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ABSTRACT

The medicinal plants grown in Bangladesh have pharmacological importance and the raw
material source that may be applied to produce different drugs in pharmaceutical industries.
The major and trace elements in medicinal plants are essential nutrients known as minerals
in the human body. In this study, Curcuma zedoarya (leaf), Curcuma zedoaria (bough),
Euphorbia hirta (leaf), Mimosa pudica (bough), and Mimosa pudica (root) were
investigated using the Proton Induced X-ray Emission (PIXE) technique. The samples
(pellets) were irradiated by 2.5 MeV proton beam of 3 MV Van de Graff accelerator. The
spectrum data were collected using PIXE data acquisition setup & MAESTRO-32 and
analyzed by GUPIX/DAN-32 software technique. Specifically, the goal of this research was
to identify concentration of heavy and trace elements that are important for many
physiological and biochemical processes for human beings. Interestingly, Ca and S showed
the highest concentration, while Zn and Ni revealed the lowest concentration in medicinal
plants. The results have been compared with allowable limits of IAEA-V-10 and IAEA-359.
Owing to these reports, the uses of these plants are not entirely protected from health risks.
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Further studies would give adequate information to assess the importance of medicinal
plants that may contribute to human health.

Keywords: Medicinal plants, Particle Induced X-ray Emission (PIXE), Van de Graff accelerator,
Trace Elements and MAESTRO-32

1. INTRODUCTION

Medicinal plants are well known for medicinal purposes, and people use them as drugs to treat
ancient disorders, nutrition, or nutritional issues. It is a distinct category of natural commodity
that is often valuable because of its beneficial effect on human well-being. These medicinal
plants may combine different chemical compounds in order to perform essential biological
functions due to their diverse effect on human quality of life; they may have a significant role to
play [1] in curing several diseases. Trace components play essential metabolic functions.
Analysis of all trace elements has developed a thriving value for both the diverse role of all
natural, environmental and agricultural goods in human health. The element, Fe, Zn, Cu, Mn, Ni,
Co, Mo, Se, Cr, I, F, Sn, Si, V, and As, is called trace element, where the concentration of any
substance in an element is deficient. These elements are also known as micronutrients, typically
an active enzyme [2], a catalytic protein formed by cells. The synthesis of hormones, vitamins,
proteins, DNA, and RNA is also a part of certain essential trace elements. Any weakness or rise
in their average cell level can lead to physiologic problems [3]and diseases like a cavity, anemia,
cancer, cardiovascular conditions, obesity, osteoporosis, arthritis, and so forth. Awareness of
medicinal plant Major and trace elements are essential for proper diagnosis and treatment
planning. Bangladesh has an immense diversity of herbs [4][6], many of which are used for the
therapeutic purpose. In Bangladesh, medicinal plants are commonly used in urban communities
and as drugs to escape the disease. Concerning toxicity and availability of health care [7],
understanding the quantities of major and trace elements of medical plants is highly important.
Several Nuclear Analytical methods were developed to detect elemental concentrations. Nuclear
methods such as X-ray fluorescence (XRF) [8], Neutron Activation Analysis (NAA), Mass
Spectrometry, Proton Induced Gamma Emission (PIGE), and Atomic Absorption
Spectrophotometer (AAS) were developed [9] to determine the elemental composition. Using
proton-induced X-ray emission techniques (PIXE) [10][11] has recently evolved as they have
non-invasive and multi-elemental analysis method; currently, this technique has been used for a
widespread variety of material analysis problems. Because of its great advantages [12], plant
materials fit for PIXE analysis. The trace elements can be evaluated over short periods in large
numbers of samples in one run.

Moreover, preparing plant samples for analysis is very easy. In the past ten years, IBA methods
have been successfully used for elemental research in medicinal plants [13][14]. The purpose of
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the study is to use PIXE to determine elements in the medicinal plants of Bangladesh and find a
supposed correlation between the elemental compositions by their traditional therapeutic usage
and assess the importance of these elements plant species to the recommended dietary intake
(DRI). This study has been successfully performed using the proton beam energy of 2.5 MeV
and the beam current range of (10-20) nA for sample irradiation and used the MAESTRO-32 for
data acquisition to precisely investigate the profile in several samples and achieve information on
the samples' overall elemental composition. Curcuma zedoarya (leaf), Curcuma zedoaria
(bough), Euphorbia hirta (leaf), Mimosa pudica (bough), and Mimosa pudica (root) are selected
under PIXE experiments for this research works. These five plants are used domestically to
preserve immunity and cure common diseases.

2. EXPERIMENTAL

2.1 Sample Preparation

The Memmert Schutzard Oven (Model No. DIN 40050-1P20, range [(~200) ~0OC) has been

used for sample drying purposes. The temperature range of the oven kept 80°C. The different
periods needed to dry different samples. Bough and Root samples need to dry 24 hours and for
leaves 72 hours. Their weight was taken. The measuring procedure has been replicated until the
electronic balance indicates that the samples are water-free. The weighting process is continuous.
The samples are free of humidity at this point. The Agate Mortal Pester is used to grind samples
into a fine powder and washing the pester with acetone after each sample has been grinded
(CH3-CO-CH3) to prevent cross-contamination. In each pellet, a sample of 0.25 grams of
polyvinyl alcohol (2ure-C2H40)n and 90-100 kg / Cm2 were combined with two drops of
polyvinyl alcohol 2ur Synthesis. The pellets had diameters of 10 mm and thickness of 1 mm.
Then, all of the pellet samples were placed in the oven that had dried at the temperature of 200°
C, and the others were put in the freeze-drying, which was dried in it, to keep away the polyvinyl
alcohol which was used to make the pellets thin and to keep the powder together. Finally, the
samples were labeled in pellet caskets and held to prevent the contaminants in vacuum
desiccators.
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Table 1: The scientific name, Part analyzed and Medicinal uses of selected medicinal plants

Scientific name Part analyzed  Medicinal Uses

Curcuma zedoaria Leaf Inflammation, pain, and a variety of skin ailments
including wounds, as well as menstrual irregularities
and ulcers.

Curcuma zedoaria Bough Heal Cough and cold, sticky taste in the mouth, treat

fevers and bronchitis.

Euphorbia hirta Leaf Used in the treatment of cancer, diarrhea, dysentery,
intestinal, asthma, bronchitis, wounds, kidney stones
and abscesses etc.

Mimosa pudica Bough Very effective in controlling bacterial and fungal
infections.
Mimosa pudica Root Used in treating bleeding disorders like menorrhagia,

excessive uterine bleeding, and dysentery with blood,
mucus and piles.

2.2 Proton Induced X-ray Emission

PIXE is an energetic proton dependent on atomic fluorescence and the study was conducted by
measurement of the sample's x-ray characteristics. It was well adapted to measure major, minor,
and trace element in different sample matrices such as biomedical [15], environmental,
agriculture and industrial samples. In the PIXE technique, this characteristic X-rays were
detected using a Lithium-drifted Silicon [Si (Li)] detector. The identity of different elements
present in the sample can be determined by a dispersive energy study of the detector signals and,
more significantly, by evaluating the charges. i.e. The concentrations of the components can be
precisely quantified by the number of incoming particles. [16][17]. This is truly multi-elemental
technique and can identify elements from Na (this lower limit is set by inefficiency of the X-ray
detectors below Na X-ray) and up through the rest of the periodic table. Applications of this
technique are widely ranging and diverse. In AF Lab. Atomic Energy Centre, Dhaka laboratory
is routinely being used for the analysis.

www.ijaer.in Copyright © IJAER 2021, All rights reserved Page 20



https://en.wikipedia.org/wiki/Inflammation

International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 07, Issue: 01 "January-February 2021"

2.3 Experimental Set up

In the present analysis, the elemental concentration measurements have been done with 2.5 MeV
proton beam energy collected from the 3 MV Van de Graff Accelerators using PIXE. The overall
analysis was carried out in the vacuum chamber. The vacuum in the order of 2.0 x 10~ mbar in
the chamber is frequently reached. The turbopump is used for emptying the accelerator tube the
beamline. The IBA scattering mechanism uses a small turbopump for vacuum activities. Typical
x-rays were measured in the beamline using a Si(Li) detector. To transform analog data into
digital, the detector was linked with a multichannel analyzer (MCA). There were two reasons for
using the 170 pm thick Mylar absorber in front of the X-ray detector. The first one is to avoid
radiation exposure from the dispersed high-energy particles from the sample, and finally, the X-
ray detector count rate is decreased, which is essential to reduce the pulse pile and the dead time
during the data analysis process.[2]. Loss of secondary electrons, loss of dispersed particles, and
charge development in protecting specimens were the most imperative reasons considered during
charge analyses. The charge was measured in the Faraday cup, placed after the chamber at the
end of the beamline. PIXE analysis detects highly z elements (S, Cl, K, Ca, Fe, Cu, Zn, Ga, Br,
Ru, Pb, etc.) and Provides the precise concentration of most sample components with high
precision

2.4 Data Acquisition

We collected data on the various elements using the MAESTRO-32 software for the PIXE
process, through measurements of the spectrum peaks. The spectrum was measured using
GUPIX/ DAN-32 tools to calculate the concentration. The collected information was stored in
the predefined folder during a special GUPIX file format with some required header information.
Thus, data were collected in PIXE analysis. In the PIXE technique qualitative study of various
elements in a spectrum (Fig.1-Fig.5) was achieved by detecting the high peak of the related X-
ray energy emanating from the particular x-ray line of the element in the spectrum. One or two
X-ray lines are typically adequate for a good qualitative identification of an entity.
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Figure 1: A Typical PIXE spectrum of Curcuma zedoaria (leaf).
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Figure 2: A Typical PIXE spectrum of Curcuma zedoaria (bough).
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Figure 3: A Typical PIXE spectrum of Euphorbia hirta (leaf).
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Figure 4: Typical PIXE spectrum of Mimosa pudica (bough).
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Figure 5: A Typical PIXE spectrum of Mimosa pudica (root).
2.5 Concentration Measurement

For PIXE technique we used MESTRO-32 (Ortec, USA, version 6.05) software for unfolding the
X-ray spectra. The acquired data were saved in a special GUPIX file format with some necessary
header information, in the pre-defined folder. Then Dan32 window was used and results in a
spreadsheet in an active mode. All the necessary information to run GUIPIX for PIXE analysis
was written in each file-header and in the DAN-32 database. Therefore, we may calculate the
concentration of various elements in samples of plant species utilizing GUPIX file format by
some parameters. For background removal, the blank spectra were subtracted from each of the
elemental spectra. Then identifying different elements in the spectrum, we found the net
arealyield of that peak with MESTRO software, and the spectra data were normalized by charge.
Putting the values of the concentration of the standard sample, Cs, Ssthe stopping powers of the
sample, stopping power of the standard, Ss ,the yield of the sample, Ys and the yield of the
standard, Y in the following equation we determined the concentration of the elements [18][19].

SSYS
S.Y

Cs = Cst

st
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3. RESULTS AND DISCUSSION

The typical PIXE spectrum of selected medicinal plants such as Curcuma zedoarya (leaf),
Curcuma zedoaria (bough), Euphorbia hirta (leaf), Mimosa pudica (bough), and Mimosa pudica
(root) respectively are shown in Fig.1-Fig.5. Table.2 reveals the concentrations of different
elements in the medicinal plants under analysis. Al, Si, P, S, Cl, K, Ca, Ti, Mn, Fe, Zn and Ni are
among the elements detected at varying concentrations (mg/kg). Calcium is a crucial element for
retaining healthy teeth and bones [20], Potassium is very important to develop the heart function
and Calcium plays an essential role in the parameter of the water balance of the body
[21].Calcium intake for children fed with calcium is about 33.7 + 2.0 mg/100 kcaline in the first
two months of life. For most of these beginners, calcium fence is estimated at 68 + 38 mg/day
with an estimated urinary calcium [22] and natural excretion amounts. The largest percentage
(73431+338.60mg/kg) (Table 2) was reported in Mimosa pudica (Root) and the lowest value
(7059.8+176.19 mg/kg) (Table 2) was identified in Curcuma zedoaria (Leaf). Figure 6,Ca
illustrates that 10788.2+484.63mg/kg was the measured concentration of Ca in medicinal plant
specimens, which is higher than the acceptable IAEA-407 standards.Ca levels of Al for children
of 4-8 years and 1-6 years are 780 mg/day and 500mg/day, respectively, RDAs of Ca for these
identical age groups are1000 and 650 mg/day [23], respectively. Above 50years, 9-18 years and
adults of 19-50 years are 1200, 1000 and 1300mg/day for Al and RDA levels of Ca, respectively.
Curcuma zedoaria cure Cold and Cough, sultry taste in the mouth, treat bronchitis and fevers
[24]. In the scale of 245.5+2.29-533.7+105.04 mg/kg (Table 2), the largest volume of iron in any
plant was identified to be the most effective iron. Iron Deficiency Toxicity involves a wide
spectrum of disorders with diverse clinical effects [25], from kidney disease to iron excess,
(Figure 6,Fe) as one of the most prevalent infections. As per Table 2, the overall concentration of
Fe 245.5+2.29 mg/kg to is 533.7£105.04 mg/kg, which is larger than both IAEA human intake
limits.

Table 2: Comparison of Elemental concentrations (in mg/kg) between the measured value
and reference materials of both IAEA-V10 and IAEA-359.

Elements Curcuma Curcuma Euphorbia Mimosa pudica Mimosa pudica IAEA- IAEA-
zedoaria zedoaria(Bough) hirta (Leaf) (Bough) (Root) V-10 359
(Leaf)
Al 4234.9+328.25  3094.2+95.84  30312.4+830.18 ND* ND* NCV? NCV?
Si 3999.8+115.48  1572.7+121.85  51180.4+246.01 2975.3+126.69 50536.8+188.72 NCV? NCV?
P 1694.2+52.88 2550.8+63.04 3011.2+11.64 ND* 3793.24154.51 2300 NCV?
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2927.3+89.37

7419.9+150.04

8099.3+140.71

7059.8+176.19

6055.6+68.01

64.1+2.52

497.8+5.88

55.2+2.96

ND*

1687.8+116.26

2968.7+171.80

4005.1+107.73

ND*

1962.6+72.69

34.7+1.47

245.5+2.29

28.02+1.00

24.5+1.80

38281.3+399.43

62529.8+536.58

32752.3+730.17

ND*

58040.5+653.10

38.2+1.70

322+22.61

57.8+1.58

44.4+2.94
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3450.6+83.62

2564.1+36.83

12034.3£250.71

10788.2+484.63

ND*

45+2.64

ND*

24.9+2.53

25.3£1.53

68740.7+514.61

41055.8+762.15

49590.1+194.95

73431+338.60

48186.1+967.19

34.7£1.53

533.7+105.04

18.8+1.70

ND*

NCV?

NCV?

21000

21600

NCV?

47

186

24

NCV?

NCV?

NCV?

32500

18500

NCV?

31.9

148

38.6

NCV?

ND*: Not Detected, NCV®: Non-certified Value, mean + SD (N= 3), N= number of the samples analyzed
for each plant, Calculation of standard deviation by origin software.

Reasonably high amounts of Zn were 18.8+1.70 mg/kg in Mimosa pudica (Root) and 57.8+1.58
mg/kg (Table 2) in Euphorbia hirta (Leaf) respectively. The actual allowable concentration of
Zn is 24 mg/kg as per IAEA-V-10 and the mean amount measured (38.6 mg/kg) is lower than the

recommended.
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Figure 6: Distribution levels (mg/kg) of trace and heavy elements in selected Medicinal
plants and compares with IAEA-V-10 and IAEA-359.

reasonable human intake level of IAEA-359 (Figure 6,Zn) when this value is within the safe
limits of IAEA-359. In relation, zinc deficiency can occur and detrimental to nerve development,
formation, and immunity, [26] but in extreme cases, it is fatal, whereas injection with excessive
experience is atypical. 2000 mg/day is the minimum prescription for potassium for adults in the
decent physical condition. Table 2 indicates potassium in all samples (4005.1+107.73mg/kg-
49590.1+194.95mg/kg) determined by IAEA-V-10 to be suitable every day for the human body
at 21000mg/kg and 32500mg/kg for the IAEA-359. The experimental value of K was slightly
higher than the safe limits of IAEA-359. Muscle cramps, lack of appetite, and irregular heartbeat
are initiated due to K deficiency [27], and improving heart function is important. The highest Al
concentration was contained in Euphorbia hirta (Leaf) (30312.4+830.18 mg/kg) and Mimosa
pudica (Bough) and Mimosa pudica (Root) (Figure 6,Al) were not detected. Aluminum is a
chemical element that is important for healthy bones in the stomach and inhibits the absorption
of phosphate in the stomach, which is limited by IAEA-V-10 and IAEA-359. In our bodies, it is
a central mineral. Silicon is located in the cells responsible for cartilage and bone, [28] in the
collagen contained in the skin and accountable for its elasticity, and throughout the connective
tissue that supports the body's structures. Table 2 reveals silicon in all samples
(1572.7£121.85mg/kg-51180.4+246.01mg/kg) determined not to be found in IAEA-V-10 and
IAEA-359 studies. Phosphorus is a widespread mineral that is a significant component of the
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body's essential energy supply, ATP. Several approaches use processes in the body that control
phosphorus-containing components such as cAMP, cGMP, and IP3. In the range of
1694.2+52.88mg/kg-3793.2+154.51 mg/kg (Figure 6,P), the highest amount of phosphorous in
every plant was defined as the most successful P. The highest percentage of S (68740.7+514.61
mg/kg) (Table 2) was recorded in Mimosa pudica (Root) and the lowest (1687.8+116.26 mg/kg)
(Table 2) was reported in Curcuma zedoaria (Bough). Chloride is known to be an essential,
main mineral in the body, [29] demanding the consumption of 2.3 grams a day. Being an
essential nutrient, it is important for the body to function. The comparatively high levels of CI
(Figure 6,ClI), were 62529.8+536.58 mg/kg in Euphorbia hirta (Leaf) and 2564.1+36.83 mg/kg
in Mimosa pudica (Bough) respectively. There is a measurable amount of titanium in the human
body, and it has been calculated that we take around 0.8 mg/day [30], but much of it moves
through us without being adsorbed. The highest concentration of Ti was Euphorbia hirta (Leaf)
(58040.5+£653.10 mg/kg) (Figure 6,Ti), and the lowest concentration was Curcuma zedoaria
(Bough) (1962.6+72.69 mg/kg). In certain food classes, manganese is a naturally occurring
mineral that is present. While it is harmful at high doses [31], it plays a significant part in several
role of the body, including bone health management and sugar production. As shown in Table 2,
IAEA-V-10 and IAEA-359, the total allowable concentration for Mn is 64.1+2.52 mg/kg and
34.7£1.53 mg/kg, which is close to our human intake. The gastrointestinal tract does not
consume any nickel in diet, and usually less than 10 percent of the nickel consumed by food.
[32]. In vegetables and fruits, the maximum allowable Ni concentration is 0.5 mg/kg. In the
present analysis, the value of Ni found (44.4+2.94mg/kg) in Euphorbia hirta (Leaf)exceeds the
allowable limit of Ni intake as set out in the International Program on Chemical Safety (IPCS) in
its Health and Safety Guide No 62.

In brief, for medicinal purposes, medicinal plants are well known, and people use them as
medicines to treat various diseases, nutrition or dietary problems. In the analysis revealed, the
elemental concentration of some heavy and trace elements was higher than that of the
International Acceptable Limit, i.e. IAEA —V-10 and IAEA-359, respectively. These elements
are essential for human health. A vast number of industries are situated in the studied area. The
environmental Protection levels are not monitored regularly by authority. So, the significant
increase in the toxicity of heavy metals in all plant samples due to the high volume of chemical
waste and environmental pollution.

4. CONCLUSION

Determination of the elemental concentration i.e. Al, Si, P, S, Cl, K, Ca, Ti, Mn, Fe, Zn and Ni in
medicinal plants using PIXE techniques are commonly utilized in the center region of
Bangladesh. The results have been compared with permissible limits of International Atomic
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Energy Agency (IAEA-V-10 and IAEA-359), and provided crucial knowledge on the elements
for our metabolic processes and wellbeing, improving health and curing of diseases. The data
collected in this work was expected to be a valuable resource for further investigations of such
types of medicinal plants.
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