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ABSTRACT

The medicinal plants are a source of biologically important elements which are necessary both for animals
and plants. Present study investigates the concentration of elemental constituents of seven selected
medicinally important plants of Bangladesh, namely Terminalia bellirica, Centella asiatica, Pleurotus
ostreatus, Curcuma longa, Bombax ceiba and Trigonella foenum-graecum. Appropriately desiccated
samples (pellets) of these medicinal plants were bombarded with accelerated proton beam with the help of
3 MV Van de Graff accelerator at accelerator Facilities Division, Atomic Energy Center, Dhaka. Eleven
different elements- P, S, K, Ca, Sc, Ti, V, Mn, Fe, Cd and I were detected by collecting the harvested X-rays
with [Si(Li)] detector. Data collection and analysis were performed using Maestro-32 and GUPIX
software.
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1. INTRODUCTION

Men are blessed with varieties of plants on the earth and medicinal plants are, perhaps, the
creator’s best blessings upon men. The plants which are used as medicine or in veterinary
practices are called medicinal plants. Bangladesh is decked with varieties of medicinal plants
(about seven hundred and twenty-two plants) which are being used frequently as a curative agent
by the Bangladeshi people [1]. Not only in Bangladesh but also throughout the world medicinal
plants have been being venerated greatly by the people as healing or treating substances since the
period of embryonic evolution of human being. In few cases, medicinal plants are not used any
more as more effective drugs are available. However, most of the medicinal plants are being used
to synthesize useful drugs. The therapeutic properties of the medicinal plants have been ascribed
to the presence of active chemical constituents (essential oils, vitamins etc.) which are responsible
for important physiological function in living organisms [2]. It is customary that over dose may
lead to aggregation of different elements into the body which causes various health disorders due
to their poisonous effect [3], their deficiency causes diseases as well [4]. In this perspective,
elemental concentration analysis of medicinal plants in vivo is very important. There is no
complete report on the role of elements which are important to produce active chemical
constituents bearing curative properties. Present pharmacological ideas can’t describe the relation
between elemental constituents of medicinal plants and their therapeutic potentiality. That is why
quantitative analysis of different elemental concentrations may lead to perceive easily about the
importance of medicinal plants in treating different disorders and to understand their remedial
mystery [5].
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2. SAMPLING AREA

Among all the samples presented in Table 1 with other informations, Thankuni and Ulotkambol
are collected from Jahangirnagar University campus, and Holud, Shimul and Methi were
collected from Savar, and Mashroom was collected from Mashroom Development Centre, and
Bohera was collected from Bangladesh Livestock Research Institute. All the three spots are
situated at Savar Upozila under Dhaka district.

Table 1. Table of the medicinal plant’s local name, English name, Scientific name family, parts used and
their uses.

NO LOCAL ENGLISH SCIENTIFIC FAMILY PART MEDICTNAL USES
NAME NAME NAME TIED
al ECHERA EELLIRIC TERMINALLA oo Ta FRUTITS AEDCMINAL DISEASFE ELEEDING EXTERNAL,
MYBOBALAN | EELLIBICA BALDNWESS, CATARACT, BRONCHITIE BLOCD
FURIFIERETC
a2 THANEUNI ASIATIC CENTELLA ATIACEAE AFRIAL ALTZHFIMER, BURME, AGING, ARTHRITIS, ADHD
FENNYWORT | ASATICA PARTS (ATTENTION DEFICIT HYFERACTIVE DISCRDER,
ETC
o3 MASHROOM OVETER FLEURDTUS FLEURCTACEAE AERIAL EBEAST CANCER, DIABETEZ DIGEITIVE
MUEHROOM CSTREATUS PARTS DISCRDER, HEPATITIS, COLD, ANEMIA ETC
™ HOLUD TUBMERIC CURCTMA ZINGIEERACEAE BOOTS FOOD  POISONING, EINUATIE, ALLERGY,
LONGA AEDCMINAL MALIGNANCY, ACNE ETC.
[ SHIMUL OOTTON BOMBAX MALVACEAE BOOTS EUBN3, ABSCE3S DIARRHOEA, DWIENTERY,
TREE CEIBA EREAST MILE INSUFFICIENCY ETC
of METHI FENUGREEK TRIGONWELLA | FABACEAE SEEDS HEEBNILA, IMPOTENCE, DIABETES, ACID REFLU,
FOENTM- ALTZHFIMER, AFFENDICITIE, ASTHMA, ANEMIA
GRAECUM ETC

It is almost situated in the central region of Bangladesh and is located at 23°51'30"N latitude and
90°16'00"E longitude, and is about 24 kilometres away to the northwest of Dhaka city. The
Upazila encompasses about 280.12 km” area and most of which are used in industrial purposes.
It’s soil is mainly acidic with small rocks and yellowish to reddish in colour. In summer
temperature is very high and April is found the hottest month with a maximum temperature of
33.9°C. January is the coldest month with minimum temperature 14.1°C. Humidity keeps remain
in between 55-78% (source: Meteorological Dept., Dhaka). There are many canals and ponds in
Savar area but all are intoxicated with industrial dumping. In rainy season the pollution gets mild
and acidic behaviour of soil also reduced. That’s why samples were collected in rainy season.
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2.1. SAMPLE PREPARATION

Six frequently used medicinal plants were collected and prepared carefully as no contamination
can introduce further during the process. Thankuni, Ulotkambol and Mashroom samples were
dried with temperature (50-80) °C for 48 hours, while the other four were dried with temperature
of about 90 °C for about 100 hours with an oven “Memmert Schutzart DIN 40050 — IP 20”. After
ensuring about the complete dry and moisture free, the samples were grounded into powder with
a mortar-pester to avoid chromium contamination from stainless steel devices. Again, in order to
avoid cross contamination, after grinding each sample, the pester was cleaned with acetone (CH;-
CO-CH3;). Each sample powder was then pelletized into pellet of 7 mm diameter and 2 mm
thickness using hydraulic press with pressure 125 kg/cm’.

2.2. METHODOLOGY

Among different analytical methods available in this technological age, such as atomic
absorption, neutron activation technique, atomic emission, mass spectrometry, ion beam
analytical (IBA) technique and chemical and electro analytical methods, a particular technique
ion beam analytical technique has been selected. IBA technique is multi elemental and sensitive.
Moreover, IBA methods are nondestructive means collected samples may be archived for future
work or for regulatory purposes [6]. The technique involves the use of energetic ion beam to
study the surface of a specimen to reveal details of the elemental details of its makeup. When
high-energy charged particles hit a target there is a possibility of happening so many processes,
such as Rutherford Back Scattering (RBS), Proton Induced X-ray Emission (PIXE), Proton
Induced Gamma-ray Emission (PIGE), Nuclear Reaction Analysis (NRA) and Scattering
Transmission Ion Microscopy (STIM). Among them PIXE is important and widely used
analytical technique at MeV energy accelerator. The energetic proton beam from the accelerator
tube hit the sample which causes X-ray emission is proportional to the mass of corresponding
element in the sample being analyzed [7-8]. In our study, PIXE spectroscopy is carried out at 3
MYV Van de Graff accelerator, Atomic Energy Center, Dhaka (AECD).

2.3. IRRADIATION AND DATA COLLECTION

All the pelletized medicinal plant samples were irradiated with 2.5 MeV collimated Proton beams
at the current intensity range of (10-20) nA using a 3 MV Van de Graff accelerator. The emitted
X-rays in the irradiation were detected by using [Si(Li)] detector and the MAESTRO software
was used to collect and save the signals in a specific file format(ORTEC).

2.4. DATA ANALYSIS

In PIXE method the data of different elements were assessed by analyzing the peaks from the
spectrum saved by MAESTRO software of different X-rays by using GUPIX database [9].
GUPIX software was used to analyze PIXE spectra because of its good status of the databases,
such as cross-sections, fluorescence and Coster—Kronig probabilities, stopping powers and
attenuation coefficients [10, 11]. The measured concentrations of the elements of the sample were
calculated using the following well known equation:
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Where, C;= concentration of the sample, Ci = concentration of the standard sample, S; = stopping
power of the sample, Sy = stopping power of the standard, Y= yield of the sample and Y= yield
of the standard.

3. RESULTS AND DISCUSSIONS

Total 11 elements such as phosphorus, sulfur, potassium, calcium, scandium, titanium, vanadium,
manganese, iron, cadmium and iodine were detected from the six different medicinal plant
samples of Terminalia bellirica, Centella asiatica, Pleurotus ostreatus, Curcuma longa, Bombax
ceiba and Trigonella foenum-graecum by bombarded them with a high energy of 2.5 MeV proton
beam. The measured concentrations found in the samples are presented in Table 2. and for a
further clear presentation the concentrations of all the elements found in medicinal plant samples
are illustrated together through bar diagram in Figure 1. The concentration of elements contained
in sample plants are represented separately in Figure (2.1-2.6).

Table 2. Table of different elements contained in medicinal plants and their concentration in mg/kg.

fmmsfc ¥ams | Locl ¥ame of | Dlonesd comcmessma = (mg kg)
=z Samgla iz Samglm
¥ z X Ca iz T v e F: ]

Temmatia . Eo ] 13557 25463 337225 | soseds | Tease | 2sesse | wm 74973 | D 451509

-

Cmwls wae | Temkesn 2230773 | 1077323 | d€3dL 112263 | 27 17431 | D 13230 | XD 33795 pEED LT
3

Tirsmrs VTR 4013168 | 573209 | 5434 133665 | wD D 2255.9 D D 41507 | MO

FAFFAL

Cusmammlemzz | Feld 1967327 | 1633943 | 3se9ea | ssemen | sesmae | 25458 Eo ] 3838 Eo ] D
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Sulfur and potassium are found in every plant with the highest concentration of 350772.1 mg/kg
and 51710 mg/kg respectively. Sulfur is very important in amino acid formation. Although it is
less toxic for man irrespective of their concentration, sulfur made compounds may cause serious
health hazard for animal tissues [12]. Potassium has the power to prevent stroke and treat high
blood pressure by maintaining body’s water balance [13]. Potassium is also used for the remedy
of renal disorder and diarrhoea. Phosphorus and Calcium were detected in five medicinal plants
with maximum concentration of 401316.8 mg/kg in Pleurotus ostreatus and 83722.5 mg/kg in
Terminalia bellirica respectively. The large amount of phosphorus is significant for its important
role in DNA synthesis, calcium absorption and energy metabolism [14]. Whatever the amount is,
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it has no toxic effect on human body. For the harder part of our body, e.g. bone, teeth calcium is
considered as an essential nutrient. It is also important for muscle contraction, blood clotting,
digestion and outside skeleton formation of organelles and membranes [15]. The highest
measured concentrations of scandium, titanium and iodine are 50573.9 mg/kg in Curcuma longa,
17481.3 mg/kg in Centella asiatica and 96897.9 mg/kg in Centella asiatica. All the elements
were found in four different medicinal plants. The rare earth element, scandium has no
physiological and toxicological effect on human body but chronic renal failure [16]. Dental
implantation and orthopedic surgery are two major fields where titanium is vastly used. Like
scandium, titanium is also considered as safe metal for human health [17]. Iodine, an essential
trace element, is required for man throughout the life. Iodine plays a very important role in
different body functioning such as maturation of reproductive system and development of the
body [18]. It is the constituent of thyroxin hormone.
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Figure 1. Bar chart for elements found in the medicinal plant samples and corresponding concentrations.
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Figure 2.3: Elemental concentration for Mashroom
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Figure 2.5: Elemental concentration for Shimul Figure 2.6: Elemental concentration for Methi

Vanadium is present in three plants of which Terminalia bellirica contains maximum
concentration of 25036.9 mg/kg. Vanadium is another trace element which can improve insulin
sensitivity, normalize blood pressure, regulate cholesterol and triglyceride levels in blood [19].
Now a days vanadium is using for treating diabetes mellitus. Also it works for the protection of
tissues against any damage [20,21]. Manganese, iron and cadmium were detected only in two of
the six medicinal plants. The highest amount of manganese is 2358.4 mg/kg in Trigonella
foenum-graecum. A small amount of this micronutrient is enough for performing as an enzyme
stimulator and metalloenzymes component. Manganese is also important for urea cycle and fatty
acids and cholesterol metabolism and urea cycle [22]. The highest measured concentration of iron
is 7497.3 mg/kg in Terminalia bellirica. It is one of the most important trace elements whose
major functions are transport of oxygen to the tissues and processes of cellular respiration. Iron
strengthens the function of stomach [1]. Cadmium, another trace element, is present in Pleurotus
ostreatus with the maximum amount of 24150.7 mg/kg. Cd is considered as nonessential element
for animals [23]. Cadmium absorption from stomach and intestines are practically substandard
and therefore, this element has no poisonous effect on human body.

4. CONCLUSIONS

Ion beam analytical technique PIXE was implemented to trace out the concentration of
different elements contained in six selected medicinal plants of Bangladesh, i.e., Bohera
(Trminalia bellirica), Thankuni (Centella Asiatica), Mashroom (Pleurotus ostreatus),
Holud (Curcuma longa), Shimul (Bombax ceiba) and Methi (Trigonella foenum-
graecum), which are of great interest in curative purposes. The concentrations of most of
the elements are really high. This is because Savar is an industrial area where
environment is extremely polluted for the disposal of industries wastes hither and thither
in an unplanned way. However, further similar study may unveil the cause behind it if
any other than pollution.
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