were selected. The following emission
lines were used: Al' 396.152, Ba' 455.403, Ca" 396.847,
Cd' 228.802, Co' 238.892, Cr" 267.716, Cu' 324.754,
Fe™ 238.204, Mg" 279.553, Mn" 257.610, Mo' 202.032,
Ni' 227.021, Pb' 217.000, Se' 196.026, V' 309.310 and
Zn'213.857 nm.

Preparation of medicinal plants and phytomedicines:
digestion procedure

Dry ashing (DA) and two wet digestion systems,
conventional (CD) and assisted by microwave radiation
(MW), were proposed to analyze the samples. Dry ashing
(calcination at 450-600 °C) was performed according to
the Association of Official Analytical Chemists (AOAC).*!
Approximately 1.5 g sample was transferred to a porcelain
crucible and then submitted to incineration in a muffle
furnace, adjusted to reach the temperature of 450 °C at a
rate of 50 °C h~' for 12 h. The obtained ash was solubilized
in 6 mol L= HCl on a hot plate to evaporate. The residue
was filtered through filter paper and the sample was then
diluted to 20 mL with distilled water, in polypropylene
tubes.

For wet digestion on a hot plate, a mixture of
5:1 HNO,/H,0, was used in this study. For this procedure,
the temperature was kept at 150 °C for 1 h during the
digestion of 0.3 g plant sample. After cooling, 10 mL
of distilled water were added to the sample and mixed.
The residue was filtered through filter paper and the
sample was then diluted to 10 mL with distilled water.
Metal contents of the final solution were determined by
ICP OES.

For microwave digestion, approximately 300 mg of
each phytomedicine sample were directly inserted into a
microwave closed vessel. 1 mL of 30% (m m™") H,O, and
7.0 mL of HNO; solutions were added to each vessel. The
heating program was performed in four successive steps
(Table 1).

After the digestion procedure and subsequent cooling,
the digested samples were diluted to a final volume of
15.0 mL (micro) and 50.0 mL (macroelements) with
water. Blanks were prepared in each sample batch. All
experiments were performed in triplicate. The resulted
solutions were analyzed by ICP OES.
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Table 1. Operating conditions of a microwave digestion system

Stage time / Maximum  Temperature/  Pressure /
min power / W °C bar

1 6 750 90 35

2 4 750 90 35

3 8 1000 180 35

4 15 1000 180 35

Ventilation 20 0 - -

Determination of acidity and residual carbon of the digests

Digestion efficiency was evaluated by the determination
of the residual carbon content (RCC) in digests. Acid-base
titrations of the digests were performed to determine the
final acidity of the samples. Titration was performed with
a standard solution of sodium hydroxide (0.09983 mol L)
and phenolphthalein (1.0% m v! in ethanol). The standard
solutions for the calibration curves were prepared at the
same acid concentration of each digestion procedure.

The residual carbon was measured by ICP OES at
193.027 nm. To determine the residual carbon content
(RCC), the digested solutions were sonicated with an
ultrasonic bath before the determination by ICP OES
to remove any volatile carbon compounds that may
have existed. The standard solutions for the calibration
curves of the residual carbon were prepared with
citric acid.*?

Validation studies

The method was validated by performance parameters:
accuracy, precision, limits of detection (LOD) and of
quantification (LOQ) and matrix effect. The accuracy
of the measurements was assessed using spinach leaves
certified reference material (CRM 1570a) from NIST.
In addition, the accuracy of the methods was evaluated
by addition and recovery tests, conducted in samples of
medicinal plants and phytomedicines. The precision of
the method was determined in terms of the percentage
of the variation coefficient. The LOD and LOQ values of
each analyte were calculated as the analyte concentration
that corresponded to three and ten times, respectively, the
standard deviation of ten independent measurements of
the blank, divided by the slope of the calibration curve. To
study the matrix effect, standard curves were prepared in
dilute acid (3 mol L' HNO,) from solutions of the digested
samples. After, the measurements of emission intensities
by ICP OES were performed, the slope coefficients were
obtained from analytical curves.
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Results and Discussion

Analytical performance
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Table 2. Addition recovery test (5 pug) on “catuaba” in order to determine
the performance of the digestion procedure by microwave radiation (n = 3)

Analyte Added/pg  Determined /ug  Recovery / %
) Al 0 n.d. -
A recovery test of the analytical procedure was 5 4.92 + 1.60 98
carried out for the elements under study in a plant sample Ba 0 n.d. _
(Anemopaegma arvense Vell. (“catuaba”)) by spiking (5 ug 5 4.85£0.73 97
of each analyte) the analyzed samples with aliquots of metal Ca 0 255.14 £0.32 -
standards and then reanalyzing the samples. This sample > 260.07£051 100
hosen for this test due to its availabl Acceptabl « 0 e N
was chosen for this test due 0} savaila emasg cceptable 5 5.01 4022 100
recoveries (> 95%) were obtained for the studied elements. Cr 0 nd B
The obtained recovery values, in the range of 95 to 105%, 5 4.96+0.18 99
showed that there are no signs of systematic errors due to Co 0 n.d. -
operation effects of the added analyte, such as losses during 3 4.89£0.40 98
the process. The results are given in Table 2. Cu 0 0.36=004 -
Th f the determinations was evaluated b > 42013 ol
¢ accuracy © Y Fe 0 7.05 +0.03 -
the analysis of spinach leaves (CRM 1570a). The results 5 11.83 +0.85 98
(Table 3) showed good agreement with the reference values Mg 0 248.45 £ 1.03 -
of the CRM sample for Cd, Cu, Mn, Ni and Zn. 5 249.26 +£0.98 98
The LOD and LOQ values were determined according Mn 0 17.76 + 1.03 -
. . . 21.85=0.
to TUPAC (International Union of Pure and Applied M Z 8 ; 0-56 %
Chemistry) recommendations, using standard deviation ¢ 5 4.77n'i 1.40 9;
of blank solution measurements and the slope of the Pb 0 nd. B
calibration curve. The LODs and LOQs values obtained 5 483+1.72 97
for Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni, Pb, Se, V and Zn Se 0 n.d. -
determined by ICP OES are shown in Table 4. The obtained > 4.99+0.83 9
L Ni 0 n.d. -
LOD is similar to' or betFer than those fOUI.ld for' some 5 507 + 048 101
methods reported in the literature to determine minerals v 0 nd ~
in medicinal plants and phytomedicines. 5 4.87 031 97
Precision was examined under repeatability and Zn 0 4.84 £0.05 -
5 10.31 £0.37 105

reproducibility conditions. For the reproducibility
examination, two different analysts were prepared on
different days, the same CRM1570a samples. In the
precision test, the average RSD (%, relative standard
deviation) was calculated for all investigated trace metals
by ICP OES. Precision was assessed and RSD values lower
than 10% indicated the good precision of this method.
The LOQ value is the lowest concentration that can be
determined with acceptable laboratory reproducibility

n.d.: not determined.

and trueness. The values obtained for LOD and LOQ were
similar for all three procedures proposed for treatment
samples. However, lower values were obtained for CD
and MW procedures, suggesting that both are effective in
the treatment with medicinal plants and phytomedicine
samples before analysis by ICP OES. The closed-vessel

Table 3. Analysis of spinach leaves (certified reference material CRM 1570a) by ICP OES after dry ashing, conventional and microwave radiation procedures

(mean = standard deviation, n = 3, 95% confidence level)

Dry ashing Conventional (wet digestion) Microwave radiation (wet digestion)
Element Certified Yalue/ Determifled/ Recovery / % Determi}led/ Recovery / % Determijled/ Recovery / %
(ng g™ (ngg™h (ngg™ (ng g™
Cd 2.89+0.07 2.37+0.25 82 2.68 £0.10 93 2.72£0.12 94
Cu 12.2+£0.60 12.8 £0.97 105 12.4+1.03 102 12.3+0.05 101
Mn 75.9£1.90 69.8 £4.10 92 76.2+1.80 100 75.6£0.80 100
Ni 2.14£0.10 2.42+0.13 113 2.18+0.33 102 2.12+£0.06 99
Zn 82.00 £ 3.00 84.0 £6.02 102 81.5+£4.15 99 83.7£0.15 102
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Table 4. Limits of detection (LOD) and of quantification (LOQ) for Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni, Pb, Se, V and Zn determined by ICP OES after

dry ashing, conventional and microwave radiation procedures

Ca/ Cd/ Co/ Cr/ Cu/ Fe/ Mg/ Mn / Ni/ Pb/ Se/ v/ Zn/
(mgL™") (ugL) (gLl (ugLl"H (ugLh) (ugL") (mgL") (pgL") (ugL) (gl (uglhH (uglh (gL
Microwave radiation (wet digestion)
LOD 0.37 0.10 0.16 0.23 0.35 0.15 0.08 0.02 0.47 0.39 0.31 0.44 0.10
LOQ 1.23 0.34 0.53 0.77 1.17 0.52 0.27 0.07 1.56 1.29 1.03 1.47 0.36
Conventional (wet digestion)
LOD 0.39 0.12 0.14 0.22 0.33 0.18 0.07 0.03 0.44 0.36 0.33 0.42 0.11
LOQ 1.27 0.37 0.47 0.70 1.10 0.60 0.23 0.10 1.47 1.20 1.10 1.40 0.37
Dry ashing
LOD 0.51 0.16 0.22 0.35 0.56 0.27 0.13 0.05 0.59 0.43 0.45 0.53 0.15
LOQ 1.70 0.53 0.74 1.14 1.86 0.90 0.43 0.17 1.93 1.42 1.50 1.76 0.51

microwave-assisted wet digestion was preferred due to
its accuracy with respect to both time and recovery values
(recovery from 94 to 102%). If the analyzed concentration
levels of the most common matrix constituents of the
certified reference material and the accuracy of the present
method are considered together, it can be concluded that
the proposed method is free from the interference of
various constituents. Furthermore, MW was selected due
to its reduced contamination, increasing efficiency of the
decomposition process, lower residual acidity and reduced
time required for digestion.

In bioanalysis, matrix components present in biological
samples can affect the response of the analyte. The slopes
of the calibration curves for each element do not show
significant variations, for 95% confidence level. These
results showed that matrix effect is not significant for
the measures in ICP OES under the selected operating
conditions.

Sample digestion efficiency is the critical step affecting
analytical results for multielement determinations by
ICP OES techniques.** The digestion procedure was evaluated
by comparing the residual carbon content, the residual acidity
of the digests and the element recoveries by analyzing
the CRM 1570a material. In general, the digestion of the
solutions appeared to be the clearest, i.e., free from particles
in suspension. The residual carbon contents ranged from
3.00 = 0.40% (n = 3). The residual acidities obtained after
the digestions was 2.5 £0.5, 1.7+ 0.4 and 1.5 £ 0.5 mol L"!
for DA, CD and MW procedures, respectively. This content
shows a good efficiency of digestion of the organic matter
of samples of medicinal plants and phytomedicines using
the proposed sample preparation methods. Under these
conditions, characteristics of simplicity, low cost and shorter
analysis time for the procedures proposed, the MW method
was selected.

Analytical application in medicinal plants and phytomedicines

The contents (ug g™') of the 16 elements (Al, Ba, Ca,
Cd, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni, Pb, Se, Sn, V and
Zn) in various medicinal plants and phytomedicines were
determined using ICP OES, representing the mean of the
replicate analysis. All analyzed samples contain Ca, Cu,
Fe, Mg, Mn and Zn (Table 5). Co was determined in two
samples: Hypericum perforatum L. (St. John’s wort) and
Uncaria tomentosa (cat’s caw); and Ni has been quantified
in only three samples: Hypericum perforatum L. (St. John’s
wort), Uncaria tomentosa (cat’s caw) and Euterpe oleracea
Mart. (acai). Some elements such as Al, Ba, Cd, Cr,
Mo, Pb, Se and V showed values below LOD, but good
recovery percentage after the addition (spike) of each metal
(1.0 mg L") into the samples (Table 2).

The concentrations of Ca, Cu, Fe, Mg, Mn and Zn
widely ranged, based on the samples. The contents of
trace and essential elements detected in various samples
were in the range from 100.71 to 462.20 pug g for Ca,
from 0.32 to 7.82 pg g! for Cu, from 2.74 to 18.03 ug ¢!
for Fe, from 18.40 to 521.28 pg g!' for Mg, from 0.17 to
55.14 pg g™ for Min and from 2.96 to 20.92 ug ¢! for Zn. For
the phytomedicine kawa-kawa, Mn showed a value below
LOD. In this study, Co was determined in two samples,
Hypericum perforatum L. (St. John’s wort, 0.540 ug g,
Uncaria tomentosa (cat’s caw, 0.851 pug g!), and Ni has been
quantified in only three samples: Hypericum perforatum L.
(St. John’s wort, 1.246 pg g™"), Uncaria tomentosa (cat’s
caw, 0.922 ug g') and Euterpe oleracea Mart. (acai,
0.558 ug g™.

Principal component analysis (PCA) was performed
using the software Statistica 7.0. The first two components
(PC1 and PC2) describe 81.19% of the total variance.
Thus, they were chosen to model the data. The elements
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Table 5. Trace element determinations in samples of medicinal plants and phytomedicines (mean + standard deviation, n = 3, 95% confidence level)

Procedure Ca/ Fe/ Mg/ Mn/ Zn/
(ngg™h (ngeg™h (ngg™ (hgeg™ (ngegh

- . DA 21544+452 032+003 1130+045 31845+231 3205011  3.98=0.19

?’I:Sy I’)f:;‘;i’ig Zi;‘,’,)Mm‘ ex Reiss CD 23334301 042+008 1201+0.70 34391075 3245009 421+0.10
MW  275.62+071 045+0.13  13.83£026 34320+0.52 3391010  4.26+0.08

_ _ DA 10071112 602030  284+028  18.40=0.36 <0.02 2.96 + 0.09
g’;"i’a T{;’Whﬁ"wm G. Foster CD 10810+ 1.12 670+020  3.50+032  19.33=0.90 <0.02 3.20£0.20
MW  113.17+2.15 687+0.15  291+0.12  18.88+045 <0.02 2.98+0.11
‘ _ DA 39670+090 046+009  582+0.12 42878=130 8.83+0.08  17.39+0.30
g’t”g’gﬂ V’; ZZ ;”‘m‘m L. CD  431.10%0.12  055+007  601+005 44122+1.05 9.03=x0.10  18.25=0.06
MW  437.12+0.64  052+0.06  598=0.07 452.13+£1.02 932+009  20.92+0.46
DA 318.15+152 284£025 1732+0.10 518.60=035 53.19£042  17.66+0.42
g‘jﬁf’liﬁ’girs ‘g:g()sme“g‘) Pedersen CD 35618140 322+0.11 1803007 521.28=040 54.67+0.10 18.320.08
MW 35832123 341+007 17532006 51731054 55.14%020 17.95+0.04
‘ DA 45230+240 730+008  670+0.06 130.63+1.05 330+0.08  14.75+0.12
ZZ:,‘;’CIZV’V(;”’”’”’” CD  46220+090 7.60+0.06  7.30+0.02 13470050 352=0.10  15.10=0.08
MW  461.87+1.01 7.82+006  749=0.13 136.12+047 357+0.17  1522+0.10
. DA 13088+0.52 247£053  532+0.17 25800083 493094  10.83 £0.53
xi‘:';’;”lfa‘;]’:)’ shiana CD  13150£0.01 260+0.02  591+003 26602005 524=0.13  11.02x0.24
MW  13490+0.04 340+001  636=0.02 270.02+0.03 539%007  12.10+0.09

‘ DA 19021 +1.12 647+005  274+0.10 159.80+1.20 017002  3.06=0.10

f’ryn‘g’; E:ﬂ;m /;é‘::ggejvf:gham CD  193.24+082 6.52+020  283+005 16543150 029=0.02  3.25=0.02
MW  194.13+0.54 654+0.14 278006 166.18+0.92 026+0.04 327007

DA 24830+1.08 032£0.02  640+0.13 24140008 16.84=0.08  4.47 =0.09

?‘Zﬁﬁﬁm arvense Vell. CD  25140+050 040+0.01  7.01+0.04 24644+290 17.50=0.01  4.60 +0.05
MW  255.14+032  036+0.04  7.05+0.03 24845+103 17.76+0.04  4.84+0.05

DA 18560+095 1.03£007  831+0.09 152.90+124 23.60+0.07 7.02+0.15

i‘g;;” ¢ oleracea Mart. CD  187.63£070 120000  860+1.10 15670+020 2420004  7.33%0.03
MW 18627054 1.15+0.07 952074 15547+0.17 23.01£0.06  7.55+0.02

Procedures: dry ashing (DA), conventional (CD) and microwave radiation (MW).

Mg, Fe and Mn are the dominant variables in the first
principal component (PC1) and represent 57.25% of the
total variance. The second principal component (PC2)
accounts for 23.94% of the total variance, and Ca, Zn
and Cu are dominant variables. Figure la shows the
score plot of the first two components and Figure 1b the
chart for the loading elements in PC1 and PC2. It was
observed that samples with higher concentrations of
Mg, Fe and Mn are those having lower scores for PC1,
such as Brazilian ginseng (BG) samples, using different
preparation procedures. In contrast, kawa-kawa (KK) and
potency wood (PW) samples are those with the lowest
concentrations for these elements. Samples with lower
scores in PC2, cat’s caw (CC), followed by St. John’s
wort (JW), have high concentrations of Zn and Ca. On
the other hand, samples with positive weight in PC2 have
lower concentrations of these elements. Therefore, it is
observed that the variance in terms of concentrations
of various elements in the sample overlaps the variance
between preparation procedures for each sample, i.e.,

among samples with different preparation procedures
within the next data set.

The values of the r-test were calculated for the pairs
DA/CD, DA/MW and CD/MW. It was considered as a null
hypothesis when the concentrations provided by different
procedures were statistically equal. The concentrations
of Ca, Cu, Fe, Mg obtained by DA/CD and DA/MW
procedures showed statistical differences (p < 0.05). Based
on student’s 7-test, there were no significant differences at
the 95% confidence level for Ca, Cu, Fe, Mg, Mn and Zn,
compared to CD/MW.

In recent studies in Argentina, Gomez et al.’’ used
atomic methodologies such as flame atomic absorption
spectrometry (FAAS), electrothermal atomic absorption
spectrometry (ETAAS) and capillary electrophoresis (CE)
for the determination of mineral content in pharmaceutical
quality control of phytomedicines. Ca, Cu, K, Li, Mg,
Mn, Na, Ni, and Zn were detected in phytopharmaceutical
derivatives of Hypericum perforatum, solid (dried herb,
tablet) and liquid (tea, tincture) formulations. A few samples



382 Multielement Determination of Macro and Micro Contents in Medicinal Plants and Phytomedicines from Brazil

(2)

2
1
BG(DA) SRy
{DA) 'k‘v‘g\‘?\lig
] TE— L) R A SUNS SUNUUN S S 7 OUR S
= W
o
o0
~
~ DA
g
et
o
2
e
e
i
i
3 H
4 3 2 1 0 1 2 3 4
(b) PC1 57.25%
1.0 R
X 0.5 Mr\
< S0
2 ‘Fe
~ s
~ iMmg T~ ~——te
O o0 Remans —
a ° H S
L ANy
~
N
ko
N,
iy, 3
R
\\
~Ci
0.5 gv
DS oot s A A e ) o
-1.0 0.5 0.5 1.0

Figure 1. Principal component analysis (PCA) for trace element
determinations in samples of medicinal plants and phytomedicines after
dry ashing (DA), conventional (CD) and microwave radiation (MW)
procedures. (a) Score plot of the first two components and (b) the chart for
the loading elements in PC1 and PC2. BG = Pfaffia glomerata (Spreng.)
Pedersen (Brazilian ginseng), ES = Maytenus ilicifolia Mart. ex Reiss
(“espinheira santa”), JW = Hypericum perforatum L (St. John’s wort),
CC = Uncaria tomentosa (cat’s caw), AA = Anemopaegma arvense
Vell. (“catuaba”), CC = Euterpe oleracea Mart. (agai), SB = Rhamnus
purshiana (sacred bark), PW = Ptychopetalum olacoides Bentham
(“marapuama”/potency wood), and KK = Piper methysticum G. Foster
(kawa-kawa).

contained very small quantities of nickel (0.04 to 0.49 ug g~
and 0.51 to 0.96 nug g*' for solid and liquid samples,
respectively). This can be attributed to nickel as one of the
most mobile and bioavailable heavy metal ions that may
be present in both industrially contaminated and pristine
soils.* The results obtained in this study were in agreement
with the study mentioned above since the concentration
of Zn (19.7 to 25.2 ug g') and Mn (7.77 to 9.82 ug g)
were detected. In addition, Ni has been quantified in only
three samples: Hypericum perforatum L. (St. John’s wort,
1.246 pg g™, Uncaria tomentosa (cat’s caw, 0.922 ug g™)
and Euterpe oleracea Mart. (agai, 0.558 pug g™).

In the United States, Bu et al.?> evaluated the
concentrations of twelve elements (Mg, Al, Ca, V, Cr, Mn,

J. Braz. Chem. Soc.

Fe, Co, Ni, Cu, Zn and Cd) in six herbal supplements,
Korean panax ginseng (Panax ginseng), golden seal
(Hydrastis canadensis), ginger root (Zingiber officinale),
St. John’s wort (Hypericum perforatum), green tea
(Camellia sinensis) and valerian root (Valeriana officinalis),
by both laser ablation-inductively coupled plasma mass
spectrometry (LA-ICP MS) and conventional closed-vessel
digestion solution nebulization-ICP MS (SN-ICP MS).
The results (mg kg™') obtained for Korean panax ginseng
(203-233 for Ca, 0.412-0.747 for Cu, 4.66-5.27 for Fe,
688-712 for Mg, 0.435-0.499 for Mn and 5.26-6.33 for
Zn) were not similar to those found in this study, since this
species was different, Pfaffia glomerata (Spreng.) Pedersen
(Brazilian ginseng). For Hypericum perforatum L.
(St. John’s wort), the results (in mg kg™, 419-447 for
Ca, 7.77-9.82 for Mn and 19.7-25.2 for Zn) were similar
to the ones observed in this study. Al, Cd, Co, Ni and V
were quantified by Bu er al.,*® while, in this study, only
Ni and Co were quantified. The other elements presented
below LOD. It is noteworthy that these authors used mass
spectrometry coupled to inductively coupled plasma
(ICP MS), that is much used for elemental determination
in different samples due to their characteristics, especially
those related to multielement capacity, speed and high
sensitivity. Moreover, the presence of such elements may be
incorporated into the samples during the handling process
and marketing, characterizing contamination.

Peake et al.’® studied the content of Cu (3.2 to
8.1 ug g"), Zn (15.6 to 24.3 pg g') and Mn (23.7
to 62.4 ug g') in New Zealand for ginseng (Panax
Quinquefolius American) by ICP-MS. These results were
similar to those of this study, although the species are
different. Gordon et al.*” determined Na, Mg, P, K, Ca, Mg,
Fe and Zn in samples of agai fruits (Euterpe oleracea Mart.)
in three different maturity stages by high-performance
liquid chromatography/electrospray ionization tandem
mass spectrometry (HPLC/ESI-MS/MS) techniques. The
results obtained (mg 100 g, 423-962 for Ca, 7.8-23.9 for
Fe,172-397 for Mg, 13.3-30.9 for Mn and 1.2-2.1 for Zn)
were not similar to this study. The obtained acai samples
had no information about fruit maturity stage and, therefore,
variations in the concentration of these elements can be
justified.

Divrikli et al.*® evaluated the concentrations of trace
metal (Cu, Cd, Pb, Ni, Cr, Fe, Mn and Zn) levels in eleven
different spices and herbal plant species from western
Anatolia (Turkey) by atomic absorption spectrometry
(FAAS). The authors point out that contamination was not
a problem in the digestion procedure, as the level of the
analyte ions in the blank digest were close to their limits
of detection, although not highlighting the values for LOD
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in the study. Cd, Co, Cr, and Pb were not determined in the
recovery test and some samples. In this study, Ni showed
values only for three samples: Hypericum perforatum L.
(St. John’s wort): 1.246 g g™'; Uncaria tomentosa (cat’s
caw): 0.922 ug g' and Euterpe oleracea Mart. (agafi):
0.558 ug g~!. This fact can be attributed to differences in soil
and absence of contamination, as proposed by Murch et al.**

Soylak et al.* studied trace element contents of seven
kinds of herbal plants and spice samples retailed in local
markets in Kayseri, Turkey, by FAAS after digestion with
HNO,/H,0, mixture. The concentration ranges (ug g™") for
Cu (6.0-15.2), Ni (0-32.2), Fe (80.0-324.8), Mn (8.1-386.3)
and Zn (13.1-36.2) were found. Co, Pb and Cr, in all the
investigated samples, were found to be below the LOD
value of FAAS. In this study, Al, Ba, Cd, Cr, Mo, Pb, Se
and V showed values below the LOD value of ICP OES
and were not detected in the analyzed medicinal plants and
phytomedicines (Table 2).

No data was found in the literature for other analyzed
species, regarding elemental composition. The results
indicate that the studied medicinal plants and phytomedicines
contain significant amounts of Ca, Cu, Fe, Mg, Mn and Zn.
Therefore, they can be a source of biologically important
elements, supplementation with important therapeutic role in
the physiological function. The nutrient content in medicinal
plants depends on some variables (biotic and abiotic factors),
such as air and soil temperature, light and humidity, planting
time, genotype and concentration of nutrients in the soil,
besides other geographical conditions. Additionally, other
factors, such as drip irrigation, vertical conduction of plants
and plastic cover, influence the absorption of nutrients.*
Ajasab er al.* analyzed the content of some herbal species
used in Nigeria and correlated the presence of Na, K, Mg,
Ca, Fe, Mn, Cu, Pb and Zn with therapeutic applications.

Conclusions

The concentrations of 16 elements were determined
in nine samples of medicinal plants and phytomedicines
by ICP OES following dry ashing and conventional and
microwave-assisted digestion procedures. Microwave
digestion followed by analysis by ICP OES has been
shown to be a simple, fast and reliable method for the
multielement determination in medicinal plants and
phytomedicines, when compared to dry ashing and wet
digestion (conventional). PCA was performed and it was
observed that the variance in terms of concentrations
of various elements in the sample overlaps the variance
between preparation procedures for each sample. There
were no significant differences at the 95% confidence level
for Ca, Cu, Fe, Mg, Mn and Zn, compared to CD/MW.
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The proposed method for the determination of macro and
microelements in medicinal plants and phytomedicines was
efficient, with adequate values of limit of quantification and
precision for the low concentration usually found in these
samples. Among the determinations, the elements Ca, Cu, Fe,
Mg, Mn and Zn were found in all of the analyzed samples. Co
was determined in two samples: Hypericum perforatum L.
(St. John’s wort) and Uncaria tomentosa (cat’s caw) and
Ni has been quantified in only three samples: Hypericum
perforatum L. (St. John’s wort), Uncaria tomentosa (cat’s
caw) and Euterpe oleracea Mart. (agai). The studied
procedures can be used in the pharmaceutical quality control
of medicinal plants and phytomedicines.
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