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Abstract: Soymida Febrifuga, commonly known as Indian Redwood or Mamsarohini of family Meliaceae, is a reputed folk 
medicinal plant whose bark is extensively used in treating diabetes mellitus (DM). The main objective of the present work is to 
evaluate the concentrations of elements in Soymida Febrifuga medicinal plant collected from different regions by using Particle 
Induced X-ray Emission (PIXE) and Inductively Coupled Mass Spectroscopy (ICP-MS) techniques. In the present study, PIXE 
measurements were carried out by using the 3 MV Pelletron Accelerator facility available at Ion Beam Laboratory, Institute of 
Physics, Bhubaneswar, India. After digesting the plant species by employing Microwave Accelerated Reaction System (MARS 5), 
the Agilent 7700 series ICP-MS system available at Centre for Study on Bay of Bengal, Andhra University, Visakhapatnam, 
India was used for the ICP-MS analysis. The reliability of the experimental conditions and parameters used in the analysis of 
experimental data were checked by analysing Certified Reference Materials. The results obtained in this study reveal the 
presence of twenty-five elements Li, Be, Al, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Rb, Sr, Ag, Cd, Ba, Pb and U 
in Soymida Febrifuga medicinal plant. Among these, the elements K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu and Zn are implicated in the 
regulation of insulin and the control of blood-sugar levels in the human body. Quantitative estimation of trace element 
concentrations is important for determining the effectiveness of this plant in treating DM and for understanding its 
pharmacological action. 
Keywords: PIXE, ICP-MS, trace elements, diabetes mellitus, Soymida Febrifuga. 

I. INTRODUCTION 
Modern lifestyle might have turned around our lives for the better in many ways but has also brought in its share of diseases. "In 
today's vastly changing lifestyle, the number of people who are being affected by diabetes mellitus (DM) is growing by leaps and 
bounds. Various research studies have shown a relationship between DM and trace elements [1]. In most of the cases, a change in 
the metabolism of these trace elements was exhibited [2–5]. Some trace elements like zinc, chromium, vanadium, manganese, 
molybdenum and selenium were found to potentiate insulin action [6]. It is suggested that trace elements influence activation of 
insulin receptor sites by acting as cofactors or components of enzyme systems that are engaged in glucose metabolism [7, 8]. Trace 
elements help in increasing insulin sensitivity and also act as antioxidants for preventing tissue peroxidation [9].Due to low cost and 
minimal side effects, usage of plant based medicines is increasing day by day throughout the world. Soymida Febrifuga is one 
among the several medicinal plants that have proven to be effective in the treatment of DM. Commonly known as Indian Redwood 
or Mamsarohini of family Meliaceae, Soymida Febrifugais a reputed folk medicinal plant whose bark is extensively used in treating 
DM. It is an endemic plant that grows wildly in all dry deciduous forests of Andhra Pradesh, India [10].Yoga Narasimhan et al. 
showed that the extracts of this plant have good activity against ulcers, tridosha fevers, leprosy, dysentery and diarrhoea [11]. The 
bark extract of Soymida Febrifugais reported to have antioxidant and hypoglycaemic activity [12,13].The main objectives of this 
work is to identify the elements present in Soymida Febrifuga medicinal plant collected from different regions and evaluate their 
concentrations by using Particle Induced X-ray Emission (PIXE) and Inductively Coupled Mass Spectroscopy (ICP-MS) techniques. 

II. MATERIALS AND METHODS 
A. Sample Collection  
The barks of Soymida Febrifuga medicinal plant were collected from various regions (Vizianagaram, Visakhapatnam, Vijayawada 
and Tadepalligudem) of Andhra Pradesh after proper identification by a regional ayurvedic practitioner. From each region ten 
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samples were collected and washed with tap water to remove surface dust and impurities. They were then rinsed in distilled water, 
shade dried and cut to smaller pieces before finally drying in an oven at 600Cfor about 24 hours. 

B. Sample Preparation 
The oven dried samples were ground in an agate mortar for pulverizing the samples. For PIXE analysis, to monitor the beam current 
60 mg of high purity graphite was mixed with each powdered sample of 90 mg.A known quantity of yttrium with known 
concentration (100 ppm) was added as an internal standard to the samples to check the reliability of the experimental results.The 
resulting mixture of each sample weighing 150 mg was pressed into a pellet using a 10-ton hydraulic press.These pellets were then 
used as targets for the PIXE experiment. For ICP-MS analysis, 50 mg of each powdered sample was taken into a high-pressure 
closed teflon decomposition vessel and1mL of concentrated HNO3 (Trace metal grade, Fisher Make) was added to it. After 30 
minutes of pre-digestion, 4 mL of Milli-Q water was added to 1mL of each acid mixture and the vessels were slowly shaken and 
sealed. Consequently, decomposition of the samples was carried out in a programmed Microwave Accelerated Reaction System 
(MARS5, SEM, USA). Finally, the digested samples were transferred to a 25 mL volumetric flask and made up the volume with 
Milli-Q water. Blanks were also prepared in the same manner by excluding the sample. 

C. PIXE and ICP-MS Techniques 
Elemental analysis was carried out by using two techniques: Particle Induced X-ray Emission (PIXE) and Inductively Coupled 
Plasma Mass Spectroscopy (ICP-MS). PIXE experiments were carried out at Institute Of Physics, Bhubaneswar, India using 3 MV 
Tandem Pelletron Accelerator facility. A 3 Me V proton beam was used to excite the samples.The characteristic X-rays emitted 
from the sample were recorded with a high resolution Si (Li) detector and the resultant spectra were analysed using Guelph PIXE 
(GUPIXWIN) software package [14]. The details of the PIXE setup used in this work can be found elsewhere in our earlier works 
[15, 16].The obtained PIXE spectra of Soymida Febrifuga medicinal plant corresponding to the four different regions are shown in 
Fig. 1. ICP-MS analysis has been carried using Agilent 7700 series ICP-MS system available at Centre for Study on Bay of Bengal, 
Andhra University, Visakhapatnam, India. The operating parameters for ICP-MS analysis and details of the standards used to check 
the reliability of the techniques is discussed in our earlier works [17,18]  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
Fig.1. PIXE spectra of Soymida Febrifuga medicinal plant collected from four regions. 
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III. RESULTS AND DISCUSSIONS 
The results of PIXE and ICP-MS measurements of the Soymida Febrifuga medicinal plant under investigation are presented in 
Table 1 and Table 2 respectively. The depicted concentration of each element is the mean value of ten samples along with the 
standard deviation (SD). The concentrations of all the elements are in parts per million (ppm) unless otherwise specified. 
Reasonably good agreement was found between our PIXE and ICP-MS results for reference standards and the certified values. 
Eleven different elements namely Cl, K, Ca, Ti, V,  Mn, Fe, Cu, Zn, As  and Sr were determined by using PIXE whereas twenty 
different elements Li, Be, Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Ag, Cd, Ba, Pb and U were determined by using ICP-
MS in Soymida Febrifuga medicinal plant. Some of the elements detected in this medicinal plant such as K, Ca, Mn, Cu, Zn and V 
are involved in controlling blood glucose levels in human body. The anti-oxidant activities of these elements also help in managing 
DM. Moreover these elements are known to have insulin generating property via secretion of insulin from the beta cells of the islets 
of Langerhans. Hence, it is very essential to ensure that these elements have to be maintained within the required levels in the 
human body. If the studied plant does not contain any poisonous organic constituents then the detection of these elements in this 
plant signifies the importance of its traditional medical use in the treatment of DM.  

 
TABLE.1 

CONCENTRATION OF ELEMENTS(PPM) IN SOYMIDA FEBRIFUGA MEDICINAL PLANT FROM FOUR REGIONS BY PIXE ANALYSIS 

Elements Vizianagaram Visakhapatnam Vijayawada Tadepalligudem 
Cl (%) 0.494±0.398 0.419±0.073 0.267±0.045 0.626±0.205 
K (%) 1.32±0.15 0.479±0.015 0.705±0.011 1.15±0.04 
Ca (%) 3.66±0.02 5.15±0.03 5.90±0.033 1.95±0.11 

Ti 0.011±0.002 0.012±0.002 0.022±0.001 0.017±0.002 
V 2.0±0.36 2.90±0.54 7.90±1.27 2.7±0.486 

Mn 15±2.85 32±6.72 55±17 23±4.60 
Fe (%) 0.123±0.041 0.156±0.015 0.167±0.026 0.175±0.091 

Cu 7.7±4.9 18±2.90 7.1±1.21 6.7±1.07 
Zn 32±5 26±20 92±10 85±44 
As 0.143±0.024 1.81±0.342 4.39±0.746 0.89±0.186 

Sr (%) 0.029±0.001 0.054±0.008 0.021±0.003 0.191±0.018 
 

TABLE 2 
CONCENTRATION OF ELEMENTS (PPM) IN SOYMIDA FEBRIFUGA MEDICINAL PLANT FROM FOUR REGIONS BY ICP-MS ANALYSIS 

Elements Vizianagaram Visakhapatnam Vijayawada Tadepalligudem 
Li  0.127.034 0.264 0.078 0.174 0.048 0.0740.020 
Be 0.0330.003 0.035 0.003 0.029 0.004 0.0120.001 
Al (%) 0.0390.004 0.144 0.008 0.131 0.014 0.0650.006 
V 0.6360.082 1.53 0.17 1.71 0.17 1.320.15 
Cr 1.350.14 6.31 0.44 35.3 2.7 92.67.5 
Mn 6.950.47 26.4 1.6 43.3 3.5 22.91.5 
Fe (%) 0.0310.003 0.076 0.007 0.1110.009 0.1180.011 
Co 0.1370.007 0.601 0.060 0.7490.043 0.6250.061 
Ni 1.800.17 3.60 0.48 16.11.8 47.75.9 
Cu 4.660.47 5.43 0.34 4.500.31 3.190.40 
Zn 31.62.1 28.3 2.1 47.03.4 43.02.5 
As 0.0550.003 0.122 0.006 0.1120.007 0.1060.013 
Se 0.0080.003 0.088 0.017 0.0830.027 0.0520.010 
Rb 23.61.73 18.5 1.2 15.91.2 10.60.82 
Sr (%) 0.0110.001 0.045 0.006 0.0350.004 0.1820.020 
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Ag 0.1700.067 0.119 0.054 0.0170.007 0.0090.005 
Cd 0.0430.007 0.161 0.016 0.0960.013 0.0690.008 
Ba 1033.3 135 5 99.27.8 2379 
Pb 0.430.05 0.231 0.034 0.8020.110 0.1040.010 
U 0.0390.008 0.010 0.002 0.0020.0004 0.0030.001 

 
From the studies of Kowluru et. al. tis evident that Zn regulates the body metabolism and due to its anti-oxidant property it also 
helps in proper function of immune system [19].The relationship between DM, insulin and Zn is complex, with no clear cause and 
effect relationships. Zinc plays an important role in the generation, secretion and storage of insulin. It also has the ability to manage 
both blood glucose and lipids [20]. In the studied plant the concentration of Zn is in the range of 26 ppm to 92 ppm which is within 
the permissible limit. Vanadium contributes to carbohydrate metabolism including glucose transport, glycolysis, glucose oxidation, 
and glycogen synthesis [21]. Vanadium acts as an insulin simulating agent, which increases insulin activity and insulin sensitivity. 
Although some symptoms associated with DM were found to improve by Vtreatment, it supplementation is not suggestible because 
of severe toxic side effect associated with it [22]. In our studied plant, the concentration of V is in the range of 0.636 ppm to 7.90 
ppm which is within the permissible limit. Various studies have shown that the enzymes activated byMn play key roles in the 
metabolism of carbohydrates, amino acids and cholesterol. Manganese helps in glucose metabolism and it is required for normal 
synthesis and secretion of insulin [23]. The concentration of Mn is in the range of 15 ppm to 55 ppm which is within the permissible 
limit. In our present study the samples collected from Vijayawada region have the highest concentration of Zn, V and Mn.  
Insufficiency of Cucauses glucose intolerance, decreased insulin response and increased glucose response. It is linked with 
hypercholesterolemia and atherosclerosis. Copper possesses an insulin-like activity and promotes lipogenesis. Recent studies 
however show no statistical difference in the level of Cu in diabetic and healthy subjects [24, 25]. The concentration of Cu is in the 
range of 3.19 ppm to 18 ppm which is within the acceptable limit and is found to be high in the samples collected from Vijayawada 
region. The adequate supply of Fe is essential for the functioning of many biochemical processes, including electron transfer 
reactions, gene regulation, binding and transport of oxygen, regulation of cell growth and differentiation and is also involved in the 
proper function of immune system [26]. Impaired glucose metabolism and DM are common clinical manifestations of Fe overload 
in patients with hemochromatosis [27]. In our studied plant Fe is in the range of 0.031% to 0.175% which is within the acceptable 
limit and is found to be high in the samples collected from Tadepalligudemregion. Selenium is a basic component of selenoprotein 
which is an important enzyme in the human body. The antioxidant property of Sehelps in preventing the development of 
complications in diabetic patients [28, 29]. The concentration of Se is in the range of 0.052 ppm to 0.088 ppm which is within the 
acceptable limit and is found to be high in the samples collected from Vizianagaram region. 
Macro elements are the natural elements which play a significant role and are highly needed by the body. Macro elements include 
potassium (K), calcium (Ca) and chlorine (Cl). Potassium is an electrolyte and previous studies have shown that an electrolyte 
imbalance results in kidney failure, dehydration, fever and vomiting which are one of the contributing factors for complications 
observed in DM and other endocrine related disorders [30]. In our studied plant the concentration of K is in the range of 0.479% to 
1.32% which is within the acceptable limit and is found to be high in the samples collected from Vizianagaram region. Calcium has 
been related with faulty insulin release, insulin resistance and glucose intolerance in humans [31]. In this study Ca is in the range of 
3.66% to 5.9% which is within the acceptable limit and is found to be high in the samples collected from Vijayawada region.  
Arsenic and Cd have no beneficial purpose inside the body and are highly toxic. Several studies have shown that As causes insulin 
resistance and oxidative stress while Cd inhibits insulin release and damages insulin receptors. Cadmium damages the key pathways 
through which the body regulates glucose metabolism. Very low concentrations of As, Cd and Pb have been determined by ICP-MS 
technique in our studied samples. The presence of As, Cd andPb, though at very low levels, warrant great caution to be exhibited 
while prescribing this plant for the treatment of DM in order to avoid metal toxicity. 

IV. CONCLUSIONS 
The results obtained in this study reveal the presence of twenty five elements Li ,Be, Al, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, 
Zn, As, Se, Br, Rb, Sr, Ag, Cd, Ba, Pb and U in Soymida Febrifuga medicinal plant. Among these, the elements K, Ca, V, Mn, Fe, 
Cu and Zn are implicated in the regulation of insulin and the control of blood sugar levels in the human body. Quantitative 
estimation of various trace element concentrations is important for determining the effectiveness of this plant in treating DM and for 
understanding its pharmacological action. 
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