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ABSTRACT: The inhibitory role of trace and major elements in 

urinary stone crystallization was investigated in five widely used anti-

urolithiatic medicinal plants of North East India. Fifteen elements 

namely K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se and Br 

were detected with different concentrations (in ppm level) by Proton 

Induced X-ray Emission(PIXE) technique while light elements namely 

F, Na, Mg, Al, P and Cl by Proton Induced Gamma ray 

Emission(PIGE) technique in the studied plants. Analysis was 

performed on thick targets (pellets) prepared using the powders of 

specimens through a series of processing steps. Thick targets of plant 

based Certified Reference Materials (CRMs) were served as 

standardization of PIXE and PIGE set up. 

INTRODUCTION: The process of crystallization 

in the urinary tract is due to a multi-factorial 

disorder in which the equilibrium between the 

promoting and inhibiting factors are broken. 

Several studies have been made in medical 

literature to explain the mechanism of urinary stone 

formation 
1-3

. The inhibitory activity of some 

urinary components like citrate, phytate, 

pyrophosphate, and glycosaminoglycan is well 

known but little attention has been paid to trace 

elements 
4, 5

. Therapeutic plants have been 

concerned as a traditional folk culture with the 

treatment of disease and action of remedial agents 

over generations throughout the world. The 

efficacy for their curative purposes is often 

accounted for in terms of their active chemical 

constituents and a number of trace elements.  

QUICK RESPONSE CODE 

 

DOI: 
10.13040/IJPSR.0975-8232.7(4).1640-44 

Article can be accessed online on: 
www.ijpsr.com 

DOI link: http://dx.doi.org/10.13040/IJPSR.0975-8232.7 (4).1640-44 

So the quantification of major and trace elemental 

content of medicinal plants is very important as 

they are essential for the proper functioning of life 

processes. In the present study, the qualitative and 

quantitative analysis of only five extensively used 

anti-urolithiatic plants till date were carried out by 

Proton Induced X-ray Emission (PIXE) and Proton 

Induced Gamma Ray Emission (PIGE) techniques. 

PIXE and PIGE are rapid, simultaneous, non 

destructive multi-elemental analysis techniques. 

PIXE provides multi- element quantitative 

determination of elements with atomic no. (Z) >11 

down to parts per million (ppm) levels while PIGE 

is a complementary technique and enables sensitive 

determination of elements upto Z<20. 

 

MATERIALS AND METHODS: 

Plant Materials: 

Fresh samples of the selected anti-urolithiatic 

medicinal plants were collected from various areas 

of Manipur, a north eastern state of India for 

elemental analysis. The list of studied medicinal 

plants with their local names and the corresponding 

parts of the plants used for analysis is given in 
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Table1. The plant samples were thoroughly 

washed with distilled water and dried in an oven at 

60°C for about 48 hours. The dried samples were 

ground into fine powder by using an agate mortar. 

The powdered samples were thoroughly mixed 

with high purity graphite powder in the ratio 4:1 by 

weight for charge integration with better accuracy. 

The samples were further mixed with binder 200µl 

of polyvinyl alcohol liquid, dried under an IR lamp 

and then pressed into pellets of 2mm thickness and 

13mm diameter with a pressure of 30kNm
-2

. Pellets 

of Certified Reference Materials cabbage (GBW 

08504, China) and wheat flour (8436MS Dept. of 

Comm. NIST Gaithersburg MD 20899) were also 

prepared with the same procedure to check the 

accuracy of PIXE-PIGE setup and verification of 

the results 
6
. 

 

TABLE1: LIST OF ANTI-UROLITHIATIC MEDICINAL PLANTS ANALYZED 

Sl.No. Family 

Plant Species 

Common Name Part used 

1 Gramineae 

Coix lacryma jobi 

Chaning(M), 

Sankru(H),Gurgur(B) 

Grains 

2 Onagraceae 

Jussiaea repens 

Ishing kundo(M) Leaves 

3 Compositae 

Helianthus annus 

Numitlei(M), 

Surjamukhi(H&B) 

Leaves 

4 Lycopodiaceae 

Lycopodium cernuum 

Leishang(M), 

Kangrem(Mizo) 

Spores 

5 Rosaceae 

Rubus nivens 

Heijampet(M), Kala 

hinsalu(H) 

Leaves 

Symbol codes: M-Manipuri; B- Bengali; H- Hindi  

 

Experimental System and Plant Analysis: 

PIXE and PIGE measurements were performed at 

Surface and Profile Measurement Laboratory at 

National Centre for Compositional Characterization 

of Materials (NCCCM), Department of Atomic 

Energy (DAE) Hyderabad, Government of India 

using 3MV Tandetron accelerator. In PIXE 

measurements, proton beam of energy 2.5MeV 

collimated to a beam of 3mm diameter and current 

5-7 nA was used to irradiate the target (samples). 

The irradiation was carried out under vacuum (10
-6

 

torr). The X-rays were detected by using a planar 

high purity germanium (HPGe) detector (Eurisys 

Measures type EGX 100-01, Be window thickness 

40µm, FWHM of 150 eV at 5.9keV) placed at 45° 

to the beam axis. A 25μm mylar foil was served as 

X-ray exit window. The data was recorded on a PC 

based MCA.  

 

The obtained PIXE spectral data corresponding to 

the studied plants were analyzed using GUPIX 

software package 
7 

which provides non linear least 

square fitting of the spectrum and converts raw 

spectral data into elemental concentration. Using 

this software package, concentrations of different 

elements present in each of the medicinal plants 

were calculated. For quantitative PIGE analysis the 

concentration Cx,samp of an element x in the  

 

analyzed sample was measured using the following 

equation 
8, 9

  

 
where Yx is the yield of the measured gamma ray 

of the element x at proton energy E0 and S is the 

stopping power. The ratio of the stopping powers 

of the sample and reference material is taken one as 

their matrix elements are chosen same. 

 

RESULTS AND DISCUSSION: 

  

 
FIG.1a: PIXE SPECTRUM OF JUSSIAEA REPENS 
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FIG.1b: PIGE SPECTRUM OF JUSSIAEA REPENS 

 

The typical PIXE and PIGE spectra of Jussiaea 

repens are presented in Fig. 1a and Fig. 1b 

respectively. PIXE spectrum shows the presence of 

essential trace elements like Ti, Cr, Mn, Fe, Ni, Cu, 

Zn, As, Se and Br along with the major elements K 

and Ca while PIGE spectrum indicates the presence 

of light elements F, Na, Mg, Al, P and Cl. 

 

The various concentrations (in ppm) of the 

elements detected in each studied medicinal plant 

are presented in Table 2 and some related 

elemental ratios are given in Table 3. In PIXE 

analysis, all the studied plants show high K and Ca 

contents as compared to the rest of trace elements 

present. The concentration of K in the studied 

plants varies between 14116 ppm in Rubus nivens 

and 31523 ppm in Coix lacryma jobi. All the 

studied plants have significant concentrations of 

calcium which vary between 1176 ppm in Coix 

lacryma jobi and 6729 ppm in Rubus nivens. 

Vanadium is present only in Rubus. nivens (1.1 

ppm) among the studied plants. Chromium varies 

between 0.10 ppm in Helianthus annus and 1.92 

ppm in Coix lacryma jobi. Manganese is present at 

trace level in all the studied plants with 

concentrations varying between 24.6 ppm in 

Lycopodium. cernuum and 39.3 ppm in Jussiaea 

repens.  

 

Iron is present least (86 ppm) in Helianthus annus 

and maximum (283 ppm) in Jussiaea repens. 

Copper is present in all plants at trace levels with 

concentration that varies between 5.13 ppm in 

Jussiaea repens and 9.92 ppm in Coix lacryma 

jobi. Selenium is detected only in Coix lacryma 

jobi (0.40 ppm), Jussiaea repens (0.52 ppm) and 

Helianthus annus (0.22 ppm) among the studied 

plants. 

 
 

TABLE 2: ELEMENTAL CONCENTRATIONS (IN PPM) OF THE ANALYZED ANTI-UROLITHIATIC MEDICINAL PLANTS   

Note: the typical uncertainty in the measurements is about ±10%.  ND: Not detected 

 

Elements Coix lacryma 

jobi 

Jussiaea 

repens 

Helianthus annus Lycopodium 

cernuum 

Rubus 

nivens 

K 31523 18795 16581 16848 14116 

Ca 1176 1741 3110 3861 6729 

Sc 76.7 101.6 183.1 22.7 112.2 

Ti 0.76 0.31 ND ND 0.51 

V ND ND ND ND 1.1 

Cr 1.92 0.17 0.10 1.13 0.25 

Mn 36.2 39.3 30.8 24.6 27 

Fe 142 283 86 142 252 

Co 4.35 3.11 2.38 3.14 3.26 

Ni ND 3.19 0.09 ND 2.25 

Cu 9.92 5.13 5.76 5.45 7 

Zn 42.6 19.6 84.8 42.5 18 

As 0.15 0.17 0.35 ND ND 

Se 0.40 0.52 0.22 ND ND 

Br ND ND 10.26 2.9 ND 

F 115 183 165 43 104 

Na 129 245 160 96 146 

Mg 4290 4120 6975 6401 3176 

Al 10 13 6 3 11 

P 2714 4431 2463 2435 2892 

Cl 1300 4285 1016 2235 1603 
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TABLE 3: ELEMENTAL RATIOS IN THE STUDIED ANTI- UROLITHIATIC MEDICINAL PLANTS 

Plants analyzed Ca/Mg Ratio Na/K Ratio Zn/ Cu Ratio Fe/Zn Ratio 

Coix lacryma jobi 0.274 0.004 4.294 3.333 

Jussiaea repens 0.422 0.013 3.820 14.438 

Helianthus annus 0.445 0.009 14.722 1.014 

Lycopodium cernuum 0.603 0.006 7.798 3.341 

Rubus nivens 2.118 0.010 2.571 14 

 

The role of trace elements in urinary stone 

formation is still unclear. It has been reported that 

the process of crystallization of supersaturated 

urine components and the formation of solid 

concretions can be modified by the activity of 

promoters and inhibitors and by some 

morphoanatomic, dietary and environmental factors 
10

. According to several studies in medical science, 

dietary Mg deficiency causes experimental urinary 

stone formation and high level of this element in 

urine reduce the concentration of oxalate available 

for calcium oxalate precipitation. Mg is considered 

as one of the most important inhibitors of stone 

formation in urinary tract. Studies showed 

decreased calcium oxalate in vitro crystallization 

and growth in the presence of supra-physiologic 

concentration of Mg. Urinary stones are more 

likely to develop and to grow larger if a person has 

low dietary magnesium. Magnesium inhibits stone 

formation 
11

.  

 

It was also reported that diets low in calcium are 

associated with higher overall risk for urinary stone 

formation. Unlike supplemental calcium, high 

intakes of dietary calcium do not appear to cause 

urinary stones and may actually protect against 

their development. This is perhaps related to the 

role of calcium in binding ingested oxalate in the 

gastrointestinal tract. As the amount of calcium 

intake decreases, the amount of oxalate available 

for absorption into the bloodstream increases; this 

oxalate is excreted in greater amount into the urine 

by the kidneys. In the urine, oxalate is a very strong 

promoter of calcium oxalate precipitation- about 15 

times stronger than calcium 
12

.  

 

High dietary intake of potassium also appears to 

reduce the risk of stone formation because 

potassium promotes the urinary excretion of citrate, 

an inhibitor of calcium crystal formation. Diets rich 

in potassium have been associated with a reduction 

in kidney stone risk because the naturally occurring 

potassium salts in plant foods help to neutralize  

 

acidity in the blood stream. This prevents leeching 

of calcium from the bond to buffer the acid, which 

in turn reduces urine calcium, preventing its 

deposition in the form of a stone 
13

. It has been 

documented by some authors that trace elements 

such as Cu, Zn, Co, Ni, Al, Fe may act as inhibitors 

of calcium oxalate growth at very low 

concentrations 
14

. The role of selenium in urinary 

stone formation is poorly documented. However it 

may have some interactions with stone constituents 

or be captured in the structure of crystals 

incidentally. Furthermore, in some study it was 

reported a positive correlation between vanadium 

level and the content of magnesium phosphate 

salts. This element may promote the crystallization 

of phosphate containing crystals in the human 

urinary tract 
15

.  

 

The elemental ratio has been reported clinically 

more important than the concentration of either of 

the elements. Calcium and Magnesium oppose each 

other at the intracellular level, thus low magnesium 

intake causes high calcium storage or calcification. 

Sodium and potassium also exist in a partnership 

and each important use of potassium requires 

sodium to maintain balance. Sodium to potassium 

ratio of less than 1 has been reported to be 

protective 
16

. Zn, Cu and Fe are essential mineral 

elements that exhibit important interactions and 

possible competitive inhibition of transport and 

bioavailability 
17

.  

 

A number of inhibitory interactions among these 

elements could take place when high doses of a 

single element is given. Excessive absorption of 

zinc suppresses copper and iron absorption 
18

. And 

inhibition of zinc absorption by iron depends on 

their ratio
19

. 

 

The studied five plants are often recommended by 

the local physicians in Manipur with increasing 

total fluid intake to more than two liters per day of 

urine output on the basis that they increase urine 
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flow which will help pass the urinary stones. All 

the reported inhibitory major and trace elements 

like Mg, Ca, K, Cu, Zn, Co, Ni, Al, Fe are found to 

be present in the studied plants. The availability of 

good amount of Mg, Ca and K in the studied plants 

may also make these plants a natural source of 

dietary supplements. According to the present 

investigation it is hereby reported that major and 

trace elements present in these studied plants may 

play some inhibitory role in the urinary stone 

crystallization, however further investigations are 

needed.  

 

CONCLUSION: The studied anti-urolithiatic 

medicinal plants contain fair amounts of reported 

inhibitory major and trace elements namely Mg, 

Ca, K, Cu, Zn, Co, Ni, Al, Fe and could be 

attributed a possible link to the curative medicinal 

values of their traditional use. The inter-

relationship of several elements also suggests the 

studied plants of providing the elements to the body 

in bio-available form in a balanced manner with 

almost no harmful effects. This finding may 

support as an important resource for further studies 

in anti-urolithiatic medicinal plants. 

 

ACKNOWLEDGEMENT: The authors are 

thankful to the staff of the Tandetron Accelerator, 

NCCCM for their constant support and assistance. 

The first author is also grateful to the Department 

of Science & Technology, Women Scientist 

Scheme-A Government of India, New Delhi for the 

financial support. 

 

REFERENCES: 

 
1. Perk H, Serel TA, Kosar A, et al: Analysis of the trace element 

contents of inner nucleus and outer crust parts of urinary 

calculi. Urologia Internationalis 2002; 68: 286–290. 

2. Moe OW: Kidney stones: pathophysiology and medical 

management. Lancet. 2006; 367:  333–344. 

3. Bazin D, Chevallier P, Matzen G, et al: Heavy elements in urinary 
stones. Urological Research 2007; 35: 179–184. 

4. Harnett RM and Marshall VR: The effect of urine, pyrophosphate, 
citrate, magnesium and glycosaminoglycans on the growth and 

aggregation of calcium oxalate crystals in vitro. Clinica Chimica 

Acta International Journal of Clinical Chemistry 1981; 112: 349–
356. 

5. Hess B, Zipperle L and Jaeger P: Citrate and calcium effects on 

Tamm-Horsfall glycoprotein as a modifier of calcium oxalate 
crystal aggregation. American Journal of Physiology 1993; 265: 

784–791. 
6. F Marino, G Calzolai, S Caporali, E Castellano, M Chiari, F 

Lucarelli, V Maggi, S Nava, M Sala and R Udisti: PIXE and 

PIGE techniques for the analysis of Antarctic ice dust and 
continental sediments. Nuclear Instruments and Methods in 

Physics Research B. 2008; 266: 2396-2400. 

7. J A Maxwell, W J Teesdale and J L Campbell: The Guelph PIXE 
software package II. Nuclear Instruments and Methods in Physics 

Research B. 1995; 95: 407- 421. 

8. A. Savidou, X. Aslanoglou, T. Palladellis and M. Pilakouta: 
Proton induced thick target c-ray yields of light nuclei at the 

energy region Ep 1.0±4.1 MeV. Nuclear Instruments and Methods 

in Physics Research B 1999; 152: 12-18. 

9. R.K. Bhanisana Devi, H. Nandakumar Sarma and Sanjiv kumar: 

Investigation on trace and major elements in anti-asthmatic 

medicinal plants by PIXE and PIGE techniques. Nuclear 
Instruments and Methods in Physics Research B 2015; 343:163-

166. 

10. A, Mandressi A, Luongo P, et al: The influence of diet on urinary 
risk factors for stones in healthy subjects and idiopathic renal 

calcium stone formers. British Journal of Urology 1991; 67: 230–

236. 
11. Riley JM, Kim H, Averch TD and Kim HJ: Effect of magnesium 

on calcium and oxalate ion binding. Journal of Endourology 2013; 

27 (12): 1487-92. 
12. Parmar MS: Kidney stones. British Medical Journal 2004; 328 

(7453):1420-1424. 

13. Meschi T, Maggiore U, Fiaccadori E, et al: The effect of fruits and 
vegetables on urinary stone risk factors. Kidney 

International 2004; 66: 2402–2410. 

14. Munoz JA, Valiente M: Effect of trace metals on the inhibition of 

calcium oxalate crystallization. Urological Research 2005; 33: 

267-272. 

15. Hofbauer J, Steffan I, Hobarth K et al: Trace elements and urinary 
stone formation: new aspects of the pathological mechanism of 

urinary stone formation. The Journal of Urology 1991; 145: 93-

96. 
16. Yang Q, Liu T, Kuklina EV et al: Sodium and potassium intake 

and mortality among US adults. Prospective data from the Third 

National Health and Nutrition Examination Survey. Archives of 
Internal Medicine 2011; 171: 1183-1191. 

17. Reinstein nh, lonnerdal b, keen cl and hurley ls: Zinc-copper 

interactions in the pregnant rat: Fetal outcome and maternal and 
fetal zinc, copper and iron. The Journal of Nutrition 1984; 114: 

1266-1279. 

18. Fosmire GJ: Zinc toxicity. American Journal of Clinical Nutrition 
1992; 51: 225. 

19. Jean Michel Peres, Francois Bureau, Dominique Neuvelle, Pierre 

Arhan and Dominique Bougle: Inhibition of zinc absorption by 

iron depends on their ratio. Journal of Trace Elements in Medicine 

and Biology 2001; 15 (4): 237-241. 

 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Bhanisana Devi RK, Sarma HN and Kumar S: Trace and Major Elements in Anti-Urolithiatic Medicinal Plants. Int J Pharm Sci Res 2016; 

7(4): 1640-44.doi: 10.13040/IJPSR.0975-8232.7(4).1640-44. 

 


