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Abstract: Medicinal plants are a source of biologically important elements, which may play a part in the
observed therapeutic uses of these plants. It is therefore of major interest to establish the levels of some
elements in common herbal plants because, at elevated levels, these elements can also be dangerous and toxic.
It was therefore imperative to explore the present status of local plants Urtica dioica L. Taraxacum officinale,
Robinia pseudoacacia and Matricaria recutita, in terms of selected heavy metals and macronutrients (Zn, Cu,
Fe, Cr, Ca, K, Li, Mg and Na). All the elements were accumulated to greater or lower extents by all 4 plant
species studied. Elemental studies of the plants showed that they contained large amounts of nutrients and
were rich in Mg, Ca and K.
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INTRODUCTION the European Commission has established the lead,

A number of minerals essential to human nutrition are have been in force since March 2001 [5].
accumulated in different parts of plants. They accumulate Several attempts have been made at determination of
minerals essential for growth from the environment the metal contents of medicinal and aromatic plants from
including metals such as Cd, Co and Ag, which are of all over the world [6-11], but reports are scanty with
unknown direct benefit to the plant [1]. Recently, plant respect to plants growing in R. Macedonia, beside papers
species have been identified that contain nutrients on metal content in Thymus species from all over the
displaying new beneficial medicinal or therapeutic country [12-15]. It was therefore imperative to explore the
properties [2]. The past decade has seen a significant present status of local plants Urtica dioica L.
increase in the use of herbal medicine due to their minimal (Urticaceae), Taraxacum officinale (Asteraceae), Robinia
side effects, availability and acceptability to the majority pseudoacacia (Fabaceae) and Matricaria recutita
of the population, so medicinal plants play an important (Asteraceae), in terms of selected heavy  metals and
and vital role in traditional medicine and are widely macronutrients (Zn, Cu, Fe, Cr, Ca, K, Li, Mg, Na). These
consumed as home remedies. Environment, pollution, herbs are commonly used by local people to prepare
atmosphere, soil, harvesting and handling are some of the infusions and use them for phytotherapeutical purposes.
factors, which play an important role in contamination of
medicinal plants by metals and microbial growth. Trace MATERIALS AND METHODS
elements have curative and preventive role in combating
diseases. It is therefore of major interest to establish the Sample Collectionand Preparation: Samples from all four
levels of some metallic elements in common used plants investigated plant species were taken from Pla kovica
because, at elevated levels, these metals can also be Mountain, located in the eastern part of R. Macedonia
dangerous and toxic [3]. Thus the analytical control of which  highest  point  is  peak  Lisec  (1754  m)  (Figure 1).
metals in plants, especially medicinal plants, is part of The plants were identified at the Department of
quality control, which should establish their purity, safety Pharmacognosy, Faculty of Pharmacy, Skopje, R.
and efficacy, as a World Health Organization (WHO) Macedonia, where specimens of all the plants are
recommended in a number of resolutions [4]. Furthermore, deposited  in  the  herbarium.  All  samples  were  collected

cadmium and mercury limits in food supplements that
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Fig. 1: Pla kovica Mountain as sampling area in R. Macedonia

Table 1: Characteristics (synonyms, plant part used, medicinal properties) of plants studied
Plant Synonyms Plant part used Medicinal properties
Robinia false acacia; Flowers Antispasmodic, antiviral, aromatic, cholagogue, diuretic, 
pseudoacacia black locust; emetic, purgative, emollient, febrifuge, tonic;
Taraxacum dandelion; blowball; Leaves Aperients, cholagogue, depurative, diuretic, 
officinale hepatic, laxatice, stomachic, tonic;
Urtica dioica stinging nettle; Leaves Antiasthmatic, astringent, diuretic, galactogogue, 

haemostatic, hypoglycaemic, tonic;
Matricaria German chamomile; Flowers Anti-inflammatory, antiseptic, antispasmodic, carminative, 
recutita camomile cholagogue, diaphoretic, homeopathy, nervine, stomachic;

Table 2: Instrumentation and operating conditions for ICP-AES system (Varian, 715ES)
RF Generator
Operating frequency 40.68 MHz free-running,
Power output of RF generator air-cooled RF generator.
Power output stability 700-1700 W in 50 W increments

 Better than 0.1%
Introduction Area
Sample Nebulizer V- groove
Spray Chamber Double-pass cyclone
Peristaltic pump 0-50 rpm
Plasma configuration Radially viewed
Spectrometer
Optical Arrangement Echelle optical design
Polychromator 400 mm focal length
Echelle grating 94.74 lines/mm
Polychromator purge 0.5 L min 1

Megapixel CCD detector 1.12 million pixels
Wavelength coverage 177 nm to 785 nm
Conditions for program
RFG Power 1.0 kW Pump speed 25 rpm
Plasma Ar flow rate 15 L min Stabilization time 30 s1

Auxiliary Ar flow rate 1.5 L min Rinse time 30 s1

Nebulizer Ar flow rate 0.75 L min Sample delay 30 s1

Background correction Fitted Number of replicates 3
Element Wavelength Element Wavelength Element Wavelength
Zn 213.857 nm Fe 238.204 nm Li 670.783 nm
Cu 324.754 nm Cr 267.716 nm Mg 279.553 nm
Ca 370.602 nm K 769.897 nm Na 589.592 nm

during May 2009. The identities, as well as the medicinal Analytical Techniques: For standards and samples
properties of the plant samples under investigation are preparation demineralized water and high purity reagents
shown in table 1. About 200 g (fresh weight) of each plant (Tracepur and p.a.) were used. Standards of selected
investigated, were collected. All plant samples were air metals were set by dilution of stock-standards which were
dried, milled in a micro-hammer (without metal parts in it) prepared  using  analytical   grade   salts   of  metals
and stored in clean paper bags. (Merck multielement standard 1000 mg/L) with HNO .3
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From fine crushed tissues of each item approximately 0.5
g were weighed and placed into PTFE vessels and 5 ml
HNO (69% Merck, Tracepur) and 2 ml H O (30%, m/V;3 2 2

Merck) were added, mixture was left at room temperature
for 1 h and then placed in the rotor of microwave oven
(MARS CEM XP 1500) and mineralized with two step
procedure at 180 ºC. Digests were filtered on the filter
paper (Munkteil), quantitatively transferred in 25 ml
calibrated flasks, diluted with demineralized water and
analyzed by ICP-AES (Varian, Model 715-ES, USA) for
selected metals. The instrumental parameters for the
determination of the investigated elements are given in
table 2. 

RESULTS AND DISCUSSION

A total of nine elements (Zn, Cu, Fe, Cr, Ca, K, Li, Mg
and Na) was determined in the powdered medicinal plant
samples by ICP-AES. Figure 2 shows the mean content ±
SD of various elements in investigated plants. All samples
were analyzed three times. Each data represent means ±
SD of three samples. All results were calculated on a dry
weight basis (mg kg  dw). 1

   From the study, it was revealed that all the metals were
accumulated to greater or lower extents by all 4 plant
species studied. Elemental studies of the plants showed
that they contained large amounts of nutrients and were
rich in Mg, Ca and K (Figure 2b).

Zn   content varied    from    10.20±0.16 to
35.34±0.18 mg kg . T. officinale had the lowest Zn1

content   and   M.   recutita   the   highest. The  contents (b)
of  Zn  were  comparable  in  U.  dioica  (with  lowest)  and
R. pseudoacacia (with highest), too. 

Cu contents varied from 5.50±0.13 to 9.74±0.09 mg Fig. 2: Metal  content (mg kg ) in investigated medicinal
kg . The lowest content is determined in T. officinale and plants: (Urtica dioica L. Taraxacum officinale,1

the highest in M. recutita. It can be noted that for both Robinia pseudoacacia and Matricaria recutita)
this elements, considered as micronutrients, T. officinale a) trace elements; b) macroelements
and M. recutita showed the lowest and the highest value
in this study. Although Cu is an essential micronutrient After comparison of the metal limits in the studied plants,
for plant growth, it can be more toxic than non-essential it was found that all species studied accumulated Cu
Pb when extraneous Cu is present in soil environments beyond these ranges and Zn contents of all the samples
[16]. Shaw et al. [17] reported 4-15 mg kg  for normal were also found to be within the range. 1

copper contents in plants. Zn is not considered to be R. pseudoacacia had the lowest Fe content while T.
highly phytotoxic, but high contents of zinc in plants may officinale had the highest. The tolerable upper limit of iron
cause the loss of leaves production, whereas low for human is 45 mg per day [19]. 
contents may cause deformations of leaves. A plant foliar Chromium contents ranged from 0.227±0.03 mg kg
content of 100 mg kg  Zn has been quoted by various (R. pseudoacacia) to 1.88±0.07 mg kg  (T. officinale).1

authors [18], as a critical indicator of whether the Jabeen  et  al.  [20]  in  their  study  determined  Cr  levels
environment   is   polluted   with   Zn.   The   WHO  limits in plants  between  1.2  and  29.49  mg  kg    which  is
for   these  metals    have    not    yet     been  established. high   above   obtained   values for   Cr   in   this   study.

(a)

1

1

1

1
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Chronic  exposure  to  Cr  in  humans  may  result  with of Ca, Cr, Cu, Fe, Mg, K and Zn [27]. In contrast with
liver, kidney  and lung damage [21]. However, for macronutrients, which are consumed in large amounts
medicinal plants the WHO limits are not yet been (hundreds of grams daily), micronutrients, such as
established for Cr. Although in medicinal plants, magnesium, zinc and chromium, are ingested in very small
permissible limits for Cr set by Canada, were 2 mg kg  in amounts (micrograms and milligrams per day). The1

raw medicinal plant material and 0.02 mg/day in finished importance of these micronutrients is revealed by the
herbal products [22]. diversity of metabolic processes they help to regulate.

The Ca contents varied from 3057.94±1.71 mg kg  (R. Magnesium, a ubiquitous element that plays a1

pseudoacacia) to 23279.56±7.59 mg kg  (U. dioica). fundamental role in many cellular reactions, is involved in1

M. recutita had the highest K content (28173.24±1.66 >300 enzymatic reactions in which food is catabolized and
mg kg ) in this study, whereas R. pseudoacacia had the new chemical products are formed [28]. In addition, some1

lowest (19624.51±0.72 mg kg ). All the studied plants zinc-containing enzymes, such as carbonic anhydrase and1

show high K contents and our results coincided with lactate dehydrogenase, are involved in intermediary
previous studies on medicinal herbs [23, 20]. metabolism. Another zinc-containing enzyme, superoxide

Sodium  content   is   in   range   from   23.11±0.29  (T. dismutase, protects against free radical damage [29]. The
officinale) to 457.59±1.02 (M. recutita). Similar results for element chromium is the subject of growing interest in the
Na in a wide range in different plants were obtained from
other authors, as levels from 44 to 614 mg kg , for1

example [8]. 
Li content showed big differences in investigated

plants, from 0.0063±0.0006 mg kg  for R. pseudoacacia1

to 0.5048±0.03 mg kg  for M. recutita. Although Li is not1

known to be an essential plant nutrient, there is some
evidence that Li can affect plant growth and development.
The highest mean Li content is found in plants of the
Rosaceae family, about 2.9 mg kg [24]. The U.S.1

Environmental Protection Agency (EPA) in 1985 estimated
the daily Li intake of a 70 kg adult to range from 650 to
3100 µg [25]. 

Finally, R. pseudoacacia had the lowest Mg content
(1648.67±0.31 mg kg ) and U. dioica had the highest1

(4296.66±1.07 mg kg ). The results indicated that the1

studied plants showed a high content of Mg and this is
agreeable with the previous findings [8, 20, 26]. R.
pseudoacacia showed the lowest metal content, in 67%
for investigated elements, from all plants investigated in
this study.

The results above indicated that the plants contain
large amounts of nutrients and are rich in Fe, Mg, Ca and
K. The abundance of Mg, Ca and K, in the result of this
analysis, was in agreement with previous findings that
these three elements represent the most abundant metal
constituents in plants [11, 23].

Though much is known about the functional role of
a number of elements, the best foreseeable benefit for
human health, by mineral nutrition, lies in obtaining the
correct amount of supplementation in the right form at the
right time. The medicinal values of some plant species
used in homeopathic system may be due to the presence

public and scientific communities. Mammals need trivalent
chromium to maintain balanced glucose metabolism and
thus chromiummay facilitate insulin action [30, 31]. Cr, Mg
and Zn have important roles in the metabolism of
cholesterol as well heart diseases, also. The presence of
Cr and Mg in plants may be correlated with therapeutic
properties against diabetic and cardiovascular diseases
[32]. Deficiency or axcess of Cu, Mn, Zn, Cr, Ca, Mg and
K may cause a number of disorders [33, 34]. High contents
of Ca are important, because of its role in human and
studied plants show satisfactory level of Ca accumulation.
The biochemical mechanisms of action of lithium appear
to be multifactorial and are intercorrelated with the
functions of several enzymes, hormones and vitamins, as
well as with growth and transforming factors. The
available experimental evidence now appears to be
sufficient to accept lithium as essential element; a
provisional RDA for a 70 kg adult of 1000 µg/day is
suggested [35]. Persons who seek to optimize the benefit
of nutrition and physical activity on health and function
may resort to using mineral supplements.

Conclusions:  In  view  of  above   facts,  the
medicinal plants studied are a source of biologically
important  elements,  which  may play a part in the
observed   therapeutic    uses    of   these  plants.
Medicinal  plants  from  R.  Macedonia are rich with Fe,
Mg, Ca and K and it is expected that plants with high
contents of the above-mentioned macro and
micronutrients, might play an important role in
maintenance of human health. Also, all of the detected
values for metallic elements in plants studied here are
below the WHO permissible levels and may not constitute
a health hazard for consumers.



Middle-East J. Sci. Res., 7 (1): 109-114, 2011

113

REFERENCES 13. Kadifkova   Panovska,   T.,   T.   Stafilov,   S.  Bauer,

 1. Dushenkov,  V.,   P.B.A.N.   Kumar,   H.   Motto and of Fe, Mn and Zn in representatives of genus
I. Raskin, 1995. Rhizofiltration: the use of plants to Thymus L. by atomic absorption spectrometry. Arhiv
remove heavy metals from aqueous streams. Environ za farmaciju, 5: 598-599. 
Sc. Technol., 29: 1239-1245. 14. Kadifkova  Panovska,   T.,   T.   Stafilov,   S.   Bauer,

2. Mark,   P.E.,   J.B.   Michael,   W.H.   Jianwei   and S. Kulevanova and K. Dorevski, 1997. Determination
D.G. Christopher, 2000. Plants as a natural source of of some macro and microelements in Thymus
concentrated mineral nutritional supplements. Food Moesiacus Velen. (Lamiaceae) and its water extracts
Chem., 71: 181-188. by atomic absorption spectrometry. Ecol Protect

3. Schumacher, M., M.A.  Bosque,  J.L.  Domingo  and Environ, 5: 29-33. 
J. Corbella, 1991. Dietary intake of lead and cadmium 15. Kulevanova, S., T. Kadifkova Panovska, T. Stafilov
from foods in Tarragona Province, Spain. B Environ and A. Lazaru, 1998. Heavy metals content in lime
Contam Tox., 46: 320-328. flowers from urban environment. Pharmacia (Sofia),

4. WHO, 1992. Expert committee on specification for 45: 13-16.
pharmaceuticals preparation. WHO technical report 16. An, Y.J.,  2006. Assessment of comparative toxicities
series 823, Report Geneva WHO 32. pp:  44-52, 75-76. of lead and copper using plant assay. Chemosphere,

5. Commission Regulation (EC), Setting maximum levels 62: 1359-1365.
for certain contaminants in foodstuffs. Official 17. Shaw, B.P., S.K. Sahu and R.K. Mishra, 2004. Heavy
Journal of the European Communities. No. 466/2001 metal induced oxidative damage in terrestrial plants,
of 8 March 2001. In Prasad M.N.V. (Ed.), Heavy metal stress in plants:

6. Vartika, R., K. Poonam, K. Sayyada, A.K.S. Rawat from molecules to ecosystems, 2  ed. Berlin:
and M. Shantan, 2001. Heavy metal accumulation in Springer, pp: 84-126.
some herbal drugs. Pharm Biol., 39(5): 384-387. 18. Allen, S.E., 1989. Chemical analyses of ecological

7. Chizzola, R. and C.H. Franz, 1996. Metallic trace material, 2  ed. London: Blackwell Scientific
elements in medicinal and aromatic plants from Publications.
Austria. J.  Appl. Biol., 70: 52-56. 19. Lukaski, H.C., 2004. Vitamin and mineral status:

8. Ajasa,    A.M.O.,    M.O.      Bello,     A.O.   Ibrahim, Effects    on      physical     performance.   Nutrition,
I.A. Ogunwande and N.O. Olawore, 2004. Heavy 20: 632-644.
trace metals and macronutrients status in herbal 20. Jabeen,    S.,       T.M.      Shah,     S.     Khan   and
plants of Nigeria. Food Chem., 85: 67-71. Q.M.  Hayat,  2010.  Determination  of  major  and

9. Sheded, M.G., I.D. Pulford and A.I. Hamed, 2006. trace elements in ten important folk therapeutic
Presence of major and trace elements in seven plants of Haripur basin, Pakistan. J. Med. Plants.
medicinal plants growing in the South-Eastern Res.,  4(7): 559-66.
Desert, Egypt. J. Arid. Environ, 66: 210-217. 21. Zayed, A.M. and N. Terry, 2003. Chromium in the

10. Kalny, P., Z. Fijalek, A. Daszczuk and P. Ostapczuk, environment: factors affecting biological remediation.
2007. Determination of selected microelements in Plant Soil. 249: 139-156.
polish herbs and their infusions. Sci Total Environ, 22. WHO, 2005. Quality Control Methods for Medicinal
381: 99-104. Plant Materials, Revised Draft Update, Geneva.

11. Maiga, A., D. Diallo, R. Bye and B.S. Paulsen, 2005. 23. Özcan, M.M. and M. Akbulut, 2007. Estimation of
Determination of some toxic and essential metal ions minerals, nitrate and nitrite contents of medicinal and
in medicinal and edible plants from Mali. J Agric aromatic plants used as apices, condiments and
Food Chem., 53: 2316-2321. herbal tea. Food Chem., 106: 852-858.

12. Kadifkova  Panovska,   T.,   T.   Stafilov,   S.   Bauer, 24. Kabata-Pendias, A. and H. Pendias, 1992. Trace
S. Kulevanova and K. Dorevski, 1996. Determination elements in soils and plants, 2 ed. CRC Press Inc,
of some trace elements in representatives of genus Boca Raton, Florida, USA. 
Thymus L. (Lamiaceae) by electrothermal atomic 25. Saunders, D.S., 1985. Letter: United States
absorption     spectrometry.      Acta    Pharmaceut. Environmental Protection Agency. Office of
46: 295-302. Pesticide Programs. 

S. Kulevanova and K. Dorevski, 1997. Determination

nd

nd

nd



Middle-East J. Sci. Res., 7 (1): 109-114, 2011

114

26. Lavilla, I., A.V. Filagueiras and C. Bendicho, 1999. 31. Nielsen, F.H., 1993. Chromium, In: Shils M.E. Olson
Comparison digestion method for determination of J.A. Shike M. (Eds.), Modern nutrition in health and
trace and minor metals in plant samples. J Agric and disease,   8th   ed. Philadelphia:   Lea   and  Febiger,
Food Chem., 47: 291-293. pp: 264-68.

27. Parman,  V.S.,  A.K.  Gupta,  H.N.  Jha, P.N.  Varma, 32. Perry, H.M., 1972. Hypertension and true
et al. 1993. Metal content of the medicinal plants geochemical environments in relation to health
Agave marianum, Sambucus nigra and Silybum       and diseases, New York: Academic Press. 
marianum, In Vartika R. Poonam K. Sayyada K. 33. Ahmed, S., A. Rehman, M. Qadiruddin and Y. Badar,
Rawat A.K.S. and Shantan M. (Eds.), Heavy metal 1994. Elemental analysis of herbal drug Intella, a
accumulation  in  some  herbal  drugs.  Pharm  Biol., neuroenergiser. J. Faculty of Pharmacy, Gazi
39(5): 384-387. University, Turkey, 2(1): 83-90.

28. Aikawa, J.W., 1981. Magnesium: its biological 34. Weaver, M.C., 2000. Calcium requirements of
significance, Boca Raton, FL: CRC Press, pp: 21-38. physically  active  people. Am. J. Clin. Nutr.,

29. Vallee, B.L. and K.H. Falchuk, 1993. The biochemical 72(suppl): 579-84.
basis of zinc physiology. Physiol. Rev., 73: 79-118. 35. Schrauzer, G.N., 2002. Lithium: Occurence, Dietart

30. Mertz, W., 1975. Effects and metabolism of glucose Intakes, Nutritional Essentiality. J. Am. Coll. Nutr.,
tolerance factor. Nutr. Rev. 33: 129-35. 21(1): 14-21.


